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Zusammenfassrmg-Es wurde ein Verfahren zur massanalytischen Ammoniakbcstimmung ausgearbei- 
tet. Das Ammo&k wird mit Natriumtetraphenylborat gefallt, und dessen acetonhaltige Losung in 
Anwesenheit von Variaminblau als Redoxindicator mit SilbemitratmasslGsung titriert. Die Titration 
llsst sich such auf indirektem Wege, durch Messung der iiberschtissigen Tetraphenylborationen 
durchfuhren. 

Die Methode wurde such auf die Stickstoffbestimmung in organ&hen Stoffen ausgebreitet, 
indem nach der Kjeldahlschen Zerstiirung der Stickstoff direkt im Zerstorungsriickstand bestimmt 
wurde. 

DAS Natriumtetraphenylborat wurde zuerst von Wittig und Mitarbeitem’ als analy- 
tisches Reagens angewandt. Raff und Brotz2 arbeiteten die gewichtsanalytische 
Bestimmung der Kalium- w&end Kohlel3 die der Ammoniumionen aus. Die 
argentometrische Titration des in Aceton gel&ten Kaliumtetraphenylboratnieder- 
schlages wurde von Riidorff und Zannier,* weiterhin von Hahn5 ausgearbeitet, u.zw. 
in Anwesenheit von Eosin bzw. Kaliumchromat als Indicator. Das Verfahren mit 
Eosin ist als eine Differentialtitration zu betrachten, da Eosin nur nach Zugabe von 
bekannter Menge an Kaliumbromid als Indicator funktioniert. Kaliumchromat ist 
indessen in acetonhaltiger Losung ein nicht gentigend empfindlicher Indicator. In 
einer frtiheren MitteilungG berichteten wir tiber die argentometrische Titration von 
Kaliumtetraphenylborat in Anwesenheit von Variaminblau, als Indicator. Diesen 
Indicator fanden wir such bei der Bestimmung der Ammoniumionen als gut geeignet. 
Wir breiteten die Methode such auf die Stickstoffbestimmung von stickstoffhaltigen 
und mit Kjeldahl Verfahren zerstorbaren organischen Verbindungen aus. 

Die Fallung der Ammoniumionen mit Lithium- oder Natriumtetraphenylborat 
(Kalignost) lasst sich entweder in neutraler oder in saurer Liisung vornehmen. Das 
pH der Losung ist zwischen 1 und 6,5 einzustellen. 

EXPERIMENTELLER TEIL 

0,05 n Silbernitratliisung. 8,4944 g des handelstiblichen, anal. reinen Silbemitratpraparats werden 
in Wasser auf 1 Liter gel&t. 

Acetonhaltige 0,05 n Silbernitratliisung. Eine 0,l n Silbemitratlijsung wird mit Aceton genau auf 
doppeltes Volumen verdtinnt. 

0,l m Natriumtetraphenylborat-FtilIungsreagens. 
borats (Kalignost) werden in 100 ml Wasser gelost. 

3 g des handelsiiblichen Natriumtetraphenyl- 
Urn die etwas trtibe Losung zu k&en wird sie 

mit 0,5 g Aluminiumoxyd versetzt, 5 Minuten lang umgeschtittelt und sodann durch ein dichtes 
Filtrierpapier filtriert. Der erste Einzelteil des Filtrats wird auf das Filtrier-papier zurtickgeschtittet 
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Die Liisung ist hochstens 3 Tage lang brauchbar. 0,6 ml Fallungsreagens entspricht 1 mg NH,+. 
Waschfliissiigkeir. Der Ammoniumtetraphenylboratniederschlag wird nach der weiter unten 

folgenden Arbeitsvorschrift (a) bereitet. Dem mit Wasser griindlich ausgewaschenen Niederschlag 
werden O,l-0,2 g Mengen entnommen und in 1 Liter Wasser 25 mm lang geschiittelt. Urn die L&sung 
zu klaren werden 2-3 g anal. reines Aluminiumoxyd zugefiigt. Die Losung wird sodann wieder 5 
Minuten lang umgeschiittelt und schliesslich durch dichtes Filtrierpapier filtriert. 

1 %-iger Variaminblauacetatindicator. 0,2 g des handelsiiblichen Variaminblau B-praparats 
werden unter griindlichem Verreiben in einem Miirser in 20 ml Wasser gelost. Die Losung wird in 
einen 100 ml Scheidetrichter gebracht, mit einer Messerspitze Ascorbinslure reduziert und mit 
Hilfe von 5 ml 1 n Natriumhydroxydliisung wird die schwerlosliche Variaminblau Base gefallt. Die 
niederschlaghaltige Fliissigkeit wird mit 20 ml Benz01 zusammengeschiittelt und die Benzolschicht in 
einen anderen Scheidtrichter’ abgelassen. Da vermischt man dieselbe mit 20 ml 20%-iger Essig- 
sHureliisung und die Variaminblau Base wird damit wieder-mm aber schon als essigsaures Salz-in 
die wassrige Phase gebracht. Als Indicator wird diese abgesonderte essigsaure Losung gebraucht. 
Aus dieser Indicator-l&sung wenden wir zu einer Titration 2-3 Tropfen an. 

(n) Arbeitsverjizhren in Abwesenheit von Schwermetallionen 

Die etwa 5-50 mg (am gtinstigsten 20-50 mg) Ammoniumionen enthaltende beinahe neutrale 
Losung wird mit Wasser dermassen verdtinnt, dass auf 1 mg NH q+ etwa 8 ml des Losungsvolumens 
entfallen. Sodann wird die Losung pro 50 ml Losungsvolumen mit je 1 ml 0,l n Essigsaurelosung 
versetzt (pH = 3-5), und unter bestlndigem Riihren werden die Ammoniumionen mit 0,l m 
Natriumtetraphenylboratlosung kalt gefallt. Vom Fallungsreagens wird ein etwa 50 %-iger Uber- 
schuss angewandt, d.h. auf jedes mg NH,+ wird insgesamt 1 ml Fallungsreagens gerechnet. Die 
niederschlaghaltige Flussigkeit wird sodann wenigstens auf 5 min beiseitegestellt und nachher durch 
feinporbsiges Filterpapier filtriert. Der Niederschlag wird mit etwa 50 ml Waschfliissigkeit in 4-6 
Teilen dekantiert und samt Filterpapier in das Becherglas zuriickgebracht. Sodann werden je nach 
der Menge des Niederschlages 660 ml Aceton zugefiigt und lost darin unter Umrtihren mit einem 
Glasstabchen den Niederschlag auf. Nach Zugabe von 1 ml 2 n Essigsaurelosung und 2-3 Tropfen 
Variaminblauacetatindicator titriert man die LBsung unter bestandigem Umriihren mit einer 0,05 n 
Silbemitratmasslosung bis zum Erscheinen der violetten Farbe. Die Anwesenheit des Filterpapiers 
stdrt die Titration nicht. Gegen Ende der Titration sol1 man nach Zugabe jeden einzelnen Tropfens 
der Masslosung ungefahr 15-30 set die niederschlaghaltige Fliissigkeit kraftig umriihren. 1 ml 
0,05 n Silbernitratmasslijsung entspricht 0,8515 mg NH,, 0,902O mg NH4+ bzw. 0,7004 mg N. 

Bemerkungen. Zur Uberprtifung der Methode wurde aus p.a. Ammoniumchlorid durch genaue 
Einwaage eine Stammlosung bereitet deren Einzelteile nach obiger Arbeitsvorschrift titriert wurden. 
Die Ergebnisse weichen vom Sollwert bei der Bestimmung von 13 mg Ammoniumchlorid urn -0,97 %, 
und bei der Bestimmung von 133 mg Ammoniumchlorid urn +O,Ol% ab. Bei der Bestimmung von 
27 mg Ammoniumchlorid aus 6 Paralleltitrationen wurde die Standarddeviation und die Abweichung 
vom Sollwert festgestellt. Die Abweichung vom Sollwert betrug -0,17 % und die Standarddeviation 
+0,11 %. 

Arbeitsverfahren in Anwesenheit von Schwermetallionen 

J. H. Cluley’ beseitigte die stiirende Wirkung der fremden Metallionen bei der Bestimmung von 
Kaliumionen mit Tetraphenylborat durch FPlhmg entweder in stark saurem Medium (pH - 2) oder 
in Anwesenheit von Natriumathylendiamintetraacetat Na,-EDTA in einer beinahe neutraler Losung 
(pH ~6~5). Laut unserer Versuche lasst sich unter diesen Versuchsumstanden die storende Wirkung 
der Fremdionen such bei der Ammoniumbestimmung beseitigen. K, Rb, Cs, Ag, Hg(I), Hg(I1) und 
Th(IV) wirken aber such in diesem Falle storend em. In Anwesenheit dieser Ionen muss man das 
Ammoniak aus alkalischer L&ung abdestillieren bzw. man sol1 die weiter unten angegebene indirekte 
Bestimmungsmethode (d) anwenden. 

(b) Fiillung in stark saurer Liisung. Die etwa 5-50 mg Ammoniumionen enthaltende, beinahe 
neutrale LGsung wird mit Wasser derart verdtinnt, dass auf 1 mg NH,+ 8 ml des Liisungsvolumens 
entfallen, und sodann mit soviel 0,l n Salzsaure versetzt, dass deren Menge ein Zehntel des LGsungs- 
volumens betrage. Das pH der Losung stellt sich derart auf etwa 2 ein. Im weiteren fiihrt man 
Falhmg, Filtration, Auswaschen und Titration wie im Abschnitt (a) bereits beschrieben, aus. 

(c) Ftillung in Anwesenheit von Na,-EDTA. Die etwa 5-50 mg Ammoniumionen und hiichstens 
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100 mg Schwermetallionen enthaltende Losung wird mit 1 g Na*-EDTA versetzt und nach dessen 
Auflosung in Anwesenheit von 2 Tropfen 0,04x-iger Chlorphenolrotindicatorlosung mit 1 n Natrium- 
hydroxydlosung bis zum Farbumschlag von Gelb nach Rot (pH = 6,s) neutralisiert. Die Losung 
wird sodann mit destilliertem Wasser derart verdiinnt, dass auf jedes mg NH4+ 8 ml des Losungs- 
volumens entfalle. Flllung, Filtration, Auswaschen und Titration filhrt man wie im Abschnitt 
(a) bereits beschrieben, aus. 

Die Ergebnisse beweisen, dass die Bestimmung lasst sich in Anwesenheit von Mg, Ca, Ba, Zn, 
Pb, Al, Fe(III), Cu, Co, Mn(II), Ni, Cr(III), Ti(IV), As(II1) und Sb(II1) mit gutem Erfolg durchftihren. 

TABELLE I 

Carbamid Theore- 
~ Verbrauch an 

/ N 

Methoden 
Einwaage, tischer 

N-gehalt, 0,l n HCl, 

mg ml 

0,05 n 

AgNG,, 
ml 

gefunden 

Verfahren nach 
Kjeldahl 

Direkte Ammo- 
niumbestimmung 
im Zerstorungs- 

rtickstand 

lndirekte Ammo- 
niakbestimmung i 
im Zerstorungs- ’ 

rtickstand 

0,220o 

0,177s 

0,250o 

102,63 

82,80 

116,62 

14,69 
14,63 
14,67 

mg 

23,61 
23,64 
23,62 

33,18 
33,21 
33,15 

102,67 

82,71 

116,19 

- 

Abweichung vom 
Sollwert 

+0,04 

-0,09 

-0.43 

% 

to,04 

-0,lO 

-0.36 

(d) Bestimmung neben K-, Rb- und Cs-Zonen. Das Ammoniak wird von den begleitenden 
Schweralkalimetallionen durch Destillation in alkalischem Medium getrennt. Als Absorptionsfliissig- 
keit dient entweder tlberschtissige Salzsaure-, Schwefelsaure- oder 40 ml gesattigte Borsaurelosung. 
Das im Recipienten aufgefangene Ammoniak wird gemass Arbeitsverfahren (a) bestimmt. Die 
Fallung llsst sich aus der borsauren Losung direkt, ohne Einstellung des pH durchfiihren. 

Bestimmung von Ammoniumionen durch Riicktitration 

Die Bestimmung der Ammoniumionen llsst sich such durch Titration des im ijberschuss ange- 
wandten Natriumtetraphenylborats ausfiihren. In diesem‘Falle muss man das Fallungsreagens in 
bekannter Menge und von bekanntem Wirkungswert anwenden. Der Niederschlag muss durch 
Filtrieren entfernt werden, weil die Titration in Anwesenheit von Kaliumtetraphenylborat nicht 
durchgeftihrt werden kann, da sich das Silbertetraphenylborat schlechter lost als das Kaliumtetra- 
phenylborat, was einen uberverbrauch an Masslosung bewirkt. Das Natriumtetraphenylborat 
enthaltende Filtrat muss such mit Aceton mindestens von gleichem Volumen versetzt werden, denn 
sonst fallt der Variaminblauindicator als Variamintetraphenylboratniederschlag aus. 

Titerbestimmung der 0,l m Natriumtetraphenylborarliisung. 10,OO ml des 0,l m Natriumtetra- 
phenylborat-Fallungsreagens werden mit 1 ml 2 n Essigslure, 11 ml Aceton und 2-3 Tropfen 
Variaminblauacetat versetzt. Die Losung wird sodann mit 50 Volumenprozent enthaltender, 0,05 n 
Silbemitratlosung titriert. (Eine 0,l n Silbernitratlosung von bekanntem Wirkungswert wird mit 
Aceton genau aufs Doppelte verdtinnt). Gegen Ende der Titration wird nach jedem Tropfen der 
zugefiigten Massliisung 15-20 set gewartet. Der Endpunkt der Titration wird durch Erscheinen der 
violetten Farbe des oxydierten Variaminblaus bekanntgegeben. 
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Die Titration Iasst sich such mit wassriger 0,05 n Silbemitratmassliisung durchftihren, in diesem 
Falle muss man aber die zu titrierende Losung mit soviel Aceton versetzen, dass deren Acetongehalt 
beim Endpunkt der Titration mehr als 50 Volumenprozent betrage. Die zu titrierende Liisung darf 
natiirlich keine Chloridionen enthalten. 

(e) Arbeitsvorschr@fiir das indirekte Verfahren. Die zu bestimmende etwa 5 mg Ammoniumionen 
enthaltende Ammoniumsulfat- oder Ammoniumnitratprobe wird in einen 100 ml Messkolben ein- 
gewogen, mit 10 ml 0,l n Essigstiurelosung versetzt und mit Wasser auf etwa 40 ml verdiinnt. Unter 
besmndigem Umschtitteln des Kolbens werden SO,00 ml 0,l m Natriumtetraphenylboratl6sung in 

TABELLE II 

Untersuchte 
Substanz 

Carbamid 

Carbamid 

Sojamehl 

Eiweiss 
(getrocknet) 

rheoretischer Verbrauch 
N-gehalt, an 0,05 n 

AgNO,-lsg 

“ig ml 

16,55 

23,34 

13,16 

5,05 

- 

23,64 
23,66 
23,64 

33,14 
33,18 
33,14 

18,56 
18,68 
l&70 

7,20 
7,16 
7,22 

Mittelwert N gefunden, 

ml 

I 

23,64 16,55 

33,16 23,23 

l&64 13,os 

7,18 5,02 

mg 

L L 

Abweichung vom 
Sollwert, 

&O,O 

-0,ll 

-0,ll 

-0,03 

% 

-~___ 

*o,o 

-0,47 

-0,83 

-0,60 

den Kolben pipettiert, welchen man sodann mit Wasser his zur Marke aulftillt. Nach Zusammen- 
schtitteln l&t man die niederschlaghaltige Fliissigkeit etwa 5 min stehen und filtriert durch trockenes 
Filtrierpapier in einen trockenen Kolben. Das erste Detail des Filtrats wird weggeworfen. Aus dem 
weiteren Filtratteilen werden 25,00 ml auspipettiert, mit 1 ml 2 n EssigsaurelBsung und 25 ml Aceton 
versetzt und in Anwesenheit von 2-3 Tropfen Variaminblauacetat als Indicator mit 50% Aceton 
bereiteter 0,05 n SilbemitratlSsung titriert. Das Vierfache des Massliisungsverbrauches substrahiert 
man vom Volumen der mit dem eingewogenen SO,00 ml 0,l m Natriumtetraphenylborat &luivalenten 
0,05 n Silbernitratmassliisung. Aus dieser Dilferenzergibt sich die den Ammoniumionenentsprechende 
Menge der 0,05 n Silbemitratlosung. Die Titration l&t sich such bei diesem Verfahren mit wlssriger 
0,05 n Silbernitratliisung ausfiihren, in diesem Falle muss man aber die zu titrierende Lasung mit 
soviel Aceton versetzen, dass der Acetongehalt der Losung im Endpunkt der Titration mindestens 
50 Volumenprozent betrage. 

Unsere mit obiger Methode erhaltenen Ergebnisse zeigen eine +0,84x-ige Abweichung vom 
Sollwert bei der Bestimmung von 32 mg Ammoniumsulphat und eine -0,24 %-ige bei der Bestimmung 
von 130 mg Ammoniumsulphat. Die Genauigkeit der Methode und ihre Standarddeviation wurde 
aus 6 Paralleltitrationen von 130 mg Ammoniumsulphat bestimmt. Die Abweichung vom Sollwert 
ergab sich zu -0,19 %, wahrend die Standarddeviation +0,19 % betrug. Die Resultate der I&k- 
titration weichen vom Sollwert besser ab als die der direkten Titration. 

Sibntliche oben beschriebene argentometrische Ammoniumbestimmungsverfahren sind gunstiger 
als das tibliche Destillationsverfahren, da bei der Durchftihrung derselben keine Destillationsapparatur 
benijtigt wird und die aus der Destillationsmethode hervorgehenden s%mtlichen Fehler dabei beseitigt 
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werden. Em weiterer Vorteil der neuen Verfahren besteht darin, dam die Bestimmung sich auf eine 
sehr spezifische Reaktion grtindet, auf die genaue Einstelhmg des pH nicht empfindlich ist und 
schliesslich sehr genaue Ergebnisse liefert. 

ARGENTOMETRISCHE TITRATION VON STICKSTOFFHAL’I’IGEN 
ORGANISCHEN STOFFEN 

Die rasche Bestimmungsm6glichkeit der Ammoniumionen legte den Gedanken nahe den Stick- 
stoffgehalt von organischen Substanzen nach der Kjeldahlschen Zerstorung direkt im Zerstorungs- 
rtickstand ohne Destillation zu bestimmen. Es liegen nach der Zerstorung zwei Moglichkeiten zur 
Bestimmung des entstehenden Ammoniaks vor. Der ersten Methode gemhs wird das Ammoniak 
auf oben beschriebene Art-Verfahren (u)(d)-nach Fallung, Filtration, Auswaschen und Auflosung 
in Aceton mit SilbemitratmasslGsung titriert. Nach der anderen Methode-Verfahren (e)-wird die 
das zu bestimmende Ammoniak enthaltende Losung quantitativ in einen Messkolben gebracht, wo 
man das Ammoniak mit bekannter Menge Natriumtetraphenylborat Wilt. Nach Auffiillen des 
Kolbens und Abfiltrieren eines aliquoten Teils wird der Natriumtetraphenylboratiiberschuss titriert. 
Daraus wird so dann der Stickstoffgehalt bestimmt. 

Urn die Methode zu kontrollieren bestimmten wir den Stickstoffgehalt von Carbamid sowohl mit 
Hilfe des Kjeldahlverfahrens mit acidimetrischer Endpunktsanzeige als such mit unseren argento- 
metrischen direkten und indirekten Verfahren. Laut Angaben der Tabelle II sind die Ergebnisse 
von befriedigender Genauigkeit. Uber die Genauigkeit von einigen Stickstoffbestimmungen in 
organischen Stoffen gibt Tabelle II Aufkllrung. 

Summary-The authors have developed a new method for the titrimetric determination of ammonia. 
Ammonia is precipitated by means of potassium tetraphenylboron and its solution in acetone is 
titrated with standard silver nitrate solution in the presence of Variamin Blue acetate as indicator. 
The titration can also be carried out indirectly by measuring the excess of tetraphenylboron. 

This method can also be used to determine nitrogen in organic compounds after a Kjeldahl 
digestion. 

R~snme--Les auteurs ont propose une nouvelle methode pour le dosage titrimetrique de l’ammoniaque. 
Celui-ci est precipite par le tetraphenylborure de potassium et sa solution dans l’acetone est tit&c 
par une solution de nitrate d’argent etalon en presence de bleu da&ate de variamine. Le titrage 
peut aussi Ctre conduit indirectement en mesurant l’exces du tetraphenylborure. 

Cette methode peut aussi &tre utilis6e pour determiner l’azote dans des produits organiques 
apres une minbalisation au kjeldahl. 
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DETERMINATION OF NITRATE IONS AND NITRO COMPOUNDS 

L. ERDEY, L. P~LOS 
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Department of Inorganic Chemistry, Silesian Technological Institute, 
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(Received 2 January 1959. Revisedpaper received 16 May 1959) 

Summary-A new method for the determination of nitrate has been worked out. (a) Nitrate ions 
can be reduced to ammonia in acidic medium by means of ferrum reductum in the presence of nickel 
sulphate. Ammonia can be precipitated in acidic medium as ammonium tetraphenylboron. After 
filtering and washing, the precipitate can be dissolved in acetone and the solution can be titrated 
with silver nitrate with Variamin Blue acetate as indicator. (b) Nitrate ions can be reduced in alkaline 
medium with Devarda’s alloy, the ammonia being distilled and titrated as described above. This 
method has been applied to the determination of nitrates accompanied by organic material, and of 
nitrozo, azo and diazo compounds. 

THE most precise methods for the determination of nitrate are based on the reduction 
of nitrate ions to ammonia. These methods all have the same principle, namely 
ammonia formed by reduction is distilled from a neutral or alkaline medium, and the 
separated ammonia is titrated by alkalimetric methods or with sodium hypobronute.1-4 
Z. Szabo and his co-workers596 carry out the reduction in the presence of silver ions 
with ironrr hydroxide as a reducing agent, and either titrate the ironlIr ions formed, 
or back-titrate the remaining ironI by redox methods after the separation of ammonia, 

Work published up to the present does not offer a specific and satisfactorily 
precise method for the determination of ammonia formed by reduction from the 
nitrate ions. Excellent results which we obtained by titration of ammonium ions 
with sodium tetraphenylboron (Kalignost)’ suggested the use of this precise and 
reasonably specific method for the determination of ammonia formed by the reduction 

of nitrate ions. 

REDUCTION OF NITRATE IONS IN ACID MEDIUM 

BY MEANS OF METALS 

Among methods using metals as reducing agents, the best known is that of 

Ulschl who reduces the nitrate ions with “ferrum reductum”. Although Martin also 
suggests the use of metallic zinc for the reduction, 8 the present authors, like Ulsch, 
were unable to obtain satisfactorily precise results with this method. To investigate 
the efficiency of the reduction parallel experiments were carried out with various 
common metals having different standard potentials. To a known amount of sodium 
nitrate was added an equivalent amount of the well-powdered metal, and the amount 
of ammonia formed by the reduction was measured. Under the conditions mentioned, 
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metallic iron was found to be the best reducing agent. Using a 5-10 fold excess of 
the metal over the stoichiometric amount, in the case of iron the reduction is complete, 
but with the other metals smaller amounts of ammonia than calculated were always 
obtained. The amount of iron can be considerably reduced by the addition to the 
solution of nickel or cobalt sulphate as a catalyst. 

Reagents 

1. @IN Silver nitrate standard solution was prepared by weighing and dissolving 16.9888 g p.a. 
silver nitrate per Iitre. O.OlN and 0.05N solutions were made by appropriate dilution of the former. 

2. 0+1&f Sodium tetra~~e~y~6oro~ (Kal&nosf): a 3.5 y0 solution was prepared in water, clarified 
with 0.5 g aluminium oxide for each 100 ml, and filtered through a thick filter. About 0.6 ml of this 
solution is equivalent to 1 mg NH,. The solution is stable for some days. 

3. W&I solution: a small amount of ammonium tetraphenylboron was precipitated, and 
washed thoroughly with distilled water. 0.1-0.2 g of the precipitate was suspended in 1 litre of distilled 
water, shaken for 25 minutes, clarified with aluminium oxide and filtered through a thick filter. 
The clear filtrate was used as a wash solution. 

4. Indfcaror solution: Yariamin Blue acetate, 1% solution: 0.2 g of commercial Varamin Blue dye 
(which is a hydrochloric acid salt of the base) was dissolved in 20 ml water and reduced by 0.5 g 
ascorbic acid. The solution was then rendered alkaline with 5 ml N sodium hydroxide and the 
precipitated free base was dissolved by shaking the solution with 20 ml benzene. The organic layer 
was separated, and shaken with 20 ml 20% acetic acid solution. The Varamin Blue acetate which 
formed was to be found in the acetic acid phase; the latter was used as an indicator. The indicator 
solution prepared by this way is stable for 3-4 weeks. 

5. O-2h4 Disodium ethylendiamine tetra-acetute solution (Na2-EDTA) was prepared by dissolving 
74.4 g NQEDTA in water and dilution to 1 litre. 

6. 0.2M Sodium acetate solution: 27.2 g sodium acetate was dissolved in water and diluted to 
1 litre. 

Procedure 

The sample, which contained I-120mg of nitrate, was weighed in a 100-ml Kjeldahl flask; 
0.5 g finely powdered “ferrum reductum,” 0.3 g nickel sulphate and 15 ml 2N sulphuric acid were 
added. Into the neck of the flask a test tube with a ball blown in the middle part and containing 
water for cooling was placed. The mixture was gently heated with a micro-burner, and after 10 
minutes the flame was regulated, so that the mixture was just boiling. Reduction was complete after 
1 hour treatment and the iron was dissolved completely. After cooling the mixture was washed into 
a beaker; lo-15 ml of @2&f sodium acetate solution and 60 ml O-2M Na,-ED-rA solution were 
added. To this solution O*lM sodium tetraphenylboron was added dropwise at room temperature 
until the reagent was in 50% excess. Precipitation was complete in 5 minutes. The precipitate was 
collected on a thick filter paper 7 cm in diameter, and was washed 5-6 times with small portions of 
wash-solution. The filter paper containing the precipitate was returned to the beaker, and was 
thoroughly stirred with acetone, using a @ass rod. The acetone dissolved the precipitate. To the 
mixture (containing filter-paper-shreds) l-2 ml 2N acetic acid and l-2 drops of 1 o? Variamin Blue 
acetate indicator were added, and it was then titrated while shaking, against O.lN or O~OlN silver 
nitrate solutions until a blue colour appeared. Near the end-point it was advisable to titrate slowly 
and to mix the solution well after each drop of the standard solution was added. The shreds of 
filter paper did not interfere. At the end-point the solution must contain at least 50% of acetone. 

The method was controlled by analysing samples of nitrite-free sodium nitrate solution prepared 
from nitric acid, which was controlled acidimetrically. According to Table I, results are very accurate 
even in micro quantities. The accuracy and standard deviation were established by 11 parallel 
titrations in O.Ol~solution. Results show that the method is very accurate, with a standard deviation 
of *@25x. In O.lN solution, when greater amounts of nitrate were determined, the accuracy was 
even better. 

The method can be combined with the distillation of ammonia. Distillation is recommended 
especially when potassium, thallium, thorium or mercury salts are present, or if other heavy metal 
salts are present in large quantities. After reduction the solution must be washed into a distillation 
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apparatus, and rendered alkaline with sodium hydroxide. Ammonia can be then distilled. About 
40 ml of saturated boric acid solution (4.9g HIBOIl dissolved in 100 ml water) or an excess of 
sulphuric acid is placed in the collector flask. After neutralisation of the strong acid (boric acid 
must not be neutralized) ammonium tetraphenylboron can be precipitated. In this case Nal-EorA 
should not be added since precipitation of ammonia with sodium tetraphenylboron is highly specific. 

TABLE L-ACCURACY OF THE TITRATION As A FUNCTION OF THE AMOuNTTOF NITRATE 

O.OlN HNO, ~ 
taken, 

ml 
~ 

9.94 

14.88 I 

24.85 : 
/ 

O.OlN AgNO, 
consumed, 

ml 

9.76 

9.84 * 
9.81 

14.88 
14.80 
14.83 

24.76 
24.78 
24.81 

Average, 

ml 

_____ 

9.80 

- 
Difference 

14.84 

24.78 -0.07 i -0.28 

ml 

-0.14 ~ -1.4 

-0.04 -0.26 

Average, 
Difference 

0.W HNO, O.lN AgNO, 
taken, consumed, 

ml ml 

I 

4.97 

9.94 I 

19.88 

ml 

4.97 

4.95 

4.95 

9.89 
9.92 

9.95 

19.84 
19.92 
19.87 

4.96 -0.01 -0.2 

9.92 -0.02 -0.20 

19.88 10.0 

ml 

- 

% 

The method is free from errors which occur normally when ammonia is titrated by alkalimetric 
methods. Traces of sodium hydroxide picked up by the vapour, dissolved alkali from the condenser 
or carbon dioxide dissolved from the air have no effect on the accuracy. Experience has shown that 
errors caused by traces of alkali picked up are only found if potassium hydroxide is used for liberating 
the ammonia. Another advantage of the method lies in the fact that only one standard solution is 
required. It is especially advantageous that the determination can be carried out even after an 
alkalimetric titration (see later). 
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DETERMINATION OF NITRATE IONS AFTER REDUCTION 

IN ALKALINE MEDIA 

For the reduction of nitrate ions in alkaline media Devarda’s alloy (50% Cu, 
5 % Zn and 45 % Al) is usually recommended. 2 The method is simple and rapid, but 
a positive error occurs in almost all cases due to alkali picked up mechanically by the 
evolved hydrogen. The extent of the error depends largely on the construction of 
apparatus used; it can be reduced using an apparatus equipped with a trap,s but 

FIG. 1. 

cannot be completely eliminated. The Schulek-Vastagh apparatuslO is one of the 
best of this sort, but even using this an error of f3.8 % in the determination of 30 mg 
sodium nitrate, due to the drops of alkali picked up by hydrogen, was found. Compar- 
able experiments using a simple distillation apparatus (Fig. 1) which consisted of a 
250-ml flask, a simple ball-condenser and a dropping funnel gave as much as + 15 % 
error. The error is a function of the quantity of Devarda’s alloy used and of the 
velocity of hydrogen gas evolution. In addition there is frequently an error due to 
the alkali silicates dissolved from the condenser. Therefore even in the best constructed 
distillation apparatus a considerable positive error arises in the Devarda method, if 
the determination is finished by an alkalimetric titration of ammonia. 

These errors can be eliminated if the ammonia is determined by precipitation of 
ammonia in form of ammonium tetraphenylboron instead of by an acid-base titration. 
The precipitate can be also weighed; but, especially when small amounts of ammonia 
are to be determined, it is more convenient to titrate it argentometrically. Since the 
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determination is not sensitive to intrusive traces of alkali the simple apparatus of 
Fig. 1 may be used for the distillation. The use of potassium hydroxide must of 
course be avoided. The reduction and distillation time can be shortened to about 
10 minutes, so that the total time required (which is lengthened by precipitation and 
filtration) is no greater than in the Devarda method. Nag-EDTA should be used in 
the precipitation to complex the traces of the Devarda’s alloy which occasionally 

pass through the apparatus. It is suggested that O.lN sulphuric acid should be used 
in the collector flask; its amount need not be known but it must always be in excess. 
For accurate work addition of methyl orange or methyl red to the sulphuric acid is 
not recommended since the end-point of the argentometric titration cannot readily 

be seen. 
Experience has shown that using this simple distillation apparatus the determina- 

tion can be carried out without error when 2-5-fold amounts of potassium, thallium, 
mercury or other heavy metal salts are present besides nitrate, since only negligible 
traces of these are carried over. 

Procedure 

The sample to be determined is weighed in the flask of the apparatus shown in Fig. 1. The sample 
which should contain 6-150 mg of nitrate is dissolved in 50 ml water and 2 g of well-powdered 
Devarda’s alloy are added. The apparatus is assembled immediately, the collector flask containing 
50 ml of O.lN sulphuric acid; 50 ml of 30% sodium hydroxide solution are added through the 
dropping funnel. The solution must be heated, first gently, but later more strongly, till 50 ml of 
liquid is distilled over. During this time the ammonia is distilled completely. When necessary, the 
acidity of the collector solution is checked using a small piece of litmus paper. On completing the 
distillation the cooler is lifted out of the collector flask and washed with water. 

To the solution collected in the flask, 50 ml of 0.2Msodium acetate and 50 ml of 0.2M Naa-aorA 
solution are added the (pH of the solution is about 2-4), and after cooling O.lM sodium tetraphenyl- 
boron reagent is added dropwise until the latter is in slight excess. The mixture is allowed to stand 
for 15 minutes, and after this time the precipitate is collected on a thick filter paper (7 cm in diameter), 
and washed 5-6 times with the wash solution. The paper with the precipitate is returned to the 
flask in which the precipitation was carried out. The precipitate is dissolved in 15 ml of acetone by 
shaking, and l-2 ml of 2M acetic acid and 1-2 drops of 1 ‘A Variamin Blue acetate indicator are 
added; the solution is then titrated with O.lN or O.OlN silver nitrate solution until an intense 
blue colour appears. Near the end-point the silver nitrate is added dropwise and the mixture is 
mixed thoroughly after adding each drop. The solution should contain at least 50% of acetone at 
the end-point. 

Sulphuric acid can be replaced by boric acid; 40 ml of saturated solution must be used and it is 
then unnecessary to use sodium acetate in the precipitation. Addition of Na2-EDTA solution is of 
course necessary. 

Comparative experiments were carried out using this alkaline reduction with (i) an acid-base, 
(ii) a tetraphenylboron-argentometric finish. The results are shown in Table II. Reduction and 
distillation were carried out in the Schulek-Vastagh apparatus in series I, and in the simple apparatus 
shown in Fig. 1 in series II. These results show that the tetraphenylboron method is accurate even 
when the simpler apparatus is used; on the other hand results obtained with acid-base titrations are 
inaccurate and deviations are high. 

DETERMINATION OF NITRATE IONS AFTER A 

SULPHURIC ACID-SALICYLIC ACID DESTRUCTION 

It is often necessary to determine nitrate ions in the presence of organic materials. 
In such case it is usual to form nitro compounds of aromatic substances which 
readily accept the nitro group. Such substances are, for example, salicylic acid or 



Dist. 
apparatus 

I 

II 

5.00 

2000 
20.94 
20.85 
20.79 

2086 $_0.86 j +4.3 

4.95 
499 
5.03 

20.02 
20.04 
20.02 

20.03 $0.03 -to.15 

- 

phenol. These nitro-compounds are easy to reduce in a concentrated sulphuric acid 

T 

O.lN 
NaNO,, 

ml 

500 

20.00 
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TABLE IL-COMPARISON OF DISTILLATION APPARATUS 

11 

O.lN HCI 
consumed 

after 
listillation. 

5.17 
5.20 
5.21 

20.34 
20.20 
20.28 

5.75 
5.60 
5.82 

4verage, Difference, 
O.lN 

&NO, 

_ 

5.19 $0.19 +3.8 

20.27 +0.27 I +I.35 

-_i___- 

5.72 +0.72 1 +14.4 

ml 7: 

consumed 
after 

distillation 
ml 

4.96 
5.00 
4.98 

1 20.01 
20.02 
20.02 

4verage, Difference, 

1 
ml / ml 

0, 

.‘O 

I 
4.98 -0.02 ! -0.4 

medium. After the reduction, organic material can be destructed by boiling with 
concentrated sulphuric acid. 

Procedure 

The organic material containing lo-120 mg nitrate is weighed on a cigarette paper strip, and 
added to a 250-ml Kjeldahl flask; 5-6 ml concentrated sulphuric acid containing 70 mg salicylic 
acid per ml are introduced. In the neck of the flask is placed a test-tube condenser. The mixture 
is heated carefully until dissolution is complete; the nitration of the salicylic acid is then also 
complete. 2-3 g of crystallized sodium thiosulphate are added and thoroughly mixed; finely 
divided elementary sulphur which precipitates reduces the nitro-group to the amino-group. After 
heating for lo-20 minutes the test-tube is removed from the neck of the flask, and, after addition of 
0.05 g elementary selenium or 1 g copper sulphate as catalyst, destruction can be achieved by heating. 
If method (a) is used for the determination of the ammonia formed, selenium must be used as a 
catalyst. If the organic material is not destroyed easily, 2-3 g anhydrous solium sulphate must be 
added to the solution. After the destruction is complete (and the solution becomes clear) heating 
must be continued for about 20 minutes. Ammonia can be determined in this mixture by two different 
ways, (a) without distillation and (b) with distillation. 

Method (a). The cold solution is diluted carefully (under cooling) with water up to 100 ml, 2 g 
sodium acetate are added and the solution is neutralized with 30% sodium hydroxide until thymol 
blue indicator changes from red to yellow. The pH of the solution is in this case between 2 and 4. 
After cooling, ammonium tetraphenylboron is precipitated with O.lM sodium tetraphenylboron. 
The precipitate is filtered and washed, and is dissolved in acetone. After addition of l-2 ml of 2N 
acetic acid the solution is titrated with O.lN silver nitrate solution using Variamin Blue acetate 
indicator. 

Method (b). The cold solution is diluted with water carefully to 100 ml, and is washed into the 
flask of a distillation apparatus. It is rendered alkaline with an adequate amount of 30% sodium 
hydroxide solution. The ammonia liberated is distilled into an excess of O.lN sulphuric acid or 40 ml 
of saturated boric acid solution. The determination of ammonia can be carried out as described 
above. 

According to results obtained in the determination of a sodium nitrate sample containing organic 
material, using both methods (a) and (b) the determination can be carried out with an average error 
of o.3-o.7°A. 
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TABLE III.-ANALYSIS OF CHEMICAL FERTILIZER “P&rrs&’ 

Determination of ammonia-nitrogen content 

Weight of 
the sample, 

140.15 

Weight of 
the sample, 

140.15 

19.45 9.74 
19.40 9.70 9.71 9.74 -0.04 -0.4 
19.37 9.76 

Determination of total nitrogen content 

0.05N O.lN HCl 
Difference from 

AgNO, Nitrogen, consumed, Nitrogen, 
distillation method, 

consumed, 
ml % ml % ml % 

I 
39.20 I 19.50 I 
38.92 ’ 19.53 19.45 19.46 +0.07 I +0.3 
39.06 19.40 

19.46 

DETERMINATION OF ORGANIC AZO, DIAZO AND 

NITRO COMPOUNDS 

The nitrogen content of organic compounds cannot always be determined by the 
Kjeldahl method. If the nitrogen atom in the organic compound is not bound to 
carbon and hydrogen atoms, but there is a nitrogen-nitrogen or a nitrogen-oxygen 
bond, reliable results are obtained only when a reduction is first carried out. Sodium 
thiosulphate in a concentrated sulphuric acid medium gives good results for the 
reduction. 

Procedure 

The organic material containing 10-100 mg nitrogen is weighed on a cigarette paper strip, and 
added to a 250-ml Kjeldahl flask; 5 ml of concentrated sulphuric acid and 2 g of crystalline sodium 
thiosulphate are added. The mixture should stand for 12 hours. When the reduction is complete, 
organic material is destroyed and ammonia can be determined by either (a) or (b) as described 
above. Results obtained with this method are satisfactory for azobenzene, picric acid and dmitro- 
naphthalene, and have an average error of 0.1-0.5 %. Determinations on nitrobenzene and hydrazine 
sulphate were unsatisfactory. 

PRACTICAL USES OF THE METHOD 

The method has been used with satisfactory results for the determination of 
ammonium nitrogen and total nitrogen content of chemical fertilizers. 
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Procedure 

7.005 g of the fertilizer was weighed into a 1-litre volumetric flask and water was added. The 
contents of the flask were shaken thoroughly and after sedimentation the mixture was filtered through 
a dry filter. The first part of the filtrate was discarded. 20.00 Ml of the filtrate were pipetted into a 
beaker and ammonia was precipitated with a slight excess of sodium tetraphenylboron (about 
12-15 ml). After 15 minutes the precipitate was filtered and washed with a saturated solution of am- 
monium tetraphenylboron (it was found to be sufficient to wash it 5 times). The filter paper contain- 
ing the precipitate was returned to the beaker in which the precipitation was made; the precipitate 
was dissolved in 15 ml acetone, l-2 ml of O*lN acetic acid and l-2 drops of Variamin Blue acetate 
were added and the solution was titrated with 0*05N silver nitrate solution. The solution should 
contain at least 50 % of acetone at the end-point. 

To determine the total nitrogen content of the sample 20.00 ml of the filtrate were placed in a W-ml 
Kjeldahl flask, and 0.5 g of ferrum reductum, 0.3 g of nickel sulphate and 15 ml of 2N sulphuric acid 
were added. The mixture was heated for 1 hour, when reduction was complete. After addition of 
10 ml 2N sodium acetate the ammonium tetraphenylboron was precipitated by a slight excess (about 
25-30 ml) of O.lM sodium tetraphenylboron. The precipitate was filtered, washed, replaced in the 
Kjeldahl flask, and dissolved in 15 ml acetone. After addition of l-2 ml of O-1 N acetic acid and l-2 
drops of Variamin Blue acetate indicator the solution was titrated to the appearance of the blue 
colour. The results obtained are shown in Table III. 

Zusammenfassung-Eine neue Methode zur Bestimmung von Nitration wurde entwickelt. (a) Nitrat 
wird in saurem Medium durch Eisen(II)-sulfate in Gegenwart von Nickelsulfate zu Ammoniak 
reduziert. Ammoniak kann aus saurem Medium mit Tetraphenylbor gefallt werden. Nach Fil- 
trieren und waschen wird der Niederschlag in Azeton gel&t und das Tetraphenylbor mit Silbernitrat 
titriert, wobei Variamin Blau-acetat als Indikator dient. (6) Nitrat wird in alkalischer Liisung nach 
Dewarda reduziert, das Ammoniak abdestilliert und nach der obigen Methode bestimmt. Die neue 
Methode wurde zur Bestimmung von Nitrat in Gegenwart von organischen Substanzen verwendet, 
sowie zur Bestimmung von Nitroso-, Azo und Diazoverbindungen. 

RBsum&-On propose une nouvelle mtthode pour le dosage du nitrate: (a) Les ions nitrate peuvent 
etre reduits en ammoniaque par reduction en milieu acide par l’ion ferreux en presence de sulfate de 
nickel. L’ammoniaque peut &tre prtcipite en milieu acide a l’etat de tetraphenylborure d’ammonium. 
Aprts filtration et lavage, le pr&cipite peut Ctre dissous dans l’acttone et la solution peut &tre tit& 
par le nitrate d’argent en utilisant l’acetate de bleu de variamine comme indicateur. (b) Les ions 
nitrate peuvent Etre reduits en milieu alcalin par la methode de Devarda, l’ammoniaque &ant alors 
distill& et titre comme prectdemment. Cette nouvelle methode a CtC appliquQ au dosage de nitrates 
en presence de matitres organiques et au dosage de composes nitroses, azoiques et diazoiques. 
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Sunnnary-A direct reading current integrator for coulometric analysis has been developed. This 
employes a bevel gear differential and a standardization device incorporated to add stability to the 
instrument as a whole. The advantages over existing coulometers and integrators include a high 
power output, a stable curve through the origin, the integration of small currents, no dead zone, and 
a cancellation of the background current by a zero adjustor. Under good conditions about @3 % 
deviation may be achieved. The determination of copper by controlled potential shows that this 
instrument is applicable to coulometric analysis. 

COULOMETRIC analysis with controlled potential and with constant current techniques 
requires the accurate measurement of the quantity of electricity passed through the 
electrolysis cell. In the constant current technique, this may be measured by counting 
the current and the time, by using chemical coulometers (i.e. the silver, titration, 
hydrogen-oxygen, or hydrogen-nitrogen coulometers),l or by using electromechanical 
integrators, such as the low-inertia integrating motor.2 In the controlled potential 
technique, this also may be measured by using any chemical coulometer or any 
integrator (i.e. Lingane-Jones’ ball and disc integrator,3 Meites’ electromechanical 
integrator,4 or others5), or by integrating the current-time curve.6 Although very 
precise, chemical coulometers are inconvenient and require much manipulation. 

At present there are various types of integration methods, one of which is the 
commutator motor type. The principle of this type is based on the fact that the rotor 
revolution speed n at any one moment is proportional to the input current i: 

or, when converted to an equation: 

n = Ki 

Upon integration from tl to t,, the following equation is derived : 

The quantity of electricity Q corresponds to K 
s 

t2 
i dt, and also, 

4 s 

t2 
n dt equals 

t1 
the total number of revolutions. Therefore, the quantity of electricity corresponds to 
the sum total of revolutions. 

The integrator using a low-inertia integrating motor is based on this principle. 
In this motor, as in all mechanical devices, mechanical friction is always present. It 
influences the dead zone (starting voltage is always required) and also makes it difficult 

14 
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to integrate increasing current from small current in the neighbourhood of zero. 

These influence the stability and the linearity of the rotating speed versus the input 
current. Thus when the integrator is designed to decrease this friction, the over-all 
output power is cut down, resulting in difficulty when using a large-scale counter. 
An integrator so designed is sensitive to external conditions such as temperature, so 
that it is difficult to keep the linearity constant. To eliminate such disadvantages, the 
present author has used a bevel gear differential and various motors and has obtained 

good results. 
This paper describes a current integrator which is readily adaptable to both the 

constant current and the controlled potential techniques. The bevel gear differential 

TABLE L-CALIBRATION FACTORS 

(count/coulomb) 

Ih.4) 
; 1 1 3 

x 388.8 383.0 
Std. dev. 16.97 4.74 
C.V. ( %) 4.36 1.24 

T 

- 

383.4 381.7 
1.89 0.89 
0.49 0.23 

~ 30 I 40 ~ 50 

382.9 381.6 
1.32 0.77 
0.34 0.20 

I : input current 
X : mean count/coulomb of 10 measurements 
Std. dev. : standard deviation 

Std. dev. 
C.V. : n = coefficient of variation 

is the main mechanism, and is driven by a d.c. integrating motor. When this integrator 
is used with the constant current apparatus, the timer is eliminated and a simple 
current source is usable, i.e. a battery and a high resistor; with the controlled 
potential apparatus, chemical coulometers are unnecessary. ‘Further advantages for 
both techniques are that this device possesses a high power output which can be 
adapted to drive other mechanisms, such as recorders and/or large-scale mechanical 
counters; it draws a characteristic curve which is linear and passes through the 
origin ; it makes direct reading possible; it eliminates the dead zone; it permits 
small current integration in the neighbourhood of zero per cent of rated current, i.e. 
rated current of the lowest range-l mA. Table I shows the relation of count/ 
coulomb versus input current at a rated current of 50 mA. The range below 2% of 
rated current has not been measured; however, measurement of the observed current 
between 2% and zero is possible, although with a rather large deviation. Using the 
constant current technique with this integrator, about O-3 % coefficient of variation 
may be obtained by selecting the input sensitivity range which provides a suitable 

current between 50 to lOO’% of rated current. Using the controlled potential tech- 
nique, about 0.39% coefficient of variation may be obtained by selecting the input 
sensitivity range which provides an initial electrolysis current near the rated current. 
Table I indicates that at lower per cents of rated current, the deviation is large; 
however, this has little effect on the practical determination, for there is a possibility 
of obtaining a coefficient of variation about 0.39% (Table II). 
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TABLE II.-ESTIMATED DEVIATION FOR CONTROLLED POTENTIAL 

COULOMETRIC ANALYSIS 

Qi 
I 

C.V. Dev. = Q, x C.V. 

Q x [(SO - 40)/50] 0.002 
Q x [(40 - 30)/50] 0.0024 
Q x [(30 - 20)/50] 0.0034 
Q x [(20 - lo)/501 0.0023 

Q x WO - WOI 0.0039 

Q x EC 5 - 3)POl 0.0049 

Q x I( 3 - U/501 0.0124 

Q x I( 1 - OMOI 0.0436 

Q 

_ 

total C.V. 

OXI Q 
0.00048 . Q 
OdOO68 . Q 
OGOO46 . Q 
0.00039 . Q 
0.000196 . Q 
0.000496 . Q 
0.000872 . Q 

I+ 

0.003974 . Q 

therefore, the deviation for the total quantity of electricity is 0.39 %. 

Q: total quantity of electricity. 
Q,*: quantity of electricity which is assumed to be measured with coeffi- 

cient of variation at each input current value. 
C.V. : coefficient of variation from Table I. 
Dev.: deviation at each Q,. 
* With controlled potential technique 

from equations (1) and (2) 

it = i, 10-K” 

Q =jIit dt 

i. - it 
Q+- 

2.303K 

(0’ 

(2) 

(3)‘O 

therefore, it and Q are proportional. 

APPARATUS 

This integrator (Fig. 1) consists essentially of the following units: 1. an integrating motor driving 
unit: a d.c. motor and d.c. motor control unit; 2. an error detection and correction unit: a 2-phase 
servo motor, a.c. amplifier, and d.c. tachogenerator; 3. a d.c. supply source; 4. a bevel gear differen- 
tial; 5. a synchronous motor; 6. a counter. 

The differential gear (Fig. 2) is composed of 1. a vertical shaft Y-Y’ and a horizontal shaft X-X’ 
which are fixed; 2. bevel gears which are free on the two shafts. A constant input gear speed is 
supplied by a synchronous motor; a variable input gear speed, dependent on the measuring current, 
is provided by a d.c. integrating motor. 

When the two gears A and A’ revolve reversely and at the same speed, the gears B and B’ on the 
horizontal shaft also revolve equally. The fixed shafts are stationary and register a zero reading. 
When gear A revolves faster than gear A’, the revolutions of the gears B and B’ alone are not capable 
of equalizing this increased speed of gear A. To accommodate this increase, the X-X’ shaft rotates 
about the Y-Y’ shaft in the same direction as the faster gear A is revolving. The X-X’ shaft rotates 
about the Y-Y’ shaft according to the equation 

SA - SA 
sy-y, = - 

2 

where SA is the speed of the integrating motor, Sk, is the speed of the synchronous motor (always 
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constant), and SY-_YI is the rotation speed of the Y-Y’ shaft. This speed of the Y-Y’ shaft is propor- 
tional to the measuring current, because the quantity of electricity corresponds to the total number 
of revolutions. 

Brass bevel gears with 24 teeth and a diameter of 18.5 mm are used for the differential gear. The 
input gears from the synchronous motor and the integrating motor are of the same type. 

FIG. 1. 

Integrating motor driving unit 

FIG. 2. 

The d.c. motor of the driving unit is a micromotor with a tachogenerator which are built in one 
body and have a common shaft. The micromotor, Model CLE 3R-60 of Nihon Micromotors Co., 
has characteristics (rated values) of 7.5 V input voltage, 92 n~4 maximum current, and 0.75 watt. 
This motor follows the 12 cycle square wave input current (i.e. the direction of rotation changes 24 
times per second). 

The plate current of a 6Y6 vacuum tube controls this micromotor (Fig. 3). The observed current 
is added to the input grid resistor. The 4 kilo-ohm input resistor gives a rated current of 1 n~4, and 
if necessary the rated current may be adjusted by replacing the input resistor or by using a shunt 
resistor. This induced grid voltage of 6Y6 varies, in turn proportionally altering the plate current. 

2 
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Therefore, this plate current affects the d.c. integrating motor speed. If necessary the cathode resistor 
R8 (ordinary variable resistor) of the 6Y6 tube controls the motor speed. When the amplified error 
voltage drives the 2-phase servo motor, a worm gear train transfers the rotation to the above-mentioned 
variable resistor R,. 

Error detection and correction unit 

As stated above, the proportional relation of the observed current and the integrating d.c. motor 
speed is not always constant. To keep this relation constant, this integrator requires an erro; detection 
and correction unit. For such a correction, a standard is necessary. The linear and relatively stable 
characteristic curve of output voltage versus tachogenerator speed provides this standard. 

FIG. 3. 

The observed current moves the d.c. motor. The voltage of the generator is proportional to the 
d.c. motor speed (generator and motor being on one shaft). The observed current also induces the 
voltage of the input standard resistor (R, in Fig. 3). If a difference occurs between the generated 
voltage and the induced voltage, this voltage difference is amplified by the a.c. amplifier and drives 
the 2-phase servo motor. This motor in turn controls the d.c. motor speed by the cathode of the 
6Y6 tube until the generator voltage equals the input standard resistor Ra voltage. Therefore the 
proportional relation of the d.c. motor speed and the observed current becomes constant. 

When the observed current is zero, the cathode resistance and screen grid voltage adjust the initial 
d.c. motor speed to equal the synchronous motor speed (differential gear shafts are stationary). The 
voltage of the generator, proportional to the d.c. motor speed, is cancelled by voltage from a dry 
cell and a variable resistor R,. When the dry cell voltage is changed, a difference occurs between the 
generator voltage and the altered dry cell voltage. This difference is amplified in the error detection 
unit, and in turn changes the d.c. motor speed. The zero adjustment of the counter is controlled by 
this variable resistor Rd. The dry cell voltage is always superimposed on the observed current voltage. 

The a.c. amplifier of the error detection unit consists of an a.c. converter and two 12AX7 and one 
6AU7 vacuum tube. The detected error voltage is converted to 60-cycle alternating current, is 
amplified to about 100 dB by the tubes 12AX7 and 6AU7, and is used to drive the 2-phase servo motor. 

The tachogenerator, Model CLE 3R-60, has a speed of 30 to 48 r.p.m. (gear ratio 1 : 60) and an 
output of 6 mV per 1 r.p.m. This tachogenerator was used because the characteristic curve is linear 
in the range that was used. 
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d.c. supply source 

A rectifier tube 80BK and an ordinary radio-use power transformer are used for the d.c. supply 
source. The output d.c. voltage is 250 volts; the rated current is 65 mA. 

Synchronous motor 

A 5 watt, 30 r.p.m. synchronous motor is used. 

Counter 

A needle-type, Sunit counter (meter type) is used, because the driving power of digital-type 
counters is not constant (more power required every 10 units). The driving power of this needle-type 
counter is supplied by the output and is always constant. 

To summarize: The observed current drives the d.c. integrating motor, which in turn drives one 
input of the differential gear. At the same time the synchronous motor drives the other input of the 
differential gear. The difference between the speed of the two motors is indicated by the counter. 
The count equals the total number of revolutions, which in turn equals the quantity of electricity. 
The stability is kept constant by the d.c. tachogenerator of the error detection unit. 

Although this is a complicated mechanism, this apparatus is easily assembled in an ordinary 
laboratory, since all the gears rotate in only one direction. This enables the use of mechanical parts 
which need not be of highest quality; the total character of the apparatus, however, is not affected. 

The typical calibration factors, obtained over several days, are shown in Table I. The input 
current used was rated at 50 mA (input resistor about 100 ohms). The standard quantity of electricity 
was calculated from the constant current and time. The count per coulomb was calculated from the 
standard number of coulombs and from the count at the various current values. With the constant 
current technique, the smallest deviation is obtained in the range of 50 to 100% of the rated current. 
With the controlled potential technique, the initial deviation is small-about 0.2 %, since the initial 
electrolysis current is adjusted (at the input section) to the neighbourhood of 100% of the rated 
current; but as the electrolysis current decreases to the lower 10% of the rated current, the deviation 
becomes larger-about 4%. However, the total deviation is small-about 0.39 % (Table II), when 
the entire range from 0 to 100% of the rated current is taken into consideration. These results only 
show the range from 2 to 100 % of rated current; however, it is possible to measure the input current 
in the neighbourhood of zero, although with some loss in accuracy. 

EXPERIMENTAL 

The determination of copper was carried out to test the applicability of this integrator to controlled 
potential coulometric analysis. Copper sulphate solutions containing from 0.5 to 5.0 mg copper and 
0.5N hydrochloric acid were used. The cathode was a copper-gauze cylinder. The method of 
determination, described by Yamashita and the present author in a previous publication,* has been 
modified slightly in this experiment. 

Cell 

The cell used is shown in Fig. 4. The cathode chamber has a volume of 200 ml; the anode 
chamber 80 ml; and the middle chamber 30 ml. Between these chambers are sintered-glass discs of 
20-mm diameter. 

Electrodes 

The cathode is a 25-mesh copper-gauze cylinder with a diameter of 30 mm and a height of 30 mm. 
The anode is a l-mm platinum spiral wire. The saturated calomel electrode is one of the commercial 
portable type. 

Reagents 

99.99 % copper was used for the standard sample. Copper sulphate solutions were made from the 
standard sample with concentrations of 0.462 mg per 10 ml, 0.924, mg per 10 ml, 2.311, mg per 
5 ml, and 4.623 mg per 10 ml. The electrolyte was 0.5N hydrochloric acid (reagent grade). 



20 SHI~EKI HANA~RA 

Alctomaticpotential control 

This unit employs a modified Lingane-Jones’ potentiostat8 which is on the market in Japan. 

Procedure 

The cathode chamber is filled with 100 ml of hydrochloric acid, the anode chamber with 60 ml, 
and the middle chamber with 25 ml (the middle chamber acid level is higher than others). The 
electrodes are set up and connected as shown in Fig. 4. The cathode potential of the potentiostat 
is adjusted to -0.34 V versus S.C.E. A magnetic stirrer continually agitates the Mthode chamber. 
A rapid stream of nitrogen gas, initially passed through pyrogallol solution for removal of oxygen, 

- S&E.+ 
9 9 

1 I ’ 

SCE, 

H 
Fro. 4. 

is used throughout the determination. Nitrogen gas is bubbled through the cathode chamber for 
15 min before pre-electrolyzing. Pre-electrolyzing is continued till the background current becomes 
very nearly constant. Even at this point there is a slight trace of dissolved copper and other unreduc- 
ible impurities. Although this trace is constantly present, it has no effect on the results. When the 
background current becomes nearly constant, the counter reading is set at zero by adjusting the 
variable resistor R4 (zero adjustor) to change the d-c. motor speed to equal the synchronous motor 
speed. A known volume of the sample is then pipetted into the cell, and the electrolysis is continued 
until the counter comes to a stop. At this point the background current has again become nearly 
constant. This counter reading is the net quantity of electricity consumed for the electrolysis of 
copper to be determined: i.e. the total quantity of electricity passed through the cell minus the quan- 
tity of electricity required by the background current. The number of coulombs is calculated from 
this counter reading and a factor (count/coulomb). The copper content can be calculated from this 
number of coulombs. 

RESULTS 

A cross-section of results obtained in the determination of various quantities of 
copper is shown in Table III. The electrolyses required about 10-15 minutes after 
each sample was introduced. The coefficient of variation of the O-462-mg sample is 
larger than the coefficient of variation of the other samples. The initial concentration 
of the 0+462-mg sample is of the order of 104M, so that this difference in coefficients 
of variation may be large; consideration shows, however, that the standard deviation 
of the O-462-mg sample has about the same value as that obtained from the other 
samples. The differences between the theoretical concentrations and the means of the 
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measured concentrations are all negative values. This seems to be due to systematic 
error; the cause has not been ascertained. Error may possibly be introduced into 
the calibration factor by the fluctuation of constant current source and by error in 
time and current measurement. The use of a silver coulometer to obtain the calibration 
factor might yield better accuracy. 

TABLE III.-COULOMETRIC DETERMINATION OF COPPER 

Taken, Equiv. to, 

mg COUI 

L 

0.462 

0.925 

1.404 

2,807 

2.312 

4.623 
_. 

7.019 

14.039 

__ 

_. 

-. 

- 

Found, 
COUI 

___- 

Diff., 

mg 

1.303 -0.011 
1.329 
1.337 
1.379 
1.426 
1,457 

I I 
I 

2658 2.676 1 0.019 0.006 / 0.7 -0.043 
2.697 
2.681 

0.056 ( 0.018 0.8 -0.001 

6.932 
6.971 

1 

7.089 

13.995 14.002 0.072 / 0.024 0.5 i -0.012 
13.930 1 
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Zusammenfassung-Ein direkt anzeigender Stromintegrator fiir coulometrische Analysen wurde 
entwickelt. Das Instrument enthllt ein konische Differential-Verzahnung und eine Standardisierungs- 
vorrichtung was zur Stabilisierung der gesamten Anordnung beitr2igt. Der Vorteil gegeniiber beste- 
henden Instrumenten liegt u.a. in folgendem: hohe Energieleistung, stabile Kurve durch den 
Ursprung, Integration such kleiner Strame, Fehlen einer “Leerzone” und Vorhandensein eines 
Nullpunktkompensators. Bei guten Bedingungen werden Abweichungen von nur 0,3 % erhalten. 
Die Bestimmung von Kupfer zeigte die Anwendbarkeit des Instrumentes in coulometrischen Analysen. 
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IUsnme-L’auteur propose un integrateur de courant a lecture directe pour l’analyse coulometrique. 
Celui-ci utilise un engrenage conique differentiel et un dispositif d’etalonnage incorport pour aug- 
menter la stabilite de l’instrument. 

Les avantages sur les coulometres et integrateurs existants sont: une grande puissance de sortie, 
une courbe stable jusqu’a l’origine, l’integration de petits courants, l’absence de zone morte, et 
l’elimination du courant residue1 par un reglage de zero. Dans de bormes conditions on peut atteindre 
un &cart de 0,3 ‘A. Le dosage du cuivre a potentiel control& montre que cet appareil est utilisable en 
analyse coulometrique. 
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THE IODOMETRIC DETERMINATION OF SELENOCYANIDE* 
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(Received 20 March 1959) 

Summary-The interference of certain anions in the iodometric determination of selenocyanide has 
been examined. Sylphate, chloride and perchlorate do not interfere, whilst in the presence of bromide, 
selenocyanide can only be partially oxidised by bromine to selenite, so that high results are obtained. 
The interference of bromide can be eliminated by sodium tungstate, or by determining the bromo- 
cyanogen formed, after distillation. 

IN a preceding communication,1 a method was presented for the micro determination 
of elementary and loosely bound selenium. Other micromethods for the determination 
of selenium and selenium compounds were also discussed in detail. 

As we desired to apply this method in. a rather broad field to the analysis of 
selenium and its compounds, the possibilities of determination in the presence of 
various anions were first subjected to a thorough examination. 

It was found that selenium can be determined with an adequate accuracy even in 
the presence of large amounts of chloride, sulphate and perchlorate, although in the 
case of extremely high concentrations of sulphate a stronger acidification of the 
solution is necessary. Bromide ions interfere in relatively low concentrations. 

In practice, the presence of bromide ions must always be taken into account. The 
interpretation of its interference and the possibilities of its elimination will therefore 
be discussed here in detail. 

On brominating selenocyanide under prescribed experimental conditions (con- 
centration, pH, temperature),l a reaction characterised by the following overall 
equation takes place : 

SeCN- + 4Br, + 4H,O = BrCN + Se0,2- + 7Br- + 8H+ (1) 

It must be emphasized, however, that in the course of bromination several processes 
which reach equilibrium with each other must be considered. 

The amount of excess bromine added was found to play an essential role in the 
determination. When only as much bromine-water is added to the solution as is 
required to obtain a slightly yellow colour, after binding the bromine with phenol, 
selenite can still be detected in the solution, in addition to bromocyanogen and selenate. 
This proves that, of the reactions combined into the overall equation (l), the oxidation 
of selenite leads mainly to the equilibrium: 

H,SeO, + Br, + HZ0 + HSeO, + 3H+ + 2Br- 

* Paper I of this series: 2. anaiyt. Chem. 1953, 139, 20. 
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According to the measurements of Sherril and Izard,2 the equilibrium constant 
of this reaction is of the order of O-88. Thus, the reaction in the forward direction 
can only be complete at a low concentration of hydrogen and bromide ions. By 
increasing in favour of the quantity of bromide ions, reaction (2) shifts the formation 
of selenite. * 

In an acid medium selenite oxidizes iodide to iodine with liberation of elementary 
selenium ; in a bicarbonate medium selenite is not oxidised to selenate by 
iodine.3 

This simple interpretation of the interfering effect of bromide suggested the necessity 
for a modification of the method when higher concentrations of bromide ion are 
present. The interference may be eliminated either by reducing the concentration of 
selenate (effectively of selenite) or by removing the bromocyanogen. When the solution 
contains bromide ions, selenate cannot be precipitated by barium ion, due to the 
solubility of barium selenate in acid media. In contrast, good results were obtained 
even at much higher concentrations of bromide, when sodium tungstate was added to 
the reaction mixture. Sodium tungstate presumably forms an extremely stable 
heteropolyacid, poorly reducible by haloids.? However, at the same time care must 
be taken to maintain a low concentration of hydrogen and iodide ions. 

THE TUNGSTATE METHOD 

Reagents 

All the reagents should be of analytical grade. 
Perchloric acid, 10 % solution. 
Methyl red, 0.1% ethanolic solution. 
Sodium tungstate. 
Bromine-water, freshly prepared, saturated. 
Phenol, 5 % solution. 
Sodium thiosulphate, O.OlN solution, preserved by 1% of isobutanol. 
Starch, 1% solution of potato starch (decomposed) preserved with 0.1% salicylic acid. 
Potassium iodide. 

A solution of selenocyanide corresponding to 04-4.0 mg of selenium is prepared by weighing 
accurately and diluted to 40-45 ml. It is transferred into a lOO-ml Erlenmeyer flask fitted with a glass 
stopper, and is neutralised in the presence of methyl red. (When bromide is present, 0.2 g of sodium 
tungstate should be dissolved in the reaction mixture before neutralisation). The neutral solution 
is treated with bromine-water until it turns definitely brownish yellow and is allowed to stand for 2-3 
minutes ; 24 ml of phenol solution are added and the contents are allowed to stand for 4-5 minutes 
and acidified with 2 ml of perchloric acid. After adding 0.1-0.2 g of potassium iodide to the solution 
and allowing it to stand for 20 minutes, the amount of liberated iodine is measured. When a large 
amount of sulphate is present, 5 ml of perchloric acid should be added. 

1 ml of O.OlN Na,S,O, is equivalent to 0.3948 mg of Se. 
The effect of tungstate will be dealt with in a subsequent communication. 

It was also found to be possible to determine selenocyanide in the presence of 
bromide by distilling the bromocyanogen formed. This method offers the advantage 
that the solution can be subjected also to other investigations, after the determination 
of selenocyanide. 

* It is of interest to note that the equilibrium constant of the reaction selenite-chlorine is recorded as 
1.4. 108. 

7 This possibility was suggested by E. Pungor. 
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Iodometric determination of selenocyanide 

TABLE 1 

25 

Foreign 
O.OlN NaeSeOs 

substances 
consumed, Se found, Deviation 

j % 
Notes 

mg m&7 

I 

0.85 g 4.97 1.962 ~ so.1 - 

K,SQ, 496 1.958 -0.2 - , ~ I 

4.2 g 494 I I.950 -0.6 ~ Stronger 
KISQ~ 4.96 1.958 -0.2 acidification 

0.75 g 4.96 1.958 -0.2 - 

KC1 4.97 1.962 $0.1 

1.4g 4.97 1.962 so.1 
NaC104 4.97 1.962 so.1 - 

0.3 g 7.5 2.90 +48 - 
KBr 69 2.67 +36 - 

I 6.5 I 2.45 I +25 I - 

0.1 g 
KBr 

5.7 2.20 +12 

6.0 2.32 +18 
6.5 2.45 $25 

- 

0.25 g 
BaCI, 

0.15 g I 4.97 I 1.962 +0.1 
KBr 4.96 1.958 -0.2 

0.15 g 4.97 1.962 +0.1 
KBr 4.96 1.958 -0.2 

0.6 g 4.97 1.962 +0.1 
KBr I 4.97 I 1.962 to.1 I 

THE DISTILLATION METHOD 

With the exception of sodium tungstate, the reagents are as used in the tungstate method. In 
addition a concentrated solution of phosphoric acid (80%) is required. 

A solution of selenocyanide corresponding to 04-4.0 mg of selenium, accurately weighed, is 
neutralised in the presence of methyl red in a IOO-ml round bottomed flask4 fitted with a glass 
condenser connected with a ground glass joint. Excess bromine-water is added. Some glass beads 
are put in the distilling flask, the joints are lubricated with concentrated phosphoric acid and the 
flask is connected with the condenser. A lOO-ml glass-stoppered Erlenmeyer flask containing 30 ml of 
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water or preferably a lOO-ml glass-stoppered measuring flask with a neck narrowed at one point6 
serves as receiver. The tube of the condenser touches the bottom of the receiver flask. The reaction 
mixture is heated by a small flame, using efficient condensing, and distillation is continued for 4-5 
minutes. The tube of condenser is then raised to l-2 cm above the distillate, and distillation is 
continued for further 1-2 minutes, in order to wash the condenser. Now the distillate, which contains 
bromine in addition to bromocyanogen, is treated with 2-4 ml of phenol solution and allowed to 
stand for 5 minutes; 2 ml of perchloric acid and about O-1 g of potassium iodide are added. After 
allowing the liquid to stand for 20 minutes, the amount of liberated iodine is measured with a 0.01 N 
solution of sodium thiosulphate. 

1 ml of O.OlN Na,S,O, solution is equivalent to 0.3948 mg of Se. 
The results obtained are shown in Table I. 

Zusammenfassung-Das frilher angegebene Verfahren zur Bestimmung von Selen tiber Selenocyanid 
wurde bezilglich stiirender Wirkung von Anionen grtindlich untersucht. Sulfate, Chloride, Perchlorate 
iibten keinen stijrenden Einfluss auf die Bestimmung aus. In Gegenwart von Bromiden konnte 
die stijrende Einwirkung durch Hinzugabe von Komplexbildner, wie das Natriumwolframat behoben 
werden. Sehr gute Resultate konnten durch das Abdestillieren des zur jodometrische Bestimmung 
gelangenden BrCN erzielt werden. 

R&m&-Les auteurs ont Btudie l’influence genante de certains anions dans le dosage iodometrique 
du selenocyanure. Les sulfates, chlorures et perchlorates ne faussent pas les resultats mais en pre- 
sence de bromure le selenocyanure est oxyde settlement partiellement par le brome en s&rite. Dans 
ce dernier cas les resultats sont done trop Bleves. On peut cependant &miner l’action g&ante des 
bromures par le tungstate de sodium ou en determinant, aprts distillation, le bromure de cyanogene 
forme. 
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MICRODETERMINATION OF SELENITE THROUGH BROMOCYANOGEN 

E. SCHULEK and L. BARCZA 
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(Received 20 March 1959) 

Summary-At a suitable pH selenite can be reduced by ascorbic acid. On converting it into seleno- 
cyanide it is possible to determine it precisely on the micro scale by iodometry. The excess of reductant 
is eliminated by bromine, and the interference of the bromide formed is eliminated by tungstate or 
by distillation. 

IN earlier communications, the iodimetric microdetermination of elementary selenium 
through selenocyanide was dealt with in detail. By this method, it is possible to 
determine other selenium compounds as well, since these can relatively easily be 
converted into elementary selenium. 

Quadrivalent selenium in selenium dioxide can be converted into elementary selen- 
ium by repeated evaporations with hydrazine hydrate and it is possible to remove the 
excess of the reducing agent in a simple way. 1 When other substances such as acids or 
bases are present in addition to selenium dioxide,,the excess of reducing agent cannot 
be removed by simple evaporation alone. Attempts to eliminate excess reducing agent 
by raising the amount of bromine used for the bromination of selenocyanide resulted 
in an appreciable increase of the concentration of bromine in the solution. 

A method for the elimination of interference from bromide has already been 
described.2 On the basis of our experiments, the problem may be solved in another 
way after consideration of the following points: 

(1) reducing quadrivalent selenium satisfactorily, 
(2) adjusting the pH value, after reduction, to an adequate degree, 
(3) dissolving the reduced elementary selenium, and 
(4) removing excess cyanide, 

These problems are interconnected. The adjustment of pH is difficult. Selenite 
can only be reduced to elementary selenium in an acid medium, but higher pH values 

would be desirable to facilitate the dissolving of elementary selenium in potassium 
cyanide. The simplest method is to adjust the solution before reduction, in the presence 
of methyl red, to give a neutral or acid reaction, and to make the solution alkaline 
after reduction, in the presence of sufficient potassium cyanide to dissolve the 
precipitated selenium. The pH value not exceeding 8 required for the elimination 
of cyanide by boiling, is secured by the addition of boric acid. 

A reducing agent is therefore required which is capable of reducing selenite 
quantitatively at a pH value of about 5. Hydrazine sulphate or ascorbic acid meet this 
requirement. It is desirable that excess reducing agent should instantaneously be 
oxidized by bromine, and that in the course of the bromination only products which 
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do not react with iodide or iodine should form. In some cases hydrazine sulphate was 
observed to interfere so that only ascorbic acid proved suitable. 

At a pH value of about 5, selenite is not instantaneously reduced by ascorbic acid, 
and if the reaction is hastened by heating, selenium is converted into its crystalline 
modification which is insoluble in a solution of potassium cyanide.* At room 
temperature reduction proves to be complete in 10 minutes when 50 mg of ascorbic 
acid are added to 10 ml of solution. 

The colloidal selenium formed during reduction in the cold dissolves in a solution 
of potassium cyanide in a few seconds, and with the concentration examined 50 mg of 
potassium cyanide are satisfactory for this purpose. Larger quantities of cyanide are 
only needed when the solution remains slightly acidic before reduction. 

On diluting the solution, excess cyanide can easily be removed by boiling the 
solution with boric acid. 

The selenocyanide content of the resulting solution can be determined by the 
tungstate or the distillation methods previously described. 

Reagents 
THE TUNGSTATE METHOD 

In addition to the reagents listed previously for the tungstate method2, the followingarenecessary: 
Sodium hydroxide, 20 % solution. 
Ascorbic acid, 5 % solution freshly prepared. 
Potassium cyanide, 5 % solution freshly prepared. 
Boric acid. 
The solution of accurately weighed selenite, containing 0440 mg of selenium, is neutral&d 

in a IOO-ml glass-stoppered Erlenmeyer flask in the presence of one drop of methyl red, diluted to 
10 ml, and treated with 1 ml of ascorbic acid solution; the precipitated selenium is dissolved by the 
addition of 1 ml of a 5 % solution of potassium cyanide and allowing the solution to stand for lominutes. 
When selenium has completely dissolved, 0.5 g of boric acid is added to the reaction mixture, its 
volume is increased to about 35 ml and the liquid is kept boiling for 10 minutes in order to remove 
excess cyanide. The evaporated water is periodically replaced. On cooling, the determination of the 
selenocyanide is completed as described elsewhere.* 

The results obtained by the tungstate method are presented in Table I. 

Some alterations to the earlier procedure are necessary for the distillation method, 
owing to the presence of dehydroascorbic acid. At higher temperature, under the 
conditions described, dehydroascorbic acid (more correctly, the product formed when 
ascorbic acid is oxidized by bromine) is capable of reducing selenium compounds of 
higher oxidation state (to elementary selenium when pH values are sufficiently low). 
During this process, compounds form which interfere with the iodometric measure- 

ments. This interference can, however, be eliminated when the oxidizing property 
of the medium is maintained throughout the distillation. An excess of a mixture of 
potassium bromate and potassium bromide may be used for this purpose. 

Reagents 

THE DISTILLATION METHOD 

Most of these are as used in the tungstate method.8 Sodium tungstate and bromine water are not 
required. Additional reagents are a solution containing 1 oA potassium bromate and 0.5 potassium 
bromide, 50 % sulphuric acid and concentrated sulphuric acid. 

* According to the investigations of BrintzingerP a dilute solution of selenite reacts with ascorbic acid 
at temperatures below 50”, with precipitation of colloidal selenium. 



Microdetermination of selenite 29 

TABLE 1. RFSULTSBYTHETUNGSTATEMETHOD 

Na,SeO, 
weighed 

O.OlN Na,S,O, 
consumed 

“?g ~ tests, 
nil 

8.243 

4.121 

949 
9.48 
9.46 

4.76 
4.77 
4.75 

I 1.91 

lG2 1 
1.91 
1.90 

0.818 
0.96 
0.95 
0.95 

mean 
value 

ml 

Na,SeO, 
found 

T 

9.48 8.198 

4.76 

1.91 

4.116 

1.652 

0.95 1 0.822 

A, % 

-0.55 

-0.12 

0 

+0.49 

TABLE II. RESULTS BY THE DISTILLATION METHOD 

Na,SeO, 
weighed, 

mg 

8.243 

4.121 

1.652 

0.818 

I 
O.OlN Na$,O, 

consumed 

tests, 
ml 

9.54 
9.58 
9.57 

4.78 
4.79 
4.78 

1.93 
1.92 
1.92 

0.95 
0.96 
0.96 

mean 
value, 

ml 

Na$eO, 
found, 

T 

9.56 / 8.264 +0.29 

4.78 

1.92 

4.134 

1.660 

A, % 

+0.32 

+0.48 

I 

I 
I 

0.96 ! 0.830 / +1.46 
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Weighing, reduction, preparation of the cyanide solution and removal of excess cyanide are 
carried out as described earlier,* but these operations may be carried out in the lOO-ml distillation 
flask. After removal of cyanide by boiling, the reaction mixture is treated with 10 ml of the bromate- 
bromide solution and 2 ml of sulphuric acid, the joints are greased with concentrated sulphuric acid, 
and the flask is connected to the condenser. The distillation is then concentrated as before. 

Some results obtained by the distillation method are presented in Table II. 

Zussannnenfassung-Das Selenit kann bei entsprechendem pH-Wert der Losung durch Askorbinstiure 
zu elementarem Selen reduziert werden. Letzeres in Selenocyanid tibergeftihrt, welches endlich 
unter Verwendung von Wolframat, oder nach einer Destillation jodometrisch ermittelt werden kann. 

R&me-A un pH convenable, le selenite peut Ctre reduit par l’acide ascorbique. En le transformant 
en selenocyanure il peut &tre dose avec precision par iodometrie a l’echelle micro. L’exces du reducteur 
est elimine par le brome et l’influence genante des bromures form&s est Blimin&e comme precedemment. 

REFERENCES 
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CONTRIBUTIONS TO THE CHEMISTRY OF 
SELENIUM AND SELENIUM COMPOUNDS-IV 

DETECTION AND DETERMINATION OF MINUTE 
AMOUNTS OF SELENITE IN THE PRESENCE OF SELENATE 

E. SCHULEK and L. BARCZA 
Institute of Inorganic and Analytical Chemistry, L. Eotvos University, Budapest, Hungary 

(Received 20 March 1959) 

Summary-In the absence of halides, and at a low hydrogen ion concentration, selenite is reduced by 
ascorbic acid whereas selenate remains unchanged. By utilising this reaction, 0.01 ‘A of selenite can 
be detected in selenate preparations. The method also lends itself to quantitative determinations, 
since the reduced selenite may be converted into selenocyanide and determined by iodometry. It is 
possible to determine 1% of selenite in selenates by this method with a relative error of f 1%. 

M~~LLER~ has described the detection of selenite in the presence of selenate by reduction 
with sulphur dioxide, selenate remaining unchanged. The ratio of selenite to selenate 
is not mentioned, and only the limits of detection for the test (5 mg Se per litre) are 
given. 

We find that the method is suitable for detecting selenite in the presence of a 
relatively small amount of selenate, but that when the quantity of selenite falls below 
0.1 mg and that of selenate rises above 20 mg the method is unreliable. 

Elsewhere2 we have shown that the reduction of selenate to selenite (and through 
selenite to elementary selenium) is promoted by high hydrogen ion concentration, 
the presence of halide ion, and increased temperature; in moderate concentrations 
selenate is reduced to a negligible extent by ascorbic acid at room temperature in a 
nearly neutral solution free from halide, even over an extended period of time, but in 
identical conditions the precipitation of selenium from minute amounts of selenite 
(10 pg) can be observed visually in 5-10 minutes. On this basis a method is proposed 
for the detection of selenite in the presence of selenate, 

Procedure. The test solution should contain not more than 0.1 g of Na,SeO,. Neutral& the 
solution, adjust the pH to a value of 6 using indicator paper, dilute to a volume of about 10 ml and 
treat with 1 ml of 5% ascorbic acid solution. Set aside for 10 minutes. Carry out a blank test in 
exactly the same way. 

By this procedure the presence of 0.01% of selenite in selenate can be reliably indicated. 

No methods described in the literature proved to be suitable for the determination 
of minute amounts of selenite in the presence of selenate. The thiosulphate method 
of Norris and Fay3 can only be used on the macro scale, and the iodometric method of 
Klasson and Mellquist4 does not yield accurate results, even when the experimental 
conditions are strictly maintained. Other methods based on the oxidation of selenite 
or on gravimetry cannot be considered as micro methods. 

31 
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We have obtained excellent results by applying the tungstate-ascorbic acid reduction 
method to determination of selenite in the presence of selenate, and find that O-1 g of 
selenate does not interfere, nor do sulphate, perchlorate or small amounts of chloride 
or bromide. 

The sample may contain from 0.8 to 8-O mg sodium selenite and from 0 to 100 mg 
of sodium selenate, and is treated precisely as described previously.2 The results 
summarised in Table I show that 1% of selenite can be determined in the presence 
of sodium selenate with a relative error of 1%. 

TABLE 1 - 

Na,SeOs Na,SeO,, 

“?g mg 

0.01 N Na,S,O, 

Approx. 
mole 
ratio 

Deviation 

% mean 
value, 

ml 

Na,SeO 
found, 

m!? 

9.33 8.069 

tests, 
ml 

9.32 
9.34 
9.34 

4.67 
4.66 
4.66 

0.92 
0.92 
0.94 

8.088 10 : 1 -0.21 1 

4.044 5 1:l 4.66 4030 -0.35 

0.94 0.813 +oa 10 1 :lO 

0.93 0.804 -0.25 

0.806 

100 1 :lOO 

The distillation method for the determination of selenite described at the same 
time as the tungstate method has also been examined and found to permit the deter- 
mination of both selenite and selenate in the presence of each other. Details of this 
will be presented in a subsequent communication. 

Zusammenfassung-In Abwesenheit von Halogeniden werden nur die Selenite bei Zimmertemperatur 
bei niedrigem pH-Wert der LBsung zu elementarem Selen reduziert ; Selenate dagegen nicht. So kann 
noch O,Ol% Selenit neben Selenat nachgewiesen und jodometrisch iiber Selenocyanid bestimmt 
werden. Die Bestimmungsgrenze des Selenits in Selenat betrlgt etwa 1%. 

R&m&En l’absence d’halogenures et aux faibles concentrations d’ions hydrogene, le JlCnite est 
reduit par l’acide ascorbique alors que le seleniate ne reagit pas. En utilisant cette reaction, on peut 
deceler 0,Ol % de selenite dans les preparations de dleniate. La methode se p&e aussi aux dosages 
quantitatifs par reduction du selenite en selenocyanure et par dosage iodomttrique de celui-ci. Par 
cette mtthode, on peut determiner 1% de selenite dans le dleniate avec une erreur relative de + 1%. 
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THE DETERMINATION OF ULTRA-MICRO 
QUANTITIES OF SILVER IN PLATINUM SPONGE 

BY NEUTRON-ACTIVATION ANALYSIS 

D. F. C. MORRIS and R. A. KILLICK 
Department of Chemistry, Brunei College of Te&nology, London, W.3 

(Received 9 April 1959) 

Summary-The increasing availability of nuclear reactor facilities makes analysis by neutron- 
activation an important method for more widespread use in trace element analysis. The technique is 
advantageous for the determination of submicrogram quantities of silver in platinum sponge, and its 
apphcation in this connection is described. 

Activation of samples of platinum sponge has been carried out by neutron irradiation in the 
Harwell Pile BEPO for a period of one month, and silver has been assayed by measurements of the 
radionuclides llomAg-*loAg. Radiochemical separation after the addition of carrier has been based 
mainly on precipitations of silver as chloride, sulphide, oxide, and iodate, and on electrolytic 
deposition. The silver has been finally precipitated as the iodate and counted with a NaI crystal 
y-scintillation counter. Chemical yields have been determined gravimetrically. 

In order to avoid errors due to self-shielding, standards have been made by adding small known 
amounts of silver to analytical samples. 

The precision of analyses has been better than + 10 per cent, and the method described may be 
applied to the analysis of platinum containing as little as 0.02 ppm Ag. The ultimate sensitivity could 
be considerably enhanced by employing larger analytical samples and the Harwell Pile DID0 for 
irradiation. 

INTRODUCTION 

IN the production of precious metals it is necessary to have an accurate specification of 
trace impurities. Some of the impurities of consequence may be present in amounts 
below the sensitivity of conventional methods of analysis. 

In the present work, neutron-activation1-6 has been applied to the determination of 
silver in platinum sponge. The Harwell Pile BEPO has been used as the neutron 
source. It has been estimated5 that under ideal circumstances the use of this reactor 
will enable the determination of as little as c. 5 x 1O-g g of silver with a precision of 

310% 
Silver has two stable isotopes io7Ag (% abundance 51.35) and losAg (% abundance 

48*65), which on irradiation with thermal neutrons undergo the nuclear reactions- 

‘Wd(stable) 

lo7AgA+l08Ag (t,,, = 2.3m.J EW+ 
(1.7%) 

\ 
\ 

108Pd(stable) 

I L / 
n, Y + lloAg(t,,, = 24.2 s.) 
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The thermal neutron-activation cross sections for the stable silver isotopes are6: 

lo7Ag(n,y)lo8Ag c = 44 barns 
10gAg(n,y)llOmAg c = 2.8 ), 
109Ag(n,y)110Ag CY = 110, )) 

and a summary of nuclear data for the different radioisotopes of silver produced in 
the nuclear reactions’ is given in Table I. 

TABLE I. SU~ARYOFNUCLEARDATAFORRADIOISOTOPESOFSILVER 

Radioisotope Half-life Radiations and energies, MeV 

lo** 
g 2.3 min. i /9- 1.77; (EC; yO’43,0.60; B’) 

l%nAg-“OAg 253 days /I- 0.530 (35 %), 0.087 (58 %), 2.12 
(3x), 2.82 (3%); ~0.116 to 1.51 

ll0A g 24.2 set /!J- 2.16 (60x), 2.84 (40%); 
y 0.66,0.94 (weak), others. 

For the present purpose, a procedure involving chemical separation and radio- 
metric assay of the radionuclides llomAg-llOAg from neutron irradiated samples of 
platinum has been developed. 

Samples for analysis 
EXPERIMENTAL 

The material analyzed consisted of platinum sponge supplied by the Mond Nickel Co. This was 
given no chemical treatment before irradiation. Samples consisting of c. 0.3 g of small fragments 
were weighed out accurately into irradiation containers made from 4-mm internal diameter silica 
tubing, which were then sealed. Just as in any other sensitive analytical method, extensive precautions 
must be taken to avoid contamination at this stage. 

Neutron irradiation of samples and standards 

In order to avoid self-shielding differences with samples and standards,5 standards were prepared 
by adding known small quantities of silver to platinum samples to be analyzed. This was done by 
adding aliquot portions of a dilute standard solution of silver, and a drop of wetting-agent, to 0.3 g 
samples of the platinum sponge in silica irradiation tubes. The liquid in the tubes was allowed to soak 
into the metal sponge, and then was carefully evaporated to dryness, after which the tubes were sealed. 

Standards containing the added silver and samples to which no silver had been added, were packed 
with glass wool into a standard 3 in. x 1 in. aluminium can for irradiation in BEPO. Irradiation was 
for one month. On delivery from Harwell after irradiation, the samples and standards were analyzed 
radiochemically for llomAg-llOAg by the procedure described below. 

Chemical separation 

A radiochemical separation procedure using carrier chemistry was used to secure the necessary 
separation of silver. In order to attain solution of the samples and satisfactory separation of silver, a 
procedure had to be developed which was rather different from that employed by Morris and Killicks 
for the radioactivation analysis of silver in galena and blende. 

In the present work, irradiated samples and standards have been dissolved in aqua regia. Silver has 
been initially separated as the ammine complex followed by precipitation of the chloride from nitric 
acid solution. The silver has been purified further by ferric hydroxide scavenging and silver sulphide 
precipitation, both carried out in ammoniacal solution. After a further precipitation of the chloride, 
the silver has been purified by electrolysis,8 and has finally been converted to the iodate AgI08, in 
which form it has been counted. 
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The efficiency of silver chloride precipitation and of electrodeposition as decontamination steps for 
silver has been indicated by the tracer tests of Sunderman and Meinke.9 

Reagents 

Ag carrier: 10 mg Ag/ml (added as AgNO, in very dilute HN03 standard&d. 
Fern carrier: 10 mg Fe/ml (added as FeCl,.6Ha0 in very dilute HCI). 
Aqua regia: 4 parts cont. HCl+ 1 part cont. HNO, (V./V.). 
HCI; M. 
HCI; 6M. 
HNOs; 6M. 
HN03; cont. 
Cyanide plating solution: mix 7 ml of 3M NaCN with 1 ml SM NaOH. 
H,SO, ; cont. 
KZ09; saturated solution. 
NaOH, 6M. 
NH,OH; 6M. 
(NH&S; saturated solution. 
Manoxol OT; (British Drug Houses Ltd.), 0.1% solution in water. 
Ethyl alcohol; 95 %. 

Preparation and standardisation of silver carrier 

Dissolve 15.75 g of AgNO, in a minimum amount of HaO, add a few drops of HNOs, and dilute 
the solution to 1 litre. 

Pipette exactly 5 ml of the carrier solution into a 50-ml centrifuge tube and dilute to 20 ml with 
H,O. Add 1 ml of saturated KIO, solution and stir to coagulate the precipitate which forms. Add 
an additional drop of KIO, to test for completeness of precipitation. Filter the precipitate into a 
weighed sintered-glass crucible of grade 3 or 4. Wash the precipitate with 5 ml of 95 ‘A ethyl alcohol 
and dry in an oven at 110” for 15 min. Cool and weigh as AgIO,. 

Radiochemical separation procedure 

Step 1: Remove the silica tubes from the can, open them at the constriction, and transfer the solid 
samples to 50-ml beakers. Wash out the tubes with a little warm dil. HNO, and transfer the washings 
quantitatively to the beakers. 

Step 2: To a sample in a 50-ml beaker with a watch glass as cover add 2 ml of standard Ag carrier 
and 5 ml of aqua regia. Dissolve the platinum by heating on a water bath. Evaporate carefully to 
small volume under an infrared lamp, and then add 10 ml of distilled HzO. Stir for 5 min. Add 2 ml 
of cont. NH,OH dropwise with vigorous stirring. Digest at 60” for 10 min and allow the orange- 
yellow precipitate of ammonium chloroplatinate to settle. Deeant off the supernate into a clean 
50-ml centrifuge tube, add a further 1 ml of cont. NH,OH to the residue in the beaker, digest, and 
decant the supernate into the centrifuge tube. Filter the solution into a clean 50-ml centrifuge 
tube. (Note a). 

Step 3: Add a few drops of Manoxol OT solution and heat to boiling (Note b). Add 6M HNO, 
drop by drop until precipitation of AgCl is complete. Heat until the AgCl has coagulated. Centrifuge 
and discard the supernate. 

Step 4: Wash the precipitate three times with lo-ml portions of hot HzO. Dissolve the AgCl in 
2 ml of cont. NH,OH (Note c). Dilute to 20 ml with Ha0 and add 1 ml of Fen1 carrier. Centrifuge, 
transfer the supernate to a clean 50-ml centrifuge tube, and discard the precipitate. 

Step 5: To the solution add 1 ml of saturated (NH&S solution. Stir vigorously and centrifuge. 
Discard the supernate. 

Step 6: Dissolve the AgaS precipitate by heating with 1 ml of cont. HNOs. Dilute to 20 ml with 
H80, centrifuge, and discard any S residue. 

Step 7: To the solution add a few drops of Manoxol OT solution and heat to boiling. Add 6M HCl 
drop by drop until precipitation of AgCl is complete. Heat until the AgCl has coagulated. Centrifuge 
and discard the supemate. 

Step 8: Dissolve the AgCl in 8 ml of cyanide plating solution (Noted). Mix the solution thoroughly 
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transfer to a Pregl micro-electrolysis apparatus and electrolyte at 4 volts for 15 min. When electrolysis 
is complete, remove the electrodes and wash the cathode with Ha0 from a wash bottle for 1 min. 

Step 9: Dissolve the Ag completely off the cathode with cont. HNO, and transfer the solution to 
a clean 50-ml centrifuge tube. Add 10 ml of HaO. Repeat Steps 7 and 8. 

Step 10: Dissolve the Ag completely off the cathode with cont. HNO, and transfer the solution 
to a clean 50-ml centrifuge tube. Make the solution alkaline with 6M NaOH, and add 3 drops in 
excess. Centrifuge the AgzO precipitate and discard the supernate. Dissolve the Ago0 in 4 drops of 
cont. H,SO, and evaporate completely to dryness (Note e). Cool. 

Step II: Add 20 ml of H,O and boil until a clear solution is obtained, then add 1 ml of saturated 
KIO, solution. Centrifuge and discard the supernate. 

Step 12: Dissolve the AgIO, precipitate in 4 drops of cone: NH,OH. Centrifuge, transfer the 
supernate to a clean 50-ml centrifuge tube. 

Step 13: Add 3 drops of cont. HzS04 to the solution. Centrifuge the AgIO, precipitate and wash 
twice with He0 and once with 5 ml of 95 % ethyl alcohol. 

Step 14: Slurry the precipitate with 95 % ethyl alcohol on to a weighed aluminium counting tray 
(A.E.R.E. cat. No. 4-3/1068), by using a transfer pipette. Make sure that the distribution of the pre- 
cipitate on the tray is uniform. Dry at 110” for 15 min and weigh to establish the chemical yield 
(20 mg Ag - 52.43 mg AgIO,). 

Notes 

(a) The procedure must be followed carefully to ensure complete exchange of radiosilver and 
carrier. 

(b) The addition of Manoxol OT helps to coagulate the AgCl and to prevent its adherence to the 
walls of the tube. 

(c) A little heating may be necessary. 
(d) See reagents. 
(e) It is not necessary to remove the last traces of H,SO, on the walls of the tube. 

Counting of the isolated silver iodate precipitates 

In the present work the final precipitates of AgIO, were counted with a NaI(Tl) y-scintillation 
counter type 1186 A, fitted with conventional associated electronic equipment. Each sample was 
placed on shelf 2 of the lead castle, a standard Al-Pb sandwich absorber being inserted on shelf 1 
between the sample and the detector. A statistical accuracy of 0.5 % was achieved by measuring a total 
,of 40,000 counts, where practicable. In cases where the activity was low, counting was carried out for 
a period of 40 min. All measured activities were corrected for background and chemical yield. No 
paralysis correction was necessary. 

The counting rates of samples were measured over a period of two weeks, and the decay cor- 
responded to the measurement of llOmAg-lloAg activity, no short-lived contaminants being detected 
unless the discriminator bias was set low. 

As a check, the y- spectra of precipitates were recorded using an IDL y-scintillation spectrometer of 
the recording type, and no photoelectric peaks other than those due to llamAg--“OAg were detectable 
(Fig. 1). Spectra were also measured on a manually operated IDL y-spectrometer fitted with a scaling 
unit, enabling better sensitivity and counting statistics. In this case also, only peaks due to 
llOmAg-lloAg could be detected. 

Assay of the precipitates by Geiger-Miiller counting was not desirable, since with this type of 
detector decay measurements showed the presence of a very small trace of contaminant, believed to 
be radioplatinum. 

RESULTS 

If A, is the silver activity (corrected for background and chemical yield) for a standard containing 
w pg of added Ag, and A, is the corrected activity of a corresponding sample of the same weight but 
with no added Ag, it follows that an activity of A,-A, corresponds to w pg of Ag. The silver content 
of samples may therefore be calculated from their corrected counting rates. 

Typical analysis results obtained by the neutron-activation method are shown in Table II. 
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Energy, M&I 

FIG. 1. Gamma spectra. A, purellOmAg- ll”Ag sample. B, final precipitate from a platinum 
analysis standard. C, final precipitate from a platinum analysis sample. 

DISCUSSION 

Attention must be given to possible errors caused by the presence of elements other 
than silver in samples, which may give rise to the radionuclides llomAg-llOAg on 
neutron irradiation. The elements cadmium and indium demand consideration. 
These elements could possibly give rise to llomAg-lloAg activity by the following 
nuclear reactions- 

lloCd(n,p)llomAg 

1131n(n,a)110mA g 

These nuclear changes are liable to occur with fast neutrons, which may be present 
to an extent of c. 10 % of the slow neutron flux in the case of irradiations used in the 
present work. An estimate of possible interference has been made by irradiating small 
samples of pure Cd0 and InsOa, together with pure Ag standards in the Pile. The 
silver activity of the samples was chemically separated, and counted as before. The 
results indicated that if a sample of platinum sponge contained 1 ppm of cadmium and 
1 ppm of indium, the maximum spurious silver content would be only c. 0*00004 ppm. 

Any interference of consequence due to the production of silver radionuclides other 

TABLE II.-SILVER CONTE.NT OF SAMPLES OF PLATINUM SPONGE DETERMINED BY 

NEUTRON-ACTIVATION ANALYSIS 

Sample C Pt 58 Sample C Pt 46 

-- ? 

0.48 ppm 0.24 ppm 

0.43 0.24 

0.44 0.27 

0.45 0.28 

, 0.41 0.29 

0.40 0.26 

Av. 0.44 Av. 0.26 
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than llomAg-llOAg should have been apparent from energy and decay measurements 
made on the counted final precipitates from platinum samples. 

The neutron-activation method described in this paper may be applied to the 
analysis of samples of platinum containing as little as 0.02 ppm Ag.* The ultimate 
sensitivity of the method could be considerably enhanced by employing larger samples 
or the Harwell Pile DID0 as neutron source. 

Precision (standard deviation) of radio-activation analyses has always been better 
than 510%. 

Since platinum apparently can only be dissolved in aqua regia, other methods of 
analysis requiring the bringing of samples into solution would be likely to be 
bedevilled by problems of silver adsorption, even if the method potentially provided 
satisfactory analytical sensitivity. Errors due to contamination of reagents would also 
have to be taken into account. 

In addition, conventional emission spectrographic methods do not provide sufficient 
sensitivity for the reliable determination of silver in platinum. 

Neutron-activation analysis clearly has a number of unique advantages for the 
determination of silver and other trace elements in platinum, and only quite small 
samples of the precious metal are required for accurate analysis. 

Acknowledgemenl-The authors wish to express their gratitude to the Mond Nickel Co. for financial 
assistance to one of them (R. A. K.) 

2hammenfassung-Je mehr Reaktoren zur Verfiigung stehen, desto hohere Bedeutung kommt der 
Neutronenaktivierungsanalyse fur breite Anwendung bei Spurenanalyse zu. Die Methode ist von 
Vorteil bei der Bestimmung von Submikrogrammengen von Silber in Platinschwamm. Die Anwendung 
der Methode auf dieses Problem wird beschrieben. 

Die Aktivierung von Platinschwammproben erfolgte durch Neutronenbestrahhmg im Harwell- 
Reaktor BEPO iiber einen Zeitraum von einem Monat. Die Messung basierte auf dem Vorgang 
llomAg-lloAg. Radiochemische Trennung nach Zugabe eines Tragers erfolgte durch Abscheidung 
des Silbers als Chlorid, Sulfid, Oxyd und Iodat, sowie elektrolytisch. Das Silber wurde zuletzt als 
Jodat gefallt und die Zlhlung mit einem NaI Gamma-Scintillations-Zlhler durchgeftihrt. Chemische 
Analysen wurden gravimetrisch durchgefiihrt. 

Urn Fehler durch Selbstabschirmung zu vermeiden, wurden Standardproben durch Zugabe 
kleiner, bekannter Silbermengen zu analytischen Proben hergestellt. Reproduzierbarkeit der Methode 
ist besser als &lo’%. Die Methode kann fiir die Bestimmung von bis herab zu 0,02 ppm Ag ver- 
wendet werden. Die analytische Empfindlichkeit konnte erheblich gesteigert werden durch Ver- 
wendung grosserer Proben und Bestrahlung im Harwell-Reaktor DIDO. 

RBsmG-Les possibihtes d’utilisation croissantes du reacteur nucleaire font de l’analyse par activation 
par neutrons une methode importante dont l’emploi doit ttre plus repandu dans l’analyse de traces 
d’elements. La technique est avantageuse pour le dosage de submicrogrammes d’argent dans la 
mousse de platine, et l’auteur d&it l’application a ce cas. 

L’activation d’tchantillons de mousse de platine a Btb realisee par l’irradiation par neutrons dans 
la pile BEPO de Harwell et l’argent a et6 dose par la determination des radio elements llOmAg--“OAg. 

La separation radiochimique aprts addition dun entraineur a et& ba& principalement sur des 
precipitations de l’argent a l’etat de chlorure, sulfure, oxyde et iodate et sur le depot Clectrolytique. 
L’argent a finalement et6 precipite a l’etat d’iodate et dose avec un compteur gamma a scintillation 
a cristal de NaI. On a determine les rendements chimiques par gravimetrie. 

Afin d’eviter des erreurs dues a l’absorption propre on a fait des &talons en ajoutant de faibles 
quantitb connues d’argent a des tchantillons analytiques. 

* The sensitivity lilt has been set at a content sufficient to give 40 counts/min above the y-counter 
background. 
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La precision des analyses est meilleure que &IO%, et on peut appliquer la methode d&rite a 
l’analyse de platine contenant des quantites aussi faibles que 0,02 p.p.m. d’argent. On pourrait 
ameliorer considerablement cette dernitre sensibilite en employant des tchantillons analytique splus 
importants et la pile DID0 de Harwell pour l’irradiation. 
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Summary-Organic materials rich in fat, such as bone and bone marrow, introduce complications in 
wet ashing by previously described procedures. In the accompanying detailed procedure, 100% 
sulphuric acid and 73.60% perchloric acid serve as oxidants with vanadium as catalyst. Reagent 
preparation, apparatus design, and illustrative reactions are described. 

INTRODUCTION 

THE wet oxidation of bone, in preparation for the trace element determination of 
metallic components, presents unusual operational prerequisites. The presence of 
fat as a principal component in both the solid composition and the bone marrow 
complicates destructive oxidation. The trace element estimation of lead or beryllium 
are illustrative. Medical autopsy and forensic investigations of industrial hazards 
are frequently involved. 

The regular procedures of wet ashing require modification. For bone tissue and 
bone marrow a two-stage oxidation reaction is requisite. 

A preliminary oxidation employing 100 % sulphuric acid as oxidant is applied. 
The thoroughly carbonized sample thus treated is subjected to a second stage reaction. 
The completion of destructive oxidation is provided by the addition of 73.6% 
perchloricacid. The first stageinvolves boiling temperatures of 300” to 325”. Theresulting 
reaction mixture is thus effectively carbonized. The second stage of completed 
oxidation is operative at 200” to 210”. A milligram of vanadium is added as catalyst. 
Total reaction time is 30 minutes or less for controlled oxidation. The process is at 
no disadvantage because of associated hazard. 

PREVIOUS STUDIES IN WET OXIDATION 

Mixed nitric and perchloric acids in wet oxidation procedures for a wide variety 
of natural and synthetic organic compositions, has been described.l From this work 
and publications therein cited, routine analytical procedures for a great number of 
trace metals and major constituents have been applied. 

For the wet oxidation of organic materials predominantly composed of cellulose 
proteins, or sugars, selected and maintained concentrations of perchloric acid alone 
are admirably adequate.2 By this procedure selected graded oxidation potentials 
may be rigidly controlled. The trace element determination of copper in food 
packaging paper is illustrative. 

Organic compositions such as alkaloids and other heterocyclic ring nitrogen 
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compounds, gas-mask canister carbon, decolorizing carbon, or ion-exchange resins 
require high oxidation potentials for their rapid oxidation. Digestion with mixed 
sulphuric and perchloric acids serves best. 3 The very highest oxidation potentials, 
graded in magnitude, and continuously controlled, are thus made operative. 

In broad scope, the problem in wet oxidation procedures demands oxidation 
potentials of 0.8 to 2.0 volts or more. Reaction potentials must be rigidly controlled 
at selected intermediate values depending upon the type of organic matter to be 
oxidized. 

Chromium, vanadium and molybdenum have been selectively applied as reaction 
catalysts. 

Nitric, sulphuric and perchloric acids are the most important oxidants. Their 
individual, simultaneous, and stepwise application accounts for a wide diversity of 
experimental conditions. Selective use, order of addition, and the temperatures 
involved are important operational variables. 

The procedures are free of hazard, rapid in prosecution, and precise in estimation 

of either trace metals or macro magnitude, non-volatile components. Because of 
their use, dry ashing procedures are largely losing favour. 

THE PRESENT STUDY 

The present research involves the wet ashing of bone tissue, bone marrow, and 
bone-adherent muscle tissue. The problem is complicated by the presence of fat as a 
major constituent. Such material in the process of wet oxidation, following previously 

described procedures, requires the oxidation of samples of limited size if uncontrolled 
reaction intensity is to be avoided. Therefore recourse is had to a procedure involving 

a two-stage oxidation. 
The first reaction involves the decomposition of organic matter to form carbon, 

or degradation carbonaceous products suspended in or soluble in mineral acid. This 
is accomplished by high temperature digestion with concentrated sulphuric acid. 
The second stage involves the addition of concentrated perchloric acid at materially 

lowered temperature. The oxidation of carbon and acid-soluble degradation products 
of the preliminary digestion is thus rapidly completed. A few milligrams of vanadium 
serves to catalyze the second-stage reaction. 

Reagents employed 
EXPERIMENTAL 

100 % sulphuric acid: Made by mixing 96-97 % (reagent grade) sulphuric acid with the necessary 
amount of 1%18% fuming sulphuric acid. A weight of 337.5 g of reagent grade acid is added to 
453 g of the oleum. By analysis the resulting acid was found to be 99.5% HISO.,. M.p. 10.5%. 
Sp.Gr. (25”/4”) = 1.837. For preparation of 100% acid, employing oleum of different SO, content, 
the following formula, as devised by Gerster,4 is applicable: 

X = 100 (b - a)/(a - c) 
where X = quantity of sulphuric acid to be added to 100 parts of oleum, 

a = total SOS per 100 parts of the acid desired, 
b = total SO, per 100 parts of the original oleum, 
c = total SOa per 100 parts of the acid used for dilution. 

If the SO, content of the oleum is not known a close approximation to the desired 100 % sulphuric 
acid can be made by determining the boiling point of a given reagent grade acid after the addition 
of increasing amounts of oleum. Sulphuric acid of 100% H,SO* content has a boiling point of 
325” at approximately 750 mm atmospheric pressure. By examination of the results in Fig. 1 this 
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procedure is seen to be less accurate because of the limited increase in boiling point with increase 
in concentration of SOS. 

Dioxonium perchlorate (73.6 % perchloric acid): Made by vacuum distillation of 72.5 % acid (the 
perchloric acid-water azeotrope) at 2-7 mm pressure as described by Smith and Koch.5 

Vanadium catuIyst: Ammonium vanadate or vanadic oxide. 

Apparatus assembly 

The apparatus, as originated by Bethge,* and employed in previous procedures in wet oxidations, 
was again employed. To provide for the disposal of evolved SO, from the oxidation of organic 
matter by sulphuric acid, the top terminal of the water cooled condenser is fitted with an adaptor. 
A small-bore rubber tube conducts away the SO, which is vented into the sink drain for absorption 
in running water. The Bethge apparatus, manipulations, and manner of use, have been previously 
described.% 
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Test sample selection 
Fro. 1. 

Small diameter fore-leg bone of young beef carcase was cut into 5 mm thick discs. No attempt was 
made to remove adhering cartilege. The bone centre was left intact. These bones slices were then 
diced into fragments of IO-mm maximum dimension. 

Bone samples from beef of varying ages were not tested. The presence of soft marrow in bone 
from very young animals would react towards boiling 100% sulphuric acid with similar formation 
of precipitated carbon and soluble carbon degradation products. The second stage of oxidation, 
following the addition of perchloric acid, would not be altered materially in carbonaceous residue. 

Digestion of sample 

Three samples, 0.5, 1.6, and 3 grams, were consecutively wet ashed. The larger the sample taken 
the lower the boiling temperature becomes for a given volume of sulphuric acid in the first stage of 
oxidation. This is due to dilution by the resulting reaction products. For the larger sample weights 
the volume of sulphuric acid should be increased. Otherwise the boiling temperature falls materially 
below 325”. 

The sulphuric acid digestion is complete when SOa is no longer evolved. Further digestion for 
the first stage reaction is then of little value. The heating is then discontinued and the reaction 
temperature allowed to fall to approximately 200”. The second stage of oxidation, following the 
addition of 73.6% perchloric acid, is rapid and exothermic. 

The results of the digestions are given in Tables I, II, and III. 

REACTION CHARACTERISTICS 

100 per cent sulphuric acid is employed in the first stage destructive carbonization 
reaction to shorten the required reaction time. The boiling temperature should be in 
the range 315” to 325“. Increase in sample weight requires increase in sulphuric acid. 
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Reaction degradation products lower the boiling temperature. This is illustrated by 
the results in Tables I, II, and III. 

The use of 100 % H,SO, prevents formation of insolubles in the wet ash residue. 
The use of lesser concentrations accompany their precipitation. 

Boiling 100 % H,SO, requires 300 minutes for the complete wet ashing of 0.5 g of 
chrome tanned leather, and 240 minutes for 1 g of cellulose at 325”. 

TABLE I. WET OXIDATION OF 0.5-o SAMPLE OF BONE 

10 ml of 100 % H,S04 plus 1 .O-2.0 mg of vanadium in first-stage reaction. 
5 ml of 73.6 % HCIOI for the second stage of digestion. 

Bethge apparatus with 250-ml reaction flask and SO, disposal vent. 

100% H,SO, digestion 

Reaction Temp, 
time, degrees 
min c 

Start 
3 
4 

28 
210 
240 

5 306 

6 
7 
8 

10 
12 
15 

313 
318 
323 1 
317 
318 
319 

- 

Reaction effects 

Reactants darken 
Minimum side wall 

deposit 
Solution dark chocolate 

colour 
Solution in ebullition 

Exothermic reaction 

Exothermic reaction 
completed 

Discontinue heating 

- 

73.6 % HCIOl digestion 

Reaction 
time, 
min 

21 195 HCIO, 73.6% added 
22 160 Reaction exothermic 
23 201 Reaction complete 

24 210 Solution clear 

4 

- 

Temp, 
degryes 

C 
Remarks 

In the preliminary oxidation period some volatile reaction product, which escapes 
through the SO, reaction drain tube, is evolved in the wet ashing of bone. The product 
condenses to a fluffy white, water-insoluble material of undetermined structure. 

By elevating the temperature slowly during sulphuric acid digestion, cleaner 
reaction-flask walls result. This advantage is minor. Boiling IOO’A sulphuric acid 
refluxes these black deposited products down the flasks walls rapidly. This stage of 
reaction demands no attention. 

If desired, the addition of 73.6% perchloric acid may be made in l-ml portions. 
By this modification less acid is often required. Little additional reaction time is thus 
consumed. 

OTHER APPLICABLE REACTIONS 

Biological tissues such as heart, lung, liver, hair collagen or fat-free protein 
structures (or blood fibrin) may be wet ashed without complications following 
procedures previously described. Is2 Fat-laden materials require the procedure as 
described because their perchloric acid degradation products, or their original 
structure, makes them acid-immiscible. Neither, in this case, is the presence of nitric 
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TABLE II. WET OXIDATION OF 1.6-c SAMPLE OF BONE 

10 ml of 100 % HISOI plus l-2 mg of vanadium in first-stage reaction. 
5 ml of 73.6% HCIOl for the second stage of digestion. 

Bethge apparatus with 250-ml reaction flask and SO, disposal vent. 

Reaction 
time, 
min 

start 26 
4 250 
5 266 
6 272 
8 288 

10 283 
12 284 
14 285 
15 286 

100 % HzS04 digestion 73.6 % HCIO, digestion 

Temp, 

i 

1 
~ Reaction i Temp, I 

Reaction effects time, degrees 
min c 

Reactants black 
Reaction refluxing 
Inside flask walls clearing , 
Exothermic effect shown ~ 

Exothermic reaction over 

SO, evolution over 
Discontinue heating ~ 

18 
19 
20 
21 
22 

23 

210 
178 
205 
209 
211 

214 

Remarks 

73.6 % HC104 added 
Heat continued 
Solution red-brown 
Reaction exothermic 
Turbid solution 
White deposit 
Reaction complete 

TABLE III. WET OXIDATION OF 3.0-c SAMPLE OF BONE 

15 ml of 100 % H,SO, plus l-2 mg of vanadium in first-stage reaction. 
5 ml of 73.6 % HCIO, for the second stage of digestion. 

Bethge apparatus with 2.50-ml reaction flask and SO, disposal vent. 

Reaction 
time, 
min 

Start 
1 
2 
3 
5 
8 

10 
12 
15 

100 % H,SO, digestion 73.6 % HCIO, digestion 

_ 

Temp, Reaction I Temp, ~ 

degrees Reaction effects time, 1 degrees Remarks 
c min / C ~ 

i I I 

27 18 222 
50 Solution dark brown 19 196 73.6 % HCIO, added 

165 19.5 180 Slight foaming 1 Heat continued 
215 
268 
295 
312 
322 
323 

Solution black 
Solution refluxing 
Inside flask walls clear 

Discontinued heating 

20 205 Solution red-brown 
21 213 Reaction exothermic 
22.5 215 No turbidity formed 
23 215 Reaction complete 
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acid a solution to the problem. Such two-phase systems, with fats supernatant in 
contact with boiling perchloric acid and its fumes, do not oxidize smoothly. Fires 
are ordinarily produced. Fumes of boiling perchloric acid in the presence of 
volatilized fat may lead to uncontrolled reaction kinetics. The use of boiling 100 % 
sulphuric acid in a single stage reaction obviates this complication. 

It is reasonable to apply the method as described to the wet ashing of cream, butter, 
cheese, lecithin or egg yolk. 

Zusammenfassung-Stark fetthaltiges, organisches Material, wie Knochen und Knochenmark, 
verursacht Schwierigkeiten bei der nassen veraschung nach bekannten Methoden. In der hier 
vorgeschlagenen Methode werden 100 % ige Schwefelslure und 73.6 ‘A ige Perchlorsaure unter Zugabe 
von Vanadin als Katalysator verwendet. Bereitung der Reagenzien, verwendete Apparatur sowie 
Reaktionsbeispiele werden mitgeteilt. 

R&sum&-Des materiaux organiques riches en graisse comme l’os et la moelle, introduisent des 
complications dans la mineralisation par voie humide dans le cas des m&hodes d&crites 
precedemment. Dans le mode operatoire detail16 d&it ici, on utilise comme oxydants de l’acide 
sulfurique ii 100% et de l’acide perchlorique a 73,60% avec le vanadium comme catalyseur. On 
d&it la preparation du reactif, l’btude de l’appareil et des exemples de reactions. 
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THE APPLICATION OF ZONE ELECTROPHORESIS AND 
POLAROGRAPHY TO THE ANALYSIS OF COMPLEXONE 

MIXTURES 

W. HOYLE and T. S. WEST 

Chemistry Department, The University, Edgbaston, Birmingham 15, England 

(Received 25 May 1959) 

Summary-A method of differentiating various types of polyaminocarboxylic acids (complexones) 
by paper electrophoresis of their cupric chelates at pH 5 is described; some migration rates are noted. 
The separated chelates may be removed from the pherogram and examined by polarography in 0.4M 
acetic acid. In many cases the E& values and the electrophoretic migration rate (M,) serve to 
characterise the complexone. By the use of a standard curve relating observed n Eh values to known 
log K values, an estimate of the stability of the copper chelate may be obtained. 

INTRODUCTION 

IN the course of work on the synthesis of new complexones1*z it was found necessary 
to evolve some method of evaluating the final products and intermediate derivatives. 

The two common methods of preparation of complexones, the chloroacetic acid 
condensation with the amine, and the hydrolysis of the corresponding nitrile, both 
yield partially substituted products. Previously, unless the product was isolated, 
information about the complexone could not be obtained. The proposed method of 
investigation now enables the copper chelates of the complexones to be isolated by 
zone electrophoresis on paper and their approximate stabilities to be determined 
polarographically; this proves especially useful with acid soluble complexones. The 
method may also be used to follow the reaction of sterically crowded amines, e.g. 
cyclohexane-c&l: 2-diamine,2with chloroacetic acid, and the hydrolysis of recalcitrant 
nitrile intermediates, for example, 4-methylcyclohexane-l : 2-diamine-N: N: N’ : N’-tetra- 
acetonitrile.‘*2 The electrophoresis technique enables synthetic mixtures containing, 
for example, IDA, NTA, and EDTA to be separated and characterised. 

ELECTROPHORESIS 

EDTA has been used in the electrophoretic separation of cations,3 but the 
separation of complexones has not been reported. In early experiments we separated 
several complexones by electrophoresis at pH 5 and pH 10, but found difficulty in 
detecting their position, either by ninhydrin or by some weak, coloured calcium 
complex, such as calcium-phthalein complexone. Subsequently we followed the 
migration of the copper11 chelates which have the advantage of being blue in colour. 
An increase in sensitivity was obtained by spraying the paper with acidified potassium 

ferrocyanide solution, or with a solution of dithio-oxamide. The more stable copper 
chelates are only slowly developed by this latter reagent. The migration of ferric 
chelates was also examined,4 but apart from the possibility of improved separation 
of mono- and di-carboxylic acids, they offered no advantages in our experiments. 

The effect of compounds such as glycollic acid, ethylenediamine and cyanide ion, 
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which might be expected to be present with complexones in reaction mixtures was 
examined. No interference was observed from glycollic acid or ethylenediamine, both 
of which yielded almost stationary spots. On the other hand, cyanide ion caused 
streaking due to the formation of a variably charged anionic complex with copper. 

When a suitable technique had been evolved the migration rates of the chelates 
were determined relative to CL&IDA, which was adopted as standard with an arbitrary 
migration rate of 1 relative to the origin. End-osmotic and capillary flow, and hence 

the true position of the origin, was determined by the use of glucose. The migration 
rates of a number of copper chelates were determined in order to establish empirically 
the relationship between migration rate and the number of carboxylic acid groups in 

the complexone molecule. This enabled a preliminary classification of known 

complexones to be made. The resolution of mono- and di- acids in admixture is 
often incomplete. This problem was not pursued further since complexones are 
classified as derivatives of iminodiacetic acid. 

These migration rates are listed in Table 1; where 

M 
I 

= Distance moved by chelate relative to glucose 

Distance moved by IDA chelate relative to glucose. 

The distances were measured from the leading edges of the spots, i.e. the anode edge 
of the chelate spots and the cathode edge of the glucose spots. Complexones which 

contain more than two co-ordinating centres, e.g. diethylenetriaminepentaacetic 
acid, (DTPA), have a tendency to give more than one spot; these complexones clearly 
yield two migrating species (Mrl, Mr2) in the presence of excess copper solution, and 
generally the resulting spots are less well defined due to streaking. These results are 
also listed in Table I. 

As a result of this investigation the complexones have been divided into three 
groups depending on their migration rates. With the exception of Chel ME, Chel DE, 

and DTPA, all of which gives two spots, the number of carboxylic acid groups in the 
molecule is equal to the group number plus one. It must be emphasised that the 
variation in M, values within the group is not very significant due to a potential 
experimental error of &lo%. The appearance of two migratory species from a 
single complexone in the presence of excess copper solution is indicative of more than 
two co-ordination centres in the molecule. 

POLAROGRAPHIC EXAMINATION OF CHELATES ISOLATED BY 
ELECTROPHORESIS 

We have previously shown that the polarographic half-wave potentials of the 
copper chelates of complexones in solution are directly related to the stability of these 
chelates.5 In the present study we have therefore extended this relationship to the 
copper chelates separated by paper electrophoresis. In this manner data were 
obtained on very small amounts of material. 

The elution of the copper chelates from the paper with water proved simple, and 
duplicate determinations showed uniform extraction. Under the experimental 
conditions used, the half-wave potential of a copper chelate depends on its 
concentration.5 In dealing with solutions containing 50% excess of EDTA the half- 
wave potential of the EDTA &elate of copper changes SO-90 mV per IO-fold change 
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in chelate concentration over the range 10-2-104M. The relationship is almost 
linear, cf Fig. 1. 

Thus a controlled concentration of chelate solution must be obtained for polarog- 
raphy. It proved most convenient to control the addition of the copper sulphate 
solution to the electrophoresis paper; excess complexone was, of course, necessary to 
ensure migration of all the copper as chelate. An excess of complexone also modifies 
the value of the half-wave potential of the chelate wave, but fortunately the excess is 
separated from the copper chelate by the electrophoresis. The whole range of 
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FIG. 1. Variation of E* of Gun chelate of EDTA with concentration. The concentrations of 
gelatin and acetic acid were kept constant at 0.025 % and 0.4M respectively. 

complexone/copper chelates were isolated individually on paper to simulate experi- 
mental conditions, and then eluted. During elution the residual buffer from the 
electrophoresis electrolyte went into solution thus raising the pH of the final solution 
on which the polarogram was determined to ca 2.8. The E* values obtained are listed 
in Table I; the accuracy is f20 mV. As the DHEG/CS did not appear on our 
pherograms, we used IDA/C+ (E+ = 0, log K = 10.6) in this instance to establish 
an arbitrary zero, in the plot of the measured change in half-wave potential (AE+) 
versus the known difference in stability constant (A log K). Some values of log K were 
obtained from polarographic data.5 

The curve produced has a slope almost identical with that obtained from the copper 
chelates in solution.5 The use of this curve is restricted to simple complexones, since 
some complexones with three or more co-ordinating centres behave differently, e.g. 
Chel ME, gives a lower Eh value and HEEDTA has a much higher E& value than 
expected. It is possible, however, to determine the AE& values of new complexones 
with two co-ordination centres and to obtain the approximate log K value from the 
graph. In Fig. II the curve has been extrapolated as a straight line beyond the value 
for CDTA; results obtained from this latter part of the curve must be treated with due 

caution. 
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TABLE 1 

CkOU] 

~_ 

One 

P 1 

- 

Complexone 

Migration 

Rates Ei Value of 

CurI Chelate -__ 

MIX ( Mrz / mV 

DHEG - 0.02 

IDA 1.0 006 

MIDA 1.2 0.08 

UDA* 1.0 24 0.16 

CHEL 138 1.3 6.16 

1.8 

CHEL 138t Streak 1.5 

- 

-_ 

Two HEEDTA 

AADA: 

CHEL ME* 

NTA 

CHEL DE* 

2.6 0.23 (1) 0.22 

2.1 0.08 0.04 

3.0 1.1 0.10 0.06 

3.1 0.11 0.05 

3.2 1.1 0.11 0.06 

L 

Three CPDTA 

CDTA 

CHDTA 

DPTA* 

EDTA 

DTPA 

EDAP 

MEDTA 

2:3-BDTA 

3.6 0.24 (1) 0.13 

3.6 0.32 (s) 0.27 

4.0 0.42 0.37 

4.0 2.4 0.11 0.07 

4.0 0.23 (s) 0.14 

4.1 2.5 0.21 0.13 

4.2 0.21(l) 0.18 

4.3 0.29 (1) 0.24 

4.3 0.41 (1) 0.33 

- - 

Eh Value of 

Cur1 Chelate 

From Pherogran 

mV 

-! 

0.00 

0.03 

0.00 

0:8 

0.97 

E+ Value of 

Cd Chelate 

mV 

0.60 

0.60 

0.93 

1.04 
1.08 

0.82 

Key to Table 
IDA-Iminodiacetic acid 
MIDA-Methyliminodiacetic acid 
NTA-Nitrilotriacetic acid 
UDA-Uramil-N:N-diacetic acid 
EDTA-Ethylenediamine-N:N:N’:N’-tetra-acetic acid 
MEDTA-1 :2-Propanediamine-N:N:N’:N’-tetra-acetic acid 

Q EDAP-Ethylenediamine-N:N’-diacetic acid-N:N’-di$-propionic acid 
5 DPTA-1 :3-Propanediamine-2-01~N:N:,N’:N’-tetra-acetic acid 

DTPA-Diethylenetriarnine-N:~:~‘:~”:N”-penta-acetic acid 
1 2:3-BDTA-2:3-Butanediarnine-~:~:~’:N’-tetra-acetic acid 

DHEG-Di-(2-hydroxyethyl)glycine 
AADA-c-Carboxyphenyliminodiacetic acid 

J Chel ME-2:2’Bis-[di(carboxymethyl)amino]diethyl ether 
0 Chel DE-l :2 Bis-[2-di(carboxymethyl)aminoethoxy]ethane 
0 Chel 138-N:N’-Ethylene bis-[2-(o-hydroxyphenyl)]glycine 

HEEDTA-N-(2-Hydroxyethyl)ethylenediamine-N:~’:N’-triacetic acid 
7 CPDTA-Cyclopentane-trans-1 :2-diamine-N:N:N’:N’-tetra-acetic acid 

CDTA-Cyclohexane-trans-1 %diamine-N:N:N’:N’-tetra-acetic acid 
7 CHDTA-Cycloheptane-trans-1 :2-diamine-N:N:N’:$-tetra-acetic acid 

* Major migrating species with excess chelating agent is MI,. (s) and (I) “reversed current” small or 
large respectively. - Not reproducible. 

t Excess copper. 
$ Gun chelate has distinct green-blue colour on the pherogram. 
4 Supplied by The Geigy Company Ltd. 

7 Synthesised by the authors.1.2 
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The experimental procedure must be modified for use with mixtures of 

complexones, since under these conditions it is not possible to control the amount of 

any particular copper chelate constituent moving along the paper. It should be 
possible in an identical experiment to ascertain the amount of copper chelate present, 
from he diffusion current, and in the final determination the concentration of copper 

0 0-I o-3 

AEkp, V/SCE 

FIG. 2. Variation of AE& with A log K for complexones isolated from pherograms. 

chelate in the acetic acid solution may then be adjusted to be comparable with that 
used to establish the standard curve. 

Whilst we have been primarily interested in the evaluation of new complexones, 

and their intermediates, which are simple analogues of EDTA, we consider the 
proposed method of direct application to the analysis of complexones both singly 
and in admixture. The electrophoresis experiment gives a “group” analysis, and 
within the group most of the individual complexones may be characterised by the 
half-wave potential of the eluted copper chelate. In a few cases where ambiguous 
results may be obtained, e.g. with EDTA and CPDTA, these complexones can be 
characterised by the Eh value of the polarogram of the cadmium chelates, by the 
colour intensity of the copper chelates or by the nature of the reduction wave.5 

, 

The E, values of some Cu*I and Cd chelates, the determination of which is 
described elsewhere,5 are listed in Table I. Some of these reduction waves exhibited 
the phenomenon of “reversed current “,5 this is indicated in the Table. The reduction 
waves of eluted copper chelates displayed only a little “reversed current”, and it is 
thought that the phenomenon is a function of the complexone when it is present in 

excess. 
It should prove possible to extend the method to give a quantitative analysis. 
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Paper electrophoresis 

Reagents: 

EXPERIMENTAL 

pH 5 Buffer: 96 g of hydrated sodium acetate and 17.7 g of glacial acetic acid were dissolved in 
1 litre of water, and the solution was made up to 5 litres with distilled water. 

Copper sulphate P.R.: 0.2M aqueous solution. 
Complexone solutions. 0.1 M aqueous solutions of the sodium salts. 
Glucose: 0.2M aqueous solution. 
Potassium ferrocyanide solution: 2% aqueous solution acidified to the extent of cu. 0.1% with 

concentrated hydrochloric acid before use. 
Aniline hydrogenphthalate: 8.3 g of phthalic acid were dissolved in 75 ml. of hot water and 475 ml. 

of n-butyl alcohol; 4.65 g. of aniline were added and the solution was well shaken. 
Dithio-oxamide: 0.1% solution in ethanol. 
Whatman No. 3 Paper. 
Apparatus: The simple type of apparatus used is based on that of Kunkel and Tiselius.B A 

stabilised power-pack capable of giving about 75 ma. at 1000 V d.c. was used. 0.5 ml Agla syringe 
pipette. 

Measurement of migration rates 

20 ~1 of the copper sulphate solution were added to the cathode end of the paper from an Agla 
syringe in two lots of 10 ,ul each. About three micro-equivalents each of IDA and the complexone, 
and one drop of the glucose solution were added. The paper was dried after the addition of each spot. 
The migration rates of di-carboxylic acid complexones were measured by reference to IDA and 
glucose on a separate track on the same paper. The paper was soaked in buffer solution, blotted, 
and clamped tightly between glass plates 45 cm long. A potential of 1000 V was applied to the paper 
for a period of about 2 hr. After the paper had been dried, the area about the origin was sprayed 
with the solution of aniline hydrogen phthalate and heated for some minutes to develop the glucose 
spots. The paper was then sprayed with ferrocyanide solution and again dried by heating. On 
exposure to light over a period of time the paper becomes discoloured, and is thus best stored in the 
dark. Alternatively the paper may be sprayed with a solution of dithio-oxamide. 

Isolation of known copper chelates for elution andpolarographic examination 

10 pl of the copper sulphate solution was applied to the paper as above. Excess of complexone 
was added and each spot was dried before the addition of the next. Electrophoresis was carried out 
as before, the paper was dried, and the spots later removed for polarography. 

The qualitative analysis of simple complexone mixtures 

The mixture of complexones or reaction liquor containing complexones and intermediates was 
spotted on the paper, and excess copper sulphate solution was added. Electrophoresis was carried 
out as described above, and the paper was sprayed with ferrocyanide solution. The migration rates 
of new complexones containing three or more carboxylic acid groups were determined by reference 
to IDA and glucose on the same track; when dealing with mono- and di- acids the IDA reference 
spot was run on a separate track on the same paper. In a subsequent experiment the quantities of 
reagents were adjusted where possible to give spots of the copper chelates containing the equivalent 
of 10 ,ul of 0.2M Curr solution, which were removed, eluted and examined polarographically. 

Polarography 

Reagents: 

Acetic acid solution: 0.8M Aqueous solution containing- 
Gelatin: 0.05 % freshly prepared before use. 

Apparatus: 

Tinsley Recording Polarograph Mark 19, with dropping mercury electrode (drop time 5.2 set, 
under an open head of mercury of 37 cm) and a saturated calomel electrode with a potassium 
chloride bridge as a reference electrode. E.I.L. Direct Reading pH Meter. 
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The polarographic examination of elutedpherograms 

The copper chelates separated by electrophoresis were cut out from the paper and placed in 5 ml 
of distilled water in a 20-ml beaker, and allowed to stand for thirty minutes with occasional stirring. 
5 Ml of the 0.8M acetic acid solution were then added and the paper was removed from the beaker. 
The pH of the solution was measured (to ensure that it was 2.8 f 0.1) and the solution was then 
polarographed, using a damping of 1, a counter current of 2, a sensitivity of 1.5 ,uA, and a chart scale 
of 1 V/4”. The half-wave potentials were measured from the curve drawn through the points given 
by the current at maximum drop size. 

The polarographic determination of Cu I1 and Cd chelate stabilities has been described elsewhere.5 

Acknowledgement-We are grateful to the Geigy Company, Ltd., for supplying certain of the samples 
used and for the provision of a research grant to one of us (W. H.). We also wish to record our 
thanks to Professor R. Belcher and Dr. A. B. Foster of this Department for their interest and helpful 
advice. 

Zusammenfassung-Eine Methode zur Unterscheidung verschiedener Polyamincarboxysluren 
(Komplexone) durch Papierelektrophorese ihrer Kupferchelate bei pH 5 wird beschrieben. Die 
getrennten Chelate werden vom Pherogram gel&t und in 0,4 n Essigslure polarographisch untersucht. 
Wanderungsgeschwindigkeiten werden in einigen Flllen mitgeteilt. Diese, sowie das Halbstufen- 
potential sind manchmal zur Charakterisierung des Komplexons ausreichend. Durch Anwendung 
einer Eichkurve kann auf Grund bekannter Beziehungen zwischen Ellz und log K-werten eine grobe 
AbschPtzung der Stabilitlt der Kupferchelate erfolgen. 

RBsun&-Une mdthode permettant de diffkrencier divers types d’acides polyaminocarboxyliques 
(complexons) par &ctrophortse sur papier de leurs chelates cuivriques B pH 5 est d&rite; quelques 
vitesses de migration sont indiquks. Les chelates ainsi s&parts peuvent &tre rCdissous du pherogramme 
et ttudibs par polarographie dans l’acide acetique 0,4 M. Dans beaucoup de cas les valuers de Ella 
et la vitesse de migration ClectrophorCtique (M,) sont utilities pour caractkriser le complexon. Par 
l’emploi d’une courbe d’ktalonnage reliant les valeurs de E,lz observ&s aux valeurs connues de log K, 

on peut obtenir une estimation de la stabilitC du chelate de cuivre. 
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UNTERSUCHUNG EINIGER ALS REDOXINDICATOREN 
ANWENDBAREN VARIAMINBLAUDERIVATEN 

L. ERDEY, 8. BANYAI und I?. B.-GERE 
Aus dem Institut fiir Allgemeine Chemie der Technischen Universitlt, Budapest, Ungarn 

Zusammenfassung-Es wurde iiber die ausfiihrliche elektrochemische Untersuchung der als Indica- 
toren verwend,baren mit verschiedenen elektrophylen und nukleophylen Gruppen substituierten 
Derivate des 4-Amino-4’-methoxy-diphenylamins (Variaminblau) berichtet. Der reversible Redox- 
vorgang dieser Verbindungen ist zweielektronig, ihr Oxydationsmechanismus entspricht dem des 
Variaminblaus, d.h. ihre oxydierte Form entspricht dem entsprechend substituierten Derivat des 
Chinon-p-anisil-diimins. Bei der Oxydation des 2-Methyl- und 2-Methoxyproduktes entsteht such 
ein intermedigres semichinoidales Oxydationsprodukt. Die Instabilitat der Systeme in saurer LGsung 
ist durch den Zerfall der oxydierten Form verursacht. Mit Hilfe der Elektrodengleichungen kijnnen 
die Redoxpotentiale fi.ir beliebigen pH-Wert berechnet werden. Die Brechpunkte der E,‘-pH- 
Kurven geben die Slure-Basendissociationskonstanten der oxydierten und reduzierten Formen. 
Nukleophyle Substituenten erhiihen, elektrophyle Substituenten erniedrigen die Basicitlt des 
Variaminblaumolekiils. 

DIE ausgezeichneten Eigenschaften des Variaminblaus /4-Amino-4’-methoxy-dipheny- 

lamin/ als Redoxindicator1-21 und als colorimetrisches Reagens22-27 gaben uns den 

Gedanken seine verschieden substituierten Derivate herzustellen.2s*2g Es war zu 
erwarten, dass diese Derivate sich als Redoxindicatoren ebenfalls gut bewghren und 
dass sie ein von der Grundverbindung abweichendes Umschlagspotential besitzen 
werden. Die Untersuchungen von Fieser und Thompson,30 Fieser und Fiese? und 
anderen32 zeigten, dass elektrophyle Substituenten das Redoxpotential der Grundver- 
bindung in positive, nukleophyle Substituenten dagegen in negative Richtung 
verschieben. Ahnliche Potentialverschiebung beobachteten such wir im Falle einiger 
Derivate des Variaminblaus, wie dariiber schon berichtet wurde.2g Im folgenden 
werden die Ergebnisse der ausfiihrlichen physico-chemischen Untersuchung der als 
Redoxindicatoren verwendbaren Derivate des Variaminblaus mitgeteilt. Diese 
Versuche breiteten sich auf die Bestimmung der Funktion Redoxpotential-pH, der 
Zahl der im Vorgang beteiligten Elektronen, der SBure-Basendissociationskonstanten 
der reduzierten und oxydierten Formen aus. Es wurde weiterhin die Reversibilitgt 
der Vorggnge und die Miiglichkeit der Bildung von intermedisren Produkten 

untersucht. 

EXPERIMENTELLER TEIL 

Die Redoxpotentiule wurden teilweise polarographisch, teilweise potentiometrisch bestimmt. Die 
polarographischen Messungen wurden mit einem Polarograph Typ Heyrovsky V 301 im Kalousek- 
Geflss unter Anwendung einer tropfenden Quecksilberelektrode und einer Quecksilber (I) sulphatver- 
gleichselektrode in Stickstoffatmosphlre durchgefiihrt. Die Elektroden wurden anodisch-kathodisch 
polarisiert. Die Quecksilberniveauhahe (h) betrug 50 cm. Die Daten der angewandten Kapillare 
waren: m = 7,2 mg/s, t = 1,84 s. Die zur Untersuchung von instabilen Systemen sehr geeignete 
schnelle polarographische Methode ersetzten wir nur dann mit einer potentiometrischen, wenn unter 
den gegebenen Verhlltnissen keine Stufe erhalten werden konnte. Die potentiometrischen Titrationen 
erfolgten ebenfalls in Stickstoffatmosphlre zwischen einer Indicatorenelektrode aus Platin und 
einer Vergleichselektrode aus geslttigtem Kalomel. Zur Oxydation diente in saurer LGsung 0,Ol n 
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Bromwasser, in alkalischer Losung ausserdem noch eine 0,Ol n Kaliumhexacyanoferrat(III)l6sung. 
Bei instabilen Systemen wurde nach der stufenweisen Methode gearbeitet.*8 

Die opt&hen Messungen-u.zw. die Aufnahme der Absorptionskurven und der Zusammenhlnge 
zwischen Extinktionskoetlizient und pH zur Bestimmung der Same-Basendissociationskonstanten 
der farbigen oxydierten Formen ss+-wurden mit Hilfe des Pulfrich Photometers unternommen. 

ober die Erzeugung der Zndicatoren berichteten wir schon vorangehend.as Die 2-Amino, 2-Methyl- 
und 2-Methoxyderivate wurden in 0,005 m alkoholischer, die 2-Sulfonslurederivate in 0,001 m 
schwach alkalischer, das 2-Carbonslureanilid in 0,0025 m schwach saurer Losung bentitzt in Puffer- 
losungen gem&s Britton-Robinson.SS Die pH-Messungen wurden mit Wasserstoffelektrode 
durchgefiihrt. 

ALLGEMEINE CHARAKTERISIERUNG DER INDICATOREN 

Das Verhalten folgender Indicatoren wurde naher untersucht: 
Generalformel : 

H,N--C)-NH-_o-OCH, 

\ 
- 

k 

I. 4-Amino-4’-methoxy-diphenylamin (Variaminblau) 

X=-H 

II. 2,4-Diamino-4’-methoxy-diphenylamin 

X = -NH, 

III. 4-Amino-2,4’-dimethoxy-diphenylamin 

X = -OCH, 

IV. 4-Amino-2-methyl-4’-methoxy-diphenylamin 

X = -CH, 

V. 4-Amino-4’-methoxy-diphenylamin-2-sulfonsaure 

X = -SO,H 

VI. 4-Amino-4’-methoxy-diphenylamin-2-sulfons~ure-anilid 

X = -SO,-NH-Cp, 

VII. 4-Amino-4’-methoxy-diphenylamin-2-sulfons~ure-anisidid 

X = -SO,-NH-C,H,-OCH, 

VIII. 4-Amino-4’-methoxy-diphenylamin-2-sulfonsaurer Methylester 

X = --SO&H, 

IX. 2-Amino-7-methoxy-phenthiazin-9-dioxyd 

H,N so* OCH, 

X. 4-Amino-4’-methoxy-diphenylamin-2-carbonsaure-anilid 

X = -CO-NH-C,H, 
XI. Variaminblau-pikrat 

1 Mol Variaminblau + 2 Mol Pikrinsaure 

Die Oxydation der in Leukoform leicht praparierbaren farblosen, oder schwach gelblichgriinen 
Verbindungen ist mit einer intensiven Farblnderung verbunden, wortiber Tab. I. eine Ubersicht gibt. 
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In saurem Medium drbt sich die w&r&e oder alkoholische L&mg des Variaminblau (I), der 
2-Methoxy (III) und 2-Methyl (IV) Derivate auf Einwirkung einer geringfiigigen Menge an Oxy- 
dationsmittel auf blau. Die Farbe der Holochmone* ist violett. Das Absorptionsmaximum des 
blauen Oxydationsproduktes f;illt iwischen 570-610 rnp, wtirend das der Holochinone gegen die 
kiirzeren Wellenl&ngen verschoben ist. Auf Einwirkung von iiberschiissigen starken Oxydations- 
mitteln entsteht ein rotes Oxydationsprodukt. In alkalischem Medium kommt nur ein gelbes Oxy- 
dationsprodukt zustande. Die Holochinone des 2Aminoderivates (II) sind rot und gelb. Die in 
saurem Medium beobachtbare blaue F%rbung verschwindet augenblicklich. Die Holochinone der 
2-Sulphontiuregruppe (V-IX) und des Variaminblau-2-CarbonsSiurcanilids (X) sind blau und rot. 
In den mit S-farmigen Kurven bezeichneten pH-Intervallen bilden sich die Mischfarben der aufge- 
ztilten sauren und alkalischen Grenzfarben aus. 

TABELLE I 

PH 

0 2 4 6 8 IO 12 14 
I ’ I 1 I 1 , 1 , 

Variaminblau (1) blau-violett ,/” gelb 

2-NH,-Derivat (n) rot ,/’ gelb 

6 
2-0-CH,-Deriv0tKlO y blou- violett ,/I’ gelb 

.5 
9 
2 

2-CHsDerivot (Ip) 2 blou-violett 
/’ 

./’ gelb 

Derivate mit 
elektrophilen 

Substituenten (n-X) 
blou rot 

Die nukleophyle Substituenten enthaltenden Leukoderivate (II-IV) geben im pH-Bereich 3-14 
gut auswertbare anodische polarographische Oxydationsstufen. Bei niedrigeren pH-Werten als 3 
wirkt die anodische AuflGsung des Quecksilbers auf die Ausbildung der Stufen stiirend ein. Die 
Stufenhahen sind mit der Konzentration und dh direkt proportional, d.h. es handelt sich hier urn 
Diffusionsstufen. Von den mit elektrophylen Gruppen substituierten Derivaten geben die Mitglieder 
der Variaminblau-2-sulphonsguregruppe (V-IX) nur in stark alkalischem Medium eine polaro- 
graph&he Stufe, das Variaminblau-2- carbonsaureanilid (X) ist polarographisch inaktiv. 

ZAHL DER IM REDOXVORGANG BETEILIGTEN ELEKTRONEN, 

REVERSIBILITAT UND OXYDATIONSMECHANISMUS 

Die Aquivalenzpunkte der oxydimetrischen potentiometrischen Titrationen 
deuteten 5hnlich dem Variaminblau auf einen zweielektronigen Redoxvorgang.1s28*36v37 
Mit voller Sicherheit konnte man diese Frage jedoch nur auf polarographische Weise 
entscheiden. In gleicher Konzentration stimmt die HShe der anodischen Oxydations- 
stufe des Leukovariaminblaus und dessen Derivate miteinander beinahe iiberein 
(Abb. 1,2). Der ungef;ihr 30 mV betragende Neigungswinkel der durch mathema- 
tische Analyse der polarographischen Stufen erhaltenen log (i/id - i) - V Funktio- 
nen weist ebenfalls auf ein:n zweielektronigen Redoxvorgang. Mit den nukleophylen 
Substituenten enthaltenden Derivaten, die gut auswertbare Stufen geben, wurden 
such polarometrischen Titrationen unternommen; der Aquivalenzpunkt der Titra- 

tionen der Leukofarbstoffe entspricht ebenfalls einer zweielektronigen Oxydation 

(Abb. 3). 
* Unter Holochinon verstehen wit diejenige oxydierte Form, die auf Einwirkung van einer zweielek- 

tronigen Oxydation entsprechenden Mengen des Oxydationsmittels entsteht. 
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Die Reversibilitlt der Redoxvorgange ist in erster Linie durch die Linearitat des 
erwahnten log (i/id - i) - V Zusammenhanges bewiesen. Das Halbstufenpotential 
der anodischen Oxydationsstufe der mit nukleophylen Gruppen substituierten 
Derivate stimmt mit dem Halbstufenpotential der kathodischen Reduktionsstufe 
der in der Losung oxydierten Formen gut iiberein. Im Falle von Verbindungen mit 
elektrophylen Substituenten konnte man diese Identitat nicht nachweisen. Die 
potentiometrischen Untersuchungen, weiterhin die mathematische Analyse der 
anodischen Oxydationsstufen weisen aber such in diesem Falle eindeutig auf einen 
reversibilen Redoxvorgang. 

Ahnlich dem Variaminblau IHsst sich such fur die substituierten Produkte 
folgender potentialbestimmender Vorgang aufschreiben : 

NH, NH 
II 

k ii 
R = -C,H4-OCH, X = Substituent 

Im Falle von 2-Amino-7-methoxy-phenthiazin-9-dioxyd (IX) Bndert er sich folgen- 
dermassen : 

li,N’ 

O{ux_J\ 

SO, 

+ /0:\;(1!,+2H+ + 2e 

OCH, HN Sd, OCH, 

Wir konnen also such ohne jegliche praparative Beweise behaupten, dass die 
vollstandig oxydierten Formen (Holochinone) der Derivate nur dem Chinon-p- 
anisildiimin entsprechende substituierte bzw. ~inggeschlossene Produkte sein kijnnen. 

Die Oxydation des 2-Methyl-(N) und des 2-Methoxyproduktes (III) verlauft in 
saurer Losung bis pH-Wert 6 ahnlich dem Variaminblau unter Bildung eines inter- 
mediaren semichinoidalen Oxydationsproduktes. Die vom Holochinon abweichende 
Farbe des im geringen Masse oxydierten Farbstoffes und die mehr als 14 mV 
betragenden Indexpotentiale der Titrationskurven zeigen ebenfalls, dass hier ein 
Semichinon zustandekommt.38 Die Index-potentiale sind innerhalb der Konzentra- 
tionen 1 * 103-2 - lo4 Mel/Liter von der Farbstofionzentration unabhangig, das 
Ubergangsprodukt besteht folglich aus freien Radikalen. Die aus freien Radikalen 
bestehende Struktur wird durch die Zahl der mesomeren Miiglichkeiten stabilisiert. 
In Tab. II sind die charakteristischen Daten der Semichinonbildung dargelegt. 

Im Falle von elektrophylen Substituenten wurde keine Semichinonbildung beo- 
bachtet (V-X). Die elektrophylen Substituenten iiben hier wahrscheinlich eine 
Anziehung auf das einsame Elektron der aus freien Radikalen bestehenden Struktur 
aus, wodurch die Zahl der mesomeren Mijglichkeiten abnimmt, deshalb die 
StabilitHt der Struktur aufhort. 

Die auf Einwirkung des tiberschtissigen Chlor- und Bromwassers entstehende 
rote Verbindung ist ein zerstiirtes Oxydationsprodukt. Die aus der konzentrierten 
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Losung des Variaminblau-2-carbonsaureanilid (X) praparierte dunkelviolette Ver- 
bindung lost sich in Alkohol mit roter Farbe, wirkt oxydierend und farbt die Losung 
des Leukofarbstoffes blau. Laut Analysenergebnisse enthalt diese Verbindung keine 
Halogene und ihr 2,85 %-iger Stickstoffgehalt ist wesentlich geringer als der des 
Holochinons. 

Die in die Variaminblaureihe gehiirenden Redoxsysteme zeigen ebenfalls die der 
Diamin-diiminsysteme typisch eigene Instabilitat, die in erster Linie durch den 
Zerfall der oxydierten Form verursacht wird.3g-41 

TABELLE II 

Verbindungen 

4-Amino-2,4’-dimethoxy- 

diphenylamin (III) 

4-Amino-2-methyW- 

methoxy-diphenyl- 

amin (IV) 

E I 2596 mV 
20°C 

16 

15 

k (s/a),,, 

8,4 - 10-e 0,12 

I 
2,9 . 10-Z / 0,07 

Ei = Indexpotential 
k = Semichinonbildungskonstante 
(s/a),,x = Maximale Menge des entstandenen Semichinons im Verhaltn zuris 

Gesamtfarbstoffkonzentration. 

Laut unserer polarographischen Untersuchungen zerfallen die Holochinone der 
verschiedenen Derivate sogar in Stickstoffstrom, wobei teilweise Zersetzungprodukte 
mit negativeren Halbstufenpotentialen entstehen. Die Potentialstabilitat der halboxy- 
dierten Indicatorsysteme ist ebenfalls veranderlich. Die Zersetzung der oxydierten 
Formen geht mit Farbanderung vor sich, sodass dieser Erscheinung bei der prak- 
tischen Anwendung der Indicatoren eine bedeutende Rolle zukommt. Mass und 
Geschwindigkeit der Zersetzung ist vom pH und von dem Substituenten selber 
abhangig. In einem mittelmlssig sauren Medium (pH N 2-6) Hndert sich das Poten- 
tial und damit die Farbe der halboxydierten Systeme des Variaminblau (I), der 
2-Methoxy- (III) und 2-Methyl- (IV) derivate nur kaum, was mit dem Entstehen 
stabiler semichinoidaler Radikale sich erkllren lasst. Die in stark saurem Medium 
(pH < 2) beobachtbare, mit einer raschen Entfarbung verbundene Zersetzung lhst 
sich wahrscheinlich auf die Hydrolyse des chinondiiminartigen Molektils auf Chinon 
und Ammoniak zuriickfiihren. Im Laufe von in saurem Medium durchgeftihrter 
Farbstoffoxydation gelang es tatsachlich nach einer gewissen Zeitdauer in der Losung 
NH,+ Ionen nachzuweisen. Es ist mbglich, dass dieser Vorgang durch die bei 
niedrigeren pH-Werten erfolgende zweite Protonenaufnahme des Molektils gefordert 
wird, da die dadurch entstehende, aufgelockerte Struktur des Molektils die Substitu- 
tion der =NH,+- Gruppe auf =OH+-Gruppe ermiiglicht. Die Potentiale der elek- 
trophyle Substituente enthaltenden Derivate (V-X) nehmen mit der Zeit allmahlich 
ab u.zw. mit der vom pH abhangigen Geschwindigkeit linear. Der Potentialfall wird 
vom allmahlichen Verblassen der blauen Farbe begleitet. Diese Verbindungen lassen 
sich im pH-Bereich 2-5 als Indicatoren anwenden. 
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REDOXPOTENTIAL-pH FUNKTIONEN 

Im Sinne des Oxydationsmechanismus ist das Redoxpotential der Indicatorsysteme 

pH-abhtingig. Die erhaltenen Ergebnisse sind in Abb. 4 und 5 graphisch dargestellt. 
Die Kurve E,‘-pH der Mitglieder der Variaminblau-2-sulphonsauregruppe (V-IX) 
konnten nur im pH-Bereich 1-7 ermittelt werden. In mehr alkalischem Medium 
zufolge der Instabilitat dieser Systeme konnen namlich sogar mit Hilfe der stufen- 

600 

500 

g 400 

z 

300 
-6 
c 

200 

100 

0 

- 100 

I I 1 I I I I I + 
G 2 4 6 8 IO 12 14 

PH 

ABB. 4. E,‘-pH-Kurven der nukleophyle Substituenten enthaltenden Derivate. 4-Amino-2- 
methyl-4’-methoxy-diphenylamin (IV), 4-Amino-2,4’-dimethoxy-diphenylamin (III), 2,4- 

Diammo-4’-methoxy-diphenylamin (II). 

weisen potentiometrischen Methode keine verlbslichen Ergebnisse erzielt werden. 
Im Falle des Variaminblau-2-carbonsaureanilids (X) konnte der Zusammenhang nur 
bis pH -5 festgestellt werden, da schon bei pH = 4,7 die freie Base der reduzierten 
Form selbst in diinnen Losungen auszuscheiden beginnt. Das Verhalten des Varia- 
minblaupikrats in saurem Medium stimmt mit dem des Variaminblaus tiberein. 

Die durch die linearen Strecken mit verschiedenen Neigungswinkeln der E,‘-pH 
Kurven gegebenen Knickpunkte entsprechen den S&ire-Basendissociationskonstanten 
der reduzierten und oxydierten Formen. Im Falle der Variaminblau-2- sulphonsaure 
(V) wurde keine bajonettartige Knickung beobachtet, was dem kleinen Unterschied 
zwischen pK,, und pK, zuzuschreiben ist. Auf optischem Wege ergab sich der 
pK,,-Wert zu 4,l. Die Dissociationskonstanten der mit Farbanderung verbundenen 
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Protonenabgabe der oxydierten Formen wurden such bei den tibrigen Derivaten auf 
optischem Wege kontrolliert. Die erhaltenen Werte stimmen mit den durch die 
entsprechenden Knickpunkte dargestellten Werten gut tiberein. Die Grossenordnung 
einiger Werte wurde auf qualitativem Wege bewiesen. So z.B. die Farbanderung der 
oxydierten Form des 2-Aminoderivates (II) erfolgt in stark alkalischem Medium in 

8OOlt 
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ABB. 5. E,‘-pH-Kurven der elektrophyle Substituenten enthaltenden Derivate. 2-Amino- 
7-methoxy-phenthiazin-9-dioxyd (IX), Variaminblau-2-sulfonsaure (V), Variambinblau-Z 
carbonsaureanilid (X), Variaminblaupikrat (XI), Variaminblau-2-sulfonsaureanilid (VI), 
Variaminblau-2-sulfonsaureanisidid (VII), Variaminblau-2-sulfonsauremethylester (VIII). 

der NIhe des beobachteten Knickpunktes; die pK,, -Werte der 2-Methoxy (III) und 
2-Methyl (IV) D erivate mtissen hiiher sein als die Konstante des Variaminblaus, 
weil in der Losung ihrer salzsauren Salze die Ausscheidung der freien Base auf die 
Zugabe von griisserer Laugenmengen beginnt als im Falle des Variaminblaus. 

Die Elektrodengleichung der untersuchten Derivate hat folgende Formel: 

E = E,, + 30 log + 30 log 
K&h, + G,[H+l + [H+12 
K,,K,, + K,,[H+l + W+12 

- 60 pH bei 30°C 

Beim 2-Aminoprodukt (II) und bei den 2-Sulfonsaureverbindungen (V-IX), wo die 
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Giiltigkeit der Gleichung versuchsmhsig nur zwischen den pH-Werten 0 und 7 
bewiesen werden konnte, lasst sich diese Gleichung vereinfacht schreiben: 

bit K, + [H+l 
E = Et, + 30 log [reds, + 30 log K, + [H+] - 60 pH bei 30°C 

Das Redoxpotential des Variaminblau-2-carbonsaure-anilids (X) und des Variamin- 

blaupikrats (XI) andert im pH-Gebiet O-5 je ein pH-Wert mit 60 mV: 

bxl, 
E = E0 + 30 log ~ 

WI t 
- 60 pH bei 30°C 

Die Dissociationskonstanten der Gleichungen sind Dissociationskonstanten gem&s 
der Bronstedschen Theorie aus welchen die iiblichen basischen Dissociationskonstan- 
ten mit Hilfe des Ausdrucks 

K, . K,, = 10-l* bzw. pK, + pbr = 14 

ermittelt werden konnen. Die Dissociationskonstanten sind also folgendermassen 
definiiert : 

red H,++ %T red H+ + H+ 
K 

r2 
= [red H+l * WI 

[red H,+f] 

red Hf + red + Hf 
K K = [red1 * W+l 

rl T 
[red H+] 

ox H,++ + ox H+ + Hf 
K 

02 
_ bH+l * W+l 

[ox H,+T] 

oxH++ox+H+ 
Ko,Ko = [oxI * W+l 

[ox H+] - 
red = H,N- -NH-R ox = HN-_\__ 7 =N-R 

\x 
\ 

X 

Die charakteristischen elektrochemischen Daten der Derivate u.zw. die Redoxnormal- 

potentiale und die Dissociationskonstanten der reduzierten und oxydierten Formen 
sind in Tab. III. zusammengestellt. Die E,-Werte sind aus den in mbsig sauren 
Liisungen erhaltenen linearen Zusammenhangen extrapolierte Werte. Die mit * 
bezeichneten pK,-Werte sind Mittelwerte der durch die Brechpunkte gegebenen und 
auf optischem Wege erhaltenen Ergebnisse oder auf rein optischem Wege ermittelte 

Werte. 
Wie es aus der Tabelle ersichtlich ist, gestalten nukleophyle Gruppen die Grund- 

molekel basischer. Infolge der Zunahme der Elektronendichte ist das einsame 
Elektronenpaar der Stickstoffatome durch den aromatischen Ring weniger in Anspruch 
genommen, so, dass die Protonenaufnahme such schon in weniger saurer Losung 
erfolgen kann. Der Zusammenhang zwischen den nukleophylen Charakter und der 
Zunahme der Basicitat kann besonders gut bei den Dissociationskonstanten der 
oxydierten Formen beobachtet werden. Die elektrophylen Substituenten erniedrigen 
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Verbindungen 

2,4-Diamino-4’-methoxy- 
diphenylamin (II) 

4-Amino-2,4’-dimethoxy- 
diphenylamin (III) 

4-Amino-2-methyl-4’-methoxy- 
diphenylamin IV 

4-Amino-4’-methoxy-diphenyl- 
amin (I) 

4-Amino-4’-methoxy-diphenyl- 
amin-2-carbonsame-anilid (X) 

4-Amino&-methoxy-diphenyl- 
amin-Zsulfonslure (V) 

4-Amino-4’-methoxy-diphenyl- 
amin-2-sulfonslure- 
anisidid (VII) 

4-Amino#-methoxy-diphenyl- 
amin-Zsulfonsaurer Methyl- 
ester (VIII) 

4-Amino-4’-methoxy-diphenyl- 
amin-2-sulfonsaure-anilid (VI) 

2-Amino-7-methoxy-phenthiazin 
9-dioxyd (IX) 

1 

TABELLE III 

E0 mV/n He 
pH = 0 

532 

636 

kein 
Brechpunkt !I 1 

936 5,2 10,6 

kein 
3rechpunkt 

1,5* 

686 994 597 7,0* 

712 529 unmessbar unmessbar 

754 =4,7 unmessbar 

776 - unmessbar 

780 59 unmessbar 

786 - unmessbar 

10,5 

696 

-5,5* 

4,1* 

570 

5,l 

497 

unmessbar 

unmessbar 

788 57 unmessbar 

800 598 unmessbar 4,7 unmessbar 

- 

- 

- 

- 

590 

- 

- 

pi01 

11,5 

- 

PKOZ 

aus demselben Grund die Basicitat der Grundmolekel. Die mit mehreren Grossenord- 
nungen erfolgende dnderung der Basicitat weist darauf, dass hier nicht nur polare, 
sondern such sterische Effekte zur Rolle kommen. Die pK, und pK, Werte der 
Glieder der 2Sulfonsauregruppe (V-IX) andern untereinander kaum. Dies beweist, 
dass die auf den aromatischen Ring ausgeiibte elektrophyle Wirkung der Sulfonsaure- 
gruppe durch weitere Bindungen ausser dem Kern mehr kaum beeintrachtigt wird. 

Verfasser danken Frau I. Kucsera und M. TCsy, weiterhin Herrn T. Meisel fur die Mithilfe bei 
den Untersuchungen. 

Summ~-A report is presented of a detailed electrochemical investigation of substituted derivatives 
of 4-amino-4’-methoxydiphenylamine (Variamin Blue) as indicators for use with different electrophilic 
and nucleophilic groups. The reversible “redox” process of these compounds corresponds to two 
electrons, and their oxidation mechanism corresponds to that of Variamin Blue, i.e., their oxidised 
form corresponds to the correspondingly substituted derivative of quinone-p-anisil-di-imine. In the 
oxidation of 2-methyl- and 2-methoxy-products an intermediate semi-quinoidal oxidation product 
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also occurs. The instability of the system in acid solution is brought about by the decomposition of 
the oxidised form. By means of electrode equations the “redox” potentials at desired pH values can 
be calculated. The point of inflection of the E,‘pH curves gives the acid-base dissociation constants 
of the oxidised and reduced forms. Nucleophilic substituents raise, and electrophilic substituents 
lower the basicity of the Variamin Blue molecules. 

R&sum~Les auteurs presentent une etude Clectrochimique detaillee des derives substitues de 
l’amino-4 methoxy-4’ diphtnylamine (blue de variamine), derives utilises comme indicateurs et 
comportant differents groupements Clectophiles et nucltophiles. Le comportement reversible 
du point de vue oxydo-reduction, de ces composes correspond a l’tchange de deux electrons et le 
mecanisme de leur oxydation correspond a celui du bleu de variamine, c’est a dire que les formes 
oxydees de ces derives correspondent aux derives substituts correspondants de la p.anisil di-imine- 
quinone. Dans l’oxydation des composes methyl-2 et methoxy-2, on obtient aussi un produit 
d’oxydation semi-quinonique intermediaire. L’instabilite du systeme en solution acide est due a la 
decomposition de la forme oxydee. Au moyen d’equations relatives aux phtnomenes aux electrodes, 
les potentiels “redox” pour differents pH ont et6 calcules. IX point d’inflection des courbes E,‘-pH 
fournit les constantes de dissociation des formes oxydees et reduites. Les substituants nucleophiles 
augmentent le caractere basique des molecules de bleu de variamine, alors que les substituants 
electrophiles le diminuent. 
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Summary-The out-of-plane CH deformation vibrations of the aromatic ring of the tetralin series 
‘normally appear in almost the same frequency region as in the corresponding benzene series, and 
their frequencies are regularly shifted by the type of substituents attached to the aromatic ring with 
a few exceptions. 

All compounds which have an isolated CH group in the aromatic ring exhibit fairly strong absorp- 
tion bands around the 800 cm-l region, which may be associated with the aromatic ring. 

Carbonyl and hydroxyl groups in the peri-position of tetralone are strongly chelated, showing 
frequency shifts in their stretching vibrations. 

THE out-of-plane CH deformation vibrations of aromatic ring have been studied in 
detail in correlation to the position and type ofsubstituents in the benzene,l pyridine,2j3 

naphthalene,lp4p5 and quinoline6 series, but no systematic study has appeared of the 
tetralin series in the literature. In this work, the infrared spectra of 61 compounds of 
tetralin series have been measured, and their out-of-plane CH deformation vibrations 
have been discussed. In the tetralone and 8-hydroxy-tetralin-7-acetic acid lactone 
derivatives, the C=O stretching vibrations were also discussed in relation to OH 

stretching vibrations. 
RESULTS AND DISCUSSION 

1. Out-of-plane CH deformation vibrations 

The out-of-plane CH deformation vibrations of the aromatic ring of the tetralin 
series produced, generally, strong bands in almost the same region as the corresponding 
benzene series. Their frequencies showed regular shifts with the type of substituents 
present in the aromatic ring; and in general, strong electron-attracting substituents 
exerted shifts towards longer frequencies, and electron-donating substituents towards 
shorter frequencies. The substituents attached to the saturated ring gave no regular 
shift of the frequencies. These are shown in Table I and discussed in detail as follows. 

1.1. Four adjacent ring hydrogen atoms. A few compounds thus substituted are 
shown in Table I, and exhibited strong absorption bands in the 740-770 cm-l region. 
In agreement with Jones et a1.,7 who noted that the out-of-plane CH deformation 
vibrations of tetralin absorbed almost the same range of frequencies as ortho- 
disubstituted benzene derivatives, the above data coincided well with the 735-770 cm-l 
region, which was proposed for ortho-disubstituted ar0matics.l 

1.2. Three adjacent ring hydrogen atoms. Compounds examined which had three 
adjacent hydrogen atoms were confined to derivatives of 8-tetralone and of the 
8-hydroxy-7-acetic acid lactone. These compounds each had one strong band in the 
785415 cm-l and 730-760 cm-l regions, respectively, as shown in Table I. These 

* Part XIV: Chem. Pharm. Bull. (Tokyo), in press. 
65 
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bands correspond to those of the benzene series thus substituted, which appear in 
the 75CL810 cm-l and 680-725 cm-l regions1 or in the liquid state in the 780-830 cm-l 
and 700-750 cm-l regions8 

The two bands had variable intensities. The frequency of the higher component 
of the pair in the 8-tetralones varied with the substituent in the order NO, > NHAc 
> OAc > OH. This order agrees with the results obtained by Kross et aLg in 
mono-substituted and para-disubstituted benzene derivatives. Somewhat similar 

TABLE I. OUT-OF-PLANE CH DEFORMATION FREQUENCIES 
Tetralone-(8) derivatives 

Substituent 1 Adjacent 

C (1, 

T 
atoms 

H H H H H 4 
H H H H CO,Et 4 
H H H NO, H 3 

NOa H H H H 3 
H H H NHAc H 3 
H H H OAc H 3 
H H H OH H 3 
OH H H H CH,CO,H 2 
OMe H H OMe CH,CO,H 2 
OAc H H OAc H 2 
OH H H OAc H 2 
OH H H OH H 2 
OMe H H OMe H 2 
H OH H H CH,CO,H 2 
H OMe H H CH,CO,H 2 
H NHAc H H H 2 
H NO, H H H 2 
H OH H H H 2 
H H OH H H 2 
H OMe H H H 2 
H Me H H H 2 

- 

1 hydrogen 

- 

Tetralin derivatives 

- 

6CH 
(cm-‘) 

761* 
771 
815 759 
812 743 
808 735 
807 737 
800 730 
824 
822 
842 
842 
825 
812 
833 
818 
836 
831 
822 
822 
821 
815 

Substituent 

C (1, C ,a, cm, C (4) 

H H H H 4 744* 
OAc H H OAc 2 844 
H OH H H 2 822 

Adjacent 
hydrogen 

atoms 

6CH 
(cm-‘) 
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8-Hydroxytetralin-7-acetic acid la&one derivatives 

Substituent Adjacent 
hydrogen 

6CH 

G, I 
C 

(cm-l) 
(2, I 

C (S) I 
C 14) atoms 

H H 
H H 
H H 
H H 
OH H 
OAc H 
H OAc 

I 
* Liquids; others in Nujol. 

H H 4 753 
H NO, 3 803 741 
H OAc 3 795 736 
H OH 3 787 746 
H OH 2 821 
H OAc 2 848 
H H 2 833 

, 

effects in the order of frequencies with substituent are apparent in the lower frequency 
component of the pair of bands in the %tetralones, and in the higher frequency 

component in the lactones. 
1.3. Two adjacent ring hydrogen atoms. All compounds examined which had two 

adjacent hydrogen atoms in the 1~2, 2 :3 or 3 :4 positions absorbed strongly within 
the 810-850 cm-l region. The frequency depended on the substituent, in the order 
OAc > OH > OMe, but the order NO, > NHAc > OAc > OH remarked on above 
(in Section 1.2) was modified to NHAc > NO, in the tetralones with the two adjacent 

ring hydrogens. 

2. The 800 cm-l absorption 

1:3-, 2:3-disubstituted, and 1:2:3-, and 1:2:4_trisubstituted compounds of the 
tetralin series which had an isolated CH group exhibited fairly strong absorption 
bands around the 800 cm-l region as shown in Table II. These bands shifted towards 
longer frequencies with the nature of the substituents in the order OAc > OH > OMe 
in 2:3-disubstituted compounds, which coincides with the order obtained in their 
out-of-plane CH deformation vibrations. With the same substituents, the shift 
occurred toward longer frequencies in tetralin than it did in tetralone. 

No satisfactory assignment was possible for the band, but the above nature of the 
shift might prove that the band was associated with the aromatic ring of the series. 
Some other compounds which had no isolated CH group sometimes showed absorption 
bands around the 800 cm-l region, of variable intensity, but no agreement could be 
found with the position and number of the substituents. 

3. C=O and OH stretching vibrations 

The OH stretching frequencies of this series are shown in Table III. In the 
tetralone derivatives, the C=O stretching frequencies appeared in almost the same 
region as in aryl ketones, and are shown in Table IV. 

3.1. Hydroxy-tetralones. The peri-hydroxyl group of the tetralone derivatives 
caused a large shift to shorter frequency, superimposing the absorption band on the 
absorption of Nujol. This fact proved that the group was strongly chelated with the 
carbonyl group. The other hydroxyl groups of tetralone gave no such shift. 
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TABLE II. THE 800 cm-l ABSORPTION 
2:3-Disubstituted derivatives 

Compound 

Substituent 

1 Cw C (8, 

Wave number 
(cm-‘) 

Tetralin 

Tetralone-(8) 

I-Tetralone-7-acetic acid 

OMe OMe 803 
OH OH 809 
OAc OAc 824 
OH OMe 807 
OH COMe 808 
OMe OMe 794 
OH OH 805 
OAc OAc 816 
OMe OMe 797 
OH OH 806 

1:3-, 1:2:3-, 1:2:CSubstituted tetralin derivatives 

Substituent 

Gl C 18) 
I - 

C (8) 

! Wave number 

C 
(cm-‘) 

(4) 

T 

OAc 
OH 
NO, 
NH2 
OH 
COMe 
COMe 
CHO 
CH%--CH==CHP 

CsH, 
C&I, 
Me 
Br 
Br 
Br 

H OAc H 
H OH H 
H NO, H 
H NH* H 
Me H OH 
OH OH H 
OMe OMe H 
OH OMe H 
OH OMe H 
OH OH H 
OH OMe H 
OH OMe H 
OH NO, H 
OMe NOa H 
OMe OMe H 

- I 

823 
812 
799 
817 
833 
810 
773 
776 
811 
810 
812 
814 
798 
798 
796 

1:2:CSubstituted tetralone-(8) derivatives 

Substituent 
Wave number 

C (1, C 
(cm-‘) 

(8) C, s, C (4, 

OMe 
OH 

813 
829 

Measured in Nujol. 
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TABLE III. OH STRETCHDG FREQUENCIES 

Tetralone-(8) derivatives 

Substituent 

C (1) I C ,I, 

OH ’ H 
OH H 
OH 
OH 

j H 

i Ee OH 
H 
H ~ g 

H I H 
H ~ OH 

C (3, 

H 
H 
H 
H 
H 
OH 
H 
H 
OH 

C (4, 

OAc 
OMe 
OH 
OH 
OH 
H 
H 
OH 
H 

H I 
H 
H 
CH,CO,H ! 
H 
H 
H 
H 
CH,CO,H 

VOH 

(cn+) 

- 
- 

3323 - 
3.554 - 
3280 - 
3529 3206 

3237 
3209 

3415 3253 

Tetralin derivatives 

Substituent 
I VOH 

C 
(cm-‘) 

(1, C (8, C (8, / CM, / 

H OH OH 
H OH 

’ OH 

I 
H 3562 

OH H OMe ~ 
H 3425 

I H I 4072 3471 

8-Hydroxytetralin-7-acetic acid lactone derivatives 

Substituent 
VOH 

OH ~ E I i / $3 I 3575 3287 
H 

/ 

3361 
H OH ’ H i H 3405 

1 I _ 

Measured in Nujol. 

Table IV shows that the C=O stretching vibrations of the peri-hydroxytetralone 
derivatives appear around 50 cm-’ lower in frequency than that of tetralone, showing 
that the vibrations are strongly influenced by hydrogen bonding. Thisshiftislargerthan 
the frequency shift of 40 cm-l in peri-hydroxyanthraquinone,1° and of 16-25 cm-l in 
peri-hydroxynaphthoquinone. Other hydroxytetralones than the peri-hydroxy- 
derivatives also showed frequency shifts of about 35 cm-l in C=O stretching vibrations, 
which might be caused by inter-molecular hydrogen bonding. 

3.2. y-Lactones. The C=O stretching vibrations of the y-lactone in 8-hydroxy- 
tetralin-7-acetic acid lactones appeared in a frequency range of 1725-1790 cm-l, and 
were fairly strongly affected by substituents attached to the aromatic ring. Table V 
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TABLE IV. C==O STRETCHING FREQUENCIES 
Tetralone-(8) derivatives 

C (1, 

H 
OH 
OH 
OH 
OAc 
OMe 
H 

NO, 
H 
H 
H 
H 
H 
H 
H 
H 
OMe 
OH 
H 
H 
H 
H 

!_ 
Substituent 

C (8) 1 C (8, 

H 
H 
H 
H 
H 
H 
H 
H 
OH 
OMe 
Me 

NO, 
H 
OH 
OMe 
OAc 
Me 
Me 
H 
H 
OH 
H 

l Liquid; others in Nujol. 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
OH 
OH 
OMe 
OAc 
H 
H 
H 
H 
H 
H 

1 

H 
OH 
OAc 
OMe 
OAc 
OMe 

NO, 
H 
H 
H 
H 
H 
H 
H 
H 
H 
OMe 
OH 
OH 
OAc 
H 
H 

H 1684 0* 
H 1612 -72 
H 1634 -50 
H 1637 -47 
H 1695 +11 
H 1679 -5 
H 1679 -5 
H 1693 +9 
H 1652 -32 
H 1682 -2 
H 1679 -5 
H 1684 0 
H 1649 -35 
H 1653 -31 
H 1662 -22 
H 1684 0 
H 1683 -1 
H 1618 -66 
H 1647 -37 
H 1685 +1 
CH,CO,H 1663 -21 
CO,Et 1680 -4 

i 

vc=o 
(cm-‘) 

Ave=o 
(cm-~) 

TABLE V. C==O STRETCHING FREQUENCIES 
8-Hydroxytetralin-7-acetic acid lactone derivatives 

Substituent 
vc=o Avc=o _ 

C (1, I 
C (2, I 

C (3, / 
C 

(cm-‘) (cm-‘) 
(4, 

H 
H 
OH 
H 
H 
H 
OAc 
H 
H 

H 
H 
H 
OH 
H 

NO, 
H 
H 
OAc 

H H 1764 
H OH 1726 
H OH 1726 
H H 1742 
H NO, 1780 
H H 1789 
H , OAc cu. 1770 
H OHc cu. 1770 
H H cu. 1770 

0 
-38 
-38 
-22 
+16 
$25 

cu. +6 
cu. +6- 
cu. +6 

Measured in Nujol. 
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shows their frequencies and shifts from the unsubstituted lactone. In the hydroxyl 
compounds, the shifts were 20-40 cm-l towards lower frequencies, but were smaller 
in all cases where the hydroxyl group was acetylated, overlapping the absorption band 
of the C=O band of the acetyl group. This fact suggests that inter-molecular hydrogen 
bonding might be present in these compounds. * On the other hand, a nitro group 
attached to the aromatic ring exerted a shift towards the higher frequency region as 
may also be seen in the Table. 

EXPERIMENTAL 

Samples were previouslyii prepared in the writer’s laboratory. 
Infrared spectra were measured with Koken Model DS-201 and -301 recording infrared spectro- 

photometers using a NaCl prism. 

Zusannnenfassung-Die Infrarotspektren von 61 Verbindungen der Tetralinreihe wurden gemessen. 
Die Deformationsschwingungen der abstehenden CH-Gruppen wurdendiskutiert. Sie erscheinen im 
allgemeinen nahezu im gleichen Frequenzbereich wie die der entsprechenden Benzolreihe. Nur mit 
wenigen Ausnahmen werden ihre Frequenzen durch Substituenten regular verschoben. Alle 
Verbindungen mit einer isolierten CH-Gruppe im aromatischen Ring zeigten eine ziemlich starke 
Absorptionsbande im 800 cm-l Bereich. Carbonyl- oder Hydroxylgruppe in peri-Stellung im Tetralon 
sind stark cheliert und zeigen eine Frequenzverschiebung in den Streckschwingungen. 

R&urn&-Les spectres infra rouges de 61 composes des series de la tetraline ont et6 determinCs et leurs 
vibrations “relatives” a la deformation des CH non plans ont ttC discutees. Celles-ci apparaissent, 
en general, a peu pres dans le m&me domaine de frequence que dans le cas des series benztniques 
correspondantes; a quelques exceptions prb leurs frequences varient regulierement avec les sub- 
stituants. Tous les composes comportant un groupement Ch isole dans le cycle aromatique presentent, 
dans la region 8OOcm-‘, des bandes d’absorption assez fortes qui peuvent &tre associees au cycle 
aromatique. 

Le groupement carbonyl ou hydroxyl de la tetralone, place en ptri, est fortement chelate et 
presente une variation de frtquence pour les vibrations de valente. 
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* This assumption is supported by the fact that the C==O stretching frequency (1773 cm-l) ofy-butyro- 
lactone shifted to 1744 cm-l when it was measured in phenol solution. 



Talanta. 1959. Vol. 3, pp. 72 to 80. Pergamon Press Ltd. printed in Northern Ireland 

UTILIZATION OF TERNARY AND ION-ASSOCIATION 
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OF TRACES OF IRON AS “FERROfN IODIDE” 
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Academy of Sciences, Praha, Czechoslovakia 

(Received 14 May 1959) 

Summary_--The complex cation Fe(Phen) se+ [Phen = 1 :lO-phenanthroline] reacts with certain anions 
forming slightly dissociated usually insoluble compounds, extractable by organic solvents, in particu- 
lar chloroform and nitrobenzene, The iodide complex Fe(Phen),I, (“ferroin iodide”) has proved 
very suitable for the extraction and calorimetric determination of bivalent iron. High selectivity of 
the method is ensured by the addition of EDTA* which masks all the elements which require considera- 
tion in practice. 

ONE of the most sensitive calorimetric determinations of traces of bivalent iron, 
using with 1 :lO-phenanthroline, is interfered with in many practical applications by 
the presence of certain cations. Phenanthroline is not a specific reagent for bivalent 
iron, and over a comparatively wide range of pH it reacts also with several other 
cations, forming soluble or insoluble, and usually also coloured complexes. Therefore 
the determination of iron is interfered with, for example, by the presence of silver, 
univalent and bivalent mercury (insoluble complexes) as well as by the presence 
of copper, cadmium, and cobalt (soluble, usually coloured complexes). Any 
colour of the test solution, whatever its cause, will interfere with the determination of 
iron because we must develop the colour reaction with phenanthroline directly in the 
solution. The phenanthroline complex with bivalent iron, Fe(Phen),+2 is, however, 
not extractable by the usual organic solvents (in the presence of e.g. nitrates and 
sulphates). Therefore a way has been sought of improving this method. The extracta- 
bility of the perchlorate complex of “ferroyn” by nitrobenzene makes possible, 
according to Margerun and Banks,l the determination of traces of iron in the presence 
of vanadium, chromium, manganese, nickel and zinc. The determination is interfered 
with according to these authors, by the presence of copper and cobalt which are also 
extracted as similar complexes into nitrobenzene. A short time ago Diehl and 
Buchanan2 utilized the extraction of the phenanthroline-cyanide complex of bivalent 
iron Fe(Phen),(CN), by chloroform or nitrobenzene for the calorimetric determina- 
tion of iron in the presence of copper. The disadvantage of this method is that for 
each concentration of copper it is necessary to prepare a special calibration curve. 

Many experiments have also been made to mask the interfering elements by 
complex-forming materials. An example is the determination of traces of iron in 
metallic bismuth suggested by Holmes3 who uses ethylenediaminetetra-acetic acid for 
the screening of bismuth (adding it after the reduction of iron in acid medium before 
adding the phenanthroline). 

l EDTA = Ethylenediaminetetra-acetic acid. 

72 
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The endeavour to improve the original calorimetric method of the determination 

of bivalent iron has also led many authors to study a wide range of derivatives of 
1: IO-phenanthroline. Smith and McCurdy,4 for example, recommend for the colori- 
metric determination of copper and iron the as yet not readily available reagent 4:7- 
diphenyl-1 :lO-phenanthroline the complex of which, with copper and bivalent iron, 
is readily extractable by chloroform and nitrobenzene and has, in addition, a consider- 
ably higher extinction coefficient than “ferro’in” proper. According to the authors, 
cobalt, which is not extracted, should not interfere in this case. Because of the price of 
this reagent it cannot be expected that this method will have an extensive use in 
routine analysis. 

In the course of a systematic study of the ternary complexes of phenanthroline of 
the type Me(Phen),X, (where X = Cl, Br, I and CNS) we have also paid attention to 
the corresponding complexes of bivalent iron. Their comparatively slight solubility 
in water is already known from the paper by Blaue5 who prepared many of them in 
solid form and analysed them. The iodide complex (subsequently called “ferro’in 
iodide”) is very slightly soluble, and relatively undissociated. By preliminary experi- 
ments we have not only verified Blaue’s results but have also confirmed our expecta- 
tion that these ternary complexes are soluble in a number of organic solvents. The 
early experiments have proved that “ferroi’n” can be quantitatively extracted by 
chloroform over a wide range of pH in the presence of iodide or sulphocyanide. 
Similar chloride and bromide complexes are not extracted. The increase of the 
selectivity of the “ferro’in iodide” extraction almost to the extent of absolute specificity 
was obtained with EDTA acid with which it is possible to screen practically all 
interfering bivalent to quadrivalent elements, under suitable conditions, without 

influencing the necessary reduction of tervalent iron to bivalent iron before the 
appropriate calorimetric determination. 

Reagents and solutions 

EXPERIMENTAL 

Standard solutions of ferrous and ferric iron (0.05 molar) were prepared from reagent grade 
ferrous ammonium sulphate and ferric ammonium sulphate respectively. Their titres were determined 
gravimetrically. Solutions of 1 . lO-s and 1 . 10e4 molar concentration were prepared by dilution. 

Solutions of 1 :10-phenanthrolme (5 . lo-* and 1 . lO-3 molar) were prepared by dissolution of a 
precisely weighed and calculated quantity of 1 :lO-phenanthroline, Guaranteed Reagent (Lachema, 
National Corporation, Brno) in warm redistilled water acidified by a minimum quantity of nitric 
acid. The resulting pH of the solutions was 3 to 5. 

Solutions of various metal salts were also prepared from reagent grade chemicals. The concen- 
tration of these solutions was controlled complexometrically. 

The disodium salt of ethylenediaminetetra-acetic acid (EDTA) was used in solid form. The 
product “Chelaton 3” (Lachema, National Corporation, Brno) was employed. 

30 % solutions of potassium iodide and 20 % solutions of potassium thiocyanate were also prepared 
from reagent grade chemicals. 

Apparatus 

The adjustment of the pH of the solutions was controlled potentiometrically with a glass electrode. 
The measurement was carried out with a pH meter, (Kovodruistvo, Praha). 

The calorimetric measurement was carried out by a deflection photometer (Laboratornl potieby, 
National Corporation, Praha) with the use of suitable filter. 

The spectrophotometric measurements were carried out on a spectrophotometer (Uvispek, 
Hilger, London). 
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EXTRACTION OF BIVALENT IRON IN THE FORM OF ITS 
TERNARY COM.PLEX WITH PHENANTHROLINE AND IODIDE 

As mentioned in the introductory part it is possible to extract the red-orange complex of ferrous 
iron with 1 :10-phenanthroline (“ferroin”) in the presence of excess of iodide ions by organic solvents, 
in particular by chloroform. In order to ascertain the basic optical properties of the chloroform 
solutions of various ternary complexes of bivalent iron the following series of tests was carried out: 

A solution containing bivalent iron was mixed in a loo-ml beaker with phenanthroline solution, 
potassium iodide solution, and ammonium thiocyanate solution, diluted with water to approximately 

400 440 400 520 560 

m/ 
FIG. 1. Absorption spectra of complexes of ferrous iron (4 x 10-6M). (1) aqueous solution 
of “ferrom,” (2) chloroform sol&ion of “ferrohi iodide”, (3) aqueous solution of “ferroln” 

thiocyanate (4) chloroform solution of “ferroin thiocyanate.” 

25 ml and 25 ml of chloroform were added. The solution was thoroughly stirred by a magnetic 
stirrer. The chloroform layer was separated from water in a separating funnel with a long stem, then 
poured through a folded filter paper into a 25ml measuring flask. The filter was rinsed with chloro- 
form which was also collected into the flask. After adjustment to the mark the solution was measured 
photometrically in a l-cm cell. If not otherwise mentioned the procedure was the same in all further 
measurements. The basic spectra are shown in the graphs of Fig. 1. 

Here curve (1) represents the absorption spectrum of “ferrom” (the solution of “ferrom iodide” 
in water has the same form) curve (2) represents the absorption spectrum of “ferrom iodide” in 
chloroform, curve (3) the spectrum of “ferro’in thiocyanate” in water and finally curve (4) the spectrum 
of “ferroln thiocyanate” in chloroform. All the measurements were made under the same conditions 
of concentration. 

From the form of curves (1) and (2) it is evident that the extinction coefficient of “ferroln” in 
water and of “ferroln iodide” in chloroform is practically the same (in the range of maximum absorp- 
tion); a change of the absorption occurs only in the region of shorter wave lengths and a slight shift 
of the absorption maximum, from 510 to 515 m,u, takes place. The absorption spectra of the aqueous 
and chloroform solutions of “ferrom thiocyanate”, however, differ from each other [curves (3) and 
(4)]. The shift of the absorption maximum is small but at the same time the decrease of the extinction 
coefficient is considerable. Because of the lower sensitivity the extinction of iron in the form of 
phenanthroline-thiocyanate complex has not been studied more closely. 

DEPENDENCE OF THE EXTRACTION OF “FERROI(N IODIDE” 
ON THE CONCENTRATIONS OF 1: IO-PHENANTHROLINE, IODIDE, 

ON pH AND ON THE TYPE OF THE ORGANIC SOLVENT USED. 

Iny¶uence of the concentration of 1: IO-phenanthroline 

This has been followed by the method of the shift of balance (the so-called titration curve was 
measured). To a constant quantity of ferrous iron an increasing quantity of phenanthroline of the 
same molarity was added. The extraction was carried out with chloroform in the presence of a 
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constant large excess of potassium iodide and by the same procedure as described in the preceding 
paragraph. Fig. 2 shows the curve obtained from the extinction values at 515 rnp. 

From the form of the curve it is immediately evident that the extraction of “ferrom iodide”(thatis, 
the extinction of the extract) is constant above the ratio Fe+a : Phen = 1 : 6. It is known that water 
solutions with excess of phenanthroline contain only complex with a ratio of components 1 : 3, Le. 

0.50 

A 
0.25 

0.10 

0 
I 

1:3 
I I I 

I:6 1:10 

Fe: Phen 

FIG. 2. Extinction of “ferroin iodide” extract vs. excess of phenanthroline (titration curve). 
25 ml of solution containing 1 ml of 1 x 10-3M Fe 2+, 1 to 10 ml of 1 x 10ASM 1 :lO-phenan- 

throline and 5 ml of 30% solution of KI extracted by 25 ml of chloroform. 

with the composition Fe(Phen),2+. The two breaks in thecurve prove that the complex Fe(Phen),I, is 
extracted and, in the presence of excess of phenanthroline, also another complex containing also 
three further molecules of phenanthroline. (Note the sharp break on the curve in the proximity of the 
ratio 1 : 6). It is at present not possible without a more detailed study to decide how the further three 
molecules of phenanthroline are bonded. In nonaqueous (chloroform) medium a different behaviour 
of “ferro’in iodide” from that in water may be expected; but the presupposition that a solvate of the 
type Fe(Phen),I,.3 Phen is being formed is hardly likely in view of the sharpness of the break in the 
proximity of the ratio 1:6, which proves the comparatively considerable stability of the bonding of the 
further three molecules of phenanthroline in the extracted complex. A more detailed study of this 
question has not yet been carried out. 

Znjtlence of KI concentration 

A constant quantity of ferrous iron (4 . 10-SM) was extracted from solutions containing different 
amounts of potassium iodide in the presence of a constant quantity of phenanthroline and the light 

c 

MKI 

FIG. 3. Extraction (in %) of “ferroin iodide” vs. concentration of iodide. Concentration of 
iron: 4 x 10-5M, of phenanthroline: 4 x 10-4M. 
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absorption of chloroform extracts was measured again. Fig. 3 shows the per cent extraction of 
bivalent iron as “ferroIn iodide” in relation to the molarity of the present potassium iodide. From the 
graph it is evident that only high concentrations of iodide (5000 times more than the iron) suppress the 
dissociation of small amounts of the complex Pe(Phen),I, so much that its quantitative formation as 
well as its quantitative extraction in chloroform is made possible. The removal of the complex 
from the water phase obviously influences this balance favourably. 

Inzuence of pH 

The completeness of the extraction in relation to the pH of the water solution was studied by 
preparing a water solution of “ferrofn iodide” under constant concentration conditions (the original 
pH being approximately 4), the pH of the solution being adjusted with O.lNhydrochloric acid or O.lN 

I 
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1 
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PH 

FIG. 4. Extraction (in %) of “ferroln iodide” vs. pH. Concentration of iron: 4 x 10-6M, of 
phenanthroline: 4 x 10m4M and of potassium iodide: 2 x lo-IM. 

sodium hydroxide, controlling potentiometrically with a glass electrode to the required value; the 
solution was diluted to 25 ml and extracted by the already described method with 25 ml of chloroform. 
From the curve in Fig. 4 it is evident that the extraction is quantitative in the range pH 2.5-10 which 
in practice is the pH range of stability of “ferroxn”. 

Influence of the organic solvent 

Besides chloroform, other solvents were also used for the extraction. The complex is only partly 
extracted by alcohols (aliphatic and aromatic). Ketones, hydrocarbons, tributylphosphate, carbon 
tetrachloride, carbon bisulphide or monochlorobenzene do not extract “ferroln iodide” at all. 

REDUCTION OF FERRIC IRON AND EXTRACTION OF 
“FERROIN IODIDE” IN THE PRESENCE OF EDTA 

It is known that the calorimetric determination of iron as “ferroIn” is interfered with by the presence 
of all elements forming sufficiently stable complexes with 1 :lO-phenanthroline. This is also the case 
in its determination as “ferroin iodide” where, in addition, elements reacting with iodide, e.g. copper, 
lead etc., interfere. The interfering influence of all these elements can be totally eliminated by screen- 
ing with EDTA. It was, of course, necessary to determine whether an excess of EDTA might not 
interfere in the extraction of bivalent iron. In normal analytical practice, however, iron is encountered 
in tervalent form. Therefore it was also necessary to study the conditions of the reduction of tervalent 
iron in the presence of high EDTA concentrations. That increase of selectivity in the colorirnetric 
determination of iron is possible by using EDTA can be seen from Fig. 5, which shows the dependence 
on pH of the apparent stability constantsBs7,* (conditions constant) of all four complexes Fe(Phen),+a 
(curve 2), Fe(Phen),8f (curve 3), FeY-2 (curve 4) and Fey-l (curve 1). (Y = anion of EDTA). From 
curves (1) and (3) it is evident that the complex of tervalent iron with EDTA is much more stable than 
with phenanthroline. Curves (2) and (4), on the contrary, prove that, for example, at pH 5-6 the 
stability constant of “ferro!n” is approximately 15 times higher in order than the stability constant 
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FIG. 5. Apparenl stability constant vs. pH. (1) Fey-; (2) Fe(Phen),e+; (3) Fe(Phema3f; (4) FeYB- 

of the iron complex with EDTA. Therefore the formation of “ferroin” in the presence of EDTA must 
follow a completely smooth course at the given pH assuming that the tervalent iron compounded in a 
complex with EDTA is quantitatively reduced. A series of tests was therefore carried out on the 
reduction of the complex Fey-l in the presence of phenanthrolme which, according to the equation 
(l), should in fact encourage the reduction of tervalent iron: 

FeY- + 3 Phen + e-l + 2H+l G Fe(Phen),+z + HSYY-a (1) 

Hydroxylamine has proved satisfactory for the reduction of iron, especially at increased temperature 
(approximately 50”). Tests have confirmed our theoretical assumption that the reduction of tervalent 
iron is quantitative in the presence of practically any amount of EDTA if a sufficient quantity of 
phenanthroline is simultaneously present and the pH of the solution is suitable (influence of pH on the 
redox potential of the system). In solutions of pH 5-8 at a temperature of approximately 50” the 
reduction of iron is smooth and quantitative in the presence of about twenty times as much phenan- 
throline as iron. A sufficient excess of hydroxylamine is used for the reduction. The extraction of the 
already formed “ferro’in iodide” is also not interfered with by the presence of EDTA. Proof of this is 
found in Fig. 6. The points on the calibration curve marked with a circle indicate the extinction 
values for the “ferro’m iodide” extract, and those marked with a square show the extinction of 
“ferroln iodide” in the presence of 1 g of EDTA in 25 ml of aqueous phase. 

The calibration curve was obtained by the following series of tests: a solution containing ferric 
ammonium sulphate (0.44-3.79 ,ug in 1 ml) was diluted to about 10 ml, the pH value was adjusted with 
aqueous ammonia (1 : 1) to pH 7-8 (glass electrode). After addition of 5 ml of 10 ‘A solution of hydroxy- 
lamine hydrochloride (previously neutralized to pH 7-8) and of’4 ml of 0.05 molar phenanthroline 
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pgFe/ml 

FIG. 6. Calibration curve for the determination of iron as “ferroln iodide” 0 for “ferrom 
iodide” q for “ferroln iodide” in the presence of EDTA. 

the solution was heated to 40” to 60”. After 2 minutes the solution was cooled to room temperature, 
5 ml of 30% solution of potassium iodide were added, the solution was diluted to 25 ml and extracted 
with 25 ml of chloroform as described above. The light absorption was measured on a calorimeter 
with the use of a 510 m,u filter. A series of tests with solutions containing 1 g of EDTA (EDTA is 

dissolved only after adjusting the pH of the solution) was carried out in the same manner. 

TABLE 1. DETERMINATION OF IRON BY EXTRACTION OF 

“FERROIN IODIDE” WITH CHLOROFORM IN THE PRESENCE 

OF A NUMBER OF METALS* 

Present Found 

____ 

Fe &ml 

0.66 
l-32 
1.98 
2.64 
3.33 
3.96 
2.64 
2.64 
2.64 
2.64 
264 
2.64 
2.64 
2.64 
2.64 
2,64 
2.64 
2.64 
2.64 
2.64 

- 

- 

Other metal 

mglml 
Fe ,qdml Error in % 

- 
- 
- 
- 
- 
- 

2.3 Ni 
2,7 Zn 
3.1 Mn 
2.0 Cr 

29.0 Bi 
28.0 Pb 

2.7 AI 
21.0 u 

1.9 Ti 
9.1 Zr 

26.0 Th 
ll+OCd 
8.0 Cu 
4.6 Co 

I 

0.68 t3.3 
1.31 -0.7 
1.95 -1.5 
2.64 0.0 
3.30 -1.0 
3.91 -1.2 
2.66 $0.8 
2.64 0.0 
2.67 +1.2 
2.68 +1.4 
2,64 0.0 
2.66 f0.8 
2.62 -0.8 
2.64 0.0 
2.67 t1.2 
2.62 -0.8 
2.61 -1.2 
2.68 +1.2 
2.64 0.0 
2.68 f1.4 

- 
* The stated results are the mean value of three determinations. 
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DETERMINATION OF TRACES OF IRON IN 
THE PRESENCE OF OTHER ELEMENTS 

By the method just described it is possible to determine traces of iron in the presence of a range of 
elements if they are screened by EDTA; this also prevents hydrolysis of certain elements which would 
otherwise not interfere in the determination. Both the masking and the extraction can be carried out 
in the pH range 5-8. Copper and cobalt are an exception. Copper can be completely masked against 
phenanthroline by means of EDTA at pH 7-8 (it is possible also at higher pH but here,the sensitivity 
of the reaction of phenanthroline with ferrous iron decreases). Small quantities of cobalt are screened 
by EDTA at pH values above 9. Higher concentrations, however, interfere at this pH since the 
phenanthroline-iodide complex of cobalt is formed and this is also extractable. A subsequent paper 

TABLE II. DETERMINATION OF IRON IN METALS AND ALLOYS 
I I 

Sample Composition, % ‘yet’; Of Found, Fe,* % 
‘O 

I I I 
Pure “cobalte” 99.40 Co, 0.42 Ni 

0.03 Cu, 0.04 Cr 
0.22 Si, traces 

of P, S, As 

0.10 0.096 

Bronze 58.4 Cu, 39.20 Zn 
1.02 Pb, 0.12 Ni 
0.33 Al, 0.01 Mn 0.40 0.403 
0.02 Si, 0.48 Sn 
0.02 Mg, 0.01 Ag 

Waspaloy NBS, 
No. 349 

57.14 Ni, 19.45 Cr 
13.95 Co, 4.03 MO 
3.11 Ti, 1.25 Al 
0.30 Si, 0.42 Mn 

0.006 Cu, 0.077 Zr 
0+X)43 B, 0.074 C 
traces of P and S 

0.142 0.138 

. 

* The stated results of the determination of iron are the mean value of 
three determinations. 

will discuss the selective extraction and analytical utilization of this complex. In the presence of 
cobalt it is therefore necessary to modify the procedure by previously converting the cobalt into the 
complex of tervalent cobalt with EDTA. In the presence of copper it is sufficient to adjust the pH of 
the solution to a value of 7-8 before the reduction with hydroxylamine. 

DETERMINATION OF TRACES OF IRON 
IN THE PRESENCE OF COBALT 

Procedure: To 5 ml of the solution (2 to 20 pg per 1 ml) add an amount of EDTA sufficient to 
bond cobalt (and other elements), adjust the pH to 7-8 and add several drops of 10% hydrogen 
peroxide. Oxidize the cobalt to the tervalent form (COY-~) and simultaneously remove the excess of 
peroxide by boiling for several minutes. After cooling to approximately 50” add 5 ml of 10% hydroxyl- 
amine hydrochloride solution (pH 7-8) and 4 ml of 0.05 molar phenanthroline. After cooling proceed 
as already mentioned. Table I shows typical results for the determination of traces of iron in the 
presence of various elements. 

PRACTICAL APPLICATION 

The suggested method has proved satisfactory in certain samples-“pure cobalt”, bronze and a 
special alloy. After dissolution of the sample in nitric acid or in aqua regia the solution was adjusted 
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to a suitable volume. In an aliquot (usually 5 ml) iron was determined by the method described. 
Oxidation with hydrogen peroxide was carried out in samples containing cobalt. The results are 
given in Table II. 

Acknowledgement-The authors wish to thank Dr. K. L. Cheng, Metals Division, Kelsey-Hayes 
Comp., Utica, N.Y. for supplying a sample of the alloy Waspaloy used in this work. 

Zusarnmenfassung-Das komplexe Kation Fe(Phen)3z+ (Phen = I,lO-Phenantrolin) reagiert mit 
gewisscn Anionen unter Bildung schwach dissoziierter oder praktisch unloslicher Verbindungen, die 
mit organischen Liisemittem (vorwiegend Chloroform und Nitrobenzol) ausgeschiittelt werden 
k&men. Der Komplex Fe(Phen),J, (“Ferroinjodid”) hat sich fur die Extraktion und photometrische 
Bestimmung von zweiwertigem Eiscn als tiusserst brauchbar erwiesen. Hohe Selektivitst der Methode 
wird durch Zugabe von ADTA erreicht, wodurch alle tiblichen Stormetalle ausgeschaltet werden. 

R&un&Le cation complexe Fe(Phen)*,+ (oh Phen = 1 :I0 phenanthroline) reagit avec certains 
anions en donnant des composes peu dissocies et pratiquement insolubles, extractibles par des 
solvants organiques principalement par le chloroforme et le nitrobenztne. Le complexe iodure 
Fe(Phen),I, (iodure de ferrione) s’est rev616 tres adapt6 pour l’extraction et le dosage colorimetrique 
du fer divalent. La grande selectivite de la methode est augmented par l’addition de EDTA qui 
Blimine tous les elements dont on doit tenir compte en pratique. 
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ANALYTICAL APPLICATIONS OF XYLENOL ORANGE-III. 

SPECTROPHOTOMETRIC STUDY ON THE 

HAFNIUM-XYLENOL ORANGE COMPLEX 

K. L. CHENG 
Metals Division, Kelsey-Hayes Co., New Hartford, N.Y., U.S.A. 

(Received 18 May 1959) 

Snmmary-Hafnium reacts similarly to zirconium with Xylenol Orange. The hafnium-Xylenol 
Orange complex shows almost identical maximum absorption as the zirconium-Xylenol Orange 
complex at 535-540 mp. The reagent gives a more sensitive reaction with hafnium than with zirconium. 
The molar absorption of the hafnium-Xylenol Orange complex was found to be 48,700 at 540 mp. 
The formation constant of the hafnium complex was calculated as 3.2 x lo6 in 0.3N perchloric acid. 
The conditions for using Xylenol Orange as a reagent for determining hafnium have heen studied. 
Only zirconium or hafnium gives a purplish-red colour reaction with Xylenol Orange in O.Wperchloric 
acid in the presence of hydroxylamine hydrochloride, which masks both iron and bismuth. Hafnium 
may be distinguished from zirconium since zirconium can be masked by hydrogen peroxide. Beryllium 
may be used as a demasking agent in the determination of zirconium or hafnium in the presence of 
fluoride. 

INTRODUCTION 

IN previous papers, lp2 Xylenol Orange has been successfully used as a sensitive and 

selective, reagent for zirconium. The zirconium-Xylenol Orange complex has been 

investigated spectrophotometically. 3 Recently this laboratory needed a sensitive 
method for determining small amounts of hafnium in high temperature alloys. This 
paper describes the results of a spectrophotometric study on the hafnium-Xylenol 
Orange complex and the application of this reagent to the determination of trace 
amounts of hafnium. 

Reagents 
EXPERIMENTAL 

Xylenol Orange solution: 0.05 % aqueous solution. This gave a concentration of 8 x 1O-4M. 
A 4 x 10-5M solution in 0.8N perchloric acid was prepared by appropriate dilution. 

Standard hufnium solution: Accurately weighed, 0.1786 g of super-pure hafnium, prepared by the 
iodide process, was carefully dissolved in a platinum crucible by adding 1 ml of concentrated hydro- 
chloric acid, 5 ml of water, and 2 to 3 drops of hydrofluoric acid. It was covered and gently warmed 
until all hafnium was in solution. The cover was rinsed with the minimum amount of water into the 
crucible. The content was evaporated to a few ml on a hot plate which was covered with asbestos. 
It was evaporated again, after addition of 4 ml of concentrated sulphuric acid, until it was fumed to a 
volume of approximately 1 to 2 ml. After cooling, 10 ml of water were carefully added, upon which 
hafnium was precipitated. The crucible was covered and heated until the precipitate was dissolved. 
After cooling, it was transferred into a 100~ml volumetric flask, rinsed, and made up to volume with 
0.3N perchloric acid. This solution was presumably to be O.OlOOM. It was found to be 0.0099~4 
by EDTA standardization. A solution containing 5 to 10 ,ug hafnium per ml was prepared by approp- 
riate dilution. 

EDTA stanaiudizution of hafnium solution: Attempted standardization of the hafnium solution 
by direct EDTA titration at pH 1 using Xylenol Orange as the indicator gave no sharp end-point 
whether the titration was carried out at room temperature or at 100”. Addition of a slight excess 
EDTA and back-titration with a standard copper nitrate solution at pH 3 to 5 using PAN as the 
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indicator gave a gradually fading end-point as copper displaced hafnium. A good end-point with 
PAN at pH 6 was obtained by using a zinc solution as the back titrant. To IO ml of approximately 
O.OlM hafnium solution in a porcelain dish or crucible were added 25 ml of 0.005Mstandard EDTA 
solution. After adjusting the pH to approximately 6 to 7, the solution was back-titrated with a 
standard 0.005M zinc solution using 4 drops of 0.1% PAN solution as the indicator. The end-point 
change was from yellow to faint pink. In the previous work zirconium was successfully standardized 
either by the direct EDTA titration at pH 1 using Xylenol Orange as the indicator at 80” or by the 
EDTA back-titration, with copper as the back titrant, at pH 3 using PAN as the indicator. The 
stability constants (log K) of the EDTA complexes of zirconium, hafnium, and copper have heen 

400 450 500 550 

Wavelength. rn,~ 

FIG. I.--Spectra of Xylenol Orange and its hafnium complex. 

reported to be 19.9, 19.2, and 18.8 respectively. From the reported values, it is interesting to note 
that hafnium behaved differently from zirconium in the EDTA titration under similar conditions. 

The absorbance measurements were made with a Cary Spectrophotometer, Model 14, and a 
Beckman Spectrophotometer, Model DU. ADyna Cath was used for the mercury cathode separation. 

Fig. 1 shows that the maximum absorption of the hafnium-Xylenol Orange complex is at 530 m,u 
in 0.3N perchloric acid. A wavelength of 535 rnp is suggested for the measurement since it offers 
maximum absorption when Xylenol Orange is used as the blank. This wavelength is almost identical 
with the maximum absorption wavelength of the zirconium-Xylenol Orange complex. It is also noted 
that in O.SNperchloric acid medium the pure Xylenol Orange solution showed a small peak at 507 rnp 
and that the zirconium Xylenol Orange complex had a small peak at 340 m/h. 

Calibration curve 

To 25-ml volumetric flasks were added 0, 1, 2, 4, 6, 8, and 9 ml of 5 x 10-6M hafnium solution 
and 3 ml of 8 x 10-4M Xylenol Orange solution in 0.3N perchloric acid. The flasks were made to 
volume with 0.3N perchloric acid. The absorbance measurements were made at 540 m,u using a 
reagent blank. Beer’s law was followed. For more than 80 ,ug hafnium in 25 ml the absorbance was 
slightly off the straight line. By increasing the amount of Xylenol Orange, Beer’s law may follow 
for larger amounts of hafnium. Since the colour develops rapidly and is stable, no particular attention 
need be paid to the time of standing. Fig. 2 shows calibration curves with and without addition of 
hydrogen peroxide. Since hydrogen peroxide also diminishes the colour intensity of the hafnium 
complex, it would therefore be expected that the curve with addition of hydrogen peroxide would be 
different from that without hydrogen peroxide. 
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FIG. 2.-Calibration curve. 

Specificity 

In Part I of this series, the qualitative results of Xylenol Orange in 0.2N sulphuric acid medium 
indicate that niobium, tin,‘r and molybdenum also gave light pink or yellow-orange colours as well 
as hafnium, zirconium, iron”‘, and bismuth. It was also true that in 0.3N perchloric acid, in the 
presence of hy~oxyIamine hydrochloride and O.SNperchloric acid, only zirconium and h~niumgave 
a polish-red colour. Such a colour reaction seems to be highly selective for zirconium or hafnium 
under the conditions tested. Hydrogen peroxide formed a precipitate or complex with zirconium in 
OSN to l.ON perchloric acid medium and had less effect on hafnium under similar conditions. 
Therefore, it was possible to distinguish the two metals. A simple test was conducted: One drop of 
O.OlMzirconium or hafnium solution (in 0.2N sulphuric acid) was mixed with 4 to 5 drops of 0.8N 
perchloric acid and one drop of 307; hydrogen peroxide. Zirconium did not give any significant 
colour change and hafnium gave a red to purplish colour upon addition of one drop of 0.05 % Xylenol 
Orange solution. 

Sensitivity 

The Xylenol Orange in 0.8N perchloric acid gave a less sensitive colour reaction with hafnium 
than with zirconium. The molar absorption of the hafnium-Xylenol Orange complex was found to be 
25,100 at 535 mp as compared with 38,800 for that of the zirconium-Xylenol Orange complex at 
540 m/c in O.&V perchloric acid medium. However, in the optimum acid concentration of 0.3N 
perchloric acid, the molar absorption of the hafnium complex was found to be 48,700, which is much 
higher than that of the zirconium complex.3 

Effect of anions 

Anions such as EDTA, oxalate, phosphate, thiosulphate, fluoride, and sulphate inhibited the 
colour of the hafnium complex as well as that of the zirconium complex. As compared with the 
zirconium complex, the hafnium complex could tolerate less sulphate (see Fig. 3). Large amounts of 
thioglycollic acid also decreased the absorbance slightly. If 1 ml of 1 oA thioglycollic acid is used, the 
same amount of thioglycollic acid should be added in preparing the calibration curve. The inter- 
ference of fluoride could be eliminated by beryllium. The results of determining zirconium or hafnium 
in the presence of fluoride are shown in Table I. For amounts of fluoride and zirconium or hafnium 
studied, the optimum amount of beryllium required is 1.5 millimoles. Apparently fluoride formed a 
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FIG. 3.-Effect of sulphate 

TABLE I. DETERMINATION OF ZIRCONIUM AND HAFNKJM IN PRESENCE OF 

FLUORIDE BY USING BERYLLIUM AS DEMASKING AGENT 

Zirconium 

Metal present, 
millimole X lo-’ 

1.92 10 
1.92 10 
1.92 10 
1.92 10 
1.92 10 
1.92 10 
1.92 10 

T 

- 

Potassium fluoride Beryllium chloride 
added, added, 

millimole X 1O-4 millimole X 1O-4 

none I 
I 

none 

10 
100 

1,000 
1,500 

10,000 
15,000 
20,000 
20,000 

Hafnium 
- 

1.92 10 
1.92 10 
1.92 10 
1.92 10 
1.92 10 
3.84 10 
3.84 20 
3.84 20 
3.84 20 
3.84 20 
3.84 20 
none none 

- 

- 

- 

- 

- 

- 

Recovery, 

% 

58.2 
52.8 
72.0 
72.7 
97.7 

100.5 
107.5 

0.0 

91.1 
92.4 

101.6 
105.0 
108.0 
98.5 
89.9 
93.0 
96.5 

105.3 
109.5 

1.8 

stronger complex with zirconium in 0.8N perchloric acid than with hafnium in 0.3N perchloric acid, 
and therefore more beryllium was needed to demask fluoride which masked the zirconium colour. 
Since large amounts of beryllium salt gave a slight blank in the 0.3N perchloric acid medium, a blank 
determination should be made. It was also noticed that large amounts of chloride gave slightly 
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higher absorbance. Aluminium could also be used for demaskmg fluoride but proved less efficient 
than beryllium. Under the experimental conditions boric acid could not demask fluoride from the 
zirconium or hafnium complex. 

Effect of acid concentration 

The effect of acid concentrations on the colour development of the Xylenol Orange complexes of 
zirconium was different from that for hafnium, (see Fig. 4 and compare Fig. 3 in reference’.) The 

0 
Nemdity 

FIG. Il.-Effect of acid concentration. 

optimum acid concentration for the hafnium complex was 0.3N of perchloric acid. Acid concentra- 
tions higher than 0.4N greatly diminished the colour intensity. The hafnium complex tolerated less, 
and required a narrower range of acid concentration. The acidity should be carefully controlled, 
since increase in acidity tended to shift the maximum absorption of the Xylenol Orange solution to 
a longer wavelength. 

An attempt was made to determine hafnium in the presence of zirconium through control of 
acidity. Both the hafnium and zirconium complexes absorb appreciably in 0.5N perchloric acid, 
while in 1 .ON perchloric acid only the zirconium complex absorbs appreciably. Thus if the colour of 
a mixture of zirconium and hafnium solution is developed at 0.6N acidity and later at l.ON acidity, 
the difference of the absorbance would represent the amount of hafnium. The actual results obtained 
were about 20-30% high, probably due to difficulty in control of acidity. 

Effect of Xylenol Orange 

In 0.3N perchloric acid, 3 ml of 0.05 % Xylenol Orange are recommended for from 10 to 80 pg 
of hafnium. Too large amounts of the dye tended to decrease the absorbance. It is possible that in 
the presence of large excess of the dye, zirconium or hafnium may form a complex other than a 
1 : 1 complex. The dye may be expected to vary in purity from lot to lot, and therefore a new calibra- 
tion curve should be prepared for each fresh lot of dye used. 

Formation constant 

The mole ratio and the formation constant of the hafnium-Xylenol Orange complex has been 
determined spectrophotometrically by the same method as that previously reported for the zirconium- 
Xylenol Orange complex. It is evident that hafnium like zirconium also formed a 1 : 1 complex with 
Xylenol Orange. T’he formation constant (&) for the hafnium-Xylenol Orange complex in 0.3N 
perchloric acid was calculated from Job’s curves, shown in Fig. 5, as 3.2 x 108. It is slightly lower 
than that of the zirconium-Xylenol Orange complexJ (Kr = 4.0 x 10”). It seems to agree with the 
general trend that hafnium forms a slightly less stable complex than zirconium. 
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'Masking effect of hydrogen peroxide 

It was reported previously from qualitative tests that hydrogen peroxide could easily mask the 
zirconium-Xylenol Orange complex in 0.2N sulphuric acid medium, but not the hafnium-Xylenol 
Orange complex. An extensive investigation was made to see if this masking action could be utilized 
in the determination of hafnium in the presence of zirconium. 

0 0.1 Q2 03 04 05 O-6 C-7 0.8 0.9 I 1 

k@/hfl+[xa] 
FIG. 5.--Job’s curves. 

I, and II, are corrected curves of I and II respectively. 

Effect of hydrogen peroxide on absorbance of pure hafnium solutions: Addition of from 1-4 ml of 
15 % hydrogen peroxide per 25 ml, before addition of Xylenol Orange to a hafnium solution gave a 
lower absorbance than that with no hydrogen peroxide added. The absorbance increased gradually 
with time of standing, reaching a maximum value between 1.5 and 2.0 hours (Fig. 6). Heating 
hastened the colour development but the colour faded rapidly. A calibration curve prepared from 
10 to 80 ,ug hafnium with 2 ml 15 % hydrogen peroxide and 1.5 to 2.0 hours standing also followed 
Beer’s law. But the slope of the curve was lower than that prepared without hydrogen peroxide. 
When hydrogen peroxide was added after the colour had been developed, the colour decreased with 
time and merged after about 3 hours with the curve prepared by addition of hydrogen peroxide before 
the colour had been developed. During the first 10 to 15 minutes, however, the absorbance was 
essentially constant, thus offering a possibility of measuring the absorbance, which was only slightly 
lower than that without hydrogen peroxide at its maximum. A calibration curve prepared under this 
condition also followed Beer’s law. Hydrogen peroxide inhibited almost completely the colour 
development of the zirconium-Xylenol Orange complex regardless of whether the hydrogen peroxide 
was added before or after the colour development. The absorbance varied only slightly with lapse 
of time. 

Effect of hydrogen peroxide on recovery of hafnium in the presence of zirconium: From the results 
shown in Fig. 6, it can readily be assumed that the determination of hafnium in the presence of 
zirconium, or oice versa, would be possible. However, the experimental results were not so satis- 
factory as expected. Table II indicates that the presence of 17.5 ,ug of zirconium does not show any 
significant effect on the absorbance of the hafnium-Xylenol Orange complex, but that larger amounts 
of zirconium decrease the absorbance of the hafnium complex. Various mixtures of hafnium and . 
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Time, hr 

FIG. C-Effect of standing. 

zirconium were analyzed for hafnium recovery. The results in Table II show that the smallest amount 
of hafnium (17.5 ,ug) gave the best recoveries with both curves. By using the curve with 52.5 pug of 
zirconium added, the average recovery of known amounts of hafnium was approximately +5%. 
The present results suggest a new approach to the study of the selective determination of zirconium 
in the presence of hafnium and oice versa through the use of other complexing agents in a manner 
analogous to the use of Xylenol Orange and hydrogen peroxide. 

The masking action of hydrogen peroxide on the zirconium Xylenol Orange complex is probably 
based on the formation of a relatively stable zirconyl peroxide complex: 

;; 
HO-Zr-OOH 

t 
H,O 

Though the formation constant of zirccnyl peroxide is not known, it is presumably not greatly 
different from that of the zirconium-Xylenol Orange complex because the change in concentration 
of hydrogen peroxide or Xylenol Orange would shift the following equilibrium, 

Zr-Xylenol Orange + H,O, + zirconyl peroxide + Xylenol Orange. 

It is rather difficult to understand the fact that the presence of relatively large amounts of zirconium 
tended to decrease the recovery of hafnium. Further study is needed to ascertain if the masking action 
of hydrogen peroxide can be applied to the quantitative determination of hafnium in the presence of 
wide range of zirconium. However, from the present results, it may be applied to the estimation of 
purity of hafnium metal or its salt when pure hafnium metal is available as a standard. 

Effect of sulphate in presence of hydrogen peroxide: When hydrogen peroxide is present, 0.01 to 
10 mmole of sulphate gave a constant absorbance for the hafnium-Xylenol Orange complex (Fig. 3). 
This is different behaviour from that caused by the addition of sulphate to the sample in the absence 
of peroxide, where the absorbance decreased rapidly. Addition of 0.1 mmole of sulphate gave 
slightly higher absorbance of the hafnium-Xylenol Orange complex in the presence of peroxide than 
in the absence of peroxide. 

Effect qf other compounds in presence of hydrogen peroxide: For the solution containing 68.6 pg 
hafnium, 35.0 pg zirconium and 1 ml .of 30% hydrogen peroxide, approximately 75% to 77% 
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TABLE II. DE TERMINATION OF HAFNIUM IN HAFNIUh4 AND ZIRCONIUM MIXTURE 

USING HYDROGEN PEROXIDE AS MASKING AGENT 

Mixture, ,q 

Hf 

17.15 
17.15 
17.15 
17.15 

34.3 
34.3 
34.3 
34.3 

68.6 
68.6 
68.6 
68.6 

Zr 

17.5 18.5 107.0 17.15 100.0 
35.0 19.5 112.5 16.0 96.2 
52.5 18.0 104.2 17.3 101.5 

105.0 16.7 96.5 15.8 94.0 

17.5 39.5 
35.0 38.5 
52.5 34.6 

105.0 28.8 

116.0 41.0 117.0 
113.2 38.1 110.0 
101.4 36.3 105.0 
84.7 26.8 80.9 

17.5 73.2 106.4 92.0 131.7 
35.0 67.8 98.6 73.5 105.7 
52.5 62.5 91.0 76.0 108.7 

105.0 50.7 73.3 4815 71.5 

- 

Hafnium found 

Reference: 17.5 pg Zr 

‘A Recovery 

- 

Reference: 52.5 ,ng Zr 

% Recovery 

recoveries were obtained by addition of 1 ml of 1 ‘A gelatine, glycerine, polyvinyl alcohol, sucrose, 
mannitol, resorcinol, pyrocatechol, pyragallol, rris(hydroxymethyl)-aminomethane, acetic acid, or 
formic acid. By adding 1 ml of 1% ethyleneglycol-bis-@-aminoethylether) N:N’-tetra-acetic acid or 
oxalic acid, a recovery of 66.5% or 3.6 % was obtained. By addition of 2 to 3 ml of 1% lactic acid, a 
recovery of 93.5 % was obtained. 

DETERMINATION OF THE HAFNIUM IN HIGH-TEMPERATURE ALLOY 

The determination of hafnium in the presence of zirconium cannot be relied upon at the present 
time. In the absence of zirconium, however, a method to determine hafnium in the concentration 
range of 0.01-0.5 % has been developed for Udimet 500, a nickel-base alloy containing about 3 % Al, 
3 % Ti, 3-5 % MO, 18-20 % Cr, 16-20 % Co, 1.0 % Fe, and small amounts of C, S, B, Si, Mn and Cu. 

Procedure 

Weigh samples (see Table III) into 400-ml beakers. Weigh one blank for each different weight of 
sample taken. (The first ingot has no hafnium addition). 

TABLE III 

Hf range, % 0.01 0.05 0.1-0.5 
Sample needed,g 1.0 0.5 0.1 

A suitable sample (from 0.1 to 1.0 g) was dissolved in 15 ml of concentrated hydrochloric acid and 
5 ml of concentrated nitric acid on a hot plate. The solution was boiled after cautious addition of 
2 g of ammonium persulphate in order to destroy carbides. Ten ml of 1 : 1 sulphuric acid (20 ml 
for a l-g sample) were added and evaporated to strong fumes. The evaporation should be carried 
out slowly, since salts will precipitate and cause bumping if heated strongly. After cooling, about 
75 ml of water were added and heated with stirring to dissolve salts. It was transferred to a mercury 
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cathode for electrolysis at 15-20 amperes to a negative spot test for chromium. (Use a 200-ml volume 
for samples with 20 ml of 1 :I sulphuric acid, and 100 ml for all others). It was transferred to a hot 
plate, and boiled until all the yellow colour, if any, was discharged. After cooling, approximately 
40 mg of titanium (titanium sulphate solution) were added to all samples and blanks weighing less 
than 0.5 g. It was adjusted to pH 8 to 9 by adding 1 : 1 ammonium hydroxide slowly, with stirring. 
It was gently boiled on a hot plate and the hydroxides allowed to settle to the bottom. The precipitate 
was filtered through a fast 1 l-cm paper (Whatman no. 41-H or S & S no. 589-lH), washed three times 
with hot 1% ammonium nitrate, and dissolved into a 50-ml beaker with 25 ml of hot 0.8N perchloric 
acid. The filtrate was poured back through the paper into a NW-ml volumetric flask. The beaker and 
paper were washed with O.SNperchloric acid to a total volume of 40 ml in the flask, making to volume 
with water. An aliquot of 20 ml was pipetted into a 25-ml volumetric flask. (Use a lo-ml aliquot if the 
hafnium is about 0.5 %). To it were added one ml of 1% sodium chloride in 1% thioglycollic acid and 
3 ml of 0.05 % Xylenol Orange, and the solution was made to volume with water. (Made to volume 
with 0.3N perchloric acid if a lo-ml aliquot was used). The absorbance was measured at 535 rnp 
against a dye blank. Determine the amount of hafnium present from a calibration curve prepared 
under the similar conditions. 

DISCUSSION 

Since hafnium is a carbide-forming element, the destruction of all carbides in the 
solution procedure is imperative. Sodium sulphite and hydrogen peroxide were also 
tried as oxidizers, but the oxidation by these means was sometimes incomplete, thus 
necessitating a second treatment. 

Electrolysis on the mercury cathode will remove iron and molybdenum, which 
interfere with the colour development, as well as nickel, cobalt, and chromium, which 
might disturb the absorbance measurement because of their intense colours. Sulphuric 

acid is preferable to perchloric acid as use of the latter greatly increases the time 
required for the complete deposition of chromium and molybdenum by mercury 
cathode. 

Titanium peroxide reacted with ammonia to yield a greenish-black precipitate 
that was not easily soluble in 0.8N perchloric acid. This difficulty was eliminated by 

boiling to destroy the peroxy complex before the ammonia precipitation was made. 
Hafnium in trace amounts will not be quantitatively precipitated from ammonia 

solution, and a suitable co-precipitant should be used. Fortunately, Udimet 500 
contains about 3 % each of aluminium and titanium, which serve as carriers. For 
samples weighing less than 0.5 g, addition of extra titanium is necessary to precipitate 
all the hafnium. 

TABLE IV. RECOVERY OFHAFNIUMINNICKELBASE ALLOY 

%Hf 
Added 

0.01 

0.01 

0.05 

0.10 

Sample, 

g 

1.0 

1.0 

Aliquot 
used 

20/100 

20/100 

Hf Hf % Hf 
Taken, pg Found, pg Recovered 

106 102.5 96.7 

106 117.5 110.8 
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Since sulphate interferes with the hafnium-Xylenol Orange colour development, 
this ammonia precipitation step would also serve the purpose of separation of sulphate. 
The ammonium nitrate serves to wash any excess sulphate out of the precipitate, and 
to prevent peptization. 

Samples of Udimet 500, Heat no. 2-717-1 withadditionof knownamountsof hafnium 
were analyzed. The results are shown in Table IV. Reasonably good recoveries were 
obtained for the alloy containing 0.01 to 0.1% hafnium. Further study is needed of 
the analysis of samples containing over 0.25 % hafnium because low recoveries have 
resulted by the method described here. 

Acknowledgment-The author is indebted to Fran Warmuth for assistance during this study. 

Znsammenfassnng-Hafnium reagient ahnlich wie Zirkon mit Xylenol Orange. Der Hafnium 
Xylenol Orange Komplex weist fast tibereinstimmende maximale Absorption mit dem Zirkon 
Xylenol Orange Komplex von 535 bis 540 m,u auf. Das Reagens zeigt eine empfindlichere Reaktion 
mit Hafnium als mit Zirkon. Die molare Absorption des Hafnium Xylenol Orange Komplexes 
wurde zu 48,700 bei 540 my bestimmt. Die Bildungskonstante des Hafnium Komplexes wurde auf 
3,2 x lo6 in 0,3N Perchlordure berechnet. Die Anwendungsbedingungen fur Xylenol Orange als 
Reagens fiir die Hafniumbestimmung wurden untersucht. Nur Zirconium oder Hafnium geben eine 
purpur-rote Farbreaktion mit Xylenol Orange in 0,8N Perchlorsaure; dies bei Gegenwart von 
salzslurem Hydroxylamin, welches Eisen sowie such Wismuth abschirmt. Hafnium lasst sich von 
Zirkon leicht unterscheiden nachdem Zirkon durch Wasserstoffsuperoxid abgeschirmt werden karm. 
Beryllium kann als Demaskierungsreagens zur Bestimmung von Zirkon oder Hafnium in der Gegen- 
wart von Fluoriden verwendet werden. 

R&snm&Le hafnium reagit comme le zirconium avec le Xylenol Orange. Le complexe hafnium- 
Xylenol Orange presente un maximum d’absorption presque identique a celui du complexe zirconium- 
Xylenol Orange, vers 535-540 m/t. L’indicateur reagit avec plus de sensibilite avec le hafnium 
qu’ avec le zirconium. On a trouve l’absorption molaire du complexe hafnium-Xyltnol Orange 
egale a 48,700 a 540 rnp. La constante de formation du complexe de hafnium a et& calculee &gale a 
3,2 x lo6 darts l’acide perchlorique a 0,3iV. On a Btudie les conditions d’utilisation du Xylenol 
Orange comme indicateur pour l’analyse du hafnium. Seuls le zirconium et le hafnium donnent une 
couleur rouge pourpre par la reaction avec le Xylenol Orange dans l’acide perchlorique a 0,8N, en 
presence d’hydroxylamine chlorhydrique qui masque le fer et le bismuth. On peut distinguer le 
hafnium du zirconium, car le zirconium peut etre masque par l’eau oxygenee. On peut utiliser le 
beryllium comme agent de demasquage pour l’analyse du zirconium ou du hafnium, en presence de 
fluorures. 
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Summary-The formation with metallochromic indicators of complexes inert to substitution makes 
certain complexometric titrations impossible. The cations of bivalent copper, cobalt and nickel, in 
addition to others, show a tendency to form such complexes with for example Eriochrome Black T, 
Xylenol Orange, Methylthymol Blue. It has been proved that small quantities of o-phenanthroline 
entirely suppress this phenomenon, which is undesirable in complexometry. The presence of 
o-phenanthroline makes it possible reliably to determine copper as well as cobalt complexometrically 
against Xylenol Orange even at room temperature. The influence of o-phenanthroline is explained by 
the formation of substitution-labile complexes with copper or cobalt, and by the reaction mechanism 
at the point of equivalence. The influence of other materials on the colour change of the indicator in 
these titrations is also discussed. 

VISUAL titration even in simple complexometric titrations is unfavourably influenced 

by a number of factors; for example, the high concentration of neutral salts (high ion 

strength of the solution), the development of intensely coloured complexes with the 
titrating agent during the titration (complexes of EDTA with Fe, Cu, Cr), or their 
slow formation at room temperature (Al-EDTA complex). The undesirable influence 
of neutral salts, as well as the original colour of the solution can to a considerable 

degree be decreased by dilution of the titrated solution; and the rapidity of the complex 
formation can be enhanced by increasing the temperature. 

One of the most notable interferences in complexometry arises from the formation 

with the indicators of so-called substitution-stable complexes. In particular, cations 
with incomplete inner orbits as, for example, Fe 3+, Wf, Cu2+, Co2+, Ni2+, tend to 
form complexes stable with respect to substitution. Such complexes prevent 
complexometric determination of these elements. Traces of them in the solution 
also may make it impossible to carry out entirely independent determinations or may 
have a very unfavourable influence on the colour change of the indicator. It is known, 
for example, that traces of copper or aluminium have an unfavourable influence on 
the complexometric determination of magnesium with Eriochrome Black T. Such 
phenomena often lead to an erroneous assessment of the suitability of a complexo- 

metric method. 
Hitherto no effective remedy has been found against this undesirable phenomenon. 

For certain elements, of course, we can choose other indicators which do not form 

substitution-stable complexes. But such determinations can usually be carried out 

only in “pure solutions” ; as, for example, the determination of copper or nickel with 
Murexide. In a number of cases we are dependent on the removal of these interfering 
elements by precipitation or masking in order to be able to determine other elements. 
(Screening of iron by triethanolamine, of copper by potassium cyanide, etc.) In fact, 
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however, there exists a completely universal method which instead of preventing the 
formation of these substitution-stable complexes with the indicators, entirely suppresses 
their unfavourable influence. In this connection the following considerations are of 
importance : 

The character of complexometric titration as an analytical method presupposes 
rapid reaction, at the most over several seconds. This applies to the principal 
complexometric reaction: 

Me+Y=MeY 

and also to the colour-indication replacement reaction: 
(1) 

MeI+Y=MeY+I 

(The ionic charges are omitted here for the sake of simplicity). 
(2) 

Indicators forming complexes which are labile with respect to substitution are 
reliably applicable in most complexometric titrations if they comply also with the 
other specific requirements (of sensitivity, etc.) Indicators forming complexes which 
are stable with respect to substitution are unsatisfactory principally on kinetic grounds 
(equation 2). In principle we can avoid this harmful influence if we substitute for the 
indication reaction (2) a different mechanism. Recently we described such a possibility 
in the complexometric determination of iron by Xylenol 0range.l In this the slow 
replacement-reaction of type (2) was substituted, on addition of ferrous salt, by the 
rapid redox reaction. A more universal method was found during investigation of 
certain screening agents. It consists in introducing a further complex-forming agent 
Z in a somewhat higher concentration than that of the indicator. This agent must have 
the following properties : 
(a) Its reaction with the indicator complex 

MeI+Z=MeZ+I (3) 
must be rapid. That is possible especially if the auxiliary complex-forming agent Z 
has an electronic structure of different type from titrant used. 
(b) The stability of the complex MeZ must, under the titration conditions, be approxi- 
mately the same as the stability of the complex MeY. 

If these conditions are fulfilled, the following reaction changes take place during 
the titration: at the beginning of the titration the solution contains free ions Me, the 
complex with indicator MeI, and complex MeZ. At first the concentration of Me 
decreases during the titration according to equation (1); then there follows the 
reaction : 

MeZ+Y=MeY+Z (4) 
and the liberated complex-forming agent Z then immediately reacts with the indicator 
complex Me1 according to equation (3). 

An example of this mechanism is the direct complexometric determination of 
copper against Xylenol Orange in the presence of a small amount of o-phenanthroline 
as an auxiliary complex-forming agent. Details are given in the Experimental Part. 

Preparation of standard solutions 
EXPERIMENTAL 

The solution of 0.05 molar EDTA and the solutions of 0.05 molar Pb(NO&, Cu(NO,),, Co(NO& 
were prepared by the usual method. Their concentration (titres) were determined complexometrically. 

The solution of 0.001 molar o-phenanthroline was prepared by dissolution of the required quantity 
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in re-distilled water. The solution of 0.01 molar o-phenanthroline was prepared in the same manner 
with moderate heat. The 0.05 molar solution was prepared by adding a small quantity of nitric acid. 

Xylenol Orange, 0.2% aqueous solution. 

Determination of copper 

Since o-phenanthroline forms a quite stable complex with copper, it was necessary to ascertain the 
minimum amount which is necessary to accelerate the reaction at the equivalence point. For 160-300 
ml of solution 0.5 ml of 0.001 molar solution gave a satisfactorily rapid and sharp colour change 
of Xylenol Orange in the titration with EDTA. The colour change depends on the concentration of 
copper as well as on that of the indicator. At low concentrations of copper (several mg) the colour 
change is from red-violet to yellow, and then to yellow-green. If the content of copper is 10 to 20 mg, 
the colour before the end-point of the titration is blue to violet and, on addition of 1 to 2 drops of 
EDTA, it changes to green-yellow. By the addition of 1 ml of 0.001 molar o-phenanthroline to 
the solution being titrated, the theoretical error is 0.003-0.05 ml of EDTA. This is negligible so that 
it is not necessary to prepare a solution of Cu-phenanthroline (Cu : Phen = 1 : 3) which has the same 
function as o-phenanthroline alone. 

Procedure. To a slightly acid solution with at most 30 mg content of copper, add several drops 
of Xylenol Orange solution, and solid hexamethylenetetramine until a red or red-violet colour 
develops. Dilute with water to 200-250 ml, add 0.5 ml of 0.001 molar o-phenanthroline, and titrate 
with 0.05 molar EDTA solution to a yellow-green colour. 

Determination of copper and lead 

The procedure is the same as described above. Ascertain the total content of copper and lead 
by titration. Add excess of 0.1 molar phenanthroline and after three minutes titrate the liberated 
EDTA~ with the solution of 0.05 molar Pb(NO&. 

Determination of cobalt 

The procedure is the same as that described for the determination of copper. A very sharp colour 
change is obtained if the titration is carried out at 50”. 

The results of the determinations using the procedures here described agreed with other 
complexometric methods and therefore it is not necessary to give them in tabular form. 

DISCUSSION 

This example of direct complexometric determination of copper against Xylenol 
Orange, in the presence of small concentrations of o-phenanthroline as an auxiliary 
complex-forming agent, illustrates how it is possible to eliminate the influence of the 
formation of substitution-inert indicator complexes. In this case it was proved that 
the cation Cu(Phen), 2+ bonded in a complex, participates in the indication mechanism , 
at the equivalence point. This cation develops just before the end-point of the titration 
according to the equation: 

3Cu(Phen)2+ + 2H,Y2- = 2CuY2- + Cu(Phen)a2+ + 4H+ 

and is sufficiently labile to substitution in practice to react immediately with EDTA. 
Should the principle described in this paper by the equations (3) and (4) be of 

general validity, we may expect that there exist other compounds whose structure will 
permit a similar “indicator effect” with other cations with incomplete inner orbits. 
Further experiments have indicated that this does not only concern compounds which 
form insoluble complexes. Thus, for example, sodium diethyldithiocarbaminate or 
cupferror? have a similar, if not so marked, influence in the determination of copper 
here described. In the titration of cobalt against Xylenol Orange the addition of 
acetylacetone showed a favourable influence. In a similar titration of nickel this effect 
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has not so far been observed althougha range of complex-forming substances have been 
tested. This may be explained by the especially high inactivity of the indicator complex 

of nickel. 

Acknowledgement-The author wishes to express his thanks to J. Kijrbl, Research Institute for 
Pharmacy and Biochemistry, Praha, for his vivid interest in the work and helpful discussion. 

Zusammenfassung-Die Bildung Pusserst reaktionstrager Metallkomplexe mancher metallochromer 
Indicatoren macht einige komplexometrische Titrationen unmoglich. Von den in Frage kommenden 
Kationen zeigen die zweiwertigen Ionen von Kupfer, Cobalt und Nickel besonders starke Tendenzen 
zur Blockierung von z.B. Eriochromschwarz T, Xylenolorange und Methylthymolblau. Es wurde 
gefunden, dass die Zugabe kleiner Mengen von o-Phenanthrolin das storende Blockieren vollstandig 
unterdrtickt. In Anwesenheit kleiner Mengen von o-Phenanthrolin wird die Titration von Kupfer (II) 
und Cobalt (II) mit EDTA unter Verwendung von Xylenolorange als Indicator selbst bei Zimmer- 
temperatur moglich. Als Erkllrung fur die Wirksamkeit des Phenanthrolins wird die Bildung 
hochaktiver “Hilfskomplexe” gegeben, die (als Zwischenprodukte wirkend) auf die Endpunkstreak- 
tion einen beschleunigenden Einfluss haben. Der Einfluss such anderer Substanzen auf den 
Farbwechsel der Indicatoren in derartigen Titrationen wird diskutiert. 

R&r&--La formation de quelques complexes de substitution inertes avec des indicateurs color& de 
cations metalliques rend impossible un certain nombre de titrages complexometriques. Entre autres 
cations, le cuivre divalent, le cobalt, et le nickel ont tendance a former de tels complexes avec, par 
exemple, le noir Criochrome T l’orange de xylenol, le bleu de methylthymol. On a montre que de 
petites quantites do-phenanthroline suppriment entierement ce phenomene qui est indesirable en 
complexometrie. La presence d’o-phenanthroline permet de determiner en toute stcurite, a la fois 
le cuivre et le cobalt avec l’orange de xylenol, mtme a la temperature ambiante. L’influence de 
l’o-phenanthroline s’explique par la formation de complexes de substitution labiles avec le cuivre ou 
le cobalt et par le mecanisme de la reaction au point equivalent. L’influence d’autres substances sur 
le changement de couleur de l’indicateur dans ces titrages est aussi ,discutee. 
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Summary-Thioglycollic acid has been shown to be a suitable reagent for the quantitative precipitation 
of zirconium at a pH of about 4.5. A basic zirconyl thioglycollate is formed and therefore the analysis 
is completed by weighing the zirconium oxide. Interference due to several metal ions is discussed. 

RECENTLY we reported the use of thiodiglycollic acid, S(CH,COOH),, as a suitable 

reagent for zirc0nium.l Preliminary experiments showed that under suitable 
conditions zirconium can be quantitatively precipitated by 2-mercaptoacetic (or 

thioglycollic) acid. While this reagent is a well known complexing agent,2p3 no 
information seems to exist on its use as a precipitant for zirconium. The present 
communication describes optimum conditions for the determination of zirconium by 

thioglycollic acid. Interference due to other metal ions is also discussed. 

EXPERIMENTAL 
Reagents 

Reagent grade zirconyl nitrate was used to prepare its solution in water. The acidity with respect 
tci nitric acid in it was maintained at 0.2N and the zirconium content was determined by the m- 
nitrobenzoic acid method.’ Evans’ thioglycollic acid, HS-CH,COOH, of 98-99’4 assay was used 
without further purification as a 5 ‘A aqueous solution. 
Procedure 

To an aliquot portion of zirconyl nitrate solution diluted to about 150 ml, 10-15 ml of 5 % 
thioglycollic acid and methyl orange indicator were added. A 10% solution of ammonium acetate 
was now added so as to raise the pH of the system to about 4.5. The system was heated on a hot 
plate at 85-90” for nearly 15 minutes and the white precipitate filtered after an hour. It was washed 
with a 5 % ammonium nitrate solution, dried, ignited and eventually weighed as ZrO,. 

RESULTS AND DISCUSSION 

Results entered in Table I show a fair agreement between the experimental values 
and those expected on the basis of the standard m-nitrobenzoic acid method. 

Under the given experimental conditions, alkaline earth metal ions, manganese”, 
magnesium, beryllium, aluminium, ceriumI’I, lanthanons, chromiumIII, and iron*II 
do not interfere in the present method of estimating zirconium. Under the same 
experimental conditions, vanadyl and uranyl ions give with thioglycollic acid blue 
and orange colours respectively without, however, affecting the accuracy of the 
results. TinII, mercuryII, zinc, cadmium, titanium’v and thorium give white 
precipitates, copper11 a violet precipitate, leadI a yellow precipitate and nickel11 a 
dirty coloured precipitate. Although cobalt= and bismuth111 produce only brown 
colours with thioglycollic acid, these, in presence of zirconium, are co-precipitated 

* Present address: Department of Chemistry, University of Toronto, Toronto, Ontario, Canada. 
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appreciably. The above interfering metal ions should therefore be either absent or 
previously removed. 

TABLEI. DETERMINATIONOFZIRCONKJMBYTHIOGLYCOLLICACID 

Zr%g 

BY BY 
m-nitrobenzoic acid thioglycollic acid 

- 

0.01770 
0.04425 
0.08850 
0.1327 
0.1770 
0.2212 

/ - 

0.01776 0.00006 
0.04420 0.00005 
0.08860 0.000 1 
0.1328 0.0001 
0.1772 0.0002 
0.2213 0.0001 

Difference 

The composition of the zirconium complex varies somewhat, but corresponds 
approximately to a basic salt with the formula 

ZrO(OH)CH,SHCOO. 

Acknowledgements: We are indebted to Professor Lucy W. Pickett and Professor Philip W. West for 
research facilities. One of us (S. B. S.) wishes to acknowledge the award of a Special Skinner 
Fellowship. Our appreciation is also due to Evans Chemetics Inc., New York, for a gift sample of 
thioglycollic acid. 

Zusammeafassung-Thioglykolsaure wurde als geeignetes FLlhmgsmittel zur quantitativen 
Niederschlagung von Zirkonium bei pH ca 4.5 gefunden. Ein basisches Zirkonylthioglykolat wird 
gebildet und daher die Analyse durch Vergltihen zu Zirkoniumoxyd abgeschlossen. Stiirungen 
durch verschiedene Metallionen werden diskutiert. 

Rt%mG-Les auteurs ont montre que l’acide thioglycollique est un reactif converable pour la 
precipitation quantitative du zirconium a un pH d’environ 4,5. 11 se forme un thioglycollate de 
zirconyl basique, on complete done l’analyse par pede de l’oxyde de zirconium. L’interference due 
a differents ions metalliques est discutee. 
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UBERDAS VERHALTENVON ISOLIERTEN 
EINSCHLiiSSEN AUS EISENWERKSTOFFEN 

BE1 HOHENTEMPERATUREN 
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(Received 15 June 1959) 

Allgemeines iiber Probekiirper und Schmelzen-Erhitzungsverhalten van Eisen-Mangan-Silikatschlacken 

in Luft und Argon-Isolate aus Transformatorenblechen und unberuhigten Weicheisenschmelzen. 

Zusammenfassung-Es wird an einigen Beispielen gezeigt, dass ein Erhitzungsmikroskop sehr gut 
zum Studium des Schmelzverhaltens isolierter oxydierter Gefiigebestandteile herangezogen werden 
kann. 

WE in der organ&hen und pharmazeutischen Industrie die Schmelzpunktsbestim- 
mung sowie andere thermoanalytische Untersuchungen neben der chemischen Analyse 
ein wesentliches Kriterium der Reinheitspriifung und Identifizierung bilden, so sollte 
such bei der metallkundlichen Analysel neben den bisherigen Analysendaten als 
ein weiteres such das Verhalten der isolierten K&per bei hohen Temperaturtn naher 
untersucht und beschrieben werden. Weder die chemische noch die Strukturanalyse 
erlauben sichere Rtickschltisse auf das Schmelzverhalten eines bestimmten isolierten 
Oxydkorpers. Aus der Ubertragung der Analysenergebnisse in bekannte Drei- und 
Vielstoffsysteme kann man zwar mit einiger Sicherheit auf das Verhalten wahrend des 
Schmelzens schliessen. Die Untersuchung isolierte K&per in inerter, oxydierender 
oder reduzierender Gasatmosphare kann hier Fortschritte bringen. 

Im Schrifttum sind speziell fur die Untersuchung von Kohle- und Koksaschen 
zahlreiche Verfahren vorgeschlagen und in Verwendung.2 Hier sol1 als erste Stufe 
des Studiums isolierter Produkte bei hohen Temperaturen die Verwendung eines 
Erhitzungsmikroskops betrachtet werden. Vorweggenommen sei aber, dass die hier 

skizzierte Arbtitsmethode noch nicht die Endlbsung fur metallkundliche Zwecke 
darstellt, dass wir aber an einer solchen arbeiten. 

Urn das Verhalten der Probekorper bei hohen Temperaturen soweit als mijglich 
ausschopfen zu konnen, kommt nur ein Verfahren in Frage, das neben einer subjek- 
tiven such eine objektive registrierende Beobachtung und dies sowohl im Auf- als 
such Durchlicht und im polarisierten Licht gestattet. 

Der Probekiirper 
Wie die Untersuchungen von W. Radmacher2 gezeigt haben, kommt der Form 

des Probekorpers eine besondere Bedeutung zu. Leider sind wir in den meisten Fallen 
nicht in der Lage, bestimmte, einheitliche Probekorper herzustellen, sondern miissen 
uns mit den aus der verfiigbaren Menge herstellbaren begntigen. Oft aber interessiert 
gerade ein besonders ausgebildetes (verformtes) Teilchen3 

Radmacher hat vier verschiedene Probekorper-zylindrische, wtirfelfijrmige 
sowie symmetrische und unsymmetrische, pyramidenfiirmige-wie sie nach den 

* Neiie Anschrift; Institiit fiir anaIytische Chemie der Technischen Hochschiile Wien, Wien VI, 
Getreidemarkt 9, Austria. 
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Normverfahren zur Asche-Schmelzpunktsbestimmung gefordert werden, untersucht 
und gefunden, dass, je grosser der Probekorper ist, der Temperaturanstieg urn so 
geringer sein muss. Ein Segerkegel z.B. hatte schon weitgehend seine Form verandert, 
wahrend an anderen, aus dem gleichen Material mit der gleichen Menge hergestellten 
zylindrischen Probekorpern noch keine merkliche Anderung festzustellen war. Er 
kommt zu dem Schluss, dass der zweckmlssigste Probekorper fi.ir die Aschenanalyse 
ein Zylinder von 7 mm 4 und 7 mm Hohe ist oder ein Wtirfel von 7 mm Kantenlange. 
Fur derartige K&per ist ein durchschnittlicher Materialbedarf von 300 mg angegeben, 
eine Menge, die bei der metallkundlichen Analyse nur selten anfallt. Wenn 10 mg 
Substanz fur diesen Zweck zur Verfiigung stehen, so wird mit Hilfe eines kleinen 
Gesenkes ein zylindrischer Pressling (etwa IO-15 kg/mm2 Pressdruck) hergestellt, der 
1 mm #J und 1-3 mm Hbhe aufweist. Die zylindrische Probenform ist der wiirfel- 
fiirmigen vorzuziehen, da keine Gefahr der verkanteten Aufstellung besteht und evtl. 
Ffachenmessungen (Volummessungen) leichter durchgefiihrt werden konnen. Jedoch 
kommt dieser Art der Probekorperherstellung zunachst noch geringe Bedeutung zu, 
da wir selten iiber soviel Material verfiigen und da oft das Verhalten eines einzelnen, 
ganz bestimmten Kijrpers interessant ist. 

Das Erhitzungsmikroskop sowie dessen Bedienung ist in seinen Einzelheiten 
ausfiihrlich beschrieben worden so dass sich hier ein weiteres Eingehen darauf 
eriibrigt, da deine wesentlichen Anderungen vorgenommen werden. 

Wichtiger ist nach den bisherigen Untersuchungen, einiges zur Begr@bestimmung 
wlhrend des Erhitzens zu sagen, urn zum Verstlndnis der charakteristischen Tempera- 
turpunkte oder -bereiche, die ja such fur den physikalischen Zustand der Probe 
verantwortlich sind, beizutragen. Es sollen hier in Anlehnung an Radmacher folgende 
Begriffe gelten : 

(1) Der Formanderungspunkt (-bereich) ist jene Temperatur, bei der das erste 
merkbare Anzeichen einer Formanderung, Abrundung der Kanten, Aufbllhen, 
Veranderung der Oberflache, Anderung der Farbe oder Durchsichtigkeit usw. 
eintritt. 

(2) Erweichungs- bzw. Sinterungspunkt (-bereich) ist der Punkt (Bereich), an 
dem der Probekorper sichtlich seine Gestalt verliert. 

(3) Schmelzpunkt bzw. -bereich ist die Temperatur, bei der die Probe vollstandig 
ihre Form verliert und zu einer mehr oder minder kugeligen Form (Halbkugel, 
Kugelsegment (s. Bild 3), stehendem oder hangendem Tropfen (s. Bild 5) zusam- 
mengeflossen ist. 

(4) Fliesspunkt bzw. -bereich ist die Temperatur, bei der sich der Probekiirper- 
natiirlich abhlngig von Form und Natur seiner Unterlage-gleichmassig ausbreitet, 
s. Bild 1 rechts oben (Fliesskegel), Bild 3 rechts oben, Bild 5 oben, Bild 6 rechts unten. 

Jm iibrigen sei aber hier darauf hingewiesen, dass die Frage der Schmelzdefinitionen 
sicher noch einer Diskussion unterworfen sein wird, denn grundsatzlich gibt es bei 
homogenen Kiirpern nur einen Punkt, den Schmelzpunkt, und der ist abhangig von 
der Einheitlichkeit und Reinheit der Verbindung. Besser erfassbar erscheint dieser 
Punkt dann, wenn z.B. ein anisotroper Kiirper vollkommen isotrop geworden ist. 
Wann und ob dies bei den bei der metallkundlichen Analyse anfallenden Proben der 
Fall bzw. erfassbar ist, bedarf noch der weiteren Untersuchung, ebenso wie die 
Gleichsetzung des Schmelzverhaltens eines Kijrpers im Erhitzungsmikroskop mit 
seinem Verhalten im fliissigen bzw. heissen Metallbad. 
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Jedoch lassen die Ergebnisse zusammen mit anderen Daten-wie an einzelnen 

Beispielen gezeigt werden ~011, trotzdem Aussagen iiber wahrscheinlichen Fliissigkeits- 

und Verformbarkeitsgrad zu. An einigen Beispielen sol1 iiber die Schmelzpunkts- 
bestimmung diskutiert werden. 

(1) Ein Isolat aus einem Puddeleisen: dessen chemische Analyse wie folgt lautet: 
24 % SiO,, 5 % Al,O,, 5 % MnO, 66 % Fe0 und Spuren von CaO und MgO zeigte 
bei der mikroskopischen Betrachtung viele kristallisierte, doppelbrechende und 
wenige glasige, schwach braun gefarbte Kristalle. Da geniigend Probematerial zur 
Verfiigung stand, wurden zwei wiirfelfiirmige Presslinge von etwa 2 mm Kantenlange 
angefertigt und einmal an Luft und zum anderen in Argon im Erhitzungsmikroskop 
bei einer durchschnittlichen Temperatursteigerung von etwa S”/min bis 1000°C und 
von da an mit 2 bis 3”/min bis zum Schmelzpunkt erhitzt. Es gibt sich ein deutlicher 

Einfluss der herrschenden Atmosphare zu erkennen, wie dies sowohl im Bild 1 als 
such in Tafel 1 zu sehen ist. 

TAFEL 1. 

scheinbare Volumenanderung 
~-~- 

Temperatur 
“C 

20 
500 
900 

1000 
1060 
1100 
1150 
1195 
1200 
1230 
1235 
1238 
1240 
1243 
1245 
1300 
1330 
1380 
1390 

0 
0 ~ 
8 

I :I 
15 

15 I 
15 1 
18 
18 
18 
18 
43 ’ 
67 
17 
84 

Luft Argon 

Bemerkung % Bemerkung 

Sinterung 
Sinterung 
Sinterung 

Erweichung 
Erweichung 
Erweichung 
Erweichung 
Erweichung 
Erweichung 
Erweichung 
Erweichung 
Schmelzen 
Schmelzen 
Schmelzen 

0 
0 

10 
20 
42 
46 
50 
54 
54 
56 
63 
65 
15 
84 
87 

Sinterung 
Sinterung 
Sinterung 
Sinterung 
Erweichung 
Erweichung 
Erweichung 
Schmelzen 
Schmelzen 
Schmelzen 
Schmelzen 
Schmelzen 

Fasst man die charakteristischen Temperaturbereiche zusammen, wie dies in 
Tafel 2 geschehen ist, so ergibt sich folgendes: Alle charakteristischen Bereiche 
(Sinterung, Erweichung und Schmelzen) beginnen beim Erhitzen an Luft bei wesent- 
lich hoherer Temperatur und-was wichtiger erscheint-der Erweichungs- und 
Schmelzbereich zieht sich i_iber einen breiten Temperaturintervall hin, wahrend gerade 
diese wichtigen Bereiche in Argonatmosphare geringer und ausgepragter sind und 
daher such besser erfasst werden konnen. 
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(2) Isolate aus Transformatorenblechen: Die chemische Analyse war folgende: 

Isolat A: 84% SiO,, 11,4x Al,O,, 4,s % CaO; FeO, MgO und TiO, < 1% 
Isolat B: 89,5x SiO,, 8,3x Al,O,, 2,9x FeO; CaO, MgO und TiO, < 1% 

TAFEL 2. 

Atmosphare 
Sinterung 

“C 
Erweichung Schmelzen 

“C “C 

Luft 
Argon 

1100-1200 1200-1330 i 1330-1390 
900-l 150 1150-1230 / 1230-1245 

I 

Die Rontgenanalyse ergab in beiden Fallen glasige, wenig kristallisierte Korper. 
Die mikroskopische Untersuchung zeigte ebenfalls vorwiegend glasige Korper, in 
denen kristallisierte Substanzen entahalten sind, wobei noch bemerkenswert ist, dass 
-wie Bild 2 zeigt-das Isolat A vorwiegend eckige Kristalle liefert und das Isolat B 

kugelige. 
Da von jeder dieser Proben nur einige Milligramme zur Verfiigung standen, 

konnte keiner der empfohlenen Priifkiirper hergestellt werden. Mit Hilfe eines 
kleinen Gesenkes, ahnlich wie in der Spektralanalyse verwendet, konnten aus dem 
Isolat A durch Handdruck ein Quader von 2 mm2 Grundflache und 1,3 mm HShe 
und vom Isolat B ein solcher mit einer Grundflache von ebenfalls 2 mm2 und einer 
Hiihe von lediglich 0,5 mm hergestellt werden. 

Das Verhalten dieser beiden Priifkorper beim Erhitzen im Erhitzungsmikroskop 

and der Luft zeigt Bild 3. Demnach verhalten sich die beiden Substanzen trotz sehr 
Bhnlicher Silizium- und Aluminiumgehalte keinesfalls gleich, da einmal die prozentu- 
ale Volumverminderung wesentlich unterschiedlich ist, zum anderen die Sinterbereiche 

beim Isolat A in einem Interval1 von 2OO”C, beginnend bei 12OO”C, beim Isolat B in 
einem solchen von 400°C mit dem Beginn bei 1000°C liegen. Der Erweichungsbereich 
liegt bei Probe A innerhalb 40, bei B innerhalb 110°C. Der Schmelzbereich liegt, 
wie dies such Tafel 3 zeigt, zwischen 1440 und 1500°C innerhalb 60°C bei Probe A 
wesentlich geringer als der fur die Probe B, der zwischen 1510 bis 1540°C im Bereich 
von 30” wesentlich hijher liegt. Das heisst, die kalziumoxydhaltigen, eckigen Kristalle 
zeigen gegeniiber den kalziumoxydfreien, aber eisenoxydhaltigen, kugelfiirmigen 
Verbindungen einen niedrigeren Schmelzpunkt. 

TAFEL 3. 

Isolat 
Sinterung j Erweichung Schmelzen 

“C I “C “C 

A 1200-1400 1400-1440 1440-l 500 
B 1000-1400 , 1400-1510 1510-1540 

Es sei an dieser Stelle hervorgehoben, dass sicherlich die wahrend des Erhitzens 
erhaltenen Zahlen von der Korngriisse des Produktes und vom Pressdruck, den der 
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Korper erfahren hat, sowie von den den K&per umgebenden atmospharischen 

Bedingungen abhangen. 
Tragt man die Analysenwerte vom Isolat A in das Dreistoffsystem SiO,-CaO- 

Also, ein, so stimmt der Schmelzpunkt von etwa 1460” sehr gut mit der eutektischen 
Rinne iiberein. Die chemische Analyse des Isolates B muss naturgemhs in das 
Dreistoffsystem SiO,-FeO-Also, eingetragen werden, und man liegt damit in der 
Phasengrenzflache zwischen Cristobalit und Mullit, wobei schon sehr geringe Mengen 
von Fe0 den Schmelzpunkt von ca. 1600” auf 1510” herunterdriicken. Dies stimmt 
mit dem Verlauf der Schmelzrinne gut iiberein. 

(3) Isolate aus unberuhigten Weichstiihlen: 3 Die chemische Zusammensetzung 

war folgende : 

Isolat C: 38 % SiO,, 20 % A&O,, 28 % MnO, 13 % Fe0 

Isolat D : 22 Pi SiO,, 15 % A&O,, 48 % MnO, 15 % Fe0 

Die Rontgenanalyse zeigte fur C einen kristallisierten K&per, der nach der Textur 
des Diagramms dem Tephroit zugeordnet werden kann, wahrend D auf einen glasigen 
K&per hinweist. Die mikroskopischen Analysen der Isolate zeigen durchsichtige und 
undurchsichtige, braunschwarze, mitunter Hohlraume (Isolat C) aufweisende Kugeln, 
die im Anschliff, wie Bild 4 zeigt, im Innern entweder Blasen oder Auskristallisationen 
(Isolat D) beinhalten. 

Das Verhalten derartiger Kugeln im Erhitzungsmikroskop geht aus Bild 5 
hervor. Diese Kugeln wurden auf einen aus diinnem Platindraht hergestellten 
Trager gebracht und nebeneinander in das Mikroskop eingesetzt. Wlhrend des 
Erhitzens verhielt sich die durchsichtige Kugel wesentlich anders als die undurch- 
sichtige, und zwar derart, dass sie oberhalb 400°C ihre Durchsichtigkeit verlor, bei 
etwa 800°C sich aufzublahen begann, bei 1230°C unter kraftiger Volumzunahme zu 
schmelzen begann und bei 1260°C den Schmelzpunkt erreichte. Unmittelbar darauf 
erfolgte ein nahezu vollstandiger Zusammenbruch des Probekorpers, urn bei 1300°C 
eine neuerliche, wenn such geringere Aufblahung zu erfahren und urn bei 1340°C 
neuerlich und vollstandig zusammenzubrechen. Die undurchsichtigen Kugeln 
hingegen begannen erst bei iiber 1000°C sich aufzublahen, wiesen an und fur sich eine 
wesentlich geringere prozentuale Volumzunahme auf, erreichter aber bei der gleichen 
Temperatur wie die durchsichtigen Kugeln ihren Schmelzpunkt, wurden dann ohne 
wesentliche Volumanderung diinnfliissig und sackte langsam durch die &e des 
Platindrahtes durch. Wieweit ein derartiges Verhalten mit der Viskositat dieser Kugel 
in Zusammenhang steht und daraus riickschliessend das Verhalten der Kugeln im 
Schmelzfluss beurteilt werden darf, muss spateren Untersuchungen vorbehalten 
bleiben. Hier konnen die Arbeiten von F. Johannsen und W. Wiese4 wertvolle 
Hinweise geben. 

(4) Ein weiteres interessantes Beispiel einer Schmelzpunktsbestimmung zeigt 
Bild 6, in dem auf der linken Bildseite eine Isolierungsprobe mit nadelfiirmigen 
Einschltissen zu sehen ist, deren chemische Analyse wie folgt lautet: 13 % FeO, 
26% SiO,, 42% MnO und 19 % A&O,. Das Riintgendiagramm zeigte wie- 
derum den tephroitartigen Charakter der Einschltisse und der Schmelzpunkt einer 
einzelnen Nadel, der auf 2°C genau erfassbar war, lag bei 922°C wobei die Erweichung 
bei 900°C erfolgte. In diesem Falle wurde aus dem Gesamtisolat mit Hilfe des 
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Mikromanipulators5 eine Nadel ausgesucht und diese, wie im Bild 6, Mitte oben 
(Ausgangszustand), zu sehen ist, schrag durch den Platindrahthalter gesteckt. 

ubertragt man die chemische Analyse in vereinfachter Weise in das Dreistoff- 
system MnO-FeO-SiO,, wobei Aluminiumoxyd und Siliziumdioxyd addiert werden, 
so kommt man in ein Gebiet mit Schmelzpunkten von 1200°C. Obertragt man aber 
die chemische Analyse in das Dreistoffsystem MnO-Al,O,-SiO, unter Zusammen- 
fassung von Fe0 und MnO, so kommt man in ein Gebiet, welches im reinen 
Dreistoffsystem Schmelzpunkte von etwa 1140°C aufweist, so dass man sehr wohl im 
Vierstoffsystem einen noch niedrigeren Schmelzpunkt erwarten darf. Es steht auf alle 
Fllle fest, dass sich Korper, die bei 900°C erweichen und bei 920°C schmelzen, sehr 
wohl beim Walzen verformen3 lassen. 

Summary-The value of a heating microscope for the investigation of the melting behaviour of 
isolated oxidised structural components in ferrous materials is illustrated by examples. 

R&sum&-On illustre par des exemples I’interet du microscope chauffant pour Etude de la fusion de 
composes isolts a l’etat oxyde dans des materiaux ferreux. 
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PRELIMINARY COMMUNICATION 

New redox systems-I. Oxidation of bivalent cobalt with iron”’ chloride in 
1 :lO-phenanthroline solutions 

(Received 12 September 1959) 

IN the study of the properties of ferric iron and of bivalent and tervalent cobalt with 1 :lO phenan- 
throline a reaction of considerable theoretical interest has been observed. In a weakly acid solution 
of bivalent cobalt and ferric salt (optimum pH 3), on addition of 1 :lO phenanthroline solution, the 
tervalent iron is reduced to the bivalent state which is simultaneously bound by the phenanthroline 
present to form the intensely red ferroln complex. This colour reaction, which can be used for the 
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FIG. 1 

2 ml of 0.05M Co 
25 ml of 0.05M 1 :10-phenanthroline 
20 ml of buffer (formic acid with ammonium formate, pH 3) 

Titrated with 0,05&f FeCl,; Pt electrode and saturated calomel electrode. 

very sensitive detection of cobalt, arises only because of the existence of phenanthroline complexes 
of iron and cobalt in both valency states, with stability constants which permit the reaction. 

The redox character of the reaction was verified by potenriometric titration of a solution containing 
cobaltous salt and 1 :10-phenanthroline with 0.05M ferric chloride. The titration curve and the 
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appropriate data are given in Fig. 1. The reaction is rapid and quantitative at pH 3. The redox 
potential for the couple 

Coll(Phen),Cl, + Cl- = Collr(Phen),Cl, + e 

was determined by analysis of the potentiometric curve and the value 0.38 V found, in excellent agree- 
ment with the value 0.37 V reported by Paglia and Sironi’ for these complexes prepared synthetically. 

The reaction was also followed spectrophotometrically and found to be stoichiometric provided 
the ratio of phenanthroline to total iron plus cobalt was at least 6 to 1. From the known composition 
of all the complexes concerned, the reaction can be formulated as 

[Fe,(Phen),(OH),]2+ + 2Co(Phen),2+ + 2HPhen+ + 2Fe(Phen),*+ + 2Co(Phen),3+ + 2H,O 

(Tervalent iron forms with 1 :lO-phenanthroline in acid solution a binuclear complex of different 
composition from the complexes of other metals.a~s) 

Analytical applications 

Preliminary tests show that the reaction can be used for the highly selective oxidimetric determina- 
tion of cobalt. The end-point can be detected potentiometrically or spectrophotometrically. Traces 
of cobalt-several pg per ml-can be indirectly determined calorimetrically as ferroln. In solutions 
coloured by ions such as Ni or Cr, the ferroln produced in the reaction can be extracted as its 
perchlorate with chloroform or nitrobenzene and then determined colorimetrically.4 

The reaction is being further studied in its theoretical as well as its analytical aspects and the results 
will be published in this journal. 

Acknowledgement-We wish to thank Dr. R. A. Chalmers for helpful discussion of the paper. 
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SHORT COMMUNICATIONS 

Vereinfachte Schnellmethode zur Sulfatbestimmung durch Ionenaustausch 

(Received 20 April 1959) 

Es wurden Austauschadsorbentien seit langem zur Sulfatanalyse verwendet, Grossten Teils dienen 
sie zur Beseitigung der stiirenden Komponenten. So verfahrt such Bahrdt’ in seiner Schnellmethode, 
indem er den Sulfatgehalt von Naturwlssem mit bestimmter Menge einer BaCl, Losung versatzt, 
und den Uberschuss von BaCl, mit K-Palmitat titriert. Da Ca und Mg bei der BaSO,-Abscheidung 
storen, wird die zu analysierende Losung durch eine Na-Permutit-Saule filtriert. Unabhangig von 
Bahrdt, aber in ahnlicher Weise arbeiten Kehren und Stommel.e 

Die gravimetrische Bestimmung von BaSO, Niederschllge wird durch manche Ionen gestort, so 
sind grossere Mengen Na oder Fe nachteilig. L%sst man die Losung durch ein H+-Austauscherbett 
fliessen, so werden diese Nachteile beseitigt. 495 Interessant ist die “Aufliisung” von BaSO16 durch die 
Verschiebung des Lijsungsgleichgewichtes mittels Kationenaustauscher. Der Sulfatgehalt kann 

FIG. 1. 

volumetrisch, als freie Schwefelsaure ermittelt werden. Funasaka’ bestimmt den Sulfatgehalt, indem 
er ihn in die Chloridform konvertiert, und potentiometrisch titriert. Gabrielson’ bedient sich zur 
PbS04 Analyse mit H+ Austauscher : die freie Schwefelsaure wird alkalimetrisch gemessen. In den 
erwahnten Methoden sind teils reine Sulfatlosungen niitig, die ohne weiteres gemessen werden 
kiinnen, teils sind Reinigungsoperationen erforderlich, die mtihsam und zeitraubend sind, evtl. die 
Genauheit gef&hrden. 

Unsere Arbeit iiber das physikalisch-chemische Verhalten unserer permselektiven Membranena 
erforderte eine Vielzahl von CuSO&estimmungen, undzwar mit getrennter Sulfatanalyse. Wir 
suchten ein schnelles Routinverfahren, womit der SO,-Gehalt neben Cu++ Ionen genau und einfach 
ermittelt werden kann. 
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Wir konvertieren die SO,-Ionen an einem Anionenaustauscher stdchiometrisch in Chlorid und 
titrieren nach Mohr. In Spezialfallen, wenn die Ldsung sauer anfallt, bent&en wir die Volhardt- 
sche Methode. Die stijrenden Kationen werden an einem Na+-Austauscher zu Na+ Ionen ausge- 
tauscht, so sind die Umstande gleichgestellt. Enthllt die Ausgangsliisung such Cl’ Ionen, so muss 
dessen Gehalt vor dem Anionenaustausch mit einer Titrierung such bestimmt, und dieser Wert vom 
Endresultat abgezogen werden. Evtl. vorliegender PO, Gehalt wird durch Magnesia-Mixture 
beseitigt. Der Niederschlag wird nicht filtriert: teils setzt er sich bei der Dekantienmg ab, teils 
bleibt er tiber den Kationenaustauscher stecken und wird mit der Regeneriersaure abgewaschen. 

Zur Ausftihrung der Bestimmungen entwickelten wir einen Apparat, in dem der ganze Prozess in 
einem Schritt vor sich geht (Abb. 1). 

Die Behandhmg des Apparates ist insofern einfach, dass mit einem Hahn die ganze Regulierung 
eingestellt wird, bless die Losungen werden eingeschiittet. Der Schwanenhals verhtitet den Ablauf 
der Ldsung vom Harz. lo Die Methode gibt, mit kommensurablen Ionenverhlltnissen in mlssig 
verdiimiten Losungen eine Genauheit von rund &l % rel. (Tab. I) Die Wiederbelebung geschieht 
mit Kochsalzlosung oder Salzsaure, die den Kationenaustauscher in die Na+-bzw. H+ Form, den 
Anionenaustauscher in die Cl’ Form umwandeln, also in einem Schritt beide Harzbette regenerieren 
doch kdnnen mehrere Bestimmungen nacheinander ohne Regenerirerung durchgeftihrt werden 
(Tab. II). 

TABELLE I 
7 

No. 
Volum Einwage Gemessen 

ml cuso, mg CuSO, mg 

- 

- 

15,963 16,043 4,02 
15,963 15,833 3,97 
15,963 16,163 4,05 
15,963 16,043 4,02 
7,981 7,851 1,98 
7,981 8,021 2,Ol 
7,981 7,981 2,00 
7,981 8.061 2.02 

._ 

Titrierung 
0,OSN AgNOs 

ml 

/ 
Das Harz wurde vor jeder Bestimmung regeneriert 

TABELLE II 

Fehler 

% 

+0,5 
-0.7 
+1,2 
+1,5 
-1% 
+0,5 

0 
+1.0 

No. 
Volum 

ml 
Einwage 

CuSO, mg 
Gemessen 

Titrierung 
0,05N AgNOs 

Fehler 
CuSO, mg 

ml % 

I 

I I I i I 
1 5 7,981 8,101 2,03 +1,5 
2 5 7,981 7,851 1,98 -1 
3 5 7,981 8,061 2,02 +1 
4 5 7,981 7,981 2,00 090 
5 5 7,98 1 8,021 2,Ol +0,5 

Die ftinf Bestimmungen liefen ohne Zwischenregenerierung 

EXPERIMENTELLER TEIL 

Die Bestimmung verlauft wie folgt : Die zu analysierende Losung, befreit von PO*, CrO,, WOO&, 
MOO, od.dgl., wird im Normalkolben auf eine Konzentration von rund 0,014,05N verdtinnt, 
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einen evtl. Niederschlag (der doch kein SO,” enthalten darf) l&t man absetzen und aus der spiegel- 
klaren Losung messt man 2-6 ml (= 5-10 mg SOI) in den Apparat (Abb. 1) ftir den Austauschvorgang 
ein. 

Der Apparat ist in Na+ bzw. Cl’ Form, ionenfrei und mit demineralisiertem Wasser bis zum 
Schwanenhals geftillt, zur Analyse bereit. Die obenerwlhnte analysierende Liisung bringt man in 
den Vorraum (a), wobei der T-Hahn (d) geschlossen ist. Es wird darauf geachtet, dass die Losung den 
Trichter (a) nur in dem erforderlichen Masse benetze, urn leichte Nachsptilmoglichkeit zu sichem. 

Der Austausch verlauft mit einer Geschwindigkeit von rund 1 Tropfenlsec, also im abgebildeten 
Apparat (D = 7 mm, 1,5 ml. Harz) 2 ml in der Minute, = 5 cm/Min (3 m/h), bzw. 1,33 ml/ml/Min 
Durchsatz. Die Durchfltissgeschwindigkeit wird mit dem T-Hahn (d) reguliert, doch stellt sich das 
erwlhnte Wert bei volliger t)ffnung des Hahnes ein, falls die Kapillare 1 mm 4 hat, die (b) Filterplatten 
aus G 1 Sinterglas und das Austauschmaterial aus einem Perlenpolymerisat von O,l-0,2 mm 4 
bestehen. 

Nachdem die Sulfatlijsung durchgeflossen ist, wird der Apparat mit einmal 10 und einmal 5 ml 
ionenfreiem Wasser durchgesptilt und die gesamte Fltissigkeit mit 0,05 N AgNO, nach Mohr titriert. 

Die gesamte Bestimmung verlluft in 20 Minuten. 
Wenn die analysierende Probe such Cl’ Ionen entalt, wird der Austauschprozess zweimal unter- 

nommen, einmal durch den Seitenweg (d), wobei darauf streng zu achten ist, das die Oberfllche der 
Fliissigkeit standig iiber dem Harzschicht (c) bleibe, und einmal in der erwiihnten Weise, Beide 
gesammelten Fliissigkeiten unterliegen einer Mohr’ schen Titrierung, wobei man mit der Differenz zu 
rechnen hat. 

Materialien 

Kutionenaustauscher (c): Mykion PS, p.a., Polystyrolsulfonsaure Harzperlchen, 0,1X),2 mm 4, 
KapazitPt: 4,7 mAequ/g, I,8 mAequ/ml (Farbstoff-Fabrik Fiizfo, Ungam). 

Anionenaustauscher (e) : Mykion PA, p.a., Polystyrolbenzyl-ammonium Harzperlchen, Typ II, 
0,1-0,2 mm I$, Kapazitlt: 2,7 mAequ/g, I,2 mAequ/ml (Farbstoff-Fabrik Ftizfo, Ungarn). 

Reagenzien: p.a. bzw. puriss. Praparate, der Firma Merck. 
Wasser: Entionisiertes budapester Leitungswasser. 
Beschickung des Apparates: Der mit Lauge und Saure durchgesptilte Appardt, wird mit Wasser 

ausgewaschen und geftillt. Die Harze werden in einem Becher mit Wasser aufgeschwlmmt, 24 
Stunden lang Gfters mit neuem Wasser versetzt, dreimal mit Lauge und Slure (0,5.N-l.N) behandelt 
und in Na+ bzw. Cl’ Form so eingefiillt, dass die Behllter such unter der Sinterplatten keine Luftblasen 
enthalten sollen. Danach erfolgt eine Regenerierung. 

Forschungsinstitut fiir die Kunststojindustrie, J. A. MIKES 
Bu&pest, Hungary. J. SZANTC~ 
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Anhydrous magnesium perchlorate desiccant with added indicator 

(Received 10 August 1959) 

ANHYDROUS magnesium perchlorate as a new desiccant was first described by Willard and Smith’ 
in 1922. The first application as desiccant was that of Smith, Brown and ROSS.~ Comprehensive 
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einen evtl. Niederschlag (der doch kein SO,” enthalten darf) l&t man absetzen und aus der spiegel- 
klaren Losung messt man 2-6 ml (= 5-10 mg SOI) in den Apparat (Abb. 1) ftir den Austauschvorgang 
ein. 

Der Apparat ist in Na+ bzw. Cl’ Form, ionenfrei und mit demineralisiertem Wasser bis zum 
Schwanenhals geftillt, zur Analyse bereit. Die obenerwlhnte analysierende Liisung bringt man in 
den Vorraum (a), wobei der T-Hahn (d) geschlossen ist. Es wird darauf geachtet, dass die Losung den 
Trichter (a) nur in dem erforderlichen Masse benetze, urn leichte Nachsptilmoglichkeit zu sichem. 

Der Austausch verlauft mit einer Geschwindigkeit von rund 1 Tropfenlsec, also im abgebildeten 
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erwlhnte Wert bei volliger t)ffnung des Hahnes ein, falls die Kapillare 1 mm 4 hat, die (b) Filterplatten 
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ausgewaschen und geftillt. Die Harze werden in einem Becher mit Wasser aufgeschwlmmt, 24 
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studies of its preparation and properties were made by Smith and Rees,3 Smith, Rees and Hardy4 
and Smith,5 the latter study being that of its commercial application to the dehydration of air for 
use in liquefaction and fractionation to yield oxygen and nitrogen. The preparation of anhydrous 
magnesium perchlorate by dry reaction from ammonium perchlorate was described by Smith and 
Hardy.6 Smith, Bernhart and Wiederkehr’ made a study of its use in laboratory desiccator techniques. 

Granular, porous, colourless magnesium perchlorate has been adopted almost universally for use 
in micro-combustion determination of hydrogen and carbon simultaneously. This desiccant is also 
employed in purging gases of ammonia. It is employed to determine ethyl alcohol in testing of 
drunken automobile operators* by the “intoximeter.” Anhydrous granular and porous magnesium 
perchlorate is capable of dehydrating gases to a dew-point lower than that for liquid air temperatures’ 
at high rates of flow contact, and with absorption capacity higher than any known desiccant. The 
same is true in its absorption of ammonia gas. It is commercially available under its chemical name 
and by the trade names “Anhydrone” and “Dehydrite”. 

An insistent demand has been made that anhydrous magnesium perchlorate be made commercially 
available with indicator properties added to give visual indication of complete capacity in the absorp- 
tion of water. This communication describes the solution of this problem. 

Potassium permanganate is isomorphous with magnesium perchlorate. When a saturated aqueous 
solution of magnesium perchlorate is allowed to crystallize by cooling from llO”-120” to room 
temperature, in the presence of l-2’% of potassium permanganate (based on the magnesium 
perchlorate content), the Mg(Cl0&.6H,O obtained is purple from co-crystallised permanganate. 

Upon dehydration as previously described, 3,5 the anhydrous desiccant thus prepared is lighter 
purple in colour since dehydration at 200”-220”, with accompanying removal of water and developed 
porosity, produces a lighter hue. Upon absorption of water the spent reagent becomes dark brown. 

This problem was solved particularly as an aid to the micro-analyst for use in filling Pregl tubes, 
wherein desiccant charges are small and demand indication of the extent to which reagent efficiency 
is at or near saturation, so as to lessen the frequency of recharging. Otherwise Pregl tube capacity 
may not be economically employed. 

Department of Chemistry 
University of Illinois, qrbana, Illinois, U.S. A. 

G. FREDERICK SMITH 

Department of Chemistry 
Iowa State College, Ames, Iowa, U.S.A. 
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BOOK REVIEW 

Advances in Inorganic Chemistry and Radloehemistry, Volume I. Edited by H. J. EMELEUS and A. G. 
SHARPE. Academic Press, Inc., New York, 1959. Pp. xi + 449. $12.00. 

IN 1938 it was still possible for the senior editor of this book, in collaboration with J. S. Anderson, 
to present an essentially complete picture of the state of contemporary inorganic chemistry in a single 
volume of moderate size. The classic Modern Aspects of Inorganic Chemistry filled a gap in the 
literature, and, in its two editions, has for many years satisfied readers seeking a concise and readable 
account of the most active fields of inorganic chemistry. During the last ten years, however, the pace 
of new discovery in inorganic chemistry has accelerated enormously. It has become difficult to keep 
a book of this type reasonably up-to-date with new editions; while for one or two writers to prepare a 
really adequate and comprehensive new book on current developments would be a forbidding task. 
In the new circumstances, the best way of satisfying the hunger of chemists for up-to-date information 
on current work is to publish a continuing series of short, fully documented monographs by specialist 
contributors, a plan already successfully adopted in other branches of chemistry and physics. This 
first volume of Advances in Inorganic Chemistry and Radiochemistry contains nine chapters by leading 
research workers on subjects of strong current interest. It has not been unreasonably long in the 
press; there are many references from 1958 and one or two from 1959. 

E. 0. Fischer and H. P. Fritz’s Compounds of Aromatic Ring Systems and Metals is perhaps the 
most welcome chapter in the book, other reviews of this subject being badly out-of-date. It includes 
a long section on benzene-metal compounds. The authors’ viewpoint on bonding in the aromatic 
ring-metal compounds is refreshingly different from the Moffitt molecular orbital picture which has 
for long been rather uncritically accepted in the English language literature. W. N. Lipscombe on 
Boron Hydrides is mostly concerned with structure, especially three-centre bonds, and the topological 
theory of boron hydride structure. H. Taube’s study of the Mechanism of Redox Reactions is an 
excellent piece of criticism in an extremely complex and difficult field. The chapter entitled The 
Szilard-Chabners Reaction in Solids by G. Harbottle and N. Sutin demonstrates how this subject, 
not long ago a rag-bag of facts inexplicable except by guesswork, has developed a serious body of 
theory and shows signs of making useful contributions to our knowledge of solid-state chemistry 
and physics. 

Analytical chemists will be most interested in the chapter by D. H. F. Atkins and A. A. Smales 
on Activation Analysis, which the writers describe as “a powerful addition to the armoury of modem 
analytical chemistry.” They support this contention with a list of eighteen metals which can be 
detected in amounts of 1O-9 gram or less by this method. The freedom of the activation method 
from reagent “blank” and contamination problems ensures that these high sensitivities can be used 
under practical conditions. 

Phosphonitrilic Halides, by N. L. Paddock and H. T. Searle, deals with a group of compounds 
interesting both as inorganic polymers with possible technical applications, and as one of the starting 
points of the new inorganic chemistry of homologous series. The other contributions are Lattice 

Energies by T. C. Waddington, Graphite Intercalation Compounds by W. RiidorK, and The Sulphuric 
Acid Solvent System by R. J. Gillespie and E. A. Robinson. 

This book is too detailed and too fully documented to make easy reading for the non-specialist, 
but it and the subsequent volumes of the series will be essential works of reference for anyone whose 
main interest is in current inorganic chemistry, radiochemistry or analytical chemistry. 

H. G. HEAL 
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NOTICES 

The following meetings have been arranged: 

Tuesduy 27 October 1959: Society for Analytical Chemistry, Midlands Section: The Purity of 
AnaZyticul Reagents: Discussion will be opened by Mr. J. T. YARDLEY, B.Sc., F.R.I.C. Nottingham 
and District Technical College, Burton Street, Nottingham. 7.0 p.m. 

Tuesday 27 October 1959: Society for Analytical Chemistry, North of England Section and 
Physical Methods Group: Royal Institute of Chemistry, North-East Coast Section: lnstrumenta2 
Developments in X-Ray Fluorescence Spectroscopy: Mr. J. R. STANSFIELD, M.A., F. Inst. P. Some 
Applications of X-Ray Spectrography: Mr. H. 1. SHALGOLSKY, B.Sc., A.R.I.C. Chemistry Lecture 
Theatre 2, King’s College, Newcastle-upon-Tyne, 1. 6.30 p.m. 

Friday 30 October 1959: Society for Analytical Chemistry, Scottish Section: The VaZue of EDTA 
us an Analytical Reagent: Dr. H. J. CLULEY, M.Sc., F.R.I.C. Chemistry Department, Queen’s 
College, Dundee. 5.0 p.m. 

Friday 30 October 1959: Society for Analtyical Chemistry, North of England Section: The 
Changing Aspects of Chemical Analysis: Mr. H. N. WILSON, F.R.I.C. Metropole Hotel, Stockton- 
on-Tees. 7.30 p.m. 

Friduy 30 Ocrober 1959: Society for Anayltical Chemistry, Western Section: Royal Institute of 
Chemistry, Mid-Southern Counties Section. Analytical Chemistry and Clinical Diagnosis. Professor 
Sir E. CHARLES DODDS, M.V.O., F.R.S. Salisbury. 

Thursday 12 November 1950: Society for Analytical Chemistry, Midlands Section: The Identifica- 
tion and Determination of Phenols: Dr. L. BARKER. The University, Birmingham, 3. 6.30 p.m. 

Friday 13 November 1959: Society for Analytical Chemistry, Scottish Section: Royal Institute 
of Chemistry: Techniques in Radiochemistry for Analysis and Research: Mr. D. A. LAMBIE, B.Sc., 
F.R.I.C. Royal College of Science and Technology, Glasgow. 7.15 p.m. 

Tuesday 24 November 1959 : Society for Analytical Chemistry, Physical Methods Group. Annual 
General Meeting. Burlington House, London, W.l. 6.30 p.m. 

Saturday 5 December 1959: Society for Analytical Chemistry, North of England Section: The 
Analysis of Cocoa and Chocolate in Relation to Modern Manufacturing Methods: Mr. B. W. E. MINIFIE, 
F.R.I.C. and Mr. C. HARRIS, F.R.I.C. City Laboratories, Mount Pleasant, Liverpool. 2.15 p.m. 

Wednesday 9 December 1959: Society for Analytical Chemistry, Midlands Section: The Deter- 
mination of Trace Impurities in Metals. Discussion will be opened by Mr. B. BAGSHAWE, A. Met. and 
Mr. W. T. ELWELL, F.R.I.C. Wolverhampton and Staffordshire College of Technology, Wolver- 
hampton. 7.0 p.m. 

Wednesday 9 December 1959: Society for Analytical Chemistry, Biological Methods Group. 
Annual General Meeting. Biological Methods in Forensic Science. Dr. H. J. WALLS, B.Sc., 
Mr. S. S. KIND, B.Sc., and Dr. A. S. CURRY, M.A., A.R.I.C. Burlington House, London, W.l. 
7.0 p.m. 

Tuesday-Wednesday 3-4 May 1960: Society for Analytical Chemistry: Iron and Steel Institute: 
Institute of Metals: Joint Symposium on Determination of Gases in Metals. Church House, West- 
minster, London. 

Three sessions are envisaged, occupying the afternoon of the 3rd and the morning and afternoon 
of the 4th. At the first session invited review papers will be presented covering the determinations of 
oxygen, hydrogen and nitrogen in a general way; the other two sessions will be devoted to shorter 
papers and discussions dealing with specialised aspects of the field. 

It is intended that preprints of all the papers will be available before the start of the Symposium, 
and that the proceedings, including discussions, will be published in a single volume at a later date. 
Further information from the Hon. Secretary, Society for Analytical Chemistry, 14, Belgrave Square, 
London, S.W.1. 
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PAPERS RECEIVED 

Activation Analysis of Trace Cobalt in Tissue using lOSm-Cobalt. DAVID G. KAISER and W. WAYNE 

MEINKE. (7 August 1959). 

Spectrophotometric Determination of Molybdenum in Steel with 3:3’ :4’ :5:7-pentahydroxytlavonone. 
FRANK L. CHAN and Ross W. MOSHIER. (30 July 1959). 

The Preparation of Iridium Solutions by an Acid Attack of Tin-iridium Alloys. G. H. FAYE and 

W. R. INMAN. (30 July 1959). 

Quantitative Oxidations by Potassium Ferricyanide: BHARAT R. SANT and SUSEELA B. SANT. 

(7 August 1959). 

The Precipitation of Zinc Sulphide from Acid Solutions by Thioacetamide. DAVID F. BOWERSOX, 

DWIGHT M. SMITH and ERNEST H. SWIM. (8 August 1959). 

Potassium Bromate as Volumetric Reagent-I: Determination of Hydrazine and its Organic Derivatives. 
BALWANT SINGH and S. S. SAHOTA. (10 August 1959). 

Titrimetric Analysis of 3:5-Dinitrobenzoate Derivatives. W. T. ROBINSON, R. H. CUNDIFF, A. J. 

SENSABAUGH and P. C. MARKUNAS. (10 August 1959). 

Anhydrous Magnesium Perchlorate Desiccant with Added Indicator. G. FREDERICK SMITH and 

HARVEY DIEHL. (10 August 1959). 

The Calorimetric Determination of Boron in Nitrate Solutions. W. J. ROSS and J. C. WHITE. 

(10 August 1959). 

Determination of Deuterium in Organic Compounds by Infrared Spectrophotometry R. NORMAN JONES 

and MARJORY A. MACKENZIE. (14 August 1959). 

The Spectrophotometric Estimation of Phenol: With Special Reference to Solutions Containing 
Tyrosine, Tryptophane, Histidine or Chymotrypsin. W. LEE and J. H. TURNBULL. (21 August 1959). 

Solvent Extraction Separations of Platinum Metals--I: Ruthenium and Palladium. J. H. W. FORSYTHE, 

R. J. MAGEE and C. L. WILSON. (22 August 1959). 

Solvent Extraction Separations of Platinum Metals-II: Rhodium, Palladium and Platinum. 
J. H. W. FORSYTHE, R. J. MAGEE and C. L. WILSON. (22 August 1959). 

The Effect of Platinum Oxide Films on Reaction Kinetics at Platinum Electrodes. DONALD G. DAVIS. JR. 

(24 August 1959). 

The Determination of Cobalt by Oxidation with Potassium Molybdicyanide. BYRON KRATOCHVIL 

and HARVEY DIEHL. (1 September 1959). 

The Spectrophotometric Determination of Copper with Ammonium Pyrophosphate. C. J. KEATTCH. 

(2 September 1959). 

New Redox Systems-I: Oxidation of Bivalent Cobalt with Iron II1 Chloride in 1 :lO-Phenthroline 
solution F. VYDRA and R. P~IBIL. (12 September 1959). 

Oxidation-reduction Reactions on Ion-exchange Columns-I: Reduction of IronlIr Ions. L. ERDEY, 

J. INCZ~DY and I. MARKOVITS. (15 September 1959). 

A New Micro Method of Studying the Thermal Stability of Easily Volatile Explosives. VINZENZ ANGER. 

(21 September 1959). 

A Critical Study of the Determination of Platinum with Dimethylphenylbenzylammonimn chloride. 
A. D. WESTLAND and L. WESTLAND. (24 September 1959). 

Titrimetric Determination of Soluble Silica as Silicomolybdic Acid. TAKEO TAKAHASHI and SHINGO 
MIYAKE. (28 September 1959). 
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BOOKS RECEIVED 

Contrlbuti Teorlci e Sperimentali di Polarografia, Volume IV. Supplement to La Ricerca Scientifica, 
1959. Centro di Polarografia, Via Loredan 4, Padova, Italy. Pp. 361. 

The Analysis of Titanium and its Alloys, 3rd Edition. Imperial Chemical Industries Limited, 1959. 
Pp. 119. 21s. 

The following publications have been received and are available from the Office of Technical Service, 
Department of Commerce, Washington 25, D.C., U.S.A. 

An Automatic Recording Tit&or. GERALD Ross UMBREIT and J. S. FRITZ. LSC-1021. December 
1957. Pp. iv + 50. $1.50. 

The Determination of Plutonium in Irradiated Uranium Fuel Solutions by Controlled Potential Coulo- 
metry F. A. Scan and R. M. PEEKEMA. HW-58491. 10 December 1958. Pp. 29. $1.50. 

Detection of Nitrite Ion in Plutonium Nitrate Solutions. M. 0. FULDA. DP-336. December 1958. 
Pp. 7. $0.50. 

An Analytical Method for Neptunium-237 Using Anion Exchange. F. P. ROBERTS. HW-59032. 
28 January 1959. Pp. 15. $0.50. 

Analysis for Neptunium by Controlled Potential Coulometry. R. W. STROMATT. HW-59447. 
2 February 1959. Pp. 20. $0.75. 

Spectrophotometric Study of the Ternary System, Aluminum Nitrate-Nitric Acid-Water: Application 
to Analysis. ROBERT W. HENRY and GLENN L. BOOMAN. IDO-14460. 31 March 1959. Pp. 11. 

Remote Analytical Facility Operational Excercises. GEORGE A. HUFF. IDO-14434. 4 April 1959. 
Pp. 13. $0.50. 

Extraction of Protoacthdum with Diisobutylcarbinol. J. R. OLIVER, J. R. MERIWETHER and R. H. 
RAINEY. ORNL-2668. 15 April 1959. Pp. 13. $0.50. 

An In-line Conductivity Meter with Temperature Compensation. D. W. COLVIN. DP-361. April 1959. 
Pp. 12. $0.50. 

Van-Slyke Factors for Hydrogen, Oxygen, Carbon Dioxide and Carbon Monoxide. G. E. ADAMS and 
A. R. ANDERSON. ANL-5991. April 1959. Pp. 7. 

Preparation of Lithium Isotope Standards-I: Separation of Sodium and Lithium by Dowex 50-X18 
DVB Resin. W. C. DIETRICH and R. E. BARRINGER. Y-1254. 14 Muy 1959. Pp. 15. $0.50. 

The Determination of Mercury, Copper and Zinc by Derivative Polarography-Application to Solutions 
of Uranyl Sulfate containing Corrosion Products. R. G. BALL, D. L. MANNING and 0. MENIS. 
ORNL-2717. 25 May 1959. Pp. ii + 27. $1.00. 

High Temperature Gas Chromatography of Aromatic Hydrocarbons: Instrument Design and Exploratory 
Studies at Temperatures up to 430°C. ROBERT A. BAXTER and ROBERT T. KEEN. NAA-SR-3154. 
1 June 1959. Pp. 30. $1.00. 

A New Apparatus for Liquid Phase Thermal Diffusion. EDWARD VAN HALLE. K-1420. 24 June 1959. 
Pp. x + 353. $5.00: 

The Spectrographic Detection of Trace Impurities in Beryllium Oxide. 0. P. KILLEEN. Y-1259. 
4 September 1959. Pp. 12. 

ERRATA 

Vol. 2, page 226. Legends to the Figs. should read as follows: 
Fig. 3. Continuous variations of the palladium complex with thiomalic acid. 
Fig. 4. Slope ratio of the palladium complex with thiomalic acid. Curve (l), reagent 
in large excess; curve (2), palladium in large excess. 

Note: The first slope in curve (2) is due to the formation of a 1 : 1 complex which 
absorbs less than the 2 : 1 complex. The second slope in curve (2) was used to establish 
the 2 : 1 ratio. 
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CO-ORDINATION OF THE NO GROUP 

D. J. MORCAN 

Research Department, British Nylon Spinners Ltd., 
Pontypool, Monmouthshire, Great Britain 

(Received 18 March 1959, wisedpaper received 1 I July 1959) 

Summary-The evidence indicates that nitric oxide normally co-ordinates as a charged ion. Corn- 
plexes containing the neutral molecule such as [Fe11(CN),N0]3-, derived from the compound sodium 
pentacyanoammine ferraterT which is widely used in analytical chemistry and in which the odd 
electron is still localised on the l&and, exist as unstable, transient compounds only. 

ON the basis of its electronic structure, which contains one unpaired electron, we 
would expect nitric oxide to form co-ordination compounds in three ways. These 
are : 

(1) By loss of the odd electron, followed by co-ordination of the NO ion. 
- 

(2) By gain of an electron, followed by co-ordination of the NO ion. 
(3) By co-ordination of the neutral NO group, through a co-ordinate covalency 

involving two electrons from the N atom. 
Examples of both (1) and (2) are well established, particularly the former. Thus 

the structure of sodium nitroprusside as Na~~Fe~(~~~~O] (the N atom having Iost 
an electron) has been deduced from its diamagnetism, from its conversion to Na, 

[Fen(CN),NO,] by alkali and from its relation to the compounds Na,[Feu(CN),] and 
Na,[Fe”(CN),CO]. It should, however, be mentioned that recent infra-red studies1 
point to it being a resonance hybrid, with the iron tending to the Fern and even the 
FeIv state. Compounds of the type Co(NO)(CO), are also accepted as containing 

the NO ion. 

Evidence for the existence of complexes containing the NO ion is more scanty, 

but the diamagnetism of the pink ion [Corn(NH,),~N0J2+ is ascribed to its containing 
- 

tervalent Co and the NO ion, this salt being similar to the chloropentammine salts 
in which the chlorine is bound covalently to tervalent Co, Sidgwick thought the 

structure of the compound iron tetranitrosy~ to be [Fe(NO),J- NO, but GrifFiths, 
Lewis and Wilkinson2 consider that its infra-red spectrum points to three of the NO 

groups co-ordinating as NO and the other as NO. 
A number of authors have assumed the existence of compounds in the third class, 

but it appears that very little experimental evidence can be adduced for their existence. 
Mattem and Gill3 state that pentacyano-iron complexes such as Na,[FeuKN),.NHd 
react with nitric oxide to form structures containing the ion [Fe(CN),*N0]3-, this 
being one of the few cases in which NO replaces a neutral group without change of 

1 113 
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charge, which implies that the iron is in the Fe* state. They say that the complexes 
are yellow in neutral but violet in acid solution and cite the work of Manchot, Merry 
and Woringer,4 and also of Baudisch.6 

Baudisch5 explains the reactions into which nitroprusside enters after exposure 
to light by stating that the NO group has become extremely reactive. This he considers 
is due to the photo-reaction, 

[Fem(CN),NO]2- --t [Fen(CN),NO]3- 

and he states that the unpaired electron is attached to the N of the NO group, although 
+ 

why he should denote this by NO is not clear. 
Bearing in mind, however, that the accepted structure of nitroprusside is Na 

2 
Fen(CN),NO and that any change in the valency state of the iron would involve an 

+ + 
electron gain by the N of the NO ion, we would expect this activated intermediate to 
have the structure Na2[Fem(CN),*NO]. 

This would be paramagnetic, as Baudisch reports, although he appears to associate 
paramagnetic properties with the Fe n state. Baudisch presents no experimental 
evidence for the existence of the transitory paramagnetic compound, however, and 
he never succeeded in isolating it. 

Blanchard,6 also quoting ,Manchot, states that the tervalent ion [Fen(CN),*N0]3- 
can be prepared but that it is unstable and goes over spontaneously to the nitro- 
prusside anion. 

Sidgwick’ refers to nitroso-prussi compounds with the probable structure M, 
[Fe(CN),*NO] which he considers to contain ferric iron bound covalently to a nitroso 
group, i.e. >Fe In--N=O. He states that these compounds are prepared by the action 
of nitric oxide on aqueous solutions of pentacyano-aquo or ammine-ferratestr, i.e. 
of the type Na,[Feu(CN)5*H20], but the paper@ which he quotes do not mention the 
isolation of such compounds. He also states that the colour changes which these 
compounds supposedly undergo (“dark yellow in neutral solution, purple in acid 
solution”) support his postulate of nitroso structure, as the latter can exist in a 
dimeric colourless state and a blue or green monomeric one. 

Hofmanns merely suggests that in the reaction between nitric oxide and what he 
calls “prussid-natrium” (probably the compound Na,[Fen(CN),*H20]), an inter- 
mediate compound “most probably Na,[Fe(CN),*NO]” is formed, which is then 
transformed quantitatively into sodium nitroprusside. He also observes that when 
in the intermediate stage, the yellow neutral solution gives the characteristic violet 
colour on testing with sulphides, but also becomes violet on acidification, This 
hypothetical intermediate containing a neutral NO group and the iron presumably in 
the Fe” state, has never been isolated. 

Manchot, Merry and Woringer,4 who studied the absorption of nitric oxide by 
the pentacyano-ammine ferraterr Na,[Feu(CN),.NHJ also postulated the intermediate 
formation of the same compound. They termed it a ferrous nitroprusside, this being 
an obvious stage in the formation of a ferric nitroprusside (as sodium nitroprusside 
was then thought to be) under oxidising conditions. 

Krasna and Rittenbergg suggest the intermediate formation of the ion [Fen 
(CN),*N013- during the reduction of nitroprusside with hydrogen in the presence of 
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the enzyme hydrogenase, but the results on which they base this are somewhat 

imprecise. They deduce the structure of the products from the reaction of the solution 
with “neutral iodine” and suggest that the solution of nitroprusside, which turns 
first blue and then brown, is reduced according to the equation 

[Fen(CN),NO]z- -P [Feu(CN),NO]s- -+ [Feu(CN),NOI-Ij3- 

Krasna and Rittenberg state that “2 equivalents of neutral iodine are required 
to oxidise the N at the oxidation level of NOH to nitrite” and that “oxidation of the 
blue compound to [Fen(CN),NO,]-* would require 2 equivalents of neutral iodine 

per mole of hydrogen consumed. They do not discuss the chemistry of these novel 
reactions, however, and in addition, the stoichiometry of the latter is somewhat 

doubtful. Furthermore, a complex ion containing the nitroxyl radical has never 

previously been reported. 
Koltoff and TorenlO state that polarographic reduction of the nitroprusside ion 

gives three waves, the first one of which can be explained in terms of a one electron 

reduction to the ion [Fe”(CN),*N0]3-. 
The co-ordination compound, sodium pentacyano-ammine ferraten, is widely 

used in analytical chemistry, because of the colours which it gives with many organic 

compounds. Its preparation and use in this connection is described by Fearonil and 
is based on Hoffmann’s work. Freshly prepared, it is a pale yellow solid with the 
formula Na,[Fen(CN),*NH,]*xH,0, but on exposure of the aqueous solution to light 

and air, it becomes brown and able to react with compounds ranging from thiourea 
to phenylhydrazine. During an investigation of its reaction with N-nitroso com- 
pounds, the present author found that an intense purple colour was obtained with 
traces of nitrous acid. This suggested the possible formation of a complex of the type 

suggested by Sidgwick, in view of the fact that nitrous acid oxidises simple ferrous 
salts with formation of nitric oxide, which could conceivably enter the complex anion 

in this case. All attempts to isolate the supposed purple complex failed, however, and 
it was eventually concluded that the purple colour was due to the formation of the 
compound Na,[Fem(CN),-H,O], the nitrous acid merely oxidising the compound 

Na,[Fen(CN),*H,O], formed by hydrolysis of the original ammine compound. 
With regard to other compounds which may contain a neutral NO group, there 

is again very little concrete evidence. Hi.ickeP3 states that the black paramagnetic ion 
[Co(NH 3)r,.N0]2+ exemplifies the co-ordination of NO as a neutral group, the Co 
atom being bivalent, but Milward, Wardlaw and Way,14 in their original paper on the 

paramagnetic properties of the compound, considered it to be a resonance hybrid of 
the structure 

[5NH,, d.o-N&12+ w [5NH,, CO=N=O]~+ 

Its exact structure is still in doubt. 
Cambi and Szego15 considered that measurements of magnetic susceptibility 

pointed to the existence of the red Roussin salt K,Fe,S,(NO), as a dimer in which 
one of the iron atoms is bivalent and the other tervalent, three of the NO groups being 
in the complex as univalent radicals and the other as a molecule. Ewens,lG however, 
considers that these and similar compounds contain a Fe-Fe link and that each NO 
group contributes three electrons to the corresponding Fe atom. 
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Moeller,l’ referring to the same compound, also states that Manchot’s view that 
it contains co-ordinated nitrosyl groups is in accord with the general tendency of 
nitric oxide to transfer an electron and co-ordinate. 

The strongest experimental evidence for the co-ordination of NO as a neutral 
molecule appears in a recent paper by Griffith, Lewis and Wilkinson.ls Their measure- 
ments of the magnetic susceptibility of solutions of sodium pentacyanoammine 
ferraterr which have absorbed nitric oxide until the ratio Fe : NO is unity, indicate a 
moment corresponding to somewhat less than one unpaired electron. This corresponds 
to the co-ordination of the neutral molecule, the odd electron remaining localised on 
the ligand. They offer no explanation of the moment being less than that correspond- 
ing to one unpaired electron, however, (this being unusual for hexa-co-ordinated iron 
compounds), and also state that the complex cannot be isolated. 

These authors also remark that measurements of the magnetic susceptibility of 
aqueous solutions of the corresponding ferrous sulphate-nitric oxide complex point 
to the formulation of the penta-aquonitrosyl ferrate ion as 

Although at first sight this ion would appear to contain iror-9 co-ordinated with a 
neutral NO molecule, the nitric oxide has actually donated three electrons to the 
ferrous iron. 

Most of the experimental evidence therefore points to the co-ordination of NO 
as an ion. The existence of compounds such as M,[Fe(CN),*NO], containing a 
neutral NO group, appears to be hypothetical, what evidence there is pointing to 
their extreme instability and formation as transient intermediates only. This would 
be in accord with the fact that the odd electron would still be localised on the ligand, 
and the molecule would therefore be as reactive as that of nitric oxide itself. 

Acknowledgements-The author wishes to thank British Nylon Spinners Limited for permission to 
publish, Dr. D. R. Williams for helpful criticism of the paper, and the translating staff of the Depart- 
ment for translating the original papers referred to in the text. 

Zusammenfassung-Aus bisherigen Befunden ist der Schluss zu ziehen, dass das Stickoxyd gewiihnlich 
in Form des geladenen Ions Koordinierung eingeht. Komplexe welche das neutrale Molektil enthalten 
und in welchen sich das ungepaarte Elektron noch auf dem Liganden befindet, wie z.B. [FeII(CN), 
NOIs-, werden nur als unbestiindige Zwischenprodukte aus dem in der analytischen Chemie vielfach 
zur Anwendung kommenden Natrium Pentacyanoammineferrat (II) gebildet. 

Resum&Sur la base des don&es disponibles on deduit que l’oxyde nitrique se coordine generalement 
sous forme de son ion charge; des complexes comme, par exemple, le [Fer1(CN),N013-, qui con- 
tiennent la molecule neutre et dans lesquels l’electron impair se trouve encore sur le ligand, n’ont 
qu’une existence temporaire sous forme de produits intermediaires, derives du pentacyano-ammine 
ferrate (II) de sodium, compose qui a un usage universe1 dans l’analyse chimique. 
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Summary-Several gum nodules from the Nigerian tree Combreturn Ieonense have been individually 
investigated. The amount of material present in each nodule has permitted a study of the variation 
in constitution of both crude and purified forms of the gum. The variations found are much greater 
than can be explained by analytical error. They are considered to indicate that inter-nodule differences 
in fine structure exist. 

IN certain fields of carbohydrate chemistry, e.g. those dealing with starch2s3** and 
with glycogen,5 sampling procedures require strict attention when material for 
investigation of fine structure is being selected. Even if strict control of botanical 
variety and strain proves possible, variations in growth and maturity caused by seasonal 
effects are difficult to control, and wide variation in chemical composition can occur.6 
Several extensive studies of such effects, e.g. in some varieties of seaweed,’ barley,s 
grasses and clovers s*lo have now been reported. 

Severe sampling difficulties exist in the study of plant gums. Usually the gum is 
taken from the tree bark in small nodules which can vary greatly in colour and general 
appearance. Any guarantee of constancy of originating botanical species is difficult 
to obtain, particularly when collection overseas is arranged. Furthermore, gum is 
normally exuded to minimise bacterial attack at localised sites where superficial 
injury from a variety of possible causes has been sustained at some unknown time. 
Thus nodules from the barks of a number of trees may possibly vary greatly in maturity 
and chemical composition, even although each of the trees was authentically of the 
same botanical species.ll 

Consequently, when a batch of nodules collected in such a way is purified by 
precipitation in acidified alcohol from aqueous solution, a complex mixture of 
different polymeric carbohydrate systems may result. Although early studieP 
showed that damson gum from several trees grown in different districts was “essentially 
a homogeneous chemical entity,” recent work has suggested that gum ghatti may be 
heterogeneous13 and that sisal pectic acidl* may contain a series of closely related 
molecular species. 

There have been few investigations of inter-nodule variation. Torto15 analysed one 
nodule of gum from Fagara Xanthoxyloides for acetyl and methoxyl content, and 
stated that specimens prepared from nodules from different trees did not show signi- 
ficant variations in optical rotations and equivalent weights; this was claimed to 
indicate the essential homogeneity of the gum. In a study of the gum from 
Brachychiton diversifolium, three separate nodules were powdered, dried, and analysed 
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for ash, nitrogen, methoxyl and acetyl content: it was deduced that the nodules were 
“not significantly different in composition”.16 

A sample of the gum from Combreturn leonense* was observed to contain a 
number of unusually large clean nodules, each approximately the size of a walnut. 
This appeared to make possible a study of the composition of each nodule.? This 
paper gives the results of an attempt to investigate the composition of each nodule as 
fully as the amount of material available permitted.:: 

Initially, the six largest, whole nodules, whose weight varied from 8-12 grams, were 
selected for study. They were alike in appearance, being dark brown in colour with 
characteristic surface markings, and had a marked odour of acetic acid. The nodules, 
numbered I-VI, were individually ground to a coarse powder. It was immediately 
observed that nodules I, III and V gave a pale yellow powder, whilst that from the 
others was a dark reddish-brown. 

Analytical methods 
EXPERIMENTAL 

(a) Moisture contents were found by heating to constant weight at 103”. 
(b) % ash was found by heating in a muffle at 550”; constant weight was reached in 4 hours. 
(c) % nitrogen was found by a semi-micro Kjeldahl method. 
(d) Acetyl contents were determined by the Weisenberger method.aa 
(e) Anderson’s apparatus’- was used to determine uranic acid contents. 
(f) Free titratable acidity was found by direct titration with 0.0247Nsodium hydroxide to phenol- 

phthalein end-point in a stream of COz-free nitrogen. 
(g) Viscosity measurements were made using a suspended-level dilution viscometer (Polymer 

Consultants Ltd; water = 184 sets) in a thermostat constant to 0.01”; results are expressed using 
g/ml as ~n~ntration units.*s 

Autohydrolysis experiments 

The quantity (calculated on an ash-free, dry weight basis) of each nodule to give 100 ml of a 1% 
(w/v) solution was dissolved in a standard flask. The solutions were transferred to clean, dry flasks 
which were placed in a boiling water bath after being fitted with short reflux condensers. Aliquots 
(2 ml) were withdrawn at intervals by pipette (considerably lengthened above the graduation mark) 
introduced via the reflux condenser, which was fitted with an anhydrone guard-tube except when 
withdrawals were being made. 

Paperpartition chromatography 

This was carried out on Whatman No. 1 paper at 20” with the upper layers of the following 
systems (v/v): {A) butan-1-ol-benzene-pyridine-water (5 : 1 : 3 : 3); (B)pyridine/ethylacetate/acetic 
acid/water (5 : 5 : 1 : 3).24 Sugars were located by heating after spraying with either saturated aqueous 
aniline oxalate solution or with a solution ofp-anisidine hydrochloride in butan-l-01. All sugars were 
identified by comparison with reference sugars run on the same chromatograms. 

~uaatitat~ve estimation of sugars 

This was by the Somogyi method ;a6 o-ribose was used as reference sugar after being shown absent 
in the gum. In the autohydrolysis experiments, total free reducing sugars were calculated as arabinose, 
which was the main sugar liberated. 

The electrophoresis of neutralised solutions of purified nodules VII and VIII was attempted 
(Shandon Universal Filter Electrophoresis Apparatus) using 300 volts for 2-6 hours in 005M borate 

* Collected in Nigeria in 1952, and kindly provided by Dr. R. J. McIlroy. 
t Dr. G. 0. Aspinall kindly provided several nodules for this purpose, although the total weight of gum 

available was not large. 
2 The structure of the gum is now being studied in this Department by Dr. Aspinall. 
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buffer at pH 8 on (a) 20 x 5 cm paper strips (Whatman No. l), (6) glass-fibre paper. No movement 
was observed on the paper strips: small mobilities (<05 cm after 6 hours) were obtained on the glass- 
fibre paper, but no separation of components could be detected. Electrophoresis for 6-18 hours on 
glass-fibre paper in 2&Z alkaIP resulted in movements of 3-4 cm as a continuous smear, from which 
no conclusive result could be obtained. 

Studies on crude material 

Table I shows the results of duplicate determinations of the moisture, ash, nitrogen, methoxyl, 
acetyl and uranic acid content of the crude powdered material from each nodule. Results of analyses 
of the ash are also shown.* Chloride, sulphate and phosphate were all absent; carbonate, formed 
during ashing, was found to account for 55 % of the ash from nodule VI. 

Table II shows the values for pH, free titratable acidity, total free reducing sugars, and flow-time 
number obtained from aliquots of aqueous solutions (1% w/v, corrected for moisture and ash content) 
of each powdered nodule. Each 1% solution was then autohy~olysed at 98”. At intervals, up to a 

TABLE L-DETERMINATIONS ON CRUDE POWDERED MATERIAL 
I 

_ 

- 

.” 

._ 

._ 

.r 

._ 

.- 

- 

15.3 
15.6 

III IV 

---..- 

14.0 ’ 
14-O 1 15.5 / i5.6 

17.1 
169 

0.06 
0.07 

0.11 
0.13 

nil nil 

6.2 
6.2 

6.3 
6.2 

18.7 
19.0 

-- 

17.7 
17.8 

% Moisture 149 14-9 
14.9 14.9 

-_ 
% nitrogen 0.13 0.16 I 0.05 0.12 

0.14 0.16 ~ 0.05 0.12 
-_ _______ 

‘A methoxyl nil nil nil nil 
__ 

% acetyl 5.1 44 5.9 3.0 
5.2 4.4 5.9 3.0 

3.1 
-I- 

% Uranic acid anhydride 15.4 15.9 18.9 15.1 

I 15.7 16.0 19-o 15.4 
- -- --_ 

% Ash 2.56 2.38 3.79 1.71 
2,54 243 3.83 l-69 

-- ._ 
composition of ash l / 

I 

(as parts per million) 
Ca 235,000 205,000 257,000 270,000 
Na 5,200 4,700 3,700 4,400 
K 136,008 180,000 127,000 37,400 

Mg n.d. n.d. n.d. 84,000 
CU 166 538 56 272 
Mn 25,000 17,400 17,100 18,400 
Fe 4,800 2,310 1,200 1,540 
Ba 680 620 630 540 
Sr 1,590 1,490 1,560 1,060 

4.03 
3.96 

3.02 
3.12 

235,000 
5,200 

91,008 
n.d. 

59 
11,400 

1,240 
590 

1,290 

257,000 
3,000 

136,000 
n.d. 

82 
13,400 
1,200 

550 
1,170 

- 

II 

-_.- 

Nodule 

V VI 

-- 

* We are greatly indebted to Dr. R. IL. Mitchell, Macauley Institute for Soil Research, Aberdeen, who 
obtained from the small quantities of ash available the values for Cu, Mn, Fe, Ba and Sr. 
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TABLE II.-DETERMINATIONS ON 1% AQ. SOLUTIONS OF CRUDE MATERIAL 

121 

____ ~~ ~~_ ~~_____ 

‘A cold water insoluble 

PH 

Free titratable acidity 
(ml 1 N NaOH per gram) I 
Hence apparent equiv. wt. 

I 

0.3 

4.25 

0.378 
0.374 
2645 

% Free reducing sugars 
(Somogyi,Z5 as arabinose) 

0.74 

T 

II 

0.5 

4.30 

0.374 
0.384 
2645 

1.02 
1.02 

Flow-time at 26.4” 468 ’ 491 
(water = 184 sets) 466 491 

Hence (t - &,)/to 1.52 1.73 

Nodule 

III 

I 1 
IV 

0.6 ! 0.2 ( ______- 

4.10 / 4.25 
-1 ~- 

0.324 0.426 
0.330 0404 
3125 2380 ’ 

___- 
0.72 2.10 
0.84 2.16 

~~- 

425 620 
429 618 
1.32 2.41 

v I VI 

0.2 0.3 

4.20 4.10 

0.398 0.354 

2500 2820 

0.74 0.90 

449 366 
451 364 
1.45 1.00 

I- 

total of 360 hours, aliquots were withdrawn for determination of total reducing power and total free 
acidity; the values found are shown in Figs. 1 and 2 respectively. Table III shows the ratios of free 
sugars present after 70 and 168 hours’ autohydrolysis; values of the flow-time number were also 
found at 70 hours. Hydrolysis with H,SO, (2N) at 100” for 24 hours was incomplete, but formic acid 
(90%) in a sealed tube at 100” for 5 hours gave complete hydrolysis. Within the limits of experimental 
error, the ratios of the sugars found were the same for each of the samples, viz. arabinose/galactose/ 
rhamnose = 9/10/l. 

Studies on pur$ied material 

Preliminary purification experiments were carried out on nodules I and V, which were the largest 
samples remaining. After dissolution in cold distilled water, the solutions were poured into 3 volumes 
of acidified ethanol (O.lN with respect to HCI). The white curdy gum precipitate was removed by 
centrifuge. After one such precipitation, the material from nodule I contained 0.04 %N and 0.11% 
ash; two precipitations of the material from nodule V gave purified gum having @03 %N and 0.02% 
ash. Since re-precipitations and ash determinations at this level consume considerable quantities of 
material, it was decided to accept this as a reasonable standard of purification. Each of the remaining 
nodules was therefore precipitated twice, and, to conserve material, it was assumed that their values of 
%N and % ash would be similar to those found for V. 

After removal by centrifugation, the precipitated material was dried by immersion in acetone for 
10 days: the acetone was changed daily and the gum was progressively ground to a fine powder. 
Samples I and V were then placed in a vacuum pistol at 60” over P,O, for 1 hour, then stored in a 
vacuum desiccator for 14 days. After this treatment, oven drying to constant weight at 103” showed 
6.83 % “moisture” in sample I and 4.64 % in V. Purified samples II, III, IV and VI were dried, after 
acetone dehydration as before, under vacua at 80” for 48 hours in an attempt to decrease the moisture 
content; oven drying to constant weight at 103”, however, showed 5.25 %, 4.86 %, 5.73 % and 6.20% 
“moisture” for these samples respectively. Since these values were surprisingly high, further drying 
experiments were carried out on small quantities of each sample. Using an infra-red quantitative 
technique.17 it was found that both water and acetone (or any other organic solvent used for precipi- 
tation or preliminary dehydration) were retained up to temperatures at which decomposition of the 
gum began (about 135”) as indicated by slight browning and the start of evolution of CO,. To augment 
the material available, a further two nodules (numbers VII and VIII) were obtained; after two 
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FIG. l.-Increase in total free acidity on 
autohydrolysis. 

Fro. 2.-Increase in total free reducing power 
on autohydrolysis. 
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TABLE III.-DETERMINATIONS ON 1% AQ. SOLUTIONS AFTER AUTOHYDROLYSIS 

Nodule 

1 I 1 II ) III 1 IV 1 ‘v 1 VI 

- 

After 70 hours: i 
I 0.07 

I ! 
0 - mtll 0.04 0.02 0.10 0.06 hexose disacch. 

of 1 galactose 

1 1 1 

pentose disacch. 1 1 i : 

1 i.;. 

I 
n’d’ . . : 

1 
1 

ratio sugars 1.6 1.2 1.5 n.d. 1.5 1.6 
arabinose 12 10 ~ 20 n.d. 15 20 
rhamnose 1 1 ;1 n.d. 1 1 

PPPP__ 

Affer 168 hours: hexose disacch. 1 1 1 ,l 
pentose disacch. 1 1 1 

1 
1 

I; I 
1 

ratio of galactose sugars 2 2 2 2 2 2 
arabinose 15 12 14 10 13 13 
rhamnose 1 1 1 1 1 I 
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TABLE IV.-DETERMINATIONS ON PURIFIED MATERIAL 

123 

oA nitrogen 

ok acetyl 2.9 
2.8 

I 
3’4 / 3’3 
3.3 I 

2.9 4.3 
2.9 4.4 

% uranic acid 15.3 19.2 i 15.2 19.7 18.1 
anhydride 15.5 19.3 ~ 15.4 19.6 18.4 

Resuks.frvm 1% aq. 

0.04 
0.03 

0.21 n.d. ~ n.d. n.d. 0.28 n.d. n.d. n.d. 

1.058 j 0.868 Free titratable acidity’ 0.882 

Hence equivalent wt. 1133 

Hence % uronict acid 15.5 
anhydride I I 

I 

945 I 1152 

18.6 ~ 15.3 

n.d. n.d. n.d. 0.03 / n.d. 0.04 

oA Free reducing 
sugars 

1.106 1.060 

904 943 

19.4 18.6 

Limiting flow-time: 0.63 ’ 

/ 

0.76 n.d. ~ 0.98 
number 

* as mls. l.ON NaOH per gm 
t if all acidity due to uranic acid groups 
: at 25.0” in 1% NaCl solution. 

Nodule 

V VI 

0.03 

0.68 

1.7 3.0 
1.7 2.9 

14.9 19.2 
14.9 19.4 

0.06 
0.07 

3.6 

20.1 
19.9 

0.856 1.072 1.149 

1168 933 870 

VII VIII 

15.1 18.9 20.2 

n.d. ~ 0.61 0.67 

precipitations in acidic ethanol, the purified material was redissolved, dialysed against distilled water 
for 3 days, then isolated by freeze drying. The resultant material was found (a) to lose 1 % of water on 
drying to constant weight at 103”, and (b) to retain a further 1% of water up to the temperature at 
which decomposition began. Robson1B has reported that freeze drying for 500 hours is required to 
remove all traces of moisture from glucose-gelatine solutions. A full account of the dehydration and 
solvent retention studies made will be given in a later communication. 

Determinations of nitrogen, acetyl, and uranic acid content were made on the purified samples, 
the results (corrected for the moisture contents reported above) being shown in Table IV, which also 
gives the results of determinations of free reducing sugars and free titratable acidity made on 1% 
(w/v) aqueous solutions. Calculation of the equivalent weight of the gum acid, based on the free 
&ratable acidity value, shows that, in each case, the uranic acid content accounts for the total acidity 
found. 

Before studying the viscosity behaviour of each purified sample, the polyelectrolyte effect was 
investigated. Fig. 3 shows that 1% salt solution gives adequate suppression of the polyelectrolyte 
effect. The limiting flow-time number of the purified samples was subsequently found at 25.0” in 
1% sodium chloride solution; the viscosity curves obtained are shown in Fig. 4. Use of a zero shear 
viscometer (Polymer Consultants Ltd.) showed that Newtonian behaviour was given by an 0.5% 
solution of sample VIII in 1 ‘A sodium chloride. 
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NaCl concentration. % 

FIG. 3.-Decrease in electroviscous effect. 

When a plant gum is purified by acidic ethanol precipitation from aqueous solution (which may, 
as in this case, have pH = 4) some form of auto-degradation or fractionation could possibly occur. 
Such an effect would become increasingly serious as the number of re-precipitations-and conse- 
quently the percentage of free-acid groups-was increased. To investigate this possibility, the twice 
precipitated material from nodule VII (curve VII(u), Fig. 4) was given two further purifications. 
During each of these, the possibility for degradation to occur was increased by storing the aquepus 
solution at 40” for 1 hour before precipitation in ethanol. (In the original precipitations, no heating 
was employed, and addition to ethanol was made as soon as solution was achieved). Since the material 
recovered from these treatments gave viscosity curve VII@) in Fig. 4, no degradation of this gum 
apparently occurs whilst it is in the free acid form during purification processes. The effect of dilute 
alkali was also tested. An aqueous solution (1% w/v) of the gum was neutralised to phenolphthalein 
end-point; a calculated excess of alkali was then added to make the solution O.lN with respect to 

‘K 

80 

0 0.002 0004 0006 0008 OQIO 
Concentration, g/ml 

FIG. 4.-Viscosity curves for purified samples. 
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NaOH. The limiting flow-time number of this solution was determined at 25.0” on portions of the 
solution (a) immediately, (6) ufrer Jrorage at 25.0” for 72 hours. No difference in viscosity behaviour, 
before and after storage, was detectable. 

No tendency for fractionation to occur was observed when the ethanol used in precipitations was 
varied from 2 to 5 volumes. After centrifugation of the main precipitate, the supernatants were 
stored at 0” for several days; no further material precipitated. No precipitation of neutral material 
was given on addition to the supernatants of borate + “cetavlon”.18 Electrophoresis experiments 
on nodules VII and VIII were inconclusive. (see above). 

DISCUSSION 

The available material was used to obtain, as far as possible, information supple- 
mentary to that which will be obtained in the structural study now in progress on the 
bulk material. Each of the samples was remarkably homogeneous; good replicates, 

as shown in the tables, being obtainable without difficulty. Each nodule, however, 
differed strikingly in composition from each of the others. In view of the reproducibility 
of results obtained in each of the analytical procedures used, the internodule differences 
are greater than could be ascribed to any possible experimental error, and are con- 
sidered to be significant. In only one procedure-determination of the ratio of sugars 
liberated on complete hydrolysis-was it not possible to distinguish between each 
nodule; the error involved in such a determination is, however, at best &5% and 
is more probably f 10 %. 

Correlations between the properties of the nodules are difficult. The nodules cannot 

easily be assigned to sub-groups; a gradation between the maximum and minimum 

values of each analysis appears to be given. That the nodules are broadly similar in 
essential detail is not surprising, considering the care with which they were selected 
for study from a batch. Yet, in the crude material, 100% variation occurred in the 

nitrogen, ash, and acetyl contents. Calculation shows that, in the crude material, 
about 50% of the uranic acid carboxyl groups are in the free acid form. 

In the purified samples, considerable variations occur in the acetyl and uranic acid 
anhydride contents, and in the viscosity behaviour. The acetyl contents shown in 
Table IV are stable in solution under the precipitation conditions used; when stored 
in the solid state, however, the purified material develops a strong odour of acetic acid, 
a behaviour reminiscent of the original nodules. The nitrogen content of the crude 

material was reduced, but not completely eliminated, by the purification process used. 
Re-precipitations were found to reduce ash contents significantly, but little reduction 
in residual nitrogen content was achieved. Small residual nitrogen contents persist in 

other carbohydrate systems 2o despite extensive attempts at purification; their 

significance remains in doubt.“l 
In only one case (nodule III) is the uranic acid content of the purified sample 

significantly smaller than that of the crude material. This is difficult to explain since, 
on a dry weight basis, purification should lead to increased uranic acid content unless 
some sort of fractionation has occurred. Agreement between the uranic acid values 
found directly and by calculation from the neutralisation equivalent is good, and 
strengthens the evidence that the variation from 14*9’% to 20.1 ‘A is real. Such a 
variation must reflect fine structural differences; the inter-nodule variation in 
viscosity and acetyl content, and the kinetic differences found in the autohydrolysis 
experiments support this indication. 

The variations found are sufficiently great to emphasise the need for more careful 



126 D. M. W. ANDERSON, E. L. HIRST and N. J. KING 

sampling procedures than have generally been used in the past. It is hoped at an 
early date to extend the present investigation by securing for study* a number of gum 
nodules obtained (a) from the bark of one tree as a result of several injuries made 
simultaneously and (b) from the barks of a number of trees, all of the same species, 
as the result of one similar injury inflicted simultaneously on each of them. 
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Zusammenfassung-Gummitropfen vom Baume Combretum leonense aus Nigeria wurden individuell 
untersucht. Die Mengen verschiedener Substanzen in einzelnen Tropfen wurden als stark variierend 
gefunden und gestatteten Riickschliisse auf Verschiedenheiten in der Zusammensetzung sowohl von 
Roh- als such gereinigtem Latex. Verschiedenheiten der Zusammensetzung waren weitaus grasser 
als dass sie h%tten durch Schwankungen der Analysenwerte erklPrt werden k6nnen. Der Schluss 
wurde gezogen, dass sie durch Unterschiede in der feineren Stuktur der Tropfen verursacht werden. 

R&urn&--Les auteurs ont 6tudib individuellement diffkrents nodules de gomme provenant de l’arbre 
nigkrien, Combretum leonense. La quantite de mat&e prtsente dans chaque nodule a permis une 
ttude de la variation de la constitution des deux formes: brute et purifiQ de la gomme. On trouve 
des variations beaucoup plus grandes que ne l’expliquerait l’erreur analytique. On considkre que ces 
variations indiquent qu’il existe des diffkrences internodules dans la structure fine. 
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THE APPLICATION OF THE CATHODE RAY 
POLAROGRAPH TO THE ANALYSIS OF EXPLOSIVES 

THE DETERMINATION OF MERCURY FULMINATE* 

J. HETMAN 
Southern Instruments Ltd., Camberley, Surrey, England 

(Received 9 July 1959) 

S~rn~y-The polarograph~~ behaviour of mercu~ f~minate has been described, and it is possible 
to determine this compound polarographically. 

THE polarographic behaviour of mercury fulminate has not yet been reported in litera- 
ture. The simplicity of analytical procedures using the Cathode Ray Polarograph1>2*3 
suggests the value of its application to the determination of this explosive. Con- 
sequently, a method has been developed for the rapid determination of mercury 
fulminate. The method is based on the anodic oxidation and cathodic reduction of 
mercury fulminate in a pyridine/potassium nitrate basic electrolyte. Mercury ful- 
minate is soluble in pyridine4 which also acts as as essential part of the base electrolyte 
in the polarography of fulminic acid. 

EXPERIMENTAL 

Mercury fulminate was prepared as stated by Davis .A It was purified from oxides of mercury by 
recrystallization from ammonium hydroxide. 

The determination was carried out in the following way: 250 mg of sample were placed in a 100-ml 
flask, dissolved in 50 ml pyridine and made up to the mark with N potassium nitrate. 0.04, 0.08, 
0.12, 0.16 and 0.20 ml of this solution were transferred to lo-ml flasks and brought up to the mark 
with a base electrolyte consisting of 10 % pyridine and 90% Npotassium nitrate; thus the concen- 
trations of mercury fulminate in the flasks were 10,20, 30,40 and 50 @g/ml. The polarograms were 
determined using 5 ml of each solution, with starting potentials of -@5 V for anodic oxidation and 
-0.05 V for cathodic reduction, and the scale factor was I.0 in each case. The wave heights, as re- 
corded in Table I, were observed to be directly proportional to the concentration of mercury ful- 
minate. Typical anodic and cathodic waves are shown in Figs. 1 and 2. 

TABLE I 

Concentration of lQ(ONC),, Wave height, 
&ml divisions 

.~~__... ..--. 
I 

i Anodic j Cathodic 

10 6.5 9 
20 13 18.5 
30 19.5 25 
40 25.5 36 
50 32.5 / 45 

* Presented at a ioint meeting of the Scottish Section of the Society for Analytical Chemistry and the 
Polarographic Society, held at The Queen’s University, Belfast on 26 June 1959. 
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FIG. I.-Reduction wave of ONC’ 
40 /{g/ml Hg(ONC), 

Determination of mercury fulminate in explosive primers 

Fto. Z.-Oxidation wave of ONC’ 
40 ,@nl Hg(ONC), 

To extend this observation for practical application, (to the determination of mercury fulminate 
in explosive primers), a series of synthetic samples was prepared containing 20,40,50,60 and 80% of 
mercury fulminate in potassium chlorate, and the percentage of introduced mercury fulminate was 
determined using the sample containing 50% as “standard” for comparison. 

Weights of mercury fulminate, 40, 80, 100, 120, and 160 mg, were introduced into IOO-ml gasks, 
dissolved in 50 ml pyridine, 160, 120, 100, 80 and 40 mg. of potassium chlorate were added respec- 
tively, and the solutions were made up to the mark with N potassium nitrate; 0.1 ml of each solution 
was transferred into a lo-ml flask and made up to the mark with base electrolyte (pH 8.8). The 
polarograms were determined on a 5-ml aliquot of each solution as before, using cathodic reduction, 
and a scale factor of 1.5. The results are recorded in Table II. 

TABLE II 

% KCIO, 
introduced 

% Hg(ONC), ’ % Hg(ONC), 
introduced found 

’ __..-_ , 

I I 

80 20 20.6 
60 40 38.9 
50 50 50.0 
40 60 61.1 
20 80 79.2 

The effect of the addition of lead (as nitrate), sodium azide, mercuric mercury, cyanide, cyanate and 
copper was next investigated. The addition of lead nitrate, sodium azide or mercuric chloride produce 
no interference with the formation of red/ox fulminic waves. The addition of cyanide results in the 
formation of red/ox waves with shapes identical to the waves of fulminic acid, but with peak poten- 
tials differing by 100 mV. In consequence the &termination of both substances using direct current 
is not possible; but working with derivative current, the separation of both waves is easily obtained, 
thus indicating the possibility of the simultaneous determination of both cyanide and fulminate, as 
indicated by Figs. 3-6. Cyanate is neither oxidisable nor reducible and so has no effect on the deter- 
mination of fuIminate, Copper produces an extremely interesting behaviour. The addition of 1 ,ug 
of copper to 100 ,ug of fulminate depresses the wave height of fulminate by 15 %. Further additions 
of 1 pg of copper decrease the wave height approximately by 15% until the ratio of copper to ful- 
minates is 1 : 5, when the reduction wave of fulminate is completely removed, and the formation of 
two copper waves is observed with a starting potential of -0.3 V. This indicates that quantitative 
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FIG. 3.-Reduction waves of ONC’ and CN’ FIG. 4.-Oxidation waves of ONC’ and CN’ 
Direct current Direct current 

7 pg/ml ONC’ : 3 pg/ml CN’ 7 pg/ml ONC’ : 3 pg/ml CN’ 

FIG. 5.-Reduction waves of ONC’ and CN’ 
Derivative current 

7 /@ml ONC’ : 3 pg/ml CN’ 

5 

V 

FIG. 6.-Oxidation waves of CN’ and ONC’ 
Derivative current 

7 pg/ml ONC’ : 3 pg/ml CN’ 

estimation of fulminate cannot be carried out in presence of copper. However, providing the copper 
content is known, it is possible to determine the fulminate concentration by means of calibration 
graphs. 

DISCUSSION 

Fulminic acid is an isomeric form of oxycyanic acid. To the different character- 
istics, i.e. the toxic and explosive property of the one and the non-toxic and non- 

explosive property of the other, is now added differing polarographic behaviour. The 
polarographic behaviour of fulminates is similar to that of cyanides. The oxidation of 

cyanides has been investigated by Kolthoff5 and the mechanism of the electrode 

reaction was suggested as being 

2CN- + Hg -+ Hg(CN), + 2e- 

Similarly the oxidation of fulminates should be 

20NC + Hg -+ Hg(ONC), + 2e-. 
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No previous work has been published concerning the reduction of cyanides, but the 

occurrence of reduction has been proven by the present work. The mechanism of the 
reduction of cyanides and fulminates remains doubtful. 

Acknowledgement-The author wishes to express his thanks to the Directors of Southern Instruments 
Limited for permission to publish this paper. 

Zusammenfassung-Das polarographische Verhalten von Quecksilberfulminaten sowie dessen polaro- 
graphische Bestimmung werden beschrieben. 

Resum&Le comportement polarographique du fulminate de mercure a ttt decrit. 11 est possible 
de doser ce compose par polarographie. 
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(Received 23 Aqust 1959) 

Summary-A method is described for the chromatographic separation and determination of small 
amounts of aluminium, gallium, indium and thallium. The chlorides of the metals are separated using 
a solvent-mixture containing phenol : methanol : cont. hydrochloric acid (50 : 30 : 20 W : V : V). 
Each substance is detected by a single spraying reagent-S-hydroxyquinoline-and the amount of 
element present estimated semi-quantitatively by visual comparison with standards. 

Investigation of the conditions for the removal of the metal oxinates from the paper into an 
organic solvent has permitted the determination of the elements spectrophotometrically. 

A NUMBER of methods have been suggested for the separation of two or more of the 
elements of Group IIIB of the Mendeleef Periodic Tab1e.l Many techniques have 

been used for separation of elements in this group. In an interesting paper Steinbach 
and Freiser2 have examined the extraction of the acetyl acetonates of aluminium, 

gallium and indium from iron. They suggest a possible separation of these metals by 
solvent extraction at different pH values. A different approach is that of Klement 

and Sandmann who separated indium and gallium on cation-exchanger Dowex-50. 
Gallium has also been separated from aluminium as the thiocyanate by a solvent 

containing ether and tetrahydrofuran.4 
One of the most extensive investigations in the separation of this group of elements 

is that by Arden et aI.,5 who separated aluminium, gallium, indium and zinc by 

partition chromatography using n-butanol-hydrochloric acid as the solvent-mixture. 

Attempts by us to include thallium were found to be unsuccessful. 
From the literature survey it appeared that a complete separation of all four 

elements of the Group had not been successfully achieved. These elements are 

becoming increasingly important, occurring in small amounts in aluminium alloys 
and various minerals. Bassett and Tompkins6 attempted the determination of all 
four elements in uranium-bearing materials. Aluminium was determined colori- 
metrically with haemotoxylin or alizarin, but attempts to determine gallium, indium 
and thallium were wholly unsuccessful. 

An important condition in the determination of these elements appears to be the 

complete separation of one from another. It seemed likely that by careful investiga- 
tion of solvents or solvent-mixtures, partition chromatography would offer the best 

ana simplest method of separating the elements. This paper, therefore, reports the 
investigations carried out and the results obtained. 

PRELIMINARY INVESTIGATIONS 

In 1957, Magee and Headridge’ reporting results on the chromatographic separation of the 
alkali metals, suggested that a solvent-mixture containing phenol as complexing agent might give a 

131 
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separation or alum~n~um, gallium, indium and thaIIium. A wide range of solvent mixtures were 
therefore prepared to investigate the action of phenol, in the presence of alcok~ols and acids. With 
simple phenol-methanol mixtures, “bearding” occurred. On the addition of acid to these mixtures 
the bearding disappeared and separation, with good banding, was obtained. The best mixture was 
found to be one containing phenol-methanol and concentrated hydrochloric acid. Chromatograms 
with 200 @g of each element were prepared, over a wide range of solvent-m~xtme components. 
The Rf values of the most promising are shown in Table I. 

TABLE I 

NO 

-- 

I 
ir 

-. 

j 
I 

- 

Wet301 

33 

40 

2.5 

50 

40 

20 

10 

40 

@ethanol 

_-._“l. 

33 

30 

40 

30 

50 

cont. HCI 

~--. 

33 

30 

30 

20 

IO 

40 40 

50 40 

I 
10 i 50 

- 

! 
Al Ga In 

0.18 0.66 0.26 
(;%%04> (1O*W (i0*04) 

052 0.80 O-52 
(1004) ktO.05) (z!zO.O5) 

0.48 0.91 0.53 
(*@OS) (SO-05) (YkO.04) 

0.10 0.76 0.24 
(10031 (1@06) (&0@6) 

Q+20 068 028 
(zt@O5) ktO.05) (zkO.05) 

0.55 0.90 0.50 
(10061 (U-06) (iO.04) 

0.70 0.84 O-72 
(i-@OS) (,-tO~OS~ (Xko~ost 

0.25 0.55 0.27 
(*o*os) (ztO.06) (fO.06) 

Rf Values 

- 

.__.. I____ 

3-l 

O-43 
(srO~O3) 

074 
(zkO~O3) 

0.74 
(ttr@OO 

o-50 
(&O-06) 

0,5f 
(zkO.04) 

o-75 
(*o-OS) 

0.77 

(lo-051 
0.45 

(40~04) 

In the solvent-mixtures Nu. 3-f 0 each constituent of the phenol-methanol-~oncentraied 
hydrochloric acid mixture was varied over the range 2O-50%. It can be seen that the 
separatian of gallium, indium and thallium is achieved in every case, but the separation 
of indium from aluminium is more difficult. This separation was investigated 
separately and it was found that a large amount of phenol with almost equal quantities 
of acid and methanol was the most effective, The solvent-mixt~e used in subsequent 
work was No. 4 containing phenol : methanol : cone. hydrochloric acid (50 : 30 : 20 : 
w : v : V). 

Most workers who have investigated these elements by chromatography devel- 
oped aluminium and gallium with aluminon,s indium with dithizone and thallium 
with an aqueous solution of potassium iodide.7 

In paper chromatography, however, it is obviously a great asset if a single spraying 
reagent can be used. Expe~ments were therefore carried out to find such a reagent. 
GaItium and indium have been detected by spraying the paper strips with a 5% 
soIution of Ghydroxyquinoline in methanol : chloroform : water (85 : 1Wi % V : V)’ 
and th.en hanging the strips in an atmosphere of ammonia. Under ultra-violet light 
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these elements fluoresce brilliant yellow. Investigations were carried out with this 

reagent and it was found that, if the chloroform concentration is increased to an 

amount equal to methanol, the paper sprayed with a 5N aqueous solution of ammonia 
and then with a 8-hydroxyquinoline reagent, aluminium, gallium, indium and thallium 

may be detected as yellow bands. Aluminium, gallium and indium also give a 
brilliant fluorescence under ultra-violet light. The composition of the spraying reagent 
used throughout was a 5% W : V solution of 8-hydroxyquinoline in methanol : 
chloroform : water (48 : 48 : 4 V : V : V). 

Detailed procedure 

1. Place the solvent-mixture, phenol-methanol-cont. hydrochloric acid (50 : 30 : 20 W : V : V) 
in the solvent-trough of the Shandon Chromatank at least one hour before the experiment is started. 
A beaker containing the solvent-mixture should be placed at the bottom of the tank. 

2. Cut sheets of Whatman No. 1 filter paper into 16-cm strips. 
3. At distances of 2.5, 4 and 6 cm from the top, rule lines across the strip and bend the paper 

along the first of these lines. 
4. Along the 6-cm line place 0.01 ml of the metal chloride test solution. Three such spots may 

be accommodated on the paper by placing them 4 cm in from the edge and allowing the same distance 
between spots. Leave the spots to dry in air and insert the strip into the chromatographic vessel 
in such a way that all below the 4-cm marks hang vertically. 

5. Allow the solvent-mixture to run down the paper to the 40-cm mark. This takes about 16 
hours. 

6. Remove the strip from the trough and allow it to hang in air for about 30 minutes. Heat in 
an oven at 80” for 15 minutes. The paper is now ready for spraying. 

7. Attach the strip to the strip-holder and spray with the S-hydroxyquinoline reagent. 
8. Hang the strip in an ammonia-saturated atmosphere at 80” for 10 minutes. 
9. Wash the strip with hot water to remove excess 8-hydroxyquinoline. 

10. Dry in an oven at 120” for about 2 hours. 
11. Examine the strips under ultra;iolet light. Aluminium, gallium and indium will be observed 

as brilliant yellow, fluorescing bands with the following Rf values: aluminium 0.10; gallium 0.76; 
indium 0.24; thallium 0.50. 

Notes: 

1. Although in the procedure just outlined it is recommended that the strip should be examined 
under ultraviolet light, it was found, in practice, that aluminium, gallium, indium and thallium, 
down to the minimum amount, may be detected by the naked eye. 

2. For the semi-quantitative estimation of thallium it was found convenient to amend the pro- 
cedure. If the strip containing thallium is heated to 150” for 10 minutes, the thallium position becomes 
a vivid purple, due possibly to the formation of a complex of the metal with the phenol on the paper. 
If desired, a set of standards may be prepared in this way and used for the estimation of thallium. 

3. The oxinates of the metals should be kept out of contact with light as much as possible since 
they tend to be photo-sensitive. Aluminium, gallium and indium show signs of decomposition in 
10 hours whereas thallium oxinate breaks down in 5 hours. 

Standard and limits of detection 

Using the procedure outlined a number of standards were prepared. For all the 
metals a range of 20 ,ug up to at least 500 pug may be detected. The minimum amount 

(20 pg) of any element can be successfully separated and detected in the presence of 
the maximum amount of any other or combination of the other elements. 

As a test of the validity of the proposed scheme synthetic mixtures of “unknown” 
composition were analysed by one of us (I. A. P. S.). The results are shown in Table II. 
The estimated amounts are in micrograms. 



134 R. J. MAGEE and I. A. P. SCOTT 

For estimation purposes, the bands, developed in the recommended manner, were 

compared with a set of standards. The areas and intensities of the bands increase with 
increasing amounts of the elements. Where the amounts detected differ from the 

amount present, the latter are shown in parentheses. 

TABLE II 

No. 

1 
2 
3 . 
4 
5 
6 
I 
8 
9 

10 

- 

/ 

- 

25 
450(500) 

50(25) 
- 
- 

30(50) 
50(25) 

500 
- 

30(25) 
25(50) 30(50) 

120(150) , 125(150) 
200(250) 250 

- 350(400) 
450(400) 

30(25) 
470(500) 

25 
- 

50(25) 
25 
50(75) 

70(50) 

450(500) 
- 

25 
lOO(l50) 

- 

70(50) 

The determination of aluminium, gallium, indium and thallium 

The success of the separation and the satisfactory manner in which the semi- 

quantitative estimations were obtained suggested the possibility of quantitative 
determination of the elements. Since, after detection, all the metals afe present as 

oxinates, it appeared hopeful that the metal oxinates might be extracted quantitatively 

from the paper. 
The metal oxinates are of the form X(C,H,ON), and show chelate linkages 

within the molecule which are completely satisfied by co-ordinate number six, 

normally shown by this group of metals. It therefore appeared highly probable 
that they would dissolve, under suitable conditions, in a solvent such as chloroform. 

It would then be possible to carry out a spectrophotometric determination on the 
solution. 

Gallium: Moeller and Cohen9 have investigated the absorption spectra of chloro- 
form solutions of gallium oxinate and have shown that strong absorption peaks occur 
at 335, 320 and 392.5 mp. In this investigation, the authors point out that the 
precipitation of gallium oxinate in aqueous solution is complete above pH 3.10. 

It appeared likely that the same conditions of pH would apply to precipitation on the 

paper and the following procedure was used: 

Spray the paper with a 5 % solution of I-hydroxyquinoline in ethanol, followed by a 5N aqueous 
ammonia solution. This treatment was found to raise the pH to approximately 6. Dry the strip in 
the oven for 10 minutes at 75”. Cut a 3-cm square of paper around the metal oxinate band. This 
keeps the excess of 8-hydroxyquinoline to a uniform minimum. Wash the square of paper with 
3 x lo-ml portions of boiling water to remove excess oxine. Dry in an oven for 13 hours at 120”. 
To extract the metal complex from the paper place it in a separatory funnel along with 5 ml of hot 
cont. hydrochloric acid and shake for 5 minutes. After dilution to 25 ml and adjustment of the pH 
to 4.5, shake the solution containing the gallium oxinate with 2 x 4-ml amounts of chloroform. 
Dry the combined extracts over sodium sulphate and make the volume up to 10 ml with chloroform. 
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For the extraction of gallium oxinate completely from aqueous solution into 
chloroform, careful control of pH conditions is necessary. SandelPO states that 
complete extraction can only take place in the range 2.6-3.0. Lacroixll claims that 
it is complete at pH 2.0, while Moeller and Cohen9 favour the range 3.0-7.0. Numerous 
experiments carried out to investigate the extraction showed that pH 4.5 gave the 
optimum extraction and this pH was used in the subsequent work. 

The absorption spectrum of the chloroform solution of the metal complex, 
prepared as described showed a strong absorption peak at 390 rnp which was used 
in all subsequent work. 

Indium: The precipitation of indium was carried out in the same way as for 
gallium by spraying with a 5% solution of S-hydroxyquinoline in ethanol. This 
method did not, however, give reproducible results and it was found more satisfactory 
to use a 5 % solution of 8-hydroxyquinoline in chloroform. The best method for the 
development and extraction of indium was devised as follows: 

Develop the indium band on the paper by spraying with a 5 ‘4 solution of &hydroxyquinoline in 
chloroform. Re-spray with 2N aqueous ammonia solution. Dry in an oven at 75” for 10 minutes. 
Cut out the indium oxinate band (keeping the size 3 cm2 as for gallium). Wash with 3 K lo-ml 
portions of hot water. Finally, dry in an oven for 1: hours at 120”. Shake in a separatory funnel with 
5 ml of cont. hydrochloric acid to remove the complex from the paper. Dilute the acid extract to 
about 25 ml and adjust the pH to 4.0 to ensure compIete extraction. Shake with 2 x 3-ml portions 
of chloroform. Dry the combined extracts over sodium sulphate and make up the volume to 10 ml 
with chloroform. 

The absorption spectrum of the chloroform solution of the metal complex 
prepared in this way showed a strong absorption peak at 395 rnp which was used in 
all subsequent work. 

Thaihm: Thallium oxinate was developed and extracted in a very similar manner 
to gallium, since complete precipitation occurs in the range pH 3*0-K The folIowing 
procedure was used: 

Spray the strip of paper with a 5:/, solution of I-hydroxyquinoline in ethanol and then with 
2N aqueous ammonia. Dry in an oven at 20” for ;t- hour. Cut out the thallium oxinate band from the 
paper (keeping the size 3 cm2 as for gallium), wash with 3 x lo-ml portions of hot water. Dry in 
an oven for 14 hours at 120”. Shake in a separatory funnel with 5 ml of hot cont. hydrochloric acid. 
Adjust the pH, after dilution to 25 ml, to a value between 7 and 8. Extract with 2 x 3-ml portions of 
chloroform. Dry the combined extracts over sodium sulphate and make the volume up to 10 ml with 
chloroform. 

The absorption spectrum of the chloroform solution of the metal complex 
prepared in this way showed a strong absorption peak at 400 rnp which was used 
in all subsequent work. 

Note: Photochemical decomposition of thallium oxinate occurs readily in daylight. 
It should, therefore, be developed and extracted in red light. 

Aluminium: The oxinate of aluminium was prepared and extracted in the same 
way as that of indium: 

Spray the strip with a 5 % solution of 8-hydroxyquinoline in chloroform, followed by 2Nammonia 
solution. Dry the strip in an oven at 75” for 20 minutes. Cut out the aluminium oxinate band from 
the paper (keeping the size 3 cma as for gallium) and wash with 3 x lo-ml ortions of hot water. 
Dry at 120” for 14 hours. Shake in a separatory funnel with 5 ml of cont. h rochloric acid. Adjust 
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the pH to about 6.0 to give complete extraction into chloroform. Extract with 2 x 3-ml portions of 
chloroform. Dry the combined extracts over sodium sulphate and make the volume up to 10 ml with 
chloroform. 

The absorption spectrum of the chloroform solution of the metal complex 

prepared in this way showed a strong absorption peak at 385 rnp which was used in 

all subsequent work. 

The analysis of synthetic mixtures 

Using the procedures described calibration curves were prepared for each metal 

over the range 20-500 pg. In all cases Beer’s law was obeyed. 
To test the validity of the method a number of “known” mixtures was analysed 

by one of us (I. A. P. S.). The results expressed in micrograms, are recorded in 

Table III. Where experimental results differ from the amount actually present, the 

latter are shown in parentheses. 

TABLE III 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

- - 

Al Ga 

300 
460(45u) 
250 

SS(50) 
- 

500 
250 

- 

- 
- 

225(200) 
40(30) 

- 
- 

258(250) 
400 

155(150) i 140(150) 

7- 

In Th 

60(50) 
50(25) 

- 

450 
245(250) 

50 
50(30) 
25 
30(25) 

105(100) 
- 

65(50) 
30(20) 

255(250) 
480(500) 

- 

60(50) 
150 

Small deviations that occur in the above results are thought to be due most 
likely, not to the method, but rather to the error inherent in the measuring of small 

volumes by means of the micro-pipettes and in making up the “unknowns”. 
For the aluminium the determinations are very good. Gallium and indium also 

give very satisfactory values. The results for thallium are, perhaps, the least satis- 
factory. This may be due in part to the fact that thallium oxinate is light-sensitive, 

and superficial decomposition may occur. 
Although the upper limit is given as 500 pug, experiments have shown that this 

may be increased to 1 mg for gallium, indium and thallium. Aluminium and indium 
are the bands closest to one another on the chromatogram and, if the ratio of one 
to the other is increased beyond 25.1, the bands tend to touch. 

The behaviour of other elements with the solvent-mixture was investigated. 

The Rf values of some of them are as follows: 
Copper O-25 ; iron O-40; cadmium 0.33 ; nickel O-15 ; chromium O-15 ; zinc O-35. 
It will be seen from these figures that many important elements will not interfere 

with the separation, so that the method may be capable of wider application. 
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Zusanunenfassung-Eine Methode zur papierchromatographischen Trennung und nschfolgenden 
Bestimmung kleiner Mengen von Aluminium, Gallium, Indium und Thallium wird beschrieben. 
Die Chloride der Metalle werden getrennt mittels einer Mischung von Phenol: Methanol: cont. 
Salzsaure (50 : 30 : 20 g/ml/ml). Alle Ionen werden mit einem einzigen Spriihreagens, namlich 
Oxin, nachgewiesen. Die Mengen kiinnen halbquantitativ durch Vergleich der erhaltenen Flecken 
mit denen von Standardliisungen erzeugten bestimmt werden. 

Die Metalloxinate kiinnen mittels organischer Losemitteln vom Papier gel&t und spectrophoto- 
metrisch bestimmt werden. 

R&nn-Les auteurs dtcrivent une mbthode de separation chromatographique et de dosage de 
faibles quantites d’aluminium, de gallium, d’indium et de thallium. On &pare les chlorures metal- 
liques en utilisant un melange de solvants contenant du phenol, du methanol, de l’acide chlorhydrique 
concentre (50, 30, 20, P.V.V). Chaque substance est d&e& par une simple pulverisation d’oxine, 
et on dose semi-quantitativement la quantite d’eltment present par comparaison visuelle avec des 
Ctalons. 

L’etude des conditions pour &parer du papier les oxinates metalliques dans un solvant organique 
a permis le dosage des elements par spectrophotometrie. 
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A STUDY OF THE CONDITIONS FOR THE 
DETERMINATION OF BORON WITH DIANT~RI~IDE 

LARS DANIELSSON 
Swedish Institute for Metal Research, Stockholm and 

Institute of Inorganic and Physical Chemistry, University of Stockholm, Sweden 

(Received 23 May 1959) 

Summary-The reaction between boric acid and dianthrimide in concentrated sulphuric acid has been 
studied from an analytical point of view using a statistically planned experimental design. Certain 
interactions between the different factors affecting the reaction that have not previously been taken into 
account were found to be significant. Thus, the reaction rate is affected by both the acid and the 
dianthrimide concentrations. The temperature at which the reaction is carried out affects the absor- 
bance less at higher acid concentrations. Suitable analytical conditions are described. 

THE analytical laboratory at the Swedish Institute for Metal Research has for a long 
time used a method for the determination of boron in iron and low-alloy steel based 
originally on a method given by Rudolph and F1ickinger.l Boron is determined 
colorjmetrically using quinalizarin without any preliminary separations. It has been 
found possible to replace the quinalizarin with 1: l’-iminodianthraquinone 
(dianthrimide) which has a greater sensitivity as well as other favourable properties. 
A preliminary method has now been in use for two or three years with good results 
but a systematic investigationof the dianthrimidemethod seemed desirable. The results 
of this investigation are described in two papers, this dealing with problems connected 
with the calorimetric dete~ination of boric acid and a following2 dealing with the 
application of the method to the determination of boron in steel. 

A. CHOICE OF REAGENT 

The determination of boric acid in microgram quantities requires in general the 
use of calorimetric methods. Curcumin is the best known reagent and probably also 
the most sensitive. However it requires extensive preliminary separations and the 
conditions must be standardised very carefully. It was therefore considered less 
suitable for the present purpose. 

Almost all other reagents that have been used for boron are anthraquinone 
derivatives. The reaction between these and boric acid takes place in strong sulphuric 
acid solution but with proper precautions this need not cause any great practical 
difficulties. Many anthraquinone derivatives are very selective and have sufficiently 
high sensitivity for the concentration range involved. Of these quinalizarin and to a 
lesser extent carminic acid have been most widely used for the determination of boron 
in steel. This group of compounds also includes dianthrimide and the substituted 
hydroxyanthraquinones investigated by Cogbill and Yoe.% 

A comparison was made of the sensitivities of quinaliza~n, carminic acid and 
dianthrimide. The results are shown in Table I. They are expressed in ,ug/cm2 as 
suggested by Sandel14 and it is therefore possible to compaie the results directly with 
those obtained by Cogbill and Yoe. 

138 
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As shown in the table, dianthrimide is considerably more sensitive than quinalizarin 
and carminic acid. Comparison with the results obtained by Cogbill and Yoe shows 
that it is also somewhat more sensitive than the best reagents of the substituted 
hydroxyanthraquinones. 

Like quinalizarin and carminic acid, dianthrimide is strongly coloured in sulphuric 
acid solution. The absorption maximum is however below 400 rnp and the absorption 
at the boron complex maximum at 620 rnp is rather small. This is a considerable 
advantage over quinalizarin which has absorption maxima at wavelengths very close 

TABLE I.--SENSITIVITIESOF BORONREAGENTS 

Reagent Method 
! 
Sensitivity (ug/cmz) 

I 

Quinalizarin i AOAF 0.003 
Carminic acid Hatcher-Wilcox6 0,002 
Dianthrimide Method ~comme~ded 0.0006 

to that of the boron complex maximum. Since a large excess of reagent is usually 
required for high sensitivity a high reagent absorption at the wavelength of measure- 
ment can be very troublesome. Carminic acid and most of the substituted hydroxy- 
anthraquinones have more favourable properties in this respect than quinalizarin. 

With boric acid quinalizarin gives calibration curves that show considerable 
deviations from Beer’s law and the useful concentration range is relatively small. 
Dianthrimide and carminic acid on the other hand give linear calibration curves. 

Since preliminary investigations showed also that the colour reaction of boric acid 
with dianthrimide is relatively free from interference this appeared to be a suitable 
reagent for further examination. Probably some of the new reagents developed by 
Yoe and co-workers would also be suitable for this purpose. 

B. DIANTHRIMIDE AND ITS BORON COMPLEX 

The reaction between boric acid and dianthrimide is very slow at room temperature. 
For analytical purposes it is therefore essential to heat the reaction solution. Prolonged 
heating especially at temperatures over 90” gives rise to discoloration of the solutions, 
probably due to partial degradation of the reagent. A corresponding though less 
marked change in colour occurs if the reagent solution while in storage is exposed to 
sunlight. The green colour disappears and the solution becomes yellowish brown, 
However, although a reagent solution after standing for 5 days in sunlight absorbed 
strongIy in the 400-550 rnp region it showed only a slight increase in the absorption 
at 620 rnp where the analytical measurements were made. Solutions of the reagent 
kept in the dark and protected against access of air could be stored for several months. 

Attempts were made to determine the empirical formula of the boron dianthrimide 
complex in solution using the mole ratio method of Yoe and Jones? and a modi~ed 
method of continuous variation.* 

In the mole ratio method the concentration of dianthrimide was kept constant 
at l-00 . 10-4M while the concentration of boric acid was varied within the range 
l-00 . 10-EM-l-OO . 10F3A4’. The solutions contained90.5 % by weight of sulphuric acid 



140 LARS DANIELSSON 

and were heated in an oven for 18 hours at 70”. The results obtained indicated a mole 
ratio of 1 : 1 but are somewhat uncertain since the complex appears to have a low 
stability constant. The absorption was still increasing at a boron : reagent ratio 
of IO : 1. 

In the continuous variation method (Job’s method) a solution of a ml of 2+0 _ 10-P 
M boric acid was mixed with 30-a ml of dianthrimide solution of the same molar 
concentration. In this experiment a was varied between 0 and 30; the solutions 

0.2 0.4 0.6 0*8 I.0 

Mole fraction B 
FIG. 1 .-Determination of the empirical formula of the boron complex in solution using the 

method of continuous variation. Wave~en~tll fr20 m,~. 
Y = absorbanceob.-absorband,,l, aaau~~tng no reactton 

contained 90.3% by weight of sulphuric acid and were heated for 48 hours at 70”. 
The absorbance was measurtd at 460, 520, 540, 580 and 620 mp. 

Fig. 1 shows the absorbance of the boron complex at 620 rnp plotted as a function 
of the mole fraction of boric acid. The maximum lies at a mole fraction 0.47 corre- 
sponding to a reagent-boron mole ratio of 1-l : 1. The other wavelengths measured 
also gave maxima at the same mole fraction. It thus appears probable that there is 
only one coloured complex and that it is composed of equal numbers of boric acid 
and dianthrimide molecules. 

C. SYSTEMATIC ~~YES~~~ATIU~ OF St’fTABLE 
ANALYTfCAL CONDITfONS 

Dianthrimide (MW 429.41) is a rather new reagent for boron and the reaction has not yet been 
examined in full detail. Several modifications of the original methods have been described giving 
different acid and reagent concentrations, heating temperatures and heating times. 
of the effect of these different factors seemed desirable. 

A detailed study 
Since the effects of the individual factors were 
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probably not independent of the other factors it seemed also desirable to use a factorial experiment 
design. Evaluation of the experimental results would then provide a statistical basis to show which of 
the effects of the different factors and interactions between the factors were significant and had a real 
effect on the results. 

The levels of the different factors were selected as follows: 
Sulphurie acid concentration (% by weight): 950, 92.5, 90.0, 87.5, 85.0, 82.5 and 80.0. 
Reagent concentration (mg of dianthrimide/ml): 0.100,0.200 and 0.400. 
Boron concentration @g boron/ml) : 0.500, 1 .OOO and a boron-free blank solution. 
Temperature (“C) : 60, 80 and 100. 

Since the reaction rate is strongly dependent on the temperature a series of different heating times 
were chosen for the different temperatures as follows: 

Temp, “C Time, min 

/ 
I 

60 1 120,240,480,960 

80 , 120,240,480 

100 ~ 15, 30, 60, 120 

Measurements were made at each temperature using all combinations of the other factors. 
Solutions containing 1.000 and 2.000 ,ug B/ml and with 95.0, 90.0, 85.0 and 80.0% by weight of 

sulphuric acid were made up using boric acid (H,BO, p.a. Merck). A third solution without boron 
was made up for each of these acid concentrations. 

The reagent solutionswere prepared by dissolving 0.200,0.400 and 0.800 g ofdianthrimide(Merck) 
in sulphuric acid (1000 ml) of the four concentrations given above. 

The boron and reagent solutions were stored with protection against atmospheric moisture and 
the reagent solutions were kept in the dark. The sulphuric acid solutions were prepared by mixing 
97% acid with the calculated amount of a diluted acid. The concentrations were determined by 
acidimetric titration with 0.25M NaOH and adjusted to the required level. 

The reaction solutions were heated at 60” and 80” in a thermostat-controlled water bath and at 
100” in boiling water. The reaction was carried out in Pyrex Erlenmeyer flasks (Jobling) which after 
repeated treatment by heating in concentrated sulphuric acid did not give off boron in amounts 
sufficient to interfere with the analyses. 

For each determination, boron solution (10 ml) and reagent solution (10 ml) of the same acid 
concentration were transferred to a 50 ml Erlenmeyer flask with a ground glass stopper. The mixture 
was heated for a given time at a given temperature in the water bath and then cooled rapidly to 20” in 
cold water. The absorbance of the solution at 620 rnp was then measured in a l-cm cell against a 
boron-free blank with the same reagent and acid concentrations using a Beckman model B spectro- 
photometer. Acid concentrations of 92.5,87.5 and 82.5 % by weight were obtained by using a reagent 
solution with the next higher acid concentration and a boron solution with the next lower acid con- 
centration. The amount of heat evolved on mixing and the deviation from the required concentration 
are very slight. 

The results obtained from 396 absorbance measurements were evaluated by analysis of variance. 
Since no replications were made the highest order interactions were used to estimate the error. The 
results for the 807; acid concentration were excluded from this calculation, as a complete set of 
measurements at this level could not be made because it was not possible to dissolve 0.8 g of dianthri- 
mide in 1000 ml of sulphuric acid of this concentration. 

Some diagrams have been given to illustrate the results of analytical interest obtained from these 
factorial experiments. As expected the analysis of variance showed that all the effects of the factors 
varied were significant and that a number of interactions between the factors were also significant. 

Heating time 

The reaction rate is of course affected by the heating temperature and it was found that the time 
required for the reaction to reach equilibrium was four times as long at 80” as at loo”. Of greater 
interest is the marked influence on the reaction rate of the acid and reagent concentrations. 
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Fig. 2 shows the absorbance as a function of the heating time for different acid concentrations 
at 100”. Each point in the diagram represents a mean value for the six combinations of boron and 
reagent concentrations. It is clearly apparent that an increased acid concentration is accompanied by 
a strong reduction in the reaction rate. In 85 % sulphuric acid equilibrium is reached after only 15 
minutes heating while in 95 % sulphuric acid the reaction is not complete after 2 hours heating. The 
results for 60” and 80” were similar. 

Fig. 3 shows the absorbance as a function of the heating time for different reagent concentrations 

l-5 

0 30 60 90 120 

Time, min 

FIG. 2.-Absorbance of the boron complex as a function of the heating time at different acid 
concentrations (% by weight). Temp. 100”. 

at 100”. Each point in the diagram represents a mean value of the absorbances for the twelve com- 
binations of boron and acid concentrations. It is clear that an increase in the reagent concentration 
increases the rate of reaction. 

The boron concentration on the other hand does not appear to have any effect on the reaction 
rate. The ratio of the absorbances for the two boron concentrations was the same for different heating 
times. It should therefore be posstble in making a boron determination to interrupt the reaction at 
any given time before equilibrium was reached but this can hardly be of any great practical interest. 

The discussion below of the dependence of the absorbance on other factors will deal only with 
heating times for which it can be presumed that the reaction will be complete. 

Temperature 

BaronlO in an investigation of the use of dianthrimide for the determination of boron in plant 
material, found that the same absorbance is obtained when the colour reaction is done at 70”, 85’ or 
at 100” while in a recently published investigation I1 it is stated that temperature variations of only a 
few degrees can give erroneous results. Our experiments showed that the temperature had a significant 
effect on the absorbances obtained but that this effect was dependent on the acid concentration. 
Fig. 4 shows an example of this. At the two highest acid concentrations the absorbance was the same 
at all three temperatures but if the acid concentration was reduced to 90% or lower the absorbance 
fell appreciably with the heating temperature. This effect was always greater at lower reagent con- 
centrations. In 90 % sulphuric acid at 100” the absorbance was 11% lower than at 80” for the lowest 
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1-L-L 

1 I I 
60 90 

Time, min 

FIG. 3.-Absorbance of the boron complex as a function of the heating time at different 
dianthrimide concentrations. (I 0.1, II 0.2, III 0.4 mglml.) Temp. 100”. 

3 60 80 100 

Temperbture, ‘% 

FIG. 4.-Absorbance of the boron complex at different temperatures and acid concentrations 
(% by weight). Boron 0.5 pg/mI. Dianthrimide 0.4 mg/ml. 
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reagent concentration but the corresponding value for the highest reagent concentration was 2%. 
At the lowest reagent concentration the effect of the temperature was already noticeable in 925% 
acid. 

It was mentioned earlier that the reagent is discoloured by prolonged heating at higher tempera- 
tures, presumably due to degradation. At low acid concentrations such a degradation of the reagent 
can be expected to reach appreciable values before the reaction between boric acid and dianthrimide 
is complete. 

H,S04 % w/w 

FIG. 5.-Absorbance of the boron complex at different acid and dianthrimide concentrations. 
I 0.1, II 0.2, III 0.4 mg dianthrimidelml. Boron O.S,ug/ml. Temp. 100”. Heating time 120 min. 

Sulphuric acid concentration 

As in the use of other anthraquinone derivatives it is essential to have a high sulphuric acid 
concentration. Fig. 5 shows how the absorbance of the boron complex increases with the acid 
concentration. This increase is rather large at acid concentrations less than 90% and this should 
therefore be taken as a minimum for analytical use; above this minimum the variations due to any 
changes in the acid concentration are smaller the higher the reagent concentration. MacDougall and 
Biggs found the same tendency in the determination of boron with quinalizarin.lz 

If the concentration of the acid is reduced from 92.5 to 90% the heating temperature begins to 
affect the result, as is shown in Fig. 4. The consequent decrease in the absorbance is only half as 
great at 60” as at loo”. 

Reagent concentration 

As discussed above there is reason to suppose that dianthrimide and boric acid react in a ratio of 
1 : 1 and that a large excess of reagent is required for Beer’s law to apply. In this investigation the 
molar ratio between reagent and boron has been varied between 25 and 20.2. Fig. 5 shows that the 
absorbance increases with the reagent concentration but that at the highest acid concentrations there 
is only a very small increase when the reagent concentration is increased from 82 to 0.4 mg/ml. 
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Calculation from the results obtained of the ratio of the absorbances at the lower and the higher 
boron concentrations for increasing reagent concentrations gives the values 0.532, 0.512 and 0.502. 
Only the last of these values indicates a direct proportionality to the boron con~ntrations. This 
means that the reagent/boron ratio must be of the order of 10 if a linear calibration curve is to be 
obtained. 

D. DISCUSSION OF THE RESULTS 

The optimum conditions for an analytical method are not determined by high 
sensitivity alone. It is also important that moderate variations in the conditions should 
have as little effect as possible on the results. The factorial experiment showed that 
both these requirements could be satisfied. Suitable conditions were found to be: 
Dianthrimide 0.4 mg/ml; sulphuric acid 93-95 % by weight; boron 0*3-1-O ,ug/ml; 
heating time at loo”, l-1.5 h; or, for instance at SO”, 4-5 h. 

The choice of reagent concentration is a question of judgement. At O-2 mg/ml the 
sensitivity is almost as high as at 0.4 mg/ml. The lower concentration is more 
advantageous from the point of view of the reagent absorption but at the higher 
concentration the sulphuric acid concentration can be allowed to vary over a wider 
range. Although the dianthrimide reagent absorbs comparatively little at 620 rnp 
the high concentration gives a quite appreciable blank. The reagent absorption is 
proportional to the concentration but also increases significantly with the acid 
concentration. It is therefore essential to use high precision in adding the reagent. 
Particularly at low boron concentrations, however, the disadvantages of a high blank 
can outweigh the advantage of lower sensitivity to small variations in the conditions 
that is obtainable at high reagent concentrations. It may then be desirable to reduce 
the reagent concentration but the mole proportion of dianthrimide to boron should 
not be much less than 10. The longer heating times this requires can be reduced in 
certain cases by carrying out the reaction in a small volume and then diluting with 
sulphuric acid to the desired volume. 

The sulphuric acid concentration can be varied within the specified range and a 
little to either side without affecting the results. Supplementary experiments showed 
that there was no advantage to be gained by increasing the acid concentration over 
95% by weight. The sensitivity slowly decreases and there will also be a further 
reduction in reaction speed and a greater reagent absorption. Baron reached somewhat 
different conclusions on the effect of the acid concentration. He obtained an 
appreciably lower sensitivity in concentrated sulphuric acid (s.g. l-84) than in solutions 
with a lower acid concentration. It could however be questioned whether the heating 
period of 5 hours at 70” used by Baron was sufficient to reach equilibrium at the 
highest acid concentrations. 

The absorbances for the boron concentrations given, when measured against a 
reagent blank in l-cm cell, fall within a range of 0.5-1.7 which is suitable for the 
photometer used (Beckman B). However most photometers work best at lower 
absorbances and with these it is necessary to use a lower boron concentration. 

The heating temperature can be selected arbitrarily within the range investigated, 
60-loo”, but at 60” the rate of reaction is inconveniently low. The times given must be 
increased if an oven is used instead of a waterbath since temperature equilibrium is 
reached more slowly. Unnecessarily long heating at the highest temperatures should 
be avoided since the reagent gradually decomposes causing a decrease in the accuracy 
of the determination. 
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The conditions found most suitable in this investigation can be used for boron 
determination after separation of the boron by distillation. The alkaline residue 

must then of course be free from organic material. In other methods of separation 
such as electrolysis with a mercury cathode and ion-exchange the sample is usually in 
the form of a solution in weak sulphuric acid. Concentration of this solution by 
evaporation to fumes of sulphuric acid leads to loss of boron. If however the solution 
is made 2M in sulphuric acid it can be evaporated at 100” without noticeable loss of 

boron. An example of the use of this method for the determination of boron in steel 
is given in a following paper.2 

Acknowledgement-The author wishes to express his thanks to Dr. Axe1 Johansson, Royal Institute 
of Technology, Stockholm, for valuable discussions. 

Zusammenfassung-Die Reaktion zwischen Borslure und Dianthrimid in konzentrierter 
Schwefelsaure wurde vom analytisch-chemischen Standpunkte aus statist&h untersucht. Es wurde 
gefunden, dass das Zusammenwirken verschiedener, friiher nicht berticksichtigter Faktoren die 
Reaktion in signit%anter Weise beeinflusst. So z.B. wird die Reaktionsgeschwindigkeit sowohl 
durch die Konzentration der Schwefelslure als such die des Dianthrimids beeinflusst. Die 
Temperatur, bei der die Reaktion ablauft, hat auf die Absorption weniger Einfluss bei hoher 
Saurekonzentration. Brauchbare analytische Bedingungen werden mitgeteilt. 

R&urn&-La reaction entre l’acide borique et la dianthrimide dans l’acide sulfurique concentre a 
Cte Ctudite d’un point de vue analytique en utilisant une methode experimentale controlee statisti- 
quement. Certaines interactions entre differents facteurs affectant la reaction dont on n’avait pas 
tenu compte precedemment, se sont rev&lees significatives. Ainsi, la vitesse de la reaction est influenc& 
par les concentrations et de l’acide et de la dianthrimide. La temperature a laquelle a lieu la reaction 
affecte moins l’absorption aux plus hautes concentrations d’acide. On decrit des conditions 
analytiques appropriees. 
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ANALYTICAL APPLICATION OF XYLENOL ORANGE-IV* 

A SPECTROPHOTOMETRIC STUDY OF THE 
FERRIC XYLENOL ORANGE COMPLEX 

K. L. CHENG~ 
Metals Division, Kelsey-Hayes Co., New Hartford, N.Y., U.S.A. 

(Received 14 July 1959) 

Summary-The purplish red ferric Xylenol Orange complex has been studied spectrophotometrically. 
It offers a reasonably sensitive and selective reaction for determining ferric iron. But it requires a 
rather narrow acidity (0.04 to O.OSiV) for maximum colour development. It is a I : 1 complex and 
has a formation constant of 5 x IO5 under the conditions studied. 

XYLENOL Orange forms a purplish red coloured complex with ferric iron in an acid 
medium. The coloured complex tends to fade upon standing, however, it offers a 
very sensitive colour reaction for iron. This paper reports the conditions for the 
colour formation of the complex, its composition, its fo~ation constant, and the 
interference. 

APPARATUS AND REAGENTS 
Standard iron solution 

A 1.79 x lo-2M ferric nitrate nonahydrate was prepared in 0.01 N perchloric acid solution and 
standardized by EDTA. A solution of 1.79 X 10W4M iron in 0.05N perchloric acid was made by 
appropriate dilution of the stock solution. 

Other apparatus and reagents are the same as those reported previous1y.r 

Calibration curve 

EXPERIMENTAL 

Pipette 5 to 50 pg of iron into a 25ml volumetric Aask. Add 4 ml of 0.05 % Xylenol Orange in 
0.05Nperchioric acid, dilute to volume with O.OSNperchloric acid and mix. Measure the absorbance 
after 15 minutes at 550 rnp using the reagent blank. Beer’s law is followed. The molar abso~tivity 
was found to be 26,600. 

RESULTS 

Absorption spectra 

The spectra for Xylenol Orange and its ferric complex are shown in Fig. 1. The 
maximum absorption of the complex is at 550 m,u. 

Effect of acidity 

Fig. 2 shows that the optimum perchloric acid concentration for the colour 
formation of the ferric Xylenol Orange complex is 0.04 to 0.06N. Above O.O75i’V, 
the absorbance drops sharply. The ferric Xylenol Orange complex requires 
a low and very narrow acidity range as compared with the Xylenol Orange complexes 
of zirconium and hafnium. Hydrochloric acid may also be used giving a similar 
curve to perchloric acid. Sulphate showed somewhat of a masking effect on complex 
formation, It was noticed that at the higher acidity, the complex faded rather rapidly. 

* Part III, Talanta, 1959,3, 81. 
t Present address. RCA Laboratories, Princeton, N.J., U.S.A. 
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The absorbance measurements were made 15 minutes after addition of Xylenof 
Orange. 

Eflect of amount of Xylenol Orange 

Fig. 3 shows that for 50 ,ug of iron, 3 to 4 ml of 0.05% Xylenol Orange solution 
are required. As happened with zirconium and hafnium, large amounts (more than 
4 ml of 0.05 %) of Xylenbl Orange tend to decrease the absorbance. 

only a few metals in 0,2N sulphuric acid medium form a red or purplish colour 
with Xylenol Orange. 1 Table I indicates the extent of the effect of these interfering 
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metals and of some anions. Some of the interfering metals can be completely or 
partially masked by the masking agents. 

Complex formation 

Like zirconium and hafnium, ferric iron also forms a 1 : 1 complex with Xylenol 

Orange as indicated by Job’s method (Fig. 4). The formation constant was calculated 

from the curves shown in Fig. 4, based on the method used previously.2 It was found 
to be 5 x lo5 in 0.05N perchloric acid. 

As compared with the complexes of zirconium and hafnium, the iron Xylenol 
Orange complex requires a lower and narrower acidity, shows a maximum absorption 
at longer wave length, and forms a slightly weaker complex (also 1: 1). However, this 

dye (Emax = 26,600) offers a higher sensitivity for iron than other commonly known 
iron reagents such as o-phenanthroline (Emax = 11,100) and bathophenanthroline 
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TABLE I.-EFFECT OF FOREIGN IONS 

Taken : 20 pg iron 

Ion boot added 

Fluoride / 

1 

Chloride 
Citrate I 

O~hophosphate / 
Sulphate 

I 
5% 1 
Bismuth 

I 

Molybdenum : 
Zirconium 
Niobium 
Tin11 

TinIv I 

0.1 mmole 
0.1 mmole 
0.1 mmole ’ 
10 rnmoles 
0.17 mmole 
0.1 mmole 
0.15 mmole 
0.3 mmole 
3.1 mmole 
1 ml. 30% 
1 x lo--& mmole 
0.008 mmole 
0.01 mtnole 
0.01 mmole 
0.01 mmole 
0.001 mntole 
0.0001 mmole 
0.01 mmole 
0.001 mmole 
0.0001 mmole 
0.001 mmole 
0.0001 mmole 

- 

- 

- 

Iron recovered, % 

.- 

64.6 
97.8 
99.7 
99.0 
89.3 
98.1 
97.0 
98.4 
85.0 

108.1 
100.0 
99.0 

216.5 
98.4 

333.1 
143.6 
102.9 
456.0 
180.0 
112.6 
205.5 
105.8 

T- 
I 

- 

Remarks 

0.25 mmole Berr added 
1 .O rnmole BeI added 

10 mmoles chloride added 
1 ml. 30% HeOz added 
1 ml. 30% HBOe added 

1 ml. 30% HaOB added 
1 ml. 30% HzOa added 
1 ml. 30% HeOa added 

no H,O, added 

@ma, = 22,400). It is expected that this dye would find many applications where a 
highly sensitive reaction for iron is desired. For example this proposed method would 
be useful in determining traces of iron in nickel-iron thin film (permalloy). 

Zusammenfassung-Der purpur rote ferritische Xylenol Orange Komplex ist spektrophotornetrisch 
untersucht worden. Er liefert eine ziemlich empfindliche und selektive Reaktion zur Bestimmung von 
Eisen. Die Aziditlt muss jedoch in engen Grenzen (0.04 bis 0.06N) gehalten werden urn maximale 
Farbbildung zu erhalten. Es handelt sich urn einen 1 : 1 Komplex x-nit einer Bildungs-konstante von 
5 x lo6 unter den unte~u~hten Bedin~ngen. 

R&nu&Le complexe ferrique rouge-pourpre du Xylenol Orange a BtC Btudie par spectrophoto- 
metric. Xl donne une reaction assez sensible et selective pour la determination du fer. Mais ii necessite 
une bande d’acidite Ctroite (0.04 a 0.06N) pour obtainer le maximum de coloration. 11 a un rapport 
de complexe 1 : 1 et une constante de formation de 5 x lo5 dans les conditions Btudiees. 

I K. L. Cheng, Talanfa, 1959,2,61. 
* Idem, ibid., 266. 
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ORGANIC ANALYSIS-XX* 

MICROESTIMATION OF BLOOD SUGAR WITH 
5-HYDROXY-I-TETRALONE 

TSUTOMU MOMOSE and YOSUKE OHKURA 

Pharmaceutical Institute, Medical Faculty, University of Kyushu, Japan 

(Received 21 July 1959) 

Summary-Blood sugar is estimated with 0.02 ml of blood, measuring the fluorescence produced 
with 5-hydroxy-1-tetralone in sulphuric acid. 

IN the previous papers of this series, it was shown that 5-hydroxy-1-tetralone gave, 

when heated in sulphuric acid,l a green fluorescence sensitively and selectively with 

hexoses, oligosaccharides, and polisaccharides which contained hexose unit in their 

molecule, and that the fluorescence intensity had a linear correlation with the con- 

centration of glucose in definite conditions. 2 The fluorescent compound produced in 
this reaction was also isolated in crystalline form, and its probable structure was 

forwarded as benzonaphthenedione. 3 This paper describes the microestimation of 

blood sugar with the reagent. 

Reagents 
EXPERIMENTAL 

Trichloroacetic acid solution-5 g of trichloroacetic acid, JISt 1 st. grade, was dissolved in 100 ml 
of water. 

5-Hydroxy-1-tetrulone solution-100 mg of 5-hydroxy-l-tetralone was dissolved in 400 ml of cont. 
sulphuric acid, JIS 1 st. grade, and stored in a refrigerator. 

Standardglucose solution--Stock solution was prepared by dissolving 100 mg of dried glucose in 
sufficient 0.21 ‘A aqueous solution of benzoic acid to measure 100 ml. Glucose solution, 10 ,ug/ml, 
was freshly prepared by diluting 1 ml of the stock solution to 100 ml with water. 

Fluorescence intensity 

This was measured by a Hitachi L-3 fluorometer attached to a Type EPU-2 spectrophotometer 
with a glass cell of IO-mm optical length. The ultraviolet light, emitted from a high-pressure mercury 
lamp, was passed through a filter of 365 m,u. 

Procedure 

0.02 Ml of blood was pipetted with a dried Sahli’s pipette for haemoglobin estimation, and the 
outside of the pipette was wiped with defatted and moistened deerskin. The blood was introduced 
into 0.5 ml of water placed in a micro centrifuge tube, and the inside of the pipette was rinsed several 
times with the water. The contents were mixed and haemolysed, 0.5 ml of 5 % trichloroacetic acid 
was added, mixed, and set aside for 5 minutes. The mixture was diluted with 0.98 ml of water to 
measure 2 ml, and centrifuged. Two aliquots of 0.5 ml of the supernatant clear solution were pipetted 
into glass-stoppered test-tubes, and 2 ml of 0.025 % reagent solution was added to each tube under 
ice cooling. The mixture was then heated in a boiling water bath for 40 minutes, cooled in ice water, 
and diluted with 7.5 ml of water before measuring its fluorescence intensity. 

At the same time, two aliquots of 0.5 ml of 10 ,ug/ml glucose solution and two aliquots of 0.5 ml 
of water were treated in the way described, to act as standard and blank solutions. 

* Part. XIX: Chem. Pharm. Bull. (Tokyo), 1959, 7, in press. 
t Japanese Industrial Standards. 
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A large amount of glycerol gave the same fluorescence with the reagent,l and in 
consequence the influence of glyceride in blood was studied. A deproteinised blood 

solution was divided in two portions. One portion was defatted by extracting for 3 

hours with ether, and was then developed with the reagent and compared with the 

TABLE IL-BLOOD SUGAR VALUES(~~/~OO ml) 

I 
Blood 1 213 4 5 6 I 7 I 8 

I I I I I I I 1. 

Present method 89 103 75 

Hagedorn’s method 91 102 73 

I I 

other. The same value for the fluorescence intensity was observed in each solution. 
Other substances in blood which gave a fluorescence with sulphuric acid, showed 

no influence upon the intensity. They showed a faint blue fluorescence when a 
deproteinised blood solution was heated with 80% by volume of sulphuric acid and 
diluted with water, but the fluorescence intensity was negligible at the wavelength 

of 532 mp. 

TABLE III.-RECOVERY TEST 

Blood sugar Glucose Glucose 
values, * added, found, 

w/ml. & rug 

5.3 2.5 7.8 100 

5.3 5.0 10.2 98 
5.2 2.5 I.6 96 
5.2 5.0 9.9 94 
2.1 5.0 7.1 100 
2.1 10.0 12.3 102 
2.9 5.0 1.1 96 
2.9 10.0 12.9 100 
2.3 4.0 6.6 107 
2.3 10.0 12.3 100 

Recovery, 
% 

* The amount of glucose in 1 ml of deproteinised blood. 

The calibration curve was based on the fluorescence intensities of standard and 
blank solutions. Other intensities of the fluorescence produced by glucose solutions 
were almost on the line in a range of O-20 pg/ml. But if the concentration of glucose 
exceeds this range, the development of fluorescence should be carried out with a 

diluted solution. 
The values of blood sugar found are shown in Table II, and almost agree with 

those obtained by Hagedorn’s method, though the latter gives the amount of reducing 
sugar, and can not be exactly compared with the present method. 

A recovery test was carried out by adding a known amount of glucose to the water, 
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by which the measured blood was haemolysed. The results showed an average rate 
of 97.3 %, and the maximum error of 7 %. 

Sources of errors 

SHydroxy-1-tetralone reacts in sulphuric acid with polysaccharides such as 
cellulose, and therefore contamination with cotton dust may cause a large error. The 
reagent solution should be stored in a glass-stoppered bottle covered with a small 
beaker. Pipette and test-tubes should be quite ciean before the development of 
fluorescence. Moistened deerskin is satisfactory for use in the wiping of pipette. The 
fluorescence intensity increases with rising temperature, and should be read at 15-25”. 

Zusammenfassung-Blutzucker wurde in 0.02 ml Blut bestimmt durch Messen der Fluoreszenz, die 
mit 5-Oxy-I-tetralon in SchwefeUure entsteht. 

R&urn&-Le sucre dans le sang a &t& &ah& dans 0,02 ml de sang par mesure de la fluorescence 
obtenue avec l’hydroxy 5 tetralone 1 dans l’acide sulfurique. 

REFERENCES 
1 T. Momose and Y. Ohkura, Pharm. Bull. (Tokyo), 1956,4,209. 
2 Idem, Chem. Pharm. Bull. (Tokyo), 1959,7,31. 
3 Idem, ibid., 1958 6,412. 
4 M. Somogyi, J. Biol. Chem., 1945, 160,69. 
5 0. Folin and H. Wu, ibid., 1919, 38, 81. 
6 H. C. Hagedorn and B. N. Jensen, Biochem. Z., 1923,135,46, 
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SPECTROPHOTOMETRIC DETERMINATION 
OF THORIUM WITH NEOTHORONE 

TAKEO TAKAHASHI and SHINGO MIYAKE 
Institute of Industrial Science, University of Tokyo, Yayoi-cho, Chiba-shi, Japan 

(Received 16 May 1959) 

Summary-In the spectrophotometric method for the determination of thorium with Neothorone, 
the peak of the absorption spectrum of the thorium-Neothorone solution against a Neothorone 
blank solution lies between 570 rnp and 580 rn,& A suitable pH for the sample solution in the 
determination is 2, when the colour of the thorium-Neothorone solution ceases to change about one 
hour after colour development. Besides several ions reported already, anions such as nitrate and 
citrate ions also interfere with the colour reaction between thorium and Neothorone. 

INTRODUCTION 

NEOTHORONE (a-arsonophenylazochromotropic acid) (NT) was proposed by 
Ishibashi and Higashil as a chromogenic reagent for thorium (Th). At the present 
time, it is increasingly important in the calorimetric dete~ination of Th1$2 and F 
(‘indirect method),3 because of its excellent sensitivity and selectivity. Furthermore 
this reagent can be used for the determination of U,4y5 Bee and In,’ and the behaviour 
of NT with respect to metallic ions has been studied in the considerable detaiL4ys 

The present authors report here new information regarding the spectrophoto- 
metric method for the dete~ination of Th employing NT. 

Reagents 
EXPERIMENTAL 

(1) Standard ThCld solution; dissolve commercial Th(NO& in water and purify the solution by 
ion-exchange using alginate,* precipitate the hydroxide with ammonia and dissolve the hydroxide in 
hydr~hloric acid. Standardise the stock solution thus prepared titrimetri~ally by EDTA. It contains 
f-5 mg of Th per ml. It was diluted to a suitable concentration for each experiment. 

(2) 0.1% NT solution; dissolve 0.1 g of guaranteed reagent NT in water and dilute to 100 ml. 
(3) Buffer solutions; prepare the following buffer solutions from guaranteed reagents; 
pH 1: [KC1 4.7 g + Cont. HCl 10.5 ml] per 250 ml. 
pH 2: [KC1 4.7 g + COW. HCI 1.1 ml] per 250 ml. 
pH4: [LNHAc 100 mi + 1NNaAc 25 ml] per 250 ml. 
pH6: l25mlof[l~HA~lOml~l~NaA~l~ml]per25Oml~ 
pH 8: [NH&Cl 6.5 g + 1N NH,OH 3.8 ml] per 250 ml. 

Apparatus 

A Beckman Model DU Spectrophotometer with a self-recording apparatus constructed by the 
authors’* was used for the measurement of absorbancy. 

General procedure 

For the determination of Th in aqueous solution, the following procedure was used. Pipette 1 ml 
of 0.1 y0 NT solution, 5 ml of buffer solution of pH 2 and an aliquot of the sample solution containing 
less than 150 ,ug of Th into a 25 ml measuring flask; make up the volume of the solution to 25 ml 
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with water. Allow the solution to stand for one hour or more, and measure the absorbancy in l-cm 
cell at 580 rnp against either water or the blank reference solution. 

All measurements were carried out at room temperature which ranged from lo” to 15”, such 
a temperature range having no appreciable influence on the absorbancy in these experiments. 

Wavelength, rn,~ 

FIG. l.-Absorption spectra. 

A: NT blank solution against water. 
B: Th-NT solution against water. 
C: Th-NT solution against NT blank solution. 

Absorption spectra 
RESULTS AND DISCUSSION 

The absorption spectra of a NT blank solution and a Th-NT solution against 
water, and of a Th-NT solution against NT blank solution at pH 2 are shown in 
Fig. 1 in which the ordinate represents percent transmittancy. The peak of the 
absorption spectrum of Th-NT solution against a NT blank solution lies between 
570 rnp and 580 mp. The peak has been reported at 6C0 rnp,l 570 mp3 and 580 mp.6 

0 2 4 6 8 

PH 

Efect of pH 

FIG. 2.-Effect of pH upon the absorption of Th-NT solution 
against a NT blank solution at pH 2, 580 mp. 

The effect of pH upon the absorbancy of a Th-NT solution at 580 rnp is shown in 

Fig. 2 in which the ordinate represents the absorbancy of the solution against NT 
blank solution. The absorbancy has constant maximum intensity over a PH range 
from 2 to 4, agreeing with the results obtained by Matsuyama et al.s 

Fig. 3 gives the absorption spectra of NT blank solution against water at various 
values pH; the curves move towards longer wave lengths with increase in pH. 
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Composition of the TH-NT complex 

The absorbancy of Th-NT solution at 600 rnp was measured, the volume of 0.1% 
NT solution added to a fixed volume of Th solution being varied. The results are 
shown in Fig. 4 in which the abscissa represents the mol ratio of NT to Th. The complex 
is apparently composed of 1 mol Th and 2 mol NT, and 1 ml of O-1 % NT solution 
is therefore sufficient for less than 150 ,ug of Th. 

FIG. 3.-Effect of pH upon the absorption spectra of a NT blank solution against water. 

0.25 

0 I 2 3 4 5 6 
Mole ratlo, N.T./Th 

FIG. 4.-Effect of mol ratio of NT to Th upon the absorbance of Th-NT solution 
at pH 2,600 rnp. 

Stability of colour 

It has been reported that the colour of Th-NT solution is lasting and stable. But 
according to the present results this is doubtful. The relationship between absorbancy 
at 600 rnp and time at various pH values is shown in Fig. 5. In general, the colour 
change of the solution is obvious during the initial period of reaction; the absorbancy 
of a solution of lower pH reaches a constant value after the lapse of about one hour, 
but at higher pH there is a continuous change of absorbancy over several hours. 
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0 I 2 3 
Tine, hr 

Frc.5.~Stability of the colour of Th-NT solution at 600mp. 
0 pH1: 0 pH2: OpH4: @ pH8. 

Concn. of Wrote, mole 

0 0.2 O-4 06 0.8 I 
Conch of Nitrate, mole 

FIG. 6. -Interference of citrate and nitrate with the colour of Th-NT solution 
at pH 2,580 m,u. 

50 100 150 200 250 
Concn. of Th, ,x.q/25mi 

Frcx7.-Calibration curves at pH 2. 
- - - against water. 

__ against NT blank solution. 
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Interfering ions 

Ishibashi and Higashil have reported that Zr, Ti, Ce, UO,, Fe, F, PO,, SO,, C,O,, 
etc. interfere with the colour formed by Th. Our experiments also indicate that nitrate 
and citrate interfere. The magnitude of the interference of varying concentrations of 
these ions is shown in Fig. 6. 

Calibration curve 

Calibration curves at pH 2 are shown in Fig. 7. The curve is linear in the 
concentration range from 0 to 150 ,ug of Th per 25 ml, at any wave length from 
570 m,u to 600 mp, either against water or NT blank solution. At other values 
of pH the curve is also linear, but the absorbancy varies with time. Therefore, the 
measurement of the absorbancy for the determination of Th should be carried out at 
pH 2 and at 580 mp. 

Acknowledgement-The authors are grateful for a grant from the Ministry of Education, Japan. 

Zusamrnenfassung-Das Absorptionsmaximum bei der spektrophotometrischen Bestimmung von 
Thorium mit Neothoron liegt zwischen 570 und 580 rnp, wenn gegen eine Neothoron-Blindlosung 
gemessen. Als geeignet fiir die Bestirnmung wurden Arbeiten in einer Losung von pH = 2 
gefunden. Unter dieser Bedingung wurde Konstanz des Absorptionswertes eine Stunde nach 
Entwickeln der F&bung erzielt. Neben anderen schon berichteten Ionen wurden such noch Nitrat- 
und Zitration fiir die Farbreaktion als St&end gefunden. 

R&t&-Dans la methode spectrophotometrique de dosage du thorium avec la n&o-thorone, le 
maximum du spectre d’absorption de la solution contenant le thorium et la neo-thorone par rapport 
a la solution temoin de n&o-thorone se produit pour une longueur d’onde comprise entre 570 m,u 
et 580 rnp. On trouve qu’un pH de 2 pour la solution Cchantillon est convenable pour le dosage; 
de cette man&e la couleur du complexe cesse de se modifier environ une heure apres le debut du 
developpement de la couleur. De m&me que differents ions deja mentionnes, des anions tels qne 
nitrate et citrate perturbent la reaction color& 
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THE FO~AR~G~~~IC DETERMINATION 
OF NITROGLYCERINE* 

A. F. WILLIES and D. KENYON 
Research Department, ICI., Ltd, Nobel Division, Stevenston, Ayrshim, Scotland 

(Received 26 May 1959) 

SnrmnarP-The application of the cathode-ray polarograph for the determination of nitroglycerine in 
certain double base propellant compositions and blasting explosives is described. Employing an 
alcoholic aqueous solution of tetramethyl ammonium iodide as base solution, only one wave is seen on 
the conventional polarograph. When the cathode-ray polarograph is used, however, three peaks are 
clearly seen; these occur at -025, -0.45 and -0*75 V (referred to the mecury pool). Nitroglycerine 
is readily obtained in the ether extract of propellant compositions by measuring the peak height at 
-0.75 or -0.25 V. 

In the case of blasting explosives, in addition to nitroglycerine, dinitroglycol and mononitrotoluene 
may be present in the ether extract. Dinitrogly~ol gives two peaks which occur at -0.45 and -075 V, 
thus coinciding with the two later peaks of nitroglycerine. Further, the isomers of mononitrotoluene 
give peaks which occur very near to nitroglycerine f--+75 V). In view of this, it is necessary to use the 
first peak for nitroglycerine, namely that which occurs at -0.25 V. Accuracies of the order of 12 % 
are obtained. 

A METHOD has already been described for the detremination of dibutyl phthalate in 
propellant compositions, using the cathode-ray po1arograph.l In this connection it 

was shown that owing to interference by the large preceding wave of nitroglycerine at 
the sensitivity required, the orthodox polarograph could not be used for the deter- 
mination of dibutyl phthalate. Whitnack et d2 have described a method for the 
polarographic determination of nitroglycerine in double base powders using a Sargent 
recording polarograph, presumably based on orthodox polarography. They use a base 
solution of tetramethyl ammonium chloride in a solution containing 75% alcohol. 
They refer only to a single wave which is used for quantitative measurement. In an 
earlier paper,3 W~tnack studied the polarographic reduction of polynitrate esters; 
employing alcoholic solutions varying from 60-95% alcohol be obtained only one 
clearly visible wave. The work described here has confirmed that only one wave is 
obvious, extending over a very wide voltage range; close examination of the wave 
does, however, suggest that more than one wave may be present and this has now been 
shown to be so. The cathode-ray polarograph (Southern Instruments Ltd.) reveals the 
presence of three clearly defined reduction steps? 

Employing the cathode-ray polarograph, in a base solution comprising 0*05&f 
tetramethyl ammonium iodide in 50 % aqueous methanol solution, nitroglycerine 
gives three peaks at -0.25, -0-45 and -0.75 V (vs. mercury pool). Propellant 
compositions of the type shown in Table I have been analysed for nitroglycerine using 
the height of the third peak (-0.75 V) as a means of quantitative assessment. Certain 
propellants (ioc. cit.) contain substances which reduce around -0.75 V so that in such 

* Presented at a joint meeting of the Scottish Section of the Society for Analytical Chemistry and the 
Polarographic Society, held at The Queen’s University, Belfast, on 26 June 1959. 
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cases the peak at -0.25 V must be used. This peak is not so convenient to use as it is 

less well defined and more subject to interference by oxygen, but it overcomes the 

problem of interference by other peaks produced from substances which show peaks 
in the vicinity of the main peak of nitroglycerine. 

It was found that up to a certain level there was enhancement of the nitroglycerine 
peak height by the dibutyl phthalate in common with that already described for 
enhancement of the dibutyl phthalate by nitroglycerine,l but there was no effect on the 

blank in the determination of nitroglycerine which was due only to the base solution. 
The work has been extended to the determination of nitroglycerine in blasting 

explosives, for which, compositions are given in Table V. The ether extract from these 
explosives usually contains in addition to nitroglycerine, also nitroglycol. Glycol is 

added to glycerine to the extent of about 20 ‘A and it is this mixture which is nitrated to 

give “nitroglycerine ‘C’.” The only other constituent of the ether extract from some 

types of explosives which gives a polarographic wave is mononitrotoluene. Nitro- 
glycol gives two well defined waves on the cathode-ray polarograph. These occur at 

peak potentials of -0.45 V and -0.75 V, namely they are coincident with the two 

later peaks of nitroglycerine. For this reason it is necessary to use the wave occurring 

at -0.25 V peak potential for the determination of nitroglycerine. Whitnack et al. 

report only one wave for dinitroglycol i3 this is most probably because of the difficulty 
of detection by orthodox polarography. When the value for amount of dinitroglycol 

present is required, it is a simple matter to use either the -0.45 V or the -0.75 V 
peaks for further measurement and deduct the height which would be obtained for the 
nitroglycerine present by multiplying the height of the -0.25 V peak by a predeter- 

mined factor. A peak for mononitrotoluene occurs at -0.8 V so that in its presence 
it is only possible to use the -0.45 V peak in addition to that at -0.25 V. 

Comparison with chemical methods has shown excellent agreement for propellants 

containing between 2 and 35 % nitroglycerine in the presence of dibutyl phthalate and, 
in the case of the lower percentage, also in the presence of a nitro-amine body. 

Blasting explosives containing lo-27 % “nitroglycerine ‘C’ ” and in some cases 

about 2 % mononitrotoluene have been successfully analysed for nitroglycerine and 

nitroglycol. 

A. PROPELLANTS 
Method 

1. Reagents: 

Ether: pure dry ether. 
Methanol: pure anhydrous methanol. 
Standard nitroglycerine: 

(a) Stock solution: Dissolve 1 g ofpure nitroglycerine ‘A’ in 500 ml methanol in a standard 
flask. 

(b) Dilute solution: Dilute 8 ml of the stock solution to 50 ml with methanol in a standard 
flask. This solution contains 320 rg nitroglycerine per ml. 

0.1 M tetramethyl ammonium iodide solution: Dissolve 2 g of tetramethyl ammonium iodide 
which has been recrystallised 5 times from water in 100 ml of distilled water. 

2. Extraction procedure: Weigh accurately about 1 g of the sample into a sintered-glass crucible 
(porosity G. 3) and extract with ether in a suitable extraction unit for six hours (alternatively pure 
methylene chloride may be used). Evaporate the resulting solution to dryness in a current of dry air, 
taking the usual precautions for handling materials containing nitroglycerine. Dissolve the residue in 
methanol and dilute it to 100 ml in a standard flask. Dilute 10 ml of this solution to 100 ml with 
methanol and use the resulting solution for the polarographic determination of nitroglycerine. When 
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the amount of nitroglycerine in the sample falls below about 5%, this second dilution should be 
omitted. 

3. P5~ar~grup~y usilrg the ~~~o~-ray poIarograph~ (a) For samples which are free from ether 
soluble substances which may reduce to give peaks near to the third peak of nitrogly~r~e, the peak 
occurring at -0.75 V may be used for the estimation of the nitroglycerine. The propellants of com- 
position shown in Table I (A and B) may be examined in this way. 

(a) Transfer Smlof themethanolsolutioncontainingthenitroglycerineintoasuitableglassstoppered 
flask, add 5 ml of methanol followed by 10 ml of the tetramethyl ammonium iodide solution. Thor- 
oughly mix the solutions and transfer a suitable amount to a polarographic cell. The concentration 
of nitroglyce~ne in the ceil should be of the order of 25-l 50 pg per ml. Place the ceil in position in the 

Voltage, V 

PIG. I.--Polarograms obtained from nitroglycerine using the cathode ray polarograph and 
showing methods of measuring peek heights: (a) with start potential -0.1 V, (b) with start 

potential -0.4 V. 

water bath (at 25’) of the polarograph stand and conuect it to a nitrogen bubbler containing equal 
volumes of methanol and water. Pass a stream of oxygen free nitrogen in the usual manner for a 
period of 5 minutes in order to remove oxygen. Disconnect the nitrogen and after choosing a suitable 
sensitivity setting, polaro~aph the solution using a start potential of -0.40 V. A well defined peak 
will appear at -0.75 V, Measure the wave height as the vertical height from the base line to the peak 
(see Fig. l(6)). Repeat the whole procedure, taking 5 ml of the appropriate standard nitroglycerine 
solution instead of the 5 ml of methanol. Finally, carry out a blank determination on a solution con- 
taining equal volumes of methanol and the tetramethyl ammonium iodide solution. In each case take 
the mean of three determinations. 

(6) If the sample contains substances which reduce near to the third wave of the nitroglycer~e it is 
necessary to choose an earlier wave for measurement. Thus certain n&o-amine bodies which are used 
as stabilisers may cause interference. Using a start potential of -0.1 V the wave due to nitroglycerine, 
appearing as a shoulder at a potential of -0.25 V approximately is measured by the procedure shown 
in Fig. l(a). The determination is completed in the manner described in 3(u) above. Since interference 
by oxygen is very significant at the lower voltage of -0.25 V (Fig. 2) at least 10 minutes are required 
for de-oxygenation. 

(c) Calculation of results when the dilute (see l(6) above) standard solution of nitrogly~~ne 
is used. 

Let a = the peak height of the unknown solution from which the blank has been deducted. 
Let b = the peak height of the unknown plus the standard solutions corrected as above. 

The concentration C in &ml of nitroglycerine in the cell is given by: 

a x 80 
C==b-_a 

(employing standard solution of nitroglyceine = 320 ,ng/ml). 
From the weight of sample taken and the extent of dilution of the ether extract with methanol and 

knowing the volume of this methanol solution used, calculate the percentage nitroglycerine in the 
sample. 
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EXPERIMENTAL 

1. The examination of nitroglycerine using the conventional polarograph 

Whitnack et al. have carried out extensive investigations of the polarography of nitroglycerine and 
polynitrate esters.$ In the method described for the determination of nitroglycerine8 in double base 
powders they employed a base solution comprising tetramethyl ammonium chloride in 75 % alcohol 

-0-I -0.2 -0.3 -04 -0.5 -0.6 
Voltage, V 

FIG. 2.-Polarogram obtained from nitroglycerine using the cathode ray polarograph showing 
interference by dissolved oxygen due to insufficient degassing. 

solution and polarographed over the range -0.0 to -160 V and measured the height of the wave so 
obtained. Under the conditions used only a single wave is obtained. 

Work carried out by us with a similar base solution and using Tinsley model polarograph con- 
firmed that there is one readily distinguishable wave considerably drawn out over the voltage -0.1 
to - 1.3 (using a base solution of O.OSM tetramethyl ammonium iodide in alcohol solution). Gelatine 

(a) 

0 -6.5 -1.0 
Voltage, V Voltage, V 

FIG. 3.-Polarograms obtained from nitroglycerine using the Tinsley polarograph. 
Sensitivity = 100, damping = 10 

Maximum suppressor used : (a) methyl red, (b) gelatine. 

(0.1% solution) was used as maximum suppressor. When Methyl Red (as employed by Whitnack) 
was used as maximum suppressor it was not possible to obtain a complete wave owing to the presence 
of a maximum at -0.45 V which was apparently derived from the base solution and could not be 
readily eliminated. Figs. 3(a) and (b) show polarograms for the determination of nitroglycerine using 
(a) Methyl Red, (b) gelatine as maximum suppressors. Similar results were obtained both for 50% 
and 75 % alcoholic solutions. As already reported in a previous paper’ this large preceding wave for 
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nitroglycerine causes marked interference with the reduction of dibutyl phthalate for the determination 
of which it is not therefore practicable to devise a routine procedure (see Figs. 4 and 5). 

~though only one wave is readily discernible on the orthodox polarograph, when the cathode-ray 
polarograph is used, three waves are obtained with peaks occurring at -0-25, -0-45 and -0.75 V 
(vs. mercury pool). 

Pro. 4.-Polarogram obtained from a mixture of nitroglycerine and dibutyl phthalate 
using the Tinsley polarograph. Sensitivity = 150, damping = 10. 

/ 

i , 

I 

-ok5 -I:45 -I.:95 

Voltoge, V 

FIG. 5.-Polarogram obtained from a mixture of nitroglycerine and dibutyl phthalate 
using the Tinsley polarograph. Sensitivity = 30, damping = 10. 

2. Results a&g the cathode-ray poiarograph 

The determi~tion of nitroglycerine in doable baseprope~~a~ts: Throughout the work which follows, 
the cathode-ray polarograph manufactured by Southern Instruments Ltd. was used and the solution 
employed for polarography consisted of 10 ml methanol containing the nitroglycerine together with an 
equal volume of O.lMaqueous tetramethyl ammonium iodide. By choosing a suitable start potential, 
any one of the three waves with peaks at -0.25, -0.45 and -0.75 V, may be used for measurement 
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of the peak height although the later wave occurring at -0.75 V gives the best defined peak (see Fig. 
l(u) and (b)). 

Examples showing the composition of double base propellants are given in Table I. The ether 
extract from propellants of Type A and B contain dibutyl phthalate, ethyl centralite and mineral jelly 
as well as the nitroglycerine, but only the dibutyl phthalate in addition to nitroglprine give polaro- 
graphic waves. 

TABLE I.-APPROXIMATE COMPOSITIONS OF 
TYPICAL DOUBLE BASE PROPELLANTS 

Propellant A 

Nitrocellulose 49.75 
Nitroglycerine 34.50 
Ethyl centralite 6.5 
Dibutyl phthalate 8.0 
Mineral jelly 0.25 
Potassium nitrate 1.0 
Triacetin - 

Other constituents including 
nitro-amine stabiliser i _ 

B 

56.5 
19.5 

1.0 

0.25 
1.0 

21.75 

- 

C 

76.0 
2.5 
- 
- 
- 

- 

- 21.5 

(a) The effect of dibutylphthalute on the wave andpeak potential of nitroglycerine: It was found 
that just as the presence of nitroglycerine affected the determination of dibutyl phthalate’ so dibutyl 
phthalate caused enhancement of the height of the nitroglycerine peak and a change in peak potential. 
It was shown that a progressive increase in concentration of dibutyl phthalate from 0 to 250 pg per ml 
of base solution caused a progressive change in the peak potential of the third step from -0.75 to 
-0.85 V which remained constant with further increase in concentration of dibutyl phthalate. 

0 100 200 300 400 
Cuzentrotii of dbuiyi phWale in cell. pghl 

FIG. &-The effect of dibutyl phthalate on the peak height of nitroglycerine. 

The enhancing effect of dibutyl phthalate on the nitroglycerine peak at -0.75 V reached a maxi- 
mum at about 250-300 pg per ml of base solution (see Fig. 6). Unlike previous work on the determin- 
ation of dibutyl phthalate when nitroglycerine had a marked effect on the value of the blank, it was 
found that dibutyl phthalate had no effect on the value of the “nitroglycerine” blank. 

(b) The determination of nitroglycerine in synthetic solutions andpropellant samples: Base solutions 
were made up in the manner described so that they contained 80 pg of dibutyl phthalate per ml 
and various concentrations of nitroglycerine. Employing the procedure described under A, the 
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amounts of nitrogIyce~e were then determined and results are given in Table II. Samples of double 
base propellants (mechanites) were analysed by the standard routine procedure using reduction by 
ferrous ammonium suiphate and by the polarographic method; results are shown in Table III and it is 
seen that a good measure of agreement is obtained. 

(c) Special cas&ofpropellant containing a “reducible” stabiliser: It may happen that instead of 
ethyl central&e a nitro-amine compound may be present as stabiliser (see sample C, Table I) and if this 

TABLE II.-THE DETERMINATION OF NITROGLYCERINE 

IN MECHANITE TYPE SYNTHETIC SOLUTIONS 

Nitroglycerine added 

(&ml) 

Nitroglycerine found 

&g/ml) 

200 197 
240 241 
280 275 
320 316 
360 354 
400 398 

T 

i 

has a reduction peak close to that of the main nitrogly~r~e peak it is obviously necessary to use either 
the peak occurring at -0.45 V or -0.25 V. The peak at -0.25 V was taken as it was more clearly 
defined than the later peak. The measurement of the peak height is clearly demonstrated in Fig. l(a). 
The low peak potential of -0.25 V makes it essential to ensure that oxygen is thoroughly removed 
from the solution and therefore a longer period of at least 10 minutes degassing must be given (see 
Fig, 2). Table IV shows results obtained by the method described in A, 3(b) employing samples 
containing nitroglycerine of the order of 2-3 %. 

TABLE III.-THE DETERMINATION OF NITROGLYCERINE 

IN MECHANITE SAMPLES 

Nitrogly~rine recovered, % 
_- I 

(a) By polarograph 
(b) By ferrous-titanous 

method 
__--....--I 

I 
34.3 I 34-4 
34.2 34.4 
30.0 30.2 
29.9 30.2 
34.3 34.3 
34.3 34.5 

Method 
B. BLASTING EXPLOSIVES 

These methods deal with blasting explosives which normally contain nitrogly~r~e together with 
dinitroglycol in contrast to the pure nitroglycerine used in propellants. Thus there is the problem of 
estimating nitroglycerine in the presence of dinitroglycol. In some cases nitrotoluene may be present. 
Dinitroglycol gives two peaks which coincide with the last two peaks of nitroglycerine and nitrotoluene 
gives a peak which is very near to the third peak of nitroglycerine. 

1. Reagents: The reagents are similar to those given under A but the standard nitroglycerine 
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solution should be prepared from “nitroglycerine” as used in the manufacture, namely prepared from 
the nitro~y~rined~itroglycol mixture. 

Stamiard mo~onitroto~~e~ solution: The material used in the actual explosive may be a mixture of 
the isomers and so the standard solution is best made up from a current plant sample of mononitro- 
toluene. 

Dissolve 0.25 g of the mononitrotoluene in 250 ml of methanol in a standard flask. Dilute 2 ml of 
this solution to 100 ml in a standard flask. This solution contains 20 /&ml mononitrotoluene. 

2. Extractionprocedure: Weigh accurately about 1 g of the sample into a sintered-glass crucible, 
(porosity G.3) and extract in a suitable extraction unit for two hours. Employing suitable precautions 

TABLE IV.-THE DETERMINATION OF NITROGLYCERINE 

IN PROPELLANT POWDERS CONTAlNINV 

A NITRO-AMINE STABILISER 

Nitroglycerine recovered, % 
~_~__ -- 

(a) By poiarograph 
/ (6) By ferrous-titanous 

method 
_ - 

I 
2.93 2.84 
2.95 284 
2.30 2.2 
2.32 2-2 
2.64 2.6 
2.59 2.6 

evaporate the resulting solution almost to dryness, dissolve the residue in methanol and dilute the 
resulting solution in such a way as to give a final convenient concentration of nitroglycerine of say 
about 300 rg/ml. For example, if the explosive contained about 16% nitroglycerine the residue would 
be dissolved in 100 ml of methanol in a standard flask. 20 ml of this solution would then be diiuted to 
a further 100 ml with methanol and the resulting solution used for the determination of nitroglycerine. 

3. Polarography using the cathode-ray polarograph: (a) Samples of the type shown in Table V(Y) 
which are free from mononitrotoluene: 

(i) Assuming that the composition of the nitroglycerine-dinitroglycol mixture incorporated in the 
explosive is known: Determine the “nitroglycerine” by the method described for propellants under A, 
but instead of using a standard ni~ogIy~~e sotution use a standard sohttion of the known mixture of 
nitroglycerine and dinitroglycol. 

(ii) If the composition of nitrated glycerine and glycol mixture is not known then it is necessary to 
use the first peak occurring at -0.25 V. The procedure is as described for propellants (see A). The 
same method can, of course, be used when the composition of nitroglycerine-dinitroglycol as described 
above, is known. 

(Q For samples of blasting explosives which contain mononitrotoluene (see Table V, X and Z). 
A peak for mononi~otoluene occurs in the vicinity of the fina peak for nitrogly~rine and the only 

reliable method for estimating the nitroglycerine under these conditions is to use its -0.25 V peak. 
The determination is carried out precisely as described above. 

EXPERIMENTAL 

The determination of nitroglycerine in blasting explosives 

There are two groups of blasting explosives with which this work is concerned, namely those con- 
taining mono~~otoluene and dinitroglycol (see Table V) in addition to nitroglycerine and those in 
which mononitrotoluene is absent (see Table V). Employing the standard base solution comprising 
O.OSM tetramethyl ammonium iodide in 50% methanol, peak potentials as follows were obtained: 
nitroglycerine: -0.25, -0.45 and -0.75 V; dinitroglycol: -0.45, -0.75 V; mononitrotoluenes: 
-0.67, -0.80 and -0.82 V. The types of waves obtained are shown in Fig. 1 and Fig. 7 (nitroglycol 
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is similar). The wave due to mononitrotoluene is typical of the type produced by a reversible 
reduction on the cathode ray polargraph. Adopting the method shown in Fig. 1 for the me~~ment 
of peak heights, it was shown that for each substance the peak heights were proportional to the 
amount of substance present. This applied equally to the three peaks for nitroglycerine and to both 
peaks of the dinitroglycol. 

TABLE V.-APPROXIMATE COMPOSITIONS OF 

TYPICAL BLASTING EXPLOSIVES 

Explosive x 
_ 

‘c’ nitroglycerine* 
B.S. nitrocellulose 
Mononitrotoluene 
Ammonium nitrate 
Sodium chloride 
Oat husk meal 
China clay 
Diammonium phosphate 
Alcohol 
Woodmeal 
Woodffour 
“Cellofas” B 
Calcium stearate 
Barytes 

27.5 
1.0 
1.5 

31.0 
294 

1.1 
4-o 
0.5 
0.3 
- 
- 
- 
- 

4.0 

- 

- 

- 

L 

Y 

-.___ 

10.5 

70.7 
10.0 

- 
6.7 
2.1 

Z 

16.0 
0.5 
1.0 

42.5 
28.0 
- 

5.0 
- 
- 

2.0 
- 

0.5 
05 
4.0 

* ~itrogIy~rine-nitroglycol mixture prepared from glycerine 
containing 20 % ethylene glycol. 

(u) The determina#io~ of ~itr~~cerine in the presence of dii~itrogl~col: Blasting explosives differ 
from propellants in that glycerine containing ethylene glycol is used instead of pure glycerine for 
nitration and the “nitroglycerine” so prepared is used in the preparation of the explosive. In 
addition some compositions contain mononitrotoluene as a mixture of the isomers. The only polaro- 
graphically reducible compounds in the ether extract (see B, 2) of the explosive are nitroglycerine, 

-04 -0.5 -0.6 -0.7 -0-3 -0.9 
Vdtage, v 

FIG. 7.-Polarogram obtained from mononitrotoluene using the cathode ray polarograph. 
Peak potentials: ortho = -@SO V, meta = -0.67 V, para = -0.82 V. 

and dinitroglycol and mononitrotoluene when present. Since the nitroglycerine: dinitroglycol ratio 
used in the manufacture is usually known, provided mononitrotoluene is absent, it is possible to use 
the third peak occurring at -0.75 V for the determination of nitroglycerine. Alternatively, by using 
the early peak occurring at -0*25 V (see Fig. 1) the nitroglycerine can be determined directly in the 
presence of both dinitroglycol and mononitrotoluene. Results obtained with synthetic mixtures of 
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TABLE VI.-DETERMINATION OF NITROGLYCERINE 

IN THE PRESENCE OF DINITROGLYCOL 

Nitroglycerine added, 
@ml, base solution 

~_____ 

100 
200 
300 
400 
500 

Nitroglycerine 
found, pg/ml 

98 
195 
296 
410 
492 

- 

L 

Error 

% 

-2 
-2.5 
-2 
-1-2.5 
-1.6 

TABLE VII.-DETERMINATION OF NITROGLYCERINE 

IN THE PRESENCE OF DINITROGLYCOL 

AND MONONITROTOLUBNE 

Nitroglycerine added, Nitroglycerine Error 
pg/ml base solution found, pg/ml % 

100 97 -3 
200 197 -1.5 
300 304 t1.3 
400 394 -2 
500 492 -1.6 

TABLE VIII.-THE DETERMINATION OF NITROGLYCERINE 

IN BLASTING EXPLOSIVES 

Nitroglycerine determined Nitroglycerine determined 
by difference method, by polarograph, 

% % 

I I 
1 2 I 1 2 

10.5 10.3, 10.4 / 
16.1 16.3, 16.4, 16.5 
27.1 21.3,21.4 

I-mononitrotoluene absent 
2-nitrotoluene present. 

various amounts of nitroglycerine in the presence of 40 pg dinitroglycol per ml of base solution are 
shown in Table VI. 

(b) The determination of nitroglycerine in the presence of dinitroglycol and mononitrotoluene: The 
procedure described above, using the peak for nitroglycerine occurring at -0.25 V was used for the 
determination of nitroglycerine in the presence of both dinitroglycol and mononitrotoluene. Since 
the mononitrotoluene used in the manufacture consisted of a mixture of the three isomers, the same 
mixture was used as a standard in the preparation of synthetic solutions used for testing the method 
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In the actual polarographic determination, the method of standard addition was employed as there 
was a slight enhancing effect of the nitroglycerine peak by the mononitrotoluene. It was found that 
the peak potentials for the isomers of mononitrotoluene ranged from -0.67 to -0.82 V. 

Table VII shows results obtained for various amounts of nitroglycerine in the presence of 40 ,ug 
dinitroglycol and 5 pg mononitrotoluene per ml of base solution. These are the amounts which would 
be expected in the amount of solution taken from the diluted ether extract of the sample (see B, 2). 

(c) The determination of nitroglycerine in blasting explosives: Table VIII shows results which were 
obtained for the determination of nitroglycerine in blasting explosives of the types shown in Table V. 

Zusammenfassnng-Es wird die Anwendung des Kathodenstrahl-Polarographen zur Bestimmung von 
Nitroglycerin in einigen doppel basischen Treibstoffmischtmgen und Sprengstoffen beschrieben. 
Bei Anwendung von einer alkoholisch-wassrigen Liisung von Tetramethyl ammonjodid als Grund- 
liisung kann man nur eine Welle in iiblichen Polarographen sehen. Wenn man aber den Kathod- 
strahl-Polarographen beniitzt, kijnnen deutlich drei Spitzen gesehen werden: diese erscheinen bei 
-0,25, -0,45 und -0,75V (bezogen auf den Quecksilber-Pool). Nitroglycerin erhllt man leicht 
in Ather-Extrakt von Treibstoffmischungen durch Messung der Wellehijhe bei -0,75 oder -0,25V. 
Im Falle der Sprengstoffe konnen sowohl Nitroglycerin als such Dinitroglykol und Mononitrotoluol 
in Ather-Extrakt anwesend sein. Die Dinitroglykol gibt zwei Wellen die bei -0,45 und -0,75V 
erscheinen, und so iibereinstimmen mit den zwei spateren Wellen von Nitroglycerin. Weiters, geben 
die Isomere von Mononitrotoluol Spitzen welche sehr nahe bei den Spitzen von Nitroglycerin 
erscheinen. Jn Hinblick dieser Tatsache ist es notwendig fur Nitroglycerin die erste Spitze zu beniit- 
zen, diese die bei -0,25V erscheint. 

Die Genauigkeit lauft in der Griissenordnung von &2 %. 

Rbutn~On decritl’application du polarographe a rayons cathodiques au dosage de la nitroglycerine 
dans des melanges propulsifs a deux constituants de base et dans les explosifs “soufflants”. En utilisant 
une solution hydroalcoolique d’iodure de tetramethylammonium comme electrolyte support, on 
observe, sur le polarographe classique, une seule vague. Sur le polarographe a rayons cathodiques on 
d&le nettement trois pits; ceux-ci se placent a -0,25, -0,4.5 et -0,75 V (par rapport a la napde de 
mercure). On dose facilement la nitroglycerine dans l’extrait a l’ether du melange propulsif(- )en 
mesurant la hauteur du pit a -0,75 ou a -0,25 V. 

Dans le cas des explosifs “soufflants”, on trouve dans l’extrait a l’ether, outre la nitroglycerine, du 
dinitroglycol et du mononitrotoluene. Le dinitroglycol donne deux pits a -0,45 V et -0,75 V, 
colncidant ainsi avec les deux derniers pits de la nitroglycerine. De plus, les isomeres du mono- 
nitrotoldne donnent des pits qui apparaissent t&s pres de celui de la nitroglycerine (-0,75 V). En 
consequence, il est necessaire d’utiliser le premier pit pour la nitroglycerine, c’est-a-dire celui qui 
apparait a -0,25 V. 

On obtient une precision de +2 pour cent. 
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DISCUSSION 

Mr. E. TYRRALL asked whether the reactions corresponding to the three peaks in the nitroglycerine 
polarogram had been identified. Mr. WILLIAMS replied by indicating that no detailed study had so far 
been made of the reduction steps involved, but it was possible that each of the three peaks could be due 
to each of the nitrogroups, although it was possible that they may be reduction steps in any one of 
the nitrogroups. 

Mr. A. 0. PEARSON asked whether three peaks are obtained for trinitrotoluene. In his reply, Mr. 
WILLIAMS referred Mr. PEARSON to the work of J. Pearson (Trans. Farad. Sot. 1948 44,683) who had 
studied that particular reduction and obtained three peaks in both acid and alkaline media. 

Mr. E. TYRRALL asked, as an outcome of comments by Mr. HETMAN, whether a suggested cyclic 
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isomer of nitroglycerine was established or was it merely a guess. Mr. WILLIAMS indicated that it 
could be largely guesswork. 

Mr. H. Y. STRAIN wanted to know whether aliphatic nitrates such as those derived from erythritol 
or mannitol, containing a number of nitrogroups, had been examined to see whether their behaviour 
was similar. Mr. WILLIAMS replied by pointing out that some work would almost certainly have 
been carried out on the polarograph but he had no knowledge of this. 
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A GAMMA ABSORPTIOMETER FOR LABORATORY 
ANALYSIS OF THE HEAVY ELEMENTS* 

W. L. MADDOX and M. T. KELLEY 
Analytical Chemistry Division 

Oak Ridge National Laboratory,t Oak Ridge, Tennessee 

(Received 25 May 1959) 

Sumrn~~-Cons~uction of a simple gamma abso~tiometer employ~g a small **‘Am source, for the 
determination of U or Pu in relatively pure solutions, is described. The instrument yields a recorded 
voltage directly proportional to absorbance. 

THE use of low energy radioactive sources in an absorptiometric technique provides 
a rapid and sensitive means for the determination of the concentration of heavy 
elments in solution. The liquids to be tested are inserted in a beam of radiation and 
the attenuation of the beam is a measure of the sample concentration. 

This paper describes an instrument constructed at ORNL for the laboratory 
analysis of uranium or plutonium in relatively pure solutions. 

Radiation source 
APPARATUS 

Americium-241 is a desirable source of photons for this technique’ because of its low photon energy 
-approximately 60 keV-and its long half life-470 years. The relatively low intensities available 
with this source material are offset by the pronounced sensitivity for heavier elements gained by the 
use of low photon energies. The source is 10 mg of 2a1Am as the tritluoride, cast in a plastic disc +$ 
inch in diameter. This casting is seated in an aluminium container by pouring a low melting alloy 
(Wood’s alloy) over the source after locating it in the well of the container. The source is exposed to 
the sample through a 0.012-inch aluminium “window”. Details of a procedure for source preparation 
are reported by Milham.z 

A brass fitting surrounding the source provides biological shielding and serves to define the beam. 
Only the portion of the beam that passes through the sample is allowed to strike the detector through 
an orifice in the lead shield (Fig. 1). 

A thal~um-activated sodium iodide ~intil~ation crystal coupled to an RCA 5819 multiplier photo- 
tube is the sensing unit. Tbe detector crystal is 0.1 inch thick by 1.5 inches in diameter. This thickness 
was chosen to discriminate against higher energy background radiation. The low energy photons 
from the source are effectively absorbed in the crystal while higher energy radiation passes through 
with little interaction. Protection from the sides is afforded by a lead shield surrounding the crystal. 
Some stray radiation from this direction would otherwise be absorbed, regardless of its energy, since 
it would traverse the diameter of the crystal. 

The multiplier phototube is taped with electrical insulating tape to insure light-tightness, and is 
magnetically shielded. Fig. 1 shows the construction of the source-detector assembly. The assembly 
is ~lind~cal in cross section, with the source and detector located on the axis. Samples are positioned 
properly in the beam by placing the cylindrical, flat-bottomed absorption cells in a closely fitting 

* Based on a presentation at the ISA Symposium on Instrumental Methods of Analysis, Houston, 
Texas, 12-14 May 1958. 

t Operated by Union Carbide Corp., for the Atomic Energy Commission. 
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depression in the detector housing cap. These cells are 1 inch internal diameter lucite cylinders having 
+ inch wall and end thickness. 

Photometric circuit 

The basic circuit employed in this instrument was originally described by Sweet3 and has been 
modified by other@ for various uses. The unique property of the circuit is that the anode current 
from a multiplier phototube is held essentially constant by a feedback system that controls the dynode 
supply voltage. Sweet has shown that under this condition the voltage is approximately proportional 
to optical density over a considerable range. This is explained by reference to Fig. 2. A decrease in 
the light intensity falling on the photocathode, corresponding to an increase in solution density, causes 
a tendency for the anode current to decrease. A small decrease in current through the 200-M load 
resistor causes a relatively large voltage signal-in this instance, positive-and so decreases the bias 
on the cathode follower tube-tZAX7. The cathode follower then passes more current, making the 
potential of its cathode, and that of the grid of the series regulator tube-6BG6, more positive. The 
lowered resistance of the 6BG6 permits more current to flow, increasing the voltage applied to the 
multiplier phototube dynodes and counteracting the tendency of the anode current to decrease. 

The total voltage applied to the dynodes is divided through a series of resistors from which the 
“range” switch selects fractions giving full scale recorder deflections for various concentration incre- 
ments. A zero suppression circuit permits selection of the portion of the total instrument range to be 
covered by these increments. The 500-ohm potentiometer (Note *, Fig. 2) is intended to allow for 
possible changes in sensitivity with zero setting or by aging of the detector crystal 

Brown recorder 

The recorder is a 50-mV, single point Brown Electronik strip chart recorder (type 153) having a 
pen speed of 12 set, a chart speed of f inch per minute, and a high gain amplifier modified to accept 
high impedance negative-going signals. The original low impedance transformer input circuit is 
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FIG. 2.-Circuit of gamma-absorptiometer, ORNL analytical instrumentation group. Note* Set at 250 n 

Fro. 3.-Brown recorder modifications for high impedance negative-going signals 
Note** Chopper coil polarity is reversed if necessary to get negative feedback. See appendix. 

replaced by a high impedance; RC coupling input circuit so that the recorder can be used to record 
the current through a X200-ohm resistor. .The circuit modifications are shown in Fig. 3. Further 
information is contained in the appendix. 

TEST PROCEDURE 

Uranium solutions used in evaluation of the instrument where prepared by dilution of a uranyl 
nitrate solution that was standardised by potentiometric titration. A sample path length of 4.1 cm 
was used. A typical series of measurements is shown in Fig. 4. 
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In order to compensate for both long term drift and short term fluctuations of the dynode voltage, 
a “background” is obtained by placing a metal absorber of a standard solution in the cell position. 
This specimen is re-inserted after each sample and the me~u~rnent for each material is averaged out 
over a period of about three minutes. Absorption curves are plotted showing the difference between 
sample and “background” readings as a function of concentration. These curves are linear and show 
no change of slope over a period of weeks. 

The zero suppression potentiometer is used to set the background absorber reading at a chosen 
place on the recorder scale each time a given range is used. For example, in Fig. 4, a standard absorber 
having an absorbance slightly less than that of the 28 gflitre uranium solution was set to 5 % on the 
scale at the beginning of the series. 

Contributions to the absorbance by other elements present in the sample can be estimated from 
a series of measurements made on solutions varying in concentrations of H$O,, HCI, HNO., and 
Fez+ (as sulphate). The relative effects of these materials are illustrated in the curves shown in Fig. 5. 

Figure 5 
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From these data it can be shown that an uncertainty of 0.1 mole/litre of HNOa would cause an error 
of 0.06 g U/ii&e and that Fe, as a typical light element, would contribute an error of 0.2 g U/litre 
per g Fe/iitre. 

The solutions for which this instrument is intended will contain Pu in concentrations from 25 to 
50 g/litre in various HNOI concentrations. In order to analyse such samples, it is planned to analyse 
two s:ries of standard solutions of different HN03 cone-ntrations. The sample concentrations can 
then be determined by interpolation between the two curves obtained by plotting recorder scale 
readings vs concentration of Pu. 

The reproducibility to be expected from this instrument was obtained from a series of measure- 
ments on the absorbance of a 33 g U/litre sample. The standard deviation of 16 observations was 
0.55 % of recorder scale on the most sensitive range. This corresponds to 0.035 g U/litre in a 4.1-cm 
absorption cell. 

APPENDIX 
Brown recorder mod$cations 

1. Remove the two wires leading from the “Run-Standardize” switch to “TC +” and to “G’ 
and teplace them with No. 22 shielded Teflon insulated wire. Ground the shields to the recorder 
chassis. 

2. Reverse the polarity of the recorder as follows: 
a. Reverse polarity of standard cell and working cell. 
b. Reverse polarity of chopper coil ifrequired to get negative feedback; wait until the modified 

amplifier is installed before determining this point. 
Ft 
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3. Remove the damping resistor from the terminal board. 
4. Remove the input transformer and wire the high impedance circuit as shown. 
5. Replace 12AX7 with 5751, Re-label the tube location chart accordingly. 
6. Isolate pins 1 and 6 of the Brown converter, by grounded copper shield. 
7. Ground the upper, painted shell of the converter to pin 2. 
8. Add the scope test jack. 
9. Ground all tube socket pin shields. 

10. Replace tube shields with Elco low temperature shields. 

Acknowledgement-The authors wish to express their appreciation to Dr. D. J. Fisher and Mr. H. C. 
Jones of the ORNL Analytical Chemistry Division for their advice and assistance. 

Zusammenfassung-Die Konstruktion eines einfachen Gammastrahlabsorptiometers unter Verwen- 
dung einer kleinen Menge zrlAm als Strahlenyuelle wird beschrieben. Das Instrument dient zur 
Bestimmung von Uran oder Plutonium in verhPltnism%sig reinen Losungen. Die angezeigte Spannung 
am Instrument ist der Absorption direkt proportional. 

R&sum&On decrit la construction dun compteur de rayons gamma utilisant une petite source de 
za1Am, pour le dosage de l’uranium ou du plutonium en solutions relativement pures. L’instrument 
enregistre une tension directement proportionnelle a l’absorption. 
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Summary-The nucleation and precipitation of silver chloride from homogeneous solution have been 
examined. Critical supersaturations of silver chloride were determined; however, they were observed 
to be qualitatively different from the critical supersaturation of classical nucleation theory, and were 
interpreted as being dependent on the rates of both nucleation and crystal growth. The precipitation 
rate is not constant throughout a precipitation from homogeneous solution, but varies considerably 
during the early portion of the precipitation. Both this early variation in precipitation rate and the 
number of particles and their size distribution can be controlled to some extent by varying the 
concentrations of the reactants. 

INTRODUCTION 

PRECIPITATION is one of the basic and one of the most widely applicable operations of 
analytical chemistry. Many studies of the precipitation process have shown how the 
character of a precipitate may be improved by appropriate modifications of the 
reaction conditions. The purity and crystallinity of the particles are ordinarily im- 
proved by decreasing the rate of particle growth. The conditions leading to control of 
the number and size of the particles, and of their size distribution, are less well known. 
These properties of the precipitate are determined by the nucleation process, the 
nature and analytical significance of which have been discussed in a recent reviewl. 
The present paper describes a study of the nucleation and precipitation of silver 
chloride from homogeneous solution. 

Reagenis 
EXPERIMENTAL 

The chloride-generating reagent selected for the precipitation was ally1 chloride, because this 
compound is easily purified by distillation and it hydrolyzes at a convenient rate in dilute (less than 
O.OlM) aqueous solution. Because the suitability of ally1 chloride for precipitation depends upon 

* Part I, Talan& 1958, 1, 334. 
$ Present address: 

Pasadena, California 
Division of Chemistry and Chemical Engineering, California Institute of Technology, 

$ To whom requests for reprints should be sent 
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hydrolysis, the kinetics of its hydrolysis were examined. The hydrolysis was followed conducti- 
metrically up to only about 0.1 y0 reaction, because the later stages of the hydrolysis were not of 
significance in this work. The conductivity versus time line, at 25”, was found to be 

where 
106L = (0.203 f O.O02)ct, 

L = specific conductance of the solution, 
c = initial concentration of ally1 chloride in grams/litre, 
t = time in minutes. 

The hydrolysis rate was not affected by the presence of dissolved potassium chloride or silver nitrate, 
nor of freshly precipitated silver chloride. 

Conductivity water was prepared by passing single-distilled water through an ion-exchange column 
containing a mixture of the analytical grade Amberlite resins IRA-4OO(OH) and IR-120(H). Although 
this treatment yielded a product with a specific conductivity of around 2 x lo-’ reciprocal ohms, it 
appears that there was some contamination of the water by the resin, as will be discussed later. 

Silver nitrate stock solutions were prepared from the Mallinckrodt “Analytical Reagent” grade 
salt which was used without further purification. These solutions were kept in amber bottles and 
stored in the dark. 

Equipment 

The hydrolysis and precipitation reactions were followed conductimetrically. The Wheatstone 
bridge gave resistance readings reproducible to about 0.1%. A water bath maintained the temperature 
of the system constant to within *0.02”. 

Although the conductivity cell, shown in Fig. 1, was designed to permit simultaneous conducti- 
metric and turbidimetric observation of the reaction, conductance measurements only were made in 
the present research. The cell constant was 0.01400 at 25”, and was taken to be constant over the 
range from 15” to 35”, because the variation of the cell constant with temperature was calculated to be 
less than 0.02 % per degree. The bright platinum electrodes were 4-cm discs, separated by about 2 mm. 
Teflon stopcocks were used so as to avoid contamination by stopcock grease. The lower end of the 

FIG. l.-Conductivity cell 
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cell was fitted with a standard taper joint, into which a Teflon filter-support could be set. The arrange- 
ment permitted filtration of the reaction mixture immediately before it entered the cell. 

Filtration was employed to remove foreign particles which might act as precipitation nuclei. 
Millipore filters (Millipore Filter Corp., Watertown, Mass.) were used for this purpose, The type HA 
filters used in this study have a pore size of 0.45 p f 0.02 J.L 

Procedure 

A two-litre resin reaction jar was thoroughly cleaned, placed in the constant temperature bath, 
swept out with purified nitrogen, and filled with two litres of conductivity water, collected under 
nitrogen. A suitable amount of stock solution of silver nitrate was added, so as to make the silver 
concentration about 2.5 to 10 x 1O-sM, the exact concentration subsequently being determined 
conductimetrically. An appropriate amount of ally1 chloride (about 0.1 to 1 millilitre) was distilled 
into a hypodermic syringe, and then added to the silver solution with vigorous stirring; a timer was 
started when the ally1 chloride was added. The Millipore filter, in its Teflon support, was connected 
between the conductivity cell and the mixing jar, and nitrogen pressure applied to the jar to force the 
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FIG. 2.--Specific conductance of a reacting mixture containing silver 
nitrate (5.24 x 10Y6 M) and ally1 chloride (0.28 gram/litre) at 15”. 

reaction mixture through the filter into the cell. After approximately 100 millilitres of solution were 
rinsed through the cell it was closed off. The conductivity of the mixture was measured at intervals, 
and the results plotted as conductivity versus time. Upon conclusion of an experiment the cell was 
rigorously cleaned by consectuive rinsing with concentrated ammonium hydroxide, concentrated 
nitric acid, alcoholic sodium hydroxide, and then about fifteen times with conductivity water filtered 
through sintered glass directly into the cell. 

Kinetic studies had shown that where only hydrolysis of ally1 chloride is taking place, the con- 
ductivity-time curve was a straight line. This was the case early in an experiment, before nucleation 
and precipitation began. Precipitation was indicated by a deviation of the observed conductance away 
from the hydrolysis line, as shown in Fig. 2. The first deviation from the hydrolysis line was taken as 
the point of “critical supersaturation”. Because of the formation of a small amount of the soluble, 
nonconducting AgCl complex, the conductance of the system at the point of critical supersaturation 
does not correspond to the concentration of the system. A correction was made for this effect, using 
the equilibrium constants of Jonte and Martin,* and the concentrations of silver and chloride at the 
point of critical supersaturation were then calculated from the equivalent conductances.s In the 
following discussion, concentrations are expressed either as the ion product, I.P. = [Ag+] x [Cl-], or 
as the supersaturation ratio, S = (I.P./Ksa)‘/*. [Ag+] and [Cl-] here refer to the total concentrations, 
i.e. the concentrations of the ions plus the concentration of the complex. 
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RESULTS 

Critical supersaturations of silver chloride 

The critical supersaturation, Scrit,, of silver chloride was examined under 
various conditions. The first experiments, in which the reacting solution was not 
filtered, led to a value of Srfit. of 2.04, at 25”. When the solution was filtered, 
using the procedure outlined previously, Scrit, dropped to 1.74. This unexpected 
filtration effect was examined by carrying out the experiments shown in Table I. 

TABLE I.-EFFECT OF WATER PURIFICATION AND 

FILTRATlON ON CRITICAL SUPERSATURATION RATIO OF 

SILVER CHLORIDE AT 25” 

Water Filtration mean Soit. k a.d. 

distilled 

de-ionized 

de-ionized 

de-ionized 

distilled 

none 

none 

Pyrex, grade M 

Millipore* 

Millipore 

1.44 i 0.02 

2.04 zt 0.05 

1.87 zt 0.03 

1.74 It 0.02 

1.71 f 0.04 

* In two other experiments, about 500 ml of de-ionized water were 
passed through the filter before using it. This pre-treatment of the 
filter did not affect the value of &it.; had there been removable 
nucleating agents present in the filter, this pre-treatment would have 
separated at least some of them and thus raised the value of Sern.. 

TABLE II.-EFFECT OF IMPURITY (EOSIN) ON CRITICAL SUPERSATURATION 

RATIO OF SILVER CHLORIDE AT 25” 

Water 

distilled none 

distilled none 

distilled none 

de-ionized Millipore 

Filtration 

/ 
de-ionized Millipore 

Impurity* mean &it, i a.d. 

_--. - .- __~ ._. _~ 

none 

25 ,q/litre, added in mixing 

vessel1 

100 &iitre, added in mixing 

Vessel 

small indeterminate amount 

of dye added into con- 

ductivity cell after eel1 is 

filled with solution 

100 &$litre dye added into 

mixing vessel before 

filtration into cell 

* 0.1 ok solution of eosin in alcohol, filtered through Pyrex frit. 

1.44 * 0.02 

1.14 & 0.02 

1.73 i 0.03 

1.96 + 0.05 

1.74 + 0.09 

The results indicate that the de-ionizing column introduced some impurity which 
inhibited nucleation, or its detection, and which could be removed by passage through 
the Millipore filter. This possible explanation was further tested using eosin, which is 
known to be strongly adsorbed on silver chloride. The results of these experiments, 
which are given in Table II, show (a) that a readily adsorbed substance may raise the 
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previously observed value of the critical supersaturation, and (b) that such a substance 

may be removed by passage through the Millipore filter, thus lending support to the 

proposed explanation of the filtration effect, i.e., an impurity introduced by the resin. 
Other soluble impurities were added to the reaction mixture in concentrations of 

around 10m5M, the same order of magnitude as the silver and chloride concentrations. 

TABLEHI.-EFFECTOFTEMPERATUREON THE CRITICALSUPERSATURATION 

RATIO OF SILVER CHLORIDE 
- 

Temp., “C 10”‘KsP4 Number of runs Avg. S Standard deviation 

~~ 

15 
~ 

0.700 13 1.51 0.04 
25 1.77 1 14 1.73 0.05 

35 4.20 13 1.85 0.08 

TABLEIV.-CRITICALSUPERSATURATION RATIOOFSILVER CHLORIDE AT 25” 

[Ag+l, [Cl-l,,,t., 
mole/like mole/litre 

Y 105 x 105 

[&+I 
WI 

8.14 0.718 11.3 
3.99 1.43 2.8 
8.39 0.668 12.5 
5.26 1.06 5.0 
5.85 0.936 6.3 
5.76 0.938 6.2 
6.74 0.805 8.4 
8.32 0.653 13.1 
8.73 0.602 14.5 
7.66 0.680 11.3 
5.36 0.928 5.8 
6.37 0.772 
3.97 1.24 ~ t:; 
4.77 1.01 4.7 

d&+1 K-1 
dt 

mole2/litre2 minute 

x 10 
~. ______- 

0.436 
0.553 
0.910 
0.769 
0.593 
0.758 
0.900 
0.837 
1.023 
1.820 

0.594 
0.433 
0.359 
0.750 

Scrit. 

1.81 
1.79 
1.78 
1.77 
1.76 
1.75 
1.75 
1.73 
1.72 
1.71 
1.68 
1.67 
1.67 
1.65 

The presence of ethanol, ally1 alcohol, barium nitrate, dextrose, and carbon tetra- 
chloride at these concentrations had no apparent effect upon the critical super- 

saturation ratio. 
The value of the critical supersaturation ratio was then determined at 15”, 25”, and 

35”, using de-ionised water, Millipore filtration, and without added impurities. The 
results are presented in Table III. The temperature effect was in the opposite direction 
from that observed by LaMer and Dinegafl with barium sulphate. The complete data 
for the runs at 25” are given in Table IV. The observed critical supersaturation ratio 
appears independent of the [Ag+]/[Cl-] ratio; this does not agree with the findings of 
Davies and Jones.6 The rate of increase of silver chloride ion product, d[Ag+] [Cl-]/&, 
also appears to be without influence upon the critical supersaturation. 
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Precipitation of silver chloride from homogeneous solution 

The technique of precipitation from homogeneous solution has been employed 

both as an analytical tool and for co-precipitation studies,’ because it permits pre- 
cipitation to occur slowly, under controlled conditions. That is, the precipitation rate 
is kept small throughout most of the course of the reaction. The present results can be 
treated to elucidate the characteristics of precipitation from homogeneous solution. 

The concentrations of silver and chloride in solution at any time can be obtained 
from a plot of conductance versus time (cJ Fig. 2). The conductance of the entire 

system at any time, if everything were in solution, is obtained by extrapolation of the 
initial straight line portion of the plot, and from this one can calculate the total 

chloride in the system at any time. The difference between this extrapolated conduct- 

ance and the observed conductance corresponds to the amount of silver chloride 

8 

6 

FIG. 3.-Ion product of silver chloride during a precipitation from homogeneous solution. 

precipitated. Because the total amounts of silver and chloride in the system at any 
time are known, their solution concentrations can be easily calculated. 

Fig. 3 represents the ion product, [Ag+] [Cl-], against time for two of the experi- 
ments. In run “a”, the initial concentrations were: silver nitrate, 10.59 x 10-sM, and 

ally1 chloride, 0. IOgrams/litre, while in run “b” they were : silver nitrate, 5.11 x 1O-sM, 
and ally1 chloride, 0.25 grams/litre. 

Fig. 4 shows a plot of the ion product against the amount of silver chloride pre- 
cipitated. The ion product initially increased, because chloride ion was being generated 
and precipitation was not occurring. The curves continued to rise beyond the observed 

critical ion product. However, as the surface area available for precipitation increased, 
the ion products decreased. The decrease, rapid at first, became slower as the super- 
saturation of the system was relieved. 

The amount of silver chloride precipitated at any time was known from the 
calculations for Fig. 3, and thus the rate of precipitation could be computed. Fig. 5 
shows the precipitation rates as a function of the amount of silver precipitated. In both 
cases, the rate rose sharply to a maximum, then decreased, and after the initial super- 
saturation was relieved somewhat, remained quite constant over the extent of the 
reaction studied, which was 14 % for run “a” and 48 ‘A for run “b”. The particular 
value of precipitation from homogeneous solution as a tool for co-precipitation 
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0 0.4 08 

Silver p&pit&d, mdes/lsloJ 

Ftc. 4.-Ion product of silver chloride as a function of amcnmt of 
silver precipitated from homogeneous solution. 

studies is dramatically demonstrated by this flat portion of the curve, where pre- 
cipitation took place at a constant rate. 

DISCUSSION 

Classical nucleation theory predicts for the formation of relatively large nuclei that 
the nucleation rate is critically dependent upon concentration; that is, below some 
wee-de~ned concentration nucleation proceeds so slowly as to be undetectable, while 
above that concentration the rate becomes so rapid as to be unmeasurable. The critical 
concentrations of silver chloride observed in the present work are not critical in the 
sense of the classical theory. This can be seen from Fig. 3, which shows that the ion 

Silwr precipifatad, moles/l *IO’ 

~10, K-Rate of precipitation of silver chloride as a function of amount of 
silver precipitated from homogeneous solution. 
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products of the precipitating solutions rise above the observed critical value andremain 
above it for relatively long periods of time. If the observed critical concentration were 
truly critical, then concentrations above the critical could exist for only very short 
times, because the nucleation rate would become extremely large. The relatively long 
life of the super-critical concentrations indicates that nucleation in this system is not 
drastically concentration dependent. The ability of an impurity (eosin) to increase the 
value of the critical supersaturation also shows that Scrie. cannot be a function of 
nucleation rate alone. If the nucleation rate were the sole factor dete~ining the value 
of Serit,, then it would not be possible for any additive to raise Scrtt_ above that value 
required for self-nucleation. The critical supersaturation which is observed must 
always be that which corresponds to the nucleation process which occurs most readily. 
Additives which promote nucleation should produce a lower critical supersaturation, 
while additives which might inhibit nucleation should have no effect on Scrit., because 
the more rapid nucleation process (i.e. the eosin-free nucleus) would still be observed 
before the slower process (the eosin-containing nucleus). Because the presence of eosin 
leads to a higher observed critical concentration, and because the increase cannot be 
attributed to nucleation, processes other than nucleation must be significant in fixing 
the value of the observed critical concentration. Eosin is known to inhibit the growth 
of silver chloride particles $ the effect of eosin in raising the critical concentration can 
be explained on this basis. 

The results of this research also have some significance for co-precipitation studies, 
as carried out using the technique of precipitation from homogeneous solution. Such 
studies have shown that when two compounds precipitate together, their distribution 
between the solid phase and the solution phase may often be described by the following 
equation : 7 

In (A) initial = jl. ln (B) initial 

(A) final (B) final ’ 

where the brackets refer to solution concentrations and il is the distribution coefficient. 
While 1 is ordinarily constant for a fixed set of experimental conditions, Hermann and 
Feibush, Rowley, and Gordon lo have presented evidence indicating that I depends 
upon the rate of precipitation, approaching unity as the rate increases. 

The rate of precipitation of silver chloride from homogeneous solution is shown in 
Fig. 5. Throughout most of the precipitation, the rate was quite constant showing, 
however, considerable variation during the early portion of the precipitation. In 
studying the co-precipitation of manganese on basic stannic sulphate, Gordon, Teicher, 
and Burttll found that the amount of manganese co-precipitated is large during the 
initial stages of precipitation, and that further co-precipitation is negligible until the 
tin has been almost completely removed from solution. Assuming that precipitation 
of basic stannic sulphate is analogous to that of silver chloride, then the large initial 
co-precipitation can be attributed to the earlier variable and more rapid precipitation 
rate. 

Unless seeded solutions are used, the first portion of a precipitation process must 
occur at a greater rate than the subsequent portion, for the supersaturation must be 
high in order to form sufficient nuclei. The early precipitation rate may be controlled 
by suitable adjustment of the concentrations in the reacting mixture. Because run “a” 

of Fig. 5 initially contained about twice as much silver as run “b”, the ion product 
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of “a” was much more sensitive to chloride ion concentration, so that precipitation of 
a small amount of silver decreased the ion product of “a” much more than that of “b”, 
with the precipitation rate decreasing accordingly. However, the influx of chloride ion 
from the ally1 chloride also had a greater effect on “a” than “b”, tending to raise the 
ion product more. For silver chloride, therefore, the initial variation of precipitation 
rate is best controlled by working with more concentrated silver and more dilute ally1 
chloride. In general, the extent of the early rapid precipitation and its attendant high 
co-precipitation, will depend upon the initial concentration of the ion to be precipitated, 
the rate of generation of precipitant, the concentration at which the nucleation rate 
becomes appreciable, and the kinetics of growth of the precipitate. 

By proper adjustment of the concentrations in the reacting solution, it should also 
be possible to influence the size and the size distribution of the particles of precipitate. 
Fig. 3 shows that the ion product for run “a” was above that of “b” for about two 
hours. Because the nucleation rate depends upon the concentration raised to some low 
power, many more particles were formed in “a” than in 7’. This can be shown from 
Davies and JoneP expression for the precipitation rate of silver chloride: 

-’ *gC1 = 
dt 

ksA2 , 

where 
5 = available surface area, 
A = amount of silver chloride to be precipitated, defined by [Ag+- A] [Cl--A] 

=zT &,. 

Three hours after the start of the runs, the calculated value of kS for run “a” was about 
three times that for run ‘“b”, although only about one-eighth as much silver chloride 
had been precipitated. Therefore, many more particles were present in “a” than in “b”. 

At the end of the precipitations, the particles of “a” should be more uniform in 
size than those of “6” as is suggested by Fig. 3. After 220 minutes, the ion product 
of “a” dropped below “b”, meaning that new particles were being formed in “b” after 
nucleation had essentially stopped in “u”; that is, nucleation occurred over a longer 
period of time in “b”. This distinction is emphasised in Fig. 4, which shows that the 
ion product of “b” was higher than “a” at all times after 0.12 x lob5 moles/litre of 
silver chloride had precipitated. Therefore, run “a” nucleated more rapidly than run 
“b” over about 1% of the total precipitation of “a”, while run “6” nucleated more 
rapidly over about 98 y0 of its total precipitation. 

It appears, therefore, that although many more particles formed in run “a”, they 
formed within a shorter time span and their growth rate was smaller, so that the final 
particles should have been more uniform in size. This aspect of nucleation should be 
studied by other methods in order to draw more definite and quantitative conclusions. 

The results of this research have shown that the rate of nucleation is not drastically 
dependent upon concentration. This suggests that the process of nucleation may be 
studied by a kinetic method, such as that of Christiansen and Neilsen13. During the 
course of the present research a kinetic method of dete~ining the size of the nucleus 
was developed. This method, reported in the following paperI* indicates a small 
nucleus consisting of a few ion pairs. 
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Zusamtnenfassung-Keimbildung und Flllung von Silberchlorid aus “homogener Liisung” wurden 
untersucht. Die kritischen Uberslttigungen fiir Silberchlorid wurden bestimmt. Es wurde gefunden, 
dass die kritischen Uberslttigungen qualitativ von denen nach der klassischen Keimbildungstheorie 
differieren ; dies wurde durch Annahme einer Abhangigkeit von sowohl Keimbildung als such 
Wachstum interpretiert. Die Fallungsgeschwindigkeit ist wlhrend der F&hung aus homogener 
Losung nicht konstant, sondem verandert’sich sehr stark in der ersten Phase der Fallung. Sowohl die 
Anderung der Fallungsgeschwindigkeit am Beginne als such die Teilchengrosse und die Griissen- 
verteilung der Teilchen kijnnen bis zu einem gewissen Grad durch Variieren der Konzentration der 
Reaktanten beeinfusst werden. 

R&m&-Les auteurs ont CtudiC la formation de germes et la precipitation du chlorure d’argent a par- 
tir de solutions homogenes. 11s ont determine les sursaturations critiques du chlorure d’argent; 
cependant, ils ont observe que ces sursaturations Btaient differentes qualitativement de la sursaturation 
critique de la theorie classique de formation de germes et ils les ont interpret&es comme d&pendant a 
la fois des vitesses de formation des germes et de croissance des cristaux. La vitesse de precipitation 
n’est pas constante pendant toute une precipitation a partir dune solution homogene, mais elle varie 
considerablement durant la premiere phase de la precipitation, on peut controler jusqu’a un certain 
point a la fois cette variation initiale de la vitesse de precipitation et le nombre de particules ainsi que 
leur distribution selon leurs dimensions, en faisant varier les concentrations des corps reagissants. 
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Summary-Precipitation from homogeneous solution has been employed to study the size of the 
nucleus of silver chloride. The kinetics of particle formation indicate that this nucleus consists of 
about five ions. This result supports the findings of the Christiansen-Nielsen nucleation theory. 

INTRODUCTION 

KINETIC methods for studying the nucleation of slightly soluble salts precipitating from 
solution have been developed by Christianson and Nielsen,r O’Rourke and Johnson,2 
and Duke and I3rown.3 These workers have found that such nuclei are quite small, 
consisting of less than ten ions. The methods by which these determinations were 
made have been criticized on the following points: (a) the use of methods of 
precipitation involving direct mixing of the solutions, which might permit nuclei to 
form during the mixing process rather than after homoge~sation of the solution,p 
(ZJ) the failure to remove foreign particles from the reacting solution, thus permitting 
precipitation to take place on such particles rather than on nuclei formed within the 
solution,5 and (c), the assumption, in the case of Christiansen and Nielsen, that 
precipitation is first detected when a constant fraction of the solute has precipitated, 
whereas it seems more likely that their technique would detect a constant absolute 
amount of precipitate. 2 The present paper describes a determination of the nucleus 
size of silver chloride, using a kinetic method which avoids the criticisms of the above 
methods, (except possibly b), but which supports their results. 

In a study of the precipitation of silver chloride from homogeneous solution,6 it 
was observed that the ion product, [Ag*][CI-1, initially rose because chloride ion was 
being generated and nothing was being removed from the solution. Precipitation 
was always detected at a fairly well defined “critical” ion product. The observed ion 
product rose above this value of 5.3 x lo-lo and remained above it for an appreciable 
length of time. If the observed “critical” concentration were really critical in the sense 
corresponding to classical nucleation theory, then concentrations above the critical 
could exist for only a very short time, because the nucleation rate would become 
extremely great. The fact that super-critical concentrations were obtained for 

* Part 11, Tafanra, 1959, 3, 177. 
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extended times indicates that nucleation in this system is not drastically concentration 
dependent, and that kinetic methods may be used to study the nucleus. 

Nucleation is generally considered to take place via a step-wise mechanism, as 
follows : 

Agf + Cl- = (AgCl) 
(AgCl) + Ag+ = (Ag,Cl)+ 

(Ag,C1,_l)(l-j+l’ + Cl- --+ (Ag,Cl )(+j) 3 

All steps leading to (Ag,Cl,,) are steady-state equilibria. (Ag,Cl,_J is the nucleus, 
here defined as the smallest cluster for which growth is much more likely to occur 
than is dissociation. 

If all nuclei (or constant fraction of them) grow to observable size, then 

dN/dt = k[Ag+]“[Cl-]j, (1) 
where N is the number of particles, t is time, and k is a constant. Assuming for 
simplicity that i = j, 

dN/dt = k (I.P.)“, 

i+j 
where 1-P. is the ion product, [Ag+][Cl-], and n is - . 

2 
Then 

N = k J (I.P.)” dt. 

This equation then can be used to determine n, which furnishes an indication of the 
nucleus size. 

In order to apply this equation to the case where chloride ion is being generated 
continuously, it is necessary to make the additional assumption that at all times the 
concentrations of the various sub-nucleus clusters are near their steady state con- 
centrations, i.e. the steady state in the formation of these clusters must be attained 
rapidly with respect to the rate of change of the solution concentration. 

EXPERIMENTAL 

Silver chloride was precipitated from homogeneous solution, with ally1 chloride as the chloride 
generating reagent. The course of precipitation was followed conductimetrically, the reacting 
solution having been filtered through Millipore filters (pore size 0.45 p & 0.02 y) immediately before 
being placed in the conductivity cell. The materials, apparatus, and procedures are discussed in detail 
elsewhere.@ 

Seven precipitations were carried out at 25”. Aliquots of each precipitate suspension were filtered 
through Millipore filters (pore size 100 rnp + 8 rnp) at a time approximately five hours after the ion 
product had reached its maximum value. The number of particles retained on the filter was counted 
microscopically, using dark field illumination and 100x . This technique did not permit detection of 
extremely small particles formed late in the precipitation. However, errors from this source were 
felt to be negligible, because in any one experiment the majority of the particles were formed when 
the supersaturation was near its maximum value. Therefore, the number of particles observed on a 
given area of the filter was taken to be proportional to N, the total number of silver chloride particles. 

RESULTS AND DISCUSSION 

Because the nucleation rate is proportional to the concentration raised to a power, 
the number of nuclei formed at relatively low supersaturations is negligible compared 
to the number formed at high supersaturations. Therefore, essentially all particles 
are produced within a fairly well defined concentration internal. The equation 
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dN/dt = k(1.P.)” may therefore be integrated graphically over a closed concentration 
interval. The limits for the integration were chosen rather arbitrarily. It is quite 

likely that nucleation took place, perhaps to a significant extent, below the observed 
critical ion product. If the nucleation rate is dependent on the ion product to some 
moderately high power, then the exact location of the limits of integration is not 
important as long as the limits are not set too high. The integration was carried out 

above the ion product of 3 x lo-lo; subsequent calculations have shown that the 
results were unchanged by carrying out the integration above an ion product of 
4 x 10-10. 

To determine the number of ions in the nucleus, the area under a plot of the ion 
product, raised to some power x against time was divided by N to give l/k. For each 

value of x the values of l/k were plotted against the corresponding areas under the 
curve, and also against N. The best straight lines were fitted to the points, using the 

method of least squares. When the absolute values of the slopes are a minimum, k is 
a constant and x equals n. 

Table I presents the data used in the determination of the nucleus size. No units 

TABLE I.-KINETIC SIZE DETERMINATION OF THE SILVER CHLORIDE PRECIPITATION NUCLEUS 

lo5 Ag, 
mole/litre 

4.77 
8.39 
5.26 
6.93 
7.29 
5.36 
8.71 

I 

Ally1 chloride 
No. of 

1 JIP’dt* ’ JIP2dr* ! JIP3dt* SIP4 dt* 
particles, ~ ~ ___ - 

g/he 1 N N 
~ 

N, N ,N 
I 

0.32 116.1 ( ~ 0.80 0.66 0.96 1.22 
0.87 0.81 
0.92 1.01 
1.28 1.23 
1.07 0.92 
0.80 0.67 
1.10 ~ 1.16 

0.20 101.7 ’ 0.93 
0.29 85.0 1 0.76 
0.16 74.8 1.34 
0.20 66.5 ( 1.27 
0.22 52.7 0.93 
0.14 33.4 

~ 
1.14 

Slope of plot of 
J IP” dt 

vs. J IP” dt 
N 

I 

+0.002: 

Slope of plot of 

J IP” dt _ x, 1 -0.005: 

’ I 

0.89 
0.90 
1.28 
1.15 
0.86 
1.11 

+0.0004 

-0.003 1 

1 

-0.00068/ $0.00095 

J IP5 dr* 

N 

1.53 
0.72 
1.13 
1.13 
0.84 
0.56 
1.11 

+0.0052 

+ 0.0046 

* Expressed in arbitrary units such that the mean value of - - J IP’ dt _ I . o. 
N 

are given for J (I.P.)” dt and N, because these were determined only relatively. The 
results indicate that n is 3, corresponding to a nucleus of 5 ions. Too much precision 
cannot be attributed to the number 5, for the present method would not seem capable 
of determining the nucleus size exactly. Errors in determining the ion product as a 
function of time are increased appreciably when the ion product is raised to a power. 
Also, the precision in determining N is rather poor, being about 15 %. Nevertheless, 
this method does support the results obtained using other kinetic approaches, namely, 
that nuclei for the precipitation of salts from solution are quite small. 
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Zusammenfassung-Fallung aus “homogener Losung” wurde angewendet urn die GrGsse der Keime 
von Silberchlorid zu ermitteln. Die Kinetik der Teilchenbildung l&t schliessen, dass die Keime aus 
etwa fiinf Ionen bestehen. Dieses Ergebnis sttitzt die Resultate der Keimbildungstheorie nach 
Christiansen-Nielsen. 

Resume-Les auteurs ont utilise la precipitation 1 partir de solution homogene pour Ctudier la 
grosseur des germes de chlorure d’argent. La cinetique de la formation des particules indique que 
le germe est constitd d’environ cinq ions. Ce resultat est en accord avec les conclusions de la theorie 
de formation des germes de Christiansen-Nielsen. 
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Summary-A high-frequency generator is described which is capable of exciting “Tesla-type” lumin- 
escence in inorganic and organic gases and vapours at low pressures. New apparatus and a new 
method of examining the spectra are described. The results of ~v~tigations on air, oxygen, carbon 
dioxide, suIphur dioxide, nitrogen and argon are presented and discussed. 

INTRODUCTION 

A HIGH-VOLTAGE discharge in an organic vapour normally decomposes the compound 
and excites the spectra of carbon and carbon oxides only. Wiedemann and Schmidt1 
were able to produce luminescence, which proved to have continuous emission, in ten 
particularly stable organic compounds, by passing the electrical discharge from an 
induction coil through the vapour of the compounds at low pressures. Subsequently 
Kauffman$ produced luminescence in the vapours of a number of carbon compounds, 
even at ordinary pressures, by applying a high-frequency (Tesla) discharge. He made 
some attempt, not very successful since it was more or less qualitative, to relate colour 
of the discharge and constitution of the compound. 

In 1923 Stewart and his co-workers3 published the first results of a series of 
investigations of the spectra produced by a Tesla discharge in organic vapours, 
examining the visible and near ultra-violet regions. They examined a fairly complete 
rangeof types of organic compoundPand to distinguish these spectra from fluorescence 
spectra and absorption spectra, they coined the name “Tesia-luminescence spectra.” 

The Tesla discharge used by Stewart and his co-workers was obtained from 
apparatus of some, complexity and massive dimensions. Their first apparatus, for 
example, consisted of an” oil-insulated Tesla transformer having forty coils on the 
primary and 460 coils on the secondary, and a Leyden jar with a capacity of about 
1 litre, in conjunction with a choke-coil off a quarter-kilowatt high-tension transformer. 
A more powerful apparatus built subsequently contained 330 coils in the secondary 
and 30 coils in the variable primary of the air insulated high-frequency generator, and 
four Leyden jars each of about IO-litre capacity; an l&inch spark coil was employed 
as source. The lack of detailed information in the literature about their sources, 
however, makes it impossible to hazard more than a guess about the characteristics of 
the high-frequency current used by them. 

Stewart and his co-workers recorded their spectra photographically using a Hilger 
Medium Quartz Spectrograph, with no method other than the eye to determine 
intensities. They found that certain types of compound gave well-defined band 
spectra, and classified these spectra into the following categories: 

1. Benzene region spectra, in the range 2500-3150 A, produced by a phenyl nucleus; 
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2. Carbonyl region spectra in the range 34004850 A, produced by aliphatic 
aldehydes and ketones; 

3. BIue Band region spectra in the range 3850-5000 A, produced by aromatic 
aldehydes and ketones; 

4. Green Glow region spectra in the range 4550 A upwards, produced by a benzene 
ring substituted by two saturated hydrocarbon radicles or a second non-benzenoid 
ring; 

5. Condensed Nt.&ei region spectra in the range 290~900 A, produced by 
aromatic condensed ring systems. 

They concluded that only compounds containing a benzenoid ring or a carbonyl 
group were capable of emitting Tesla-luminescence spectra; and Stewart was of the 
opinion5 that the diatomic permanent gases, for example, under Tesla excitation, 
showed only the ordinary spectra which would be produced by high-voltage discharge. 
Indeed, the original apparatus was used6 to produce an intense hydrogen continuum 
in the ultra-violet for the examination of abso~tion spectra of inorganic crystals, with 
the advantage that the discharge tube required no internal electrodes and little or no 
external cooling. 

Stewart and his co-workers attempted to calculate relationships between the 
frequencies of the band heads of the various spectra, and to relate these to structure; 
but their measurements were too imprecise, with the apparatus then available, to 
permit of much success. They also recognised the possibility of applying the spectra 
for analytical purposes, but made no attempt to follow up this line of investigation, A 
few years ago attention was again drawn7 to the possibility of applying the spectra 
analytically, but no work along these lines can be traced in the literature before the 
present investigations. 

In the belief that with modern instrumentation, as applied both to the excitation of 
the high-frequency discharge and to the recording and measurement of the spectra it 
should be possible to obtain 

1. more precise measurement on which to base an examination of the fundamental 
nature of the spectra, 

2. precise measurements for quantitive analytical purposes as well as for simple 
identification, and 

3. excitation of a greater range of compound types than was obtained by the 
earlier workers, 
we have initiated a series of investigations, both of inorganic and organic compounds, 
designed to cover these points. 

This paper presents the first results obtained in these investigations, and is confined 
to simple inorganic gases since these have proved more amenable to excitation, and 
present fewer problems in the recording and measurement of the spectra. Further 
papers will extend the field to other inorganic compounds and to organic compounds. 

Apparatus 
EXPERIMENTAL 

In developing new apparatus for the production and examination of luminescence spectra excited 

by high frequency, three separate parts required consideration: 

1. The high-frequency or Tesla generator. 

2. The sample tube. 
3. The instruments fat the detection and examination of the spectra. 
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I. The high$equency generator: (Fig. 1): The earlier publications provided little help in the 
construction of a new high-frequency generator. In none of the papers of Stewart and hi co-workers 
was there to be found a statement of the voltage and frequency attainable, or used in obtaining the 
various spectra; and none of the contemporaries of these workers could recollect if these values 
were ever known. From a study of the information available it was deduced that a frequency of some 
100 kc/s at, perhaps, 10 kV might possibly have been obtained. Using these figures as a guide the 
apparatus shown in Fig. 1 was developed. This consists of a simple radio-frequency transformer 
in a self-osciuating circuit at approximately 200 kc/s with an 807 valve. This generator produces a 
sinusoidal alternating current in the range 5-15 kV. 

Two other electrical a~~gements gave inferior resuhs to the above circuit: (i) variable direct 
current, O-15 kV. (ii) a pulsed radio-frequency oscillator. The latter was built using an 807 valve 
and a television line output-transformer as a self-excited oscillator, producing pulses up to 10 kV, 
approximately 1 ,usec wide, in bursts spaced at about 0.1 msec. 

B 

A - 

E 

~ 

C 

D 

PIG. 2. 

2. The sample tube: The sample tube in which the vapour or gas was placed for excitation consisted 
initially of a glass tube 5 cm long and 1 cm in diameter (both dimensions being found by experiment) 
having at one end a quartz window of diameter 2 cm. Tubes with a body diameter greater than I cm 
did not glow so brightly, presumably because the earth electrode was too remote from the central 
electrode. 

The other end of the sample tube was drawn out, provided with a vacuum tap, and with a ground- 
glass joint which allowed the tube to be attached to a vacuum tram at a convenient point. 

The central or inner electrode of the sample tube consisted of a glass-coated tungsten wire, and the 
external electrode was a piece of metallic foil wrapped round the outside of the tube. The sample tube 
is shown diagrammatically in Fig. 2. 

Notes: 

(1) The original sample tubes had straight central electrodes which caused a iarge portion of the 
discharge to enter the drawn-out part of the tube, resulting in decreased glow-intensity. The discharge 
remained opposite the quartz window in sample tubes fitted with the bent central electrode, as shown 
in Fig. 2. 

(2) Some tubes were sealed off before removing them from the’vacuum system,but this didnot have 
any advantage. Those with taps fitted retained their low pressures for 3-4 hours, and were very 
satisfactoty. 

(3) The quartz window, approximately 1 mm thick, was fixed in position with black wax, and 
showed no tendency to come away because of heat from the discharge. 

(4) The effect of the glass coating on the central electrode was to produce an even discharge 
without any tendency to sparking, as occurred with uncoated wire. 

(5) A sample tube in operation, filled with glowing vapour, is shown in Fig. 3. 

3. Detection of Specfra: To detect the spectra a Hilger “Uvispek” Spectrophotometer was used. 
The tube was placed in front of the flame photometer aperture of the spectrophotometer, and the 
instrument was set as for measurements at this position. The light passing through the spectrophoto- 
meter was then examined at different wavelengths in the usual way (see Proceedure below) and the 
intensities at the different wavelengths recorded on a Honeywell-Brown Pen Recorder. 
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Notes 

(1) Since the intensity of the glow is usually low compared to a normal flame source, it was some- 
times necessary to use slit widths of approximately 0.3 mm. If the glow was more intense, the slit was 
closed to 0.2 mm, thus improving the resolution. 

(2) The instrument was set to a highsensitivity, which caused the recorder trace to become slightly 
erratic at times. 

(3) The aperture was screened carefully from external light sources. In addition, it was necessary 
to wire the hydrogen lamp inside the spectrophotometer in such a way that it could be switched off 
when not required. 

(I) Because of the small size of the high-fr~uency generator,it was a simple matter, afterreducing 
the pressure in the sample-tube to the required value and admitting the gas or vapour, to arrange the 
generator and sample-tube in position before the spectrophotometer. 

Procedure 

A sampfe-tube was attached to a vacuum train evacuated by a two-stage Hg diffusion pump, 
backed by a rotary oil pump. The entire system was pumped out to a pressure of less than IO-% mm 
Hg, as measured by a Pirani gauge, and remained at this pressure for at least half an hour 

The filhng gas (i.e. gas or vapour under examination) was allowed to sweep out the system which 
was then pumped out again to lo-* mm Hg. The sample-tube was now isolated at 1O-3 mm pressure 
and the rest of the system filled with the gas or vapour under examination. On opening the sample- 
tube to the system the gas or vapour’flowed into it. 

The pressure in the sample-tube was now reduced. The high-frequency generator was switched on 
and a note was made of colour changes which occurred at the different pressures. By this means 
the optimum pressure for the gas or vapour under examination was determined. 

The sample-tube was now filled as before, the pressure was reduced to the desired level, and the 
glow was examined by passing the light through the spectrophotometer. For examination of a 
spectrum the spectrophotometer was set to “Flame Source” and the recorder was switched on. After 
allowing approximateIy 1 hour to warm up, the controls were set to a high sensitivity, keeping the 
recorder near zero. The slit was set to 0.3 or O-2 mm, the wavekngth drum at 10,000 8, and the 
generator and sample-tube set up in the recommended way. The generator was now switched on and 
the optimum glow was obtained by altering the condenser. The slit in the spectrophotometer was 
opened, the wave-length drum was slowly revolved and the intensity of the glow at each wavelength 
was recorded on the chart. 

A general view of the vacuum train, high-frequency generator, rotary pump and Pirani gauge is 
shown in Fig. 4. 

RESULTS 

Air, carbon dioxide, oxygen, sulphur dioxide, nitrogen and argon, have been 
examined and give reproducible results. 

1. Air 

The spectrum is shown in Fig. 5(a). The most intense peak is at 4380 A. No peaks 
were observed below 2800 A or above 60~ A. Fifteen peaks in all occur in this 
spectrum. 

2. Oxygen 

The spectrum is shown in Fig. 5(b). Nineteen major peaks were present. The 
spectrum is similar to that of air but is characterised by peaks occurring at 2190 A and 
2300 A, which were never obtained with air. 

3. Carbon dioxide 

The spectrum, containing seven major peaks, is shown in Fig. 5(c). It is completely 
different from that of air and oxygen. Very slight traces of peaks occur at 5550 A, 
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5170 A, 4820 A etc. These are taken to be due to traces of air or oxygen present in 
the gas. 

4. Sulfur dioxide 

The spectrum, containing fifteen major peaks, is shown in Fig. 6(u). It is similar to 
that of air or oxygen, but shows a marked difference in having a strong peak at 4270 A, 
the strong oxygen peak at 4500 A being absent. 

5. Nitrogen 

The spectrum, containing ten major peaks, is shown in Fig. 6(b). It resembles that 
of carbon dioxide but shows a difference in the region between 2580 ir, and 3900 A. 

WAVELENGTH IN i 

6. Argon 

Fro. 5. 

The spectrum, containing six peaks, is shown in Fig. 6(c): It does not resemble any 
of the others. One characteristic peak occurs at 3085 A. This did not occur in any 
other gas examined in the present work. 

Detailed results and observations on the above are recorded in the following table. 

DISCUSSION 

The outstanding characteristic of the results viewed generally is the division of the 
gases examined into three groups. In one group, comprising air, oxygen and sulphur 
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dioxide, the overall spectra are similar, although distinguishing peaks occur. Nitrogen 
and carbon dioxide, while showing many common peaks are surprising; bands 
obtained in spectrographic work associated with high-frequency excitation are 
generally assumed to be nitrogen bands from air; but in the present work none of the 
nitrogen bands appear in the air spectrum. 

It is believed that the answer to these differences lies in the pressures employed for 
excitation. The maximum glow of nitrogen was obtained with pressures in the range 

0 NITROGEN 

ARGON 

WAVELENGTH IN i 

FIG. 6. 

1.540 mm. When operated at pressures below 1.5 mm the luminescence changed to 
bluish in colour and was then extinguished. For air the maximum glow range was 
04-1.0 mm Hg, for oxygen, O-2-2 mm and for sulphur dioxide about 0*1-0*2 mm Hg. 
In these circumstances, therefore, it would appear that almost all the luminescence 
spectrum of air is explained by assuming the light emission to result from the oxygen in 
the air, the nitrogen not showing any luminescence at this pressure. 

It has been pointed out already that sulphur dioxide shows a close similarity to 

oxygen and air. One portion of the spectrum is common to oxygen and sulphur 
dioxide but has not been detected in air. This is the portion containing peaks in the far 
ultra-violet, viz. at 2190,2300,2325 A, etc. It may be suggested that the high-frequency 
excitation of the sulphur dioxide molecule causes dissociation so that the spectrum 
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TABLE I 

Gas 
Peaks recorded Pressure used, 
in spectrum 8, mm Hg 

I 

Air 

Oxygen 

Carbon dioxide 

Sulphur dioxide 

5.550 
5170 
4830 
4500 
4380 
4200 
4120 
3960 
3880 
3700 
3480 
3300 
3120 
2970 
2830 

5550 
5170 
4820 
4500 
4370 
4180 
4110 
4010 
3910 
3880 
3685 
3370 
3290 
3120 
2970 
2830 
2325 
2300 
2190 

4260 
3910 
3780 
3580 
3540 
3370 
3160 

5550 
5170 
4840 
4680 

0.8 Blue-violet 

1.0 

0.2 

2.0 

0.7 

1.5 

0.1 

0.2 

- 

I 
-1 

-_ 

_- 

_- 

- 

Colour of glow Remarks 

Blue-pink 

Blue 

Blue-white 

Glow bright and 
very stable. 

Stable glow, 
maximum at 
approximately 
1 mm. 
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Gas 

Argon 

TAB~~~--I (conrd.) 

Peaks recorded ’ Pressure used, I 
in spectrum 8, mm Hg 

Culmlr of gfow Remarks 

l.l__l.~~ --~ 

4270 
3950 
3290 
3120 
2970 
2820 
2480 
2445 
2325 
2300 
2190 

4280 
4040 
4M)a 
3915 
3800 
3760 
3580 
3530 
3370 
3160 

I.5 

4.0 

Deep purple 

3580 
3370 i 
3150 
3085 
2820 
2535 

o-3 Pink to green 

3.0 a 

Stable over a 
wide range of 
pressure. 

Pinkish at low 
pressm es ; 
greenish at 
higher pres- 
sures. 

obtained is largely that of an oxygen fragment and an So’ fragment. In this connection 
it will be observed that of all the gases studied SOa shows luminescence at the low@ 
pressure, starting about 0.05 mm, but this b&s to be quenched above O-5 mm. 

In relation to carbon dioxide and nitrogen it is interesting to record that Keller and 
Smith, in testing a Teda-coil source’ for spectrographic analysis, found that nitrogen 
bands were always present when they used a carbon dioxide atmosphere. They 
assumed that this may have been due to air not entirely eliminated from the system, a 
film of nitrogen adhering to the glass wall, or nitrogen impurity in the carbon dioxide. 
The present authors are strongly of the opinion that the last reason supplies the answer. 
That this method of excitation brings out distinctive nitrogen peaks in the carbon 
dioxide suggests considerable sensitivity. 
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There is independent support of the suggestion that, in the case of sulphur dioxide, 
the emission of light is due to radicals produced in the dissociation of the SO, molecule. 
Evidence of dissociation of a molecule during the production of luminescence excited 
by a high-frequency discharge has already been obtained by the authors in connection 
with work on organic vapours. * It is thought that the emission of the light by the other 
molecular gases examined may be due not so much to the dissociation of the molecule 
concerned but to the production of excited states. 

The apparatus outlined above is not costly to construct and is capable of wide 
adaptability. It offers possibilities in the field of analysis and in investigations of 
inorganic and organic material which, up to the moment, appear to have been over- 
looked. 
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of this Department for his assistance and advice in connection with the construction of the Tesla- 
generator. 

Zusammenfassung-Ein Hochfrequenzgenerator wird beschrieben, der imstande ist Teslaluminiscenz 
in anorganischen und organischen Gasen und Dlmpfen, bei niederem Druck zu erregen. Ein neuer 
Apparat sowie eine neue Methode die Spectren zu untersuchen wird beschrieben. Die Ergebnisse der 
Untersuchungen an Luft, Sauerstoff, Kohlendioxyd, Schwefeldioxyd, Stickstoff und Argon sind 
dargelegt und werden diskutiert. 

Rbmn&-Les auteurs decrivent un generateur a haute frequence qui est capable d’exciter la lumine- 
scence “Tesla” dans les vapeurs et les gaz mineraux et organiques a faibles pressions. 11s decrivent un 
nouvel appareil et une nouvelle methode d’examen des spectres. Ifs presentent et discutent les resultats 
de recherches sur Pair, l’oxygene, l’anhydride carbonique, I’anhydride sulfureux, l’azote et l’argon. 
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PRELIMINARY COMMUNICATIONS 

Contributions to the basic problems of complexometry-II 

Decomposition of Xylenol Orange in aqueous solutions 

(Received 3 October 1959) 

ONE of the more promising metallochromic indicators of the “complexone type” suggested in recent 
times’J is Xylenol Orange (I). It has already been utilized by a number of authors in various practical 
applications. 

HOOCCHI 

HOOCCH, CH,COOH 
I \ --so9- 

0 ‘/ 
However, the stability of aqueous solutions of Xylenol Orange is limited. Its decomposition is 

accompanied by slow loss or complete disappearance of its metallochromic properties. This can be 
well observed in its colour reactions, for example with thorium, bismuth, lead or zinc. In solutions 
of these cations at suitable pH,t one drop of 0.1% to 0.5 % Xylenol Orange solution produces an 
intensely red, eventually red-violet coloration. Aqueous solutions of the indicator more than one 
month old either do not give these reactions at all or give them only very weakly. Only the re- 
action with copper-the development of an intense violet-red coloration-is fully maintained. 
Indeed it is possible, though this is very surprising, to use such “aged solutions” as an excellent 
indicator for copper, in spite of the fact that fresh Xylenol Orange alone produces with copper 
robust complexes which react only slowly with EDTA solution. Xylenol Orange thus becomes 
effectively a specific indicator for copper. The most probable explanation of this is that in aqueous 
solutions slow decarboxylation of two symmetrically placed carboxyl groups takes place. In this 
manner a substance with a new complex-forming grouping (111) is developed, which is very 
similar to the complex-forming grouping of Glycinethymol Blue (IV).3 
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It is very difficult to achieve artificial aging of Xylenol Orange solutions. Freshly prepared 
aqueous solutions tolerate boiling without decomposition, and may be evaporated to dryness or 
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heated at 60” for several days. Solutions acidified with glacial acetic acid or hydrochloric acid can 
also be boiled for a longer time without decomposition. Xylenol Orange decomposes rapidly on 
boiling with nitric acid or sodium hydroxide. The aqueous solutions are stable to oxidation by 
atmospheric oxygen. Stronger oxidizing agents (hydrogen peroxide, ceriumrv sulphate) decompose 
the indicator immediately. In the decomposition in this manner all the metahochromic properties 
disappear, and only the original acid-base properties of the parent indicator-cresol red-are 
maintained.* 

The behaviour of Xylenol Orange with lead dioxide is very interesting as illustrated by the 
following experiments. Solid lead dioxide was added to an aqueous solution of Xylenol Orange 
which was slightly acidified with acetic or sulphuric acid and the solution was thoroughly stirred 
with an electromagnetic stirrer. As in the case of our earlier experiments on the oxidation of EDTA,* 
carbon dioxide and a large quantity of formaldehyde were detected. According to the experimental 
conditions (quantity and quality of PbO,, time and intensity of stirring, etc.) the Xylenol Orange 
solutions lost their metallochromic properties for heavy metals in a short time with the exception of 
copper, which could still be titrated using the indicator treated in this manner. The quality of the 
colour changes in the titration of copper (pH 55 to 6, hexamethylenetetmmine) is, however, not so 
distinct as in the case of “naturally aged” solutions of Xylenol Orange. With the “artificiaIly aged” 
indicator the colour change is from red-violet to clear yellow as in the first case. Only solutions 
carefully buffered to pH 5.2 to 5.4 give a sharp colour change. 

This difference in behaviour can be easily explained. In the case of the “natural aging” of solutions 
only the decarboxylation takes place while the sarcosine derivative (III) develops (formaldehyde 
was not detected), whereas in the oxidation with lead dioxide the glycine derivative (IV) is produced, 
which is less suitable for the titration of copper. It would, of course, be necessary to prove this 
assumption by a chromato~aphic examination of the two decomposition products of Xylenol Orange, 
followed by their isolation. The experiments are being continued. 

Methylthymol Blues behaves in a similar way. Because of its slight stability in aqueous solutions, 
it is easily converted to Glycinethymol Blue. 3 This decomposition reaction is also being studied 
further. 

CONCLUSION 

On storage aqueous Xylenol Orange solutions are subject to slow decomposition and lose their 
metall~hromic indicator properties. It is probable that during the decomposition a sarcosine 
derivative is formed, which is a reasonably suitable indicator for the complexometric determination 
of copper in weakly acidic medium. 

Laboratory for Analytical Chemistry, R. PkIBIL 

Chemical Institute of Czechoslovakia 

Academy of Sciences, 
Prague, Czechoslovakia 
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Isomeric complexans:t The dl and meso forms of 2:3_butanediamine- 

N:rv:N’:N’-tetra-acetic acid 

(Received 19 October 1959) 

In recent studies on complexan we have isolated two isomers of 2:3 butanediamine-~:N:N‘:N’-t~tra- 
acetic a&%-2:3 BDTA~ and 2:3 BDTA@, m.ps. 211-2” (decomp.) and 138-151” (decomp.) respectively. 

l Xylenol Orange is prepared by condensation of Cresol Red with formaldehyde and iminodiacetic 
acid. 

t The term “complexan” has been recommended by the Analytical Chemistry Section of the IUPAC 
to describe polyamino-poly-carboxylic acids. 
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which is less suitable for the titration of copper. It would, of course, be necessary to prove this 
assumption by a chromato~aphic examination of the two decomposition products of Xylenol Orange, 
followed by their isolation. The experiments are being continued. 

Methylthymol Blues behaves in a similar way. Because of its slight stability in aqueous solutions, 
it is easily converted to Glycinethymol Blue. 3 This decomposition reaction is also being studied 
further. 

CONCLUSION 

On storage aqueous Xylenol Orange solutions are subject to slow decomposition and lose their 
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There were obtained by successive crystallisation from a chloroacetic acid condensation of the un- 
resolved amine, and it is not therefore yet known which is the meso and which the dl form 

By use of the polarographic technique described in a previous communicationa it has been possible 
to show that there is a marked difference in the chelating properties of the two isomers. Thus 2:3 
BDTA" has virtually the same chelating power as CDTA for coppern and cadmium, whereas that of 
2:3 BDTA~ is considerably weaker and is intermediate between those of CDTA and EDTA. 

Values for one of these isomers have already been recorded. ‘9’ The purpose of this preliminary 
communication is to amend the migration rate previously reported for 2:3 BDTA~ and to give more 
complete information on both isomers. 

Complexan M.p.” C Mrr 

ElIa value 
El,* value 

EIIB value 
for Cu chelate, 

for Cu chelate 
from pherogram, 

of Cd chelate, 
Volts S.C.E. 

Volts S.C.E. i 
Volts S.C.E. 

_ 
I I I I I 

2:3 BDTA’* 

2 : 3 BDTAP 

To the best of our knowledge, this is the first occasion on which isomeric complexans have been 
reported. 

Chemistry Department 
R. BELCHER 

The University, Edgbaston 
W. HOYLE 

Birmingham 15, England 
T. S. WEST 
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SHORT COMMUNICATIONS 

The determination of boron in iron and low-alloy steels with dianthrimide: 
A calorimetric method that does not require preliminary separations 

(Received 23 May 1959) 

IN recent years boron has been used increasingly in certain types of steel for constructional purposes. 
It gives improved hardenability and allows economies in the use of other alloying elements. Since 
the amounts of boron present are usually very low, about 0GO14005%, chemical determination 
has presented some difficulties. There has therefore been a need for a method that is simple but still 
accurate. 

The first stage in the determination of boron in steel is to convert it from the different forms in 
which it may be present into boric acid. In general this is done by dissolving the steel sample in sul- 
phuric acid and oxidising with hydrogen peroxide. Any boron compounds in the insoluble residue 
are brought into solution by fusion with sodium carbonate. 

Usually the calorimetric determination of boric acid is preceded by some separation process, the 
extent of which depends on the colour reagent used. The most commonly used reagent, quinalizarin, 
is highly selective and does not react with any other element normally present in low-alloy steels. 
Nevertheless the quinalizarin method is often combined with a separation by electrolysis with a 
mercury cathode. This removes iron, chromium and other elements which would interfere with the 
determination, the iron by precipitation as the sulphate in the strong sulphuric acid solution in which 
the determination is made and the chromium by absorption of light at the wavelength of measure- 
ment. 

A. Experiments on keeping Fe” in solution 

The principal source of interference in the determination of boron in steels low in chromium is 
the precipitation of iron as sulphate. For boron determinations in steels of this type, Rudolph and 
Flickinger’ therefore developed a procedure using quinalizarin without preceding separations in which 
the ferrous sulphate is allowed to precipitate and settle out before a visual comparison is made. 
This method was taken as a starting point for the present investigation. 

A prerequisite of increased accuracy is the replacement of the visual comparison with standard 
solutions by a photometric measurement. For this it is necessary to separate the precipitated ferrous 
sulphate but some difficulty was encountered. The precipitation and the sedimentation are both very 
slow. Even centrifuging was not sufficiently effective and the strong sulphuric acid solution could not 
be filtered in a practical way. 

It seemed that it might be possible to dilute the solution and thereby keep Fen in solution at least 
for the time required to carry out the determination. The acid concentration cannot however be 
allowed to fall below 90 ‘A by weight since this would appreciably impair the sensitivity of the boron 
determination. These conditions’are satisfied by the addition of 25 ml of 96% sulphuric acid to 3 ml 
of a solution of iron in approximately 2M sulphuric acid. It was found that this solution could hold 
up to 100 mg of Fen without any risk of the iron being precipitated. The resultant solution was 
colourless and had no absorption in the 600-650 rnp region. 

A method for the determination of boron in low-alloy steels and cast iron based on these results 
has been in use in this laboratory for several years with satisfactory results. This method offered 
several advantages, especially in simplicity and speed, over methods used previously. The necessary 
limitation of the size of the sample and the reduction in the concentration of the acid has however 
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an adverse effect on the determination of the lowest boron concentrations. A considerable improve- 
ment was afforded by replacement of quinalizarin by dianthrimide which has a higher sensitivity and 
more favourable spectral properties. 

It was found that up to 100 mg of Fen could be retained in solution under the same conditions as 
before, even during the heating necessary for the reaction between boric acid and dianthrimide. No 
precipitate formed when the reaction solution was heated in a water bath for 2 hours at 100” or for 
15 hours in an oven at 80”. 

B. Interferences 

Earlier investigations have shown that there are very few substances that interfere with the reaction 
between boric acid and dianthrimide. Among them are oxidants such as chromate and nitrate which 
destroy the reagent. Interference has also been reported due to fluoride, to large amounts of 
phosphate, and to titanium. 

When steel is dissolved in sulphuric acid no oxidising compounds are formed that can interfere 
with the reaction; they may however be formed when the insoluble residue is fused with carbonate. 
It is therefore necessary after dissolving the melt to reduce such compounds; sulphurous acid is 
suitable for this purpose and a slight excess does not interfere with the reaction. 

An investigation of possible sources of interference was carried out using solutions, with and 
without added boron, containing 100 mg of Fen and varying amounts of the alloying elements that 
may be present in steel. Tests were made with 10 mg of Ni, 2 mg of Mn, Cu, Cr, Co, 1 mg of Al, V, 
Ti, MO, Zr, P and 0.1 mg of Sn and As. No interference from these substances was found provided 
that corrections were made for the absorption of coloured ions. The quantity of sodium carbonate 
used for fusion was also without any interfering effect on the determination. The high chromium 
contents that occur in stainless steels give blank values so large that they reduce the precision of 
the determination. 

Several alloying elements are not completely soluble in diluted sulphuric acid and a considerable 
amount is then found in the acid-insoluble fraction as well as in the acid-soluble fraction. In some 
cases the same element may be present with different valency in the two solutions; this is possible 
with molybdenum and titanium. Analyses of low-alloy steels containing molybdenum showed 
that this element did not interfere with the determination in either the acid-soluble or the acid-insoluble 
fractions when the method recommended in section E was used. Unfortunately no corresponding 
Ti-containing steels were available. Titanium in the acid-soluble part might be present as Tim but it 
should be possible to oxidise such a solution with a stream of air followed by sulphurous acid 
reduction back to Fen of the iron oxidised at the same time. 

C. Dissolving the sample 

Steel samples for the determination of boron are usually dissolved in sulphuric acid in a flask 
fitted with a reflux condenser. Experiments on the use of a mixture of sulphuric acid and phosphoric 
acid showed that the presence of large amounts of phosphoric acid caused a strong decrease in the 
colour of the boron complex. It was found that it is not necessary to use a reflux condenser. If strong 
boiling is avoided while the sample is being dissolved a simple pear-shaped glass bulb in the neck of 
the vessel is just as effective. A series of analyses of a steel sample gave, in both cases, 0.0195 % of 
boron as the mean of four determinations. 

When the sample is dissolved in sulphuric acid in a vessel of boron-containing glass there is a risk 
of dissolving boron out of the glass. It is of course advantageous to use a flask of quartz or boron-free 
glass but after repeated and prolonged boiling with sulphuric acid even flasks of boroncontaining 
glass can be used. These flasks should be reserved for boron determinations and should only be washed 
in dilute acid without any added oxidising agent. 

The acid-insoluble residue is fused with anhydrous sodium carbonate after ignition in a platinum 
crucible at a dull red heat. The same results are obtained in this way as when the sodium carbonate 
is added before ignition, as usually recommended, but it avoids the occasional incomplete ashing of 
carbonaceous material which may cause the subsequent sulphuric acid solution to be discoloured. 

It has long been customary in boron analyses on steel to report the boron contents of the acid- 
soluble and of the acid-insoluble fractions separately. This presupposes that some boron compounds 
are always soluble in acid and that others are always insoluble. Analyses of steel samples as described 
in section F showed large variations in the acid-insoluble fractions from different steels but in every 
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steel there was a certain amount of boron that was insoluble in dilute sulphuric acid. The spread of 
these values was however greater than that for the total boron content. If the sample was oxidised 
when it was dissolved a little more of the boron usually went into solution. Kelly2 made analyses on 
the same steel samples after solution in hydrochloric acid and oxidation with hydrogen peroxide and 
in some cases obtained rather large variations in the proportion of acid-soluble to acid-insoluble 
boron in the same steel. In another investigation ,s however, treatment with different acids gave 
roughly the same amount of boron from the same steel. 

D. Mod$cation oj’ the diun?hrimide method 

The optimum conditions for the determination of boric acid with dianthrimide as described in an 
earlier pape+ were found to be: 

Diunthrimide 0.4 mg/ml; sulphuric acid 93-95 % by weight; hovon 03-1.0 j&g/ml; heat@ time at 
lOO”, l-15 h; or at 80”, 4-5 h. In the determination of small amounts of boron in steel without 
separations, some consideration must be paid to the presence of the iron and the smallness of the 
boron concentrations. To get the maximum accuracy it is necessary to use the largest amount of 
sample possible even if the acid concentration has to be reduced to 90% by weight. If the acid 
concentration is kept in the range 93-95 % the weight of sample must be reduced to less than half, 
thus reducing the possibility of determining the lowest boron contents. It is also advisable to reduce 
the reagent concentration to less than half. This will of course reduce the sensitivity by 1 or 2 per 
cent but it will also reduce the reagent absorption by more than a half. 

With these modifications it is essential to pay particular attention to certain of the results of the 
investigation described in the earlier paper.4 A change in the strength of the concentrated sufphuric 
acid will affect the analytical result. It is therefore essentiaf to check and if necessary to correct the 
~Iibration curve when a new stock solution is taken into use. The small variations in the acid 
concentration that are produced by varying consumptions of acid when dissolving the acid-soluble 
and the acid-insoluble parts can be neglected. In the method recommended, two different heating 
temperatures are suggested. With the modifications suggested here the calibration curves for these 
two methods will not be identical. 

E. Recommended method 

Solutions required. Dia~Itkrimi~ reagent solution: Dissolve 150 mg of diant~i~de in 1000 ml of 
sulphuric acid (approx 96 % w/w). 

Diluted sulpkuric acid (1 $- 3). 
Sulpkurous acid (approx 6 %). 
Procedure: Take 3 g of sample in an Erlenmeyer flask (loo-150 ml) and add 40 ml of diluted 

sulphuric acid (see note 1). Use a reflux condenser or a simpler corresponding arrangement. Heat 
to dissolve. Filter through a dense filter paper into a lOO-ml volumetric flask. Wash with hot water. 
Cool to room temperature, dilute to the mark with water and mix. This flask (A) contains the acid- 
soluble boron. Ignite the filter in a platinum crucible at low temperature. Fuse with 2 g of anhydrous 
sodium carbonate. Dissolve the melt in 40 ml of diluted sulphuric acid. Add 1 ml of sulphurous acid 
for the reduction. Filter if necessary. Transfer the solution to a IOO-ml volumetric flask, dilute to the 
mark and mix. This flask (B) contains the acid-insoluble boron. 

Transfer 3 ml of solutions A and B to two dry 50-ml Erlenmeyer flasks. Add 25 ml of dianthrimide 
reagent solution with shaking, then close the flasks with glass stoppers (note 2). For.the blanks, 
transfer 3 ml of solutions A and B to two Erlenmeyer flasks and add 25 ml of sulphuric acid {approx 
96% w/w). Heat all four flasks in a boiling water bath for 60 minutes (note 3). Cool to room 
temperature and measure the absorbance of the solutions against pure concentrated sulphuric acid 
at 620 m/L in 1 cm or 2 cm cells. Correct for the blanks. 

Calibration: Dissolve 0.7621 g boric acid (H,BOs p.a.) in water and dilute to 1000 ml. Take 50 ml 
of this standard solution and dilute to 1OOOml. This working solution contains 6.667pg B/ml. 
Transfer 5-50 ml of this solution by means of a burette to MO-ml volumetric flasks, add 30 ml of 
diluted sulphuric acid and make up to the marks. These solutions contain l-10 pg B/3 ml. Take 3 ml 
from each solution and from a boron-free comparison solution and then proceed according to the 
description above. Plot a calibration curve or calculate the factor relating the absorbance with the 
amount of boron present. It is advisable to include with every series of boron determinations a 
boron-free solution and a standard solution containing, for example, 5 pg boron. 
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Notes: 1. Alternatively for instance, 50 ml of solution could b-e prepared from a 1.5-g sample by 
dissolving in acid and diluting or 10 ml of solution could be prepared from an 0.3-g sample. The 
quantity of acid should be reduced in proportion to the volume. For occasional boron,contents of 
more than 0.010’~ of either acid-soluble or acid-insoluble boron a smaller sample can be weighed out. 
If the boron content is regularly appreciably higher a smaller aliquot should be taken and a higher 
reagent concentration used. The calibration curve will of course be different in this case. 

2. The dianthrimide reagent should be kept in the dark and protected from moisture. The reagent 
can suitably be dispensed from an all-glass automatic pipette protected from atmospheric moisture 
by a drying tube. 

3. When the Erlenmeyer flasks are immersed in the water bath the stoppers should be lifted for 
a moment to release the pressure and allowed to fall back again of their own weight. The colour 
reaction can also be carried out at a temperature lower than 100”. Heating in an oven at 70” overnight 
was found quite suitable. The calibration curve will be somewhat steeper the lower the temperature 
chosen. 

4. If only the total boron content is required, dissolve the melt in flask A and then add a few ml of 
sulphurous acid for reduction. In some cases it may be advisable to add sulphurous acid to the 
acid-soluble part also. This will counteract any tendency for the iron to oxidise if the solution is kept 
for a longer time. 

5. Check that no boron contamination is introduced from reagent, filter paper or glass vessel. 
This can be done by making a parallel determination on boron-free carbon steel. 

F. Applications 

This method of analysis has been tested on standard samples from the National Bureau of 
Standards, USA, the acid-soluble and the acid-insoluble fractions being determined separately. The 

results are shown in Table I. 

TABLE L-BORON DETERMINATIONS ON NBS STANDARD STEELS 

Number and Certificate 
steel type value 

825 Mn-Ni-Cr 0+006 
826 Cr-MO 0.0011 
151 Cr-MO 0.0027 
828 Mn-Cr 0.0059 
829 Ni-Cr-B 0.009 1 
830 Ni-Cr-B 0.019 

7- 

No. of 
Boron Boron 

analyses 
sol. in insol. in 

dil. H,SO, dil. H,SO, 

5 0.0002 0~0005 
5 0~0010 <0~0001 

11 0.0017 0~0010 
6 00033 0.0026 
9 0.0041 0.0053 
9 0.0103 0.0092 

Boron 
total 

0.0007 
0~0010 
0.0027 
0.0059 
0.0094 
0.0195 

Stand 
dev. 

T Coeff. of 
variation 

% 

o+xNIo7 10 
OWOO6 6 
0~00008 3 
0~00009 1.5 
0.00016 1.7 
040017 ’ 0.9 

Boron values in per cent. 

The results show good agreement with the certificate values. The coefficients of variation are 
relatively low considering the low boron contents. These results compare well with the results. of the 
much more involved procedures that have been reported previously. It should be pointed out that 
the spread in the values for soluble and insoluble boron is considerably larger than for the total boron. 

The results shown here apply to low-alloy steels. The method has also been found to give good 
precision in analyses on malleable iron but no standard samples with known boron contents were 
available. In analyses on stainless steel it must be expected that the accuracy will be impaired by the 
large correction that must be made for chromium. Only a single standard sample of this type was 
available for testing the method. NBS No. 444 gave by the present method 0.0034% B; certified 
value 0.0033 ‘A; this sample contains 20% Cr, 10% Ni, 0.2% MO, Nb and W and 0.1% V. 

The sensitivity of the method is insufficient for the determination of boron contents below a few 
ten thousandths of one per cent. In such cases the iron must first be removed, for instance by 
electrolysis with a mercury cathode, and the solution concentrated. Experiments showed that this 
could be done without loss of boron by evaporation of a solution in 2M sulphuric acid at 100” in a 
water bath. Analyses of NBS No. 825 in this way gave a value of 0.00062’% B as the mean 
of 6 determinations with a coefficient of variation of 3%. Samples containing vanadium could 
not be analysed in this way since the vanadium is not removed on electrolysis. Even when the 
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solution is reduced with excess sulphurous acid before the evaporation it may subsequently be 
oxidised to Vv. Vanadate, like chromate, destroys the dianthrimide reagent. The vanadium can 
however be removed by ion-exchange.3 
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Quantitative spectrochemical determination of minor elements in silicates 

(Revised paper received 1 September 1959) 

In general, quantitative spectrochemical determination of minor elements in silicates has been based 
upon separate arcings for the volatile and involatile groups of elements with or without an internal 
standard.‘x2 The proper selection of suitable internal standard and spectroscopic buffer may eliminate 
the necessity for the tedious separate arcings. An attempt was made to provide a spectrochemical 
method for minor elements in silicates, which differ greatly in their volatilization rates from the 
electrode cavity, (i.e. Pb, Ga, Sn, Cr, V, Co, Ni, and SC) with a single arcing procedure, by using 
two internal standards (Sb,O, and metallic Pd). 

One part (by weight) of the powdered silicate sample was thoroughly mixed with one part of carbon 
powder containing 0.8 % Sb,O, and 0.04 % metallic palladium as the internal standards. The mixture 
was packed into the crater of the lower graphite electrode and excited for 60 set by an 8-amp, ZlO-volt 
continuous a.c. arc supplied from a Pheilsticker-type intermittent a.c. arc source unit with radio- 
frequency spark. The spectrum was photographed on a process-type plate. For the purpose of plate 
calibration a self-calibrating method was used with a five-step sector (1 : 2 step ratio). A large 
Littrow-type spectrograph, Shimadzu QL-170, was used. Natural silicate rocks or minerals were 

TABLE I.-ANALYSIS PAIRS AND RANGES OF ANALYSIS 

Pair Range, ppm 

Ga 2943.637 (4.3)/Sb 2877,915 (5.3) 
Pb 2833.069 (4.4)/Sb 2877.915 (5.3) 
Sn 3175.019 (4.3)/Sb 2877.915 (5.3) 
Co 3453.505 (4.O)/Pd 3481.152 (4.8) 
V 3183.982 (3.9)/Pd 3242.703 (4.6) 
Cr 3593.488 (3.4)/Pd 3481.152 (4.8) 
Ni 3414.765 (3.6)/Pd 3481.152 (4.8) 
SC 3613.836 (lO.l)/Pd 3242.703 (4.6) 

10 N 300 
10 N 1000 
10 N 3900 
5-300 

10~1000 
5-500 
5-500 

- 

The values in parentheses are excitation potentials (ev). 

i-U2 pp.) 
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selected as the basis for standards. If necessary, a correction for residual impurity was made. Analysis 
pairs and analysis ranges are indicated in Table I together with the excitation potentials for the 
analysis and the internal standard lines. 

Following the statistical method of Shaw and Bankier,* the precision of the procedure (expressed 
as a 68 % confidence limit and shown in Table II) was evaluated from working curve data and from 
repeated analyses of arbitrary samples or of the well-known standard rock Wl prepared by the U.S. 
Geological Survey. 

TABLE II.-PRECISION OF THE PROCEDURE 

Element Sample 
Values 

obtained, 

PPm 

Ga ~ w1 
Pb ~ Feldspar 

Sn ~ Gneiss 

Co i Wl 

V Wl ! 

Cr ~ Wl 

Ni Wl 

Sc Wl 

13.6 +‘.2 
-1.1 

177 +17 
-16 

48 +” 
-9 

55 +l” 
-9 

236 +27 
-24 

139 +20 
-18 

59 +6 
-5 

280 +88 
-67 

7- 
-~ 

Values 
previously 
reported, 

PP” 

11-20 

20-554 i 36 

~ 170-340 240 

100 - 150 130 

~ 47 -150 , 90 

~ 15-51 37 

Values 
given by 
Ahrens, 

PPm 

14.5 

- 

If suitable standards are available, the present method may be extended to cover further species 
of elements including copper. However, the results in Table II indicate that the method failed for 
scandium. For its successful determination the quantity of carbon buffer should be made at least three 
times as much as the amount used in the proposed procedure, in order to eliminate a matrix effect.4 
With some modification the logarithmic sector method can be successfully applied without appreciable 
loss of precision. 
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Variamine Blue sulphate as redox indicator 

(Received 9 October 1959) 

VARIAMINE Blue (4amino-4’-methoxy-diphenylamine), a redox indicator well established in practice, 
is usuallyemployed in the form of the hydrochloride,*fromwhich is prepared a 1 ‘A aqueous solution 
or a 1 : 100 solid indicator mixture with sodium chloride or with anhydrous sodium sulphate.1f2 In 
such titrations, where the chloride content of the indicator gives some trouble (e.g. argentometric 
titration), chloride-free Variamine Blue acetate solution may be prepared from the hydrochloride by 
shaking it with benzene and alkali and then with aqueous acetic acid.s The preparation of the pure 
base, soluble in alcohol, is a rather long and expensive operation. 4 Both the hydrochloride and the 
base are light-sensitive, preparations originally white quickly becoming blue. The indicator solutions 
are unstable, become blue on standing and a precipitate separates from them. The sulphate provides 
a chloride-free and stable form of the indicator. 

Preparation of m&hate 

Dissolve 50 g of technical Variamine Blue B base in 1.5 litre of warm distilled water. Bleach the 
solution with 5 g of sodium dithionite and 10 g of animal charcoal, then boil the suspension and 
filter it quickly. Add to the slightly yellow or blue (depending on the pH of the solution), clear, hot 
filtrate 0.5 litre of sodium sulphate solution,upon which the separation of the sulphate begins immedi- 
ately. The sodium sulphate solution contains 200 g Na,SO, . 10 Ha0 per litre. Cool the solution to 
room temperature, filter the separated white needle-like crystalline material, wash it with cold water 
and dry it in vacuum, in a desiccator at room temperature. 

The sulphur content (determined by the Grote-Krekeler method) indicates half a molecule of 
sulphuric acid. Its composition is therefore: 4-amino-4’-methoxy-diphenylamine,)H,SO,. 
Polarographic examination shows it to be chloride free. Its ash-content is practically zero. 

It is very stable, and kept in dark glass it keeps its white colour for months. 

Preparations of the indicator 

The most stable form of Variamine Blue sulphate for use is the solid indicator mixture made with 
anhydrous sodium sulphate in a ratio of 1 : 400, using about 200 mg in a titration. This amount 
dissolves quickly and without residue in the solution to be titrated. For calorimetric use it is naturally 

FIO. 1 .-Calorimetric determination of silver ion with Variamine Blue sulphate. 

l In the textile industry it is known under the name Variamine Blue B base. 
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better to use an indicator solution; this may be 0.2 % aqueous or 0.4% in 10% acetic acid. 
freshly made solution is at the very most pale blue, so that its blank value can be neglected. 
standing, this solution, also, naturally becomes blue, and in 4-5 days precipitation takes place. 

Some practical applications 

The 
On 

The applicability of the indicator was tested for the determination of the ascorbic acid factor and 
in argentometric chloride determination. The factor of an ascorbic acid solution against potassium 
iodate was found to be 1.010 with Variamine Blue hydrochloride and 1.009 with Variamine Blue 
sulphate. The results of argentometric chloride determinations are shown in Table I. 

In the calorimetric determination of silver ion, where chloride content would cause some troubles, 
about 0.2 % aqueous Variamine Blue sulphate indicator in acetate-acetic acid buffer at pH 3.6 was 
tested. Fig. 1 shows the extinction curve given. 

TABLE I.-ARGENTOMETRIC DETERMINATION OF CHLORIDE WITH 
VARIAMINE BLUE SULPHATE 

O.OlN NaCI added, O.OlNAgNO, used, 
ml ml 

5.00 5.02 
10.00 10.03 
15.00 14.98 
20.06 19.94 
25.00 24,94 

A% 

+0.40 
+0.30 
-0.13 
-0.60 
-0.24 
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A new micro method of studying the thermal stability of easily volatile explosives* 

(Received 21 September 1959) 

WHEN studying highly brisant explosives, which were very insensitive to shock and impact, and 
consisted of a solution of chloronitrobenzene (equilibrium mixture of the isomers) in nitric acid, 
in the molar ratio of chloronitrobenzene : nitric acid : water 1 : 4.6 : 1, it was not found possible 
to determine the detonation temperature by the usual procedures;1 on heating, the water and nitric 
acid volatilized and the isomeric chloronitrobenzenes distilled unchanged at 243”. It therefore 
became necessary to develop a method for solving the problem, and one which could be used with 
tiny amounts of the specimen in view of the danger of explosion. 

* Translated by Ralph E. Oeaper, University of Cincinnati, U.S.A. 
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Method 

The test was conducted in an ~ium~nium block designed for the heating of micro crucible3 and 
provided with a well for a thermometer. Channels were cut into the under side; these were 1.8 mm 
wide and 2 mm deep. The aluminium block was heated by means of a Teklu burner, and the 
temperature was read from the thermometer. 

The explosive under test was placed in glass capillaries (melting point tubes) whose external 
diameter ranged from 1 to 1.5 mm. The amounts taken were sufficient to occupy one-fifth of the length 
of the tube, which was then sealed. The charged tubes were placed in the channels of the block, 
and heated slowly or rapidly, according to the conditions of the test. Alternatively, the tubes were 
placed in the channels of a block which had been preheated to the chosen temperature. In this way 
it became possible to remove tubes at any selected temperature and examine them for changes after 
they had cooled. In all cases, direct observations were made through a glass shield to avoid injury 
in case the tubes exploded. 

The strength of the tubes was tested by charging the capillaries with nitric acid and heating. It 
was found that they withstood the vapour pressure of nitric acid up to 330’. 

The mixture described above was tested first. It represents an explosive with an equalized oxygen 
balance. 1 t explodes violently when detonated with a primer cap. 

When heated in the capillary, there resulted above 120” a brown gas (NO,) as in the case of 
nitric acid, whose colour deepened with rising temperature. Tubes heated to 200” showed no visible 
change when cooled; the reactions, such as the formation of nitrogen dioxide, were accordingly 
reversible. In tubes heated to 210” there was an irrevesible change, in that the contents after cooling 
consisted of two liquid phases. The heavier (isolated by centrifuging) was green to blue-green. The 
same behaviour was found also on heating up to 300”. Between 300 and 320” there was a change 
even in the hot material in that the initial almost black colour (NO,) gradually faded. After cooling, 
the contents of the tube consisted entirely of a colourless liquid, which proved to be aqueous hydro- 
chloric acid. When the capillaries were placed in the channels of a block preheated to 330”, no 
detonation or deflagr~~tion was observed. Accordingly, the explosive must have decomposed without 
detonation: 

SC,H,NO,CI I 23HNO,-m* 3OC0, I IYH,O i 14N, I 5HCl 

For comparison purposes, a study was made of the behaviour of other organic compounds 
dissolved in highly concentrated nitric nitric acid. A solution of nt-dinitrobenzene in nitric acid 
(molar ratio 1 : 4) behaved initially like the chloronitrobenzene-nitric acid studied. Here again, 
two liquid phases were produced, starting at 210”; however detonation occurred around 290’. 
Nitric acid solutions of xylene, p-dichlorobenzcne, pyridine, paraffin, and petroleum were tested at 
220 and 300 ‘. The findings are summarized in the following table. 

Compound dissolved in or / i Behaviour after heating to 220 
Behaviour at temperaures 

mixed with HNO, to 300” 

Monotrochlorobenzene 
m-Dinitrobenzene 
Xylene* 
p-Dichlorobenzene 
Pyridine 
Paraffin oil 
Petroleum 

2 phases, blue-green 
2 phase, blue-green 
1 phase, green 
2 phases, blue-green 
1 phase, light yellow 
2 phases, yellow 
combustion 

no detonation 
detonation 
detonation 
no detonation 
detonation 
detonation 
detonation 

* Two phases likewise appear in the case of xylene on cooling below 10’. 

7.\- ( 1 lb&) 
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Discussion 

The composition of the green product is not clear as yet; it is noteworthy that it is stable only 
in closed tubes, i.e. under pressure. Possibly, addition compounds of N,Os with organic aromatic 
nitro compounds are formed. 

Of more interest perhaps is the finding that, against all expectation, the system chloronitrobenzene- 
nitric acid cannot be made to detonate or deflagrate by heating. Since this stability appears only in 
the instances (see the Table) in which chlorine-containing aromatic compounds were used, it seems 
logical to assume that the presence of the chlorine atom is essential to this stability. In contrast to 
all other solutions of organic compounds in highly concentrated nitric acid used for explosive,a the 
mixture monochloronitrobenzene-nitric acid is extraordinarily resistant to shock, impact or bom- 
bardment, with no impairment of its ability to be set off by a primer cap. 

The following assumption may be advanced to explain the thermal stability and the insensitivity 
against shock and impact. The reasoning is analogous to the action of anti-knock materials in motor 
fuels. The relatively heavy and sluggish chlorine atom stops or interrupts some of the reaction 
chains initiated by temperature or shock. The result is that a continuous reaction is possible only 
through the initiation of an adequate number of reaction chains, such as is provided by the initial 
ignition. Consequently, the thermal decomposition, which leads to the same results as the detonation, 
proceeds slowly and apparently is in accord with the van’t Hoff law. 

This latter view gives interesting glimpses into the possible use of such solutions as monopro- 
pellants. 

Karl Beckgasse 35, 

Vienna, Austria 
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BOOK REVIEWS 

Gaschromatographie. A. I. M. KEULEMANS; iibersetzt und bearbeitet von E. CREMER. Verlag 
Chemie, Weinheim, 1959. DM 24.-xvi + 288 Seiten, 103 Abbildungen und 26 Tabellen. 

DIESES 1957 bei der Reinhold Publishing Corporation, New York erschienene Buch liegt nun in 
ausgezeichneter Erganzung und Ubersetzung in deutscher Sprache var. Es ist durchaus kein Wagnis, 
das der Verfasser unternimmt, da er tlber eine im rasanten Kommen befindliche Methode in buch- 
massiger Zusammenstellung berichtet. Wohl sind die Methoden der Gaschromatographie noch sehr 
Jung,--tiber die Gasfltissigkeitschromatographie wurde ja erst von A. J. P. Martin 1952 berichtet-, 
demnach aber sind die Ergebnisse und der mit dieser Methode erzielte Zeitgewinn so bestechend, dass 
die Herausgabe einer eingehenden Einftihrung in dieses Gebiet voll gerechtfertigt erscheint. Das 
vorliegende Buch ist in acht Hauptkapitel und zwei Anhangskapitel unterteilt. 

Kapitel eins erlautert neben einer geschichtlichen Ubersicht die allgemeinen Grundlagen der 
gaschromatographischen Methodik; die von einem Spezialkommitee, welches anlasslich eines vom 
Institute of Petroleum in London im Juni 1956 veranstalteten Symposiums t&r Gaschromatographie 
zusammentrat, vorgeschlagene Nomenklatur wird such hier benutzt und in diesem Kapitel nlher 
erortert. Im zweiten Kapitel wird die praktische Anwendungsmoglichkeit der Gasfltlssigkeits- 
chromatographie, aufgezeigt, im dritten Kapitel die Einzelheiten der miiglichen Apparaturen bespro- 
then und auf die verschiedenen Detektoren und ihre Charakteristiken eingegangen. In den Kapiteln 
vier, fiinf und sechs werden die der Gasfltlssigkeitschromatographie zu Grunde liegenden Theorien so 
weit sie heute vertretbar erscheinen, sehr klar und tibersichtlich dargelegt. Ein Verzeichnis der 
verwendeten Symbole (162!) mit ihren genauen Definitionen sind auf den Seiten IX-XII angeftihrt. 
Das siebente Kapitel interpretiert die Anwendung dieser Prinzipien bei sehr schwierigen Trennungen 
und bei ihrer nicht analytischen Verwendung. Das letzte Hauptkapitel (acht) ist endlich der bereits 
scheinbar iiberholten Gasfestkijrperchromatographie gewidmet, die in letzter Zeit wieder zu gutem 
Rufe gekommen ist. Im ersten Anhangskapitel wird eine Auswahl von stationaren Fltissigkeiten fur 
die Gasfltissigkeitschromatographie angegeben und deren Verwendbarkeit besprochen, das zweite 
Anhangskapitel, von E. Cremer verfasst, bringt eine vorztigliche Betrachtung tiber die Gaschromato- 
graphie an Adsorptionsschichten untcr besonderer Beriicksichtigung der auftretenden Grenzschicht- 
phlnomene. 

Alles in allem liegt bier eine ganz ausgezeichnete, gut ausgefeilte Darstellung tiber die Gas- 
chromatographie mit instruktiven Abbildungen, sehr brauchbaren Tabellen, ausftihrlichem Litera- 
turverzeichnis und tlbersichtlichem Autoren- und Sachverzeichnis vor, die allen Interessenten ftir 
dieses Gebiet bestens empfohlen werdcn kann. 

G. WAGNER 

Analytical Chemistry in Nuclear Reactor Technology, 1st Conference 1957. U.S. Atomic Energy 
Commission, Office of Technical Services. Department of Commerce, Washington 25, D.C. 
Pp. vi $ 256. 93.50. 

THIS thick paper-bound volume contains 17 of the 21 papers presented at the first conference on 
analytical chemistry in nuclear reactor technology held at Gatlinburg, Tennessee, U.S.A. in Novem- 
ber, 1957. This conference, the first of a projected series, had as theme the analysis of reactor materials; 
the second conference, which took place in September, 1958, considered analysis in the commissioning 
and operation of reactors and the third may deal with post-operational analytical problems. 

The papers presented aim to describe recent advances in methods for the analysis of some materials 
of construction of nuclear reactors and for reactor fuels, moderators, coolants and blanket materials. 
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zusammentrat, vorgeschlagene Nomenklatur wird such hier benutzt und in diesem Kapitel nlher 
erortert. Im zweiten Kapitel wird die praktische Anwendungsmoglichkeit der Gasfltlssigkeits- 
chromatographie, aufgezeigt, im dritten Kapitel die Einzelheiten der miiglichen Apparaturen bespro- 
then und auf die verschiedenen Detektoren und ihre Charakteristiken eingegangen. In den Kapiteln 
vier, fiinf und sechs werden die der Gasfltlssigkeitschromatographie zu Grunde liegenden Theorien so 
weit sie heute vertretbar erscheinen, sehr klar und tibersichtlich dargelegt. Ein Verzeichnis der 
verwendeten Symbole (162!) mit ihren genauen Definitionen sind auf den Seiten IX-XII angeftihrt. 
Das siebente Kapitel interpretiert die Anwendung dieser Prinzipien bei sehr schwierigen Trennungen 
und bei ihrer nicht analytischen Verwendung. Das letzte Hauptkapitel (acht) ist endlich der bereits 
scheinbar iiberholten Gasfestkijrperchromatographie gewidmet, die in letzter Zeit wieder zu gutem 
Rufe gekommen ist. Im ersten Anhangskapitel wird eine Auswahl von stationaren Fltissigkeiten fur 
die Gasfltissigkeitschromatographie angegeben und deren Verwendbarkeit besprochen, das zweite 
Anhangskapitel, von E. Cremer verfasst, bringt eine vorztigliche Betrachtung tiber die Gaschromato- 
graphie an Adsorptionsschichten untcr besonderer Beriicksichtigung der auftretenden Grenzschicht- 
phlnomene. 

Alles in allem liegt bier eine ganz ausgezeichnete, gut ausgefeilte Darstellung tiber die Gas- 
chromatographie mit instruktiven Abbildungen, sehr brauchbaren Tabellen, ausftihrlichem Litera- 
turverzeichnis und tlbersichtlichem Autoren- und Sachverzeichnis vor, die allen Interessenten ftir 
dieses Gebiet bestens empfohlen werdcn kann. 

G. WAGNER 

Analytical Chemistry in Nuclear Reactor Technology, 1st Conference 1957. U.S. Atomic Energy 
Commission, Office of Technical Services. Department of Commerce, Washington 25, D.C. 
Pp. vi $ 256. 93.50. 

THIS thick paper-bound volume contains 17 of the 21 papers presented at the first conference on 
analytical chemistry in nuclear reactor technology held at Gatlinburg, Tennessee, U.S.A. in Novem- 
ber, 1957. This conference, the first of a projected series, had as theme the analysis of reactor materials; 
the second conference, which took place in September, 1958, considered analysis in the commissioning 
and operation of reactors and the third may deal with post-operational analytical problems. 

The papers presented aim to describe recent advances in methods for the analysis of some materials 
of construction of nuclear reactors and for reactor fuels, moderators, coolants and blanket materials. 
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There are useful review papers on aspects of the analysis of uranium, thorium, zi~nium, tit~ium, 
beryllium, heavy water and graphite and on the applications of such techniques as neutron activation, 
X-ray spectroscopy, optical spectroscopy and solvent extraction to problems in the reactor technology 
field. In only S papers have the subsequent discussions been recorded and in three of these the reports 
are exceptionally brief. 

As is unavoidable in conferences of this sort, there is a marked variation in the standards of the 
papers as now presented; some, for example, are a~irably referenced (e.g. “Recent Developments in 
the Analytical Chemistry of Thorium and its Compounds” by C. V. Banks, with 152 references mostly 
for the years 1955-7 and “The Analytical Chemistry of Beryllium” by E. S. Melick with 78 references) 
whilst some others have few or no references (e.g. “Recent Developments in the Analytical Chemistry 
of Titanium” by A. L. Gahier where the references are embodied in the text and are for the most part 
inadequate from the point of view of ready procurement). 

C. E. Larson in his reminiscent and sometimes light-hearted introductory paper dealing with the 
role of analytical chemistry in atomic energy, rightly stresses the importance of the increased partici- 
pation of the analyst in the discussion and solution of the problems arising both in development and 
production; this theme is given practical expression by the inclusion in the conference of several 
papers discussing problems involving both process chemistry and analysis and their frequent inter- 
dependence. Whilst approp~ately stressing the remarkable developments in instrumen~l techniques 
in the course of the war-time atomic energy programme it may be questioned whether “quantitative 
spectrographic analysis was carried to its present stage of perfection through the development of 
apparatus for the Manhattan Project”-this does less than justice to the important and independent 
advances made in the ferrous and non-ferrous metals industries. 

The book is clearly printed and well illustrated with nearly 100 diagrams and reproductions from 
photographs and is undoubtedly a useful reference volume for the increasing numbers of analysts 
engaged in the expanding field of reactor technology, particularly if one anticipates setting beside it the 
forthcoming companion volumes covering the second and third conferences. 

F. J. WOODMAN 

Chemistry of the Co-ordinate Compounds. Vol. 1, International Se-ies of Monographs on Inorganic 
Chemistry. (Papers presented at the Rome Symposium of the International Union of Pure and 
Applied Chemistry, September, 1957.) Edited by H. TAUBE and A. G. MADDOCK. Pergamon 
Press, London and New York, Symposium Publications Division, 1958. Pp. 638. ES. 

IN the reviewer’s opinion it is a mistake to publish volumes of papers presented at symposia. The 
author who has to write up research work for one of these books is thereby delayed or prevented from 
publishing it in the proper place, namely one of the standard journals ; and it makes the work inaccess- 
ible to the many readers whose local libraries cannot afford to buy the (usually expensive) symposium 
volume. There is, perhaps, a better case for publishing in collected form the review lectures given at 
symposia, leaving the research communications to appear in due course in the journals. The present 
volume is a typical symposium publication, containing thirteen reviews and sixty-five research 
communications. Many papers of both kinds are excellent and interesting, but the result of putting so 
many diverse items between one pair of covers is a rather indigestible whole, which will probably 
collect dust on the library shelf at a faster rate than the average for recent books. Most of the papers 
are in English, with a sprinkling in French, German, and Italian. The book is elegantly turned out 
but replete with minor errors in the spelling and usages of English. 

The book is divided into five sections, each consisting of one or more review papers followed by a 
number of research communications. There is not space in this review to discuss al1 the papers 
individually, but the following selection (which has been made at random without any implication as 
to merit) will indicate the general character of the book. 

Section I, on bonding in complexes, opens with a review by L. E. Sutton of recent developments in 
the ligand field theory, and is mainly devoted to the spectroscopy of complexes. There is a paper on 
the vibrational frequencies of water in aquocomplexes. Section II, on stereochemistry, stability 
constants and reactivity, is distinguished by an amusing account from L. G. Sill&t on &he problems he 
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has experienced in trying to compile data for the Chemical Society’s list of stability constants. Among 
his several well-taken points is that progress in the study of complex formation in salt solutions has 
been retarded by the excessive preoccupation of physical chemists with extremely dilute solutions. 
Section II has a wide scope, including for example papers on the compound P,NCl, and on aromatic 
metal carbonyls. Section III, on magnetic and structural properties, begins with reviews of nuclear 
magnetic resonance and electron spin resonance, but contains very little new experimental material on 
these topics, most of the papers dealing with ordinary magnetic susceptibility measurements and with 
structural studies by X-ray diffraction. Section IV, perhaps the most interesting to the non-specialist, 
is about the stabilisation of unusual valence states, and “unusual compounds”. It contains valuable 
reviews by J. Chatt on “Low Valent (sic) States” and by W. Klemm on “High Valency States”. The 
progress made recently in this field will surprise anyone not familiar with it. Compounds of the zero 
oxidation state of transition metals are now very numerous, and even the -1 state of metals is 
represented in several parts of the Periodic Table. As for the “unusual compounds”, the report from 
C. C. Addison’s laboratory on volatile anhydrous copper” nitrate is exceptionally interesting. The 
fifth and shortest Section, “Catalytically Active Complexes”, covers a relatively new field of great 
potential importance. It begins with a review by G. Natta on stereospec&c polymerisations induced 
by coordinated anionic catalysts. . 

In spite of the excellence of many of the individual contributions, this volume is too incoherent, 
too expensive and of too little lasting interest to justify private purchase. Larger scientific libraries 
should have it. 

HENRY HEAL 
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PAPERS RECEIVED 

Conniptions to the basic problems of ~om~ex~et~-II: ~orn~sit~ of Xylenol Orange in aqueous 
solutions. R. P&BIL. (3 October 1959) 

Eine neue Schnellmethode zur Bestimmung von Thorium in Gegenwart von Zirkonium, Eisen, Lanthan, 
Uran und sonstigen Schwermetallen. R. P&BIL und K. BURGER. (3 Ocrober 1959). 

Determination of blood sugar and urine sugar with 3:~mitropht~ie acid. TSUTOMU MOMOSE, AKIRA 
INABA, YOSHIKO MUKAI and MITSUKO WATANABE. (5 October 1959). 

The determination of silver and thallium in rocks by neutron-activation analysis. D. F. C. Moaats and 
R. A. KILLICK. (5 October 1959). 

Estimation of efficiency for bubbler-type gas absorbers. SEYMOUR CALVERT and WALTER WORKMAN. 
(6 October 1959). 

Variamii Blue sulphate as redox indicator. L. ERDEY, E. B.-GERE and E. B.&N~AI. (9 October 1959). 

Complexometric determhmtion of mercu# and aluminium ions. E. BANYAI, E. B.-GERE and L. ERDEY. 
(9 October 1959). 

Sal&g-out chromatography-VI: Effqt of the length of the hydrocarbon chain, the eluent salt, and the 
cross-&klng and ionic form of the resin. ARTHUR BREWER and WM. RIEMAN III. (14 October 1959). 

The indirect complexometric titration of aluminium: A study of the WSmdngen-Ringbom method. 
FOLKJS NYDAHL. (16 October 1959). 

Isomeric complexans: The dl and meso forms of 2:3-butanediamine-ru:N:N’:N’-tetra-acetic acid. 
R. BELCESER, W. HOYLE and T. S. WEST. (19 October 1959). 

Um~l~om~exon und ~thokomplexon: Em be&rag zur Kenntnis komplexomet~er Fhmr- 
eszensmtoren. J. H. EGGERS. (25 Umber 1959). 

The isolation of platinum metals from partially relined concentrates. H. ZAP EN and F. E. BEAMISH. 
(28 October 1959.) 

Analytical applkatioas of 3-ace~l~~~ comaaria: A. N. BHAT and B. D. JAW. (29 October 1959). 

The determhation of small amounts of organic sulphur in small samples. JEAN P. DIXON. (11 Nouember 
1959). 
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TALANTA MEDAL 

The Publishers of TALANTA, Pergamon Press Limited, have 

generousIy offered to provide the funds for the institution and award, 

from tim‘e to time, of a TALANTA Medal. This Medal will be 

awarded for outstanding contributions to analytical chemistry, and 

will have a value of 100 guineas. 

CONDITIONS OF AWARD 

1. The TALANTA Medal wilf be awarded for really outstanding 

contributions to analytical chemistry made by scientists in any area 

of research endeavour. 

2. Any outstanding paper or papers contributed to TALANTA will 

automaticalIy be considered for the Medal. Other work may be 

proposed by any member of the Advisory Board of TALANTA to 

the Editors for consideration. The award will not be confined to 

current work, but may be made for work already completed which has 

since been recognised as outstanding. 

3. The Medal will only be awarded on the unanimous recommenda- 

tion of a committee composed of the Editor-in-Chief, the Regional 

Editors, and the Chairman of the Advisory Board. In addition, the 

recommendation must be supported by at least two-thirds of the 

members of the Advisory Board. Although normally the TALANTA 

Medal will not be awarded more frequently than once in each year, 

no attempt will be made to award it at fixed intervaIs. 



International Union of Pure and Applied Chemistry 

Analytical Chemistry Section 

DURING the XXth Conference of the I.U.P.A.C., which was held in Munich in August, 1959, the 
Committee of the above Section discussed certain points of confusion in the literature. Recommen- 
dations* were made as follows: 

1. Terminology of complexing agents 
Because of the existing confusion regarding terminology in the use of complexing agents as titrants, 

the committee tentatively recommends the use of the following terms until such time as further action 
is taken. 

(a) The group of polyamino-polycarboxylic acids which form anionic complexes shall be termed 
cumplexans. 

(6) Titration processes in which any type of complexing titrant is used shall be termed complexo- 
metric titrations. 

(c) Those complexometric titrations which involve titration with a chelating agent shall be 
termed chelatometric titrations and represent a special type of complexometric titration. 

2. Notation of indicators in titrimetric analysis 

Many dyestuffs have been recommended as indicators in chelatometric and redox titrations and 
a host of trivial names often exists for the same compound. Examples can be found in the literature 
of a compound having been recommended as a new indicator because it has a different name, when 
the compound has in fact been in use for years under a different name. 

To avoid future confusion, and embarrassment of authors and editors, the Committee recommends 
that when a dyestuff is proposed as an indicator in any type of titration, andparticularly when it is 
claimed as new, the British Colour Index or Schultz Number be quoted along with the trivial name. 

* These notes are published by permission of the I.U.P.A.C. 
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A CRITICAL STUDY OF THE PRECIPITATION 
OF AMMONIUM PHOSPHO-12-MOLYBDATE 

PETER CANNON 

University of Exeter, Exeter, England* 

(Received 29 May 1959: Revisedpaper received 13 October 1959) 

Summary_-The precipitation of yellow ammonium phospho-1Zmolybdate is used as a quantitative 
measure as well as a separative procedure for phosphorus. The procedure is subject to a number of 
errors. This paper describes the history of the recognition of some of them, and reports critical 
experiments involving some chemical variables not previously investigated. The precipitation is 
discussed with respect to the physico-chemical properties of molybdic oxide and phosphomolybdic 
acid, and a set of best conditions for the determination of phosphorus are described. The pre- 
cipitation is not regarded as suitable for the most precise work, but may be used as a preliminary 
separation before weighing a substance of greater chemical integrity. 

INTRODUCTION 

AMMONIUM phosphomolybdate is a material which has been of considerable interest 
to chemists since the time of Berzelius. It, its parent acid, and its related arsenic 
derivative have possessed importance in analytical chemistry for over a century, 
with regard to the precipitation of phosphates and arsenates. Although the precipita- 
tion and weighing of phosphorus as magnesium pyrophosphate is widely regarded as 
the best procedure available, it is not always thought attractive, and precipitation of 
phosphate in the form of phosphomolybdate is used in the interest of greater speed. 
This latter method is fraught with error: this paper attempts to review sources of 
such error, and to describe experimental evidence for conditions under which many 
of them may be eliminated. 

When solutions containing alkali molybdates or alkali tungstates are mixed with 
solutions containing alkali phosphates or alkali arsenates, and the solutions are 
acidified, numerous substances may be crystallised out which have the general 
composition wR,O~xP,O,~yXO,~zH,O, where R represents an equivalent of a 
base and X is either a molybdenum or a tungsten atom. A large number of such 
substances has been reported, and it is noteworthy that the ratio of e.g. P : MO in 
these materials never falls below 1 : 12.l However, the stability of many of these 
materials in solution has not been investigated; indeed, some are incapable of 
recrystallisation. Since such substances have frequently been formed by the mixing 
of the components in the right quantities and crystallising, it seems unlikely that the 
great majority of these reported substances represent compounds. On the other hand, 
those salts and acids in which the ratio P : MO is 1 : 9 or 1 : 12 are capable of 
recrystallisation, and of repeated extraction with organic solvents without change in 
composition, and here there is definite evidence for complex formation.2 Further, 
even when the actual ratio of P : MO in solution is less than 1 : 12, the substances 
which separate after the addition of acid contain phosphorus and molybdenum in the 
ratio 1 : 12 or greater. 

* Present address: General Electric Research Laboratory, Schenectady, New York, U.S.A. 
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The well-known yellow precipitate which is formed when phosphate is tested for 
with ammonium molybdate solution has, according to Hundeshagens the composition 
(NH~)~-PO~*l2MoO~, but this has recently been disputed by Thistlethwaite,* who 
described conditions under which yellow precipitates of like appearance but of 
varying composition may be obtained. The composition of this precipitate has been 
studied by a number of workers, but the remarkable fact remains that only Hundes- 
hagenS and Thistlethwaite4 have attempted a fully systematic study of the effect of 
varying the conditions of formation upon the composition. The other workers have 
concerned themselves with individual facets of the problem, p~icul~ly from the 
standpoint of the quantitative removal of phosphorus from solution, as an analytical 
method. The above formula represents the composition of the precipitate obtained 
under certain rigorously controlled conditions ; this has been confirmed by R.ieglers 
and also by Clarens ,* both of whom also noted that although the ratio P : MO in 
the solid remains constant at 1 : 12, the content of the base may vary, depending upon 
the conditions, from zero to three equivalents per phosphors atom. On the other 
hand, Lagers’ and Hissinck and van der Weardena quoted formulae which contained a 
little more molybdic oxide, namely (NH,),PO,~12~65MoO,. Richardson9 supported 
Hundeshagen’s original formula, with miscellaneous errors up to l-2%, as also did 
Thistlethwaite.4 Recently Stockdalel” has given the formula of the fresh precipitate 
as (NH~~PO~.l2MoO~.H~O. The results obtained by workers in earlier days before 
the 1 : 12 ratio for the P : MO ratio in the compound was accepted are shown in 
Table I. 

From the above reports, it can be seen that a number of variables affect the 
composition. If the temperature at which precipitation is carried out is too high, 
it will cause some precipitation of molybdic oxide with the yellow precipitate, creating 
a higher ratio of P : MO than is required by the Hundeshagen formula. This, 
incidentally, would destroy the efficiency of the use of the titrimetric method for the 
determination of phosphorus, which depends on a constancy of the composition of 
the yellow precipitate. The temperature range 40”-60” for the precipitation is 
recommended in order to avoid this error by Baxter,ll Kilgore,12 Baxter and Griffin,13 
Chesneau,14 Hissinck and van der Waerden,$ Artman,15 Lagers’ and Taylor and 
Miller.l% 

Freyl’ states that if precipitation is carried out below 65”, an ammonium 
phospho-9-molybdate is precipitated, whereas if the temperature is higher than 65”, 
ammonium phospho-l%-molybdate is formed. He suggested dissolution and re- 
precipitation to obtain more consistent results. Thistlethwaite4 has studied the effect 
of changing the temperature at which precipitation is effected, and the influence of the 
concentrations of the reactants upon the composition of the precipitate. Unfortunately, 
he did not always analyse weighed portions of the precipitate, apparently because of 
the hygroscopic nature of his preparation. His analyses are therefore restricted to the 
determination of the molar ratios of the components; the mean value of the ratios 
he obtained for NH, : P : MO was 1 : 1 : 12, and he therefore gave ammonium 
phosphomolybdate the formula ~H~H~P~~.l2MoO~ It is pa~cularly evident 
from his work that physical variables such as time and the rate of stirring have an 
important effect on the composition of the precipitate; other workers have noted this 
type of effect, and many have given specific times for stirring. 

It is also evident that the chemical conditions laid down for the precipitation of 
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ammonium phosphomolybdate are very largely empirical. Thus, if a considerable 
excess of molybdenum and strong mineral acid is present in the reaction mixture, 
substances of approx~ate composition “1 : 12” are always obtained, but if weak 
acids such as acetic acid are used, then substances with a higher ratio of phosphorus to 
molybdenum are formed, which have a different colour. These may be other heteropoly 

TABLE I.-THE DBV8LOPh53NT OF THE PRBSENT ACCBPTED FORMULA FOR AMMO- PHOSPHOMOLYBDATE 

Author Reference 

Sonuenschein J. prakt Chem., 53, 
342 

SeligSOhll 

Eggertz 

Debray 

RammeMxxg 

J. prakt. Chem., 67, 
470 

J. prakt. Chem., 79, 
496 

Compt. Rend. 66,704 

Monatsber. der Akad. 
1877,573 

Finkener 

Gibbs 

Ber., 1883,11,1638 

Amer. Chem. J., 3, 
317,402 

2. amz&. Chem., 
1883,28,141 

Formula and analytical data 

%MoQi %Pd& 

talc.) 

:ob.q 

8542 3.12 
86.70 3.20 
86.11 2.93 
90.74 3.14 

91.28 3.74 

- 

- 

Formula given as 2OMoO~,P~O~.3(1 
no figures 

%N& %HaO 

11.40 
11.23 
10.91 

3.57 2.55 

3.31 1.32 

- 

- 

Notes 

(dried at 
120°C) 

(dried at 
loo°C) 

86.04 3.86 4.24 5.86 
i 86.70 86.21 8668 3.91 3.86 3.92 4.25 j 563 5.77 5.91 room (dried tem- at 

peramre) 
Gives ratio of MO : P as 12 : 1, with 2-3 
molecules of NH3 per “PO,*12MoO,” radical 

[%; i ;;i 1 1:;; 8.13 1:;; 1 

Formula given as ~)~*PO~*l2MoO~.H~O or as 
~$~.~12M~O~.2HCl.~; no,fQures 

Where suitable data were recorded in these papers, the original results were recomputed using modern 
atomic weights. 

acids, and may also have suffered some reduction. It is almost certainly true that the 
1 : 12 compound cannot be formed under these conditions, since its precursors 
are not present at the high pH due to acetic acid .2 Sulphuric acid is rarely used in this 
preparation, since it has a peculiar action on molybdic acid, alleged by Falk and 
Suguiral* to be due to the formation of a sulphomolybdate. This is supposed by them 
to be precipitated with the yellow precipitate, thus leading to large positive errors in 
analysis, as noted by Gregersen,ls Wardlaw,2O Neumann,21 Hissinck and van der 
Waerden,s Richardson9 and Artman. I5 Stockdales notes the same error, but ascribes 
it to co-precipitated MOO,. However, a reagent containing sulphate has been recom- 
mendedz2 and has enjoyed some popularity. Hydrochloric acid may be used, but there 
is the .danger of dissolution of the molybdic oxide23 as well as the slight chance of 
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reduction of the oxide. For, these reasons, nitric acid is generally used for the acidifi- 
cation, but too great an excess must not be present, since, as Hundeshagens observed, 
it will prevent the complete precipitation. With regard to the question of mineral 
acid-molybdic oxide interactions, Cannon 2s has recently shown that the solubility of 
molybdic oxide in nitric acid first increases with nitric acid concentration, and then 
drops to zero. This effect is very important in the present case, where a small excess of 
nitric acid (greater than O*lN) will upset the quantitative nature of the precipitation 
unless a neutral salt be present. Ammonium nitrate is used for this purpose, and in 
order to promote the formation of an easily filtrable precipitate, but if too much be 
present, the precipitate dissolves in the solution of the salt and molybdic oxide is 
precipitated from the reagent solution. StockdalerO has ~nimized this effect in his 
commenta~, with respect to added ammonium nitrate, but it is evident from his data 
that an increase of free acid in the mixture must be accompanied by an increase in the 
amount of precipitant (which contains free ammonia) in order to maintain complete 
precipitation. 

The order of mixing the reagents is important, since if the molybdate solution be 
added to the acidified phosphate solution, the precipitate is(in the presentwork)formed 
as very small particles, and is rather hygroscopic after heating in the oven. This effect, 
which may be due to the occlusion of phosphate ions within the precipitate, or to a 
simple surface-area effect, may largely be avoided by adding the phosphate solution 
to the molybdate. 

In addition to the highly critical conditions of formation, the ma~pulation and 
analysis of the solid obtained are also likely to introduce errors into the empirical 
formula. Firstly, the precipitate must be freed of its mother liquor. This cannot be 
accomplished using either water or dilute nitric acid solution alone, since the substance 
has a small but definite solubility,14 and is in addition hydrolytically unstable. 

A slightly acid, dilute solution of ammonium nitrate (04 % NH,NO, in 04 % HNO, 
according to Thistlethwaite? is preferred for this washing; if this solution is used, 
then the last traces of ammonium nitrate must be removed by heating, In this heating 
the water and nitric acid which were alleged by Hundeshageng to be present in the 
air-dried substances are lost, producing a more or less hygroscopic body which is 
difficult to weigh. Stockdalele has proposed the use of a 2% nitric acid solution 
saturated with ammonium phosphomolybdate. Von Endredy24 avoided this difficulty 
by washing the precipitate with anhydrous acetone, and then drying it in an air stream. 
Under these conditions, however, he found that the composition was not expressed by 
the formula (NH4)~P04.12MoO~, but that the solid still contained a little water. 
Drying under vacuum appears to have the same effect as heating, but it does not 
remove the water as quickly.a 

For the determination of phosphorus, as a complete alternative to weighing the 
precipitate, the precipitate may be dissolved in a known amount of sodium hydroxide 
solution and the excess back-titrated with hydrochloric acid. This technique was used 
by a number of workers, among them Thilo,a5 and Pemberton Jr.,28 all of whom 
standardised the method with a sample containing a known quantity of phosphorus. 
There is a complication here in that if phenolphthalein be used to indicate the end- 
point of the titration, the quantity of ammonia present (which has previously been 
noted to be variable) effects the end-point. Workers who subsequently recognised this 
difliculty and attempted to remove the ammonia, were Neumann,21 who evaporated 
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the alkaline solution, and Bang, 27 who used formaldehyde to form hexamine with the 
ammonia. StockdalelO has suggested a similar technique with a parallel titration of 
paramolybdate, but he did not consider the complicating effect of the phosphorus, 
which causes a ‘cdelay”2 in the titration curve due to re-formation of the complex 
phosphomolybdate. 

In spite of the established use of the formation of the yellow precipitate in the 
determination of phosphorus, there exist unresolved differences in individual reports. 
The differences in the formulae ascribed to the substance from time to time are most 
certainly partly due to improvements in analytical technique (compare theearlierresults 
in Table I) but there is the need for systematic investigation of the formation of 
ammonium phosphomolybdate under various conditions, leading to the possible 
estab~shment of~nalytical methods which are exact and rapid, and which are based on 
a technique of some chemical integrity. Accordingly, an attempt has been made here 
to ascertain the conditions under which a precipitate of constant composition might 
be obtained. The principa1 conditions studied were: 

(a) the effect of the concentration of nitric acid. 
(b) the effect of temperature. 
(c) the effect of the concentration of ammonium nitrate. 
(d) the effect of the time for which the precipitate was allowed to stand before 

being removed from the solution. 
(e) the relative values of various methods for drying the substance. 

The effect of the time and rate of stirring was eliminated in this work, by not stirring 
the solution at all, and relying on convection currents in the mixture to effect mixing. 
This was thought justifiable in view of the great difficulties in defining what is meant by 
stirring e.g. with an unspecified glass rod for a given period of time. 

(i) Chemicals and apparatus 
EXPERIMENTAL 

All chemicals used were of analytical reagent quality, particular care and attention being paid to 
procuring reagents which were free of arsenic and spurious phosphorus. 

It was found necessary to use new hard glass apparatus for all the precipitations. This was pre- 
treated by steaming out for several hours. Attempts to perform successive precipitations in the same 
glassware led to erroneous results, apparently due to the formation of sites of easy attack on the glass 
by the acid molybdate reagent. 

Weighings were performed on a specially adjusted undamped Stanton ~truments balance with 
a seventy-second period, using weights calibrated against a National Physical Laboratory Class A 
master set. 

(ii) The quantitative precipitation 

In the introduction it was seen that although the precipitation of ammonium phosphomolybdate 
might be used for the determination of phosphorus, the results were not always consistent, the 
variations in them being due either to incomplete precipitation or to the formation of a precipitate of 
inconstant composition, depending on the conditions under which the precipitation was carried out. 

In order to gain first-hand knowledge of the accuracy of the determination, precipitations were 
carried out in accordance with the conditions set out by Hiiebrand and Lundel.Le8 by Scott and 
FurmanS and by Mellor. 8o The cited method of preparation of the molybdate reagent solution was 
in each case examined to determine the excess hydrogen ion and neutral salt concentrations. It was 
thus determined that the condition of the reagent was essentially that of a supersaturated solution of 
molybdic oxide in nitric acid.=% The concentrations of the various components of the pr~ipitat~g 
systems are set out in Table II, together with the weights of precipitate obtained from the same 
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quantity of phosphorus. The variations in the weight of precipitate obtained made it necessary to 
analyze the prepared samples fgr their various components. When this was done, and the precise 
contents of MO, P and NH* known, it was apparent that all three techniques resulted in the formation 

TABLE II.--RESULTS OBTAINED IN THE PRECIPITATION OF AMMONIUM PHOSPHOMOLYBDATE, BY THE PROCEDURES 

(Thes 

*50 
1.1 

HiIlebrand 1. MoIybdic acid soln, +30?348 l-4 1.0 266G4 
and LundelF* added to phosphate -2.3 2.7139 

soln. at 45”. 2.7134 
2. Maintained at 4S’ 2.7115 

for 1 hr., then 12 hrs. 2.6810 
at 20”. mean 2.6960 -.. 

3. Washed with: 99.4 % of talc. wt. 

0.8 
Scott 
and Furmans* 1. Molybdic acid soln. -007348 *23 0.4 2.3640 

added to phosphate 2.3834 
soln. at 45’ 2.3952 

2. Maintained at 45’ 2.5364 
for 1 hr. 2.3652 

3. as 3. above 2.3672 
4. Dried for 2 hrs. at mean 2.3734 

100”. 87.5 % of talc. wt. 

MellorSO 1. Molybdic acid soln. .007348 *05 0.2 2.5230 
(“alternative added to phosphate 2.3036 
procedure”) s&n. at 20”. 2.4876 

2. Mixture brought to 2.6013 
60” and allowed to mean 2.4789 
cool for 12 hrs. 91.4 % of talc. wt. 

3. as 3. above 
4. as 4.. Hillebrand and 

Lundelt. 

0.8 

ition from which the pre cil 
7 

4. Dried for 2 h& at 
1 lo”, with additional 
drying to constant ’ 
weight for this work / 

_ 

- 

OUTLINED BELOW 

@ate was obtained was in each case 200 

Concentrations 
(g.mois.ji.) 

KHIPO, MOO, 

The weight of yellow precipitate which would be obtained from 200 ml 0.007348111 KHBPO, solution 
were the formula of the yellow precipitate, (NH,),*P0,.12MoOs, is 2.713 gms. 

HNO, NH,NO, 

I in volume.) 

Weight of 
PPt.9 g 

of precipitates of so nearly equivalent a composition that the difference in weights could not be 
accounted for on the basis of differences in composition (the analysis for MO was done gravimetrically 
using oxine,’ for phosphorus using the magnesium pyrophosphate technique, and for ammonia by a 
conductometric titration). 

(iii) Theprecipitation of ummoni~m phosphomo~yb~te tinder various conditions 

The method used for the preparation of ammonium phosphomolybdate samples under various 
conditions was as follows: 50 ml of a molybdate solution were placed in a beaker, and the required 
amount of excess nitric acid added. The volume was made up to 100 ml, the required amount of 
excess ~rno~urn nitrate solid added, and the mixture brought to the required temperature on a water- 
bath. Fifty ml of a solution of potassium dibydrogen phosphate of known concentration were then 
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added from a burette over a period of fifteen minutes. The mixture was maintained at the required 
temperature for a definite time (usually one hour) and allowed to cool before filtering the suspension 
through a weighed sintered glass crucible, porosity no. 4 (“fine”). The residue was washed on the 
filter with an acid ammonium nitrate solution, 0.15M NHINOa and O.lOM HNOs, and finally with 
0.13M ammonium nitrate solution at 0”. The crucible and its contents were then dried at 130” to 
constant weight. The stock molybdate reag&t solution was an acid solution of ammonium hepta- 
molybdate in nitric acid, 35 g of ammonium heptamolybdate being dissolved in a mixture of 50 ml of 

TABLE III. 

Conditions 
Final wt. as a percentage 
of that calculated for the 

formula (NH4)$POa. 12Mo0,. 

At room temperature in a 
desiccator containing 

101.2 

CaCI, and KOH, for one month 102.1 

130” for 15 hrs. 

I 

99.8 
100.8 

water and 50 ml of ammonia solution, S.G.O. 880, this solution then being poured into 350 ml of a 
solution containing 168 ml of nitric acid, S.G. 1.42. The mixture was made up to 800 ml and filtered 
before use. 

Ammonium phosphomolybdate samples prepared at 60”, from such a solution 1.8M with respect 
to nitric acid and O.lM with respect to ammonium nitrate were dried under different conditions. 
Twenty-four hours were allowed for the solution to cool and the precipitation to complete itself. The 
results are presented in Table III. 

The general influence of temperature upon the extent of precipitation was studied with a set of 
solutions containing the following concentrations of reactants : 0.083M MOO,, 0.15M NHINOI, 
I-54M HNOI, W1471M KHIPOI. The precipitate weights and the molybdenum content of the 
various preparations are shown in Fig. 1 as a function of temperature. The results show a trend which 
agrees with that observed by Thistlethwaite,4 but the effect of temperature on precipitate weight was 
much more marked in the present case. 

It was found in this work that there was a strong correlation between the ratio MO : P in solution 
and the final weight of the precipitate, even when the ratio MO : P was very large (in excess of 30 : 1). 
Since this is one of the major results of Thistlethwaite’s study,’ there is little point in recording the 
present experimental observations. It is however worthwhile to note that the extreme effect of 
changing the ratio MO : P from 56 : 1 (as above) to 63 : 1, and maintaining all other conditions 
constant, leads to a statistically significant (eight replicates) decrease in precipitate weight, from 
102.3 % of theoretical to 100.6x, at 60”. 

The effects of changes in the nitric acid and ammonium nitrate concentration upon the pre- 
cipitation are shown on Figs. 2 and 3. In these ekperiments, the solution was brought to 40” for one 
hour and allowed to stand 24 hr before filtering. The concentration of nitric acid present in the 
precipitating solutions had a profound effect on the observed weight of the precipitate. It was found 
that precipitation was not nearly quantitative with respect to the phosphate present if the concen- 
tration of the nitric acid was greater than 2.7M. However, when the filtrates from these latter experi- 
ments were diluted with neutral ammonium nitrate to bring the nitric acid concentration to 1 M, and 
heated for one hour at 45”, a further precipitate of ammonium phosphomolybdate appeared, the 
weights of the combined precipitates being within 1 ‘A of that calculated on the basis of the formula 
(NHJsPO&.12MoO,. 

The effect of length of time of standing on precipitate weight is shown in Table IV. 

(iv) Analysis of theprecipitate for its components 

The molybdenum contents of the preparations were determined by the oxine method,& which 
proved to be entirely satisfactory. It was found to be possible to determine ammonia by the hypo- 
bromite reagent, but it is necessary to distil the ammonia from the precipitate before its determination, 
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Fro. I.-JXect of temperature upon the weight of precipitate recovered from a mixture of 
solutions O083M MOO, O~lSM NIXIN% 194M HNOs and OOO1471M KH2P0,. 

The pr~ip~tating m&urn was held at a temperature of x0 for one hour, and then set aside 
for 24 hours at room temperature (cu 16”). The calculated yeight is 100 % for a quantitative 
yield of (NH&~PO,~12MoO, with respect to the phosphorus In the system. The MO content 
according to this formula is 61~36%. 

= 
103 

.g 

* IO2 

i IO1 " 

"0 

8 too 

: 

[HNO,] in pmpitotinq solution 

RG. 2.-Effect of nitric acid con~ntration upon 
the weight of precipitate recovered from a mix- 
ture of solutions 0083M MOO,, 0.12&f 
NM&NOs, .~1471~ KH,PO, and xh4 HNO,. 

Precipitation conditions: 40’ for one hour, 
then set aside for 24 hours at room temperature 
(cu. 16”). The calculated weight is 100% for 
qu~titative yield of (NH~)~,PO*,l2MoO~ with 
respect to the phosphorus in the system. 

[NH, NO,] tn prtc!pitoting ?&lion 

FIG. 3.--Effect of ammonia nitrate concen- 
tration upon the weight of precipitate recovered 
from a mixture of solutions 0*083M MOO,, 
1OOM HNO,, OO1471M KHsPO, and x&f 
NH,NO,. 

Precipitation conditions: 40’ for one hour, 
then set aside for 24 hours at room temperature 
(ea. 169. The calculated weight is 100% for a 
quantitative yield of (NH,),*POI~12Mo0, with 
respect to the phosphorus in the system. The 
MO content according to this formula is 61.36 %. 

in order to use this technique, and consequently a direct conductometric titration method was 
developed. This was accomplished by back titration with acid of a solution of the precipitate in 
Cot-free alkali. No exact systematic variation in the ammonia content of the precipitate was dis- 
covered, though smaller values were more frequently detected in the precipitates formed from highly 
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acid media. The range of values found was between 0.03% and 3.73%: the most frequently 
occmring values were between 1.80% and 2*00%, corresponding approximately with the formula 
(NH&HP0,.12MoOs, in agreement with Stockdale.‘o The average value was 2.42 %. 

In all the experiments. save those nerformed in solutions containinp: a larae concentration of nitric 
acid, there was found to be no phosphate remaining in soluti~n,~after~~ipi~~on had taken 

TABLE Iv.--THE VABIATION IN THE WEIGHT OF ‘ITS PRECIPITATB AND 

THE MOLYBDENUM CONTENT OF THB PRECIPITATE WITH THE LENGTH OF 

TIME THE MIXTURE WAS ALLOWED TO STAND BEFORE FILTBATION. 

Time, hvs. ‘% calculated wt. %Mo 

1 92.4 I 59.8 

24 98.9 59.8 
99.5 

12 99.2 60.5 
lOO*O 

(These precipitations were performed at SO”. The percentage of molybdenum according to the formula 
(NH,),~P0,~12MoO,, is 61.36. The per cent calculated weight is based on a quantitative recovery of 
precipitate of the above composition with respect to the phosphorus present). 

place. The precise amount of phosphate present in the precipitate was in most cases in these experi- 
ments therefore taken to be the amount initially introduced into the precipitating solution. 

(v) Back titration o~so~~~io~ of ammonium phosphomolybda~~ in alkali 

This technique is failly commonly employed as an alternative to weighing the precipitate. It is 
subject to errors introduced by varying the concentration of molybdenum in the system, and by the 
loss of ammonia to the atmosphem. 

In this investigation, care was taken to reduce ammonia loss to a minimum by avoiding procedures 
such as boiling with alkali to effect dissolution of the precipitate, and the solutions which were 
prepared contained only small concentrations of ammonia (of the order 0-01&f). The precipitate 
itself was dissolved in sodium hydroxide solution in such a manner that the pH of the solution was 
never higher than 11.4. Stirring was effected by a stream of purified nitrogen, and the precipitate was 
completely dissolved in ten minutes. In a blank experiment in which nitrogen was passed through a 
solution of O.OlSM ammonium chloride, to which had been added sufficient sodium hydroxide to 
bring the pH of the solution to 11.4, it was found that a loss of 1.5 % of the ammonia initially present 
occurred in ten minutes. By using a lower concentration of ammonium salt, a still lower loss would be 
observed. In spite of these precautions, and even when the back titrations were done potentio- 
metrically and the results plotted differentially, it was found that the inflexions in the curves were so 
indistinct, at the low concentrations necessary to avoid the confusing effects due to neutral salt 
formation,al that the technique gave results which were useless for determining phosphorus to within 
ilO%. It is thus unlikely that this technique is of any great utility for precise work unless au 
arbitrary conversion factor is used. 

DISCUSSION 

The somewhat elaborate directions cited in the literature and in texts for the 
preparation of the molybdate reagent appear to be designed to avoid spurious pre- 
cipitation of molybdic oxide during the precipitation process. Depending on the 
molarity of the solution with respect to nitric acid, the molybdenum is present either 
as a poIymolybdateal or a basic molybdenyl nitrate.23 Whichever of these cases 
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obtains in the present situation, the reagent is such that it is supersaturated with 
respect to molybdic oxide, since it will on standing spontaneously deposit the yellow 
dihydrate of molybdic oxide. Bearing this in mind and remembering the importance 
of the neutral salt and free acid concentrations to the precipitation, it might be 
quite reasonable to regard the precipitation basically as a salting-out process. It 
certainly is not directly comparable with any normal metathetical reaction. 

The cited standard procedures give rather different results, but a trend towards a 
more reproducible, quantitative precipitation is seen with an increase in the MO : P 
ratio in the initial system. The presence of a large excess of ammonium nitrate appears 
to aid the reprodu~bility of the precipitation, as measured by the weight of the dried 
precipitate. It appears that the best method is that which combines the longest time of 
heating, the longest time of standing, the largest excess of moly~ate and 
ammonium nitrate in solution. 

(ii) Experiments under deliberately varied conditions 

The effect of high nitric acid concentration in inhibiting complete precipitation 
appears to be due to the solubility of the precipitate in that acid. Thus, it was shown 
that on diluting the filtrate from highly acid precipitation media, more precipitation 
occurred, proceeding quantitatively to the limit of the earlier observed deficiency. The 
fact that the precipitate from highly acid systems is of a slightly variable composition 
with respect to molybdic oxide is explicable on the basis of a certain enhancement of 
the basic function Of molybdic oxide in nitric acid. 

The overall effect of an increase in the concentration of ammonium nitrate was to 
cause an increase in the total quantity of molybdenum associated with the precipitate, 
although the actual molybdenum content did not increase all the time. The pre- 
cipitate was found to contain traces of nitrate when precipitated from solution 
containing 0.25M NH,NO,. 

If the precipitation functions by some salting-out mechanism, it is not surprising 
that the length of time which the precipitate is allowed to stand in contact with its 
mother liquor has an effect on the observed weight of the precipitate. In Table IV, it 
was shown that there is a certain minimum time for which the precipitate must be 
allowed to stand, if the precipitation is to be quantitative with respect to the phosphate 
present; if, however, the mixture is allowed to stand indefinitely, the molybdate 
reagent itself deposits molybdic oxide, and thereby upsets the accuracy of any analysis 
based on the pr~ipitation. The general effect of tem~rature also involves the question 
of the stability of the reagent, which is also subject to ageing. However, the tempera- 
ture must be maintained at Ieast at 40°, since the precipitation will not be quantitative 
with respect to the phosphate present within a reasonable length of time at lower 
temperatures. Increase in the temperature appears to produce a slightly greater 
quantity of the precipitate under otherwise constant conditions, and associated with 
this increase, there is an increase in the molybdenum content of the precipitate, which 
may be due to the presence of molybdic oxide. 

(iii) The properties of phospho-1Zmolybdic acid and the precipitation of ammonium 
phosphomolybdate 

Phosphomoly~ates are formed when solutions cont~ning phosphates and 
molybdates are acidified, or via the direct reaction between phosphoric acid and 
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molybdic acid. By both methods, solutions are obtained which will furnish crystals of 
phospho-1Zmolybdic acid. This substance is readily extracted from cold, acidified 
solutions, by the use of ether, and this in itself demonstrates that the ratio 1 : 12 for 
phosphate : molybdate in this material marks a definite extent of combination. 

It might be expected that since this substance contains a large proportion of 
molybdic oxide, the basic function of molybdic oxide would be manifested in strongly 
acid solutions of phospho-12-molybdic acid. This is not quite the case, since phospho- 
12-molybdic acid is not completely soluble, even in the most concentrated hydrochloric 
acid. It was also found that the addition of a quantity of similarly concentrated nitric 
acid to a saturated aqueous solution of phospho-1Zmolybdic acid produced a small 
precipitate, which analysed as the hydrated phospho-1Zmolybdic acid. This is 
important, since the conditions under which ammonium phospho-1Zmolybdate is 
formed are such that molybdic oxide is at its greatest solubility in nitric acid, whereas 
the solubility of phospho-1Zmolybdic acid has been substantially reduced. The 
addition of ammonium nitrate to such a solution of phospho-12-molybdic acid in 
nitric acid may then be expected to cause the salting-out of the sparingly soluble 
ammonium phospho-lZmolybdate, as is indeed the case. The quantitative formation 
of ammonium phospho-1Zmolybdate then depends on the behaviour of phospho- 
12-molybdic acid itself, but is complicated by the presence of a necessary excess of 
molybdic oxide which may separate spontaneously. 

The variation of the ammonia content of the precipitate may be due to either of 
two causes; the co-precipitation of phospho-1Zmolybdic acid with ammonium 
phospho-12-molybdate may occur (providing the hydrogen ion concentration of the 
solution is sufficient to prevent the degradation of the complex, but not sufficiently 
great to favor the formation of basic molybdenyl salts), or the base-exchange pro- 
perties if the precipitate, mentioned by Thistlethwaite,4 may be in evidence. 

(iv) A recommended procedure 

From the results, it appears that the best conditions that can be observed for the 
quantitative precipitation of phosphate are that the solution should be about 0.0015M 
with respect of phosphate, and also contain the following concentrations of reagents: 
0*08M MOO,, O*lM NH,NO,, and 1*5M HNO,. The stabilized molybdate reagent 
should be prepared as described in the present experimental section. Precipitation 
should be performed in hard glass vessels at 40” for one hour, and the mixture allowed 
to stand 24 hours before filtering. Washing should be performed using acid ammonium 
nitrate (0*15M NH,NO, O*lM HNO,, followed by O*lM HNO, at 0”). In order to 
avoid difficulties with the hygroscopic nature of the oven-dried material, it has been 
found experimentally that if the phosphate solution is added to the molybdate solution, 
the precipitate is much less hygroscopic than if the reagents had been mixed in the 
reverse order. The precipitate should be dried at 130” for at least two hours, and 
preferably longer. The procedure should always be checked with a phosphate sample 
of known concentration, in order to make any allowance necessary for the deposition 
of molybdic oxide from the reagent. If no such allowance is thought necessary, the 
precipitate formed under the above conditions may be weighed as (NHJ,*PO,*12MoO, 
with a standard deviation of less than O-3 %. 

This recommended procedure involves an elapsed time in excess of one day to 
obtain only semi-exact results, judging from the standard deviation observed. It is 
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appreciated that this prolongs what is normally used as a rapid method, but it could be 
confined to occasions where the more exact result is required. For the most precise 
work, it is apparent that this precipitation should only be used as a separativeprocedure 
before weighing phosphorus as pyrophosphate. 
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Zusanunenfassung-Die Fllhmg des gelben Ammoniumphosphomolybdates wird sowohl zur Abtren- 
nung als such zur Bestimmung von Phosphor verwendet, Die Methode hat einige Fehlerquellen. Die 
vorliegende Arbeit teilt Geschichte der Entdeckung dieser Fehlermijglichkeiten mit und beschreibt 
einige kritische Experimente welche AbSinderungen betreffen, die bisher nicht in Betracht gezogen 
wurden. Die Falhmg selbst wird von physikalisch-chemischem Standpunkte aus diskutiert soweit es 
die Eigenschaften der Molybdln- und Phosphomolybdan-stiure betrifft. Die bestmiiglichen Bedin- 
gungen werden beschrieben. Die Fallung wird nicht als bestgeignet erachtet, wenn es sich um hijchste 
Genauigkeit handelt, kamr jedoch als Abtrennungsschritt verwendet werden bevor die endgiiltige 
Wagung einer gtinstigeren Wageform erfolgt. 

R&n&-La precipitation du phospho-1Zmolybdate d’ammonium jaune est utili& comme mesure 
quantitative aussi bien que comme methode de separation pour le phosphore. La methode est 
sujette a un grand nombre d’erreurs. Ce papier decrit l’historique de la mise en evidence de certaines 
d’entre elles et rend compte d’experiences critiques relatives a certaines variables chimiques qui 
n’avaient pas tte Ctudiees jusqu’a present. On discute les conditions de precipitation compte tenu 
des proprietes physico-chimiques de l’acide molybdique et phospho-molybdique et on d&it les 
conditions les meilleures pour le dosage du phosphore. On ne considere pas la precipitation comme 
adaptee a un travail tres p&is, mais elle peut convenir comme separation preliminaire avant la 
pede dune substance de composition chirnique mieux definie. 
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Abbaye du Val-Renoit, Liege, Belgium 

(Received 20 Ju& 1959) 

R&I&+-I_,a m&ode proposee con&e B degager le soufre sous forme d’acide s~y~ique et a 
le faire entrer alors dans la synthkse du bleu de methylene a partir de d~~~yI-para-amino-ph~nyl~ne- 
diamine. Le bleu de methylene possbde une coloration t&s intense et relativement stable. Differents 
modes d’attaque sont proposes suivant la nature du metal. Dans le cas des fers et aciers, on forme 
d’abord de i’acide sulfhy~que a partir des sulfures par attaque chlorhy~que. On peut alors red&e 
les formes oxydites du soufre par I’emploi du melange reducteur des acides iodhydrique et hypo- 
phosphoreux. Dans le cas du cobalt, on met en solution dans l’acide nitrique concentre de fapn 
B oxyder en sulfate tout le soufre present. On en d&gage alors H&3 au moyen du melange reducteur 
signal&. 

INTRODUCTION 

AVCUNE des methodes classiques de dosage du sot&e dans les metaux (combustion 
et dosage iodomktrique, gravimetrie, &olution classique) ne s’est r&&e bien adequate 
pour la determination de teneurs de l’ordre de O,OlO% dans Ie cobalt m&allique. 

C’est dans le cas de ce mat~riau que la mtthode que nous proposons a et& mise au 
point. Sa sensibilitk la rend particulierement int4ressante pour le dosage de teneurs de 
0,001 B 0,010 % s. 

Son applicability aux aciers et fers purs a & &ablie par quelques modi~~tions 
de mode operatoire qui la rendent plus simple et plus rapide encore. 

Cette methode est basee sur la formation de bleu de methylbne a partir de dimethyl 
p-aminoph~nyl~ne diamine et ~hydrog~ne sulfure, ainsi que l’avaient propose divers 
auteurs.l12n3 

Ceux-ci prtconisent divers milieux absorbants de l’hydrogene sulfure: soit l’acetate 
de zinc en milieu acider-soit un melange d’acetates de zinc et de sodium* soit 
une solution d’hydroxyde de cadmium3. Nous avons constate que les resultats 
etaient plus exacts lorsqu’on utilise une solution alcaline d’acetate de zinc. 

Precisons que le principe de l’attaque reductrice par le melange HI + H,P02 aux 
fins de liberer H,S apr&s une mise en solution oxydante rapide a CtC propose par 
Sand9 et par Heineman et Rahne. 

I. DANS LES ACIERS ET FERS PURS 

A. Principe de la mtthode 
Le metal est attaquB par l’acide chlorhydrique concentre et le sot&e est ainsi 

d&gage des sulfures sous forme d’acide sulfhydrique. Celui-ci est fix6 dans une solution 
da&ate de zinc en milieu sodique. 

* Recherche executb sous les auspices de 1’Institut pour ~Encourag~ment de la Recherche Scientifique 
dans l’htdustrie et I’Agriculture-I.R.S.I.A. 

t Licencie en Sciences Chimiques-Charge de Recherches au C.N.R.M.-section de Liege. 
2 Technicien chimiste au C.N.R.M.-section de Liege. 
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Le soufre ainsi fixe entre dans la synthese du bleu de methylOne a park de dimethyl 
para-aminophenylene diamine.lp3 

On effectue la colorimetrie du bleu de mCthylene en milieu acide, zi la longueur 
d’onde de 650 mp. 

Apres la fin de la dissolution chlorhydrique, on traite la liqueur d’attaque par un 
melange reducteur d’acide iodhydrique et d’acide hypophosphoreux qui libere 
l’acide sulfhydrique a partir des combinaisons oxydees du soufre.s:g Cet acide sulfhy- 
drique peut Ctre recueilli separement dans une solution absorbante identique a celle 
citee ci-dessus et entrer a son tour dans la formation de bleu de methyl&e. 

Le principe de la determination repond aux equations suivantes: 

MeS + 2HCl -+MeCl, f H,Sf 

H,S 3_ Zn(C,H,08), -+ZnS + 2C&1402 

MeSO, -j- 1OHI --+MeI% + 41, + 4H,O + H,S= f 

21, + HaPO, + 2H,O -+4Hf + H,PO, 

HCl 

-NH, 

+ 6FeCl,--+ 

(CH3)z=N=o<~~-~~=(CH3)z + NH&l + 6FeCI, + 

ZnCl, + 4HCl. 
B. E~~~~illo~ 

La sensibilite de la m&ode Ctant teIle que la prise d’essai, pour des teneurs habituelles, est de 
l’ordre de quelques dkcigrammes, settlement certaines precautions particulieres sont 21 prendre pour 
Echantillonnage. 

I1 est notamment requis de reduire les copaux it une granulom&rie telle que la prise d’essai soit 
representative du metal analyse. (Nos echantillons passaient entierement au tamis No. 35.) 

C. Appareillage 

Les differentes parties de l’appareil sont relikes entre elles par des rbdages normalisb, soit 
c&niques, soit hemispheriques. 

L’appareil comprend: 
(1) un debitmetre a niveau 
(2) un dispositif d’epuration du courant gazeux entratneur. Celui-ci est compose de deux flacons 

laveurs, a plaque frittee, mums de 40 cc dune solution de NaOH a 15 %. 
(3) un ballon d’attaque (fond plat) a deux tubulures 
(4) un dispositif d’introduction sous pression des solutions d’attaque 
(5) un refrigerant a reflux 
(6) un flacon laveur rempli de la solution (4); celle-ci est remplack apres chaque utilisation. 
Nous avons prefer6 utiliir comme laveur une solution acide afin d’y reduire la solubilite de I-IS. 

L’acide iodhydrique y maintient un caractere r6ducteur car on sait que H,S s’oxyde facilement. 
Ces deux demieres parties sont destintes a empkher la distillation des acides io~y~ique et chlor- 

hydrique jusqu’a l’absorbenr. Sinon, des colorations parasites se produiraient lors de l’addition du 
reactif organique. 

(7) un absorbeur original a grande surface de contact. 
La figure 1 reprksente schematiquement l’appareil. 
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FIG. l.-Schema de l’appareil de distillation d’H,S. 
D. RPacrifs 

(1) HCZ densite: 1,19 
(2) Acide formique (HCOOH) 98 ‘A 
(3) M&mge rkducteur: HI densitt: 1,70 (5657 %); H,PO, densite: 1,274 (50%); On melange 

100 cc HI et 25 cc HsPOa; on fait bouillir ce melange pendant trois minutes et on garde en 
flacon bouche, a l’abri de la lumiere. 

(4) Solution de lavuge: HCI 0,2 N et HI 0,1x 
(5) Dim&thy1 para amino phknykne diamine. 2 HCI: Dissoudre 0,5 gr dans de l’eau distilk 

Ajouter 230 cc d’HC1 concentre et amener a 500 cc par de l’eau distilled. 
(6) Solution de chlorure ferrique: 0,6 il 0,7gr de FeC1,.6H,O sont dissous dans 1Occ d’HC1 

concentre et cette solution est completke au volume de 100 cc par de l’eau distillke. 
(7) Acetate de zinc B 1%: Zn(C,H,O,),, 2H,O: Aciduler par 2 a 3 gouttes d’acide acktique par 

litre de solution afin d’empkher le dep8t d’hydroxyde au cours de la conservation 
(8) NuOH: solution aqueuse a 12% 
(9) Surfate de potassium pour l’etalonnage: dissoudre 271,75 mgr dans 100 cc; reprendre 10 cc 

et amener ii 500 cc par de l’eau distill&e (1 cc = 10 pg S). 
Remarque: Du fait de la grande sensibilitt de la mtthode, la purete des reactifs a une grande 

influence sur la valeur de l’essai a blanc. 

E. Essai d blanc 

Les memes volumes de solution d’attaque et de solution absorbante sont mis en jeu en suivant 
exactement le meme mode operatoire que celui dkcrit ci-aprks. 

F. Mode opiratoire 

La prise d’essai est choisie de man&e a mettre en jeu moins de 120 pg de S.* Cette prise d’essai 
est introduite dans le ballon d’attaque. Celui-ci est adapt6 sur l’appareil de distillation que l’on a 
prepare de la man&e suivante: 

Le laveur est rempli de 15 ems de la solution (4). L’absorbeur recoit 2 cma de la solution (8) et 
50 cm8 de la solution d’absorption (7). On &he la tubulure d’entree a I’aide dune bandelette de 
papier filtre. Tous les rodages sont graisds leggbrement au moyen de graisse silicone Edwards. On 
balaye tout l’appareillage par un courant d’azote ou d’hydrogene pendant deux minutes environ. 
On introduit alors 15 cm5 d’HC1 concentre dans l’entonnoir superieur. On toume le robinet a trois 
voies de facon a d&river le courant gazeux par la voie superieure et on ouvre le robinet mettant en 

communication l’entonnoir et le ballon d’attaque. 

* 11 est naturellement possible, en utilisant des cuvettes plus minces ou en operant par dilution, de 
prolonger l’echelle de mesure dans le domaine des quantites de soufre plus importantes. Cependant, la 
loi de Beer n’etant pas respect& il serait alors necessaire de refaire un Ctalonnage dans les conditions 
choisies. 
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Db que l’acide est compl&ement CcouIi dam le ballon, on r&ablit le courant d’azote par la voie 
normale* et on commence a chauffer le ballon de distillation. Le chauffage est rkglC de faGon B 
obtenir une kbullition douce apr&s cinq minutes. Apr& une demi-heure, on observe, en &&al, une 
dissolution complkte lorsque la prise d’essai n’est pas supkieure It 0,5 gr et que la ~anulom~trie est 
suffisamment fine. 

On isole alors le barbotteur au moyen de ses deux robinets et on le dkconnecte. On y c&e une 
lkgtke d+ression au moyen d’une trompe d eau en prenant garde de ne pas laisser aspirer de solution 
absorbante. Grke au vide ainsi c&t, les diverses solutions de rinc;age et d’addition peuvent &re 
introduites tr&s rapidement dans l’absorbeur et sans risque de laker kchapper de l’hydrog~ne sulfur& 

10 

FIG. 2.-Courbe d’absorption du bleu de mCthyBne de 500 1700 rnp: 
Concentration correspondant B 120 ,ug de. soufre/lOO cc. 50 cm* a&ate de zinc B 1 z-2 cm* 

NaOB & 12 %--IO cm8 du rCactif (9-2 cm’ de la solution (6). 

&I &rod&, par l’ampoufe, 10 cm8 du rhactif (5), puis on rince & l’eau distill& la tubulure d’entr&e 
de l’absorbeur. On agite l’absorbeur bien fern& pendant environ une minute puis on y ajoute, par 
l’ampoule, 2 cm3 de chlorure ferrique, r&ctif (6). La coloration bleue apparait assez rapidement et 
on continue & agiter vigoureusement pendant quelques minutes. L’addition du rhactif (5) en solution 
chlorhydrique a, en effet, redbgagk de l’acide sulfhydrique et il faut favoriser par l’agitation le contact 
entre la solution et la phase gazeuse. 

Apr&s une dizaine de minutes, Ie contenu de l’absorbeur est transftkk. dans un ballon jaugi: de 
100 ems. Les eaux de r&age de l’absorbeur sont ajouties et l’ensemble est complt% au volume par 
de l’eau distilltk 11 est recommandk de mesurer la densitd optique de cette solution dans un d&i 
d’un quart d’heure & une heure aprks sa formation. 

Nous avons effect& la coIorim&rie en cuvettes de 2 cm d’kpaisseur en utilisant un photon&x 
Spel&er avec le filtre 608 ou en cuvettes d’un cm d’kpaisseur avec un spectrophotom&tre Beckman B. 

La longueur d’onde du maximum d’absorption est assez controverske. G. Patterson Jr.* donne 
ce maximum ii 745 m,u tandis que Roth@ ainsi que Pomeroy5 indiquent 670 rnp. Lacourbed’absorp- 
tion que nous avons relevke de 500 B 700 m,~ est don&e dans la figure 2 (120 pg S/l00 cc)_ 

Apr& la fin de la dissoiution chlorhydrique, lorsqu’on enl&e l’absorbeur, on peut le remplacer 
par un second dispositif d’absorption contenant une solution identique. 

On ajoute alors, par petites portions, 15 ems du mblange rbducteur (3) k la liqueur d’attaque tout 

* Le courant entraPneur doit Etre suffisamment rapide pour obtenir un bon balayage de l’acide sulf- 
hydrique, mais assez lent pour n’oc~sionner aucun entra~nement mkanique important vers Tabsorbeur. 
Pour I’appareil clue n0u.s avons utilisk (volume int&ieur: environ 300 cm?, un debit de 7 litreslheure s’est 
rCvClC satisfaisant. 

2 
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en maintenant le courant gazeux et le chauffage. On distille pendant 25 a 30 minutes l’acide sulfhydrique 
form& par reduction des formes oxydtes du soufre*J’ puis on isole le second absorbeur et on y 
dkeloppe la coloration du bleu de m&hyl&ne comme plus haut. 

REMARQUES 

(a) Lorsque l’appareil est rest6 quelques heures sans fonctionner, on apercoit, 
dans le refrigerant et dans le tube qui le relie au laveur internkliaire, des gouttelettes 

7 de Soufre/lOO cm3 

!O 

Fro. 3.-Den&C optique des solutions de bleu de methyl&e en fonction des quantites de 
soufre mises en oeuvre (en pug de S/100 cc). 

__ bleu de methylene produit il partir de H,S distiilg 
- - - bleu de methylene pese et dissous dans pa&ate 

courbes d’&_‘_--_-- _~~__..__ 1 

de zinc et HCl l’absorptiom 

+ + bleu de methylene produit a partir de H,S distill& courbes d’et 

0 0 bleu de methylene pese et dissous dans dans spectropl 

I’acetate de zinc et HCl (2 = 655 m,r 

iuunnage oorenues a 

Btre Spekker 
alonnage obtenues au 
hotometre Beckman B 
1) 

brunes provenant de l’oxydation de l’acide iodhydrique condense sur les parois. 11 
est rkessaire d&miner ces gouttelettes, soit par un rincage B I’eau, ou mieux en 
faisant distiller de l’acide iodhydrique pendant quelques minutes, refrigerant coupe. 

En effet, le resultat de la premiere distillation dune serie s’est toujours rtvClB 
trop bas et ceci est dQ trbs probablement A l’oxydation de H,S par l’iode. 

(b) 11 est signal6 dans la litt6rature7 que le bleu de mtthyltne n’obtit pas A la loi 
de Beer Lambert. La courbe dans la Fig. 3 represente la variation de la densite 
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optique mesuree au spectrophotometre en utilisant des fentes trts Btroites (E 2 m,u). 
La loi de Beer est respectee jusqu’a des concentrations d’environ 100 ,~g de soufre/lOO 
cc. Au-dela de cette concentration on observe des &arts relativement importants qui 
sont dus a des reactions secondaires avec le solvant, reactions qui varient done avec 
la dilution. 

Cependant, la Fig. 3 montre egalement que la densitt optique des solutions de 
bleu de mtthylene produit a partir de H,S distill6 est inferieure a celle des solutions 
de bleu de methylbne pese et dissous dans le meme milieu. Ceci provient de ce que 
la reaction de production du bleu de mtthylene a partir de H,S est limitee a un tquilibre. 
(Apres un quart d’heure d’agitation, lorsqu’on ouvre l’absorbeur, on sent encore 
l’odeur de H,S, si les teneurs en S se situent dans la partie superieure de l’echelle de 
mesure.) 11 est d’autre part interessant de noter l’influence vraiment importante du 
polychromatisme sur l’obtissance a la loi de Beer. 

Pour le cas du Spekker, on se trouve ici dans des conditions peu favorables. Le 
filtre 608 presente une bande passante trts large (350 rnp a D = 2; 80 rnp a D = OJ) 
alors que le pit d’absorption du bleu de methylene est relativement ttroit. Au fur 
et a mesure que la concentration croit, les radiations peu absorbees prennent la 
preponderance et il en resulte une densite optique apparente inferieure a la densite 
optique reelle en lumibre monochromatique et qui s’en &carte de plus en plus. 

G. Etalonnage 

Les solutions de sulfures &ant t&s instables et que les prises d’essai Ctaient trop faibles pour 
pouvoir utiliser directement des quantites pedes, nous avons prefere recourir a des solutions de 
sulfate potassique, (9). 

Des quantites comprises entre 0 et 12 cm3 de la solution a 10 rug/cm3 ont Bte trait& dans le ballon 
d’attaque par 15 cm3 du melange reducteur (3) pendant 25 a 30 minutes. Toutes les operations ont 
ete realisees en respectant exactement le mode operatoire decrit ci-dessus et la courbe d’etalonnage 
est reprise a la Fig. 3. 

H. Rdsultats 

Mbthode proposke 
- S total dose 

Fer pur VN12 0,0047 0,0003 0,004 (Woestot?) 

0,0046 0,0004 
0,004o 0,0004 

__~ 

Acier 4 0,0106 0,0014 0,018 
0,012 0,0007 

0,012 

0,015-0,015 

Acier 5 0,014 / 0,0022 / 0,018 

Acier 6 0,025 0,0022 0,029 0,032-0,032 

S total dose par 
combustion et 

iodometrie 

% 

0,016-0,016 

S evolution 
(sans coeff. de 
correction par 
&chant. type) 

% 

0,014-0,0145 

0,016-0,016 

0,027-0,027 
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II. DANS LE COBALT 

Le cobalt dattaquant beaucoup plus ientement dans l’acide ~hlorhydrique que les a&ages ferreux, 
nous awns trouv& p&f&able de prodder de la fawn suivante: 10 gr de cobalt sont attaquks par 
40 cc d’acide nitrique concentrk (d : 1,40). Celui-ci doit Ctre ajoutb par petites portions afin 
d’empkher que la r&action ne s’emballe. 11 est parfois nkcessaire de refroidir le rkipient d’attaque. 
Vers la fin de l’attaque, on commence B chauffer et on lake bouillir 1 ou 2 minutes ap&s la fin de la 
dissolution. On am&e alors cette liqueur au volume de 200 cc et on l’homogknkise vigoureusement, 
On en p&we B la pipette 10-l 5 ou 20 cc que l’on introduit dans le ballon de l’appareil de distiilation. 
On (rvapore cette solution jusqu’k ce que le volume soit rkduit B environ 2 cc puis on ajoute 5 cc RCI. 
Une grande partie de I’acide nitrique s’dlimine puis on ajoute 20 cc HCl et trois fois 0,s cc d’acide 
formique au tours de l%vaporation qui suit. 

On va jusqu’& un peu plus p&s de la siccitb que la premike fois, puis on ajoute & nouveau 10 cc 
HCl et 0,5 cc d’acide formique. On r&d&e exa~tement cette o~mt~on encore une fois, puis on 
i?vapore de nouveau jusqu’au m6me stade de sic&S avant d’ajouter les dix derniers CC de HCl. 

On kvapore cette solution finale jusqu’& un volume d’environ 3-4 cc et on transf&e le ballon SW 
~app~il & distiller. 

On pro&de alom & la distillation telle qu’elle est d&rite pour le dosage du soufre oxydi: dans ies 
fers et les aciers. 

L’6talonnage et l’essai B blanc sont rBalisCs conformbment a ce dernier mode d’attaque.’ 

Le tableau suivant montre la reproductibi~it~ obtenue dans le cas de divers echant- 
iIlons de cob& m&alIiques de qua&& commerciale. 

Rep&es 

No I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
I9 
20 

Teneurs 

-p-F --_-._- 

0,013--0,009 
0,Ol l-O,013 
0,0115--0,0~05--0,012~,0l0 
~,013~,0125-0,0135 
O,OOS--O,OOQ 
O,~SS~,~~,~ 
O,Ol~,O~ 1 
0,016-0,013 
0,018-0,~145~,01s 
0,0~~~020~,016 
0,015--0,0135 
0,012--@>0145 
0,0135--0,012s 
0,01~,0~05~,0~ r---0,01 15 
0,0095--0,010 
0,0085-0,0095 
0,~8~,~95 
0,~~,~~,~0,0~5~,00~,~6 
0,Ol O-O,0085 
0,0125---@,015 

* Pour &duke la valeur de I’essai B blanc, il cst ~command~ de faire bouiilir tous les acides avant ieur 
utilisation. (Essai B bfanc moins de 10 pg S.) 
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CONCLUSIONS GeNfiRALES 

La mcthode proposee presente une grande sensibilite et est vraiment adaptce aux 
teneurs inferieures B O,OZO%. En utilisant des prises d’essai d’environ un gramme, 
elle permet de doser des traces de l’ordre du millieme de %. 

Par ailleurs cette methode ne requiert pas les precautions trts sCv&res qui sont 
habituelles dans ces gammes de teneurs mais peut occasionnellement fournir des 
rcsultats erratiques. D’apres Pomeroy, ceux-ci seraient dus a une elimination 
incomplete des nitrates5 

Dans le cas dune attaque oxydante suivie de la reduction du soufre total, 
le dosage complet dans une strie dure 45 a 50 minutes. Dans le cas du dosage 
sCpar6 du soufre “sulfures” et du soufre oxydt, la duree des deux analyses est d’environ 
70 2175 minutes. Dans le cas des aciers, nous pensons, de plus, que le dosage separc 
du soufre “sulfures” et du soufre oxydc fournit au metallurgiste une don&e supple- 
mentaire perfois tres interessante. 

Sunun~--A method is proposed for the determination of small amounts of sulphur in steels, and 
in iron and cobalt, which involves conversion of the sulphur to hydrogen sulphide, and then 
conversion of this to methylene blue, using dimethyl-p-aminophenylenediamine. The methylene blue 
has an intense and relatively stable colour. 

Various procedures have been proposed depending on the nature of the metal. For irons and steels 
sulphides are converted hydrochlo~c acid attack,and any oxidized forms of sulphur are reduced by a 
mixture of hydriodic and hypophosphorus acids. Cobalt is dissolved in nitric acid, thus converting 
all the sulphur to sulphate, which is subsequently converted by means of the same reducing mixture 
to hydrogen sulphide. 

ZusammenfassungDie zur Bestimmung von Schwefel in Metallen vorgeschlagene Methode beruht 
auf der uberftihrung des Schwefels in Schwefelwasserstoff und dessen Reaktion mit Dimethyl-p- 
~~ophenylen~a~ unter Bildung von Methylenblau, Die Farbe des Methylenbla~s ist intensiv 
und relativ stabil. 

Verschiedene Methoden wurden vorgeschlagen, abhlngig vom Metal1 in dem der Schwefelgehalt 
bestimmt werden ~011. Fiir Eisen und Stlhle wird Salzsaure als Lijsungsmittel verwendet und 
Oxyde des Schwefels werden mit einer Mischung von Jodwasserstoff und hypophosphoriger S&.tre 
reduziert. Cobalt wird in Salpetersihne gel&t wobei der gesamte Schwefel in Sulfat tibergefiihrt 
wird, weich letzteres durch die obige M&hung zu Sulfid reduziert wird. 
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A COMPARISON OF THE ALKALI METHOXIDES IN THE 
HIGH-FREQUENCY TITRATION OF ACIDS IN 

DIMETHYLFORMAMIDE” 

S. F. TING, W. S. JEFFERY and E. L. GROW 

School of Chemistry, University of Alabama, University, Alabama, U.S.A. 

(Received 22 July 1959) 

Su~~-The ftve a~ali-methoxides were prepared and standardized in 9 : 1 scene-meth~ol 
solution. The strengths of these bases were compared by means of HF response and conductance 
curves and by means of the titration of a selected series of acids dissolved in dimethylformamide. 
The caesium and rubidium methoxides were the strongest bases. However the difference in basicity 
of these two methoxides as compared to potassium and sodium methoxide does not warrant their 
preferred use. Lithium methoxide acted as a very weak base in the 9 : 1 benzene-methanol solvent 
but became more dissociated as the concentration of the methanol was increased. 

There was a small but definite drift of the G~illome~r as the con~ntration of the methoxide ion 
was increased. This was shown to be due to the slight reaction of the methoxide ion with the 
dimethylformamide. 

Traces of acidic impurities in the dimethy~o~amide caused salicylic acid to behave as a weak 
acid while in very pure dime~ylformamide it acted as a medium strong acid. 

INTRODUCTION 

MOST of the ~gh-frequency titrations recorded by the early workers were in aqueous 
solutions. Since then a few investigators have studied certain titrations in a few 
non-aqueous solvents. The solvents used chiefly for weak bases have been glacial 
acetic acid and benzene-methanol solutions. 

Ishidate and Masui4 titrated some weak organic acids with sodium methoxide 
using a benzene-methanol solution as the solvent. Phenols and phenohc mixtures 
dissolved in benzene-methanoi solutions were titrated with potassium methoxide by 
Karrman and Johansson.5 Young lo titrated some alkali halides in pyridine. Dean 
and Cain1 titrated a number of organic acids in dimethy~ormamide with sodium 
methoxide. 

The purpose of this investigation was to study the response and titration curves of 
a series of acids in dimethy~o~a~de with the five alkali methoxides obtained by 
the high-frequency and conductance methods. 

EQUIPMENT AND REAGENTS 

Sargent Chemical Oscillometer Model V equipped with cell compensator, standard condenser 
type cell, and a Sola voltage transformer. protect the instrument from drafts to avoid thermal drift. 

Leeds and Northrup Campbell-Shackelton Shielded Ratio Box with accessories and No. 4920 dip 
cell. Store this cell in dime~ylforma~de when not in use. 

Perkin-Elmer Model 154-C Vapor Fractometer with column K at 80”, flow rate of helium 
55 mm/min and column pressure 15 psi. 

~i~e~~y~r~i~~ Brothers Chemical Co. No. 1943 and Du Pont technical grade. To purify 
further and to reclaim solvent, distil over solid potassium hydroxide and calcium hydride. Store the 
purified solvent as well as solutions under dry nitrogen. 

* Supported by the United States Atomic Energy Commission. 
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Benzene: A.C.S. grade. Shake with Drierite and distil over phosphorous pentoxide. 
Methanol: A.C.S. grade. Reflux with magnesium turnings and distil. 
Lithium, sodium, and potassium methoxides: Dissolve approximately 0.025 gram equivalents of 

the metal in 25 ml of cold methanol then dilute to 200-250 ml with 9 : 1 benzene-methanol solution. 
Standardize against benzoic acid, using thymol blue indicator according to the procedure described 
by Fritz8 Then prepare the standard O.OlN alkali methoxides by the proper dilution of a portion of 
the above known solutions. 

Rubidium and caesiam methoxides: In contrast to the rather elaborate apparatus used by Thomas0 
to prepare caesium methoxide, a simple procedure was used. Partly immerse a 50 mm x 400 mm 
Pyrex test tube containing 25 ml of dry methanol in a large Dewar flask containing an acetone-dry 
ice slush. Pass argon into the test tube throughout the procedure. Scratch the glass vial containing 
the metal, then break into the opening of the tube under the argon and immediately drop. At the 
temperature of the acetone-dry ice mixture the reaction proceeds quite slowly. 

Store all methoxides under nitrogen for additional protection from carbon dioxide and moisture. 
Dissolve the acids in dimethylformamide then dilute to O.OlN. Standardize the dichloroacetic 

acid against standard sodium methoxide. 
All the methoxides dissolved readily in the 9 : 1 benzene-methanol solution at approximately 

0.1N concentration. This 9 : 1 ratio was greater than was expected to be possible for sodium 
methoxideS and appeared to be about the upper limit for lithium methoxide. 

EXPERIMENTAL PROCEDURE 

Since dimethylformamide and other basic solvents absorb carbon dioxide rather rapidly the dry 
oscillometer and conductance cells were flooded with dry nitrogen before adding the solvent. Also 
nitrogen covered the solution during the titration and response curve procedures. The titration 
vessels were fitted with special Lucite covers. 

All volumetric ware was dried and the air expelled with dry nitrogen. The burette was protected 
with drying tubes containing a desiccant and Ascarite. The flasks containing solutions were also 
kept in large desiccators charged with soda lime and phosphorous pentoxide or Ascarite. 

As a special precaution all transfers of solutions were made with no or only minute contact with 
air or any moisture. 

For the high-frequency measurements, after the instrument had been balanced to resonance, 
100 ml of dimethylformamide and 5 ml (about 0.05 milliequivalent) of the sample were adedd to the 
cell. The titrant was added in 0.5~ml increments. Owing to the considerable drift of the Oscillometer 
after 8-10 ml of the titrant had been added, instrument readings were made precisely one half minute 
after the addition of each increment of titrant. The high-frequency response curves were obtained 
by adding 10 ml of O.OlN solution to 100 ml of dimethylformamide in 0.5-ml increments. 

For the conductance vs. concentration curves and the conductometric titrations 170 ml of di- 
methylformamide were used in a 250-ml electrolytic beaker. Twenty ml of O.OlN methoxide and 
about 0.1 milliequivalent of acid were used. 

DISCUSSION 

The instrument response curves for acids represent the concentration of the 
protonated dimethylformamide ion which has large capacitance effect and also 
represent the degree of dissociation of the acidic substances. The response curves 
for the acidic substances (Fig. l), and the similar slopes obtained by conductance, 
indicate that the NH$ ion is quite acidic in dimethylformamide and that benzoic 
acid has a very low degree ionization. 

The slopes of the response curves (Fig. 2), as well as the similar slopes obtained 
by conductance, for the alkali methoxides indicate that these methoxides, except 
lithium methoxide, appear as strong bases in the 9 : 1 benzene-methanol solution. 
The slopes obtained by conductance were similar. These slopes decrease as CsOCH, 
> RbOCH, > KOCH, > NaOCH, > LiOCH, which is parallel with the decrease 
in ionic size of the alkali metals. This is according to Fajan’s rule8 that covalent 
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linkage is favoured by the small cation; the lithium methoxide is the most covalent 
compound while the caesium methoxide is the most ionic compound and is the strongest 
base of the alkali methoxides. 

The instrument response curves (Fig. 3) indicate that the degree of ionization of 
the lithium methoxide increases as the ratio of the methanol is increased. Methanol 
is more polar and its concentration apparently controls the degree of dissociation of 
the lithium methoxide. Since the response curve for the 9 : 1 benzene-methanol 

,_ 

i- 

2 4 6 
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Frcs. I.--H-F response curves for acids and salts. 

solution is very near to that for the lithium methoxide in this solvent the degree of 
dissociation is very low. In solvents with relatively low dielectric constants, as that 
of d~ethy~o~a~de or below, 6s7 the lithium methoxide due to ion association 
may be in the form of ion-pairs which will not cont~bute to the capacitance or 
conductance of the solution, Then as the solution becomes more concentrated, 
triple ions may .form which bear a charge and can contribute to the capacitance or 
conductance of the solution. An increase in the conductance of the lithium methoxide 
in the 9 : 1 benzene-methanol ratio was not observed in the very dilute solutions but 
was detected when the solution became about 7 x lOAiL&. 

Increasing the ratio of methanol in the Irene-meth~ol solution had little 
effect on the other alkali methoxides. Thus the larger cations are more likely to be 
present in ionic form even though they are in a solvent of low dielectric value.s 

When determining the response curves (Fig. 2), after a few millilitres of the alkali 
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methoxide had been added to the dimethylformamide the drift of the Oscillometer 
became noticeable, as well as after the end-points during the titrations. It was 
observed that the magnitude of this drift increased with an increase in concentration 
of methoxide ion. The drift of the Oscillometer was negligible when operating under 
optimum conditions, e.g., constant temperature, no draughts, and adequate warm 
up time. As expected, with an atmosphere of nitrogen or argon over the dimethyl- 

Moioriiy x IO4 

hG. 2.-H-F response curves for the alkafi methoxides. 

formamide there was no drift and the addition of pure benzene or methanol to the 
dimethylformamide produced no drift. 

With lithium methoxide in the 9 : 1 benzene-methanol solution there was a very 
small drift which increased greatly when potassium methoxide in 9 : I benzene- 
methanol solution or lithium methoxide in methanol was added. An increase in 
con~ntration of the methoxide ion also produced an increase in the magnitude of 
the drift, Fig. 4. Readings were recorded starting one minute after the addition of 
the initial quantity of the substance. The change in drift with respect to time indicates 
that the following equilibrium 

H i-N/ 

CH, 0 
II 

- + CH,O- + H-C-OCH, + N(CH,), 
\ 

(1) 

CHa 
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is being shifted slightly to the right due to the mass action effect of the methoxide ion 
though the dimethylamide ion is the much stronger base. The dimethylamide ion will 
protonate according to 

H&OH + N(CH,), f H&O- + HN(CH,), (2) 

By the use of vapour phase chromatography the dimethylaminde and methyl- 
for-mate were both identified as being present. Due to the very small quantities 
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FIG. 3.-H-F response curves for ILiOCHs and solvents. 

present, the reaction mixture was swept with dry nitrogen and the vapours condensed 
in a cold trap immersed in an acetone-dry ice slush. 

The presence of water caused a rapid drift with an increase in capacitance (Fig. 4) 
due to the following: 

CH,O- + H,O + CH,OH + OH- (3) 

0 CH, 0 

II / 
OH- + H-C-N $ H--!-O- + HN(CH,), 

\ 
(4) 

CH, 
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The effect of 0.2% water added to the dimethylformamide before the methoxide is 
shown by curve C. For curve D, Fig. 4, the dimethylformamide had been exposed 
to air for some time. 

The dimethylformamide acts as a “non-1evelling solvent” in the presence of the 
alkali methoxides. The dimethylamide ion, in Eq. 1, is a much stronger base than 
the methoxide ion consequently there is no levelling effect. If the concentration of 
the methoxide ion is increased by the use of caesium methoxide instead of lithium 

6 Dry; 0002 M CH,OK 

C 0.2% HzO; 0.002MCH30K 

0 2 4 6 8 

Time, min 

FIG. 4.-D% of oscillometer; potassium methoxide in dimethylformamide. 

methoxide the equilibrium will shift slightly to the right and caesium methoxide acts 
as the stronger base. 

The purity of the dimethylformamide may affect the shape of the response and 
titration curves. In this work using distilled dimethylformamide the response curves 
for the alkali methoxide and salicylic acid did not pass through a minimum, and 
salicylic acid did not behave as a slightly dissociated acid in concentrations above 
0.0005M as reported by Dean and Cain. l In distilled dimethylformamide the titra- 
tion curve for salicylic acid was characteristic of a medium strong acid (Fig. 5A) but 
in technical grade dimethylformamide (acid impurities neutralized to the thymol blue 
end-point with sodium methoxide) the titration curve was characteristic of a weak 
acid (Fig. 5B) and was similar in shape to the titration curve shown by Dean and 
Cain.l When the technical grade dimethylformamide was distilled as described for 
this work, salicylic acid reproduced the response and titration curves as observed 
with other distilled or redistilled solvent. This effect was not observed for any of 
the other acids reported in this work (Fig. 5) or for p-hydroxybenzoic acid. This 
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behaviour of a solution of salicylic acid may be due to a tautomeric equilibrium 
between the classical and the chelate structures2 and the impurities in the solvent 
shift the equilib~um to make the weak acid the predominant form. 

The titration of the acids in dimethylformamide with the alkali methoxides is 
represented in Fig. 6, The differences in the angles at the end-point for the NH,+ ion 
and the different alkali methoxides are shown in Fig. 7. The high-frequency and 
conductance titration curves were very similar in shape. 

rd. of 0*01/V CH,ONo 

FIG. 5.-Titration of salicylic acid in distilled and non-distilled dimethylformamide. 

Caesium methoxide and ~bidi~ methoxide are the strongest bases of the alkali 
methoxides while lithium methoxide is the weakest in the 9 : 1 benzene-methanol 
solution. The strongest bases do produce slightly more acute end point angles as 
shown in Fig. 7; however the difference in basicity as compared to the potassium or 
sodium methoxide was not great enough to titrate successfully such very weak acids 
as phenol and do not justify their use due to the extra cost and care in handling, for 
ordinary use. 

The end-points of the instrumental titration curves were in good agreement with 
the theoretical amount of acid when the strong methoxides were used as the titrant 
and in good agreement with the thymol blue end-points for those acids with a pK, of 
3 or less. The high-frequency method was more convenient to use than the conducto- 
metric method due to the greater ease of handing the cells in an inert atmosphere, 
since no solution was in contact with the electrodes. Also, the high-frequency method 
is useful for titrations if a coloured impurity is present and if the compound is coloured 
or changes colour during the titration. However this method offers no advantage 
when the proper indicators are available. 
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The high-frequency titration of the weak acids with lithium methoxide in the 9 : 1 
benzene-methanol solution produced only a very small change of slope. This change 
in slope was after the stoichiometric end-point to the extent of about 10%. In the 
conductometric titrations this break appeared about 10% late or not at all. 

Acknowledgement-The authors wish to express their appreciation to Dr. Ernest Grunwald, Florida 
State University; Dr. Jack Hine, Georgia Institute of Technology; and Dr. R. B. Scott, University 
of Alabama, for their advice concerning the ins~ument drift and the equilibria discussed in this 
paper. Also to Frank Unietis and Reichold Chemicals Inc. for their help and use of the vapor 
phase chromatography equipment. The financial support was from the U.S. Atomic Energy Corn - 
mission contract No. AT-(40-I)-1354. 

Zusanunenfassung-Die fi.inf A~alimethoxyde wurden hergestellt und in Benzol-Methanol (9 : 1) 
Liisung titriert. Die Stlrke der Basen wurde durch Hochfrequenz- und Leitftihigkeitstitration 
ermittelt wobei verschiedene S&m-en in Dimethylformamid gel&t als Titrationsmittel dienten. 
Caesium und Rubidum-methoxyd waren die stsrksten Basen. Die Starke ist jedoch keineswegs so 
~t~chtlich hiiher, dass diese beiden Methoxyde denen des Natriums und Kaliums vorgezogen 
werden sol&en. Litheummethoxyd war in 9 : 1 Benzol-Methanolmischung nur schwach basisch, 
doch nahm die Basizitlt zu, wenn der Methanolgehalt der Mischung gesteigert wurde. 

Ein geringfiigiges aber merkliches Wandern der Oscillometernadel konnte festgestellt werden, 
wenn die Konzentration des Methoxydions gesteigert wurde. Es konnte gezeigt werden, dass dies 
auf einer geringf~gigen Reaktion des Me~oxydions mit Diemthylform~id ~~ck~f~ren ist. 
Spuren von sauren Verunreinigungen im Dimethylformamide bewirkten dass Salizylslure als schwache 
SBure reagierte, wlhrend ihr Verhalten in vijllig reinem Dimethylformamid das einer mittelstarken 
Sllure war. 

R&mm&--Les cinq sels al&ins du methanol ont 6t6 pr&par&s et &talon& en solution benz&ne- 
m&than01 (9 : 1). La force de ces bases a CtP: compart?e par des d&terminations en haute frkquence et 
des courbes de conductivit6 et egalement par titrage d’une s&ie s&ctionnQ d’acide dissous dans la 
dimethylformamide. Les mkthanolates de cesium et de rubidium sont les bases les plus fortes. 
Cependant la diffkrence entre la basicit de ces deux bases, et celle des m~thanolates de sodium et de 
potassium, ne justife pas leur emploi prkfkrentiel. Le methanolate de lithium se comporte comme 
une base t&s faible dans le mClange benzhne-methanol(9 : 1) utilisC comme solvant, mais se dissocie 
davantage lorsque la concentration du m&an01 augmente. 

On observe sur l’oscillateur une faible mais nette ditrive lorsque la concentration du mgthanolate 
augmente. On montre que eelA est produit par une 16g&e action du mkthanolate sur la dim&hyl- 
formamide. 

En prbsence d’impuretbs acides dans la dimethylformamide, l’acide salicylique se comporte 
comme un acide faible alors qu’il r&it dans la dimethylformamide t&s pure comme un acide fort. 
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TIT~TION OF METAL OXINATES IN 
ETHYLENEDIAMINE WITH POTASSIUM METHOXIDE 
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Department of Chemistry, Emory University, Atlanta 22, Ga., U.S.A. 

(Received 20 .kly 1959) 

S~--Several metal oxinates can be titrated with potassium m&oxide in ethylene~~e 
solution, using conductometric end-point detection. Tbe reliability of the method has been estab- 
lished using aluminium oxinate samples representing about 2-13 mg of ahuninium. Errors are 
generally under I %. Evidence is presented for a simple interpretation of the behaviour of the 
oxinates as weak acids in ethyle~edia~e solution. 

BECAUSE important analytical chelate compounds such as the metal 8-quinolinolates 
(oxinates) would be expected to exhibit weak acidic and basic properties, it was of 
interest to investigate whether they could be determined by nona~ueous tippets. 
One could then combine the selectivity of such reagents to effect separations, with 
the advantage of direct titrimetry to conclude the determinations. Titrations of 
certain oxinates, notably alu~~um, with perchloric acid in glacial acetic acid 
solution were described recently, 1$*3 but it was found that most of the oxinates 
could not feasibly be titrated in this way. It was reasonable then to see whether 
their acidic properties could be utilized in titrations with a very strong base like 
potassium methoxide. Such titrations in solvents like ethylenediamine and dimethyl- 
fo~~de have been reported many times and are now commonplace,* but their 
application to important analytical precipitates appears to be new. 

For an oxinate like that of aluminium in an ethylenediamine system, one might 
formulate the following equilibria using the simple Bronsted ideas but substituting 
an aluminium ion for a proton: 

Al(Ox), + 3en = (Alen$+ + 30x- 
(Alet@ + 3CH,O- = Al(CH,O), + 3en 

Al(Ox), + 3CH,O- = Al(CH,O), + 30x- 

where Ox- represents an oxinate anion and en represents ethylenediamine. The 
titration process is then seen as a competition of three bases, oxinate, ethylenediamine, 
and methoxide, for the acidic aluminium ion. One might predict that the titration 
reaction would go well to completion because methoxide ion is obviously the strongest 
base, although it must be remembered that we are comparing bases with regard to 
their reaction with alu~ium ion and not with the usual standard, namely hydrogen 
ion. In any case, the results show that the titration is feasible, not only for aluminium 
but for a number of other metal oxinates. Ultraviolet absorption spectra, mentioned 
below, support the above formulation. 

Oxinate solutions in ethylenediamine are highly coloured, and it is not possible 
to perform the titrations visually. Conductometric end-point detection is emphasized 
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in this paper, although potentiometric titrations with platinum or glass indicator 
electrodes and a calomel reference electrode can be performed as noted below. 
Conductivity measurements give stable and reproducible values, while electrode 
potentials in the systems studied are much more erratic. Photometric end-point 
detection would be possible in some cases, but precipitates which would interfere 
with the measurements form during the titrations with other oxinates. 

The oxinates studied may be grouped into three classes: (1) Oxinates which 
give good to excellent end-posts are those of a~u~~urn, zinc, scandium, thorium, 
molybdenum, tungsten, vanadium, and magnesium. (2) Oxinates which give end- 
points that are fair to poor include uranium, copper, and manganese. (3) Oxinates 
of nickel, lanthanum, iron, and thallium yield no useful end-points at all. This 
grouping is naturally very rough; manganese, for example, is nearly as good as 
magnesium. Oxine itself gives a very good end-point. 

Dimethylformamide was investigated briefly because in many ways it is a more 
convenient solvent with which to work than ethylene~a~ne, but the end-points 
were found to be much sharper in the latter solvent. 

Apparatus and reagents 
EXPERIMENTAL 

The conductometric titration cell was a 150-ml beaker fitted with a rubber stopper which has 
holes for the electrodes, the burette, and the nitrogen inlet tube. Nitrogen simply escaped through 
the opening for the burette. The electrodes were platinized platinum foil, each 1 cm*, tap-welded 
to short lengths of platinum wire which were sealed into soft glass tubing. The cell constant for 
the set-up used for most of the titrations was 0.28 cm-l, as determined by measuring the resistance 
of a O.lOOM aqueous potassium chloride solution at 25”. Measurements were performed with a 
Model RC-IB conductivity bridge from Industrial Instruments Inc. The burette was a IO-ml micro- 
burette graduated at intervals of 0.02-ml. A magnetic stirrer with a Teflon-coated stirring bar was 
employed. The titration cell was placed in a large pan of water at room temperature to minimize 
the effect of temperature changes upon the conductance values during the titrations. Potentiometri~ 
titrations were performed in a similar cell with Beckman glass-calomel or platinum-calomel electrode 
systems, using a Beckman “Zeromatic” pH meter. Ultraviolet absorption spectra were measured 
in l-cm quartz cells with a Beckman Model DU spectrophotometer equipped with a hydrogen 
discharge tube. 

The nitrogen used to blanket the solution in the titration cell was passed through a tube packed 
with Ascarite and silica gel. Ethylenediamine solvent was Eastman “white label”, 98%. In the 
beginning, this was distilled from sodium and activated alumina, and collected under nitrogen, but 
later it was found to be suitable for use directly, provided a blank titration was run. The blank, 
generally less than O&ml of O.lN t&rant for a 75ml portion of the solvent, could be dete~ined 
conductometrically or visually using azo violet indicator. Fresh bottles of ethylenediamine were 
transferred under nitrogen to all-glass siphon bottles protected by silica gel and Ascarite and pro- 
vided with stopcocks for easy dispensing. Of a number of greases tested for these stopcocks, the 
best was Sisco 300 (from the Swedish Iron and Steel Co., Westfield, N.J.) as Katz and Glenn had 
found previously,5 This grease was also more resistant than most to the t&rant solution, although 
it was necessary to regrease the burette stopcock each day. 

The &ant was O.lN potassium methoxide in benzene-methanol, prepared according to the 
directions of Fritz and Keen.s It was stored in a siphon bottle protected from the air, and was 
delivered to the burette through a Teflon stopcock. This solution was standardized against al~inium 
oxinate by conductometric titration as described below. Sodium methoxide can be used as the 
titrant, but the end-points are slightly sharper with potassium. 

The metal oxinates were prepared by various methods which are summarized in Hollingshead’s 
monograph.’ It is realized that there are doubts regarding the exact compositions of some of these 
compounds. In particular, there is often ~sa~ment about the effect of dryiig temperature upon 
composition. Most of the quantitative work reported here was done with aluminium oxinate, about 
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whose composition there seems to be no controversy. Actually, the titration method suggested here 
might be useful in studying the compositions of some of the uncertain oxinates. 

T~trut~on ~~oced~~e 

A weighed quantity of the metal oxinate was placed in a 1 SO-ml beaker, and the stopper bearing 
the electrodes and nitrogen inlet tube was inserted. 75ml of ethylenediamine was then introduced 
through the hole for the burette; nitrogen flow over the solution was started as soon as sufficient 
ethylenediamine had been added to ptevent dry particles of oxinate from blowing away. The solution 
was then placed in the pan of water over the magnetic stirrer, the burette was inserted with its tip 
in the liquid, and the titration was begun. After each addition of desired increments of titrant, the 
stirrer was stopped, and the resistance of the solution was measured. &cause the titration curves 
are generally not strictly linear except fairly near the end-point (within, say, 1 to Z-ml), it was best 
to get a number of points near the end-point and not rely upon too extreme an extrapolation. 
Conductance values were corrected for dilution, and then the results were plotted for graphical 
determination of the end-point. The scale was blown up considerably so that the graphical process 
itself did not limit the obtainable accuracy. 

So long as the numbers are consistent, the conductance units chosen for the plotting are obviously 
unimportant. In the figures in this paper, the conductances are in arbitrary units, but the units are 
the same for all the curves shown. To give an idea of the actual conductance values, it is mentioned 
that the number 100 on the figure ordinates represents an actual specific conductance of about 
2.8 x 1O-6 ohm-km-‘. 

The benzene-methanol titrant, compared with water, has a fairly large coefficient of thermal 
expansion. Thus all volumes of titrant read from the graphs were corrected to a standard temperature 
of 22” using the equation 

v,, = yt s 
( ! 

which is obtained from the usual equation 

v, = V& -t_ at + #W + cct”) 

by dropping the negligible higher-order terms and eliminating V,, between the two temperatures 
involved. A weighted mol fraction mean value, based upon the ratio of methanol to benzene in the 
titrant solution, was used for a. 

Aluminium oxinate dissolves rather slowly in ethylenediamine at room temperature. Rather 
than warming to effect complete solution, it was convenient to start the titration even though some 
suspended material remained. The solution cleared early during the titration, and the important 
points near the end-point were not jeopardized. 

RESULTS 

Fig. 1 shows potentiometric titration curves for zinc oxinate using glass-cafomel 
and platinum-calomel electrode systems. Successful potentiometric titrations of 

aluminium oxinate have also been carried out. But such titrations were generally 

frustrating. The electrodes equilibrated very slowly with the solutions, as much as 
an hour sometimes being required to complete a titration. Occasionally no electrode 
response whatsoever was obtained during a titration. And sometimes sudden emf 
changes of several hundred millivohs occurred for no apparent reason. These 
problems might have been overcome with experience, but the potentiometric titrations 
were abandoned when it was found that conductometric titrations worked very well. 

Fig. 2-5 show conductometric titration curves for a number of oxinates. Most of 

these resemble typical weak acid-strong base titration curves as seen in the more 
familiar aqueous system. Aluminium oxinate was chosen for a more detailed study 
because it is probably the best known, most thoroughly studied, and most widely 

used of the metal oxinates. 
3 
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Titrations of aluminium oxinate 

Table I shows the results of a number of titrations of aluminium oxinate samples 
ranging from about 29 to 228 mg. The table is formulated on the basis of the corre- 
sponding quantities of al~i~ium (about 1.7 to 13.4 mg), which are perhaps of more 
interest. The average absolute error is 0.062 mg, which represents an average relative 

FIG. I.-Potentiometric titration 
curves for zinc oxinate. 

FIG. 3.-Conductometric titration curves FIG. 4.-Co~du~tom~tric titration curves 
for metal oxinates for metal oxinates. 

FIG. 5.-Conductometric titration 
curves for metal oxinates. 

error of 0.9°k, If one omits the 5 worst results (numbers 1,6,7,9, and lo), the relative 
error drops to O.G’Y, but all the results are retained in the table to indicate what may 
be expected in practice. Four of the worst 5 results are too high, suggesting that 
inadvertent admission of carbon dioxide (which is a strong acid in this system) to 
either the titrant OS the ethylenediamine solution may have been the source of most 
of the occasional large errors, despite the exercise of reasonable care. It’is felt that 
the results reported here are the best obtainable consistent with speed and convenience; 
unusual precautions could probably increase the accuracy slightly. 



Al found, 

W 

error, 

V 
No. 

Al taken, relative error, 

m?C % 

-. II. -i- .- 

1 1.721 1.750 0.029 1.7 
2 3.095 3.082 0.013 0.4 
3 3.494 3.485 0.009 0.3 
4 5.010 4.975 0.035 0.7 
5 6.037 5.969 0.068 1.1 
6 6.096 6.224 0.128 2.1 
7 6.120 5.991 0.129 2.1 
8 6.272 6.335 0.063 1.0 
9 6.372 6.521 0.149 2.3 

10 6.595 6.725 0.130 2.0 
11 6.813 6.825 0.012 0.2 
12 6.960 6.917 0.043 0.6 
13 7.018 7.050 0.032 0.5 
14 7.165 7.145 0.020 0.3 
15 7.294 7.320 0.020 0.3 
16 7.899 7.927 0.028 0.4 
17 9.403 9.399 0.004 0.0 
18 I I .206 11.072 0.134 1.2 
19 13.437 13.313 0.124 0.9 -- 

average: 0.062 Yii 
/ 
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TABLEI.-RESULTS OF CONDUCTOMETRTC TITRATIONS OF ALUMTNIUM OXINATE 

Efect of water OYI the titration of aluminiun oximte 

Because in practice one might wish to titrate aluminium oxinate precipitated 
from aqueous solution, it was desirable to study the effect of water on the titration 
to see if it would be necessary to dry the precipitate. Fig. 6 shows that up to only 

i 1 I I I I I1 11, I 
310 350 

MILL ITERS METHOXfDE 
320 330 340 360 370 

1L OF POTASSIUM 
380 390 400 

WAVE LENGTH (MILLIMICRONS) 

FIG. 6.--Effect of water on the titration of 
100 mg of aluminium oxinate. 

FIG. ?.--Ultraviolet absorption spectra of oxine 
and aiuminium oxinate: all solutions 3 x lOAM 

in chromophore. 
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slightly more than 7% of water in the ethylenediamine solvent is well tolerated. 
(Percentages of water shown in the figure are approximate volume percentages 
based upon volumes taken and neglecting the slight volume change which occurs 
when water and ethylenediamine are mixed.) It is apparent that in handling fresh 
aluminium oxinate precipitates, suction filtrations or centrifugations would remove 
enough of the water to permit titration, and special drying would be unnecessary. 

Abmrption spectra 

Fig. 7 shows ultraviolet absorption spectra which are pertinent to the consideration 
of the dissociation of aluminium oxinate in ethylenediamine solution. Oxine itself 
exhibits an absorption maximum at about 335 m,u in ethylenediamine (in carbon 
tetrachloride, an inert solvent, the peak occurs at about 320 mp). Aluminium 
oxinate in chloroform exhibits a small peak in this same region, and a larger one at 
about 385 m,u which is not shown by oxine itself. But when alu~nium oxinate is 
dissolved in ethylenediamine, the absorbance at the peak near 335 m,u increases, 
while that at 385 m,u decreases. As the figure shows, this shift in the aluminium 
oxinate spectrum toward that of oxine itself in ethylenediamine solution is far from 
complete, but it is appreciable, and it supports the dissociation picture presented 
earlier in this paper. . Because copper ions generally have a much stronger affinity 
for nitrogen ligands than do aluminium ions, one might predict a much more pro- 
nounced spectral shift for copper oxinate in ethylenedi~ine, indicating greater 
dissociation than in the aluminium case. This is found to be true, although to save 
space the spectra are not shown here. The poorer titration curve for copper oxinate 
as compared with the less dissociated aluminium oxinate might then be interpreted 
as indicating that the titrant was not sufficiently more basic than the solvent to give 
equally good results, the term “basic” referring here to the tendency to accept copper 
ions. 

Zusammenfassung-Mehrere Metalloxinate wurden in Athylendiaminliisung mit Kaliummethoxyd 
konduktometrisch titriert. Die Zuverlassigkeit der Methode wurde an Hand von Analysen von 
Aluminiumoxinatproben (entsprechend 2-13 mg Al) gezeigt. Der Fehler ist im allgemeinen kleiner 
als 1 ‘A. Eine einfache Deutung des Verhaltens des Oxinates als schwache S&ire in ~thylendi~- 
losungen wird mitgeteiIt. 

R&mnt%Plusieurs oxinates metalliques ont pu &tre tit&s par le methanolate de potassium en solution 
dans l’ethylene-diamine le point equivalent Ctant dCtermin6 par conductimttrie. La mtthode a 
6te test&e sur des echantillons d’oxinate d’aluminium correspondant a 2 a 13 mg d’aluminium. Les 
erreurs sont en g&era1 inferieures a 1%. I1 est p&sent6 une interpretation simple montrant que les 
oxinates se cornportent comme des acides faibles dans des solutions ~~thyl~nediamine. 
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ACTIVATION-ANALYSIS OF TRACE COBALT IN TISSUE 
USING 10.5MINUTE 60m-COBALT 

DAVID G. KAISER* and W. WAYNE MEINKE 
Department of Chemistry, University of Michigan, Ann Arbor, Michigan, U.S.A. 

(Receiued 7 Augmt 1959) 

Spay-Mi~o~am found of cobalt from vitamin B1* have been analyzed by rapid activation- 
analysis in rat kidney tissue as we11 as in vitamin preparations. A I S-minute radiochemical separation 
procedure coupled with gamma-ray spectrometry permitted utilization of the 10.5-min somC~ radio- 
isotope. With this procedure the lower limit of detection at a thermai neutron flux of lOI* n/cm2 set 
was about 5 x 1O-8 grams of cobalt. 

INTRODUCTION 

SINCE the advent of vitamin B,, as a medicinal for the treatment of certain hzmato- 
logical disorders, considerable attention has been focused on the determination of 
cobalt in biological systems. Saltzman and Keenanl have presented a review of the 
methods used for the microdetermination of cobalt in biological materials. Deter- 
mination of this element by conventional wet chemical procedures coupled with 
spectroscopy or sensitive colour reactions frequently lacks sensitivity or is implicated 
by trace contamination from the reagents. In many cases, however, the use of radio- 
isotopes can offer a rapid and sensitive procedure to assist in this analysis. 

Until now much effort has gone into using radioactive tracers of cobalt, or Iabelled 
vitamin B,,, in exploring the distribution of this element in biological systems. Several 
procedures have been described for the production of vitamin B,, labelled with 6oCo 
either by a biosynthetic route21s or by direct slow neutron irradiation.4 This labelled 
vitamin is available routinely5 for tracer studies of pernicious anamia in humans and 
is used in an isotope-dilution method for the assay of vitamin B,, as described in the 
U.S. Pharmacopoeia.6 

Published studies of tracer distributions include work with injected 6oCo in 
polycythemic rats,’ metabo~sm of 60Co-labelled vitamin B,, by the rat,8 and the 
distribution of orally administered %Zo-labelled vitamin Brp9 

Another method for dete~ining the distribution of trace amounts of cobalt in a 
system is to analyse directly for this element but for many systems the sensitivities 
required eliminate most standard analytical techniques. Activation-analyses for 
trace amounts of cobalt have, however, been made on many types of samples using 
the long-lived 6oCo. Smales, Mapper and WoodlO have given an excellent discussion 
of the procedures used in the analysis of rocks and marine sediments by this technique. 
They checked the accuracy of their methods by analysing standard steel samples and 
report working sensitivities for cobalt of about lo4 grams. The disadvantage of this 
method is that the 5.2-year g°Co formed requires a long activation to attain these 
sensitivities and many days may elapse between the time that an analysis is started 
{the be~nning of the irradiations and the time that the results can be obtained. 

* Present address: The Upjohn Company, Kalamazoo, Michigan. 
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We have been using the facilities of the Ford Nuclear Reactor at the University 
of Michigan to explore the use of short-lived radio-isotopes in activation-analysis. 
These rapid activation and measurement facilities have been coupled with a fast 
radiochemical separation to determine cobalt (by the 10.5-min 6omCo) in the kidneys 
of rats that had been given unlabelled vitamin B,,. 

Apparatus 
EXPERIMENTAL 

Samples were irradiated in polyethylene snap-type “rabbits” in the pneumatic tube system of the 
Ford Nuclear Reactor of the University of Michigan. This system permits irradiations at thermal 
neutron fluxes of about 1Ol2 n/cm2 set (when the reactor is operating at full power of 1 megawatt) 
and delivery to a hood in the neighbouring Michigan Memorial Phoenix Laboratory within 3 seconds 
after the end of irradiation, Samples were then worked up chemically and were measured by a 
3” x 3” NaI(T1) crystal coupled with a special lOO-channel puke-height analyzer with duplicate 
memories. This equipment has been described in detail elsewhere.11-13 

Preparation of animals and tissue 

Holtzman* albino male rats weighing between 275 and 350 g were used in this study. They were 
maintained on Rockland Rat Diet? and had free access to drinking water. With the exception of 
animals No. 1 and 2, intraperitoneal injections of vitamin B 12$ ‘containing 45 micrograms§ of Co 
were administered 10 to 12 hours before sacrificing. Animal No. 1 received three 45 microgram doses 
24 hours apart while animal No. 2 received two doses 24 hours apart. Both the kidneys and the liver 
tissue were surgically removed for analysis; however, the kidneys were found to be more readily 
adaptable to the chemical procedure. 

The weighed tissues were allowed to air dry at room temperature for 24 hours and then 
re-weighed. They were placed in envelopes prepared from 4 mil thick polyethylene film, which were 
closed by heat sealing. The sealed sample was then irradiated in the “rabbit” along with suitable 
monitoring foils for a period of 30 minutes at full power. 

Radiochemical separation 

While the sample was being irradiated a nickel crucible was prepared containing 10 mg of Co 
carrier solution plus a known amount of 5.2-year Vo tracer. Three sodium hydroxide pellets were 
added and the solution heated almost to dryness. Two minutes before the end of the irradiation 
10 g of sodium peroxide were added to the crucible and melted. 

The irradiated sample was then fused in this melt for 1 minute. (CAUTION: A cover must be 
used on the crucible since the reaction may be quite violent.) The outside of the crucible was then 
cooled by dipping it into a beaker of cold water and the melt made to solidify in a thin, readily 
dissolved coating by manipulation of the crucible. The melt was then dissolved by immersion in 
50 ml of distilled water, and 50-70 ml of liquid nitrogen were added to cool the solution to room 
temperature. Fifteen to twenty ml of glacial acetic acid were then added slowly and the solution was 
again cooled with liquid nitrogen. 

This mixture at a pH of 5-6 was then transferred to a 150-ml separatory funnel containing 25 ml 
of I-hydroxyquinoline solution (3 % solution in chloroform) and shaken for 1 minute. Ten ml of 
9M HCl were used to re-extract the cobalt from the organic layer. Co was then precipitated as the 
oxide from the HCl solution by addition of Na,O,. This precipitate was collected on a filter chimney,% 
was washed with water, and mounted for measurement on the spectrometer. The entire procedure 
could be completed in about 15 minutes with an average recove, of about 40% of the cobalt. 

* Holtzman Company, Mad&n 4, Wisconsin. 
t A product of Rockland Farms; New City, N.Y.; Manufactured by A. E. Staley Mfg. Co., Chicago 27, 

Illinois. 
$ Injection Vitamin B,,, (1000 micrograms/ml.), University Hospital Control No. 1104580, Ann Arbor, 

Michigan. 
5 Based on the value of 4.5 % as the amount of Co in Vitamin B,, N. G. Brink, et al., J. Amer. Chem. Sm., 

1949, 71, 18.54. 
7 If foaming occurs add 10-I 5 ml of 0.1 M HCI. 
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Activity determination 

Linearity of the measurement system was established by the use of WZs, Wo, 203Hg, T5Se, and 
l%n standards. Spectra were obtained in the energy ranges of about B-O.25 and O-2.0 MeV as shown 
in Fig. 1. The amount of eomC~ was determined from the area under the 0.059 MeV photopeak while 
correction for chemical yield was made by measuring the recovery of the long lived tracer B°Co 
utilizing the 1.17 and 1.33 MeV photopeaks. 

Monitoring procedures 

Gold foils weighing between 0.5 and 1.0 mg were wrapped in plastic envelopes and scotch taped to 
the inside of the cap of the “rabbit.” Following irradiation the foils were dissolved in 4 ml of aqua 
regia and diluted to 10 ml with distilled water. An aliquot of this solution was placed on a filter paper 
and mounted for measurement of the 411 keV gamma ray of 198Au on the spectrometer. Comparison 
with other measurements made with calibrated gold foils permitted normalization of all irradiations 
to a neutron flux of 1 x 1012. 

RESULTS AND DISCUSSION 

Preliminary experiments were carried out using this procedure without the chemical 
separation on pure materials. Aliquots of the Vitamin B,, injection were sealed in 
polyethylene tubing and irradiated in the same manner as described for the kidney 
samples. Spectral determinations in the O-O.25 MeV range permitted the measurement 
of peak areas for the 0.059 MeV gamma ray emitted during the decay of the 60mC~. 
Successive spectra, taken at several-minute intervals, showed that the peak decayed 
with the 10.5-minute half life of this isomer. Analysis of decreasing concentrations 
of Vitamin B,, showed the lower practical limit of detection to be about 5 x 10-s g 
of cobalt. The same procedure was performed on cobalt nitrate solutions with 
similar results. 

Preliminary studies to determine the level of naturally occurring Co in normal rat 
kidney tissues indicated that it was less than 10-s g, or below the limits of detection 

for this method at a flux of 10 l2 . Thus experiments were conducted to determine the 
tissue level of Co after administration to the rat of a Co-containing pharmaceutical 
(Vitamin B,,). 

Determinations made on tissues from ten different rats show that this method is 
readily applicable to pg amounts of Co in biological systems. The results, summarized 

in Table I, indicate that under the conditions of these experiments l-3 pg of Co are 
found in rat kidney tissue 10-12 hours after the intraperitoneal administration of 
45 pg of Co as Vitamin B,,. This does not indicate that the Co is present as Vitamin 
B,, in the kidney but rather that the Co portion of the molecule is excreted via the 
kidney. 

The chemical procedure went smoothly although Cu and Mn were found to be 
interfering elements. These elements are present in considerably greater quantities 
than Co in the kidney and this particular rapid procedure did not separate them 
completely. Half-life studies and energy determinations with the gamma spectrometer 
indicated that the 12%hour 64Cu and 2.6-hour 56Mn were responsible for the 
contamination. Attempts to reduce this contamination by extractions with EDTA, 
dithizone, and NH,CNS resulted in a significant decrease in the per cent recovery 
of the Co, Since for our work we were able to separate and determine the Co 
radiations by gamma spectrometry in the presence of the Cu and Mn, no further 
refinement of the chemical procedure was attempted at this time. 

It should be pointed out that somewhat higher sensitivities can be obtained in 
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TABLE I.-ACTNATION ANALYSIS FOR COBALT IN RAT KIDNEY TISSUE USING BomC~ 

Animal 
number 

1 335.7 135 
2 323.4 90 
3 315.3 45 
4 268.1 45 
5 287.2 45 
6 363.0 45 
I 374.0 45 
8 349.3 45 
9 259.2 45 

10 363.5 45 

Live Co administered 
weight as vitamin B,, 

(gms.) (Pug) 

- 

I 

- 

Fresh 
kidney 
weight 

(gms.) 

Yield of separation 
procedure (%) 

Co found in 
kidneys 

(lug)* 

2.47 39.4 8.85 
2.02 40.3 6.60 
2.38 23.8 3.02 
1.87 38.8 1.80 
2.12 49.5 3.37 
2.19 50.4 2.18 
2.28 44.3 1.60 
2.21 53.8 2.56 
1.98 35.7 1.25 
2.10 36.9 1.94 

- 

- 
* Corrected to neutron flux of 1 x lOI2 n/cm2 sec. 

activation-analysis when gross gamma counting is used instead of spectrometry. 
Thus an improvement in the specificity of the Co separation to reduce the Cu and Mn 

to a point where the 60mC~ activity is the primary activity present would permit 

ENERGY (Mev) 

FIG. l.-Gamma-ray spectra of cobalt fraction separated from rat kidney tissue. Spectra in 
top curve taken at four-minute intervals. Bottom curve taken after short-lived aomCo has 

decayed out. 



Activation-analysis of trace cobalt 259 

utilization of this method without elaborate spectrometry equipment and in addition 
would probably increase the sensitivity by a factor of 2-5. 

The variability of individual rats does not permit an exact evaluation of this 
method such as is possible using standard samples of alloys, etc. The results of 
Table I do, however, show the right order of magnitude for the relative values. The 
overall reproducibility of the method for tissue samples was shown to be around 10 % 
at these microgram levels by several runs in which known amounts of cobalt were 
added to rat liver before the analysis. 

Preliminary investigations have also shown that this procedure may be readily 
adapted to the analysis of Co-containing vitamin capsules such as Myadec.” Single 
gelatin capsules were irradiated and subjected to the previously described chemical 
separation. Since Cu and Mn were also separated with this procedure a simultaneous 
determination of these elements could be performed using gamma spectrometry. 
The spectra obtained for this type of sample are quite similar to those shown in Fig. 1. 

CONCLUSION 

Thermal neutron activation analysis has definite advantages over tracer studies 
for the determination of pharmaceutical localization. For medicinals amenable to 
this type of procedure the advantages are (1) the biological system is not exposed to 
radiation during the course of the experiment, (2) utilization of short-lived radio- 
isotopes reduces the possibility of prolonged contamination, and (3) there is no 
problem of disposal of contaminated animal wastes such as carcasses or excreta. 
In addition, analysis by activation eliminates the problem of reagent blanks, so 
common to other analytical techniques. 

Furthermore, the use of 10.5-min 60mC~ in activation-analysis has been shown to 
be feasible and permits completion of analyses of this sort within a period of an hour 
or so rather than of days or weeks. 

Acknowledgements-This work was supported by the Michigan Memorial Phoenix Project and the 
U.S. Atomic Energy Commission. Thanks are due to Professor II. J. Gomberg, C. W. Ricker and 
the staff of the Ford Nuclear Reactor for their help in making the i~adiations. 

Zusammenfassung-Microgrammengen von Cobalt aus Vitamin Blz wurden im Gewebe von 
Rattennieren und such in Vitaminpr;iparaten bestimmt. Es wurde eine Schnellaktivierungsmethode 
verwendet. Eine 15-Minuten radiochemische Trennungsmethode in Verbindung mit Gammstrahlen- 
sp~trometr~e gestattete die Ve~endung des 10.5 Min. 6CmCo-Isotopes. Bei der Methode lag die 
untere Grenze der Sestimmbarkeit bei einem von einem Thermal-Neutronen Strom von lOI3 n/cm2 set 
bei etwa 5 x lo-* gram Cobalt. 

R&urn&-On dose quelques microgrammes de cobalt provenant de vitamine B,,, issue de tissus de 
rein de rat aussi bien que de preparations de vitamine, par une analyse par activation rapide. Une 
methode de separation radio-chimique de 15 minutes associee a une spectrometrie gamma permet 
l’utilisation de radioisotope 10,5 mm BOmC~. Par ce pro&de la limite inferieure de detection pour 
un flux de neutrons thermiques de 10la n/cm2 sec. est d’environ 5 x 1O-8 gramme de cobalt. 
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Summary-Titrimetric methods using potassium ferricyanide as an oxidant for the estimation of 
various inorganic and organic substances are reviewed. An attempt has been made to evaluate the 
importance of these methods. Although the emphasis is on the literature that appeared in the past 
five years, some older procedures are included because of their significance. 

IN contrast to commonly employed oxidants such as permanganate, cerate, halogens 
and several others, the use of potassium ferricyanide is relatively limited. Much of the 
work reported in this field is fragmentary and no extensive review or summary is 
available on potassium ferricyanide as an oxidizing agent in quantitative analysis. 
Thyagarajanl reviewed oxidations by ferricyanide from the standpoint of synthesis 
and reaction kinetics of organic compounds. Kolthoff and Belcher2 in their third 
volume on Volumetric Analysis have devoted a small section to potassium ferricyanide. 
As the literature on potassium ferricyanide has built up considerably, especially in 
the last few years, it was thought useful to compile systematically the applications of 
potassium ferricyanide as an oxidizing agent. In the present review, methods of 
practical significance are described in some detail while relatively unimportant 
methods are either not included or cited only by references. Although the emphasis 
is on the literature that appeared in the last five years, some classical procedures are 
described because of their significance. 

Potassium ferricyanide belongs to the class of oxidizing agents in which the 
oxidizing species is a complex-abstracting ion. 

Fe(CN),3- + e G? Fe(CN),*- E, = $0.3560 V at 25”C3 

The change of potential in a very dilute solution with increasing ionic strength ‘is 
greater than that calculated on the basis of simple Debye-Htickel expression because 
of the incomplete dissociation of the alkali and the alkaline earth metal ferrocyanides. 
The value of Eb at pH 7 and at 30” is $0.43 volt, while the rH value is + 28.4.* The 
ferricyanide/ferrocyanide is one of the unique systems, the redox potential of which is 

* Present address: Department of Chemistry, University of Toronto, Toronto, Canada. 
t nee B. Suseela. 
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unaffected by pH (except in strongly acidic solutions). The redox potentials in 
different acid media are given here: 

Acid concentration, molar 

1 0.01 / 0.1 1 1 1 3 

i -- / I 
_.____~_ 

NC1 +0.480 +0.5ti i +o.m - (5) 
HzS& - fOS7v to.7211 +0.77u (5) 

HCIO, j - 
+0.69v (6) 

- t0.72~ - 
I 

(5) 

/ / , 

From the redox potential and rH values it is clear that ferricyanide ion is rather a 
weak oxidizing agent. This, and the fact that the reactions in many cases proceed 
slowly, precluded the extensive use of potassium ferricyanide as an oxidimetric reagent. 
In a few cases where oxidation did proceed reasonably rapidly, lack of suitable 
indicators for end-point detection in a titration naturally restricted its use. A few 
indicators have been suggested in specific instances : diphenylamine (E, = 0.75 volt)‘, 
ferrous dimethylglyoxime (E,’ at pH 9.4 = 1.25 volts)s, methylene blue (E, = 0.53 
volt)4, and thionine (E, = 0.56 volt) 4. In certain instances, zinc sulphate is added 
initially, which helps in end-point detection through the formation of a white 
precipitate of zinc potassium ferrocyanide .s Potentiometri~ indication is possible in 
practically every case. Many reactions employing ferricyanide as an oxidant take 
place at elevated or boiling temperatures. Because of the inconvenience accompanied 
with the use of salt bridges at higher temperature, the potentiometric method is not 
very attractive. The derivative polarographic titration technique should be preferred 
for this purpose.rOJ1 

In spite of the above demerits, potassium ferricyanide possesses distinct features 
as a titrimetric oxidant. The compound is obtainable in a high state of purity, is 
non-hygros~opic, has a large equivalent weight (329.26) and can serve as its own 
standard. Aqueous solutions of potassium ferricyanide are stable on long storage if 
properly protected from light. * The oxidizing capacity of ferricyanide is more 
particularly superior in alkaline than in acidic medium. Oxidations which are incom- 
plete or slow under ordinary experimental conditions can be made to proceed quanti- 
tatively and rapidly by effecting them in presence of a catalyst and/or at elevated 
temperatures. Osmic acid is generally used as a catalyst in ferricyanide 0xidations.l” 
Alkaline solutions of ferricyanide are stable at elevated temperatures. The oxidizing 
capacity of potassium ferricyanide can also be enhanced by removing the ferrocyanide 
formed for instance, as the sparingly soluble zinc potassium ferrocyanide. 

METHODS USING FERRICYANIDE 

The titrimetric approaches that have been made in determiningreducing substances 
are: I. Oxidation of the substance using an excess of ferricyanide, and II. Direct 
titration. These procedures are discussed here with their applications. 

* &IN solution of potassium ferricyanide did not alter in strength for a period of 5 weeks. 
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I. Oxidation by Excess Ferricyanide 

Generally, two methods are practised in the estimation of a reducing substance 
by excess ferricyanide: (i) titration of the ferrocyanide formed against standard ceric 
sulphate dnd (ii) determination of the excess ferricyanide. The cerimetric titration 
of ferrocyanide can be performed either potentiometrically13 or by using ferroi’n or 
ferric chloride as indicator.14 

Fe(CN),3- + Ce4f + Fe(CN),” + Ce3+ 

The stability of ceric sulphate solutions and its large equivalent weight are the chief 
advantages in this titration .I5 In addition, this approach eliminates the necessity of 
standardizing ferricyanide. In the latter method, the excess of ferricyanide is usually 
determined iodometrically. 2 The recommended procedure for this is the addition of 
2 ml of 4N hydrochloric or sulphuric acid, 10 ml of N potassium iodide and 10 ml 
of 25 % zinc sulphate solution to 25 ml of ferricyanide and after a minute, titrating 
the liberated iodine with standard thiosulphate adding starch towards the end. At the 
end-point the solution is colourless and a pure white precipitate is formed if all the 
reagents used are iron free. 

2 Fe(CN),% + 21-e 2 Fe(oG4- + I, 

Zinc sulphate is added to shift the equilibrium from left to right. 

Determination of metals having variable valency 

Quantitative oxidation of such metals as arsenicm,1’j antimonyrIr,16*17 ceriumm,16 
chromiumm,16~ls manganesen,lg thallium1,18 tirP,16 and uraniumm,20 has been 
reported from time to time, but in view of existing superior and simpler methods, 
the ferricyanide oxidation for these metals is of little importance. 

In contrast to other methods, the ferricyanide procedure for vanadyl ion appears 
more dependable .21 The oxidation of vanadyl ion is effected by ferricyanide in lN-2N 
alkali and after 0.5 hr the ferrocyanide formed is titrated with standard ceric 
sulphate in presence of sulphuric or hydrochloric acid using ferroi’n or ferric chloride 
as indicator. 

Hydrazine and hydroxylamine 

The reaction between hydrazine and ferricyanide has been a subject of numerous 
investigations. 22 Ray and SenB were the first to employ this reaction for a gasometric 
analysis wherein the nitrogen evolved was measured. 

N&I, + 02 -N, + 2H20 

Later, titrimetric methods were described based upon the estimation of either the 
resulting ferrocyanide24 or the excess of ferricyanide. 25 The addition of too large an 
excess of ferricyanide obscures observation of the end-point in the ferrocyanide- 
cerimetric titration. Direct-titration methods for hydrazine estimation by ferri- 
cyanide have also been reported and these are described in a later section. 

Sant26 in a study of the reaction between hydroxylamine and ferricyanide showed 
that although in a strongly alkaline medium hydroxylamine is oxidized to various 
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products, it is converted quantitatively to nitrogen if the pH of the medium is main- 
tained at 8-10. 

2NH,OH + [0] -+Ns + 3H,O 

Sulphur compounds 

In a short communication, Solymosi 27 has shown that inorganic sulphur com- 
pounds such as sulphite, bisulphite, pyrosulphite, sulphide, dithionate, thiosulphate 
and tetrathionate are all oxidized to sulphate by ferricyanide in 4N-5N alkali, at 
50”60” and in presence of osmium tetroxide as catalyst. At room temperature and 
in 0.2WIN alkali, dithionate is oxidized only to sulphite. It is not clear if the above 
sulphur compounds can be analyzed when present together. 

Thiowea: Joshi2* outlined a method for the quantitative oxidation of thiourea to 
sulphate and urea by alkaline ferricyanide: 

CS(NH2)2 + 8Fe(CN),3- + lOOH- -+CO(NH& + 8Fe(CN),4- + S042- + 5HsO 

The experimental conditions are so restricted that a slight deviation from them tends 
to give erroneous results owing to the nonstoichiometric conversion of thiourea to 
products other than sulphate and urea. 

Thiocyanafe: The complete oxidation of thiocyanate to sulphate and cyanate by 
alkaline ferricyanide in presence of osmic acid to initiate and catalyze the reaction 
appears to be an ~xce~en~-method for the determination of thio~yanate.29 

SCN- + 8Fe(CN),3- + lOOH- -+ S042- + CNO- + SFe(CN),4- + %I,0 

Besides the cerimetric and the iodometric finish, it has been shown that the excess 
ferricyanide can also be titrated conveniently with standard arsenitesolutionemploying 
a potentiometric end-point. 3o The large equivalent is the chief advantage in analyzing 
very small quantities of thiocyanate. As this oxidation of thiocyanate takes place 
only in presence of osmic acid as catalyst, it should be useful in determining thio- 
cyanate in presence of other readily oxidizable substances. 

Reducing sugars 

Potassium ferricyanide as an oxidant for aldoses and ketoses was reported by 
Gentele31 a hundred years ago. The method, since then, has undergone several 
modifications. In concluding their critical study on methods of estimating reducing 
sugars, Blom and Rosted32 consider that the cupric method is superior to the ferri- 
cyanide, because the latter oxidizes many non-sugar substances which copper does not 
attack at all. The ferricyanide method, although it lacks specificity and is empirical, 
has been immensely useful in biochemistry and is by far the most reliable method for 
evaluating true glucose, rather than total reducing substances, in blood.33 Kagedorn 
and Jensen34 laid down optimum conditions for such an analysis. In principle, a 
known excess of alkaline ferricyanide is added and the excess oxidant is determined 
iodometrically with standard thiosulphate. The Association of Official Agricultural 
Chemists% recommend the ferricyanide method for the determination of reducing and 
nonredu~ing sugars in flour and of the diastatic power of beverages, etc. 

Milton36 proposed a sensitive calorimetric analysis based upon the spectro- 
photometric determination of the ferrocyanide formed as brown uranyl ferrocyanide. 
Great precautions have to be taken to avoid interferences due to other reducing 
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37 substances. According to Pinxteren the ferrocyanide formed by the reduction of 
ferricyanide can be titrated potentiometrically with standard zinc sulphate solution. 

Certain quaternary compounds 

Quaternary ammonium salts, such as, alkyldimethylbenzylammonium chloride, 
can be oxidized by ferricyanide in a sodium acetate-acetic acid buffered medium.@j 
The excess ferricyanide is determined iodometrically. The method is applicable to 

commercial preservatives. Tomicek and &mon35 found that direct titration of 
ferricyanide with quaternary salt (obtained from quina alkaloids) is also possible. The 
titration is performed in 2-3 % potassium hydroxide and at 50”-60”, potentiometrically 
or visual. One mole of the salt requires 2 moles of ferricyanide. As the salt is slightly 
soluble in water, it is dissolved in a mixture of alcohol and water. 

II. Direct Titration Methods 

In the majority of the cases, the reducing substance is used as the titrant. An 
electrometric end-point, in general, is possible in almost every instance. Indicators 
are suggested in a few cases. Titrations in the presence of zinc sulphate, where no 
indicator is needed, are also reported. Ferricyanide may be used as the titrant in a 
few instances. 

Ascorbic acid (v~tarnj~ C) 

Erdey and Svehle39 reported the titration of fe~icyanide with ascorbic acid at 
pH 5-6. 

C,HsO, + 4Fe(CN),3- + 40H- -+C,H,O, + 4Fe(CN),*- + 2H,O 

2:6-Dichlorophenolindophenol was suggested as an indicator. Near the end-point 
the greenish color changes to an azure-blue which disappears suddenly at the end-point. 
A potentiometric end-point is also possible. Sant40 developed a simple method for the 
determination of ascorbic acid based upon its oxidation to dehydroascorbic acid by 
ferricyanide in presence of zinc acetate. The latter maintained the necessary pH and 
at the same tinie removed the ferrocyanide ion by precipitation. Potassium iodide- 
starch served as an internal indicator. This method was successfully applied for the 
determination of ascorbic acid in fruit juices. 

Vanadyl sulphate 

Fresno and MairlotU carried out potentiometric titrations, and Willard and 
Manalo42 studied several diphenylamine derivatives as indicators in the titration of 
alkaline ferricyanide with vanadyl sulphate and found 2-carboxy-2-methoxy 
diphenylamine to be the most suitable. The method served as an indirect means for 
estimating arseni&, antimonyIn, chromiumm, hydrazine and hydrogen peroxide. 
The procedure is only of academic interest. 

ThalliumI 

Fresno and ValdesG first studied the potentiometric titration of thallium1 with 
potassium ferricyanide in alkaline solution but obtained results which were 1% low. 
MiuraP4 claimed accurate results when the titration was performed in a strongly 
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alkaline solution and at 60”. Recently Hartley and Lingane45 studied this reaction 
coulometrically using electrogenerated ferricyanide, obtained through the anodic 
oxidation of ferrocyanide, as a source for the oxidation of univalent thallium. The 
equivalence point was located potentiometrically or amperometrically. These titra- 
tions could be performed in comparatively low alkali concentrations and at room 
temperature. The interference due to light and dissolved oxygen was easily avoided. 
Milligram quantities of thallium can be determined by the above procedure within an 
error of 10.2%. 

The ferricyanide-ferrocyanide couple possesses very favourable characteristics 
and is applicable to both redox reactions and precipitation titration of various metal 
ions. Because of the intermediate formal potential (ranging from cu. +0.4 to +0.7 V 
us N.H.E. depending upon acidity and other conditions) of this reversible couple, it 
is relatively easy to generate either ferricyanide or ferrocyanide ion at a platinum 
electrode with 100 ‘A efficiency over a wide range of solution conditions. 

In the presence of iodide46 or thiocyanate, 47 ferricyanide can be titrated in controlled 

pH conditions (3-7) at about 15” with mercury’ perchlorate. The end-point is deter- 
mined potentiometrically or by using diphenylamine sulphonate as indicator. The 
stability of mercurous perchlorate reagent on storage is noteworthy. 

Cerium=I 

The potentiometric method for the determination of ceriumm by ferricyanide in 

concentrated solution of potassium carbonate, though reliable and precise, gives poor 
inflection points when the ceric/cerous ratio is large. Leonard et aZ.49 overcame this 

difficulty by adopting an amperometric end-point. The titrations were carried out 
using a rotating platinum electrode at an applied potential of 0.0 V us the S.C.E. 
Good results were obtained in the presence of a IOO-fold excess of ceric ion. In order 

to avoid air oxidation of cerium In, it is necessary to perform the titration in an atmo- 
sphere of nitrogen. Cerous impurity in solid ceric salts could be determined by the 
above method. 

Cobalt 

The general principle involved in this method is the oxidation of cobalt= in 
ammonium hydroxide-ammonium citrate medium by ferricyanide.50 Cobalt sulphate 
is used as the titrant. The method is extensively applied in the determination of cobalt 
present in non-ferrous mining and metallurgical products,5l irons and steels,52 and 
cemented carbides.53@ The only common interfering element is manganese but this 
can be removed by a nitrochlorate separation. The following elements do not interfere : 
Hgn, Pb,Fe, Ni, Cu, Bi, Cd, As V Sb, SnrV, Se, Te, MO, Be, Al, Zn, Ti, W, U, Zr, , 
vanadate and chromate. By using ethylenediamine instead of ammonium hydroxide 
Diehl and Butlers5 obtained sharper end-points and carried out the successive deter- 
mination of cobalt and manganese. The cobalt=-ethylenediamine complex isastronger 
reducing agent than the corresponding ammonia complex by about 0.5 volt. However, 
dissolved oxygen now becomes an interfering factor and must be removed. Recently 
Kopanica and Doleia156 described a direct titration of cobalt with standard potassium 
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ferricyanide in presence of glycine. The latter forms a more stable complex with 
cobalt than either ammonia or ethylenediamine and no inert atmosphere is needed 
during the titration. 

Arsenic9 

Fresno and Valdese3 studied the potentiometric titration of arsenicnr with 
potassium ferricyanide as a titrant. These titrations were carried out at 70” in presence 
of 40 ml of 50% potassium hydroxide per 10 ml of the solution. 

AsO,- + 2Fe(CNje3- + 40H- -+AsOJ3- + 2Fe(CN,jB4- + 2H,O 

Solymosis7 performed reverse titrations but with little advantage. San@ worked out 
a simpler and more rapid method in which titrations were carried out in the presence 
of osmic acid as catalyst, in as low an alkalinity as 1N and at room temperature. 
An indirect method for the estimation of thiocyanate was developed, based on the 
back-titration of excess ferricyanide with a standard solution of sodium arsenite. 
The chief advantage, besides accuracy, of this method is that the two oxidation 
processes, zliz., of thiocyanate and arsenite take place under identical experimental 
conditions. 

Glucose 

Britton and Phillips ss studied the direct titration of ferricyanide with glucose in 
sodium carbonate medium and at 90” employing a potentiometric end-point. They 
also suggested methylene blue as a suitable internal indicator. The course and velocity 
of the glucose-ferricyanide reaction are dependent upon pH, the length of the oxida- 
tion period, temperature and the ionic strength of the medium. Adams et aL1l 
re-investigated this reaction and recommended the derivative polarographic end- 
point. If a pair of platinum electrodes are polarized by a small constant current 
(cu. 2 ,uA), the electrode will give continuous e.m.f. readings corresponding to the 
slope of a polarographic curve at the zero current axis. The derivative voltage is 
measured with a Beckman Model G pH meter. The apparatus assembly is simple 
and the readings rapidly become steady. The end-points, which are sharper than in 
potentiometry, can be detected easily without plotting. As the reference half-cell 
and hence the salt bridge is eliminated, this method is ideally suited at high tempera- 
tures. As little as 20 ,ug of glucose could be estimated in a titration volume of 5 ml 
with an accuracy of -+5 %. A slight manipulation of ionic strength of the system is 
needed when analyzing unknown samples because of the dependence of the reduction 
equivalent of ferricyanide on the ionic strength. 

Sulphide and hydrosulphite 

Charlqt6o found that in an ammonium chloride-ammonia buffer (pH = 9.4) 
sulphide is oxidized to sulphur by rerricyanide. 

S2- + 2Fe(CN),3- -+ S + 2Fe(CN),*- 

Ferrous dimethylglyoxime is used as an internal indicator. At the end-point the red 
colour of the ferrous complex disappears. As oxygen interferes in this method a 
hydrogen atmosphere has to be maintained. Sulphite, if present, is first removed by 

4 



268 BHARAT R. SANT 

precipitation with barium chloride. The same procedure can be applied to the 
determination of hydrosulphite?l 

S,0d2- + 2Fe(CN),3- + 40H- -+2S0,2- + 2Fe(CN),M + 2H20 

Scagliarini62 suggested a potentiometric end-point in the titration of sulphide with 

ferricyanide. Recently, Kiboku 63 described the use of sodium nitroprusside as an 
indicator in the sulphide-ferricyanide titration. It is claimed that sulphite and thio- 
sulphate will not interfere. No mention is made of interference due to atmospheric 
oxidation. 

Hydrazine 

Vulterin and Z$ka64 reported that hydrazine, hydroxylamine and isonicotinoyl 
hydrazide can be determined by .direct potentiometric titration with potassium 
ferricyanide in 10-25x potassium hydroxide solution. In the presence of alkali 
the above compounds will exist as free bases, which are susceptible to air-oxidation 
and decomposition, and therefore the above method cannot be recommended. The 
same authors later reported reverse titration at an alkali concentration of 2.5-5 % 
and at 70-80”. Sant5s developed a simple procedure for the determination of hydrazine 
depending upon the potentiometric titration of alkaline ferricyanide with hydrazine 
sulphate at room temperature using osmic acid as a catalyst. In the presence of this 
catalyst the reduction of ferricyanide by hydrazine takes place very rapidly and 
therefore during the titration there is little chance for hydrazine to undergo atmos- 
pheric oxidation. 

Cysteine 

Recently Waddill and Gorin 65 described an amperometric method for the deter- 
mination of semimicro amounts of cysteine with standard potassium ferricyanide 
in a phosphate buffer of pH 7. 

2HSCH,CH(NH,+)COO- + 2Fe(CN),3- --+ 

[-SCH2CH(NH3+)COO-1, + 2Fe(CN),& + 2Hf 

Copper sulphate is used to catalyze the reaction. The precision is within 1% and 

common amino-acids do not interfere. This method appears superior to other 

methods investigated heretofore.66-6g 

Titration of ferricyanide in presence of zinc sulphate 

The oxidation potential of the ferricyanide ion can be increased by removing the 

ferrocyanide formed as sparingly soluble zinc potassium ferrocyanide. Based on this 
principle, ferricyanide can be titrated with a reducing substance. The titrations are 
usually performed in boiling solution in a suitablenH environment, using the reducing 
substance in question as the titrant. The prmcipal advantage of this titrimetric 
method is that no indicator is needed. During the titration there is a distinct yellow- 
orange precipitate of zinc ferricyanide. At the end-point a pure white precipitate of 
zinc potassium ferrocyanide is formed and the supernatant liquid is colourless. 
The first application of this titration was made by Bhukarov and Podlubnyag for the 
estimation of glucose. 
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Recently Sant studied the determination of hydrazine,‘O hydroxylamine’i and 
nitrite72 by the above method. In the hydrazine reaction, titration was performed in an 

almost neutral or slightly acidic solution. Beyond 0.W alkali concentration the 

results were faulty and the end-point was difficult to discern. The corresponding 
nitrite-ferricyanide reaction, where nitrate is the oxidation product, takes place in an 
almost neutral medium (pH = 6-7). The oxidation of nitrite does not proceed 
rapidly at alkali concentrations beyond 0.3N. Large excess of nitrate has no adverse 
effect on the determination of nitrite. An important application of ferricyanide 

titration in the presence of zinc sulphate is in the analysis of a mixture of hydrazine 
and hydroxylamine. Very few rapid and accurate methods are available for such an 

analysis. In the presence of zinc sulphate, hydrazine and hydroxylamine are oxidized 
to nitrogen and nitric acid respectively, but in a weakly alkaline medium excess of 
ferricyanide oxidizes both to nitrogen. Oxidation of a mixture of hydrazine and 

hydroxylamine under two sets of conditions would give a measure of the individual 
components. The determination of hydroxylamine by the ferricyanide-zinc sulphate 
method is particularly useful for small quantities of hydroxylamine. 

Miscellaneous 

Methods have also been described for the direct titration of the following with 
potassium ferricyanide : antimonyur,43 hydrogen peroxide73174, quinol,75 selenite,76 
titaniumIII,77-79 ti~II,7,80,81 uraniumtv,82 chromiumrrr,83 chromiumu,sq molybdenum,84 

tungstenrv,84 tungstenv,85 and ironir.86 

Zusammenfassnng-Es wird eine ijbersicht tibert itrische Methoden unter Verwendung von Kalium- 
ferricyanid als Oxydens gegeben. Es wurde versucht die Wichtigkeit der Methoden zu bewerten. 
Wenn such in der Hauptsache die Literatur der letzten fiinf Jahre besprochen wurde, so sind doch 
einige &here Methoden wegen ihrer grossen Bedeutung mit einbezogen. 

R&mn-On presente une mise au point des methodes titrimetriques utilisant le ferricyanure de 
potassium comme oxydant pour le dosage de nombreuses substances inorganiques et organiques. 
Les auteurs ont tent& devaluer l’importance de ces mtthodes. Bien que l’accent soit mis sur ce qui 
a paru durant ces cinq dernieres arm&es dans la litterature, quelques methodes plus anciennes sont 
introduites en Cgard a leur importance. 
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Summary-Studies on the organic reagent 3:3’:4’:5:7-pentahydroxyflavanone (dihydroquercetin) 
have led to the development of a calorimetric method for molybdenum in steel. By an extraction 
process all interfering metals are removed except tungsten. The method is applicable to the deter- 
mination of molybdenum in all substances which do not contain tungsten. Known methods of 
separating molybdenum from tungsten will permit its use when tungsten is present. 

INTRODUCTION 

THE calorimetric or spectrophotometric method of analysis is a rapid and accurate 
means of determining low concentrations and traces of metals in alloys, ores and 
biological materials. In our study of the development of superior procedures for the 
accurate analysis of the special alloying metals used in high-temperature-resistant and 
high-strength alloys, color~et~ was found applicable in certain instances. 

In our continuous screening of possible reagents for application to the solution to 
our problem, the naturally occurring material 3:3’:4’:5:7-pentahydroxyflavanone 
showed promise of being a suitable reagent for certain metals, one of these being 
molybdenum, which, under suitable conditions gave a yellow-coloured solution with 
this reagent. This reagent has the common name of dihydroquercetin and the symbol 
DHQ will be used hereafter in designating it in this report. 

The history of DHQ and its preparation from the cork of Douglas fir barks have 
been reported elsewhere1~3*4~7~10~11. Reagent quality DHQ, necessary for this study, 
was prepared by passing a diethyl ether solution of DHQ through a column of 1 : 3 
activated carbon and celite. The colorless eluate, which appears first, was heated 
gently to remove the ether and obtain the pure product. The yellowish eluate was 
discarded. Recrystallize once from water which yields long colorless needles with 
2-l/2 moles of water; m.p. 241-2”; solubility in boiling water 9.3 g/100 ml; optical 
rotation [MI% + 39” (4 g in 100 ml of equal volumes of acetone and water). 

APPARATUS AND REAGENTS 

Beckman DU Spectrophotometer. 
Benzoin-a-oxime: 0.1% weight~volume in chloroform. 
DHQ: 0.300 g dissolved in 100 ml absolute ethanol. 
Molybdenum solution: appropriate quantities of ammonium molybdate, (NH&Mo70Z4+4H,Q, 

Merck, were dissolved in water to give stock solutions conta~ing 0.1,0.2,0.5 and 1 .O mg molybdenum 
per millilitre. 

Acetate buffer, pH5: 0.67 mole sodium acetate plus 1.33 moles acetic acid per litre. 
Other chemicals used were of reagent quality. 
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Dissolution of the sample 
PROCEDURE 

The steel sample of suitable size (containing approximately 1 to 2 mg molybdenum) was placed 
in 15 ml of 50% hydrochloric acid in a 30- or SO-ml beaker with a cover glass on a low temperature 
hot plate. When hydrogen evolution had ceased the mixture was cooled, sufficient concentrated 
nitric acid (1 ml or less) was added, and the beaker was returned to the hot plate. This dissolves any 

In carbides and oxidizes, free carbon and the iron to Fe . A little more hydrochloric acid was added to 
insure that an excess was present and then the solution was evaporated to a small volume. If chrom- 
ium or vanadium are present they will remain as Criu and Viv. Tungsten will be oxidized to WvJ and 
will precipitate, carrying with it some of the molybdenum. 

The extraction procedure of Goldstein% was used as follows: The steel sample solution was 
rinsed into an 125-ml separatory funnel with 5 % hydrochloric acid to a final volume of about 50 ml. 
If the sample of steel taken contained more than 2 mg of molybdenum, it was transferred to a 50-ml 
volumetric flask and made up to volume with 5 ‘A hydrochloric acid, and an aliquot was taken for 
the extraction. The molybdenum was then extracted with 0.1 ‘A benzoin-a-oxime in reagent-grade 
chloroform using lo-,lO-,lO-,lO-,5-ml portions. The combined extracts in another 125-ml separatory 
funnel were washed with 20 ml of 5 % hydrochloric acid, and the chloroform layer was transferred 
to a lOO-ml volumetric flask. The aqueous layer was washed with 5 ml of chloroform, which collects 
any droplets of extract clinging to the glass, and this chloroform was added to the main extract. A 
liberal portion of absolute ethanol was added, and then 1 ml of 5 % sodium hydroxide in methanol. 
This mixture was agitated for a minute or two which caused the flocculent material in the extract to 
dissolve, forming a clear solution. The solution was then made up to volume with absolute ethanol. 

Preparatjon of the sokrtionfbr the spectrophofometric determii?atio~ 

To a lo-ml volumetric flask, using analytical pipettes, was added 0.5 ml of pH 5 acetate buffer 
and 3 ml of 0.3% DHQ ethanol solution. To this was added with agitation 5 ml of the extract 
solution and 0.5 ml of water. The solution was then diluted to volume with absolute ethanol and 
thoroughly mixed. The maximum colour intensity is reached in 10 minutes and is stable for at least 
24 hours. 

Preparation of the spe~trophotometri& wference curve for molybdenum 

To conserve reagents, lo-ml volumetric flasks were used for preparation of all solutions for 
spectrophotometric observations. Place in the flask 0.5 ml of pH 5 sodium acetate-acetic acid buffer 
solution, 3 ml of 0.3 oA DHQ reagent solution and 3 ml of chloroform, and mix; add the aqueous 
molybdenum solution; add sufficient water to bring the total water present to 1 ml, and mix; dilute 
to volume with ethanol and mix. The order of addition of the reagents is important. A series of 
solutions containing 10 to 100 micrograms of molybdenum was prepared, and a reference solution 
containing all of the reagents, but no molybdenum. The colour intensity was read against the 
reference solution after 10 minutes at 410 millimicrons on the Beckman DU spectrophotometer. The 
absorption intensity follows Beer’s law. 

DISCUSSION 

Preliminary studies on the colour reactions of DHQ with aqueous solutions of 
metals revealed that molybdenum gave a characteristic yellow colour. A spectro- 
photometric study showed that maximum absorption occurred at a wave length of 
410 millimicrons. The colour reaches a maximum intensity at pH 5 and is appreciably 
less intense at 3.5 and 7.0. In aqueous solution buffered at pH 5 with sodium acetate- 
acetic acid buffer the absorbance follows Beer’s law provided sufficient excess DHQ is 
present with 5 to 100 micrograms of molybdenum in IO ml of solution. By use of the 
Slope Ratio Method of Harvey5 the complex was found to contain two moles of DHQ 
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to one gram atom of moIybdenum. The molar extinction coefficient at 410 millimicrons 
is about 5000. 

Removal of molybdenum from steel for calorimetric determination 

It was early learned that DHQ forms an appreciable colour with iron, which yields 
a bluish-black precipitate upon standing. This interferes with the molybdenum 
determination and requires prior separation of the molybdenum from iron. 

At first, removalof molybdenum from the steel solution was accomplished by 
precipitating with the specific reagent benzoin-u-oxime from hydrochloric acid 
solution.6 Ashing this precipitate, dissolving the resulting molybdic oxide in ammon- 
ium hydroxide, evaporating gently to dryness, and taking the residue up with water 
yielded a solution of pH 5, free from iron, which with DHQ gave the characteristic 
colour. However, no matter how carefully the procedure was carried out, recovery 
of molybdenum in amounts of the order of a milligram or less was not quantitative. 

The recovery of molybdenum from steel solutions was much more satisfactory 
with this same reagent, benzoin-ar-oxime, by an extraction meth0d.s Recovery of 99 % 
of the molybdenum by this method (see procedure) was routine. 

In order to obtain the molybdenum in a form to put into aqueous solution, an 
aliquot of the chloroform extract was very gently evaporated. The residue was ashed 
with sulphuric, sulphuric plus nitric or perchloric acid, and the acid removed on the 
hot plate. The carbonaceous ash was ignited in an electric muffle at 350”. Owing to 
the spreading of the residue by wet ashing and low-temperature of ignition over the 
inside of the small beaker used in this process, it was difficult to obtain quantitative 
results repeatedly for the molybdenum content of steel samples. 

The chloroform extract of the molybdenum-benzoin-~-oxime is a suspension. 
Ahquoting this suspension leaves reason for doubt, and it was believed that variations 
in replicate assays were due at least in part to this inadequate aliquoting. 

Upon addition of a secondary amine to the extract, the mixture became a homo- 
geneous solution. Sometimes, however, too much water had been brought over in the 
extraction process and this water remained as a droplet which could very readily 
contain appreciable amine and molybdenum. 

A dilute solution of sodium hydroxide in methanol was substituted for the amine, 
and the extract was made up to volume with ethanol giving a clear solution, which 
could then be aliquoted without error. 

To avoid bringing the molybdenum into aqueous solution for the calorimetric 
determination, studies were made on the use of non-aqueous solvents for the colour 
development. By use of an ethanol solution of DHQ and an aliquot of the chloroform- 
ethanol-sodium hydroxide extract, a very faint1 yellow colour was obtained. On 
occasion this solution was alkaline and required to be brought to pH 5. 

The addition of water alone greatly intensifies the colour, and by the addition of 
the aqueous pH 5 acetate buffer uniformity was obtained in colour development. 

The colours of reference standards are stable for at least 24 hours. Steel solutions 
tend to drop in intensity by l-2 % in 24 hours. 

RESULTS 

By the procedure developed, satisfactory results were obtained on synthetic steel 
samples, and on Bureau of Standards steel samples. Table I shows the results obtained. 
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TABLE I.-DETERMINATION OF MOLYBDENUM IN BUREAU OF STANDARDS STEEL SAMPLES 

Sample 

30d 

36 

Weight 
sample 

Aliquot 
extracted 

Present 

% 

Molybdenum 

Found Error 

% % 

0.8005 all 0.035 0.0340 -0.0010 
0.0341 -0.0009 
0.0341 -0.0009 

1.2522 ~ all I : 0.0333 -0.0017 
I 0.0332 -0.0018 

1.1658 all I 

0.3960 1 0.20 1.01 

I 
I 

0.3960 ’ 0.20 

0.3095 0.40 

0.2249 0.40 

.- 
I 

0.0337 
, --/- 

1.042 
1.026 
1.016 
1.030 
1.018 
1.015 
0.986 
0.986 
1.013 

-0.0013 

+0.032 
10.016 
+0.006 
+0.020 
+0.008 
-to.005 
-0.024 
-0.024 
+0.003 

1.002 i -0.008 

Note: 5 ml of the lOO-ml extract was used in each of these determinations. 

Interferences 

Tungstate, chromate and vanadate ions are partially extracted by the benzoin-u- 
oxime chloroform solution. No method of preventing the extraction of some tungsten 
could be found. However, the procedure for preparation of the steel sample solution 
for extraction purposes kept the vanadium as the vanadyl ion and the chromium in the 
tervalent state and these caused no interference. 

Tungsten also forms a complex with DHQ which is colourless unless considerable 
tungsten is present, when the solution is tinged with yellow. A spectrophotometric 
study revealed that the maximum absorption peak of the tungsten complex is at wave 
length 365 millimicrons whereas the peak for the molybdenum complex is at 410 
millimicrons. 

It is theoretically possible to determine both molybdenum and tungsten in the 
same solution by taking measurements at these two wave lengths. Of course there is 
some absorption of the one metal complex at the absorption peak of the other metal 
complex. Considerable effort was expended to obtain the conditions for additiveness 
at these two wave lengths with these two metals, but without success. 

The problem is further complicated by the fact that in the extraction process 
benzoin-u-oxime chloroform solution extracts up to 80% of any tungsten in the acid 
steel solution by the multiple extraction procedure. Since most of the tungsten in a 
steel sample, e.g., Bureau of Standards No. 134, is precipitated by the solution 
procedure, both tungsten and molybdenum are lost in this process. By digesting the 
steel solution with sodium hydroxide, pH 10-I 1, acidifying and extracting, up to 80 % 
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of the tungsten is recovered in the extract. If now the residual acid solution is again 
made alkaline, acidified and extracted, more tungsten is removed. A third treatment 
permits recovery of 98% of the tungsten as determined by use of radioactive tracer 
tungsten. Even though this procedure was followed, spectrophotometric analyses 
were low for both tungsten and molybdenum. Therefore this method is not applicable 
in its present form for the determination of molybdenum in steel samples containing 
tungsten. 

By use of the hydrogen sulphide method of precipitating molybdenum free from 
tungsten, the method could be applied to steels which also contain tungsten. 

Zusamntenfassung-Studien am organischen Reagenz 3,3’,4’,5,7-Pentaoxyflavanon, (Dihydroquer- 
cetin) fiihrten zu einer photometrischen Bestimmung von Moly~~n in Stahl. Mittels eines Extrak- 
tionsprozesses werden alle storenden Metalle ausser Wolfram entfernt. Die Methode ist anwendbar 
zur Bestimmung von Molybdan in allen Substanzen die frei von Wolfram sind. Bekannte Verfahren 
zur Trennung von Molybdan und Wolfram sollten die Anwendung such auf wolframhiltige Material- 
ien erweitern. 

Resume-Une etude sur le reactif organique 3,3’,4’,5,7 pentahydroxyflavanone, “dihydroquercetine”, 
a conduit au developpement dune methode colorimetrique de dosage du molybdene dans l’acier. 
Par un pro&de d’extraction on s&pare tous les metaux g&ants sauf le tungstene. La methode est 
applicable au dosage du molybd~ne dans toutes les substances qui ne contiennent pas de tungstene. 
Des methodes connues de separation du molybdene et du tungstene permettront son utilisation 
quand le tungstene est present. 
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THE PREPARATION OF IRIDIUM SOLUTIONS BY 
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Summary-Iridium metal is alloyed with a large excess of tin, and the alloy is dissolved in a mixture 
of hydrochloric acid and hydrogen peroxide. The bulk of the tin is distilled from the solution as a 
mixed halide after the addition of a mixture of hydrochloric and hydrobromic acids. Residual tin 
is then separated from the iridium solution by precipitation with ammonium hydroxide. 

INTRODUCTION 

A PROGRAMME has been undertaken at the Mines Branch laboratories to determine 
the suitability of tin as a collector for the platinum metals in fire assaying. During 
the course of this work radiochemi~al experiments involving the use of lg2iridium 
were performed to study the behaviour of iridium during the crucible fusion process 
in which tin is used as the collector. 

The radioactive iridium was obtained in the form of compact metal pellets weighing 
approximately 20 mg each. Because it was desired to add the lQ2iridium to the test 
samples in the form of a solution, a suitable method for dissolving the pellets had 
to be selected. The published methods for converting iridium metal or its native 
alloys to soluble forms1*2 are time-consuming, and require special apparatus and 
rather exacting techniques; therefore, a simpler method was desired. 

It is known that tin forms intermetallic compounds with all the precious metals 
with the possible exception of osmium, e3s4 however, little use of tin has been made as 
a collecting or working medium for the platinum metals. Pollard4 developed a 
micro-titrimetric method for determining the iridium content of solutions prepared 
by dissolving tin-iridium alloys in a mixture of concentrated sulphuric acid and an 
alkali sulphate at temperatures over 300” C. The method is not, however, suitable 
for the preparation of pure solutions of iridium because the iridium is still associated 
with large quantities of tin and alkali sulphate in the final solution. 

The present report describes a new and simple method for preparing- iridium 
solutions from the metal. 

APPARATUS AND REAGENTS 

Preset time scaler: Model SCISCST, Electronic Associates Ltd., Toronto, Canada. 
Glass envelope immersion-type Geiger-Miilier tube, Type B6, manufactured by 20th Century 

Electronics, Croydon, Surrey, England. The tube was fitted with a glass collar and a cell capable of 
holding a 5 ml sample when fitted around the tube. 

Vycor meZting tube, internal diameter 2.2 cm, height 10 cm. 

* Published by permission of the Director, Mines Branch, Department of Mines and Technical Surveys, 
Ottawa. 

t Scientific Officer and Head, Analytical Chemistry Section, Mineral Dressing and Process Metallurgy 
Division, Mines Branch, Department of Mines and Technical Surveys. 
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GENERAL EXPERIMENTAL PROCEDURE 

Preparation of alloys 

(a) Tja-~ridia~ master alloy (0.1 f O+OS % iridium): was prepared by alloying a 20 mg pellet 
of iridium containing approximately 2 mc of lg%lium with 20 grams of pure tin according to the 
procedure given below. To determine the homogeneity of the alloy, weighed portions were dissolved 
and the resulting solutions were assayed radiometrically for iridium as described below, 

(b) Test alloys: Each test sample was prepared by placing a weighed quantity of the master 
tir+%idium alloy (05-1.0 gram), pure tin (3.0-3.5 grams), and in certain cases, iridium sponge, 
into the Vycor melting tube. Air was purged from the tube by nitrogen gas delivered through a 
1 x 15-cm Vycor tube placed directly over the materials to be alloyed. The melting tube was then 
held in an open flame until the tin had melted. While a stream of nitrogen was played over the melt, 
the tube was vigorously swirled until the bed of iridium sponge at the bottom of the tube was taken up 
and alloyed with the molten tin. The nitrogen delivery tube was then removed from the melting 
vessel and the molten alloy was quickly poured into approximately 1 litre of cold water contained 
in a Zlitre beaker. 

After decanting the water, the beaker was placed on the cool part of the hot-plate until the spongy 
tin-iridium alloy was thoroughly dry. Any alloy which had frozen OR the upper walls of the melting 
tube during pouring was scraped off with a steel spatula, and combined with the main portion of the 
alloy in the beaker. 

In each test the dried alloy particles were thoroughly mixed and two separate weighed samples 
(each representing approximately 10-15 % of the total alloy) were removed for use as radiochemical 
standards as described below. The remainder of the test sample was brushed out of the beaker, 
weighed and transferred to a 300-ml tall-form beaker. 

Dissoht ion of alloys 

Approximately 40 ml of concentrated hydrochloric acid was added, followed immediately and 
cautiously by 30% hydrogen peroxide. Further additions of hydrogen peroxide were made during 
the vigorous dissolution of the alloy, until an excess was present (as judged by the persistence of the 
colour of chloro~idate ion). The mixture was then heated and from time to time further dropwise 
additions of hydrogen peroxide were made until the ahoy appeared to be completely dissolved and 
the solution was clear. (In several tests a few shiny metallic flakes remained at this stage but were 
dissolved in subsequent steps.) The solution was then evaporated to approximately 5 ml. 

Volatilization of tin 

Next IO-20 mg of sodium chloride and 10 ml of a 7 : 2 mixture of hydrochloric and hydrobromic 
acids were added and the beaker was swirled over an open flame to volatilize tin. After evaporating 
to approximately 1 ml, a further addition of the mixed acids was made and the evaporation was 
repeated as before. To remove as much tin as possible, the volatilization step was repeated six times. 
The solution was then treated with 10ml of a 1 : 1 mixture of hydrochloric acid and hydrogen 
peroxide to re-dissolve any iridium which might have separated out by thermal decomposition of the 
chloro-iridate. The solution was then evaporated to appro~ately 2m1, diluted with water and 
filtered through a No. 42 Whatman filter paper into a 100 ml volumetric flask, and was finally diluted 
to the mark with water. 

The l?ridium content of an aliquot of the solution was then determined radiometrically with the 
immersion Geiger-Miiller tube and scaler. 

Radiochemical standards were prepared by dissolving each of the portions removed from the 
main alloy sample in a mixture of hydrochloric acid and hydrogen peroxide as described above. The 
resulting solutions were each diluted to 100 ml in volumetric flasks without filtration and their 
ls~~idium activities were determined radiomet~cally. 

The amount of iridium present in the test solutions was calculated by comparing their activities 
with those of the standard reference solutions prepared in each test. 

Self-absorption corrections were not needed for the activity figures of the test and standard 
solutions. 
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RESULTS AND DISCUSSION 

Efleectiveness of acid attack on tin-iridium alloys 

A series of tests was done to determine the effectiveness of the acid attack on tin- 
iridium alloys. In each test 3.0-35 grams of tin, 05-1~0 gram of the master tin- 

lg2iridium alloy and a weighed quantity of iridium sponge were alloyed and treated 
according to the procedure given above. Table I gives the results of these tests. 

TABLE I,--EFFECTIVENESS OF ACID AXTACK IN PREPARING SOLUTIONS OF IRIDIUM 

Test 
No. 

TIN-IRIDIUM ALLOYS 

Wt If in 
alloy, 

/ Wt Sn in i Percent Ir 
alloy, / 

mg I grams : in alloy 

0.3* 2.75 
1.2 3.16 
3.6 3.06 
I.2 2.63 

11.7 2.68 
20.8 2.78 
40.0 2.80 

-!.- 

L 

0.01 
0.04 
0‘1 
0.3 
0.4 
0.7 
1.4 

;_ 

i Percent of added Ir 
found in solution 

100~1 
loo.2 
98-O 
99.5 
98.9 
97.2 

Only partial dissoktion 
of intermetallics 

Average 98.9 

* Iridium sponge not used in Test 1. 

The results in Table I show that iridium in a tin-iridium alloy containing less than 
0.7% iridium can be quantitatively dissolved in a mixture of hydrochloric acid and 
30 % hydrogen peroxide. With alloys containing more than O-7 % iridium, there is a 
tendency for large flakes of tin-iridium intermetallics to separate out. Although 
these particles can be dissolved in the hydrochloric-peroxide mixture, the time 
required is excessive. 

Removal of residual tin by precipitation with ammonium hydroxide 

Because the presence of m~ligram quantities of tin in the iridium solutions would 
be undesirabIe in many cases, it was necessary to determine the effectiveness of the 
tin volatilization step described in the experimental procedure. After determining their 
lgziridium contents, certain of the test solutions were split into two 50-ml portions and 
the tin content of one portion from each test solution was determined polarographi- 
cally5 (Table II). Iridium did not interfere with this determination. Because theresidual 
tin content of these solutions was found to be appreciable, the second 50-ml portion 
of each test solution was treated with an excess of ammonium hydroxide to precipitate 
the tin. After the stannic hydroxide had coagulated, it was filtered off on a No. 42 
Whatman filter paper with the aid- of pulp, and washed well with a dilute ammonium 
chloride-ammonium hydroxide solution. The stannic hydroxide was then dissolved 
from the paper with warm dilute hydrochloric acid and diluted to 50 ml in a volu- 
metric flask. The 1g2iridium content of the tin solution was then measured radio- 
metrically to determine the extent of co-precipitation and/or occlusion of iridium. 
The results of these experiments are given in Table II. 
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TABLE II.-EFFECTIVENESS OF SEPARATTON OF IRIDIUM FROM 
RESIDUALTIN 

Test No. 

Weight Sn remaining 
in test solution (100 ml) 

after volatilization 

step, mg 

Percent of added 
Ir retained by 

Sn(OH), 
precipitate 

1 11.6 0.03 
3 9.6 

I 
0.25 

4 5.4 0.12 
5 i 9.4 0.21 

The results in Table II show that even after repeated evaporations with the 
hydrochloric-hydrobromic acid mixture, milligram quantities of tin remain in the 
iridium solution. However, the residual tin can be conveniently removed by precipi- 
tation with ammonium hydroxide, negligible quantities of iridium being retained 
in the stannic hydroxide precipitate. During the treatment of microgram quantities of 
iridium, it is probable that the degree of co-precipitation or occlusion would be 
significantly greater. 

On addition of excess ammonium hydroxide, the iridium solutions gradually 
become decolorized, probably due to the formation of an ammine complex. This 
complex was destroyed when the solutions were evaporated to a small volume and 
then treated with a few millilitres of concentrated nitric acid. This also served to 
destroy the ammonium salts which were present in the solution. The iridium was 
converted back to chloro-iridate by repeated evaporations of the nitric acid solution 

with hydrochloric acid. 

Chemical determination of efectiveness of acid attack on tin-iridium alIoys 

Although visual observation indicated that the inactive iridium sponge used in 
the above tests was completely alloyed with the tin and behaved chemically in an 
identical fashion to the lg2iridium derived from the master alloy, the radiometric 
results alone could not substantiate this observation. Therefore, a series of tests was 
performed in which weighed quantities of iridium sponge and pure tin were alloyed, 
dissolved, and the resultant solution freed of tin according to the procedures described 

TABLE III.-CHEMICAL DETERMINATTON OF COMPLETE- 

NFSSOFSOLUTTONOFIRlDIUMSPONGE 

Weight Ir j Weight Sn ~ Weight Ir found 
taken, i in alloy, 1 in final solution, 

% glw?ls 1 “Ig 

6.18 3.73 ~ 6.16 
9.27 3.84 9.10 
8.76 3.90 8.90 
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above. The quantity of iridium present in each of the final solutions was determined 
by the Gilchrist method of bromate hydrolysis. 6 The results of these tests are given 
in Table III. 

From the results given in Table III it can be concluded that the radiometric results 
of the tests described above are valid for the inactive iridium sponge as well as for 
the lg2iridium added as the master alloy. 

CONCLUSKONS 

It is considered that the method presented in this paper offers a new approach 
to the problem of converting iridium metal into a soluble form. It is more rapid than 
existing methods, it does not require special equipment and it is suitable for treating 
any quantity of iridium metal in either sponge or compact form. The method also 
makes it possible to prepare solutions of iridium which do not contain foreign cations. 

Zu~mmenfass~g-Iridiummetall wirci mit grossem ilberschuss von Zinn legiert und die Legienmg 
in einer M&hung von SalzsPure und Wasserstoffperoxyd gel&t. Die Hauptmenge des Zinns wird 
als gemischtes Halogensalz nach Zugabe einer Mischung von Salz und Bromwasserstoffstiure ab- 
destilliert. Das restliche Zinn wird vom Iridium durch FBllung mit Ammoniumhydroxyd abgetrennt. 

RCsumLOn fait un alliage avec l’irridium m&tat et un grand exc&s d’etain. L’alliage est alors dissous 
dans un mtlange d’acide chlorhydrique et d’eau oxyg&te. La majeure partie de l’etain est distill& 
;i partir de la solution g l’etat ~halog~nures mixtes apr& addition d’acide chlorhydrique et brom- 
hydrique. L’Ctain restant est alors s&par&. de l’iridium en solution par pr~cipi~ion par I’ammoniaque. 
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THE PRECIPITATION OF ZINC SULPHIDE FROM 
ACID SOLUTIONS BY THIOACETAMIDE 
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(Received 1 August 1959) 

Snmmary-The rate of precipitation of zinc sulphide by thioacetamide from solutions having pH 
values less than 2.5 is controlled by the rate of hydrolysis of thioacetamide to give hydrogen sulphide; 
significant supersaturation may occur initially. This reaction is first order with respect to the hydrogen 
ion and the thioacetamide con~ntrations. In solutions having pH values between 4.5 and 6.3 the 
precipitation occurs by a direct reaction which conforms to the expression 

_ kd Kn(Wl WWSNW d LWWI 
dt [H+]“e 

The rate constant, kd, is 4.2 x IO-* litrelJa molel/a min-i at 90” and the energy of activation 19 & 2 
kcal per mole in the 70”-90” region. 

Pr~ipi~tion conforming to this rate expression occurred at hydrogen ion concentrations higher 
than tbose at which precipitation by hydrogen sulphide could be obtained. Studies of the relative 
effectiveness of thioacetamide and hydrogen sulphide for the separation of lead as sulphide from zinc 
by precipitation from solutions approximately 0.3 VF in hydrochloric acid showed that more zinc was 
precipitated by thioacetamide than by hydrogen sulphide; this precipitation is attributed to the above 
direct reaction. By modification of procedure and proper control of time and hydrogen ion concen- 
tration an effective separation can be made with t~oa~~mide. 

Similarly, more nickel was precipitated with zinc sulphide from solutions of approximately pH 2 
when thioacetamide was the precipitant. 

Spectral studies have given no evidence of the formation of zinc thioacetamide complexes in 
neutral solutions. 

INTRODUCTION 

This investigation was unde~aken as part of the general study of the precipitation 
of metal sulphides by t~oa~etamide being carried out jn these laboratories. The 
hydrolysis of thioacetamide in acid4Js and jn alkaline solutions4 and its reactions in 
certain buffer systems r4 have been the subjects of previous studies; the reactions 
involved in the precipitation of leadu,18 arsenic= andv,3 cadmium,l and nickel2 have 
also been investigated. 

These investigations have shown that in solutions of hydrogen ion con~ntration 
greater than about 10m3JW, the rates of precipitation of lead= l8 and cadmium1 are 
hydrolysis-controlled, that is they quantitatively follow the rate of hydrolysis of 
thioacetamide, which is first order with respect to both the thioacetamide and hydrogen 
ion concentrations. At hydrogen ion concentrations between about 1O-3M and 1 WM, 
leadn and cadmium sulphides precipitate by what appears to be a direct reaction 
between the metal ion and t~oa~etamide. The rate of this precipitation is first order 
with respect to both the thioacetamide and metal ion concentrations and inversely half 
order with respect to the hydrogen ion concentration. 

The precipitation of nickel sulphide by the hydrolysis-controlled reaction was not 
observed in solutions having pH values of 2 or less. 2 This is in accordance with the 
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observations2y7 that nickel sulphide does not precipitate in solutions saturated with 
hydrogen sulphide under similar conditions. However, precipitation of nickel sulphide 
by the direct reaction was observed in solutions 0.3-lo-‘M in hydrogen ion2. 

Equal contributions of the hydrolysis-controlled and direct reactions to the overall 
rate of precipitation have been shown to occur at approximately pH 3 in solutions 
0.01 V F (volume formal) in lead= or cadmium and 0.10 V F in thioacetamide at 90”. 
That is, under these conditions, in solutions more acid than 10-3M the hydrolysis 
reaction is predominant, and in solutions having hydrogen ion concentrations lower 
than 10-3M the direct reaction is predominant. 

Since the pH range of 2 to 3 has been reported to be most favourable for the 
quantitative precipitation of zinc sulphide by hydrogen sulphide there seems justifi- 
cation for a study of the mechanisms by which zinc sulphide is precipitated in acid 
solutions by thioacetamide and of the application of this reagent to the quantitative 
precipitation and separation of zinc from other elements. 

Reagents 
EXPERIMENTAL 

Reagent grade chemicals were used throughout the investigation. 
Arapahoe thioacetamide (Lots No. 1402 and 1651) was used to prepare l.OOVF stock solutions 

by weight. These solutions were clear, colourless, and had approximately the pH of the distilled water 
that was used in their preparation. 

Stock solutions of 0.10 VF zinc nitrate, 0.10 VF lead nitrate, and 3.0 VF ammonium chloride were 
prepared by weight, as were solutions of zinc, lead, and nickel nitrates containing 20 milligrams of 
metal per millilitre. 

Hydrochloric acid solutions, 3.0 VF and 6 VF, and perchloric acid solutions, 1 .O VF and 0.10 VF, 

were prepared from the commercial acids. 
Standard 0.05VF potassium iodate solution was prepared by weight. Sodium thiosulphate 

solutions, approximately 0.05 VF, were standardized against the potassium iodate solution. 
Stock carbon tetrachloride dithizone solutions, 3.9 x 10-4VF, were prepared as needed; 3.9 x 

1 O-5 VF solutions were prepared by dilution. 
A 0.5VF sodium acetate solution was prepared by weight and heavy metal traces removed by 

extraction with small portions of 2 x 1O-4 VF dithizone solution. 
An acetic acid-acetate buffer solution of pH 4.8 was made by mixing appropriate volumes of 2 VF 

sodium acetate and 2VF acetic acid. 
A 1 VF sodium thiosulphate solution was prepared by weight. 
Standard zinc solutions, 2.5 micrograms per ml., were prepared by dilution of previously 

standardized stock O.lOVF zinc nitrate. 
A sulphate-hydrogen sulphate buffer solution having a HSO,-/SO,= ratio of 1 : 3 was prepared 

from the sodium salts; the total formal concentration of sulphate was 1 S. This solution was diluted 
by a ratio of 9 : 40 in the reaction solutions and under these conditions gave a pH of 1.7 at 25”. 

A 0.1 VF solution of dimethylglyoxime in ethanol was used. 
For the study of the rate of precipitation of zinc sulphide in the pH range 3-7, sodium formate- 

formic acid buffer solutions were prepared from sodium hydroxide and 90% formic acid solutions. 
These buffer solutions, which contained a constant sodium formate concentration, were prepared by 
mixing various quantities of formic acid with constant volumes of a 6VF sodium hydroxide solution 
and then diluting each solution to the same final volume. 

Apparatus 

The apparatus used for the rate studies was essentially that described by Swift and Butlerl*. In 
the separation study 50-ml centrifuge tubes were used as the reaction vessels. 

Procedures 

The rate measurements and the separation studies were made by separate procedures as described 
below. 
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Rate measurements. In the measurements of the rate of precipitation of zinc sulphide, measured 
volumes of the stock zinc nitrate solution and either hydrochloric, perchloric, or sodium formate- 
formic acid buffer solutions were mixed in the reaction vessel, thioa~ta~de solution was added, 
and the solution was diluted to 100 ml. The solutions were heated to approximately 90” before mixing. 
The tube was then placed in the constant temperature bath. 

At timed intervals, and after temperature equilibration, 12 ml of solution were removed from the 
reaction tube, immediately cooled to quench the reaction, and the zinc sulphide centrifuged. The 
precipitate was granular and easily separated. Duplicate 5.00-ml portions of the cent&gate were 
pipetted into 15 x 125-mm test tubes. 

An excess of a~onium hydroxide was added to each test tube, and the solutions were placed in 
a bath of hot water in order to obtain rapid pr~jpitation of the zinc sulphide. The mixtures were 
cooled, centrifuged and the centrifugate drawn off and discarded. The precipitate was washed with 
2-ml portions of a formate-formic acid buffer having a pH of 5.4 until the wash solution was free of 
sulphide. The precipitate was washed into a lOO-ml conical flask; then potassium iodide, standard 
potassium iodate solution, and 6VF hydrochloric acid were added in the order listed. The solution 
was titrated with standard sodium thiosulphate solution. The average deviation in confi~ato~ 
analyses by this procedure was less than one part per hundred. 

Separatiopa studies. A calorimetric method was used to determine the quantity of zinc that preci- 
pitated with the lead sulphide when either thioacetamide or hydrogen sulphide was used to separate 
leadI from zinc. Reaction solutions were prepared by mixing measured quantities of zinc, leadrr, 
hydrochloric acid, and ammonium chloride solutions in 50-ml centrifuge tubes. Either distilled water 
and hydrogen sulphide gas or thioacetamide solution was added to each solution. In all cases, the 
solutions were heated quickly to about 90” over a flame and immediately placed in a bath at 90” i 1”. 
The reaction solutions and thioa~tamide were heated separately and mixed in the constant 
temperature bath. When hydrogen sulphide was used as the precipitating agent, the gas was slowly 
bubbled through the solution to insure saturation. The precipitations were carried out for timed 
intervals and then the vessels were cooled in a bath of ice-water. After centrifugation, the preci- 
pitates were washed with lo-ml portions of the formic acid-formate buffer until the washed solutions 
gave no dithizone test for zinc. To the precipitates were added 1 ml of 9 VFperchloric acid and 5 drops 
of 6 VF nitric, the tubes placed first in boiling water, then finally heated over a flame until all of the 
precipitate bad dissolved and oxides of nitrogen were expelled. The solutions were neutralized to a 
pH of about 4.8 by the addition of purified OSVFsodium acetate solution, diluted to 100.0 ml in a 
volumetric flask and aliquots of 1.00 ml or 5.00 ml taken for the calorimetric analysis? The aliquot 
was diluted to 20 ml in a separatory funnel; 10 ml of acetate buffer, 2.00 ml of sodium thiosulphate 
solution, and 10.0 ml of dithizone reagent were added. The solutions were shaken for 2 minutes, 
portions of the carbon tetrachloride phases delivered into matched l-cm Corex cells and the absor- 
bancies of the solutions at 53.5 rnp determined by means of a Beckman Model DU Quartz Spectro- 
photometer. A calibration curve for this instrument was prepared with solutions containing known 
quantities of zinc and lead”. 

The effectiveness of the separation of zinc and nickel was studied by a similar procedure. Reaction 
solutions were prepared by mixing measured quantities of nickel, zinc, and sulphate-hydrogen sulphate 
buffer solution in 50.ml centrifuge tubes. The subsequent procedure for precipitation, washing, and 
dissolving of precipitates was exactly that described above for the separation study of zinc and lead*r. 

The quantities of nickel precipitated were deter~ned by the precipi~tion of nickel dimethyl- 
glyoxime and a comparison of the volume of the precipitate with precipitates from standard solutions 
of nickel. The procedure followed was essentially that described by Bowersox, Smith, and Swift*, 
the only difference being the neutralization with, and addition of, excess ammonium hydroxide before 
the precipitation of nickel with dimethylglyoxime. Under the conditions employed here, the limit of 
detection of nickel was found to be 0.02 mg. 

RESULTS AND DISCUSSION 

Flaschka6 observed that only a small amount of zinc sulphide precjpitated when 
neutral or slightly acidic solutions of thioacetamide and zinc salts were boiled, but that 
zinc sulphide was precipitated from ammoniacal solutions. 

Preliminary qualitative experiments showed that the initial rate of formation of 
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zinc sulphide from acid t~oacetamide solutions having pH values less than 6 increased 
with increasing pH. However, in solutions at pH 1 and 2 the rate of zinc sulphide 
formation at 90” increased rapidly after six to eight minutes, indicating that super- 
saturation effects were involved. 

Quantitative rate measurements were then made in solutions having pH values 
ranging from 2-6.3. The reactions were carried out at 90” in order to obtain a rate of 
precipitation which could be easily measured. 

Precipitation by the direct reaction 

Qualitative experiments indicated that a direct reaction similar to that observed 
with lead*, I8 cad~urn,l and nickela occurred between zinc and thioacetamide. 
Therefore formic acid-sodium formate buffer solutions were used to control the 

02 I I I f I , * 

0 IO 20 30 40 50 60 

Time, minutes 

FIG. I.-The effect of zinc and hydrogen ion concentrations on the rate of precipitation of 
zinc sulphide by thioacetamide. 

Jnitial zinc, OMYF, thioacetamido, O.lOW; 90”. 1, pH 4.56; 2, pH 5.40; 3, pH 5.70; 
4,pH631. 

hydrogen ion concentration in the pH range 6.3-4.5 and measurements were made to 
determine the effects of the hydrogen ion, zinc ion, and thioacetamide concentrations 
on the rate of the precipitation. 

Eflect of zinc concentration 

As is shown by Fig. 1, plots of the logarithms of the zinc concentrations versus 
times for the pH region 6.3-4.5 are essentially linear; therefore one concludes that the 
reaction is first order with respect to the zinc concentration. The plots do not extra- 
polate back to exactly the same initial zinc concentration because of the method used 
in this rate study. Since temperature equilibration at the outset of the reaction was 
difficult, an initial point was taken when the reaction mixture achieved a constant 90” 
and after some reaction had taken place. 
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At a pII of 5.7 the effect of the t~oacetamide ~o~~ntration was investigated over 
the range 0.05-0.3V F. Rate constants calculated from the data are presented in 
Table I and show that the rate of precipitation is dependent upon the first power of the 
thioacetamide concentration. 

TABLE l.-EFFECXOFTHIOACETAMJDE CONCENTRATIONUPONTHB 
RATE OF PRECIPITATION OF ZINC SULPHIDE 

Initial zinc, 0.011 Vc hydrogen ion, 2.0 x 10-s M; 90” 
I I 

(CCH,CSNK,) ! 
Moles/liter 

kl x 108” k, x 10’b 

0 Calculated from the expression b Calculated from the expression 
d[ZW)l - - = k,[Z!l(II)] 

d[Zn(II)l 
dr 

- - = k,[Zn(II)][CH,CSNH,] 
m 

TABLE IL.-EFFECT OF HYDROGEN ION CON G?BTRATION UPON THE 
RATE OF PRECIPITATION OF ZINC SULPl!%JoE 

InitiaI zinc, 0.011 VF; thioacetamide, O.lOW; 90” 

Dw k, x 10e s ka x 10Pb 

I I 
-I_ 

I I 
2.8 x 10-s 21 
4.0 x 10-B 8 
2.0 x 10-s 6 
5.0 x lo-’ 3 

4.0 
4.3 
4.2 
4.2 

Average (4.2 f 0.1) x lo-& 

0 Calculated from the expression 

&WI)] - k1 EnOIIIICHAXWJ 
dt IH+l 

Efect of hydrogen ion concentration 

b Calculated from the expression 
IZn(II)][CH,CSNH,] 4ZntIDl _ ka 

dt [Hf]‘/* 

Rate measurements were made in which the hydrogen ion concentration was varied 
from 2.8 x 10-5-5 x 10-’ V&f; the initial thioacetamide and zinc ion concentrations 
were held constant, The rate constants calculated from these data are shown in Table II 
and show that the rate of precipitation is dependent on the inverse half power of the 
hydrogen ion concentration. This dependency upon hydrogen ion is the same as that 
found in the previous investigations of cadmium,l lead u,18 and nickel.2 No mechanism 
to explain this effect has been formulated. 

The rate expression 

The results presented above indicate that the precipitation of zinc by thioacetamide 
at pH values greater than 4.5 is predominantly controlled by a direct reaction similar to 
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that reported for the precipitation of cadmium, lead=, and nickel. The rate expression 
has the form 

dIZ@)I = k [Zn(II)] ~CH~CSN~~ - 
dt d [H+]f’2 (1) 

and k,, the direct reaction rate constant, is calculated to be (4.2 f 0.1) x 1O-4 
litrelja mole-1/2 min-l at 90”. 

The direct reaction at ~~g~e$ hydrogen ion concentration 

Rate measurements in solutions having pH values of 2.4 were made while nitrogen 
was bubbled through the reaction solution to prevent any reaction of zinc with the 
hydrogen sulphide formed by hydrolysis of thioacetamide at this pH. The rate constant 
for expression (1) above, obtained from these measurements, was 4.3 X lo4 litre1’2 
mole-X’2 min-l at 90”. This agreement indicates that the precipitation at this pH is 
taking place by the direct reaction. Similar qualitative experiments at pH 1 indicated 
that precipitation by the same reaction occurred; no supersaturation was observed. 

Efect of bufSer concentration on direct reaction 

Rate measurements were made to determine whether the concentration of formate 
in the buffer solution affected the rate of the direct reaction. The calculated rate 
constants are shown in Table III. It is evident from the agreement of these values that 

TABLEIII.-EFFECTOFBWFFERCONCENTRATIONANDTE~ERATUREONTHE 

RATEoFPREClP~ATION OFZINCSULPHIDE. 

pH 5.70; initial zinc, 0.011 VF 
initial thioacetamide, O.lOVF 

Temp., “C 

__.--- 

90 
90 
90 
80 
70 

Formate concentration [HCOO-]/[Zn++] kd x 10”’ 
I 

-_ --.. ----__ 
I 

0.30 30 411 
s / 0.15 I 15 4.1 xk 0.1 
; 0.60 60 4.2 

I 0.60 2.2 i 0.1 
0.60 0.92 rt 0.05 

I 

a Calculated from the expression 

WWW _ kd [Zn(II)][C~~CSNH~] 
dt [H+]‘/* 

the formate does not affect the rate significantly over the concentration range studied; 
the rate of the reaction was the same within the limits of experimental error. This 
indicates that only a very weak zinc-formate complex, if any, is formed under these 
conditions, or-as appears unlikely-that complex formation does not affect the rate. 

Temperature efect on the direct reaction 

The’rates of the direct reaction between zinc and thioacetamide in solutions initiauy 
0.011 VF in zinc nitrate and O.lOVF in thioacetamide at pH 5.70 were determined at 

TO”, 80”, and 90”. Since it had been demonstrated that the rate of the direct reaction is 
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the same in buffer solutions containing either O.lW, 0.3F, or 0.6F formate, these 
measurements were made in the most concentrated buffer in order to obtain a higher 
buffer capacity. The rate constants obtained were (9.2 & 0.5) x lW5, (2.2 f 0.1) 
x 10d, and 4.2 x 104, respectively (Table III). From a plot of log k, versus l/T the 
energy of activation for this reaction over the temperature range from 70 to 90” was 
determined as 19 -+ 2 kilocalories per mole. These data demonstrate the potentialities 
which exist for controlling the rate of precipitation of zinc sulphide by thioa~etamide 
by varying the solution temperature. 

Evidence for the non-existence of a zi~c-~h~~ace~~~~de complex 

The rate values presented above indicate the absence of any stable zinc- 
thioacetamide complex. However, since metal-thioacetamide complexes have been 

TABLE IV.-UL~AVIOLET ABSORPTION OF ZINC AND THIOACET~~E SOLUTIONS. 

Beckman DU spectrophotom~ter l-cm quartz cells 
25°C H,O reference 

Zinc, 1.2 x IOp4VF 
Thioacetamide, 1.0 X lO+VF 

Wavelength, 

miu 

220 
230 
240 
250 
255 
260 
265 
270 
280 

T - 

i 

ZnSOp 

-I__- 

0.002 
O.OOQ 
0.000 
O.OW 
0.000 
0.000 
0.000 
0.000 
0.004 

Absorbancy, As 

TAA 

0.076 
0.048 
0.087 
0.164 
0.201 
0.223 
0.214 
0.170 
0.055 

- 

- 

.i 

- 

Z&O, + TAA 

0.082 
0.056 
0.089 
0.165 
0.203 
0.223 
0.214 
0.170 
0.055 

observed by various investigators,*~ll~lz a s~ctrophotometric investigation of zinc- 
thioacetamide solutions was made to determine if evidence for a complex could be 
observed. 

Thioacetamide has a wavelength of maximum absorption in the 261-263 rnp 
region. *s15 Zinc sulphate was used in this study rather than the nitrate since nitrate 
ion absorbs significantly in the 220-290 rnp region and sulphate has no appreciable 
absorption in this region. The spectra of 1.2 x 10-4Wzinc sulphate, of 1 x 1WVF 
thioacetamide, and of a solution containing both 1.2 x KP4W zinc sulphate and 
1 x 10-5VF thioacetam~de, all in neutral solution, were measured in the 220-400 rnp 
region by means of a Beckman DU Spectrophotometer and matched l-cm quartz 
cells, The pertinent results are presented in Table TV. 

Since the spectra of the thioacetamide and zinc-thioacetamide solutions are 
essentially identical there is no evidence for the presence of a z~c-thioace~mide 
complex. A 1Zfold excess of zinc over thioacetamide was used and no change in the 
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spectrum of thioacetamide was observed. In order for a zinc-thioacetamide complex 
to exist and give these results, the absorbancy index of the complex at all wavelengths 
in this region would have to be of a magnitude such as to exactly compensate for the 
loss of thioacetamide by complexation. Thus it was concluded that there is no 
significant zinc-thioacetamide complex formation under these conditions. 

The hydrolysis-controlled precipitation 

Measurements of the rate of precipitation were made in solutions having pH values 
of 2 and 2.5 where the rate of the direct reaction would be small compared to the rate of 
the acid hydrolysis of thioacetamide. These measurements were complicated by the 
fact that there was an initial period during which no zinc sulphide precipitate formed. 
Consequently measurements were made after six to eight minutes, when visible 
precipitation commented. 

In order to obtain evidence that zinc sulphide was precipitated by the hydrolysis 
mechanism at high acidity, semi-quantitative measurements were carried out at pH 2. 
Essenti~y the same procedure as was used for the direct reaction rate measurement 
was followed, except that the volumes of zinc sulphide precipitated were compared with 
those precipitated from standard solutions under the same conditions. Calculations 
showed that under the conditions prevailing the rate of precipitation of zinc sulphide 
by the hydrolysis-controlled reaction should have been 2.7 mg of zinc per 5 minutes. 
The quantities of zinc precipitated as zinc sulphide, once the precipitation began, were 
found to be 2-3 mgper 5 minutes. This indicates that the precipitation is predominantly 
hydrolysis-controlled. 

Since the rate constant for the direct reaction had been previously determined at 
lower hydrogen ion concentrations and checked at pH 2 by bubbling nitrogen through 
the system, the contribution of this reaction to the total rate of precipitation could be 
calculated. The total rate of precipitation of zinc sulphide at pH 2.5, after initial 
precipitation began, conformed to the expression 

d [Zn++] 
- - = kh [H+] [CH,CSNH,] + 4.2 x lOA 

dt 
[Zn++l K$SN%I c2> 

where k, was calculated to be 0.23 & 0.08. The previously determined value*a for k, 
is 0.21 -& 0.02. 

Direct reactim rate constant correlations 

A rough correlation between the rate constants for the direct reactions of lead=, 
cadmiumu, nickel=, and zinc= with thioacetamide and the solubility products of the 
metal sulphides has been observed. Numerous conflicting values for the solubility 
products of these sulphides are to be found in the literature so only one sourcels was 
used in the comparison. 

WaggonerrQ has evaluated the solubility product constants of the metal sulphides 
by means of the best available the~odyn~c data. A comparison of the direct 
reaction constants observed so far with the solubility product constants of Waggoner 
(Table V) points out that, in general, the less soluble the precipitated sulphide, the 
faster is the rate of the direct reaction. 

It is to be pointed out that these rate constants were obtained at 90” and the 
solubility products reported for 25”. In addition, the solubility product values 
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certainly are not quantitatively applicable to solutions containing high concentrations 
of foreign electrolytes. For these reasons, no quantitative correlation between the 
rate constants and solubility products has been attempted. 

Also, a correlation between the direct reaction rate constants of the above mentioned 
elements and the ionic radii of those elements has been observed. This correlation 

TABLEV.-CORRELATION OFDIRECTREACTIONRATECONSTANTS 

WITHSOLUiILITYPRODUCTSOFMETAL SULPHIDEi 

Metal 
I 

kd x 1W (90” C) 
I 

ksp (25" C) 

I - 

NilI 2.2 1.8 x 10-21 
Z+ 4.2 8.8 x 10-25 
Cd” 8.1 7.8 x 10-a7 
PbII 11.3 8.4 x 1O-28 

would seem to lend substantiation to the claim that the reactions of lead, cadmium, 
nickel, and zinc ions to form sulphides in the pH 3-6 region is a direct reaction between 
the metal ion and thioacetamide. 

If the dielectric constant of the medium and the charge of the ion are kept constant, 
it can be shown that the logarithm of the rate constant should exhibit a linear relation- 
ship with the reciprocal of the square of the radius of the ion, for an ion-dipole 
interaction. The logarithms of the experimentally determined direct reaction rate 
constants for lead,18 cadmium,l nickel,2 and the zinc were plotted versus the reciprocal 
of the square of the crystal radii of these ions as given by Pauling13. A surprisingly 
linear relation was obtained for the cadmium, nickel, and zinc ions, with the slope of 
this plot in the theoretically predicted direction. The point for lead fell somewhat off 
this straight line in the direction which would be predicted from the knowledge that 
lead forms a formate complex of some stability under the conditions of the reaction 
carried out by Swift and Butlerle. 

Analytical considerations 

Plots of the calculated rates of precipitation of zinc sulphide by thioacetamide at 
various pH values as a result of the hydrolysis and of the direct reactions are shown in 
Figure 2. The calculated rates are on the basis of solutions 0.01 Win zinc and O.lOVF 
in thioacetamide and at 90”. 
leadis and cadmium.l 

This graph is similar to those which have been shown for 
The effects on these rates of varying the thioacetamide, hydrogen 

ion, and zinc ion concentrations can be predicted from the rate expressions. 
If one assumes solutions having the composition stated above, the following 

calculations can be made: R, = R, at pH 3.1, where R, and R, are the rates of the 
direct and hydrolysis controlled reactions ; R,= 1.6 x 103R,atpH1; andR,=630 
R, at pH 5. The minimum rate of precipitation of zinc sulphide will occur at pH 3.3. 

It is apparent from Figure 2 and the above calculations that in solutions having pH 
values of 2 or less the hydrolysis-controlled reaction predominates and at pH values of 
4 or greater the direct reaction controls the precipitation rate. It should be kept in 
mind that the foregoing discussion neglects any supersaturation effects such as were 
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observed in the hydrolysis-controlled region, and also neglects any effect which a 
complex-forming ligand might have on the rate of the direct reaction. 

Suljhide separations by the use of thioacetamide. Some of the pitfalls involved in 
the substitution of thioacetamide for hydrogen sulphide as a means for effecting 
separations have been discussed in previous papers from these laboratories.192Js In 
order to ascertain if similar liabilities exist with sulphide separations involving zinc, 

0 1 2 3 4 5 6 7 6 

PH 

FIG. 2.-Calculated rates of zinc sulphide precipitation at various pH values by the hydrolysis 
and by the direct reactions. 

Temperature: 90”. 
0.01 VF Zn(NO,), 

0.10 VF CH,CSNH, 
0 Hydrolysis of thioacetamide 

l Direct reaction 

the effectiveness of thioacetamide and hydrogen sulphide as precipitants for the 
separation of lead from zinc and of zinc from nickel were compared. A rigorous 
quantitative study of all variables was not the intent, but simply the gathering of 
adequate data to provide a basis for comparing the effectiveness of the two reagents 
under identical conditions. 

Separation of lead from zinc. A hydrogen ion concentration of 0.3VF and a 
chloride concentration of 0.6 VF are frequently recommended for the separation of the 
conventional Hydrogen Sulphide Group elements (lead, bismuth, copper, cadmium, 
mercury, arsenic, antimony, and tin) from zinc and the other common elements 
remaining in the solution. Since similar conditions are used for quantitative separations 
of these elements from zinc, a study was made of the relative effectiveness of thioaceta- 
mide and hydrogen sulphide for the separation of lead from zinc. 
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Preliminary qualitative experiments, summarized in Table VI, were carried out with 
solutions containing only zinc in order to obtain information on the effect of the 
concentrations of various acids and of the time allowed for the precipitation, The 
findings confirmed the expectation that the direct reaction between zinc and thioacet- 
amide, even at high acidity, can proceed at such a rate as to cause more zinc to precipitate 
with lead than does hydrogen sulphide, at least without modification of procedure. 

TABLE VI.-QUALITATWE OBSERVATIONS ON THE PRECIPITATION OF 

ZINC SULPHIDE FROM ACID SOLUTION UNDER VARIOUS CONDITIONS 

6 rnff Zn*+jml 50-ml solution 

-900 

Conditions 

0.3 VF HCIO, 
0.3 VF HCIOI 
0.3 VF HCl 

0.3 VF HCl 
1 VF HClO, 
1 VF HCiOl 
1 VF HCI 

-!- 

1 

- 

Precipitant 

- 

CH,CSNH, 

H,S 
CH,CSNH, 

H,S 
CH&SNHe 

KS 
CH3CSNH2 

-r 
i 

- 

Time, mitt 

_--.- 

15 
10 
20 
65 
65 
25 

130 
60 

T 

_- / 

- 

0.4OVF CHsCSNHa 
or saturated with H2S 

ZnS precipitated, mg 

> 100 

> loo 

l-2 
>2 

Slight turbidity 
-1 

Clear solution 
Slight turbidity 

The qualitative results showed that thioacetamide precipitated zinc in solution 
where hydrogen sulphide did not; presumably the precipitation was a result of the 
direct reaction. The only experiment shown in Table VI in which a significant amount 
of zinc sulphide was not produced by thioacetamide after one hour was that in which 
the solution was 1 W in hydrochloric acid. 

In order to evaluate quantitatively the relative effectiveness of hydrogen sulphide 
and thioacetamide, separations of lead from zinc by each precipitant were carried out 
in solutions 0.3W in hydrogen ion and 0.6W in chloride. Under the experimental 
conditions prevailing over one half of the thioacetamide should have hydrolyzed after 
10 minutes; however, detailed calculations show that with 50,100, and 200 mg of zinc 
initially present 0.3,0.6, and 1.2 mg respectively should be precipitated from 40 ml of 
solution by the direct reaction in 60 minutes. Because of su~rsaturation effects, these 
calculations are subject to some uncertainty and the experimental results shown in 
Table VII are evidence of this. It is obvious, however, that the direct reaction causes a 
larger amount of zinc to precipitate with the lead than is the case with hydrogen 
sulphide. This is in accord with the observations of Lehrman and SchneiderlO, who 
substituted thioacetamide for hydrogen sulphide as a precipitant for the Hydrogen 
Sulphide Group elements. Schweitzer and CorreW found less post-precipitation of 
zinc sulphide with copper sulphide when thioacetamide was used as the precipitant but 
these results are not easily comparable because of the different conditions involved. 

The amount of zinc precipitated by means of the direct reaction can be minimized 
by proper control of hydrogen ion concentration and time of precipitation. Thus if the 
precipi~tion were begun at a higher hydrogen ion ~oncen~ation and after an appro- 
priate period this concentration decreased to the required value, precipitation by the 
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direct reaction will be decreased. In addition, if the time of the precipitation is 
decreased the contribution of the direct reaction is minimized. This time effect is 
illustrated in Table VII in those experiments in which the time was limited to 15 min. 

This study shows that before thioacetamide can be used with confidence as a 
substitute for hydrogen sulphide for this separation the above factors should be 
thoroughly studied. 

Separation of zinc from nickel. Jeffreys and Swift% have outlined the optimum 
conditions for the separation of zinc from nickel by the precipitation of zinc sulphide 

TABLE VII.--COMPARATIVX EFFECTIVENESS OF T~OA~ETAMIDE AND 

HYL3ROGEN SULPHIDE FOR THE SEPARATION OF LEAD FROM ZINC 

90” c Hydrogen ion, 0.3 V&f 
40 ml of solution Chloride, 0.6 VF 
100 mg lead initially 0.40 YF thioacetamidel or saturated 

with hydrogen sulphide 
Zn estimated with Beckman DU spectrophotometer 

Zinc initially, rng Precipitant Time, mitt Zinc precipitated, mg 

.~ 

CH,CSNH, 15 0.001 
CH3CSNHe 30 0.002 
CH,CSNH% 60 0.067 
CH,CSNH2 1.5 0.013 
CH,CSNH, 30 0.037 
CH,CSNH, 60 1.5 : 

HPS 15 
CH,CSNti, 

; 0.002 
15 j 0.029 

CH,CSNH, 30 ! 0.18 
CH,CSNH, 60 I 4.8 

H,S 15 0.024 

HzS 60 I 0.089 
I 

1 Hydrogen suiphide equivalent to the lead should have been produced from the thioacetamide after 1 min. 

50 
50 
50 

100 
100 
100 
100 
200 
200 
200 
200 
200 

with hydrogen sulphide. They recommend the use of a sulphate-hydrogen strIphate 
buffer of pH 1.8 with a total sulphate concentration of 0.35W. The effectiveness of 
t~oacet~ide as compared with hydrogen sulphide as a precipitant under these 
conditions was studied. 

Under the conditions shown in Table VIII one can calculate that at pH 1.7 about 
25 minutes is required for the hydrolysis of thioacetamide to give a quantity of hydrogen 
sulphide equivalent to 100 mg of zinc. However, Bowersox, Smith, and Swift2 have 
shown that in this time interval a significant amount of nickel sulphide would be 
produced by the direct reaction and the data in Table VIII show this effect. Again, 
these results are not in quantitative agreement with calculated values, but the pattern 
is as expected. Contamination of the zinc sulphide precipitate exceeded that found 
when hydrogen sulphide was the precipitant. The observations of Hahn and Shelling- 
ton6 that thioaceta~de was less effective than hydrogen sulphide for the quantitative 
separation of zinc from cobalt suggest that cobalt sulphide, like nickel sulphide, may 
be precipitated by a direct reaction. 
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TABLE VII&-COMPARATIVE EFFECTIVENESS OF THKOACETAMIDE AND 
HYDROGEN SULPHIDE FOR THE SEPARATION OF ZINC FROM NICKEL 

90” pH = 1.7 (25”); 0.3FHSO,--SO,’ buffer 
40 ml of solution 0.38 P’F thioa~~midel or saturated in 
100 mg zinc initially’ hydrogen sulphide 

Nickel initially, mg Precipitant 

..-.---._-. 

100 CH&SNH* 
100 CH,CSNH, 
100 CH&SNH, 
100 CH,CSNH, 
100 H,S 
100 HIS 
200 CH,CSNH, 
200 CH&SNHe 
200 CH&SNHs 
200 CH,CSNH* 
200 HIS 
200 H2S 

- 

-- 

I 

Time,l mitt Nickel precipitated, mg 

______.____ “- 

15 
30 
60 

120 
15 

120 
15 
30 
60 

120 
15 

120 

< 0.02 
< 0.02 

0.06 
1 

< 0.02 
< 0.02 
< 0.02 
< 0.02 

0.08 
1.4 
0.02 
0.06 

-7 

i 
Hydrogen sulphide equivalent to 100 milligrams of zinc formed from thioacetamide after 25 min 

under these conditions. 
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Z~mm~fas~ng-pie Geschwindigkeit der FSillung von Zinksulfid dumb Thioacetamid in Msungen 
mit pH kleiner als 2.5 ist durch die Geschwindigke~t der Hydrolyse des Thioacetamid zu Schwefel 
wasserstoff kontrolliert. U~~~ttigungsersche~ungen treten am Beginne der l%llung auf. Die 
Reaktion ist erster Ordnung in Bezug auf die Konzentration von H+-Ion und Thioacetamid. In 
Lijsungen mit pH-Werten zwischen 4.5 und 6.3 verliiuft die Fallung direkt nach der Geschwindi- 
gkeitgleichung 

d[Zn+*] --= 
dt 

kd [Zn~*][CH~CSN~~] 

[H+]@ 

Die Geschwindigkeitskonstante, K d, ist 4.2 x lo4 Lite? x Mole-1’s x Min.-* bei 90°C. Die 
Aktivierungsenergie ist 19 + 2 kcal pro Mol im Gebiete 70-90°C. 

Fallungen nach dieser Geschwindigkeitsgleichung traten auf bei Wasserstoffionenkonzentratio- 
nen die hoher sind als jene, bei denen Zinksulfid durch Schwefelwas~rs~off niedergeschlagen wird. 
Studien iiber die relative Wirksa~eit von Thioacetamid und ~hwefelwasserstoff bei der Trennung 
von Blei und Zink durch Sulfid~llung aus ca. O-3 m salzsaurer Lasung ergaben, dass durch Thio- 
a&amid mehr Zink gefallt wird als durch ~hwefelw~serstoff. Dies wird durch die obige, direkte 
Reaktion erklart. Durch geeignete Modifikation der Methode, richtige Zeitkontrolle and korrekte 
Wasserstoffionenkonzentration ist eine viillige Trennung mittels Thioacetamide miiglich. 

In lhnlicher Weise wurde mehr Nickel mit Zink niedergeschlagen, wennThioacetamid als Fallungs- 
mittel be$ pH 2 verwendet wurde. Spectrophotomet~sche Studien gaben keine Evidenz ftir die 
Bildung von Zink-~ioa~tamidkomplexen in neutralcr Losung. 

R&n&-La vitesse de precipitation du sulfure de zinc par la thioacetamide a partir de solutions 
ayant des pH inferieurs Q 2,5 est contralee par la vitesse d’hydrolyse de la thioadtamide en hydcogene 
sulfur+; il peut y avoir initialement une sursaturation importante. La reaction est du premier ordre 
par rapport aux concentrations en ion hydrogene et en thioacetamide. Dans des solutions ayant des 
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pH compris entre 4,5 et 6,3 la p~ipi~tion a lieu par une &action directe conforme z1 l’expression 

d[Zn(II)l _ kd [Zn(II)] [CH&SNH,] 

dt [H+ JXla 

La constante de vitesse kd est Qale a 4, 2 * lo-” litre1’2 mole-‘/* min-1 B 90°C et 1’8nergie d’activa- 
tion g 19 & 2 kcal par mole dans le domaine 70-90°C. 

La ptiipitation conforme a l’expression de la vitesse avait lieu pour des concentrations en ion 
hydroghne plus &levees que celles pour lesquelles on pouvait obtenir la pr&cipitation par l’hydrogkne 
sulfur& Des etudes sur l’efficacitk relative de la thioadtamide et de l’hydrogkne sulfur6 pour s&parer 
le plomb & l’Ctat de sulfure du zinc par pticipitation & partir de solutions approximativement 0,3 VF 
en acide chlorhydrique ont montrk que Son prkipitait plus de zinc par la thioac&amide que par 
l’hydrog&ne sulfur&; la prkipitation est attribuQ B la &action directe ci-dessus. Par une modifi 
cation du pro&d6 et un contrble convenable du temps et de la concentration en ions hydroghne on 
peut faire une gparation efIicace avec la thioac&amide. 

D’une man&e analogue, on prkipitait plus de nickel avec le sulfure de zinc it partir de solutions 
de pH environ 2 quand la thioadtamide Ctait le rkactif preckipitant. 

Des etudes spectrales n’ont pas don& la preuve de la formation de complexes zinc-thioac&amide 
dans les solutions neutres. 
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PRELIMINARY COMMUNICATION 

The reactions of certain metals with thioacetamide 

(Received 17 December 1959) 

DURING the past several years a programme of investigations has been in progress in these laboratories 
on the reactions involved in the precipitation of metal sulphides from aqueous solutions by thio- 
acetamide. Because of the present interest in this general topic we have decided to publish certain 
preliminary results which have been obtained, since in some cases it seems unlikely that the investi- 
gations can be completed within the near future. Other investigators wishing to concern themselves 
with these phenomena should feel free to do so. 

Preliminary experiments by C. B. Moore have established that in acid solutions the rate of the 
precipitation of silver sulphide by thioacetamide (TAA) is controlled by the hydrolysis of the TAA 
at pH values less than 2, and by a direct reaction between the TAA and silver ion when the pH 
is greater than 3. Under the conditions prevailing, the rate of precipitation by the direct reaction 
was decreased by an increase in the concentration of TAA and the inhibition effect was observed 
to be third order. The kinetic evidence indicated the formation of a silver-TAA complex, and pre- 
liminary potentiometric studies by J. D. Lamb have established that in solutions of pH 2 to 3, in 
which the concentration of TAA is 5 to 10 times the silver concentration, a complex of the type 
Ag(TAA), exists. The stability of this or similar complexes is such that precipitates of silver sulphide 
can be dissolved by concentrated TAA solutions. 

Silver is the first metal for which the rate of precipitation of the sulphide by the direct reaction 
has been observed to be inhibited by TAA. Subsequent experiments by D. M. Smith and D. V. 
Owens have established a similar inhibition in the precipitation of mercuryn sulphide by TAA from 
acetate buffer solutions having a pH of 4. 

Frank Booth has observed that in ammoniacal solutions of coppeP and TAA there is a rapid 
reaction to form a brown-black precipitate, presumably a sulphide, which appears to be complete 
in less than a minute at room temperature. In solutions having pH values of 1 or less, and with an 
initial ratio of TAA to coppern of 10 or greater, there is a very rapid, apparently quantitative, re- 
duction of coppern to copper’ accompanied by the formation of finely divided sulphur. A single 
determination of the amount of sulphur precipitated agreed within 5% with the stoichiometric 
value. 

It appears that the resulting copper’: is strongly complexed by the TAA, since passage of hydrogen 
sulnhide through 1 the solutions after the reduction produced no noticeable effect. In addition, 
solutions result&g from the reduction could be left standing in the cold for up to 36 hours without 
precipitate formation. If these solutions were heated to 50” or higher, brown-black precipitates 
quickly formed. Visual comparisons of sulphur precipitates indicated that the rate of formation 
of sulphur is first order with respect to the hydrogen ion, the TAA, and the coppern concentrations. 

When the initial ratio of TAA to copper 11 was increased to 50 and the pH was approximately 
3, the rate of the reduction appeared to be slower, but sulphide formation took place within a relatively 
short time after the reduction appeared to be quantitative. At higher pH values sulphide formation 
began before the reduction of the cupric copper appeared complete. 

Experiments by Glenn Crabbs indicated that it is possible to obtain quantitative precipitation of 
approximately 1 millimole of tin Iv by about 6 millimoles of TAA from 100 millilitres of 0.3F-O.6F 
hydrochloric acid solutions in 10-15 minutes at approximately 90”. No rate measurements were 
made. 

Experiments by M. J. Kallerud indicated that precipitation of a sulphide from molybdenumn 
solutions by TAA appears to take place through both the hydrolysis of the TAA and a direct reaction. 
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The direct reaction predominates at pH values of 4 and greater. The rate of the reduction of molyb- 
denumrv appeared to decrease as the pH was increased. 

Experiments by F. C. Anson have shown that the addition of hydrazine to acid solutions of TAA 
accelerates sulphide formation. This acceleration was most obvious at pH values between 4 and 7, 
where the acid hydrolysis is inconveniently slow for analytical purposes. Thus, sulphide formation 
is increased by approximately 16,000-fold when a solution buffered by an acetic acid-acetate buffer 
to a pH of 5 and with a TAA concentration of 0.03 VF is also made 0.08 VF in hydrazine. Because 
of the obvious analytical implications of this effect a study of the reactions involved is in progress. 

Contribution No. 2539 
Division of Chemistry and Chemical Engineering 
California Institute of Technology 
Pasadena, Call?, U.S.A. 

ERNEST H. SWIFT 
FRED C. ANSON 
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SHORT COMMUNICATION 

Radiochemical separations by amalgam exchange 

(Received 23 November 1959) 

A RAPID and selective radiochemical separation procedure has been developed using the techniques 
of amalgam exchange. Separation of the radio-isotope takes place by virtue of the rapid exchange 
occurring between an element present in a dilute amalgam and its ions in solution. If there are many 
more inactive atoms of the element in the amalgam than there are of its radio-isotope in solution, 
amalgam exchange will result in almost all of the activity being incorporated in the amalgam. (In this 
it is somewhat similar to the isotopic exchange separation of si1ver.l) Selectivity is obtained since ions 
of other elements in solution will not exchange with the desired element in the amalgam. In the case 
of cadmium, thallium, lead and bismuth, amalgam exchange has been reported to be exceedingly 
rapid,2,S thus the method can be useful for the separation of short-lived isotopes. In this preliminary 
survey of the method it appears that amalgam exchange can give satisfactory yields in short periods of 
time for a number of radio-elements. 

Apparatus and reagents 
EXPERIMENTAL 

A 50-ml round-bottom centrifuge tube was used for all extractions. The aqueous and mercury 
layers were vigorously agitated by a glass stirring rod rotated at 1500 to 2000 r.p.m. by an electric 
stirrer. All aqueous solutions were made with distilled water from salts of analytical reagent purity. 
Mercury and other solid metals used to make the amalgams were of analytical reagent purity, and in 
some cases of spectroscopic standard purity. 

Preparation of amalgcims 

Amalgams of bismuth, cadmium, gallium, indium, lead, tin, thallium, and zinc were prepared by 
direct combination (with heating) of metal with the mercury. The strontium amalgam was prepared 
by reducing a solution of strontium nitrate with sodium amalgam. All amalgams were made to contain 
2 % by weight of the element to be exchanged. 

Procedure 

To test the method 2 ml of a solution containing a particular electrolyte and tracers of the element 
to be exchanged were added to the centrifuge tube. One half gram of the amalgam was added to the 
solution with a calibrated micro pipette and the solution stirred for five minutes. An aliquot of the 
solution was then measured for activity. 

In all of the experiments a volume ratio of 40 : 1 was maintained between the aqueous solution 
and the amalgam. 

RESULTS AND CONCLUSIONS 

A short summary of typical yield results for several different electrolytes is shown in Table I. 
Individual amalgams containing milligram amounts of cadmium, thallium, bismuth, strontium, zinc, 
indium, or lead have been found to remove trace amounts bgrn or smaller) of their respective radio- 
active isotopes from dilute acid or salt solution with a yield of at least 50 % in five minutes of stirring. 
Tin and gallium did not exchange. 

One problem arises in that these amalgams have a reducing power comparable to the reducing 
power of the pure metal of which the amalgam is made. 4 These contaminants as well as other 
oxidizing agents (MnO,-, Cr207*-, etc.) can cause a considerable reduction in the yield of the desired 
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TABLE I. EXCHANGE OF AN ELEMENT WITH ITS AMALGAM 
(Five minute stirring tin 

Isotope and amount Solution Exchange % 

7’aGa (1 mg) 

“*In (1 “9, 
SlZpb (*) 

11?3n (1 mg) 

80Sr ,*I 

*04Tl (21 pg) 
66Zn (40 ,LL@ 

SM HCI 
0.5M NaClO, 
0.5M Na,&O( 
0.5M NaNO, 
5M HClO, 
0.5M NaNO, 
sat’d NaCl 
2M HCIO, 
2M HNO, 
5M HCl 
0.5M NaNO, 
0.5M NaNO, 
sat’d NaCl 
0.5M NaNO, 
0.5M NaNO,t 
0.5M NaNO, 

- 

49 
94 
94 
94 
94 
none 
none 

none 

none 

50 
90 
none 

none 

50-60 
85 
90 

* Carrier free. 
t This value is taken at two minutes stirring. 

metal. This potential source of contamination in the separation might be avoided, however, by 
bringing the solution into contact with an amalgam made of an element (scavenger) which is just 
below the desired element in the electromotive series. This separation would then be. followed by 
contact with a larger amount of amalgam of the desired element. 

The potentialities of this method can be shown in the separation of cadmium from zinc. This 
usually difficult separation was accomplished in three minutes with a decontamination factor for zinc 
of lo4 by agitation of the cadmium amalgam with a solution of the cadmium and zinc. 

At the end of the separation the desired activity is in the amalgam. Direct gamma-ray counting of 
the amalgam may be possible without too large an error caused by absorption losses, although /I 
counting might prove more troublesome. In any case it may be possible to strip the element selectively 
from the mercury, either by a wash with an oxidant or by electrolytic stripping. 

A detailed evaluation of this method for elements which demonstrate the exchange is being made 
by measuring the purity of activity separated from solutions containing many representative tracers. 
Problems of the accurate assay of the activity separated by this amalgam method are also being 
studied. 
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JAROSLAV HEYROVSKJI: 

NobeI Prizewinner in Chemistry 1959 

THE recent announcement of the award of the Nobel Prize in Chemistry for 1959 to 
Professor Jaroslav Heyrovsky is one that will be received with acclaim, the world,over. 
All chemistry is based essenti~ly on good analysis and it is therefore fitting that the 
prize should once more be awarded for the evolution of an analytical technique. 

The polarographic method of analysis first formulated by Heyrovskf in a paper to 
Chemickk &sty in 1922 has found application in all fields of chemistry. It has been 
used for purposes as diverse as measuring in situ the oxygen content of blood within 
the heart and the direct analysis of trace metals in fused salt media. Extensive 
applications have been found in inorganic, physical and organic chemistry where 
the method may be applied with equal facility to the determination of traces of metals, 
the study of reaction kinetics, the analysis of antibiotics, etc. 

In the early stages the adoption of polarography as a standard method was 
curiously slow. During the 1930’s some momentum was gained, but the war years 
brought reco~ition when dust-covers were removed from many instruments that had 
lain idle since the first flush of enthusiasm which led to their purchase. The high 
sensitivity and discrimination of polarography even with simple inexpensive equipment, 
and its toleration of high concentrations of indifferent electrolyte, ensured its speedy 
application when the need arose. Now the popularity of the method has burgeoned 
forth to such an extent that few institutions in industry or academic life can function 
properly without a polarograph. No longer does one hear references to “the polaro- 
grapher’s art” ; the method has come of age and is accepted universally with respect. 

And this, apart from the inherent merit of the method itself, is largely due to 
Heyrovsky the man. In his laboratories and latterly his world-famous institute, like 
another Nobel prizewinner beloved of microanalysts, he has taught chemists of all 
nations with consulate skill and fired them with his own burning enthusiasm. (The 
enthusiasm of polaro~aphers is well known.) No one who has met this quiet, gentle, 
unassu~ng Czech can fail to be impressed or to cherish the memory. It is difficult 
to decide which is the greatest: Heyrovskf the scientist, the teacher or the man. 

Heyrovsk? was born in Prague on December 20th, 1890, the son of Leopold 
Heyrovskjr, Professor of Roman Law at the Czech University. His chemical studies 
began there in 1909 and were continued at University College, London, where he took 
his B.Sc. in 1913, under the professorship of Sir William Ramsay. Whilst holding the 
post of University demonstrator there, his interest in electrochemistry was aroused 
by Professor F. G. Donnan. 

After the war, Heyrovskjr, now at Charles University, Prague, and still interested 
primarily in electrochemistry, accepted a suggestion by Professor G. Kucera that he 
should investigate some myste~ous inflections which the latter had observed in the 
el~trocapilla~ curve for mercu~ when a dropping mercury electrode was used in a 
solution containing reducible ions. This eventually led to the “discovery” of polaro- 
graphy in 1922. The first polarograph was described by Heyrovskj and his Japanese 
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co-worker Shikata in 1925, and the mathematical theory was worked out by the Czech 
physicist D. IlkoviE in 1934. In 1922 Heyrovsky’ was appointed Associate Professor 
at Charles University and in 1926 he became its first full Professor of physical chemistry. 
From that date the development and teaching of polarography proceeded hand in hand. 

In 1950 Heyrovskf was appointed director of the newly formed Polarographic 
Institute and in 1951 his country honoured him with the national laureateship. 
In 1952 the Polarographic Institute was incorporated in the Czechoslovak Academy 
of Sciences and in 1955 he was awarded the Order of the Czechoslovak Republic. 
He holds several honorary degrees and is an honorary member of nine foreign chemical 
societies. He has travelled extensively on lecture tours throughout Europe and the 
far East, and is a well known figure to many outside his own country. 

His influence on the course of chemistry in Czechoslovakia and in the world 
generally has been most marked and it is indeed fitting that he should have been 
awarded the highest international scientific honour in this year of his sixty-ninth 
birthday. 

T. S. WEST 
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BOOK REVIEWS 

Comprehensive Analytical Chemistry, Volume 1A: Classical Analysis. Edited by CECIL L. WILSON 

and DAVID W. WILSON. Elsevier Publishing Company, Amsterdam: D. Van Nostrand Company, 
Ltd., London: D. Van Nostrand Company, Inc., New York. 1959. Pp. xix + 577. 105s. 

THE announcement of the project of a new comprehensive work on analytical chemistry was received 
by analysts with great interest, and it is fair to say that all who heard of it were filled with curiosity 
to see how the Editors would tackle their task, and how comprehensive the result would turn out to 
be. It was clear from the advance advertisements that the work would be of great calibre, and this 
expectation was if anything enhanced by the eminence of the collaborators engaged on the text. 

It is not long since emphasis was laid on the desiderata of textbooks on analytical chemistry in 
articles that appeared on both sides of the Atlantic; and the view was expressed with firmness in the 
United States of America that one could no longer expect a single specialist to master the whole 
subject. On the other hand, it was thought that each chemist might tend to think too much in terms 
of his own special group of methods, and so be unable to command the whole field of the subject. 
And it has to be recognised that this field becomes daily wider. What was needed, it was said, was 
an integration of such groups of methods into the whole scheme of analytical chemistry. “Unfortun- 
ately”, it is written in Analytical Chemistry, “we do not !ind the climate of our Universities conducive 
to such growth. . . We trust that some editor-in-chief. . . may in his more mature years have gained 
sufficient wisdom, knowledge and inspiration to write a definitive work on how the various techniques 
should be integrated in solution of analytical problems so that the answer is obtained quickly. This 
is a challenging task, but we believe it is not impossible if the writer thinks in terms of analytical 
chemistry and not as a specialist.” 

These words have been quoted before, but no apology is needed for their re-appearance; they are 
surely fundamental to the matter of any new book on the subject under review. For not only are 
up-to-date descriptions of the newer techniques required in all parts of the work, but it is their 
assimilation into a comprehensive whole that must be achieved as well if the work is to reach its 
objective of presenting its subject as a living, vibrant whole. 

And what subject could prove more fascinating to any craftsman? It is true that analysts are 
scientists, but the practising analyst must also be a craftsman, and one of a very high order of skill. 
The first volume of this work deals with CIassicaZ Analysis, a subject that has rudely been defined as 
beaker and filter work, but nevertheless one that offers the finest opportunities for the application 
of skill that are to be found. If, indeed, it tends sometimes to seem out-of-date and cumbersome to 
those newly entering the practice of analytical chemistry, one would advise them to see how closely 
they can match the more famous determinations, perhaps of atomic weights, in accuracy or pre- 
cision of result. 

This test is a severe one, and likely to be undertaken only by those who have already a feeling of 
pleasure in things well done for their own sake. Let us not, however, think that it is only classical 
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having been made simpler to operate, and some “push-button” instruments are obviously not so 
accurate as the longer and more difficult methods they replace; but on the other hand many others 
of the newer methods of approach to analysis gain in delicacy from their mechanisation; and in 
skilful hands give information that could never have been derived by the more massive chemical 
separations. Often it is purely physical methods that give the extra delicacy of separation, but not 
always. Not a few of today’s advances come from a refining of the already highly polished methods 
of yesterday. Compare, as this volume, does, the analytical balance of yesterday and today with 
the micro-balance and the ultra-micro balance; and the advance made in a decade or two is at once 
plain. Apply the study of Statistics to analytical work, and see how it will bring certainty, even if 
only certainty of how large is the uncertainty of one’s work, to chemical analysis. Consider the need 
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for accuracy in sampling, today an advanced subject, and see how much one relied on chance for 
accurate replication of results in the past, and how much more precise thay may be made now. 

But this is to mention a very few of the branches of the subject that are dealt with in this first 
volume. It is right to mention all the headings: After a general introduction by the Editors, there is 
a chapter dealing with the Materiafs used for analytical vessels (G. H. Wyatt), Sampling (R. C. 
Tomlinson), Statistics (I?. C. Wood), Weighing (G. F. Hodsman), Measurement of Volume (R. 
Goulden), Solvent Extraction (G. H. Morrison and H. Freiser), and Organic Reagents in Inorganic 
Analysis (F. Holmes). 

Gas Analysis is described in the third chapter by A. E. Heron and H. N. Wilson. P. W. West, 
H. Weiss and A. 0. Parks deal with ~~rga~c ~~iitative Analysis, and A. McGookin with Organic 
Qualitutive Analysis. The sixth and final chapter is on Inorganic Gravimetric Analysis; it is introduced 
by Professor C. L. Wilson, and written by F. E. Beamish and W. A. E. McBryde and L. Gordon. 
This last chapter discusses the preparation of precipitates, their filtration and washing, and subsequent 
weighing; the purity of reagents, the use of organic reagents, and practical and theoretical 
considerations; filtering media, crucibles, heating devices, desiccators and miscellaneous 
apparatus; and finally precipitation from homogeneous solution of hydroxides and various 
anions. Generally speaking this chapter may be said to review the subject of gravimetric inorganic 
analysis pretty thoroughly in the course of rather more than 100 pages; but the reader will not find 
in it the specialised directions for the determinations of each cation and anion that would have 
appeared in most of the older textbooks on analysis, except in a few instances. 

The Editors have rather been at pains to achieve what has been looked for of late, and to review 
the whole subject covered by their title page. Emphatically they have not produced just another 
cookery-book. 

It is too early to foresee just how the remaining volumes of this great work will turn out. A study 
of the first section leaves one full of respect for the Editors and authors and of pleasure at what they 
have already achieved. Let us hope that all concerned will go from strength to strength, and that the 
completed work will fully justify the promise of its start. 

K. A. WILLIAMS 

Laboratory Glassblowing. L. M. PARR and C. A. HENDLEY. George Newnes Ltd., London, 1956. 
Pp. vii + 160. 21s. 

VERBAL or written instructions of the technique of glassblowing can become extremely involved and 
detailed, but remain, at the same time, completely inadequate. The authors have avoided many of the 
usual faults of this type of book and have presented adequate details of most glassblowing techniques 
in a simple and lucid manner: in particular, their many diagrams are extremely clear and accurate. 
Two unusual aspects of this book deserve comment: first, for certain articles the authors give methods 
of construction which give satisfactory results but which are not necessarily employed by professional 
glassblower (indeed, he would probably be horrified with some of the details); second, as well as those 
for standard glassblowing exercises, details are given for the making of stopcocks, metal-to-glass seals 
and calibrated apparatus which the reader would not expect to Iind in such a small volume. The book 
is well-indexed, and contains appendices which list impo~nt data such as standard joint and tap 
spec%cations and sources of supply of glassblowing equipment. 

The book is very readable, so much so that the text could be described as “gripping” in that it is 
difficult to put down the book until the job in hand is successfully completed. The book is also written 
with some gentle humour, not all of which is intentional; the legend “no sudden construction” at the 
end of an arrow pointing to the centre of a diagram of the requirements of a stopcock is wholly 
accurate for a beginner, if not wholly proof-read! 

Because of the nature of glassblowing it is doubtful whether a complete novice would soon become 
a highly competent glassblower with the aid of this book alone. However, a worker with a little 
knowledge of the technique will become a much more accomplished glassblower in a much shorter time 
if he has this book at his side. 

D. A, PANTONY 
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NOTICES 

The following meetings have been arranged: 

Tuesday 12Junuury 1960: Society for Analytical Chemistry, Midlands Section and Microchemistry 
Group. Micro Gas Analysis: G. J. MINKOFF, D.Sc., D.I.C. Mason Theatre, The University, Edmund 
Street, Birmingham, 3, England. 6.30 p.m. 

Wednesday 20 January 1960: Society for Analytical Chemistry, Biological Methods Group. 
Antibiotic Assay in Body Fluids: Professor L. GARROD, M.A., M.D., F.R.C.P. Burlington House, 
London, W.1. 7.0 p.m. 

Monday-Thursday 25-28 January 1960: Thirteenth Annual Symposium on Modern Methods of 
Analytical Chemistry. Louisiana State University, Baton Rouge, Louisiana, U.S.A. The speakers 
will include Dr. ROGER BATES, Dr. T. S. BURKHALTLXR, Dr. JAMES FRITZ, Dr. RUSSELL KEIRS, Dr. I. M. 
KOLTHOFF, Dr. HERBERT LAITINEN, Dr. SEAN MCGLYNN, Dr. G. W. C. MILNER, Dr. ROBERT MITCHELL 
and Dr. JAMES W. ROBINSON. 

Wednesday 27 January 1960: Society for Analytical Chemistry, Microchemistry Group. London 
Discussion Meeting. “The Feathers”, Tudor Street, London, E.C.4. 6.30 p.m. 

Friday 29 January 1960: Society for Analytical Chemistry, Scottish Section. Annual General 
Meeting followed by an address by D. W. KENT-JOONES, B.Sc., Ph.D., F.R.I.C. Glasgow, Scotland. 
1.30 p.m. 

Saturaky 30 January 1960: Society for Analytical Chemistry, North of England Section. Annual 
General Meeting followed by Analytical Methods in Clinical Biochemistry: H. VARLEY, M.Sc., 
F.R.I.C. Nag’s Head Hotel, Lloyd Street, Manchester, England. 2.15 p.m. 

Wednesday 3 February 1960: Society for Analytical Chemistry. Organised by the Physical 
Methods Group in conjunction with the Society of Chemical Industry, Oils and Fats Group. Spectro- 
scopic Investigation of Fats. Burlington House, London, W.l. 7 p.m. 

Registration forms for the Third Gas Chromatography Symposium, of which a preliminary 
notice appeared in our issue for August 1959, are now available. They may be obtained from Miss 
P. E. HUTCHINSON, Assistant Secretary, The Society for Analytical Chemistry, 14, Belgrave Square, 
London, S.W.I., or Mr. L. BREALEY, Standards Department, Boots Pure Drug Co., Ltd., Station 
Street, Nottingham, England, or Mr. D. H. DEITY, British Petroleum Co., Ltd., Research Station, 
Chertsey Road, Sunbury-on-Thames, Middlesex, England. 

The fifteenth Annual General Meeting of the Physical Methods Group of the Society for Analytical 
Chemistry was held on Tuesday 24 November 1959 in the Meeting Room of the Chemical Society, 
Burlington House, London, W.l. The Chair was taken by the Chairman of the Group, Mr. R. A. C. 
ISBELL, A.1nst.P. The following Officers were elected for the forthcoming year: 

Chairman: Dr. G. W. C. MILNER, F.R.I.C., A.1nst.P. 
Vice-Chairman: Dr. W. CULE DAVIES, F.R.I.C. 
Hon. Secretary and Treasurer: Dr. T. L. PARKINSON. B.Sc., F.R.I.C., Product 

Research Division, Beecham Foods Ltd., Beecham 
House, Great West Road, Brenfford, Middlesex, 
England. 

The Annual General Meeting was followed by the 69th Ordinary Meeting of the Group. Dr. 
MILNER was in the Chair, and the retiring Chairman gave a lecture on The Design of Optical 
Instruments for Chemical Analysis. 
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The B.S.Z. News announces, among others, the following new British Standard: 
B.S. 3145, 1959: Laboratory potentiometric pH meters. This specifies input current, details of 

calibration, stability, sensitivity, temperature compensation, auxiliary pH control, electrodecon- 
nexion and screening. (Price 3s.) 

The following Standards have been revised: 
B.S. 1016: Methods for the Analysis and testing of coal and coke, Part 8, 1959: Chlorine in coal. 

This deals with the determination of chlorine in coal by the Eschka and high temperature methods. 
(Price 4s. 6d.) Part 12: 1959: Caking andswellingproperties of coal. This deals with the determina- 
tion of the crucible swelling number and of the Gray-King coke type of coal. (Price 6s.) 

B.S. 1309: 1959: Methods of sampling and analysis of vegetable-tanned and chrome-tanned 
leathers. In this, instructions for sampling are given, together with diagrams. Methods for the 
determination of volatile matter, total ash and p-nitrophenol in both vegetable-tanned and chrome- 
tanned leathers, water-soluble matter, sulphated total ash, sulphated ash of water-soluble matter, 
insoluble ash, oils and fats, nitrogen and hide substance, degree of tannage, sugars, magnesium salts, 
pH of aqueous extract and acid figure in vegetable-tanned oils and grease, and uncombined sulphur 
and chromium in chrome-tanned oils are provided. (Price 8s. 6d.) 

The Optical Society of America announces a translation, Optics and Spectroscopy, of the Russian 
Journal Optika i Spektroscopiyu. This monthly Journal of the USSR Academy of Sciences commenced 
publication in 1956 and publishes the work of leading Russian scientists in all branches of optics 
and spectroscopy, including X-ray, ultra-violet, visible, infra-red, and micro-wave; thin layer 
optics, filters, detectors, diffraction gratings, electroluminescence thermal radiation backgrounds, 
infra-red polarizers, and their many other applications in science and industry. The English trans- 
lation, which is being published with a grant-in-aid from the National Science Foundation, starts 
from Volume 6, January 1959, and it is the aim of the Society that Optics and Spectroscopy will 
appear within four months of the Russian original. 

Further information may be obtained from Professor MARY WARGA, Executive Secretary, 
Optical Society of America, Executive Office, 1155 Sixteenth Street, N.W., Washington, 6, D.C., 
U.S.A. 

Developments in Analytical Chemistry 

The Birmingham and Midlands Section of the Royal Institute of Chemistry has arranged a 
Spring Lecture Course on Developments in Analytical Chemistry at the College of Advanced 
Technology, Birmingham, on the mornings of the Saturdays in March, 1960. 

Registration forms and further particulars may be obtained from Dr. M. WILLIAMS, Hon. Asst. 
Secretary, B.M.S., R.I.C., 24, Conchar Road, Sutton Coldfield, Warwickshire. 
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PAPERS RECEIVED 

The analysis of beryllium and beryllium oxid-1: The determhmtion of iron. J. 0. HIBBIT~, W. F. 

DAVIS and M. R. MENKE. (23 November 1959). 
The analysis of beryllium and beryllium oxid+II: The determination of copper. J. 0. HIBBITS, 

W. F. DAVIS and M. R. MENKE. (23 November 1959). 
The analysis of beryllium and beryllium oxid+III: The determination of molybdenum. J. 0. 

HIBBI~S, W. F. DAVIS, M. R. MENKE and S. KALLMANN. (23 November 1959). 
Spectrophotometric determhration of zirconium in uranhuu alloys of the fission elements. R. P. LARSEN, 

L. E. Ross and GWENWLYN KESSER. (23 November 1959). 
Spectrophotometric determination of fluoride using lanthanum chloride. KIYOKO HAYASHI, TAEKO 

DANZUKA and KE~EI UENO. (23 November 1959). 
Radiochemical separations by amalgam exchange. JAMES R. DEVOE, CHONG K. KIM and W. WAYNE 

M$NKE. (23 November 1959). 
The minimum ignition temperature of aluminium oxide precipitates. OSCAR I. MILNER and LOUIS 

GORDON. (23 November 1959). 
A new method for the determination of the actual content of acid chloride in the chlorides of 

carboxylic acids. K. BURGER and E. SCHULEK. (30 November 1959). 
‘IIe chromatography of sagars. R. W. BAILEY and J. B. PRIDHAM. (30 November 1959). 
The separation of carrier-free sarthorium (UX,) from uranium by anion-exchange. S. S. BERMAN, 

LORNA MCKINNEY and M. E. BEDNAS. (1 December 1959). 
Utilization of ternary and ion-association complexes in chemical analysis-II: Polarographic 

determination of indium. M. KOPANICA and R. PRIBIL. (8 December 1959). 
The determination of tantalum in rocks by neutron-activation analysis. D. F. C. MORRIS and 

A. OLYA. (9 December 1959). 
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TITRIMETRIC ANALYSIS OF 3 : 5DTNITROBENZOATE 
DERIVATIVES 

W. T. ROBINSON, JR., R. H. CUNDIFF, A. J. SENSABAUGH and P. C. MARKUNAS 
R. J. Reynolds Tobacco Company, Winston-Salem, NC., U.S.A. 

(Received IO August 1959) 

Summary-The neutra~tion equivalents of 3 : 5-dinitro~nzoate ester derivatives of alcohols and 
ethers were ascertained by refluxing with pyridine followed by potentiometric titration of the pyridine 
solution with 0.01 N tetrabutylammonium hydroxide. 

INTRODUCTION 

PERHAPS the most useful means of isolation and identification of alcohols is through 
the preparation of their 3:5-dinitrobenzoate derivatives. Although some of the 
3:5_dinitrobenzoate esters have low melting points, they crystallize readily and are 
easily obtained in a pure form. Dinitrobenzoate derivatives are also employed to a 
lesser extent in the identification of some aliphatic ethers, phenols, mercaptans and 
amino acids. These derivatives have been identified by meiting point data, elemental 
analysis, infrared and absorption spectroscopy and chemical microscopy. 

Fritz, Moye, and Richard1 demonstrated that anilines s~lbstituted in the 2:4 or 
2: 4: 6 positions with at least two nitro groups, or with one nitro group and one or 
more chloro groups can be titrated as acids in pyridine with a quaternary ammonium 
hydroxide base, and Sensabaugh, Cundiff and Markuna9 showed that 2:4-dinitro- 
phenylhydrazones can be titrated as weak acids in pyridine with O.OlN tetrabutylam- 
monium hydroxide. 

In the present study, 3:5dinitrobenzoates were found to be sufficiently acidic to 
be analyzed in a similar manner; however, refluxing of the pyridine solutions, before 
titration, was necessary to obtain stoichiometric values. If the proposed procedure 
is combined with the traditional qualitative analysis techniques, it can be a most 
vahrable supplementary adjunct for the identification of unknown alcohols. 

Reagents and apparatus 
EXPERIMENTAL 

Tetrabutylammonium hydroxide, O.OlN: Prepare O.lN tetrabutylammonium hydroxide as des- 
cribed previously.8 Add 30 ml of methanol to 100 ml of this solution and dilute to 1 litre with benzene. 
Standardize against benzoic acid in pyridine solution. The dilution contains approximately 25 parts 
of benzene to one part of methanol and is stable for at least 30 days. 

Precision-Dow Recordomatic Titrumeter (Precision-Scientific Company, Chicago, Illinois). 
The remainder of the reagents and apparatus are as described in a previous article.s 

Procedure 

AccurateIy weigh 2 to 20 mg of the 3:bdinitrobenzoate into a standard tapered 1%ml Erlenmeyer 
flask, dissolve in 50 ml pyridine and reflux for 30 minutes. Cool to room temperature, transfer to a 
250-ml electrolytic beaker and titrate potentiometrically under nitrogen with O.OlN tetrabutyiam- 
monium hydroxide. Determine the potentiometric end-point and correct for the solvent blank. 
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RESULTS 

Fig. 1 shows a typical potentiometric curve for titration of an alcohol 3:5-dinitro- 
benzoate. Table I lists the results obtained in the analysis of representative 3:5- 
dinitrobenzoates. d-Mannitol 3:5dinitrobenzoate is hexabasic and diethylene glycol 
3:5-dinitrobenzoate is dibasic, while, the remainder of the compounds listed are 
monobasic. All, results listed are the average of at least two determinations. 

TABLE I.-ANALYSIS OF ~~NITROBENZOATES BY TITRATION WITH 

O.OlN TETRABUTYLAMMOMUM HYDROXIDE 

3 %Dinitrobenzoate of ’ 

d-Mannitol 
Methyl alcohol 
Ethyl alcohol 
Diethylene glycol 
Ally1 alcohol 
n-Propyl alcohol 
isoPropy1 alcohol 
n-Butyl alcohol 
isoButy1 alcohol 
secButy1 alcohol 
rerrButy1 alcohol 
rer&Amyl alcohol 
isoAmy1 alcohol 
Ethylene glycol mono- 

ethyl ether 

90.5 224.46 224.88 99.82 
106-107 226.17 225.90 100.33 
92.5-93 240.19 241.80 99.34 
152-154 247.16 248.96 99.37 

46.5-47 252.21 252.87 99.74 
71.5-72 254.19 253.01 100.47 

122.5-123 254.19 255.65 99.43 
61-61.5 268.23 268.30 99.98 
82-83 268.23 265.18 101.16 

74.5-75.5 268.23 268.55 99.88 
143.5-144 268.23 272.23 98.53 

106-108 282.25 282.19 100.03 
58-59 282.25 285.05 99.20 

73-74 284.22 283.50 100.25 

cycZoHexano1 111-111.5 294.26 300.41 97.96 
Benzyl alcohol 114-114.5 302.23 302.68 99.86 
B-Phenylethyl alcohoj 106.5-108 316.26 320.25 98.76 
n-Octyl alcohol 60.5-61 324.32 323.68 100.20 
Phenylpropyl alcohol 85-86 330.29 330.91 99.82 
n-Nonyl alcehol 49-50 338.85 333.55 101.45 
I-Menthol 157.5-158 350.36 348.45 100.55 
n-Decyl alcohol 55-56 352.38 347.78 101.34 
I-Tetradecanol 62.5-63.5 408.48 402.93 101.38 
I-Octadecanol 74-75 464.58 466.41 99.61 
SolanesoP 61.5-63 825.14 800.33 103.10 

- 

Melting Point, 
“C 

T 

i- 

i 

Neutralization Equivalent 

Theoretical 

- 

I 
-L 

Experimental 
- 

T 

- 

% Purity 

DISCUSSION 

Among the m-dinitrobenzenes and derivatives, only 1~3 :54rinitrobenzene and 
3-dinitrobenzene have been reported as being suthciently acidic to <be titrated as 
acids in nonaqueous systems ls5. 

. 
Brockman and Meyer5 titrated 3-dinitrobenzene m 

ethylenediamine with sodium aminoethoxide and obtained two inflections in the 
titration curve. In this laboratory m-dinitrobenzene was titrated in pyridine with 
tetrabutylammonium hydroxide and found to be an exceedingly weak acid. The 
single inflection in the potentiometric titration curve was slight and the stoichiometry 
was erratic. 

Since acidity is known to increase as other electron-withdrawing groups are 
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introduced into the aromatic ring, it seemed reasonable to expect that a 3:5-dinitro- 
benzoate would be a much stronger acid than 3-dinitrobenzene. This assumption 
was correct. In preliminary investigations the 3 :Sdinitrobenzoates were titrated 
directly after solution in pyridine. Although suitable potentiometric curves were 

IOml 

FIG. 1 .-Titration of 3: Sdinitrobenzoate of n-butyl alcohol in pyridine 
with O.OlN tetrabutylammonium hydroxide. 

realized, these titrations were not stoichiometric in that low neutralization equivalents 
were obtained. The most anomalous results were obtained on analysis of the dinitro- 
benzoates of the tertiary alcohols. If the solutions of dinitrobenzoates in pyridine 
were allowed to stand 48 hours, and then titrated, quantitative results were realized 
in most instances, although the precision was poor. Consistently accurate and 
precise results were obtained only when the dinitrobenzoates were refluxed in pyridine 
before titration. 

Other solvents were substituted for pyridine in an effort to eliminate the refluxing 
time required with pyridine. These solvents included acetone, acetonitrile, dimethyl 
formamide, ethylenediamine, isopropyl alcohol and n-propyl alcohol. The lower 
molecular weight 3 :.5-dinitrobenzoates analyzed satisfactorily in acetone, but poor 
results were realized with the higher molecular weight derivatives. None of the other 
solvents were suitable in this analysis. 

The method has been used also for the determination of 3:5-dinitrobenzoates of 
symmetrical ethers and some phenols. However, the phenol derivatives, especially 
those of the highly substituted phenols, do not titrate quantitatively and the present 
method is not recommended for their analysis. Although this procedure has not been 
tested for the analysis of the dinitrobenzoate derivatives of mercaptans and amino 
acids, there is no apparent reason why it should not be applicable to these derivatives 
also. 

Indicators cannot be used in the discernment of the end-points, as all solutions 
were highly coloured. 
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Znsannnenfassnng-Die Neutralisationstiquivalente von Estern der 3 :5-Dinitrobenzoesiiure wurden 
bestimmt durch Erhitzen am Rticktlusskiihler mit Pyridin und anschliessende potentiometrische 
Titration der Pyridinlosung mit 0.01 n Tetrabutylammoniumhydroxyd. 

R&mm&-Les auteurs ont determine les “equivalents de neutralisation” des d&iv& ester 3-5 dinitro- 
benzoate des alcools et des ethers par chauffage au reflux avec la pyridine suivi dun titrage potentio- 
metrique de la solution de pyridine avec l’hydroxyde de tetrabutylammonium 0,Ol N. 
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Summary-A method has been developed for the determination of microgram amounts of boron in 
nitrate solutions. Nitrate is destroyed with formic acid and sulphuric acid under reflux conditions. As 
much as 3 millimoles of nitrate are reduced completely by refluxing 1 ml of the nitrate solution with 
1 ml of 88% formic acid for 15 minutes. Boron is determined by the carminic acid method after 
forming the colored complex in situ. This method has been applied to the determination of boron in 
uranyl nitrate solutions after extraction of uranium with tri-n-octylphosphine oxide dissolved in 
cyclohexane. 

THE calorimetric determination of boron in a variety of media has been the object of 
a considerable number of investigations during the past few years. In this laboratory, 
the carminic acid, spectrophotometric method2 has been used frequently for the 
measurement of boron in aqueous solutions. Nitrate was found to bleach the colour 
of both carminic acid and the boron-carminic acid complex at room temperature in 
the presence of hydrochloric acid. Nitrate and strong oxidants interfere similarly 
with the other widely used chromogenic reagents (quinalizarin2 1 : l-dianthramide,5 
and curcumin6). Methods proposed for the removal of nitrate from boron solutions 
include: (1) ignition of an alkaline medium,a (2) reduction with ferrous sulphate or 
sodium sulphite. 3 The ignition method has been utilized successfully in the analysis 
of organic compounds wherein ashing of the sample is a requisite for dissolution; 
however, such a technique is inconvenient for the determination of boron in acidic 
solutions. Previous investigations in this laboratory have revealed that iron, in amounts 
greater than 1 g, interferes with the carminic acid method. Although quantitative 
reduction of nitrate can be achieved with the mercury cathode, the sample solution is 
diluted considerably during transfer from the electrolytic cell. 

This study was undertaken to develop a method for the determination of boron in 
concentrations less than 100 ppm in 0.5M to 3M nitrate solutions. Carminic acid was 
chosen as the calorimetric reagent. Formic acid was selected as the most feasible 
reagent for destroying nitrate since only volatile products are formed in this redox 
reaction. The probable reactions involved are shown below. 

HCOOH + 2N0, + 2H+ + CO, + N,O, + 2H,O (1) 

3HCOOH + 2N0, + 2H+ + 3C0, + 2N0 + 4H,O. (2) 

Since these reactions must be carried out at the boiling point of the solution, a reflux 

condenser is required in order to prevent loss of boron. 
The maximum volume of the test solution was set at 2 ml. Larger volumes are 

impractical since inordinately large amounts of concentrated sulphuric acid would be 
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necessary in order for the reaction between carminic acid and boric acid to proceed 
to completion.2 

The method was applied to the determination of boron in nitrate solutions of 
uranium. 

E$ct of nitrate on the absorbanke of carminic acid 

The bleaching effect of nitrate on carminic acid is postulated to be due to the 
destruction of the quinoidal structure of the carminic acid molecule, I. 

The relationship between degree of bleaching and concentration of nitrate was 
established with a series of solutions that contained 0.001 to 1.6 millimoles of nitric 
acid. These solutions were prepared by adding two drops of hydrochloric acid, 10 ml 
of sulphuric acid, and 10 ml of carminic acid to 2 ml of the nitrate solution. The 
absorbance of each of these solutions was measured versus that of a solution that 
contained no nitrate. The bleaching effect of nitrate is readily observed in Fig. 1. 
The net absorbance of the carminic acid solution decreases loga~thmically with 
increasing concentration of nitrate. As little as 0.001 millimoles of nitrate reduces the 
absorbance by 0.025 units. Even trace amounts of nitrate are thus detrimental to the 
development of the colour of carminic acid in sulphuric acid medium and must be 
removed before the addition of the chromogenic agent. 

When N,O, is produced from the reaction between nitric and hydrochloric acids, 
the colour of the carminic acid solution is initially green rather than deep red. In 
solutions that contain one millimole of nitric acid, the deep red colour is restored on 
waiting the customary 4%minute period; however, in the 1.6-millimole solution, the 
final colour of the carminic acid solution is yellow, not red. 

~e~om~o~ition of nitrate with formic acid 

The degree to which nitrate is reduced when refluxed for 20 minutes with formic 
acid was investigated with synthetic solutions wherein the molar ratio of formic acid 
to nitric acid was varied from 1 to 13. Each solution contained 3 millimoles of nitric 
acid, 4 millimoles of sulphuric acid, and 3 to 40 millimoles of formic acid in a total 
volume of either 2 or 5 ml. After being refluxed for 20 minutes the solution was cooled 
and transferred to a lo-ml volumetric flask. The apparatus was rinsed with water and 
the rinse solution added to the sample. The amount of nitrate that remained after the 
solution had been refluxed was determined spectrophotometricallyl*’ by measurement 
of the absorbance of the solution versus water at 301 mp. The effects of solution 
volume and ratio of the reactants on the percentage of nitrate destroyed are presented 
~ap~cally in Fig. 2. 

The reduction of nitrate with formic acid can be achieved with less formic acid if 
the solution volume is kept to a minimum. In the case of 2-ml test solutions, a molar 
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ratio (HCOOH :NO,-) of four is sufficient to reduce, to an extent exceeding 99 %, 
3 millimoles of nitrate. For a similar ratio in 5-ml test solutions, the corresponding 
reduction was only 45 ‘A complete. In order to attain 99% reduction in 5-ml test 
volumes, the ratio of formic acid needed was approximately ten. 

As shown in Fig. 2, complete reduction is approached asymptotically. Trace 
amounts of nitrate were found in every test conducted. This nitrate is assumed to be 
transported physically to the upper portion of the condenser during reflux and thus is 
not adequately contacted by the formic acid. The amount of nitrate that is so trans- 
ferred is constant for practical purposes and does not vary appreciably with the shape 
and size of the apparatus or when the amount of nitrate originally present is reduced 
to as low as 0.75 millimoles. No enhancement in reduction of nitrate was achieved by 
doubling the concentration of sulphuric acid ; however, slight impairment was 
observed when this acid was left out of the solution. Essentially no reduction occurred 
in solutions wherein the reactant ratio was 8 when 6 millimoles of sodium hydroxide 
were added. This amount of base was sufficient to neutralize the 3 millimoles of nitric 
acid present but insufficient to achieve neutralization of 23 millimoles of formic acid. 

Although the amount of nitrate that remains after refluxing the solutions under 
optimum conditions is sufficient to cause partial bleaching of carminic acid, this source 
of error can be eliminated by rinsing the condenser with 10 ml of concentrated sulphuric 
acid followed by 10 ml of the carminic acid solution. This rinse, which in effect 
constitutes development of the boron-carminic acid complex, serves to complete the 
reduction of nitrate as a consequence of the exothermic reaction that takes place when 
the acids come in contact. For example, when 3 millimoles of nitric acid are refluxed 
with 24 millimoles of formic acid, in a total volume of 2 ml, for 20 minutes, and the 
carminic acid colour developed in the reaction, the absorbance of this solution does 
not vary from that of a reagent blank solution by more than 0.01 units. 

Choice of wavelength 

A selection of the optimum wavelength for measurement of the absorbance of the 

boron-carminic acid complex was made after carrying out a spectral study of this 
complex with a Cary recording spectrophotometer, Model 14M. Two lots of carminic 

acid were used in the preparation of reagents. The spectra of solutions that contained 
1 pg of boron per ml (20 pg of boron per 22 ml) exhibited constant absorbance 
between 580 rnp and 615 rnp when measured versus a corresponding reagent reference 
solution. The slit width was smallest, 0.14 mm, in the spectral region of 585 rnp to 
600 rnp and increased to 0.17 mm at 580 rnp and 610 rnp and to 0.18 mm at 615 mp. 
A wavelength of 585 m,u was selected for this investigation primarily because this 
wavelength had been used in several previous methods for the determination of boron 
in this laboratory. The original choice of wavelength was based on the work of 
Hatcher and Wi1cox.s Recently, Callicoat and Wolszon4 have expressed a prefer- 
ence for 610 rnp as the optimum wavelength for measuring the intensity of the boron- 

carminic acid colour. 

EfSect of formic acid on the absorbance of carminic acid 

Since the quinoidal structure of carminic acid can be reduced to the corresponding 
hydroquinone form by zinc in acetic acid, 9 the effect of formic acid, a much weaker 

reducing agent, was investigated to determine if carminic acid is reduced by relatively 



Calorimetric determination of boron 315 

large amounts of this reagent. The absorbance of carminic acid in solutions that 
contained 16 and 23 millimoles of formic acid was measured at 585 rnp versus an 
equivalent concentration of carminic acid in sulphuric acid. No change in absorbance 
was observed at either concentration of formic acid. 

EXPERIMENTAL 

Apparatus and reagents 

A Beckman spectrophotometer, Model DU, and Cary recording spectrophotometer, Model 14 
M, with l-cm matched silica cells were used for measurement of absorbance. 

Either Pyrex or Vycor flasks can be used without significant con~mination if they are washed in 
hydr~hloric acid and rinsed with water. 

Boron: standard solutions. A stock solution that contained 500 ~cg of boron per ml was prepared 
by dissolving 440 mg of Na,B,O,. lOH,O in 100 ml of water in a polyethylene bottle. Dilute solutions 
that contained 100, 50,25, and 5 pg of boron per ml were prepared by diluting aliquots of the stock 
solutions with water. 

Carminic acidsohtion: 0.1% (w/v) in HzS04. (Carminic acid is obtainable from National Aniline 
Division, Allied Chemical and Dye Corporation.) 

Formic acid: 88 %. Analytical, reagent-grade. 
SuZphuric acid. C. P. grade acid obtained from the General Chemical Division of Allied 

Chemical and Dye Corporation. 

Procedure,for the de~~e~opmen~ of the boron-carminic acid colour 

Two ml of aqueous solution that contains 40 pg of boron is transferred to a SO-ml Vycor beaker. 
Two drops of concentrated hydrochloric acid are then added to the beaker. The beaker is cooled in an 
ice bath, following which 10 ml of concentrated sulphuric acid and IO ml of carminic acid solution are 
added by pipette and the solution is stirred thoroughly with a Teflon stirring rod. The beaker is then 
removed from the ice-bath and allowed to stand at least 45 minutes, after which the absorbance of the 
boron-carminic acid is measured at 585 rnp versus a reagent blank. The amount of boron in the 
solution is established by reference to a calibration curve or calculated by means of an empirical factor. 

The colour of the complex attains maximum development in 30 to 40 minutes, remains con- 
stant for approximately 1.5 hours, and then fades slowly. 

Determination of boron in synthetic nitrate solutions 

Synthetic boron solutions that contained various amounts of nitrate were prepared by combining 
1 ml of standard boron solution, 0.2 ml of sulphuric acid and 0.2 ml of various concentrations of 
nitric acid. The nitrate was reduced by the addition of I ml of formic acid in two, 0.5-ml increments. 
The ~ron~rminic acid colour was developed in situ by adding the necessary reagents through the 
condenser and subsequently was measured versus a reagent blank. The results are shown in Table I. 

The coefficient of variation for the determination of 25 /lg of boron is 1%. This order of precision 
was obtained in the presence of varying concentrations of nitric acid. The precision for determining 
smaller amounts of boron is less, 5% for 12.5 pg of boron. One of the contributiong factors to this 
decrease in precision is the presence of minute bubbles of carbon dioxide in the final solutions. These 
bubbles are formed by the decomposition of excess formic acid with concentrated sulphuric acid. 
Even on long standing, some gas remains which naturally affects the absorbance readings somewhat. 
The over-all effect is greatly minimized by frequent agitation of the solution while awaiting complete 
colour developement. 

Determination of boron in synthetic solutions of uranyi nitrate 

Because of its high capacity for absorbing neutrons, the concentration of boron in nuclear fuels 
must be kept to a minimum. The analysis of boron in uranium is thus one of the more common 
analyses in nuclear technology. Boron must generally be separated from ~nium before its determin- 
ation since at a weight ratio of 1000 (U : B) the error for the carminic acid method is about 15 %. 
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TABLE ~.-DETE~NATIONO~~RON~~TESOL~IONS 

NOa, 
Molarity 

0.4 

0.8 

1.5 

2.3 

3.0 

T 

Present Pound Average 

12.5 

25 

25 

25 

25 

25 

Boron, yg 1 

11.4 
12.4 
12.8 
12.0 
11.4 

24.8 
26.0 
24.8 
24.0 
25.6 
24.1 
25.0 

25.5 
25.6 

27.4 
26.8 

24.4 

24.4 
24.9 
24.8 

2.0 f 0.6 

!5.2 f 0.3 

Coefficient of Variation, 
Per Cent 

S 

1 

Boron is readily separated from uranium by ion-exchange resins;*” however, this method results 
in considerable dilution of the sample so that concentration by evaporation is required. In order to 
avoid this step, liquid-liquid extraction separation was used with a cyclohexane solution of tri-n- 
octylphosphine oxide (T.OPO) as the reagent. This compound, dissolved in eyciohexane, is an 
excellent extractant for uranium from either acidic nitrate or chloride solutions.12 One rni~~ole of 
TOP0 in cyclohexane can be used to extract 80 mg of uranium from 2MHNOs.‘1 Boron is not 
extracted and is retained in the aqueous phase.le 

A series of synthetic solutions was prepared to contain 12 mg of uranium and SO @g of boron in 
5 ml of 2M HNO,. These solutions were equilibrated with 5 ml of O.IM TOP0 for 10 minutes to 
extract uranium. One-ml aliquots of the aqueous phase were then transferred to a reflux flask, 
following which the nitrate in the solution was reduced with 1 ml of HCOOH, and boron was then 
determined by the carminic acid method. The average result of these determinations was 50.5 ,ug 
with a coefficient of variation of 1%. The extraction of uranium with cyclohexane solution of TOPO, 
therefore, does not cause any error in the determination of boron in the resulting aqueous phase. 

Procedure 

Transfer 1 ml of the solution that contains S to 40 kg of boron to a lo-ml reflux fKask and then add 
0.2 ml of sulphuric acid and 0.5 ml of formic acid. Connect the flask to a water-cooled reflux condenser 
and heat the contents of the flask until all coloured oxides of nitrogen are expelled through the con- 
denser. Cool the flask to < 100” and then add OS ml of formic acid to the flask through the condenser. 
Heat the solution to reflux temperature for 1 S minutes and then cool in an ice bath. Add 2 drops of 
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hydrochloric acid, 10 ml of sutphuric acid, and 10 ml of carminic acid solution (in this order) to the 
flask by allowing these reagents to wash down the inner wall of the condenser. When the temperature 
of the solution is less than ~25”, remove the flask from the condenser, stir the solution and then 
transfer it to a 50-ml Vycor beaker. Set the solution aside for at least 45 minutes before measuring its 
absorbance at 585 m,e versus a reference solution that contains 2 ml of water, 2 drops of hydrochloric 
acid, 10 ml of sulphuric acid and 10 ml of carminic acid solution. Determine the concentration of 
boron by referring the absorbance to a calibration curve or calculate it by means of a calibration 
factor. 

Workcarried out under contract No. W-7405eng-26 at Oak Ridge National Laboratory, operated 
by Union Carbide Corporation for the U.S. Atomic Energy Commission. 

~~~~g-Eine Methode zur ~stimmung von M~ro~~mengen Bor in Nitra~~sungen 
wurde entwickeh. Nitrat wird mittels Ameisen-~hwefel~ure unterm R~ckflussk~hler zerstort. Bis 
zu 3 Millimolen Nitrat werden vallig reduziert wenn 1 ml der Nitratliisung mit 1 ml 88 % iger Ameisen- 
slure ftir 15 Mint&en unter Riickfluss gekocht wird. Bor wird nach der Carminsriutemethode photo- 
metrisch bestimmt. Die methode wurde auf die Borbestimmung in Uranylnitratlosungen nach 
Extraktion des Urans mit Tri-n-octylphosphinoxyd in Cyclohexanlosung angewendet. 

R&mm&-La auteurs ont mis au point une methode pour le dosage de microgrammes de boredans des 
solutions de nitrate. Le nitrate est detruit par I’acide formique et l’acide sulfurique par chauffage au 
reflux. On r6duit des quantites aussi importantes que 3 millimoles de nitrate par chauffage au reflux 
de 1 ml de solution de nitrate avec 1 ml d’acide formique a 88 % pendant 15 minutes. Le bore est dose 
par la methode de I’acide carminique apres formation du complexe colore “in situ”. On a applique 
cette methode au dosage du bore dans des solutions de nitrate d’uranyle apr&s extraction de l’uranium 
par i’oxyde de tri-n-~tylphosphine dissous dans ie cyclohexane. 
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Summary-A sensitive spectrophotometric method for the estimation of phenol (10-5M) in solutions 
containing tyrosine, tryptophane, histidine or chymotrypsin is described. The method employs 
diazotised p-nitroaniline as reagent. 

THE direct estimation of low concentrations of phenol in alkaline solution by measure- 
ment of the intensity of absorption of phenoxide ion at 234 rnp has been described 
earlier.l This method is unsuitable for the estimation of phenol in the presence of 
alkali-labile phenyl esters. Furthermore it is difficult to apply accurately in the 
presence of low concentrations of aromatic amino-acids (particularly tyrosine) or 
proteins, on account of their high background absorption in the ultra-violet.2t3 

The present method avoids these difficulties by utilising a sensitive colour reaction 
of phenol.4 When dilute aqueous phenol solutions are treated with diazotisedp-nitro- 
aniline at pH 8, 4-(4’-nitrobenzene-azo) phenol (I) is formed.5 The latter gives rise 
to the intensely red anion (II) in alkaline solution.6 

I II 

The intensity of absorption of the species II, which shows a prominent maximum 
in the visible region7ps (&,, 480 m,u, emax 2,000; Fig. l), may be conveniently 
determined spectrophotometrically, thereby affording the concentration of phenol in 
the original solution. 

Coupling of the diazo reagent with phenol is optimal in the neutral pH region. 
At the same time this pH region favours decomposition of the diazo species into 
p-nitrophenol and nitrogen. g-11 The p-nitrophenol reacts with more diazo reagent 
forming coloured products which tend to increase the background absorption of the 
solution. These undesirable side-reactions may be largely eliminated by reducing the 
reaction time to a minimum. In practice a small excess of diazotised p-nitroaniline is 
allowed to react with the phenol solution in phosphate buffer (pH 8) for one minute, 
and the product is then made strongly alkaline. The strongly alkaline conditions at 
once check further coupling,g and give rise to the desired red ion II. 

It is evident (Fig. 5) that phenol couples almost instantaneously with the diazo 
solution at pH 8. This behaviour makes it possible to estimate phenol in the presence 
of tyrosine, tryptophane or histidine, which are found to react with the diazo solution 
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FIG. I.-Absorption maximum produced by 
treatment of buffered phenol solution with 

FIG. 2.-Absorption maximum produced by 

diazo reagent, and making alkaline after 30 
treatment of buffered tyrosine solution with 
diazo reagent, and making alkaline after 30 

min. min. 

much more slowly (Fig. 5). Proteins themselves are known to undergo coupling with 
diazo solutions,12J13 but the presence of low concentrations of protein does not 
seriously interfere with phenol estimation under the experimental conditions of this 
method. Linear dependence of optical density at 480 rnp on phenol concentration, 
in the presence of the enzyme-protein chymotrypsin (2.14 X 10-5M) is shown in Fig. 6. 

Apparatus and reagents 
EXPERIMENTAL 

Measurements were carried out using a Unicam S.P. 500 spectrophotometer (Cambridge, Instru- 
ment Co.), with l-cm silica cells. Small volumes of solution were measured using a micrometer 
syringe. 
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Determination of optimum concentration of diazo reagent required: Increasing amounts of diazo 
reagent were added to 3 ml of 3 x 10-&M phenol in @l&f aqueous sodium phosphate buffer (pH 8.0). 

0. 

n 
* @I 
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Diuzo reagent: p-Nitroaniline (1.5 g) was dissolved in concentrated hydrochloric acid (40 ml) 
and made up to 500 ml with distilled water. For phenol estimations, 5-ml portions of this stock 
solution were withdrawn and cooled in ice, and solid sodium nitrite was gradually added until a 
slight excess of nitrous acid persisted. Solutions of p-nitrobenzene diazonium chloride prepared in 
this manner, were stored for minimum periods in the dark. 

Procedure 

I” C” 

min 

) 

FIG. K-Comparison of rates of colour development on treatment of buffered solutions of 
phenol (l), tyrosine (2), tryptophane (3), and histidine (4) (3 x IO-sM) with diazo reagent, 

and subsequently making alkaline. 

After maintaining at 20” for one minute, 1 ml of 0.2N aqueous sodium hydroxide was added, and 
the optical density at 480 rnp was measured. (Table I.) Maximum optical density was obtained by the 
addition of only 0.02 ml of reagent. To ensure an excess of reagent 0.03 ml was added in subsequent 
estimations. 

TABLE I.-DEPENDENCE OF OPTICAL DENSITY (d& 

ON VOLUME OF ~1.4~0 REAGENT ADDED ~0 3 ml 0F 

BUFFERED PHENOL SOLUTION (3 X 10-6M) UNDER THE 

PRESCRIBED CONDITIONS 

"i"":;""'. 

0.01 0.265 
0.02 0.555 
0.03 0.550 
0.05 0.540 
0.10 0.555 
1.00 0.545 
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Dependence of optical density (480 rnpu) onphenol concentration: Three ml of solutions of phenol 
in @lM sodium phosphate buffer were treated with 0.03 ml of diazo reagent, and set aside for one 
minute at 20”. After making alkaline with 1 ml of @2N aqueous sodium hydroxide, the optical 
density at 480 mp was measured. A linear plot of d,,,,, a g ainst phenol concentration over the range 
1 x W6M to 5 x 10-5Mphenol was obtained (Fig. 6). 

z 0.75 

8 
$ 

O 
I I I 

2 3 4 

Phenol concentration x105M 

FIG. 6.-Dependence of optical density (d 480 m,u) on phenol concentration in buffered 
solutions, after treatment with diazo reagent, and making alkaline. 

Stability of colour: Solutions of phenol, treated with the diazo reagent in the foregoing manner, 
showed no change in optical density after standing overnight. Similar preparations in the presence of 
chymotrypsin (3 x 10-5M) showed a slow decrease of optical density at 480 my (Table II) with time. 

TABLE II.-TIME DEPENDENT EFEECT OF CHYMOTYPSIN 

(3 X fo-’ M) ON THE OPTICAL DENSITY (d& PRODUCED 

ON TREATMENT OF PHENOL SOLUTIONS (3 X 10-‘M) 

WITH DIAZO REAGENT AND MAKING ALKALINE IN THE 

PRESCRIBED MANNER 

5 0.430 
16 0.420 
31 0.412 
60 0.410 

overnight 0,320 

Reaction ofphenol, tyrosine, fryptophane mdhistidine solutions with the diazo reagent: Solutions of 
phenol, tyrosine, tryptophane and histidine (3 x 10-OM) were prepared in O.lM sodium phosphate 
buffer and 0.03 ml of the diazonium reagent was added to 3 ml of each. The mixtures were maintained 
at 20° for 30 minutes, made alkaline by the addition of 1 ml of 0.2N aqueous sodium hydroxide and 
their absorption spectra in the visible region measured against a blank cell containing sodium phos- 
phate buffer treated in the same manner as the reactant solutions (Figs. l-4). 

Comparison of rates of colour development ofphenol, tyrosine, t~yptophane and histidi~: Solutions 
of phenol, tyrosine, tryptophane and histidine (3 x lO_“M), in @IA4 sodium phosphate buffer, were 
treated with the diazo reagent as in the previous experiment. The solutions were made alkaline with 
1 ml of 0*2N aqueous sodium hydroxide, after increasing time intervals, and optical densities were 
measured at 480 rnp against a blank phosphate-diazo solution. The rate curves are shown in Fig. 5. 
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Rate of colourpr~uct~o~ ~~pheno~soIutio~s at 0”: Solutions of phenol (3-ml portions, 3 x 1OFM) 
in O+lN sodium phosphate buffer, were maintained in an ice-bath. To each portion, 0.03 ml of 
diazonium reagent was added, followed by 1.0 ml of 0.2N aqueous sodium hydroxide after increasing 
time intervals. The optical densities were measured at 480 m,u. (Table 3). This information is useful 
when phenol estimations are required for kinetic studies at 0”. 

TABLE III.-RATE OF COLOUR PRODUCTION AT 0" IN 

PHENOL SOLUTIONS (3 X lO+hf)TREATED WITH DIAZO 

REAGENT IN THE PRESCRIBED MANNER 

Reaction time 
(set) 

15 O-360 
30 / 0.526 
60 1 0.618 

DISCUSSION 

Comparison of the visible absorption spectra of phenol, tyrosine, tryptophane and 
histidine solutions, after the standard treatment with diazotised p-nitroaniline, reveals 
interesting features. Phenol solutions, on the one hand, show the absorption maximum 
of the ion II at 480 rnp (Fig. 1). Tyrosine, tryptophane and histidine solutions, on the 
other hand show a distinctly different absorption maximum 410 rnp (Figs. 2-4) which 
is apparently common to ah three amino-acids. A closely similar maximum (410 rnp) 
was obtained from a solution of 4:4’-dinitrodiazoaminobenzenel* (VII) buffered 
similarly to pH 8. It would appear that tyrosine, tryptophane and histidine do not 
undergo appreciable nuclear coupling with the diazo solution under these conditions, 
for this would yieId different chromophoric species. 15y16 Instead, these amino-acids 

/OH'"? 

R-r-co2HR~ 

R .CH C02H 

OH + 

- N02+$?J-N=N-~~-f$---~~2 + N, I 



Spectrophotometric estimation of phenol 323 

evidently react with diazotised p-nitroaniline affording the dinitrodiazoaminobenzene 
(VII) and the corresponding a-hydroxy acids (V). 17-19 In line with earlier work we 
suggest that this reaction proceeds through the a-amino-bis-diazo compound (IV). 
The latter may then undergo subsequent nucleophilic attack by OH- yielding the 
a-hydroxy acid and the unstable pentazine 20--22 (VI) which immediately decomposes 
into nitrogen and the dinitrodiazoaminobenzene. 

Acknowledgement-Thanks are due to Mr. P. M. Newman for helpful discussion. 

Zusammenfassung-Eine empfindliche spectrophotometrische Methode zu Bestimmung von Phenol 
(lO-6 m) in LGsungen, die Tyrosin, Tryptophan, Histidin oder Chymotrypsin enthalten, wird be- 
schrieben. Diazotiertesp-Nitroanilin wird als Reagenz verwendet. 

R&.um&--Les auteurs dCcrivent une m&hode spectrophotom&trique sensible pour le dosage du 
phenol (l0-6M) dans des solutions contenant de la tyrosine, du tryptophane, de l’histidine ou de la 
chymotrypsine. La mCthode utilise comme rkactif lap-nitroaniline diazot6e. 
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Summary-A procedure is described for the separation and subsequent coiorimetric determination of 
ruthenium and palladium as complex and ammine-type thiocyanates respectively, using solvent 
extraction. Suggestions are put forward as to the nature of the ruthenium complex occurring in 
solution. 

A NUMBER of organic reagents have been employed in the solvent extraction of the 
platinum metals, but the use of these has been largely restricted to palladium and 
platinum. One difficulty in the way of easy formation of chelate compounds is the 
fact that the commonest form for these metals is in stable complex ions such as 
(PtC16)2-, (RuC~,OH)~. This class of compounds, involving hexachloro-complexes 
etc., is presumably essentially ionic in character and will exist as entities only in the 
solid state; reagents forming such compounds would not be expected to assist the 
solvent extraction of the platinum metals. A second category, however, apparently 
consists of non-ionic substances related to Pd(NH&Cl,, and solubility in organic 
solvents may be expected. Thus Ryan” extracted thep-nitrosodiphenylamine complex, 
Pd(C12H,,Nz0)2CI,, into ethyl acetate, ether and chloroform, while Yoe and Kirkland2 
used p-nitrosodimethylaniline for a similar purpose. The covalent complex Pd pyzClz 
(py = pyridine) has been known for many years, 3~4 but the analytical possibilities of 
similar complexes with thiocyanate ion in place of halogen appear either not to have 
been noted in the literature or to have been completely neglected, although Rubinshtein5 
prepared a series of substituted pyridino-chlorides of palladium, without investigating 
their extractability into organic solvents. 

A survey of the literature reveals that little attention has been paid to the solvent 
extraction of thiocyanate complexes of the platinum metals. OgbuntB first noted the 

III formation by Ru of a red colour with thiocyanate ion, which is extracted by suitable 
organic solvents. 7 Recently8 the red complex Cpd(SC2Qz- has been extracted with 
butyl alcohol or iso-amyl alcohol at pH below 5, in the presence of Ptrv and Irrv. 
Apart from such investigations, however, it would appear that the analytical value of 
the complex and ammine-type thiocyanates of ruthenium and palladium has not been 
examined to any extent. 

This paper describes a procedure for the separation and determination of ruthenium 
and palladium through the formation of compounds of both the above types. 

PRELIMINARY INVESTIGATIONS 

The replacement of Cl by SCN in Pd pyzClz was undertaken and the conditions 
under which a pyridine thiocyanate of palladium is formed were examined. It was 
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found that if excess thiocyanate is added to a palladous chloride solution and the pH 

adjusted to between 4 and 6, the addition, dropwise, of pyridine causes the red-brown 
solution to become pale yellow in colour. After a moment the solution becomes 
completely colourless with the formation of a yellow flocculent precipitate, which is 
only obtained from solutions containing palladium alone. In the presence of other 
platinum metals no precipitate is obtained from the pale yellow solution and this effect 
is also observed in the presence of excess pyridine or in alkaline solution. The yellow 
precipitate was analysed both by ignition to PdO and by C, H and N determinations; 
all results accorded with the formula Pd py&SCN)e. Both this precipitate and the 
pale yellow aqueous solution from which it is obtained were found to be very readily 

and completely extracted, even from solutions of pH up to 12, by organic solvents 
such as chloroform, ethers, ketones and tributyl phosphate, in all cases yielding a pale 
yellow solution in the organic phase. The species extracted was thought to be the 
molecular species Pd pys(SCN),, since both chloroform and hexone (methyl iso-butyl 
ketone) yield similarly coloured solutions, very different in colour from that of the 
palladium thiocyanate complex extracted into hexone from acid solutions. Palladium 
here closely resembles nickel in the behaviour of its complex and ammine-type 
thiocyanates.g 

The behaviour of ruthenium complex thiocyanates was next investigated. Ruthe- 
nium was present in the tervalent state as the complex [Ru(H,0)C1J2-, soluble in 
water or dilute hydrochloric acid. In O*lN acid solution, on the addition of excess 
thiocyanate, a crimson extractable complex is obtained, which is stable provided that 
the solution is not heated. On heating the solution, however, the colour changes to 
deep blue, this process being complete at about 50” in O*lN acid solution and being 
independent of the particular acid used. In neutral solution it is necessary to maintain 

the temperature near to the boiling point for a few moments in order to bring the 
reaction to completion, but in both cases an odour of hydrogen sulphide is observed. 
The blue colour obtained is considerably intensified if the solution is made 1N or more 
in acid concentration, when it appears very stable and showed no fading after standing 
for one week. 

From neutral or only weakly acid solutions this blue complex is extracted only 
partially by hexone or a 1 : 5 tributyl phosphate/cycZohexane mixture and not at all by 
chloroform, ethers or acetates. From a 2N hydrochloric acid solution, however, it is 

rapidly and completely extracted by the first two solvents mentioned above, partially 
extracted by ethers and acetates, and not at all by chloroform. 

On the basis of these preliminary observations it was found possible to effect a 
separation of ruthenium and palladium. It was decided to employ an absorptiometric 
method for the determination of the metals and as a first step the absorption spectrum 
of Pd py,(SCN), in hexone was determined. This is shown in Fig. 1. The maximum 
at 345 rnp is very suitable for measurement and was used throughout. For known 
amounts of palladium a calibration curve was prepared, from which the minimum 
amount which could be determined with certainty was 25 ,ug. 

The absorption spectrum of the dark blue ruthenium thiocyanate complex in 
hexone is shown in in Fig. 2, the maximum at 570 m,u being employed in subsequent 
measurements. For known amounts of ruthenium a calibration curve was prepared, 
from which the minimum amount which could be determined with certainty was 

25 clg. 
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PROCEDURES 

To about 20 ml of the solution for analysis, which should contain not less than 25 [lg palladium 
and 25 /.~g ruthenium and have pH 1*5-2.0, add ION sodium hydroxide solution rapidly until the pH 
is 11 to 12. It is essential that this adjustment should be made quickly with a strong alkali solution. 

Transfer the solution to a separating funnel and use 0.05N sodium hydroxide to rinse the beaker, 
adding these washings to the main solution. To the pale green solution add 05 ml (excess) of a 40 % 
solution of potassium thiocyanate, followed by 5 drops of pyridine. The solution becomes pale 
yellow in colour due to the formation of the pyridine thiocyanate of palladium. 

Extract the solution twice with lo-ml portions of hexone and make up to 25 ml. The hexone 
solution contains all the palladium present in the original aqueous solution. Under these conditions 
a thiocyanate complex of ruthenium is not formed, or, if formed, is not extracted. 

Filter the hexone extract and pour into the absorption cell of the s~trophotometer. This 
operation removes tiny globules of air or water which may be present. Measure the optical density of 
this solution at 345 rnp, with reference to hexone as standard, and read off the concentration of 
palladium present from the prepared calibration curve. 

Determination of ruthenium 

Transfer the pale green aqueous solution remaining after the extraction of palladium to a 50-ml 
beaker. This solution contains potassium thiocyanate (excess), a trace of pyridine, ruthenium, if 
present, and has a pH of approximately Il. 

Add 1 ml of concentrated (11N) hydrochloric acid rapidly with stirring and heat the solution to 
about 90”, when an odour of hydrogen sulphide is observed. The time taken to reach this temperature 
should be about 4 minutes. While still hot, add a further 5 ml of concentrated hydrochloric acid down 
the sides of the beaker. This has the effect of intensifying the colour of the bluecomplex and, allowing 
for wash fiquor, renders the solution approximately 2N in hydrochloric acid. Cool the beaker and 
contents to about 20”. 

When cool, transfer solution to a separating funnel, extract twice with lo-ml portions of hexone 
and make up to 25 ml. This solution will contain all the ruthenium present in the original aqueous 
sample. 

Filter the hexone extract and pour into the absorption cell of the spectrophotometer. Measure the 
optical density of this solution at 570 m,u, with reference to hexone as standard, and read off the 
concentration of ruthenium present from the prepared calibration curve. 

Notes 

It is necessary to carry out the extraction of Pd pya(SCN), at pH above 11, since this is not formed 
below pH 4, while at pH 4-8 a hydrous oxide of ruthenium is precipitated. It cannot be too strongly 
emphasised that the initial adjustment to pH 11 of the ruthenium-palladium mixture. must be made 
very rapidly using a concentrated alkali solution, under which conditions no precipitation is observed. 
The same precaution is also necessary on later acidification i.e. concentrated hydrochloric acid must 
be rapidly added. 

RESULTS 

To test the validity of the proposed method, a number of “unknown” mixtures 
were analysed by one of us (J. H. W. F.). The results are recorded in Table I. Where 
the experimental results differ from the actual composition, the latter is recorded in 
parentheses. 

These results were extremely satisfactory, especially for palladium. The method 
shows great promise in the separation and subsequent concentration and determination 
of small amounts of ruthenium; results are easily reproducible and precision is very 

good. 

DISCUSSION 

In 1952 YatIe and Voigt, lo through a spectrophotometric study, claimed to have 
established the formula Ru(SCN)~+ for the deep blue complex formed by the reaction 



328 J. H. W. FORSYTHE, R. J. MAGEE and C. L. WILSON 

of Rum and Rurv perchlorates with thiocyanate ion. In the case of RP, reduction to 
Rum occurred at the expense of the thiocyanate, and no evidence was found for higher 
complexes. However, during the present investigations it was found that both the 
crimson Rum thiocyanate complex and the blue complex later obtained were, in fact, 

TABLE 1 

No. of Sample 

- 

Palladium, ,~g 

450 
295 (300) 

97.5 (100) 
- 

745 (750) 
50 

247.5 (250) 

Ruthenium, ,q 

30 (25) 
155 (150) 
405 (400) 
250 

25 
495 (500) 

- 

anionic in nature, being readily adsorbed on the anionic-exchange resin Amberlite 
IRA-410. In neither case did any adsorption take place on the cationic-exchange resin 
Dowex 50. These observations conflict directly with the findings mentioned above. 

From their experimental data, for the reaction, 

A+nB+AB, 

Yaffe and Voigt obtained best agreement with experiment when n was chosen as unity. 
They endeavoured to fit their results to other values for n, but found these to be less 
satisfactory. From their published curve, the deduction must be that at least some of 
their results were capable of being fitted to the assumption that n could equal 2, 3, or 
even 4. The formation of a negatively charged Ru m thiocyanate complex capable of 
being adsorbed on an ionic-exchange resin, as observed in the present work, would 
require it to be formulated as Ru(SCN), or Ru(SCN)s2-, i.e. n = 4 or 5; and this 
may be regarded as at least a possibility, if the behaviour of Fenr thiocyanate11t12 is 
taken into account. It is, therefore, suggested that the crimson Runr thiocyanate may 
be represented by one or both of the above formulae, at high thiocyanate concentration. 

Again it is known, i3~i4 that aqueous solutions of Rum chloride turn deep blue 
when treated with strong reducing agents, ruthenium being reduced to the Ruu state. 
It is suggested that the odour of hydrogen sulphide observed on formation of the blue 
thiocyanate complex is due to the reduction of Rum to Ruu at the expense of the 
thiocyanate, catalysed by the metal. Rutheniumu then forms the blue anionic 
thiocyanate complex, which could be formulated as Ru(SCN),~- or Ru(SCN)a-, and 
would be capable of adsorption on anionic-exchange resins. At very low thiocyanate 
concentrations the formation of the complex Ru(SCN)+ would be possible. Investi- 
gation with such solutions showed that it was, in fact, possible to form a blue ruthenium 
thiocyanate complex which was not completely adsorbed on anionic-exchange resins, 
and this is considered evidence for the existence of one or both of the complexes 
Ru(SCN)+, Ru(SCN),. Yaffe and Voigt evidently failed to take into consideration 
the possibility of such a reduction to Ruu, or the possibility of the existence of a whole 
series of cationic and anionic complexes at different thiocyanate concentrations, as in 
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the case of ironm. Babko12 has postulated the coexistence at the same thiocyanate 
concentration of two complexes of ironm and the incomplete adsorption referred to 
above indicated the probability of a similar phenomenon in the case of rutheniumu. 
Although ruthenium~ is certainly unstable in alkaline solution, as instanced by the 
apparent non-existence of the oxide Ru0,14 yet under the fairly strongly acid conditions 
in which the most intense colour of the blue thiocyanate complex is observed, stabili- 
sation of this relatively unfamiliar oxidation state appears to be possible. 

Acknowledgement-One of us (J. H. W. F.) gratefully acknowledges a research grant from the 
Imperial Chemical Industries Ltd., (Billingham Division), which enabled him to take part in this work. 

Zusammenfassung-Eine Methode zur Trennung und nachfolgenden kolorimetrischen Bestimmung 
von Ruthenium und Palladium als Komplex bzw. Thiocyanate des Ammintyps unterverwendungvon 
Solventextraktion wird beschrieben. Die Natur der in der Losung auftretenden Rutheniumkomplexe 
wird diskutiert. 

Resume-On dtcrit un pro&de pour la separation puis la determinationcolor imetrique du ruthenium 
et du palladium a l’btat de complexes ammines et thiocyanates respectivement, en utilisant l’extraction 
par solvant. On a propose quelques hypotheses sur la nature du complexe du ruthenium en solution. 
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Summary-A procedure is described for the separation and subsequent calorimetric determination of 
rhodium, palladium and platinum through the formation of complex and ammine-type thiocyanates, 
using solvent extraction. Suggestions are put forward as to the nature of the complexes in solution. 

PART II1 of this series of papers outlined a procedure for the separation of ruthenium 
and palladium through the formation of their complex and ammine-type thiocyanates 
respectively, using solvent extraction. The success achieved in this manner led to 
further investigations of such compounds, with a view to including other platinum 
metals within the scheme. In this connection, the thiocyanate system appears to have 
been completely neglected, even McBryde’s comprehensive review2 making no 
reference to it. 

For platinum, at least, the possibility arises of forming non-ionic compounds, 
R,M1X2, resembling those formed by palladium, with a high probability of successful 
extraction into organic solvents. Thus, in the cold, platinum” does not react with 
such organic reagents as p-nitrosodiphenylamine, but, on warming, a coloured 
extractable product is obtained. 3 It is believed that the effect of heating is to cause 
reduction of platinum rv to the II state, in which it does react with this and certain 
other reagents in the same manner as palladium. Complexes of platinum containing 
thiocyanate ion do not appear to have been investigated in this context. 

Little information is available on the behaviour of rhodium in thiocyanate solution, 
although it has been stated4 that the action of potassium thiocyanate on potassium 
chlororhodite yields the stable complex K,Rh(SCN), and that the addition of dilute 
sulphuric acid to a solution of this salt liberates the free acid, H,Rh(SCN),, which 
may be extracted by amyl alcohol. 

This paper describes a procedure for the separation and determination of rhodium, 
palladium and platinum through the formation of both complex and ammine-type 
thiocyanates. 

PRELIMINARY INVESTIGATIONS 

The conditions for formation of the ammine-type thiocyanate of palladium, 
Pd py2(SCN),, have been discussed in Part II of this series.l It was found that this 
procedure can be applied for the removal of palladium by extraction with hexone 
(methyl &-butyl ketone) in presence of both rhodium and platinum, with the advantage 
that it is unnecessary to use strong alkali for rapid pH adjustment. If pyridine is used 
instead to adjust the pH to 64-6.5, the Pd pya(SCN), compound is formed in solution, 
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while, in the cold, the complexes of rhodiumrn and platinumrv, if formed at all, are not 
extracted. 

In the cold, platinumrv, present as PtC1,2-, is not extracted, even from acid solution, 
in the presence of excess thiocyanate, by any of the usual organic solvents. However, 

if such a solution, approximately O*lN in hydrochloric acid concentration, is heated 
almost to boiling point, an odour of hydrogen sulphide is observed and the solution 
becomes golden yellow in colour. This colour is quite stable and is readily extracted 
by hexone at pH below 6.5, giving a golden yellow colour in the organic layer. The 
process occurring here is presumably reduction of platinumrv to platinumn, with 
formation of an extractable thiocyanate complex. As in the case of ruthenium, this 
complex is anionic in nature, as shown by its ready adsorption on the anionic-exchange 
resin Amberlite IRA-410. This is the case even in the presence of pyridine or acids 

other than hydrochloric, the rate of formation of the complex being to some extent 
dependent on acid concentration. It is possible that this species could be formulated 
as Pt(SCN),2-, althoughAyres5 has shown the danger of assuming simplified structures 
for platinum complexes. 

Solutions of ammonium chlororhodite or chlororhodate behave very similarly to 
the PtClG2- ion in their reaction with potassium thiocyanate, a golden yellow colour 
being developed on heating. This, however, is only completely extracted from about 
3N hydrochloric acid solution by hexone or oxygen-containing solvents and is not 

extracted from solutions of pH above 1.5. Once again, the rhodium thiocyanate 

complex is anionic in nature. 
On the basis of these observations it was found possible to effect a separation of 

rhodium, palladium and platinum and to employ an absorptiometric method for their 
determination. The absorption spectrum of Pd py2(SCN), in hexone is shown in 
Part II of this series.l For known amounts of palladium a calibration curve was 
prepared, from which the minimum amount which could be determined with certainty 

was 25 ,ug. 
The absorption spectrum of the platinum rr thiocyanate complex in hexone is 

shown in Fig. 1, the maximum at 385 rnp being employed in subsequent measurements. 
For known amounts of platinum a calibration curve was prepared, from which the 

minimum amount of platinum which could be determined with certainty was 

50 pg. 
Fig. 2 shows the absorption spectrum of the rhodium thiocyanate complex in 

hexone, subsequent optical density measurements being made at 380 m,u. From the 
calibration curve prepared, the minimum amount of rhodium determinable was 50 ,ug. 

Determination of palladium 
PROCEDURE 

To about 20 ml of the solution for analysis, which should contain not less than 25 pg palladium, 
50 ,LA~ platinum, 50 ,ug rhodium, and should have a pH about 2.5, add pyridine dropwise with stirring 
until the pH reaches 6.0-6.5. 

Transfer the pale yellow solution to a separating funnel, add 0.5 ml (excess) of a 40 % potassium 
thiocyanate solution, swirl the mixture and allow to stand for two minutes. Extract the solution twice 
with lo-ml portions of hexone and make up to 25 ml. The hexone solution contains all the palladium 
present in the original aqueous solution. Under these conditions, thiocyanate complexes of platinum 
and rhodium are not formed, or, if formed, are not extracted. 

Filter the hexone extract and pour into the absorption cell of the spectrophotometer. This 
operation removes tiny globules of air or water which may be present. Measure the optical density of 
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this solution at 345 rnp with reference to hexone as standard and read off the concentration of 
palladium present from the prepared calibration curve. 

Determination ofplatinum 

The colourless solution remaining after the extraction of palladium contains potassium thiocyanate 
(excess), a little pyridine, platinum and rhodium, if present, and has a pH approximately 6.0. Adjust 
the pH to 2.0-2.5 using hydrochloric acid and heat the solution, On first heating a cloudiness appears 
at about 40”, a golden yellow colour being developed. The reaction is complete at about 90” and the 
time taken to reach this temperature should be about 4 minutes. Cool the beaker and contents to 
about 20”. 

When cool, transfer the solution to a separating funnel, extract twice with lo-ml portions of hexone 
and make up to 25 ml. This hexone solution will contain all the platinum present in the original 
aqueous sample. Under these conditions the rhodium thiocyanate complex, although present in 
solution, is not extracted. 

Filter the hexone extract and pour into the absorption cell of the spectrophotometer. Measure the 
optical density of this solution at 385 m,n, with reference to hexone as standard, and read off the 
concentration of platinum present from the prepared calibration curve. 

Determination of rhodium 

To the yellow aqueous solution remaining after the extraction of palladium and platinum add 
0.5 ml (excess) of 40 % potassium thiocyanate solution, followed by concentrated hydrochloric acid 
until the acid concentration of the solution is 3-4N. Cool the beaker and contents to about 20”. 

When cool, extract the solution twice with lo-ml portions of hexone and make up to 25 ml. This 
hexone solution will contain all the rhodium present in the original aqueous sample. 

Filter the hexone extract and pour into the absorption cell of the spectrophotometer. Measure the 
optical density of this solution at 380 rnp with reference to hexone previously saturated with 2N 
hydrochloric acid as standard and read off the concentration of rhodium present from the prepared 
calibration curve. 

RESULTS 

To test the validity of the proposed method a number of “unknown” mixtures were 
analysed by one of us (J. H. W. F.). The results are recorded in Table I. Where the 

TABLE I. 

No. of sample Palladium 

1 100 
2 202.5(200) 
3 50 
4 52.5(50) 
5 255(250) 
6 205(200) 
I 100 
8 100 

- 

- 

- 

Platinum 

1 lO(lO0) 
260(250) 
105(100) 
245(250) 

55(50) 
260(250) 
100 
105(100) 

Rhodium 

95(100) 
65(50) 
90(100) 

215(200) 
210(200) 

SO(50) 
15 

220(225) 

- 

experimental results differ from the actual composition, the latter is recorded in 
parentheses. 

The results, especially for palladium, are extremely satisfactory. The procedure 
described is rapid in application, a complete separation and determination of the 
three elements taking about 14 hours. 
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DISCUSSION 

Although ruthenium forms two thiocyanate complexes, one of which is thought 
to result from reduction from the III to the II state, rhodium forms only a single 
complex, and this fact operates against the hypothesis of reduction of rhodium to 
the II state. The fact that platinum also forms only one observed thiocyanate complex 
is no bar to the hypothesis of the reduction of platinum” since the bivalent state is also 
stable. Rhodium presents the important difference that, although the ion Rh2+ is 
probably stable, yet in the presence of chloride it is readily oxidiseds to RhCl,“. 
From these considerations it is probably safest to assume that the extracted species is 
a thiocyanate complex of rhodium m. On the other hand, although the sulphide Rh,S, 
is normally precipitated from acid solutions by hydrogen sulphide, yet under the 
conditions described this is not the case. Very recently Jackson’ separated rhodium 
from iridium by precipitation with thioacetanilide after treatment with chromous 
chloride and suggested that a bivalent complex was formed by rhodium. In either 
case, some evidence exists for the formation of more than one complex in a varying 
range of thiocyanate concentration. 

Acknowledgement-One of us (J. H. W. F.) gratefully acknowledges a grant from the Imperial 
Chemical Industries Ltd., (Billingham Division), which enabled him to take part in this work. 

Zusammenfassung-Eine Methode zur Trennung und anschliessenden kolorimetrischen Bestimmung 
von Rhodium, Palladium und Platin durch Bildung von Thiocyanaten des Ammintyps, unter Verwen- 
dung von Solventextraktion wird beschrieben. Die Natur der in der Losung auftretenden Komplexe 
wird diskutiert. 

Resume-On dtcrit un procede pour la separation puis la determination colorimetrique du rhodium 
du palladium et du platine par la formation de complexes ammines et thiocyanates en utilisant 
l’extraction par solvant. On a propose quelques hypotheses sur la nature des complexes en solution. 
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THE EFFECT OF PLATINUM OXIDE FILMS ON REACTION 
KINETICS AT PLATINUM ELECTRODES 
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Summary_-4 has been known for some time that the pre-treatment of platinum electrodes often 
effects subsequent electrochemical reactions. Part of the effect of pre-treatment is due to the fact 
that anodized or chemically oxidized platinum electrodes become coated to some degree with a film 
of platinum oxide. This work was concerned with quantitative measurement of kinetic parameters as 
a function of the extent of oxide film formation. Whenever possible, variations in reaction mechanisms 
are proposed. 

Most of the experimental evidence has been taken from current-potential curves but the techniques 
of chronopotentiometry and microscopy were also used. 

The reduction of vanadiumv, chromiumvl, arsenicv, 
well as the oxidation of vanadiumrv, arseni$I, 

iodate and oxygen were investigated as 
oxalic acid, and formic acid. The presence of the 

platinum oxide film effected the reactions studied in a variety of ways but in every case some variation 
in the kinetic parameters of the reactions studied was recorded. For a number of cases, a modified 
oxygen bridge theory was found useful. 

INTRODUCTION 

MANY workers have found that a platinum electrode which has a coating of platinum 
oxides exhibits quite different behaviour from an unoxidized electrode.l-’ Kolthoff 
and Nightingale* have shown that the ferrous-ferric couple acts more reversibly at an 
oxidized electrode than at an unoxidized one. They have proposed the formation of 
oxygen bridges between the oxidized electrode and the reacting ions to account for 
this fact. Similarly Anson’ has proposed that the enhancement of the reduction of 
iodate ion by platinum oxide films is due to the fact that “the first step in the reduction 
of iodate ion at an oxidized electrode can be imagined to consist of the transfer of an 
electron to iodate from the electrode by means of a platinum oxide bridge which can 
only serve as an electron-carrying bridge at potentials where the platinum oxide itself 
begins to be reduced.” 

Although the oxide-bridge theory explains the more nearly reversible behaviour 
of many reactions at oxidized electrodes, some reactions, especially those of anions, 
are rendered less reversible and are sometimes completely suppressed by a coating of 
oxide film on the working electrode. 2*3 Inhibition of the oxidation of ferrous and 
arsenious ions by oxide films has been reported by Baker and MacNevin.4 

This work was undertaken in an effort to measure quantitatively the effect of 
oxide film formation and to discover some of the causes of the various effects observed. 
Wherever possible the approach was to measure the kinetic parameters a and k3,& 
(the electron transfer coefficient and the heterogeneous rate constant respectively)* as 
a function of the extent of oxidation of a platinum electrode. As many chemical 
systems as possible were investigated but only a limited number yielded useful results 

* Present address: Louisiana State University in New Orleans, New Orleans 22. Louisiana, U.S.A. 
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since the values of k,,, and tc must be within certain limits for reasonably accurate 
results to be obtained with the technique used. In addition, strong reducing or 
oxidizing agents had to be avoided so that the oxide coating on the electrode would 
not be too greatly affected by chemical action alone. Although it seems that each 
reaction must be considered individually, the presence of an oxide film on the electrode 
seems to effect either the heterogeneous rate constant alone or both the rate constant 
and the transfer coefficient. In the latter case it is quite probable that the rate deter- 
mining step is completely altered. 

EXPERIMENTAL 

The current-potential curves, from which the log i versus E plots were derived, were obtained 
with a potentiostat and a current integrator0 secured from Analytical Instruments, Inc., Bristol, 
Connecticut, U.S.A. The method of measurement and the treatment of results have been described 
by Meites.lo In this work each point on the current-potential curves was obtained by reading the 
current integrator at the beginning and at the end of a loo-second period of time. A period of 50 
seconds was allowed after each change in potential to assure steady readings. The reading of milli- 
faradays per 100 seconds at each potential was then easily converted to microamperes since the value 
of the faraday is accurately known. Some typical log i versus E plots are shown in Fig. 1. 

3.0 - 

2.0 - 

1 I I 

03 .0.8 0.7 

E, v YS. SCE 

FIG. I.-Log i versus E curves for the Vanadiumv-Vanadiumrv couple. 
Open circles-Electrode pre-reduced at $0.60 v. vs. S.C.E. after oxidation. 

Closed circles-Electrode pre-reduced at + 1.20 v. vs. S.C.E. after oxidation. 

A large H-type cell with a working electrode compartment of lOO-millilitre capacity was used. 
A platinum-foil working electrode, whose area was 71.4 cma (both sides), was held in the cell by 
means of a hole in a rubber stopper. The stopper also contained holes which held an ordinary 
Beckman asbestos-fibre saturated calomel reference electrode and a glass tube through which purified, 
oxygen-free nitrogen could be passed. The platinum wire auxiliary electrode was placed in the 
smaller side of the H-cell and was thus separated from the working electrode compartment by a 
sintered-glass disk. Stirring was provided by a magnetic stirrer. 

The platinum working electrode was pre-treated by oxidation in a solution of argentic oxide in 
6M nitric acid and then reduction at controlled potential in a IM sulphuric acid solution. The 
treatment with an argentic solution not only oxidized the electrode but also removed oxidizable 
impurities. The reduction of the electrode by means of the potentiostat was continued for ten minutes 
after the current integrator stopped registering when set at its most sensitive range (until the current 
dropped below about 10 microamps). This method of electrode treatment gave a reproducible amount 
of oxide on the electrode surface provided that the electrode was well soaked in the argentic solution 
previous to reduction. Sometimes the electrode became “fouled” by being reduced at potentials 
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below about +0.2 volts versus S.C.E. but the electrode could always be restored to the desired 
conditions provided it was soaked in the oxidizing solution for a long enough time. Several hours 
was the maximum found necessary. 

Experimental conditions were chosen such that the rate of reaction was independent of diffusion. 
Relatively concentrated solutions of reactants were used (approximately 0.01&f) together with a low 
current density which rarely exceeded 30 microamps per cm*. The fact that the current was indeed 
independent of diffusion was verified by changing the rate of stirring over about a ten-fold range. 
The current was found to be independent of the stirring rate. Each run was performed with a fresh 
solution to avoid depletion of substance undergoing reaction even though less than 1 ‘A was oxidized 
or reduced during a run. This method may be thought of as measuring a very small section at the 
foot of a typical polarographic wave. 

The experimental arrangement for chronopotentiometric measurements was similar to that 
described by Anson and Lingane,” except that a Sargent Potentiometric Recorder was used. 

Pictures of the surface of the platinum electrode were obtained with a Zeiss Standard Metallurgical 
Microscope. A magnification of about 600 x was achieved by the appropriate selection of objective 
lens supplied with the instrument. The electrode was treated exactly as it had been for the electro- 
chemical experiments, that is, oxidation was accomplished in an argentic ion solution and the electrode 
was reduced at controlled-potential in 1 M sulphuric acid. 

The chemicals used in this work were reagent grade or better and were used as obtained without 
further purification. The arsenic solutions were prepared from National Bureau of Standards 
arsenious oxide (lOO.OO~O) especially to avoid the difficulties due to antimony observed by Baker and 
MacNevin.4 Only when the working electrode was strongly reduced was any effect of impurities 
apparent. Potentials below $0.2 volts versus S.C.E. were therefore avoided and the electrode was 
cleaned by oxidation between each run. 

One molar sulphuric acid was used as the medium for all experiments except the reduction of 
iodate, which was carried out in 1 M acetic acid-l M sodium acetate buffer. 

RESULTS AND DISCUSSION 

The log current versus potential diagrams were interpreted by means of the 
following relationships : 

(1) 
1 unF 

log i, = log nFAC,,k”,, - - - E 
2,3 RT 

log i, = log nFAC,k”,,, + 23 
1 (1 - a)nFE 

ks,h=kof,hexp [--$Eac] =k”’ bA exp f’ ,FF]Eoe (3) 

These symbols are those in general use and are defined by De1ahay.s The values 
of the current are given by i; the electron change, by n; the faraday, by F; the 
electrode area by A; the gas constant, by R; the absolute temperature, by T; the 
potential, by E; the heterogeneous rate constants, by k; and the transfer coefficient, 
by CI. Experimental conditions were chosen so that it was reasonable to assume that 
E differs considerably from the equilibrium potential and that C, or CR may be set 
equal to the analytical concentration of the substance under investigation. The values 
of tc and 1 - a were easily found from the slope of the log i versus E plots. The 
question of how to interpret the heterogeneous rate constants is not easily answered. 
One difficulty is that the values of kob,h and kofSh depend on the potential scale used 
(in this work the saturated calomel electrode) and show wide variation in absolute 
value depending on the reaction under investigation. Ideally ks,h’s are more useful, 
since they are truly characteristic of the reaction being studied. However, the value 
of E”, must be known or must be able to be accurately determined. 
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Another difficulty is the problem of what value to use for the electrode area in 
the calculation of the rate constants. At first thought the gross area would seem 
sufficient but even a polished platinum electrode is not even approximately smooth 
as can easily be seen from Fig. 3. It is also possible that even with solid electrodes 
the “effective area” might be variable as will be discussed later. For these reasons 
the product of the area and ks,h’ s are reported since it is not absolutely certain which 
of these is caused to vary by the presence of the oxide film. When the value of E”, 
(see equation 3) is not known, values of AL,,,(E) are reported, where E is some 
arbitrary potential selected for convenience only, but whose value is recorded so that 
the appropriate calculations could be made if the value of E”, is ever determined. 

Variation of the Area-Rate Constant Product 

When vanadiumv was reduced and vanadiumIv or arsenic+ was oxidized, varia- 
tion of the extent of oxidation of the electrode surface seemed to mainly effect the 
area-rate constant product. The values of CC and 1 - cc showed only slight variations. 
Tables I and II show the values obtained with the working electrode oxidized, and 
then reduced at various potentials. Only in the case of the vanadiumv-vanadiumrv 
couple was it possible to study the reaction in both directions. For some unknown 
reason the log i versus E plots for the reduction of arsenicv were not straight lines 

TABLE I.-THE EFFECT OF ELECTRODE OXIDATION ON THE KINETICS OF 

THE VANADKJMIV-VANADIUMV COUPLE 

Treatment 

(E vs. SCE) 

- 

Ak,,,, x 10:(a) a 

i 

l--a ~ Sum 

I 

0.40 2.6 0.74 0.32 1.06 

0.50 2.9 0.52 0.41 0.93 

0.55 11.9 0.59 0.47 1.06 

Red. (Fea+) 13.2 0.67 0.29 0.96 

0.60 7.9 0.59 0.32 0.91 

0.75 5.5 0.70 0.34 1.04 

0.90 4.4 0.67 0.38 1.05 

1.20 3.3 0.73 0.32 1.05 

Ox (As”+) 2.7 0.74 0.30 1.04 

Average 0.64 0.35 1.005 

_L 

! 
15,“~s. SCE . . . 

0.818 

0.786 

0.792 

0.810 

0.815 

0.812 

0.820 

0.812 

0.825 

0.809 

(a) Units of ems SW-‘. 

and no conclusions could be drawn from them. Fig. 1 shows two sets of log i versus 
E plots for vanadium. Since the concentrations and other experimental conditions 
were identical for both reduction and oxidation, the values of the potential and the 
current at the intersection of the reduction line and the oxidation line were used to 
calculate Ak,,, and the formal potential of the couple. The value of the latter is in 
fair agreement with that reported by SwifP for 1M sulphuric acid. 

The values of A k,,, for the vanadiumv-vanadiumIv couple increase as the oxide 
film is removed, reach a maximum, and then decrease again. By examination of 
Tables I and III it is possible to notice that the variation of A k,,, follows closely the 



Reaction kinetics at platinum electrodes 339 

removal of the oxidized film. The maximum value of A ks,h occurs with the electrode 

from which most, but not all of the film is removed. Several explanations for this 

behaviour are possible. 
It could be that the reduction or oxidation of the electrode serve simply to increase 

the measured values of the current. This possibility can be rejected at once on the 
grounds that the current for the oxidation or reduction of the electrode alone is very 

TABLE II.-EFFECT OF ELECTRODE OXIDATION ON THE KINETICS OF 

THE OXIDATION OF ARSENIC”’ 

Treatment 

(Evs. SCE) , Ak.4 + 0.475 v. vs. SCE) x I O8 (a) (1 - ~)~, 

0.30 2.5 0.76 
0.40 4.2 0.77 
0.50 5.2 0.81 
0.55 17.5 0.80 
0.60 53.0 0.71 
0.70 66.8 0.70 
0.80 66.7 0.71 

Oxidized (As”+) 66.6 0.71 

(a) Units of cm5 se&. 

small (less than 1 ‘A of the currents measured for the reduction or oxidation of 
vanadium). Also curved log i versus E plots should be observed if the two different 
reactions were making a significant contribution to the total current.13 

A mechanism involving the induction of the vanadium oxidation or reduction by 

the simultaneous oxidation or reduction of the electrode must also be considered. 
However, one would expect the maximum value of Ak,,, to be found when the 
electrode was the most completely oxidized for reductions, and the most completely 

reduced for oxidations. 
The most logical explanation seems to be a slight modification of the oxide bridge 

theory, which proposes that the greater ease of reduction (or oxidation) at an oxide- 
coated electrode can be attributed to the formation of a bridge between oxygen of the 

film and the ion undergoing reaction, thus facilitating the electron transfer between 
the electrode and the ion.6*14 Since the theory as originally stated cannot account for 
the decrease in Ak,,, when the electrode is fairly strongly oxidized (Table I) it should 
be modified to state that oxygen bridges can form only when a slight or very thin 
coating of oxide is present. 

The proposed change in the oxygen bridge theory can be used to explain several 
other experimental observations as well as the variations of Ak,,, with the extent of 

electrode oxidation. Fig. 2 shows a chronopotentiogram of vanadiumv in IM 

sulphuric acid taken with an oxidized platinum electrode. When the current is first 
applied, the potential changed rapidly in a reducing direction but then reversed itself 
forming a small “dip” before the potential hold up for the reduction of vanadiumv 
occurred. The “dip” was not observed if a reduced platinum electrode was used. 
This “dip” is due to the fact that the oxide on the electrode is first partly reduced 
but, when the oxide coating is such that oxygen bridges can form and facilitate 
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FIG. 2.-Chronopotentiogram for the reduction of O.lM vanadiumv in 1M. 
Sulphuric acid. 
Electrode area, 0.2 square centimeters. 
Current, 1.0 milliampere. 

electrode exchange, the potential shifts anodically to a value determined by the 
reduction of vanadiumv. Exactly the same behaviour was noticed when ironrn was 
reduced in 1M sulphuric acid with an oxidized electrode. 

Apparently a heavy oxide film has the ability to suppress rather than enhance the 
electrode reaction of the iroG-- ironn couple as well as the vanadiumv-vanadiumvr 
couple. Indeed this has been noticed by Baker and MacNevin4 in the process of 
investigating the oxidation of iron n by controlled-potential electrolysis. Their 
fmdings were confirmed in this laboratory. 

TABLE III.-REDUC~ON OF AN OXIDM~D ELECTRODE 

. BY CONTROLLED-POTENTIAL ELECTROLYSIS IN AIR-FREE 

1&f SUL.PHURIC ACID 

E vs SCE Total milliequivalents x lo5 

1.00 1 

0.90 0 

0.80 3 

0.75 2 

0.70 2 

0.65 6 

0.60 8 

0.55 26 

0.50 8 

0.40 6 

Evidently only a slight amount of oxide is necessary-or in fact desirable-for 
oxygen bridge formation. The amount seems to be something less than a monolayer. 
(Table III and Reference 15). With these facts in mind a microscopic study of the 
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surface of the working electrode was undertaken. Some typical photographs are 
shown in Fig. 3. The only noticeable difference between the surface of an oxidized 
and a reduced electrode is that the grain boundaries are darker in the former case. 
The results of this study seem to indicate that the PtO and PtO, form principally at 
the grain boundaries. Quite possibly the condition of maximum effectiveness of a 
platinum electrode occurs when the grain boundaries and possibly other areas, which 
may be considered active sites, are completely covered with a monolayer of PtO. 
More than a monolayer can undoubtedly form but the oxide then loses its ability to 
make electron transfer easier. 

Fig. 2 also shows a second wave just following the one attributed to the reduction 
of vanadiumv. This second wave was found to be absent when a reduced electrode 
was used. Apparently the power of the oxide film to facilitate electron transfer is so 
great that the notoriously irreversible vanadiumrv-vanadiumur couple is made quite 
reversible. The belief that this second wave is truly due to the reduction of vanadiumrV 

to vanadiumm is supported by the fact that 
(T1+- 7Z2 

r/a 
71 

was found to be equal to 1.9. 

The theoretical value for this fraction would be 2.0 if the vanadiumv were reduced in 
two consecutive one-electron steps.ls 

When vanadiumrv is reduced at an oxidized electrode a wave similar to the second 
wave in Fig. 2 is obtained. If the chronopotentiogram is retaken without re-oxidizing 
the electrode the wave for the reduction of vanadiumrv becomes smaller and smaller 
and, after about four or five runs, the potential drops immediately to the value at 
which hydrogen ion is reduced. 

It is convenient then to think of an oxidized electrode as possessing a variable 
“effective area.” An electrode which is just sufficiently oxidized so that a monolayer 
of PtO is covering the grain boundaries and other active sites, may be said to possess 
maximum “effective area.” A heavier oxide film tends to inhibit electron transfer, 
and likewise when part of the monolayer is reduced the “effective area” is decreased. 
It is rather difficult to reduce the last bits of PtO from an oxidized electrode as is 
apparent from the fact that several repeated runs still give waves for the reduction of 
vanadium.tv 

Variation qf Reaction Mechanism 

Iodate: Several of the reactions studied showed not only variation of the area- 
rate constant product but also variation in the value of n,cr, where n, is the number of 
electrons involved in the rate determining step. Apparently the presence of the oxide 
film changes the whole reaction mechanism, and does not just facilitate the electron 
transfer process. 

The results for the reduction of iodate ion, shown in Table IV, seem to confirm 
the proposal of Anson. ’ The reduction of iodate is facilitated by the simultaneous 
reduction of the platinum oxide on the electrode. The current densities measured 
+0.450 volts versus SCE are greater, the greater the amount of oxide. When the 
oxide is completely removed from the electrode-reduced below about +0.25 volts- 
there is an abrupt shift in n,a from 0.79 to 0.35. If it is assumed that a is about 
0.35, then this shift may be interpreted to mean that the rate-determining step has 
changed from a two-electron to a one-electron one. It is also possible that a is equal 
to 0.16 or 0.17 making the rate-determining step for the oxidized electrode a 
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five-electron reduction, whereas a two-electron step would occur at a reduced 
electrode. Generally a is considered to be larger than 0.16, however. 

Delahay and Strassner l7 have studied the reduction of iodate at a dropping 
mercury electrode but they propose an n, value of 2 and an a of 0.3 in the pH range 
studied here. DeMars and Shain have found n,a to be 0.39, also with a mercury 
electrode,l* which is in good agreement with the values determined with a reduced 
platinum electrode. 

TABLE IV.-THE EFFECT OF ELECTRODE OXIDATION ON THE KINETICS OF THE 

REDUCTION OF IODATE (l&f ACETIC ACID--IM SODIUM ACETATE, pH = 4.7) 

Treatment Current density at to.450 v. vs. SCE, 
(E vs SCE) microamps per cm8 

0.15 0.0025 
0.30 0.79 

0.45 7.88 
0.60 11.7 
0.90 65.6 

Oxidized (AgB+) 111.0 

l- 

- 

- 

- 

n.u 

0.35 
? 

(curved line) 
0.79 
0.79 
0.77 
0.69 

Oxalic acid: The rate-determining step of oxidation of oxalic acid appears to be 
different depending on whether the electrode is oxidized or not. (See Table V.) If one 
assumes that 1 - a is about 0.5, as is generally the case, then n, = 1 with an oxidized elec- 
trode, but n, = 2 with a reduced one. In addition, there is a maximum in the Ak,,, at the 

TABLE V.-THEY EFFECT OF ELECTRODE OXIDATION ON THE KINETICS OF 

THE OXIDATION OF OXALIC ACID 
/ 

Treatment 
(E vs SCE) 

Ak, &(+0.675 v. vs. SCE) x 10’ (a) n.(l - cc) 

I I 
0.40 6.9 1.02 
0.50 6.8 1.02 
0.60 15.3 0.70 
0.80 3.12 0.70 
1.00 1.21 0.49 

Oxidized (Ag*+) 1.56 0.49 

(a) Units 0fcnP se&. 

electrode which has just a small amount of surface oxidation. It is possible that there 
is some sort of bridge formation between the oxygen of the platinum oxide and oxalic 
acid or one of its intermediate oxidation products. In any case the partially oxidized 
electrodes (treatment 0.60 and 0.70 volts) have n,(l - a) values intermediate between 
those of the strongly oxidized and strongly reduced electrodes. The reason for this 
behaviour is not apparent from this work. 



FIG. 3a. FIG. 3b. 

FIG. 3.-Photomicrograph of the surface of the platinum working electrode. 
Magnification-600~ 
A-Oxidized 
B-Reduced. 
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Chronopotentiometric studies2 have shown that the wave due to the oxidation of 
oxalic acid could be suppressed by oxidation of the electrode, which is in general 
agreement with this study. 

Oxygen: Values for n,a for the reduction of oxygen are reported in Table VI. 
No values of Ak,,, are reported since they proved to be rather variable due to the 
difficulty of controlling the oxygen concentration. However, oxidation of the electrode 

TABLE VI.-THE EFFECT OF ELECTRODE OXIDATION 

ON THE REDUCCTION OF OXYGEN 

Treatment 
(E vs. SCE) n.u 

0.30 0.54 
0.40 0.53, 0.59 
0.50 0.61 
0.55 0.67 
0.60 0.61, 0.65 
0.70 1.21, 1.19, 1.29 
0.80 1.29, 1.26 
0.90 1.25 

Oxidized (Ag’+) 1.26 

appears to facilitate the reduction of oxygen. The sudden shift in the values of n,u 

indicates that a change in mechanism occurs when the electrode becomes fairly well 
oxidized. If tc is taken as about 0.6 then n, = 2 for oxidized electrodes but only 1 for 
reduced electrodes. It is proposed that with an oxidized electrode, oxygen is reduced 
directly to hydrogen peroxide, but at a reduced electrode the rate determining step is: 

H++O,+e=HO, 

The results at a reduced electrode serve to confirm the results of several workers.lg 
Other reactions: Several other reactions were studied but the results were incon- 

clusive. The oxidation of thallous ion seemed little affected by the presence or absence 
of an oxide film. Although the log i vs. E plots were not very good n,(l - a) was 

apparently very close to unity. 
A study of the oxidation of formic acid20 was found to give no useful information 

apparently due to its great irreversibility. The reduction of dichromate proved to be 
so greatly suppressed at a platinum electrode that no measurements are reported. 
However, the reduction of dichromate was studied with a gold electrode by the same 
methods used for the platinum electrode and straight log i versus E plots were ob- 
tained, which gave a value of n,cc = 1.00. This value of n,a is in good agreement 
with the values determined by Baumann and Shain.13 

CONCLUSIONS 

The results of the study indicate that the participation of platinum oxide films in 
electrochemical reaction is undoubtedly rather complex. The theory that a mono- 
layer of platinum oxide residing on the grain boundaries and other active sites can 
facilitate electron transfer by means of oxygen bridge formation seems to account for 
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the increase in reversibility observed for a number of reactions. In many other cases 
the mechanism of the reactions is completely altered by the presence of the oxide film. 

Analytical chemists should exercise extreme care when using platinum electrodes 
in conjunction with controlled-potential electrolysis, chronopotentiometry and other 
electroanalytical techniques. Corrections for the current used to oxidize or reduce 
the electrode must be made in many cases. 11~15*21 In addition, the effect on the electrode 
kinetics must be considered. In many cases advantage may be taken of the increase 
in reversibility or of the rate constant for a particular reaction. For instance it is 
advantageous to titrate an oxidant with a reductant, rather than the reverse, when the 
end-point is located by means of “two electrode” amperometry.6 Likewise, if iodate 
ion is to be determined by controlled-potential electrolysis, an oxidized electrode 
would allow a more rapid and possibly more complete reduction. Oxalic acid should 
be oxidized with a reduced electrode, in so far as is possible, as should ironu.4 
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Zusammenfassung-Es ist seit geraumer Zeit bekannt, dass die Vorbehandlung von Platinelektroden 
hlufig von Einfluss auf die elektrochemischen Reaktionen ist. Zum Teil llsst sich der Effekt auf die 
Tatsache zurtickfiihren, dass anodisch oder chemisch oxydierte Platinelektroden zu einem gewissen 
Grade mit einem Film von Platinoxyd tiberzogen sind. Die vorliegende Arbeit beschlftigt sich mit 
der quantitativen Beziehung zwischen kinetischen Parametem und Ausmass der Oxydfihnbildung. 
Wo immer miiglich werden Anderungen des Reaktionsmechanismuss es vorgcschlagen. Die meisten 
experimentellen Daten wurden aus Strom-Potential-Kurven gewonnen, doch wurde such de Technik 
der Chronopotentiometrie und Mikroskopie angewandt. 

Die Reduktion von Vanadin (V), Chrom(VI), Arsen(V) Iodate und Sauerstoff wurden untersucht. 
Desgleichen die Oxydation von Vanadin(IV), Arsen(III), Oxalsaure und Amseisens&ure. Die 
Anwesenheit von Oxydfilmen beeinflusste die Reaktionen in verschiedenster Weise. Jedoch wurde 
in jedem Falle eine Anderung der kinetischen Parameter der studierten Reaktionen festgestellt. 
Ftlr einige Falle war die Anwendung einer modilizierten Sauerstoffbrtlckentheorie niitzlich. 

R&u&--On sait depuis quelques temps que le ptt-traitement des electrodes de platine affecte 
souvent les reactions Blectrochimiques ulterieures. Une partie de l’effet du pre-traitement est due au 
fait que des electrodes de platine oxydees anodiquement ou chimiquement se recouvre plus ou 
moms dun film d’oxyde de platine. Ce travail est relatif a la determination quantitative de para- 
metres cinetiques en fonction de l’importance du fihn d’oxyde. Lorsque cela a ttt possible, on a 
propose des changements dans les mecanismes des reactions. 

La plupart des phenomenes experimentaux ont ete empruntes aux courbes intensite-potentiel, 
mais les techniques de la chronopotentiometrie et de la microscopic ont BtC aussi employees. On a 
Btudie la reduction du vanadium (V), du chrome (VI), de l’arsenic (V), de l’iodate et de l’oxygene 
ainsi que l’oxydation du vanadium (IV), de l’arsenic (III), de l’acide oxalique et de l’acide formique. 
La presence dun film d’oxyde de platine affecte differemment les reactions BtudiQs, mais dans chaque 
cas, on a eruegistre la variation de parametres cinetiques de la reaction etudiee. Dans un grand 
nombre de cas, une theorie modifiee du pont d’oxygene a donnt satisfaction. 
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S~~y~obalt has been determined ti~metri~lly and coulomet~~lly by oxidation of the 
bivalent ion with potassium molybdi~anide, K,Mo(CN),, in ammoniacal medium. The break in 
potential at the equivalence-point is approximately 0.6 volt. Manganese is not oxidized stoichio- 
metrically in citrate media, but the total of cobalt and manganese may be obtained in the presence 
of fluoride. Iron interferes when fluoride, but not when citrate is used as the complexing agent. The 
method, therefore, is not directly applicable to steels where both iron and manganese are present. 

OF the various methods which have been devised for the titrimetric determination 
of cobalt, the one most widely used is that proposed almost simultaneously by Dickens 
and Maasenl and by Tomicek and Freiberger s. In this procedure bivalent cobalt is 
oxidized to the tervalent state in the presence of ammonia and an ammonium salt 
by potassium ferricyanide, the end-point being determined potentiometrically. The 
method suffers the disadvantage that the break in potential at the equivalence-point 
is only about 0.2 volt, making it necessary that the end-point of injection be obtained 
from a plot of the titration curve. 

Substitution of ethylenediamine for ammonia lowers the reduction potential of 
the cobaltm-cobalt~ system some 0.5 volt to about -0.55 volt versus the saturated 
calomel electrode, giving a greatly improved potential break of 0.7 volt at the end- 
point.3 However, because the cobalt= ethylenediamine ion is readily oxidized by 
atmospheric oxygen, careful precautions must be taken to exclude air from the 
titration vessel and the titrant. 

Potassium molybdicycanide, K,Mo(CN)s, with a reduction potential of 0.73 volt 
versus the saturated calomel electrode,* is a more powerful oxidizing agent by some 
0.4 volt than is potassium ferricyanide. The solid compound decomposes rapidly 
upon exposure to light, but is more stable in solution. Solutions may be readily 
prepared by oxidation of a solution of the corresponding potassium molybdocyanide, 
K,Mo(CN),, which as the solid is stable in light. This oxidation is most conveniently 
performed by stirring with lead dioxide in dilute sulphuric acid solution. Solutions 
of the molybdicyanide prepared in this manner may be kept and used for two to three 
days if stored away from light and standardized at the time of use. 

Using this reagent in place of potassium ferricyanide, cobalt has been successfully 
determined under conditions similar to those employed in the ferricyanide titration. 
The break in potential at the equivalence-point is approximately 0.6 volt. 

Also, a procedure for the application of the system to constant-current coulometry 
has been developed which eliminates the necessity for preparation and frequent 
stand~dization of potassium molybdicyanide solutions. By adding solid potassium 
molybdocyanid~ to a solution containing cobalt= in the presence of ammonia and an 
ammonium salt and oxidizing the cobalt and/or the molybdocyanide at a platinum 
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electrode under conditions of one hundred percent current efficiency, the amount of 
cobalt present may be determined from the total current required to effect the oxida- 
tion. The end-point may be found by following the potential with a pH meter, using 
a platinum-calomel electrode system as was done in the titrimetric procedure. 

EXPERIMENTAL WORK 

Reagents 
Titrimetric Method 

Potassium Molybdicyanide Solution: A solution of approximately 0.0.5&f potassium molybdi- 
cyanide was prepared by dissolving 36 g of potassium molybdocyanide, prepared by the method of 
Willard and Thielke$, in 500 ml of distilled water. About 10 g of lead dioxide and 4 ml of concen- 
trated sulphuric acid were added and the solution stirred vigorously for 5 minutes. After the addition 
of the lead dioxide the solution was protected from exposure to light as much as possible. The lead 
sulphate and unreacted lead dioxide were filtered off on a medium-porosity fritted-glass funnel, 
the solution diluted to approximately one litre and stored in a dark bottle away from the light. It 
was standardized potentiometrically against cobalt11 sulphate. 

Cobalt’” sulphate: A standard solution of 0.05M cobalt*1 sulphate was prepared by weighing out 
accurately 16.617 g of potassium cobalticyanide into a 500-ml conical flask, adding 50 ml of concent- 
rated sulphuric acid and heating gently at first and then strongly until all the cyanide was driven off 
and about 10 ml of solution remaineda. After cooling, the solution was transferred quantitatively to 
a litre volumetric flask and diluted to volume. It was stored in a polyethylene bottle. 

Apparatus 

A Beckman Model H-2 pH meter with a bright platinum-saturated calomel electrode system was 
used for the titrations. The titration vessel was a 250-ml beaker with the exterior covered with 
al~~ium foil. Magnetic stirring was used. 

Standardization of potassium molybdicyanide solutions 

It has been shown by Kolthoff and Tomsicek* that decomposition of potassium molybdicyanide 
in solution is less rapid if the solution is made acid. In the procedure given above for the preparation 
of molybdicyanide solutions a sufficient excess of sulphuric acid is present to provide the required 
acidity. A solution prepared by the method given above was stored away from direct light and 
portions were withdrawn and titrated over a period of eight days. A plot of concentration versus 
time is shown in Fig. 1. The rate of decomposition may be seen to increase with time. For this work 
fresh solutions were prepared every two or three days. 

Determination of cobalt 

For the dete~ination of cobalt a known excess of standard potassium moIy~icy~ide solution 
was pipetted into a solution contain~g up to 50 mg of cobalt to which had been added 15 ml of 
a~onium citrate and 25 ml of concentrated ammonia. The excess moly~icy~ide was then back- 
titrated immediately with standard cobaltI sulphate. Back-titration is recommended, as equilibrium 
is reached rapidly after the addition of each increment of titrant. With direct titration it is necessary 
to wait 30 seconds or so after the addition of each quantity of titrant when in the neighborhood of 
the end-point to allow the system to come to equilibrium. A titration plot is shown in Fig. 2. 

Effect of iron and maqganese 

Iron*rI does not interfere, as it is held in solution by the high concentration of citrate present. 
Ironn if present must be oxidized to the tervalent state. This may be done with hydrogen peroxide, 
the excess oxidizing agent being removed by boiling. 

In the presence of citrate, manganesert was oxidized by molybdicyanide to a mixture of the three 
and four oxidation states, so that stoichiometric results could not be obtained. Other compiexing 
agents were investigated in an effort to find one in whose presence manganese would be oxidized to 
some definite oxidation state. Those studied included tartrate, sulphosalicyclate, pyrophosphate, 
ethylenediaminetetraacetate, ~-hydroxyethylene~iaminetriacetate and fluoride. Of this number 
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only fluoride was found acceptable, for in the presence of fluoride manganese was oxidized quantita- 
tively to the quadrivalent oxidation state and precipitated as manganese dioxide. Unfortunately, the 
fluoride complex of ironrrr is not stable enough under the alkaline conditions of the titration to prevent 
the precipitation of ferric hydroxide, so that the simultaneous presence of iron and manganese could 
not be tolerated. Attempts to use mixtures of citrate or tartrate and fluoride were unsuccessful because 
potential readings were not stable. Results of some typical titrations are given in Table I. 

Substitution of ethylenediamine for ammonia was also investigated. Upon addition of ethylene- 
diamine to a solution of potassium molybdicyanide the potential drifted steadily downward from 
0.72 volt to about 0 volt versus the saturated calomel. Attempts were made to titrate cobalt in the 
presence of ethylenediamine with molybdicyanide, but in the region of the equivalence-point the 
potentials drifted seriously, indicating probable attack of the amine by the oxidizing agent. 

Metal ion 
titrated 

Co” None Citrate 5.44 5.41, 5.41, 5.44; 
ave. 5.42 

Co” None Citrate 48.32 48.41, 48.24.48.21, 
48.28; ave. 48.29 

Co” 
CO” 

Fet”, 54.1 
Fet fl, 270.5 

Citrate 14.73 14.70 
Citrate 14.73 14.65 

Mnn 
MS 

None 
None 

Citrate* 
Fluoride 

4.91 4.68b 
4.91 4.8gb 

Co” Fern, 54.1 Fluoride 16.11 14.370 

_!_ 
* Potential break not sharp 

- 

Other metal ion 
present, mg 

Complexing 
agent 

Y-- 

- 

Metal taken, 

“?g 

Metal found, 

W 

b Calculated on basis of oxidation of Mnu to Mntv 
C Precipitate of ferric oxide formed 

Coulometric Method 
Apparatus 

A Hewlett-Packard Model 712A power supply was used as a potential source. A 1000&m, 
IOO-watt dropping resistor and a calibrated precision resistor of either 2 or 20 ohms were connected 
in series with the cell. The exact amount of current being passed during each rnn was determined 
by measuring the potential drop across the precision resistor with a Leeds and Northrup student 
potentiometer, the potentiometer being checked frequently against a standard cell. The potential of 
the power supply was adjusted as required during each run to keep the current constant. Time 
measurements were made with a stop watch. 

A 250-ml beaker was used as a titration vessel, with a circular platinum gauze electrode suspended 
in the beaker to act as an anode. The cathode, a platinum foil fused to a platinum wire, was placed 
in a glass tube approximately 1 cm in diameter and 10 cm long into one end of which was fused a 

fine fritted glass disc. This tube, filled with a catholyte of dilute sulphuric acid (1 :I), was placed in 
the center of the titration vessel. A Beckman Model H-2 pH meter with a bright platinum-saturated 
calomel electrode system was employed to detect the end-point. Magnetic stirring was used. 

Procedure 

Into the titration vessel was placed 10 ml of a 25% solution of arnrno~~ citrate and 1.5 ml of 
concentrated ammonia. Approximately 0.5 g of potassium moly~~ya~de for each 30 mg of cobalt 
was added. Portions of a solution of cobaltrr sulphate, prepared by weight from primary-standard 



350 BYRONKRATOCHVIL andHARvEy DIEHL 

cobalt sulphate, were then pipetted into the cell and the stop watch and current started simultaneously. 
When the potential of the solution just began to rise rapidly from that of the cobaltn4obalttr system, 
the time was noted. 

The amount of cobalt present, B, in millimoles, was calculated from the equation 

where 
I = current in milliamperes 
t = time in seconds 

n = number of electrons per molecule involved in the oxidation 
F = Faraday, 96.500 coulombs per equivalent 

Results for a series of titrations are given in Table II. 

TABLE II. DIXERMINATTON OF COBALT BY CONSTANT CURRENT COULOMETRY 

WI'IHPoTASSIIJhI MOLYBDICYANIDE 

Current, 
mA 

-___ 

9.98 

19.96 

48.83 

97.66 

Cobalt taken 

mg 

---.-- 

2.72 

5.44 

13.60 

27.19 

I- Cobalt found 

V 

2.72,2.69, 2.70,2.73, 
2.72, 2.72; ave. 2.71 
5.48, 5.39, 5.46, 5.42, 
5.45, 5.42; ave. 5.44 
13.55, 13.66, 13.67, 13.62, 
13.57, 13.54; ave. 13.60 
27.26, 27.07, 26.91,27.15, 
27.36, 27.27; ave. 27.17 

Manganese and iron both interfere in the determination of cobalt by the coulometric method 
Excessive amounts of current are required to oxidize manganese alone in either citrate or fluoride 
media, as a film of manganese dioxide coats the platinum anode. When ironin is present the results 
for cobalt are invariably low by a small amount. It is necessary, therefore, that cobalt be separated 
from these elements before titration. 

Znsanunenfassung-Cobalt wurde in alkalischem Medium titrimetrisch und coulometrisch bestimmt 
durch Oxydation des zweiwertigen Ions mit Kaliummolybdicyanid, K,Mo(CN), 

RBsum~Les auteurs ont dose le cobalt volumetriquement et coulometriquement par oxydation 
de l’ion divalent par le molybdicyanure de potassium, K,Mo(CN),, en milieu ammoniacal. La 
variation du potentiel au point equivalent est d’environ 0,6 volt. Le manganese nest pas oxyde 
st~chiom~triquement dans les milieux citrique, mais on peut obtenir la totalite du cobalt et du 
manganese en presence de fluorure. Le fer est complex& par le fluorure, mais pas quand on utilise 
le citrate comme agent complexant. La methode n’est done pas directement applicable aux aciers 
quand le fer et le manganese sont presents a la fois. 
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Summary-A spectrophotometric procedure for determining copper is described, utilising the 
absorption at 650 rnp of the copperu-ammonium pyrophosphate complex. Optimum conditions 
have been established and interferences studied. It is suggested that the procedure could be used for 
the determination of major amounts of copper in various alloys. 

INTRODUCTION 

IT is a well known fact that the pyrophosphate ion is capable of forming complexes 
with several metallic radicalsl” and the range of complexes formed by various ratios of 
coppern, ammonium and pyrophosphate ions has been studied by Watters and his 
co-workers4. In the course of investigating a similar system5 it was noticed that the 
deep blue colour formed between copper” and ammonium pyrophosphate solutions 
possessed properties that suggested its use as a quantitative procedure for the colori- 
metric determination of copper. 

This paper describes the work that was carried out in developing this idea into a 
workable procedure and it will be shown that ammonium pyrophosphate is not 
suitable for determining minute traces of copper. This, it is felt, is an advantage in 
some respects in that it would enable major amounts of copper to be determined in 
various alloys without resorting to the undesirable technique of excessive dilution of a 
small aliquot. 

Apparatus 
EXPERIMENTAL 

All absorption measurements were carried out on a Unicam SP500 spectrophotometer using glass 
Cells. 

Reagents 

Ammoniumpyrophosphate: Dissolve 20 g of pyrophosphoric acid (B.D.H. Laboratory Reagent) 
in 100 ml of distilled water, filtering the solution if necessary. Whilst cooling this solution in running 
water, add slowly and with stirring, ammonia solution (s.g. 0.880) until a white precipitate forms. 
Allow to settle, filter through a Btlchner funnel and wash two or three times with ammonia solution 
(s.g. 0.880). Finally, wash once with acetone, transfer the precipitate to a large clock glass and allow 
to dry at room temperature, occasionally turning over the precipitate with a spatula. When the 
precipitate no longer smells of acetone (there is always a faint smell of ammonia) transfer to a stop- 
pered bottle. 

Standard metal solutions: All the solutions were prepared from high purity metals (Johnson, 
Matthey and Sons Ltd., London). They had a final acid concentration of 1% with respect to hydro- 
chloric acid and in every instance 1 ml of standard solution = 1 mg metal. 

Other reagents: All other reagents were of AnalaR quality and were used as received. 
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The absorption curve of the copperll-ammonium pyrophosphate complex 

In order to exclude the possible interference of any anions, the following technique was used6: 
A small ion-exchange column, 10 cm long and 1 cm internal diameter, was charged with one or 

two g of Zeokarb 225 in the hydrogen form and a O.lM solution of copper sulphate was passed 
through the column until there was complete conversion of the resin to the copper form. The column 
was washed with water until washings were copper-free, and the resin was then transferred to a small 
Biichner funnel and dried as much as possible by suction. It was finally transferred to an oven and 
dried overnight at 60”. 

A 0.2 g portion of the resin thus prepared was weighed into a small conical flask, 25 ml of approxi- 
mately 0.2M (50 g per litre) ammonium pyrophosphate were added, the flask was stoppered and set 
aside for three days with occasional swirling. The resulting dark blue supernatant liquid was carefully 
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FIO. 1 .-The absorption curve of the copperII- ammonium pyrophosphate complex. 

decanted into a 50-ml graduated flask and the solution was diluted to standard volume with 0.2&l 
ammonium pyrophosphate. The absorption curve was plotted and the result is shown in Fig. 1. 
It shows a maximum absorption at 650 rnp and this wavelength was used for all readings. Chloride, 
nitrate, sulphate and perchlorate ions subsequently added as their sodium salts, caused no shift in 
the absorption maximum. 

DISCUSSION 

EfSect of reagent concentration 

In order to study the effect of excess reagent on the coloured complex, l-ml aliquots 
of standard copper solution were added to five 25-ml graduated flasks. Ammonia 
solution (1 + 4) was added dropwise to each flask until the initial pale blue precipitate 
just redissolved and then the contents of the flasks were diluted to standard volume 
with 0.2, 0.3, 0.4, 0.5 and 0.6ii4 ammonium pyrophosphate solutions respectively. 
The absorption readings of all these solutions at 650 rnp were identical within the 

range of experimental error. 

Eflect of pH 

For successful colour development, the pH of the solution before adding the 
ammonium pyrophosphate reagent must not be less than 10. Adjustment of solutions 

to this pH value is made with dilute ammonia solution and checked with wide-range 
indicator papers. 

Stability of the colour to time and temperature 

Repeat absorption readings taken after standing for two days at room temperature 
agreed with the original figures to within the accuracy of the instrument. In addition, 
identical readings were obta.ined on the solutions at 35”. 
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Beer’s law 

To ascertain the adherence of the system to Beer’s law a calibration graph was 
prepared in the following manner: To a series of 25-ml graduated flasks were added 
different volumes of standard copper solution, the pH was adjusted to between 10 and 
11 by the dropwise addition of ammonia and the solutions were diluted to standard 
volume with approximately 0.2M ammonium pyrophosphate. The absorption of 
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FIG. Z.-Adherence of the copperII- ammonium pyrophosphate system to Beer’s law. 

each solution was measured at 650 rnp against a reagent blank of ammonium pyro- 
phosphate solution. On plotting absorption against concentration (Fig. 2) it is seen 
that the system obeys Beer’s law up to the maximum concentration tested, namely 
1.2 mg copper per ml. 

Precision and sensitivity of the method 

The standard deviation was determined by transferring lo-ml portions of standard 
copper solution into each of five 25-ml graduated flasks, adjusting the pH to between 

TABLE I.-STANDARD DEVIA~ON EXPERIMENTS 

Test Absorption at 650 rnp Deviation 

1 0.271 0901 
2 0.280 0.002 
3 0.275 0903 
4 0.277 0.001 

0 282 0.004 

Average 0.278 

10 and 11 with ammonia solution and then diluting to standard volume with 0.2M 
ammonium pyrophosphate. The results are given in Table I. 

From these results it follows that the Standard Deviation is 0902(S) units. 
As can be seen from Fig. 2, the proposed reagent is not capable of determining 

minute amounts of copper. This fact would be useful in applying the method to 
determining copper as a major constituent in various alloys. 
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The optimum range was determined by Ringbom’s procedure6 a curve being 
plotted with % absorption as the y axis and log concentration as the x axis. The 
graph, reproduced in Fig. 3, shows that the optimum range lies between 7 and 30 mg 
copper i.e. the section of the curve with steepest slope. 

log concentration , mg Cu 

FIG. 3.--Ringborn’s curve showing optimum range. 

Applying the formula according to Ayres’:- 

‘A relative analysis error 230 

1% absolute photometric error = dI/d Iog c 

for the range 7 to 30 mg copper, a relative analysis error of 2.9 % is obtained per 1% 
absolute photometric error. This is in good agreement with the value of 2.7 ‘A which is 
the minimum error attainable as imposed by Beer’s law. 

Interferences 

As mentioned previously, common anions such as chloride, nitrate, sulphate and 
perchlorate do not interfere and in addition, tin=, zinc, cadmium and manganese have 
no harmful effect. On making the test solution ammoniacal before adding the ammon- 
ium pyrophosphate reagent, lead and bismuth form precipitates which can be removed 
either by filtering or centrifuging the suspension. Cobalt and nickel cause more 
serious interference and corrections must be made if these elements are present. 
At 650 rnp 5.0 mg of cobalt give an absorption equivalent to 0.6 mg of copper and 
10.0 mg of cobalt are equivalent to 2-O mg copper. Similarly, 5-O mg of nickel 
correspond to 055 mg of copper whereas IO.0 mg are equivalent to l-0 mg of copper. 
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Zusammenfassung-Es wird eine spectrophotometrische Methode zur Bestimmung von Kupfer 
beschrieben, die von der Absorption des Kupfer (II)ammonium-pyrophosphates bei 650 m/h Gebrauch 
macht. Die optimalen Bedingungen wurden festgestellt und Storungen untersucht. Die Methode 
wird zur Bestimmung von grosseren Kupfermengen in Legierungen als geeignet erachtet. 

RCsumC--Ond&critunproc&despectrophotomCtriquepour le dosage du cuivre en utilisant I’absorption 
du complexe Cu II-pyrophosphate d’ammonium a 650 m/c. On a Ctabli les conditions optimum et 
etudie les interferences. On a suggere I’emploi du pro&de pour la determination de grandes quantites 
de cuivre dans divers alliages. 
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Summary-The Trennkr-Arisen-Walker method for the micro-analysis of deuterium in organic 
compounds involves oxidation of the compound with copper oxide in a sealed tube, collection of the 
water by vacuum distillation, and analysis of the water by infrared spectrophotometry. Experience in 
applying this technique to a variety of organic compounds in our laboratory has suggested a number 
of procedural modifications. These principally affect the methods of sample handling and water 
collection. Difficulties associated with temperature changes on the spectrophotometry of the 
deuterium-enriched water are overcome by differential analysis against natural-abundance water using 
a double-beam spectrophotometer. 

AN infrared method for the determination of the deuterium content of water was first 

described by Thornton and Condon. l This method depends on the fact that HDO has 
an absorption band at 2520 cm-l which can be observed through the overlapping 

spectrum of H,O. At high isotopic dilution, where the concentration of D,O is 

negligible, the intensity of the HDO band provides a direct measure of the total 
deuterium content of the water sample. This technique was developed by Trenner, 
Arisen and Walkers5 for the determination of deuterium in organic compounds by 

assay of the water formed on combustion. In their earlier work2 these investigators 
used the conventional Pregl micro-analytical type of combustion train for the oxidation 

of the organic compound, but subsequently3 they replaced this by a static oxidation 
method in which the organic compound is heated with a large excess of copper oxide 

in a sealed quartz tube at 7504300”. 
The object of this paper is to review our experience with this technique, which we 

have applied to deuterium-enriched organic compounds of various types; during this 

time a number of changes have been made in the apparatus and procedure. The 
principal modifications are concerned with the collection of the water sample and its 

transfer to the micro absorption cell. It has also been found that the determination of 
HDO is facilitated by differential analysis against natural-abundance water on a 
double-beam spectrometer in place of the single-beam cell-in/cell-out method used 
originally. The volatility and other physical characteristics of the compound critically 
determine the methods which must be used to obtain accurate dilution ratios, and they 
also influence the procedures to be followed for filling the combustion tube and 
subsequently evacuating and sealing it. This phase of the technique has not been 
discussed by previous investigators. 

* Published as Contribution No. 5501 from the Laboratories of the National Research Council of 
Canada. 
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APPARATUS 

The apparatus used for the collection and transfer of the water is shown in Figs. l-3. The main 
difference from the ~stillation train used by Trenner and collaborators is the elimination of the 
vacuum-controlled capillary system for sampie transfer from the collecting vesse1 to the absorption 
cell. This simplifies the apparatus and eliminates three of the stop-cocks. In our experience the water 
sample which finally collects at the bottom of the collecting vessel can be transferred to the micro-cell 
by withdrawal into a separate glass capillary tube after releasing the vacuum and detaching the 
collecting vessel at the ground-glass joint. This simplifies the manipulation and allows greater 
flexibility in collecting the water from the walls of the vessel above the cooling tip. 

TOWER 

REFERENCE 
WALTER 

RESERVWR 

19”-- 

ALL T”B,NG 9 mm COOLiNS TIP ----a 

ALL STOFCWXS 4 mm SORE (SOLID GLASS) 

FIG. 1. 

TO 0IFF”SIO’I 
PUMP 

The ampule breaker, shown in Figs. 2 and 3, is based on designs kindly supplied to us by 
Dr. Trenner. The main part, including the standard tapered barrel, is constructed of aluminum, 
while the piston and phmger are made of brass. It should be noted that the piston, which is advanced 
by rotation of the screw-threaded plunger, is formed from a separate piece of brass rod, so that it does 
not rotate as the plunger is advanced. In normal operation the piston is only advanced far enough to 
break the ampule, and, after the water transfer is completed, it can be reset by means of a brass rod 
inserted down the breaker tube from the ground joint. A small hole in the anvil, in line with the axis of 
the screw thread, permits the insertion or removal of the piston without completely unscrewing the 
plunger. The vacuum seal in this unit is obtained by lubricating the screw thread with a grease formed 
by mixing hot Apiezon Wax (W-100) and Apiezon grease (T) in equal proportions. 

SPECTROPHOTOMETRIC TECHNIQUE 

The spectra are measured on a Perkin-Elmer Model 21 spectrophotometer using a sodium chloride 
prism. A standard Perkin-Elmer micro-cell of 0.2 mm thickness with calcium fluoride windows is used 
in the reference beam and a macro-cell of matched thickness in the sample beam. To reduce the 
parasitic volume of the micro-cell the filling tube is removed, as described by Trenner, Arison and 
WaIker;S capillary attraction suffices to keep the water in the functional part of the cell over extended 
periods of time without evaporation or change in the deuterium content; no stoppers are required, 
and an analysis can be performed with 10 mg of water. 

Since the transmission of a 0.2-mm layer of natural-abundance water at 2500 cm-l is only about 
5 %, it is necessary to operate the spectrometer with wide slits (100-120 p) to obtain sufficient energy. 



358 R. NORMAN JONES and MARJORY A. MACKENZIE 

AMPULE BREAKER 

A-AMPULE BREAKER 

8 -AMPULE IN POSITION TO 

C-WIRE GAUZE 

FIG. 2. 

ASSEMBLY 

BE OPENED 

cm 

FIG. 3. 

Reproducible operating conditions are obtained by first closing the sample beam, and, with no cell in 
the reference beam, recording the pen displacement produced by a test signal of 0.03 ,u volt. This 
should correspond to an apparent absorption of 40-60x depending on the sensitivity of the spec- 
trometer. The reference cell is next filled with repeatedly distilled natural-abundance water. With the 
reference cell in place, and no cell in the sample beam, the slit is now adjusted to produce a pen 
displacement equal to that of the 0 03 ,u volt test signal. With natural-abundance water in both cells, 
the spectrometer is now set to 2500 cm-l and the pen adjusted toreadbetween 0.05andO.lOabsorbance 
units, whereupon the background spectrum is recorded from 2800 to 2400 cm-’ (Curve A of Fig. 4). 
Both cells are then removed from the spectrometer, and the micro-cell is emptied, dried and refilled 
with the deuterium-enriched water. Both cells are next replaced simultaneously in the spectrometer 
and the spectrum is rescanned to record the HDO absorption peak (Curve B of Fig. 4). By following 
this procedure, adequate temperature equivalence is maintained in the two cells, and the need to 
thermostat the cells during measurement is avoided. If additional time is allowed for the cells to reach 
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thermal equilibrium with the spectrometer, a repeat measurement of the spectrum does not &range the 
peak absorbance by more than @002 units. 

The calibration curve, shown in Fig, 5, is plotted as total mole per cent deute~nm oxide against 
peak absorbance, taking the natural abundance ratio H/D as 6~~1. The plot is linear at least up 
to 0.7 y0 dent&urn oxide and all measurements were made below this concentration. The curve has 
been checked periodically and has shown no deviation in three years. All standard deuterium-enriched 
water samples were obtained by dilution of a master standard prepared in turn by dilution of 99.8 % 
den~~~~ oxide, Lfilutions were made gray~metri~ally with repeatedly distilled natural-abundant 
water. 

I 50 

I 00 

0 80 

0 60 

0.50 

0 40 

ANALYTICAL PROCEDURE 

Most of the compounds analysed contains between one and eight denterium atoms per mofecuie, 
with molecular weights in the range 50-500. In all cases the deuter~um-en~~hed compounds were 
diluted with the natural-abundance compound; the approximate deuterium contents of the compounds 
were known, and the dilution factors were adjusted to yield wates samples containing 0~25-0~35 % 
deuterium oxide. This required dilutions in the range 20 to 250. 

The metbod of dilution depends on the physical characteristics of the substance. Crystalline 
solids are weighed on a micro-balance and then dissolved in a suitabie volatile solvent, and the solvent 
is pumped off in vacuum. Non-viscous liquids are mixed directly, while viscous liquids are dissolved 
in a suitable solvent, the solvent is removed by d~stiIlation and the diluted compound is vacuum 
distilled, 

Combustion 

sedation is carried out in an ampuie formed from a 1 S-cm length of Vycor quartz tubing. One 
end of the tube is sealed in an o~y-hydrogen game, and the other end is attached &rough a graded seal 
to a male 14/35 Pyrex standard tapered jornt for attachment to a vacuum line. Between 250 and 500 mg 
of copper oxide (Merck Reagent Grade) is introduced into the combustion tube, which is then 
evacuated at 105-l 10” for one hour. After cooling, the vacuum is released and the calculated amount 
of the diluted compound to yield lo-12 mg of water is added. This normally requires between S and 
10 mg of compound. Solid compounds are introduced down the tube by means of a cylindrical glass 
scoop attached to the end of a glass rod, and liquids am added through a glass capillary. Quantitative 
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transfer, of course, is not necessary, but it is important to avoid contamination of the upper section of 
the Vycor tube. A capillary constriction of l-2 mm internal diameter is next formed in the Vycor tube 
near the graded seal. The tube is then evacuated for approximately one hour and while still under 
vacuum, is sealed at the constriction, with an oxy-hydrogen flame. If the compound under analysis is 
volatile or heat sensitive, the lower end of the tube is kept cool with ice or solid carbon dioxide during 
the evacuation and sealing process. 

The sealed ampule is next encased in a close-fitting but open-ended refractory jacket and heated 
in the furnace at 750-800” for 45560 minutes. For this purpose a semi-micro Pregl-type electrical 
combustion furnace is used. The whole furnace is confined in a protective box made of& inch sheet 
steel; openings are left in the rear of this box, which faces a blank wall, to allow for blast release in 

PEAK ABSORBANCE 

FIG. 5. 

case of an explosion. The temperature during the combustion is monitored by a thermocouple in 
contact with the outer surface of the Vycor tube. Provided that the tube has been properly evacuated 
and sealed, explosions do not occur unless the temperature rises above 800”. 

Distillation 

After the combustion is completed the furnace is allowed to cool and the ampule is surrounded by 
a protective cylinder of wire mesh and inserted into the ampule breaker (Figs. 2, 3). This is next 
attached by the standard tapered joint to the thoroughly cleaned distillation apparatus. Particular 
care is necessary that the collecting vessel is free of any trace of grease and it must be washed each 
time before use with chromic anhydride cleaning solution and distilled water, followed by acetone and 
carbon tetrachloride. This is essential if the water sample is to form as a single, easily collectable drop. 

With stop-cock 1 open, the distillation apparatus is next tested for vacuum tightness and pumped 
to lO-3 mm. The Pirani vacuum gauge is then disconnected from the system by closing stop-cock 6. 
Stop-cock 5 is also closed and a IO-mg dose of water containing about 0.3% deuterium oxide is 
introduced into the system from the water reservoir by means of the dosing stop-cock. Five minutes 
are allowed for isotopic equilibrium to be established in the system, after which stop-cock 5 is re-opened 
and the system is pumped for a further 45-60 minutes. Stop-cocks 1 and 5 are now closed, stop-cock 
6 to the Pirani gauge is opened, and the system is checked again for vacuum tightness. For proper 
function of the Pirani gauge it is essential to isolate it when the vacuum system contains water vapor. 

If the vacuum holds satisfactorily, stop-cocks 2,3 and 6 are next closed and the ampule is broken 
by turning the breaker screw. The U-trap is immersed in liquid air, stop-cocks 2,3 and 5 are opened in 
that sequence, and the system is pumped for about one minute. During this time the liberated water 
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collects at the bottom of the U-tube. Stop-cocks 2 and 5 are then closed again and the liquid air 
reservoir is transferred from the U-tube to the solid glass cooling tip on the bottom of the collecting 
vessel. Distillation then occurs from the U-tube to the collecting vessel and this can be accelerated by 
gently warming the U-tube with the palm of the hand. Provided that the apparatus has been properly 
cleaned, the water now collects as a single mass of ice crystals at the bottom of the collecting vessel. 
The system is next brought to atmospheric pressure by admitting air through stop-cock 4. As the 
collecting vessel warms to room temperature, the ice should melt into a single water drop. The 
collecting vessel is now detached at the ground-joint and the water is withdrawn into a vertically 
clamped capillary syringe, controlled by a micrometer screw head, and is subsequently discharged 
into the micro-absorption cell. Initial attempts to provide mechanical support for the micro-cell 
during this process were discontinued, as it was found that the manipulation could be made more 
delicately with the cell held in the hand. The water sample is then analysed as described in the section 
on spectrophotometric technique. 

CALCULATIONS AND RESULTS 

Although the spectrophotometric analysis requires that the deuterium be all 
present as HDO, it is more convenient, for purposes of computation, to consider the 
oxidation in terms of the general formula:- 

C,H cr,_x,DxOc + (2a + 05b - c) CuO = (a)CO, + 05(b - x)-H,0 

+ 0*5(x)*D,O + (2a + 0*5b - c)Cu 

where C H & b_xDxOc represents the deuterium-enriched compound or undiluted 
isotopic mixture. 

The combustion of w1 mg of this material will yield 
0*5(b - x) 

(m + x) 
- w1 millimoles 

0*5x 
of Hz30 and (m + x) - - w1 millimoles of D,O, where m is the molecular weight of 

The addition of ws mg of diluent containing H/D in a ratio of 6400/l will provide a 

further !?l? + w2 millimoles of H,O and 
0.5b 

m 
(m - w2 - & millimoles of D,O. 

If D is the total mole per cent of deuterium oxide in the water collected, 

0.5b 1 

D= 
(m+x)‘W1++b)w2~6400 1 ’ loo 

0.5x 1 -. 
(m + x) w1 (mfw2W2’6400 

0.5b 
If the small term - * w 

1 

(m + b) 2 
. - is neglected in the denominator, it follows alge- 

6400 
braically that 

Db(w, + WJ - m 

x= 
Db 

lOOw, - m. w2 + 

The results of some typical analyses are listed in Table I. The first four measure- 
ments are for deuterium-enriched steroids for which independent assays of the 
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TABLE I.-REPRESENTATIVE DEUTERIUM ANALYSES OF ORGANIC COMPOUNDS 

Compound 

I Deuterium Content 

(Atoms of Dper molecule) 

Theoretical Found 
I I 

Cholesterol 
A4-Androstene-3 :17-dione 
Androstan-3-one 
Cholestan-3x-01 acetate 

0.414* 0.375, 0.372 
0.475 * 0.486, 0.464 
0.101* 0.100 
2.55* 2.58, 2.58 

n-Dodecane-l-d, 3 2.89, 2.92 
n-Dodecane- 1:12-d, 6 5.81 
Methyl laurate-12-d, 3 2.86, 2.93 
Methyl-d, laurate-2,2-d, 5 5.12, 5.09 
Methyl laurate-2 :12-d, 5 4.80, 4.45 
Methyl-d, laurate-2 :12-d, 8 8.09, 8.06 
n-Dodecyl-1-01-1:12-d, 5 5.10. 4.90 
I-Bromo-n-dodecane-1:12-d, 5 4.91, 4.78 

Androstan-17-one-16-d, 2 2.12, 2.09 
Androstan-3-one-2 :4-d, 4 3.93, 4.29 
Androstan-3 :17-dione-2:4:16-d, 6 5.79 
3,8-Acetoxy-d,-androstan-17-one 3 3.25 
3,8-Acetoxy-androstan-17-one-16-d, 2 2.18 
3/l-Acetoxy-d,-androstan-17-one-16-d, 5 5.16 
17/GAcetoxy-d,-androstan-3-one 3 3.16 
17p-Acetoxy-androstan-3-one-2,4-d, 4 3.71 
17B-Acetoxy-d,-androstan-3-one-2,4-d, 7 6.72 
3/%Hydroxy-androstan-17-one-16-d, 2 1.94 
17B-Hydroxy-androstan-3-one-2,4-d, 4 3.65 

Benzoic-2 :4-d, acid 
Benzoic-2:6-d, acid 
Acetophenone-o-d, 
Acetophenone-2-d 
Anthracene-9:10-d, 

s-trans-(2-Phenyl)-2-d-cyclohexylamine 

2.04, 2.08 
1.95, 1.93 
2.53, 2.57 
0.90 
1.70, 1.62 

0.93, 0.97 

* Deuterium values determined by mass spectrometry. 

deuterium content had been obtained by mass spectrometry. The satisfactory 
agreement between the two methods is evident. 
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Zusammenfassung-Die Trenner-Arison-Walker Methode zur Mikrobestimmung von Deuterium in 
organischen Verbindungen beruht auf Oxydation der Probe mit Kuperfoxyd in abgeschmolzener 
Rohre, Gewinnung des gebildeten Wassers durch Vakuumdestillation und Analyse desselben durch 
IR-Spektroskopie. Erfahrungen bei Verwendung dieser Methode zur Analyse verschiedener organ- 
ischer Verbindungen legten einige Anderungen der Arbeitsvorschrift nahe. Diese betreffen in der 
Hauptsache die Behandlung des Probenmaterials und das Sammeln des Wassers. Schwierigkeiten, 
die durch Temperaturanderungen wlhrend der spektrophotometrischen Bestimmung des an Deu- 
terium angereicherten Wassers auftreten, werden durch Verwendung einer differentialanalytischen 
Methode iiberwunden, indem es gegen natiirliches Wasser in einem Doppelstrahlphotometer 
gemessen wird. 

Resume-La mtthode Trenner-Arison-Walker pour la microanalyse du deuttrium dans les composes 
organiques necessite l’oxydation du compose par I’oxyde de cuivre en tube scelle, la collection de l’eau 
par distillation sous vide et I’analyse de I’eau par spectrophotometrie infra-rouge. Pour I’application 
de cette technique a une variete de composes organiques I’experience a suggere un certain nombre de 
modifications du mode operatoire. Celles-ci affectent principalement les methodes de manipulation 
de l’echantillon et de collection de I’eau. On surmonte les diflicultes entrainees par les variations de 
temperature dans la spectrophotometrie de l’eau enrichie en deuterium en effectuant une analyse 
differentielle par rapport a une eau naturelle non enrichie en utilisant un spectrophotometre a double 
fdisceau. 
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Summary-A study of the recorded method for the determination of platinum with diiethylphenyl- 
benzylammonium chloride revealed defects which become serious for larger amounts. A revised 
procedure which yields accurate results for micro and semi-micro amounts is described. Samples 
which have been fumed in sulphuric acid solution may be handled with a slight modification of the 
recommended procedure. 

THE more familiar methods for the gravimetric determination of platinum have been 
studied in recent years by Beamish and co-workers. 112 These investigations show that 
of the several precipitants which may be relied upon to provide satisfactory results 
with macro quantities, only zinc yields adequate precision and accuracy on the micro 
scale. A procedure which deserves to be regarded as the classical micro method was 
developed in the same laboratory. This utilizes thiophenol to precipitate platinum as 
a mercaptide.3 These methods possess disadvantages, however. The former must be 
used with careful adherence to conditions and the latter involves a reagent which 
is unstable in air and possesses a disagreeable odour. 

A variety of other organic precipitants for platinum have appeared recently in the 
literature. A review by Bean&h* indicates their probable usefulness, but general 
acceptance of these methods should be preceded by careful re-investigations. We have 
found 4-phenylthiosemicarbazide5 to be a convenient reagent but have been unable 
to avoid serious losses to the filtrate. There seems to be little hope of circumventing 
the trouble, as the reagent can be dissolved only in media in which its complex with 
platinum is slightly soluble. 

Of the remaining reagents, dimethylphenylbenzylammonium chloride seemed the 
most attractive and worthy of further study. g This reagent precipitates bromoplatinate 
from hydrobromic acid solution and is thus analogous to ammonium chloride in the 
ammonium chloroplatinate method. Our initial attempts to make use of it met with 
little success, however. The sources of error discovered were: (a) failure to attain 
constant weight, (II) variable composition of the precipitate under certain conditions, 
and (c) prior fuming with sulphuric acid led frequently to low results. This last 
phenomenon was not unexpected, for many analytical procedures for platinum fail 
in the presence of sulphate. The handling of such solutions was considered of suf- 
ficient importance to warrant further attention. * These difficulties have been overcome 
and a modified procedure is described below. 

* Fumed sulphuric acid solutions are frequently encountered in precious metals analysis: for example, 

see the classical isolation of platinum from the other members of the platinum group by hydrolytic precipi- 

tation.’ 
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Apparatus and reagents 

Weighings were performed on a Sartorius SM 10 balance with intercalibrated weights. The 
filtering crucibles used were manufactured by the Staatliche Porzellanwerke, Berlin, and were of 
A2 porosity, sizes Ml and M2. 

Standard platinum solution: A stock solution was prepared from 1.9659 g of platinum supplied 
by Johnson, Matthey and Mallory, Ltd. This was dissolved in a small quantity of aqua regia and the 
solution evaporated to dryness. The residue was treated three times with cont. hydrochloric acid 
and evaporated each time to dryness. It was then taken up in water and filtered through a 7.0~cm 
Whatman No. 42 filter paper. The paper was ashed in a porcelain crucible and the residue treated 
with aqua regia and hydrochloric acid in the same fashion as before. The final residue was taken up 
in water and filtered. The two filtrates were combined and adjusted to 0.05N with hydrochloric 
acid in a 2X)00 litre volume. The solution was standardized by means of the thiophenol method.3 
Found: 0.982 and 0.983 mg per ml; Taken: 0.982, mg per ml. 

DimethylphenylbenzyIammoniumchloride: The compound was prepared as described by Ryan 
from Fisher Scientific Co. chemicals, Nos. A-746 and B-277. The 5 % aqueous solution was filtered 
through a sintered-glass funnel. Although it was kept in a brown bottle, the solution became visibly 
oxidized (blue coloration) after two or three weeks. Weakly coloured solutions were used but more 
strongly coloured ones were discarded. 

Hydrobromic acid: The concentrated acid supplied by Allied Chemical and Dye Corporation 
was distilled once and a colourless product obtained. 

Dioxane and cyclohexane: Distillation Products Industries No. 2144 and Fisher Scientific Co. 
No. C-556, respectively, were filtered through a sintered-glass funnel. 

Thermogravimetric study of the weighing form 

It was found that precipitates prepared according to the procedure given by 
Ryan failed to attain constant weight. The losses on heating precipitates obtained 
from 10 mg of platinum in 100 ml of solution were generally small-of the order of 
0.02 mg per hour. Precipitates obtained from 20-mg quantities experienced losses 
which were invariably serious. Typical weight-time curves for 20- and 40-mg samples 
are shown in Fig. 1. 

Prolonged heating reduced the weight to very much less than the theoretical 
value and caused the complex to darken or even turn to tar. Drying at slightly lower 
temperatures in a well-controlled oven failed to improve the situation. 

The reason for this apparent decrease in stability with increasing concentration of 
the original solution was evident when the precipitates were viewed under the micro- 

scope. Precipitates prepared from solutions containing 0.1 mg Pt per ml appeared 
under magnification to have the texture of blotting paper, whereas those formed from 
solutions containing O-2 mg per ml or more appeared chalk-like indicating a much 

smaller particle size. It may be concluded that the decomposition upon heating, 
which takes place by evaporation of the organic portion of the complex, proceeds 
more readily when the.surface to volume ratio is higher. Extremely slow addition of 
the reagent failed to produce coarser precipitates. 

The solution to this problem consists in washing the precipitate with a highly 
volatile solvent and drying at a lower temperature. No single solvent was found to be 
suitable so the aqueous “holdup” was removed with dioxane and this in turn washed 
out with cyclohexane. To estimate the magnitude of possible losses to the washings, 
25-ml volumes of the organic wash liquids were passed through a large portion of 
the platinum complex and evaporated to dryness. The platinum content of these 
washings was determined calorimetrically. (See below under Filtrate Tests.) The 



366 A. D. WWLAPJD and L. WESTLAND 

dioxane wash contained 5 ,ug of platinum and the cycluhexane less than the detectable 
limit. 

Composition of the precipitate 

The nature of the precipitation reaction would suggest that the dimethylphenyl- 
benzylammonium ion would be a suitable precipitant for platinum in the semi-micro 
range as well as the micro. It was found, however, that increasingly low values were 
obtained for increasing quantities of platinum precipitated from 100 ml of 2% 

I I I I I I I I 1 I I 
Q I 2 3 a 5 6 7 6 9 IO 

HEATING TIME, HOURS 

FIG. I.-Loss of weight upon heating at 110’ 
A-10 mg of platinum taken 
B-20 mg of platinum taken 

hydrobromic acid solution. This was attributed to the formation of mixed precipitates. 
The average molecular weights of precipitates prepared from solutions of various 
concentrations are presented in Table I. 

The most plausible explanation for the decrease in apparent molecular weight 
assumes that the equilibria: 

PtBre2- + H,O + PtBr,0H2- + HBr 

PtBr,0H2- + II,0 + PtBr,(OH),2- + HBr (1) 

cause an appreciable concentration of the partially hydrolyzed species of lower 
molecular weight to appear at higher platinum concentrations. An alternative 
explanation might be based on the reaction: 

PtBre2- + Cl- + PtBr,C12- + Br- (2) 

when large quantities of reagent are added. However, this latter possibility was seen 
to be at least not the major cause of the effect as essentially the same results were 
obtained with dimethylphenylbenzylammonium bromide as with the chloride reagent. 
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It follows that for higher platinum concentrations, the hydrobromic acid concen- 

tration must be increased accordingly. 
During the course of experiments to determine optimum conditions, it was found 

that it is unnecessary to add as much reagent as was recommended by Ryan. We 
found that a final reagent concentration in the supernatant liquid of 0.25 % is adequate. 
The required amount of washing depends upon the quantity of sodium bromide added. 
Very little washing is required for solutions containing little or no metal cation. 
When 5 g of sodium bromide had been added, it was necessary to wash large samples 
with about 50 ml of 0.1 ‘A dimethylphenylbenzylammonium chloride solution. 

TABLE I.-AVERAGE MOLECULAR WEIGHTS OF 

PRECIPITATES FORMED FROM 2 ‘A HBr SOLUTION 

No. 

Wt. of Pt in 

precipitate, 

“zg 

Average 

molecular 

weight 

1 31.55 1097.1 
2 35.83 1094.8 

42.69 1096.4 
4 49.14 1088.9 
5 53.63 1080.8 
6 73.57 1077.5 

The molecular weight of (C,,H,,N),PtBr, = 1099.4. 

In the light of our new knowledge of the precipitation of platinum with dimethyl- 
phenylbenzylammonium ion, the following procedure was arrived at. 

Recommendedprocedure: A solution of bromoplatinate is prepared for precipitation by adjusting 
the acidity with hydrobromic acid. Four ml or more of the 48:: acid are added for quantities of 
platinum of 10 mg or less. Approximately 4 ml of acid are added for each additional 10 mg of 
platinum. If the platinum concentration is entirely unknown, the acidity may be adjusted to as high 
as 30%. The sample is made up to approximately a lOO-ml volume and a 5 ‘A solution of the pre- 
cipitant is added slowly with stirring. A volume of 5 ml plus 1 ml for each 10 mg of platinum present 
is sufficient, but a large excess appears to be not detrimental. After allowing the precipitated sample 
to stand for 3 hours, it is filtered through a tared fritted crucible. The precipitate is washed with a 
0.1% aqueous solution of the reagent, followed by 3 ml of dioxane and this in turn followed by 4 ml 
of cyclohexane. The crucible is heated at 80” to constant weight which is attained in 0.5-l hour. 

Treatment of chloroplatinate solutions 

Solutions to be precipitated probably should contain but little, if any, hydrochloric 
acid, otherwise interference from reaction (2) may be encountered. This condition 
was ensured by evaporating solutions of chloroplatinate to dryness in the presence of 
sodium bromide. A single evaporation in the presence of very little chloride was 
sufficient to effect 100% conversion to bromoplatinate. If much hydrochloric acid 
was present, it was deemed advisable to repeat the evaporation one or more times after 
moistening the dry residue with hydrobromic acid. It was frequently found that upon 
taking up the residue in dilute hydrobromic acid and filtering, a brown or black 
insoluble residue containing platinum and silica had been formed. This increased 
with the number of evaporations to which the sample was subjected. The formation 
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of this residue was kept to a minimum by using unetched beakers for the evaporation 
and a copious excess of sodium bromide. 

Procedure: A sample containing relatively little hydrochloric acid is evaporated to dryness in 
the presence of 0.5 g of sodium bromide. The residue is dissolved in a little diluted hydrobromic 
acid and passed through a porous-bottom crucible. If any dark residue is found, this is leached with 
aqua regiu. The leaching removes all but a yellow stain on the porous bottom. ? he leach solution 
is evaporated to dryness, the residue moistened three times with a few drops of hydrobromic acid 
and evaporated each time to dryness on the water bath. The final residue is taken up in water and 
filtered. No dark-coloured,insoluble residue should be observed at this stage. 

Aliquots of the stock solution were treated as described in the above procedures. The results of 
these determinations appear in Table II. 

TABLEIL-RECOVERY OFPLATINUMFROM CHLOROPLATINATESOLUTION 

No. 
Weight of 
Pt taken, ~ I 

Weight of 
‘t recovered 

m? mR 

1 0.97 0.97 
2 0.97 0.97 
3 4.87 4.87 
4 9.83 9.83 
5 9.83 9.86 
6 9.83 9.83 
7 9.83 9.82 
8 19.66 19.62 
9 19.66 19.67 

10 34.42 34.43 
11 49.15 49.17 
12 73.71 73.78 

- 
Filtrate Gravimetric 

IOSS, error, 

KY mg 

- 
- 

2 
- 

t2 
<2 

2 
2 

<2 
<2 

8 
4 

0.00 
0.00 
0.00 
0.00 

+0.03 
0.00 

-0.01 
-0.04 
to.01 
$0.01 
+0.02 
$0.07 

Blanks were carried through the entire procedure. The weights obtained (not 
multiplied by the gravimetric factor, 0.1776) were 0.17, 0.14, 0.14, and 0.13 mg. 

Treatment of solutions which lzace been fumed with sulphuric acid 

The conversion to bromoplatinate when platinum has been complexed with 
sulphate is more difficult than the corresponding conversion to chloroplatinate. 
Whereas the latter may be effected by simple boiling with hydrochloric acid, the 
weights of precipitates obtained from sulphate solutions of platinum which had been 
boiled with hydrobromic acid were usually low. The conversion proceeds rapidly, 
however, at temperatures rather higher than the boiling point of hydrobromic acid. 
These can be attained if the chief constituent of the solution is sulphuric acid. 

Procedure: A sample in sulphuric acid is fumed to about a 2-ml volume and allowed to cool. 
Approximately 1 ml of water and 10 drops of concentrated hydrobromic acid are added. The sample 
is heated until fumes of hydrobromic acid are evolved. It is cooled and the fuming repeated after 
adding a few more drops of hydrobromic acid. Heating must not proceed to a point when hydro- 
bromic acid fumes cease to be evolved. The sample is filtered through a porous-bottom crucible. 
No insoluble platinum residue should be formed in the process. 
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Aliquot samples of the stock platinum solution were fumed strongly with 5 ml of concentrated 
sulphuric acid and treated as described in the preceding paragraph. Results of the gravimetric 
determinations appear in Table III. 

TABLE III.-RECOVERY OF PLATINUM FROM FUMED SULPHURK ACID SOLU~ON 

Weight of Weight of Filtrate Gravimetric 
No. Pt taken, Pt recovered, loss, error, 

~ mg v w “g 
- 

1 9.83 9.78 <2 -0.05 
2 9.83 9.83 t2 0.00 
3 9.83 9.82 <2 -0,Ol 
4 19.66 19.62 5 -0.04 
5 19.66 19.66 5 0.00 

Filtrate tests 

Filtrates and washings were evaporated to dryness and “wet-ashed” with sulphuric 
acid and 30% hydrogen peroxide. After treatment with boiling hydrochloric acid, 
platinum was determined in a lo-ml final volume with stannous chloride.* 

Znsammenfassung-Die von Ryan verijffentlichte Methode zur gewichtsanalytischen Bestimmung von 
Platin mit Dimethylphenylbenzylammoniumchlorid wurde eingehender untersucht und die fiir 
grbssere Platinmengen Fehlerquellen festgestellt. Eine modilizierte Methode, welche fiir den Mikro- 
sowie Halbmikro-bereich genaue Resultate erziehlt, wird beschrieben. Platinlosungen welche mit 
Schwefelsaure abgeraucht wurden, konnen mit kleinen Anderungen untersucht werden. 

Rbum&-La methode de Ryan utilisant le chlorure de dimethyl phenylbenzylammonium pour le 
micro dosage du platine s’est revel&z defectueuse et d’autant plus si les quantites sont grandes. Une 
modification de cette methode foumi des resultats aussi p&is a l’echelle micro que semi-micro. 
Mcme, si l’echantillon est digem dans une solution sulfurique on peut le traiter en modifiant legerement 
le processus operatoire. 
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LETTERS TO THE EDITOR 

“Metalfluorechromic” indicators 

Sir : 
A new term, “metalfluorechromic indicators”, has been recently proposed by Wilkins’~” for 
compounds called by KGrbl and Vydra3 ‘ ‘metallofluorescent indicators”. In our opinion the 
term “metallofluorescent” expresses better both similarities and differences between these indicators 
and the metallochromic type. In the case of Fluorescein Complexone (Fluorexon, Cal&n) it has 
been demonstrated3 that metallofluorescent indicators change only the intensity of fluorescence; they 
do not in fact change colour, or the colour change is insignificant. 

Two different types of reactions of Fluorescein Complexone have been observed4 and an 
explanation of these has been offered5, viz. those which result in quenching of the fluorescence (which 
take place at a lower pH), and those which, on the contrary, cause fluorescence (at a higher pH, cJ8). 
This explanation is consonant with the conception of similar colour phenomena with metallochromic 
indicators’ but not with the explanation based on the presumed differences in the structure of the 
“normal” and “indicator reversal” complexes as proposed by Wilkin9. 

Our explanation is based on the known fact that the individual ligand atoms of a polydentate 
ligand generally are involved in the chelate successively, i.e. in the course of increasing pH, according 
to decreasing constants corresponding to the dissociation of protons from these atoms. Starting in 
the acidic range the cation bonding is effected first by carboxyl groups and nitrogen atoms; subse- 
quently, but stiH in acidic medium, phenolic oxygen participates with the majority of cations. The 
phenolic oxygen bond is at the lower pH quite loose and of an ionic nature, and therefore the electronic 
structure of the chromophoric or fluorechromic system of the indicator molecule does not differ 
appreciably from the fully de-protonized anion. Bathochromic colour change of metallochromic 
indicators, or quenching of the fluorescence of the metallofluorescent indicator takes place. With 
increasing pH the phenolic oxygen bond is stabilized, whereas the stability of the bonds with the 
carboxyl groups is decreased. Consequently, the structure of the indicator chelate undergoes a 
change and the phenolic oxygen bond to the metal changes from ionic to covalent, in the limiting case 
with the same consequence for the colour or fluorescence properties as in the covalent association of 
the proton with the phenolic oxygen atom. With the metallochromic indicator a hypsochromic 
shift takes place; in metallofluorescent indicators fluorescence appears. These facts can be illustrated 
by the following model experiments: 

1. The addition of a solution of Cua+ to a solution of Phenol Complexone” in acidic solution 
produces the same blue colour as is formed with plain iminodiacetic acid. The phenolic hydroxyl does 
not take part. Only on increasing the pH to approximately 5 does the yellow colour appear which is 
characteristic for the extension of the chromophoric effect of Cua+ over the ionically bonded phenolic 
oxygen to the benzene ring. 

2. A similar reaction of Fe3+ with Phenol Complexone in strongly acidic medium again gives the 
same yellow colour as with the simple iminodiacetic acid. Approximately at pH 3 this colour changes 
to violet-the phenolate anion in its conducting form is involved. Finally in alkaline medium the 
solution again turns red and yellow-a non-conducting barrier of a covalent bond is formed between 
the chromophoric iron atom and the phenolic residue of the molecule. 

In contrast to Wilkins’ statement@, both “normal” and “indicator reversal” reactions were 
noticed even with the same cation and the same indicator. Thus Ca*+ and Phenolphthalein Complex- 
one at a lower pH (about 10) produce a red colour (normal reaction-ionic bond between the metal 
and phenolic oxygen); at a higher pH (13-14) the red colour of the indicator disappears (reversal 
reaction-covalent bond between the cation and the phenolic oxygen.)B This example demonstrates 
clearly that Wilkins’ concept according to which structure a (fig. I, cj?) should be assumed for the 
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lower pH and structure b for the higher pH, both with the same central atom (Ca), is not tenable. 
In that case a sign of 

H+ 

f, 

between the two structures could be justified though this would be in sharp contrast to the pH 
dependence of the existence of the two structures. Similar examples could be instanced for Cua+ and 
Glycinethymol BluelO etc. 

In this connection the consideration that the values K&, and K&, can be close together6 is so 
far incorrect that these constants cannot as such express to a mutually comparable degree the 
stability of the corresponding complexes for the given pH. In this case the pH-dependent constants 
should be compared, and these, of course, differ substantially for the pH ranges involved, because 
the actual concentrations of L and HL differ. 

0 

a 8 

(a) 
FIG. 1. 

(W 

We conclude, therefore, that the only correct explanation of the fluorescent reaction of calcium 
with Fluorescein Complexone-and similarly also in other instances-is the assumption of the 
formation of a covalent bond (similar to the bond with hydrogen) between the phenolic oxygen and 
the calcium and not the assumption of the actual bonding of hydrogen to the Fluorescein Complexone 
anion. 

Research Institute for Pharmacy and Biochemistry, Prague 

Spolana, N-E., Research Centre of the Lachema Plant, 
Brno, Czechoslovakia 

J. K~RBL 

V. S~~B~DA 

24 December 1959 
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AN APPEAL 

SIR : 

For more than twenty years it has been my practice to read, and frequently to test, methods published 
in journals devoted to analytical chemistry. I have to report not only that the presentation of the 
papers has not always pleased me but also that in few instances have the methods I tested been as 
good as the authors claimed. In some instances the methods have not worked at all, and letters 
addressed to the authors, although always acknowledged, have not given me answers to all my 
questions; and often those answers I did receive were vague in the extreme. I am forced, therefore, 
to conclude that many papers describing inferior and suspect methods are being printed. Owing to 
the apparently ready acceptance of papers by the editors of journals of analytical chemistry, many 
analysts are submitting for publication methods that are unsound, apparently under the impression 
that it is better for their prestige to get several inferior papers into print than one good one. Human 
nature being what it is, this practice will certainly continue unless referees make a more detailed 
examination of each paper they read and refuse to accept anything slipshod. Directions such as 
“transfer 0.1000 gm of sample and 0.5000 gm of sodium peroxide to the crucible . . . . “I indicate only 
cursory examination by the referee. Careful reading of the author’s practical instructions usually 
throws a lot of light on the soundness of the method and if any doubt exists in the referee’s mind the 
paper as it stands should be rejected. Even if such rigorous action reduces the size of the journal, 
the readers will realise they are getting quality if not quantity. I would like to see published in these 
journals only sound methods, or methods the shortcomings of which are described in detail. I am a 
regular reader of five journals of analytical chemistry and what strikes me most forcibly is the fact 
that no criticisms of previous papers are published except where they appear in papers claiming to 
carry out the estimation in a better manner. In order to discourage the submission of poor methods 
and slipshod papers I would suggest that provision be made in every journal for the publication of 
criticisms of methods already published; and in this connection I would like to point out that it is as 
important to praise a satisfactory method as it is to condemn one that is unsatisfactory. If this is 
done and editors take the view that no journal at all is better than one full of indifferent papers we 
should be able to look forward to the time when every method published is as good as the authors 
say it is. 

Department of Mineralogy 

Brittsh Museum (Natural History) 
Cromwell Road, London, S. W.7 

1 Analyst, 1959. 

A. A. Moss 
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BOOK REVIEWS 

Treatise on Analytical Chemistry: A Comprehensive Account in Three Parts. Part I, Theory and 
Practice, Volume 1. Edited by I. M. KOLTHOFF and PHILIP J. ELVING, with the assistance of 
ERNEST B. SANDELL. pp. xxvi + 809. Interscience Publishers, New York, 1959. $17.50 (single), 
$15.00 (subscription). 

THE stated object of Kolthoff and Elving’s Treatise, of which this is the first volume to be published, 
is to present a “concise, critical, comprehensive, and systematic treatment of all aspects of classical 
and modem analytical chemistry.” The rapid growth of analytical chemistry in recent years has 
created a need for some such unified treatment of the entire field; the ma~itude of this need may be 
estimated from the bulk of this work, the first two of the projected three parts of which are expected to 
fill about nineteen volumes. 

Part I of the Treutise, Theory and Practice, is composed of eight sections, two of which are 
contained in Volume 1. Each of the nineteen chapters of Volume 1 has been prepared by an expert in 
the field. The first four chapters, (Section A), deal with material more or less peculiar to analytical 
chemistry: the general analytical process (E. B. Sandell and P. J. Elving), errors (Sandell), statistics 
(W. J. Youden), and sampling (W. W. Walton and J. I. Hoffman). Section B, which comprises the 
bulk of Volume I, consists of fifteen chapters on basic principles of chemistry which are of significance 
in analysis. The first chapter of this section is a basic discussion of the elements and their compounds 
in quantum mechanical terms (J. I. Watters). This is followed by treatments of atomic weights 
(E. Withers), chemical equilibrium and thermodynamics (T. S. Lee), equilibrium diagrams (L. G. 
Sillen), electrode potentials (R. G. Bates), pH (Bates), concepts of acids and bases (1. M. Kolthoff), 
aqueous acid-base equilibria (S. B~ckenstein and I. M. Koltho~, nonaqueous acid-base equilibria 
(Kolthoff and B~ckenste~), cornplexation reactions (A. Ringbom), oxidation-reduction mechanisms 
(F. R. Duke), oxidation-reduction equilibria (Duke), solubility (D. L. Luessing), precipitates 
(M. L. Salutsky), and precipitation equilibria (J. F. Coetzee). 

Volume 1 confines itself to the theory of analytical chemistry. Each topic is first discussed from a 
pure chemical ,point of view, and the ideas presented are then applied more or less specifically to 
analytical chemistry. Sufficient space has been alloted to permit ample discussion of each topic. 
Although really exhaustive treatments are not attempted, the presentations go far beyond statements 
and discussions of elementary principles. Topics have been treated in sufficient depth to make 
reference to specialized monographs unnecessary in most cases; however, each chapter contains a 
list of carefully selected specific references, and the important general references are also listed. 

In view of the fact that seventeen authors have contributed to this volume, it is particularly 
notable that the approach to each topic and the quality of authorship are quite consistent, and 
consistently high. This gives to the work a degree of unity which is rather unusual in a book prepared 
by so many geoffap~~~y separated contributors. 

The high quality of the entire volume makes it difficult to point out any one chapter or group of 
chapters as especially praiseworthy; however, the finest feature of the book is probably the central 
core of chapters which deal rigorously and extensively with equilibria of all sorts. The use of figures 
is particuiarly admirable. They are employed only when necessary, they deal with real chemical 
entities, and they clearly demonstrate what they are intended to demonstrate. One cannot ask for 
more. Few criticisms can be made: the powerful Lewis concept of acids and bases could have been 
exploited more fully, and the topic of crystal growth could have been approached from a more modern 
point of view. These are, however, minor points, and are possibly a matter of taste. 

The production of the book is excellent, and the text is nearly free of misprints. 
Kolthoff and Elving’s monumental Treatise is a major contribution to the science of analytical 

chemistry, and should prove to be an invaluable standard reference for chemists in all fields, 

DAVID H. K~mv 
Contribution No. 2536. 
Division of Chemistry and Chemical Engineering, 
CaIifornia Institute of TechnoZogy, 
Pasadena, California, U.S.A. 
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Column Chromatography in Pharmaceutical Analysis. J. A. P. STROES. Thesis for the degree of 
Doctor of Philosophy. University of Groningen. 1959. (In Dutch.) 

IN this thesis an enquiry has been made into the possibilities of applying chromatography-both ion 
exchange and partition--to the analysis of some unmixed organic drugs and their combinations as 
used in pharmacotherapy. 

The eluates obtained in the chromatographic separation of mixtures were investigated spectro- 
photometrically, and this combination of column chromatography and UV-absorption spectro- 
photometry gave results which were better, more reproducible and more quickly obtained than with 
the classical methods. 

Typical of the combinations investigated are 
Acetylbromalum, Isopropylantipyrinum, Caffeinum, phenacetinum and papaverini hydro- 

chloridum. 
Acidum acetylsalicylicum, phenacetinuv, caffeinum and aluminii hydroxydum colloidale. 
Barbitalum and apobarbitalum. 

R. J. MAGEE 

Electrophoresis. Theory, Methods and Applications. Edited by MILAN BIER. Pp. xx + 563, Academic 
Press Inc., New York, 1959. 

Tms book is a collection of eleven articles by a number of authors, dealing with the principles 
and various aspects of electrophoresis. An Introduction by Tiseleus gives an excellent historical 
background to the subject. The intention is to provide an authoritative survey dealing with theory, 
methods and applications of electrophoresis and the emphasis has been placed upon the fundamental 
principles involved, the problems encountered and the means that must be adopted to solve them. 
All the chapters are of high standard but, as is unavoidable in such collaborative works, there is some 
unevenness in style and overlapping of material. Some re-arrangement in the order of the chapters 
might have been an improvement and, in certain cases, the title of the chapter is not an exact guide 
to the contents. 

The book gives a very comprehensive picture of the various branches of the technique and the 
theory is well-presented with much detail. The descriptions of apparatus are complete and easily 
followed, the diagram’s are excellent and the lists of references are large and valuable. The applications 
described, however, are very specialised, being mainly confined to proteins and related materials. 
There is an interesting chapter on the application of electrophoresis to viruses, bacteria and cells, 
which will be of great interest to those concerned with this field of study. A notable omission is 
that, although the subject of paper electrophoresis is treated at length, it is mainly confined to low 
voltage methods. A brief description of attempts to use high voltages is given, but no reference is 
made, in the relevant chapter, to the high voltage techniques now in fairly common use and only 
brief reference to them is made elsewhere. 

This book must be welcomed as an important addition to the literature of the subject, which 
it greatly extends. It will be of great value to all workers in the subject, especially those concerned 
with proteins. In view of the highly mathematical treatment of some of the theory and the mass of 
specialised material it is not easy to read and beginners may find it confusing unless a selective study 
of its contents, under guidance, is made. Those with some knowledge of the subject will, however, 
find it a valuable work of reference and, as such, it is strongly recommended. 

G. F. REYNOLDS 
C. D’OYLY-WATKINS 
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NOTICES 

The following meetings have been arranged: 

Thursday 18 February 1960: Society for Analytical Chemistry. Symposium on Food Analysis. 
Some Analytical Problems in the Dairy Industry: K. A. HYDE, B.Sc., F.R.I.C. Routine Control in the 
Brewery: W. A. WHITLEY, M.I.Biol. Control Tests in the Flour Milling Industry: J. WILLIAMS, 
B.Sc., Ph.D., F.R.I.C. Quality Control Analysis of Pre-packed Foods: G. WALLEY, B.Sc., F.R.I.C. 
Council Chambers, Colmore Row, Birmingham, England. Afternoon session 2.30 p.m. Tea 5.00 p.m. 
Evening session 6.30 p.m. 

Friday 19 February 1960: Society for Analytical Chemistry, Microchemistry Group. Annual 
General Meeting. Postgraduate Medical School, Ducane Road, London, W.12. 6.0 p.m. 

Friday 19 February 1960: Society for Analytical Chemistry, Microchemistry Group and Biological 
Methods Group. Microanalysis in Clinical Biochemistry: Professor E. J. KING. Completely Auto- 
matic Methods in Microanalysis: Dr. I. D. P. WOOTTON. Automatic Titration Apparatus: Dr. 
RUTH HASLAM and Dr. I. D. P. WOOTTON. Flame Photometric Analysis of Divalent Cations in 
Biological Materials: Dr. IAN MACINTYRE. Optical Rotatory Dispersion: Dr. W. KLYNE. Post- 
graduate Medical School, Ducane Road, London, W.12. 7.0 p.m. 

Wednesday 24 February 1960 : Society for Analytical Chemistry, Midlands Section : Royal Institute 
of Chemistry, Birmingham and Midlands Section. Some Analytical Aspects of Non-aqueous Reactions: 
Professor V. GUTMANN. The University, Birmingham 15, England. 7.0 p.m. 

Friday 26 February 1960: Society for Analytical Chemistry, Scottish Section. Analytical Methods 
on the Hygienic Control of Industrial Atmospheres: J. G. GAGE, BSc., F.R.I.C. Analytical Problems 
in the Isolation and Measurement of Traces of Radioactivity in Foods: Professor J. HAWTHORN, 
B.Sc., Ph.D., A.R.C.S.T., F.R.I.C. Central Hotel, Glasgow, C.l, Scotland, 7.15 p.m. 

Wednesday 2 March 1960: Society for Analytical Chemistry, Annual General Meeting. Queen’s 
Hotel, Birmingham, 2, England. 4.30 p.m. 

Wednesday 2 March 1960: Society for Analytical Chemistry. Bernard Dyer Memorial Lecture. 
The Contribution of Analytical Chemistry to Medical Progress: Professor A. C. FRAZER. Queen’s 
Hotel, Birmingham, 2, England. 5.0 p.m. 

Wednesday 9 March 1960: Society for Analytical Chemistry, Midlands Section. Plant Growth- 
promoting Substances-Some Analytical Aspects: Professor R. L. WAIN. The University, Birmingham 
3, England. 6.30 p,m. 

Friday 11 March 1960: Society for Analytical Chemistry, Western Section: Royal Institute of 
Chemistry, South Wales Section: Advantages and Disadvantages of Visual Calorimetry: G. J. 
CHAMBERLAIN. Swansea, South Wales. 

Saturduy 12 March 1960: Society for Analytical Chemistry, North of England Section. The 
Analysis of Non-soapy Detergent Products: G. F. LONGMAN, B.Sc., F.R.I.C. Manchester, England. 
2.15 p.m. 

Wednesday 16 March 1960: Society for Analytical Chemistry, Microchemistry Group: London 
Discussion Meeting. “The Feathers”, Tudor Street, London, E.C.4. 6.30 pm. 

Friday 18 March 1960: Society for Analytical Chemistry: Society for Chemical Industry, Fine 
Chemicals Group. Techniques of Automatic Analysis. London. 6.30 p.m. 

Wednesday 23 March 1960: Society for Analytical Chemistry, Midlands Section. Annual General 
Meeting. Nottingham and District Technical College, Burton Street, Nottingham, England. 7.0 p.m. 

Fri&y 25 March 1960: Society for Analytical Chemistry, Scottish Section. Volumetric Deter- 
mination of Nitrogen as Nitrate: A. F. WILLIAMS, B.Sc., F.R.I.C. Control of Quality in Synthetic 
FoodstuflColours: H. E. STAGG, B.Sc. Royal Society of Edinburgh, 22, George Street, Edinburgh, 2, 
Scotland. 7.15 p.m. 

Monday-Thursday 11-14 April 1960: American Chemical Society, Division of Analytical Chemistry. 
Fisher Award Symposium Honouring PHILIP J. ELVING. Programme Chairman, I. ROSENTHAL, Rohm 
and Haas Co., Philadelphia, Penna. Gus Chromatography: Programme Chairman, ROBERT A. 
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DINERSTEIN, Standard Oil Company, Whiting, Ind. The Analysis of Fluoro-Containing Compounds: 
Programme Chairman, A. STEYERMARK, Hoffman-LaRoche Company, Nutley 10, N.J. Thermal 
Methods of Analysis, (a) Thermogravimetry, (b) Di$erential Thermal Analysis, (c) Zone Refining: 
Programme Chairman, E. L. SIMONS, General Electric Company, Schenectady, N.Y. Cleveland, 
Ohio, U.S.A. 

Thursday-Friday 1415 July 1960: Society for Analytical Chemistry, Midlands Section. Sym- 
posium on Analytical Methods in the Service of Agriculture. Determination of pesticide residues: 
Dr. J. T. MARTIN. Determination of Metals in Soils and Plants: Dr. R. L. MITCHELL. Analytical 
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cultural or agricultural research station, Nottingham University, Nottingham, England. 

The fee for the Symposium will be 53-3s. An informal dinner at a cost of about fl-1s will be 
held on Thursday 14 July, and hostel accommodation will be available at Nottingham University. 

Registration forms may be obtained, together with further information, from C. A. JOHNSON, 
BSc., B.Pharm., F.P.S., A.R.I.C., Standards Department, Boots Pure Drug Co., Ltd., Station Street, 
Nottingham, England. 
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cal Society Burlington House, Piccadilly, London, W.l. The Chairman of the Group, Dr. J. I. M 
JONES, F.R.I.C. presided. 

The following were elected Officers of the Group for the forthcoming year. 
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sewage gases, blast-furnace gases, Mond gas, Tully gas and oil gas. The constant-volume method 
and the soap-film method are given as alternatives for the determination of carbon dioxide, oxygen, 
saturated hydrocarbons, hydrogen, carbon monoxide, saturated hydrocarbons and nitrogen: the 
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with dimensional drawings and an assembly drawing of the whole train. It describes a carbon dioxide 
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Part D 3 for the micro-nitrometer, and to B.S. 1428, Part A 1 for components common to both types 
of train. (Price 4s. 6d.) 
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