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Summary-A new method of direct reduction-titration of molybdosilicic acid with stannous ion in 
sulphuric acid solution has been developed for the determination of soluble silica in water. The 
amount of reducing agent required is measured spectrophotometrically. In reduction with either 
ferrous ion in oxalic acid solution or with stannous ion in sulphuric acid solution, the amount of 
reducing agent required is proportional to the amount of silica from which the molybdosilicic acid 
was formed. A direct reduction-titration has also been carried out, the end-point being determined 
potentiometrically. The results show that one molecule of molybdosilicic acid is reduced by four 
electrons, and that 1 ml of O.OlNsolution of a reducing agent is equivalent to 0.152 mg of silica, SiOa 

INTRODUCTION 

RECENTLY, the determination of soluble silica has tended to become important in the 
analysis of water. In general, soluble silica has been determined calorimetrically 
through the yellow coloration of molybdosilicic acid or the blue coloration of its 
reduced product. There has been, however, little interest in its determination by 
reduction of molybdosilicic acid. In the last few years, only some polarographic 
studies by Boltz et al., l Strickland,2 DeSesa et al3 and Pecsok et aL4 have been 
reported. Veitsman5 proposed a method for the determination, in which iodine 
liberated from potassium iodide by the oxidation of molybdosilicic acid, and 
extracted from the mother liquid by isobutyl alcohol, was determined calorimetrically 
or titrimetrically. There has been no attempt to determine soluble silica by direct 
reduction-titration of molybdosilicic acid. The present authors have confirmed that 
the amount of reducing agent required for the reduction of molybdosilicic acid is 
proportional to the amount of silica, and that molybdosilicic acid can be titrated 
potentiometrically by a suitable reducing agent under controlled conditions. 

REAGENTS AND APPARATUS 

Reagents 

All the reagents were prepared from commercial chemicals of special grade (G.R.) or first grade 
Standard silica solution: Dry about 1 g of “silica for chromatographic use” to constant weight 

at about 105” in an electric oven. Fuse 0.0915 g (weighed accurately) with about 5 g of sodium 
bicarbonate (G.R.) in a platinum crucible. After cooling, dissolve the fused mass in water, make up 
to 250 ml with water, and store in a polyethylene bottle as a stock solution. 1 ml of this solution 
contains 0.366 mg of SiO,. In each experiment, the standard solution, containing 0.1 mg of SiOa 
per ml, was prepared from 27.3 ml of the stock solution by diluting to 100 ml with water. 

2.5 % ammonium molybdate solution: Dissolve about 2.5 g of ammonium molybdate 
([NH,],Mo,O~~.~H,O, G.R.) in 100 ml of water. 

044Nferrous solution: Dissolve 4 g of ferrous ammonium sulphate (Fe[NH4]1[S0&.6Hz0, G.R.) 
in water, add 5 ml of 6N sulphuric acid, make up to 250 ml, and standardise with O@N potassium 
permanganate. 
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O'O1Nferrous solution: Dissolve 1 g of ferrous ammonium sulphate in water, add 1 ml of 6N 
snlphuric acid, make up to 250 ml, and standardise with 0'01N potassium permanganate. 

5 % oxalic acid solution: Dissolve 5 g of oxalic acid (first grade) in 100 ml of water. 
0.01N stannous solution: Dissolve about 1 g of stannous chloride (SnCI2-2HzO, G.R.) in 5 ml of 

6N hydrochloric acid, and store in a closely stoppered brown bottle under COy The effective life 
of this solution is only a few days. In each experiment, 1 ml of this solution was diluted with 100 ml 
of I M  potassium chloride. The resulting solution was then successively diluted with the KCI to 

0"3 ~ 1 ,  
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FIG. 1.--Reduction by ferrous ion in sulphuric acid solution. 
Factor of ferrous solution: 0"964 
SiO2: O 0"126 mg 

• 0'084 mg 
X 0.042 mg 

about 0'01N and the product was standardised with 0.01N iodine solution. This solution could be 
used with a negligible error in the factor for several hours. 

Water used in this experiment was obtained by distilling water previously purified by ion exchange. 

Apparatus 

A Hitachi EPU-2A type photo-electric spectrophotometer was used for the measurement of 
absorbancy (in a 10-mm cell). For the potentiometric titration, a Toa Denpa HM-3 type pH meter 
was used with a platinum electrode (¢1 mm x 5 mm) as indicator-electrode and with a saturated 
calomel electrode as reference-electrode. 

E X P E R I M E N T A L  R E S U L T S  
I Colorimetric method 

(a) Reduction by ferrous ion in sulphuric acid solution: An aliquot (1 ,~ 3 ml) of a sample solution 
(containing 42 ~g of SiO~ per ml) was mixed with 5 ml of 1N sulphuric acid and 1 ml of 2"5% 
ammonium molybdate solution and allowed to stand for several minutes in a 25-ml measuring flask. 
Varying volumes (0 ~ 10 ml) of 0-04N ferrous solution were added and made up to 25 ml with water. 
After 10 minutes, the absorbancy was measured against water at 680 mff. The results are given in 
Fig. 1, showing that the reduction of molybdosilicic acid by ferrous ion in sulphuric acid solution 
does not  proceed quantitatively. It is believed that the reaction is reversible, since when excess 
ferrous ion was added to molybdosilicic acid and the resulting solution titrated with 0.04N potassium 
permanganate, the total amount  of ferrous ion added initially was found. 

(b) Reduction by ferrous ion in oxalic acid solution: An aliquot (0.25 ~ 1 ml) of standard silica 
solution (containing 0-1 mg of SiO2 per ml) was mixed with 3 drops of 6N sulphuric acid and 1 ml 
of 2.5% ammonium molybdate solution and allowed to stand for several minutes. After addition 
of 5 ml of 5 % oxalic acid and varying volumes (0 ,~ 1"5 ml) of 0 '01N ferrous solution, in this order, 
the solution was made up to 25 ml with water. After a short time the absorbancy was measured 
against water at 680 mff. As shown in Fig. 2(a), the absorbancy, for a constant amount  of silica, 
increases linearly with the amount  of ferrous ion, finally reaching a constant value. In Fig. 2(a) the 
abscissa at the intersection of the two straight lines shows the minimum amount of ferrous ion 
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FIG. 2.-Reduction by ferrous ion in oxalic acid solution. 
Factor of ferrous solution: 1.008 
SiO,: 0 0.1 mg 

X 0.05 mg 
l 0.025 mg 
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FIG. 3.-Reduction by stannous ion in sulphuric acid solution. 
Factor of stannous sofution: 1,024 
SiO,: 0 0.1 mg 

x 0.05 mg 
l O-025 mg 

required to reduce the molybdosilicic acid. This corresponds to the equivalence point between 
molybdosilicic acid and ferrous ion. The relationship between amount of silica and of ferrous ion 
in Fig. 2(b) shows that O-1 mg of silica is equivalent to 0.66 ml of O.OlN ferrous solution. 

(c) Reduction by stannous ion in sulphuric acid solution: An aliquot (0.25 - 1 ml) of standard 
silica solution was mixed with 3 drops of 6N sulphuric acid and 1 ml of 2.5 % ammonium molybdate 
solution and allowed to stand for several minutes. After addition of 5 ml of 6N sulphuric acid, about 
10 ml of water and varying volumes (0 - 1 ml) of O.OlN stannous solution, the solution was made 
up to 25 ml with water. After a short time the absorbancy was measured against water at 680 rnp. 
The results are shown in Fig. 3(u) and 3(b). Here also the required amount of stannous ion is 
proportional to the amount of silica, and 0.1 mg of silica is equivalent to 0.56 mI of O.OlN stanaous 
solution. This agrees with the value found for 0,OlN ferrous solution. These results suggest that 
soluble silica may be determined by measuring the amount of reducing agent consumed in the 
reduction of molybdosilicic acid. 
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II Titration method 

(a) Titration with ferrous ion in oxalic acid: 1 ml of the standard silica solution was mixed with 
3 drops of 6N sulphuric acid and 1 ml of 25 % ammonium molybdate solution and allowed to stand 
for several minutes. After adding 5 ml of 5% oxalic acid and dilution with water to about 25 ml, 
the solution was titrated with O.OlN ferrous solution using a 2-ml microburette. An example of the 
potentiometric titration curve is shown in Fig. 4, indicating that the potential change in the neighbour- 
hood of the equivalent point is sufficiently marked to permit detection of the point from the curve. 

I I I I 

02 0.4 O-6 0 8 

0 OIN Ferrous soln., ml 

3- 

3- 

L 
3 

FIG. 4.-Potentiometric titration curve of FIG. 5.-Potentiometric titration curves of silico- 
silicomolybdic acid with @OlN Feu solution molybdic acid with O*OlN Sntr solution (f = I.010) 

(f = 1,008) in oxalic acid. in sutphuric acid. 
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From the curve, 0.1 mg of silica is equivaIent to 0.65 ml of O.OlN ferrous solution, This coincides 
with the results from the calorimetric methods described above. However, the response becomes 
slow in the neighbourhood of the equivalence point. For example, in the titration of Fig. 4, it took 
more that ten minutes to decrease the potential from 275 mV (at 0.64 ml of ferrous solution) to 
150 mV (at 0.66 ml of ferrous solution). It would appear that the titration method with ferrous ion 
is unsuitable for practical use. 

(b) Titration with stannous ion in sulphuric acid: 1 ml of the standard silica solution was mixed 
with 3 drops of 6N sulphuric acid and 1 ml of 25 ‘A ammonium molybdate solution and allowed to 
stand for several minutes. After adding 5 ml of 6N sulphuric acid and dilution with water to about 
25 ml, the solution was titrated with 001N stannous solution. Potentiometri~ titration curves at 
different temperatures are shown in Fig. 5, in which the temperatures of the solution at the initial 
and the final points of the titration are noted, The potential change in the neighbourhood of the 
equivalence point increases with decrease in the temperature of the solution. On the other hand, the 
response rate of the potential change decreases with decreasing temperature. The optimum range of 
the titration temperature seems to be at 2.5 ,- 30”, but even in this range a few minutes is necessary 
for the potential change to occur on the addition of 0.02 ml of titrant in the neighbourhood of the 
equivalence point. The titration with stannous ion appears to be preferable to that with ferrous ion, 
and can be applied to the determination of soluble silica in aqueous solution. Fig. 6 shows the 
calibration curve for silica by this method, and it is found that 0.1 mg of silica is just reduced by 
0.66 ml of O.OlN stannous solution. 

In the above experiments, the composition of the solution for calorimetric determination was 
that indicated by Snell and Snell,* and it had previously been confirmed that this composition is 
optimum for the ~tentiome~ic titration. In the titration with stannous ion, no significant error was 
obse~edeitherin air or in a COz atmosphere. All experiments were carried out at a room temperature 
of 28 N 30”. 
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FIG. &-Calibration curve. for silica in the potentiometry. 

III Application of the titration method to soZuble silica in water 

The potentiometric titration method with stannous ion was applied to the determination of 
soluble silica in water. The results are compared in Table I with those obtained by the calorimetric 
method. In this work 2 ml were taken for the calorimetric method and 5 ml for the titration method. 

TABLE I.-DETERMINATION OF SOLUBLE SILICA IN WATER BY PO~WIOMETRIC 

TITRATION METHOD 

Colorimetry, 

mglml 

oG415 

No. of 
analyses 

10 

Titrimetry 

mglml 

max. min. average 

0.043 0.041 0442 

DISCUSSION 

From the literature on the reduction reaction of molybdosilicic acid, it seemed 
probable that the amount of reducing agent required for the reduction of molybdo- 
silicic acid would be proportional to the amount of silica from which the molybdo- 
silicic acid was derived. However, the literature was mainly concerned with the 
calorimetric method, paying little attention to the reduction method for molybdo- 
silicic acid. 

If the amount of reducing agent in this reaction were proportional to the amount 
of silica, soluble silica could be determined by measuring the amount of the reducing 
agent consumed in the reduction. The present study shows that this is possible. 

According to the experiments, the molybdosilicic acid formed from O-1 mg of 
silica is reduced by 0.65 - 0.67 ml of O*OlN solution of a reducing agent. The 
reduction is, therefore, a reaction involving the transference of four electrons per 
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molecule of  molybdosilicic acid. According to Strickland, 2 the molecular structure 
of  molybdosilicic acid is H4[Si(MosO10)~], in which one mole of  silica is combined 
with twelve moles of  molybdenum trioxide. The reduction of  molybdosilicic acid 
corresponds to the transformation of Mo w to Mo v involving four atoms out of  the 
twelve atoms of molybdenum combined to one molecule of  silica. The calculated 
volume of  0.01N solution of a reducing agent required to reduce molybdosilicic acid 
formed from 0.1 mg of  soluble silica is on this basis 0.657 ml, and 1 ml o f0 .01N 
solution of a reducing agent corresponds to 0.152 mg of silica. Strickland has also 
reported that molybdosilicic acid exists in two forms, 0~ and fl; the ~-form of 
molybdosilicic acid develops a green colout for four-electron reduction and a blue 
colour for five-electron reduction, when it is reduced by stannous chloride. In the 
present experiments, a difference such as that pointed out by Strickland was not found. 

As described in the colorimetric experiments, when the quantity of  either silica or 
reducing agent is constant, the absorbancy of the reduced product of  molybdosilicic 
acid is proportional to the amount  of  either reducing agent or silica. Therefore 
photometric titration can be used for detection of the end-point in the reduction, but 
this has no particular advantage over the colorimetric method. 

On the other hand, it is significant that soluble silica can be determined by the 
potentiometric method, because it can therefore be applied to coloured, turbid or 
somewhat concentrated samples that are sometimes found in natural or industrial 
water, which are difficult to determine by the colorimetric method. It  has, furthermore, 
a great advantage that i tcanbe appliedto conventionalcoulometry. Onthe other hand, 
the disadvantage of  this method is the instability of  stannous solution and the inter- 
ference of  oxidising and reducing agents. The former may be suppressed by using 
coulometry, but there is no cure for the latter other than removal of  the interfering 
substance. 

The accuracy of this method for the determination of about 0.2 mg of  silica is 
given in Table I. I t  seems to be quite satisfactory for practical analysis. 

Note- -The  present study was carried out as a part of the work commissioned by the Taga works, 
Hitachi Ltd. 

Zusammenfassung--Eine neue Methode zur reduktometrischen Bestimmung von Silicomolybdens/iure 
mit Zinn(II)ion in schwefelsaurer L6sung wirde ausgearbeitet und auf die Bestimmung von gel6ster 
Kiesels~iure in Wasser angewendet. Die benfitigte Menge an reduzierendem Reagens wurde spectro- 
photometrisch gemessen. Bei Verwednung yon Eisen(II)ion in oxalsaurem Medium und Zinn(lI)ion 
in schwefelsaurer L/Ssung ist die Menge an reduzierendem Agens proportional der Menge an Kiesel- 
s~iure, die in Silicomolybdansaure iibergefiihrt wurde. Auch eine direkte reduktometrische Titration 
mit potentiometrischer Anzeige wurde durehgefiihrt. Die Ergebnisse zeigen, dass eine Molekel 
Silicomolybd~.ns/iyre zur Reduktion vier Elektronen ben6tigt. 1.00 ml Reduktionsl6sung zeig 
0.152 mg SiO~ an. 

R6sum~---Les auteurs ont 6labor6 une nouvelle m6thode de titrage direct de racide silico-molybdique 
par r6duction avec rion stanneux en solution dans l'acide sulphurique pour le dosage de la silice 
soluble dans reau. La quantit6 d'agent r6ducteur n&~essaire a 6t6 d6termin6e par spectrophoto- 
rn6trie. Par r6duction soit avec rion ferreux en solution dans l'acide oxalique, soit avec rion stanneux 
en solution dans l'acide sulfurique, la quantit6 d'agent r6ducteur n6cessaire est proportiormelle ~t 
la quantit6 de silice ~t partir de laquelle on forme l'acide silico-molybdique. Un titrage direct par 
r~duction a 6t6 aussi effectu6, le point 6quivalent 6tant d6termin6 par potentiom6trie. Les r6sultats 
ont montr6 qu'une mol6cule d'acide silico-molybdique est r6duite en faisant intervenir 4 61ectrons, 
et que 1 ml d'une solution 0,01 N d'un agent r6ducteur est 6quivalente ~t 0,152 mg de silice SiO2 
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EINE NEUE SCHNELLMETHODE ZUR BESTIMMUNG 
VON THORIUM 

IN GEGENWART VON ZIRKONIUM, EISEN, LANTHAN, URAN 
UND SONSTIGEN SCHWERMETALLEN 

R. PRIBIL und K. BURGER 
Analytisches Laboratorium, Chemisches Institut der Tschechoslowakischen 

Akademie der Wissenschaften, Prag, Tschechoslowakei 

(Received 3 October 1959) 

Zusammenfassung--Es wurde ein neues komplexometrisches Verfahren zur Besfimmung von Thorium 
ausgearbeitet. Prinzip der Methode ist, dass das Thoriumkomplexonat unter pH = 1 mit Natrium- 
sulfat zersetzt und das freiwerdende Komplexon(III) in Gegenwart von Xylenolorange als Indikator 
mit Wismutnitrat MessRisung titriert werden kann. 

Das Verfahren ist bei Gegenwart gr6sserer Mengen Zirkonium, Eisen, Lanthan, Uran, Mangan 
und Magnesium, sowie geringerer Mengen Kobalt  und Nickel anwendbar. 

BEI der Analyse von Thoriumerzen muss das Thorium in der Regel in Gegenwart 
gr6sserer Mengen von Zirkonium, Eisen(III), Lanthan, Uran, Mangan, Magnesium 
und sonstiger Metalle bestimmt werden. Die zu diesem Zwecke verwendeten 
frtiheren analytischen Verfahren I sind meist umst~indlich und langwierig. Milner und 
Edwards z arbeiteten zwar ein komplexonmetrisches Verfahren zur Bestimmung von 
Zirkonium und Thorium nebeneinander aus, beriicksichtigten jedoch die gleichfalls 
sttirenden begleitenden Elemente nicht. Die friiher ausgearbeiteten komplexometris- 
chen Verfahren z-g sind in Gegenwart von Zirkonium und Eisen(III) iiberhaupt nicht 
anwendbar. 

Kiirzlich arbeiteten wir nun ein neues Schnellverfahren zur Bestimmung von 
Thorium aus. 9 

Die Methode basiert auf jener Beobachtung, wonach bei Zugabe yon viel Sulfat 
(1 g Na2SO~) zu Thorium-L6sungen, die bei pH = 2-3,5 in Gegenwart yon Xylenol- 
orange mit Komplexon(III) titriert wurden und Einstellen des pH-Wertes der L6sung 
auf weniger als pH ---- 1, die dem vorhandenen Thorium ~iquivalente Menge Komple- 
xon(III) in Freiheit gesetzt wird. Letzteres kann dann mit WismutnitratliSsung in 
Gegenwart von Xylenolorange als Indikator titriert werden. Auf Grund zahlreicher 
Untersuchungsergebnisse iJberzeugten wir uns davon, dass das Thorium mit dieser 
Methode sowohl in 0,05 n-, als auch in 0,01 n-Konzentrationen mit einer Genauigkeit 
von -b 1 ~o bestimmt werden kann. 

Im Laufe weiterer Versuche untersuchten wir nun, ob das erw~ihnte Verfahren auch 
in Gegenwart der fast immer vorhandenen Begleitelemente des Thoriums ebenfalls 
anwendbar ist. Besonderes Gewicht wurde bei den Untersuchungen auf die Kl~irung 
des Verhaltens des Eisens und Zirkoniums gelegt, mit Riicksicht darauf, dass diese 
Elemente die komplexometrischen Bestimmungsverfahren des Thoriums schon in 
geringen Mengen st/Sren. 

Wir versetzten Zirkonium oder Eisen(III) enthaltende Thoriuml/~sungen mit 
iiberschiissigen Mengen yon Komplexon(III)-Messl/3sung und stellten die L/~sung mit 

8 • 
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Hilfe eines kleinen Streifens Universalindikatorpapier auf pH = 2-3,5 ein. Der 
Komplexon(III)-Uberschuss wurde dann in Gegenwart von Xylenolorange als 
Indikator mit Wismutnitraglosung zuriicktitriert. Diese Messung ergab den 
Zirkonium-bzw. Eisengehah der Losung. Mit Riicksicht darauf, dass in den 
Wismut-L~sungen zur Verhinde~ng der Hydrolyse immer eine starke SHure vor- 
handen sein muss, wurde der pH-Wert der titrierten L6sung einige Male wahrend der 
Titration und ebenso such beim Endpunkt mit 2 n-Ammoniaklosung auf pH = 2-3,5 
eingestellt. Der Farbumschlag des Indikators erfolgte von gelb auf rotlichviolett, in 
Gegenwart von Eisen(II1) von gelb auf orangegelb. Nach sorgfaltiger Einstellung des 
Endpunktes wurde 1 g Natriumsulfat in das Reaktionsgemisch eingetragen und mit 
1-2 ccm 2 n-Salpetersaure angesauert. Die mit dem Thorium Bquivalente Menge 
Komplexon(II1) konnte nun mit Wismutnitratl~sung titriert werden. Der Farbum- 
schlag des Indikators im Endpunkt ist der gleiche, wie bereits oben beschrieben 
wurde. Sollte die Farbe des Reaktionsgemis~hes wahrend der Titration von zitronen- 
gelb auf schwach orangegelb wechseln, muss mit einigen Tropfen 2 n-Salpetersaure 
nochmals angesauert werden. 

In Gegenwart grijsserer Mengen Zirkonium oder Eisen(II1) verwendeten wir zur 
Bindung dieser Elemente 0,05 m-oder 0,l m-Komplexon(III)-LSsung und bestimmten 
dann das Thorium nach Riicktitration des Komplexon-Uberschusses in 0,Ol molarer 
Konzentration. In diesem Falle musste der Endpunkt der ersten Titration nattirlich 
in der auf den entsprechenden pH-Wert (2-3,5) sorgfaltig eingestellten Lijsung mit 
0,Ol m-Komplexon-bzw. Wismutnitratl~sung eingestellt werden. Nach Zugabe von 
Natriumsulfat und entsprechendem Ansauern wurde die mit dem Thorium aquival- 
ente Menge Komplexon in 0,Ol molarer Konzentration zurticktitriert. Auf diese 
Weise konnten 5-30 mg Thorium selbst in Gegenwart grosserer Mengen Zirkonium 
und Eisen erfolgreich bestimmt werden. Der Fehler der Methode lag such in diesem 
Falle nicht hoher als &lx. 

Im Laufe der weiteren Arbeiten untersuchten wir den Einfluss jener Begleitmetalle 
auf die Messergebnisse bei denen die scheinbare Komplex-Stabilit~tskonstante ihrer 
Komplexonate bei pH s 3 unter dem Wert pK’ = 5 liegt. In Betracht kamen unter 
diesen in erster Linie das Eisen(II), Lanthan, Uran, Magnesium und Mangan. 

In Gegenwart von Eisen(II)-Ionen ist der Endpunkt der Titration ungenau. Falls 
ungef%hr die gleichen Mengen Eisen(II)-Ionen vorhanden waren wie Thorium, 
erhielten wir niedrigere Werte. Diese Erscheinung kann damit erklart werden, dass 
Eisen(IJ) in saurem Medium mit Komplexon keine stabilen Komplexe bildet, im Laufe 
der Titration jedoch in Gegenwart von ~bersch~ssigem Komplexon teilweise zu 
Eisen(II1) oxydiert wird, das dann bedeutende Mengen des mit dem Thorium Iquiva- 
lenten Komplexons zu binden imstande ist. Dieser Fehler kann selbst in askorbin- 
saure-haltigen-reduzierenden-Medien nicht vollkommen ausgemerzt werden. Urn 
seine stijrende Wirkung auszuschalten, muss das Eisen noch vor der Bestimmung zu 
Fe(II1) oxydiert werden. Am besten gelingt die Oxydation mit Kaliumpermanganat, 
die gebildeten Mangano-Ionen staren die Bestimmung nicht. Der Uberschuss des 
Ka~um~rmanganats kann mit einigen Tropfen Wasserstoff~roxyd zersetzt werden. 

Nach unseren Untersuchungen start die Gegenwart von Lanthan-, Uranyl- und 
Magnesiumionen nicht. 

In Gegenwart von Kobalt und Nickel gelingt die Bestimmung nur dann, wenn die 
Menge dieser Metalle 10-20x des Thoriumgehalts nicht iibersteigt. Aber such in 
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diesem Falle muss bei der Einstellung des pH-Wertes der Losung wahrend der 
Titration und beim Endpunkt besonders sorgfaltig verfahren werden. Die scheinbaren 
Stabilitatskonstanten des Kobalt- und Nickelkomplexonats bei pH = 3 sind: 
pK’coY 2- = 5,7, pK’NiY 2- = 8,0. Bei der Zersetzung des Thoriumchelats mit Sulfat 
und Saure wird ausser dem durch das Thorium gebundenen Komplexon such das 
durch Nickel oder Kobalt gebundene Komplexon frei. Die ermittelten Werte liegen 
in diesem Falle also hoher als die berechneten. Bei niedrigeren pH-Werten muss mit 
der Bildung von Kobalt- und Nickelkomplexonaten jedoch nicht mehr gerechnet 
werden. 

Auf Grund zahlreicher Versuche schlagen wir zur Bestimmung von 5-30 mg 
Thorium in Gegenwart von Eisen, Lanthan, Uran, Magnesium und Mangan folgendes 
Verfahren vor : 

Reagenzien 

Komplexon(III)-Losung, 0,05 m bzw. 0,l m. 
Wismutnitratliisung, 0.05 m bzw. 0,l m. 
Komplexon(III)-Messliisung, 0,Ol m. 
1 %ige wassrige Xylenolorange-Losung. 
Ammoniaklosung, 2 n. 
Salpetersaure 2 n. 
Natriumsulfat, wasserfrei. 
Universalindikatorpapier. 

Die 5-30 mg Thorium enthaltende Liisung wird analytisch genau in einen 100 ccm-Titrationskolben 
eingemessen und je nach dem Zirkonium-bzw. Eisen(IIl)-Gehalt werden 10-20 ccm 0,05 m bzw. 
0,l m-Komplexon(III)-Losung zugegeben. Der pH-Wert der Reaktionsmischung wird mit einem 
kleinen Streifen Universalindikatorpapier mit 2 n-Ammoniakliisung auf pH = 2-3,5 eingestellt. 
Nach Zugabe von 3-4 Tropfen Xylenolorange-Liisung als Indikator wird der Uberschuss von 
Komplexon mit 0,05 m bzw. 0,l m-Wismutnitratliisung zurticktitriert. Mit Riicksicht auf den 
Siiuregehalt der Wismutnitratliisung muss der pH-Wert der titrierten Fliissigkeit mit 2 n-Ammoniak- 
liisung einige Male wlhrend der Titration und beim Endpunkte derselben auf pH = 2-3,5 eingestellt 
werden. Der Farbumschlag des Indikators erfolgt von zitronengelb auf rotlichviolett (in Gegenwart 
von Eisen(II1) von gelb auf orangegelb). Nach Einstellung des pH-Wertes wird der Endptit mit 
0,Ol m-Komplexon(III)-bzw. Wismutnitratlosung emeut sorgfaltig eingestellt. Man ftigt nun 1 g 
Natriumsulfat zur Losung, sauert mit l-1,5 ccm 2 n-Salpetersaure an und titriert die mit dem Thorium 
iiquivalente Menge Komplexon mit 0,Ol m-Wismutnitratlosung. Sollte die zitronengelbe Farbe der 
Losung wlhrend der Titration eine schwach orangegelbe Tonung annehmen, wird mit einigen Tropfen 
2 n-Salpetersaure emeut angesluert. Der Farbumschlag von gelb auf riitlichviolett ist besonders 
scharf. 

1 ccm 0,Ol m-Wismutnitratlosung entspricht 2,321 mg Thorium (log 36571). 
Die Genauigkeit der Methode betragt &lx (siehe Tabelle 1). 

Summa~-A new procedure for the complexometric determination of thorium has been worked 
out; thorium-complexone is decomposed below pH 1 by sodium sulphate, and the liberated 
complexone- can then be titrated with bismuth nitrate solution using Xylenol Orange as indicator. 

The procedure may be used in the presence of large amounts of zirconium, iron, lanthanum, 
uranium, manganese and magnesium, as well as smaller amounts of cobalt and nickel. 

R6sum~Les auteurs ont mis au point un nouveau procede de dosage complexometrique du thorium; 
le complexe thorium-complexon est decompose a pH 1 par le sulfate de sodium, et l’on peut doser 
le complexon III lib&e par une solution de nitrate de bismuth avec l’orange de xylenol comme 
indicateur. 

Ce procede peut &tre utilise en presence de grandes quantites de zirconium, fer, lanthane, uranium, 
manganese et magnesium. ainsi que de faibles quantites de cobalt et de nickel. 



Eine neue Schnelhnethode zur Bestimmung von Thorium 11 

TABELLE I. 
- 

I Einwaage 
Thorium 

mg 

Begleitionen 

I Ionenart Menge 

- 

Verbrauch 0,Ol Gefunden 
m Komplexon, cc 

Genauigkeit 

I 
I Thorium 

Durchschnitt mg 
v % einzem 

4,39 
4,41 

4940 

_!_ 

_- 

.- 

_- 

_- 

4340 10,21 +0,01 +0,1 

- 8,93 
8,93 
8,93 

20 2,X 
2,76 
2,X 

20 5,60 
5,62 

50 11,05 
11,05 
11,04 

-____ 

50 5,lO 
33 5,08 

50 9,71 
33 9,70 

30 5,08 
5,09 

70 5909 
5,08 

75 4,75 
4,72 

75 9,71 
9,75 

25 4,12 
4,74 

20 5,06 
5,06 

- 

-- 

-- 

-- 

-- 

-- 

-_ 

-- 

-- 

-- 

-- 

-- 

- 

10,20 

20,52 a,93 20,73 +0,21 +1,0 

-_ 

-. 

-- 

-_ 

-. 

-. 

-. 

-. 

-_ 

-- 

_- 

- 

6944 ZrS+ 2,75 1 6,38 1 -0,06 1 -1,O 

13,00 Zr8+ 5,61 13,02 -to,02 +0,2 

11,05 25,65 +0,15 +0,6 25,50 Zr3+ 

11,83 Fe3+ 5,09 / 11,81 i -0,02 1 -0,2 

22,31 

11,83 

Fe3+ 

uo12+ 

9,70 22,51 -to,20 +0,9 

5,09 11.81 -0,02 -0,2 

11,83 uo,*+ 5909 11,81 -0,02 -0,2 

11,05 4,74 11,00 i -0,05 -0,5 

9,73 22,59 +0,28 +1,2 

La3+ 

Las+ 22,31 

Mn”+ 11,05 

11,83 

4,73 lo,98 -0,07 -0,7 

Mg”+ 5.06 1 11,75 1 -0,08 / -0-7 
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SEPARATION AND DETERMINATION OF URANIUM 
AND THORIUM WITH 3-ACETYL-4-HYDROXY- 

COUMARIN 

A. N. BHAT and B. D. JAIN 
Department of Chemistry, University of Delhi, Delhi, 8, India 

(Received 29 October 1959) 

Summary_-The separation of uranium from thorium, and the determination of these elements, even 
in the presence of more than ten times the amount of ceriumlll and lanthanum, can be readily 
accomplished by using 3-acetyl-4-hydroxycoumarin as complexing agent, because of the marked 
differences in the solubilities in ethanol of the complexes. 

URANYL ion is generally determined as oxide after the precipitation of ammonium 
diuranate. This method is accurate when other metals precipitated by ammonia are 
absent, but carbon dioxide must be absent, particularly when small quantities of 
uranium are involved. Oxine is a sensitive reagent, but is not specific.l Some of the 
reagents suggested for the gravimetric determination of uranium are ethylene diamine,2 
oxalic acid,3-5 quinaldinic acid,6 salicylic acid,3 tannin-lo cupferron,llJ3 hexam- 
ethylenetetramine,i4 isatin /?-oxime1”16 and pyridine.l’ None of these reagents is 
suitable when thorium and other rare earths are also present. Saxena and Seshadrils 
used I-hydroxy-3-methoxyxanthone for the separation of uranium from thorium in 
the presence of cerite earths. 

No reagent has been recommended for the separation of uranium from thorium 
in the presence of rare earths and for the determination of these two metals. The 
present authors have found that 3-acetyl-4-hydroxycoumarin (also known as 3-acetyl 
benzotetronic acid) can be used to separate uranium and thorium from each other in 
presence of large amounts of ceriumnl and lanthanum, and can also be employed for 
the gravimetric determination of both elements after separation. The presence of 
cerium’v ions, even in minute amounts, interferes with the determinations. 

Anschiitz et aZ.lg reported the formation of the ammonium, sodium and silver salts 
of this compound, and after analysis gave their composition as NH4CuH704, 
NaC,,H,O, and AgC,H,O, respectively. 

When an alcoholic solution of 3-acetyl-4-hydroxycoumarin is added to uraniumvr 
salt solution, a pale yellow precipitate insoluble in ethyl alcohol is formed. This 
precipitate on ignition yields U,O,. In this way uranium can conveniently be 
determined between pH 1.5 and 7. Under these conditions, as little as 5.5 mg of 
uranium can be determined. The determination is not practicable below pH l-5 as the 
reagent itself is then completely precipitated. 

The thorium complex of this reagent is very soluble in ethyl alcohol and is 
completely precipitated between pH 2 and 4. By taking advantage of the marked 
difference in the solubilities in alcohol of their complexes it has been possible to 
separate uranium from thorium. As the reagent does not form a complex with 
ceriumlrl or lanthanum, the separation of uranium from thorium can be accomplished 
in the presence of these elements even when they are present in amounts more than 
ten times those of the uranium and thorium. 

13 
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EXPERIMENTAL 

Preparation of 3-acetyl~-hydroxy&~~mari~ 

4-Hydroxycoum~in is acetylated with acetyl chloride in dry pyridme containing a few drops of 
piperidine. Of the various methods, 20--25 that have been employed for the synthesis of 4-hydroxy- 
coumarin, that recommended by Stahman et al. *3 has been used during the present investigation. The 
acetylation of 4-hydroxycoumarin was carried out by the method of Link et aLa 

All metallic salts used were of A. R. quality. 
The pH measurements were made with a Beckmann pH Meter Model H2 and a glass electrode. 

Determination of uranium with 3-a~ety~-~hydroxy~ou~r~~ 

To about 150 ml of an aqueous solution of uranyl nitrate (containing about 50 mg of UsO,) 10 ml 
of a 1 oA ethanolic solution of 3-acetyl-4-hydroxycoumarin were added slowly with constant stirring. 
A pale yellow precipitate of the uranyl complex was produced. The precipitate was allowed to settle 
for about 10 minutes in the cold, and after filtration through Whatman Filter paper No. 40 was 
washed with water, dried and ignited to U,O,. The results obtained are given in Table I. 

TABLE 1. 

Wt. of UaOs by 
oxine method, mg 

Wt. of UaOs by 
coumarin method, mg 

E$ect of pH on the formation of the uranyi complex 

The effect of pH on the formation of the complex was studied by buffering the many1 salt with 
ammonium acetate-acetic acid for higher pH values (above pH 3.5) and by adding 0.1 N HCl for lower 
pH values (below pH 35). The determination can conveniently be carried out WithinquiteabroadpH 
range (15 to 7). At pH values above 45, however, the separation ofuranium from thorium, ceriumm 
and lanthanum cannot be achieved because of the hydrolysis of Th’v, Cem and Lam salts at these pH 
values. 

l)etermination of uranium in presence of ceriumXII and lanthanum 

Since the reagent does not form a complex with ceriumr* or lanthanum, the procedure for the 
determination of uranium in their presence is the same as for the determination of uranium alone. 
The precipitate of the uranyl complex was washed thoroughly with water to remove completely any 
adsorbed ions of ceriumII1 and lanthanum from it. The results obtained are illustrated in Table II. 

TABLE II. 

wt. of u,o* 
taken, rng 

22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 

wt. of Ceo, 
added, mg 

20.0 
40.0 

100.0 
200.0 

- 
250.0 
250.0 

Wt. of La,O, 
added, mg 

20.0 
40.0 

100.0 
- 

269.2 
- 

269.2 

wt. of u,o, 
found, mg 

22.6 
22.6 
22-7 
22.7 
22.6 
22.7 
22.6 



Separation and determination of uranium and thorium 

Determination qf thorium 

15 

To about 150 ml of an aqueous solution of thorium nitrate (containing about 0.1 g of thorium 
dioxide and adjusted to pH 3-3.5) 2% ethanolic solution of the reagent was added with constant 
stirring till precipitation started. On warming the solution to remove ethanol and subsequent cooling, 
a yellowish-red precipitate was obtained which after filtration was washed with water, dried and 
ignited to thorium dioxide. Table III illustrates the results obtained. 

TABLE III. 

Wt. of ThOl, by Wt. of ThO, by 
oxine method, mg coumarin method, mg 

14.7 14.7 
22.4 22.4 
48.6 48.6 
72.8 72.6 

113.0 113.2 
29.4 29.4 

Determination of thorium in the presence of ceriumlI1 and lanthanum 

The determination of thorium was carried out in the presence of varying amounts of ceriumlrI 
and lanthanum ions. On the removal of ethanol from the solution by warming, and subsequent 
cooling, the precipitate, consisting of thorium complex and excess reagent, was filtered, and thoroughly 
washed with water to remove any adsorbed ions of La s+ and Ce3+. The results obtained are illustrated 
in Table IV. 

TABLE IV. 

Wt. of ThOz Wt. of CeO, 
taken, mg added, mg 

48.6 
48.6 
48.6 
29.4 
29.4 
29.4 
14.7 
48.6 
48.6 
48.6 

50.0 

50.0 
50.0 

147.0 
- 

110.0 
5000 

- 

250.0 

-- 
I 

Wt. of La,O, Wt. of ThO, 
added, mg found, mg 

- 

50.0 
50.0 
50.0 
- 

147.0 
110.0 

- 

500.0 
250.0 

48.6 
48.6 
48.6 
29.4 
29.5 
29.4 
14.7 
48.8 
48.7 
48.6 

Separation of uranium and thorium ,from each other and their gravimetric determination 

Solutions of uraniumvr and thorium nitrate (containing 1 : 1 to 1 : 2 of uranium and thorium ox- 
ides) were used. Ethanol was added until the ethanol : water ratio in the solution was 1 : 1 by volume. 
Where the ratio U,O, : ThO, was more than 1 : 2 (by weight) the ethanol-water ratio in the solution 
was raised to 3 : 1 by volume. To the warm solution, 2 % ethanolic solution of the reagent was added 
with constant stirring. On cooling, the uranyl complex was precipitated. The precipitate, after 
filtration, was washed with about 200 ml of hot aqueous 1 : 1 ethanol, dried, and ignited to U,O,. 

After separation of the uranium the filtrate was warmed to remove the ethanol, and on cooling 
a yellowish-red precipitate separated. After filtration, this was washed with water, dried and ignited 
to thorium dioxide. The results obtained are illustrated in Table V. 

If more than five times as much thorium as uranium is present, the determination is not accurate. 

Studies of the dissociation constant of the reagent and the stability constants of 
its metal-complexes are in progress and the results will be communicated in due course. 
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TABLE V. 

wt. of UaOs 
taken, mg 

15.6 
28.6 
226 
22.6 
54.6 

Wt. of ThOB 
added, mg 

20.0 
48.6 
72.8 

113-o 
54.0 

wt. of U808 Wt. of ThOa 
found, mg found, mg 

15.6 20-O 
28.6 48.6 
22.6 72.6 
22.6 113.2 
546 54.0 

Acknowledgement-The authors are indebted to Prof. T. R. Seshadri for his keen interest and 
helpful discussions during the course of the above investigation. 

Zusammenfassuug-Die Trennung von Uran von Thorium sowie die Bestimmung beider Elemente 
selbst in Gegenwart von mehr als der zehnfachen Menge Cer(III)- und Lanthanion kann leicht durch- 
geftihrt werden, wenn 3-Acetyl-4-Oxycumarin als komplexierendes Mittel verwendet wird. Die 
Methode beruht auf dem ausgepragten Unterschied in der Aikoho~~slichkeit der betreffenden 
Metallkomplexe. 

R&urn&--On peut realiser facilement la separation de l’uranium et du thorium, et le dosage de ces 
elments, m&me en presence de quantites de drium (HI) et de lanthane plus de dix fois plus impor- 
tantes, en utilisant la 3-Abel-~hydroxycoumar~e comme agent complexant, g&e a la di&%ence 
marquee de solubilite des complexes dans l’ethanol. 
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THE ULTRAMICROSCALE 
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Department of Chemistry, The Queen’s University, Belfast, N. Ireland 

(Received 21 September, 1959) 

Summary-A scheme is presented for the separation and detection of manganese, technetium, 
rhenium, ruthenium and molybdenum on the ultramicroscale. A number of comfirmatory tests for 
these elements on this scale have been investigated and the results are reported. 

A survey of reagents suitable for the approximate estimation of technetium, rhenium and 
molybdenum has been carried out and these are combined in a separation scheme for these elements. 

THE elements manganese, technetium and rhenium constitute group VII of the 
periodic classification. Of these three elements, technetium is by far the least common 
and, even today, quantities available are very smal1.l Attention has been drawn to 
the lack of information on the analytical chemistry of this element2 and the need 
for the development of reliable non-radiochemical procedures for the detection of 
small amounts.3 

In its known behaviour technetium is very similar to rhenium and is likely also 
to show some similarity to manganese. One of the main attempts to obtain workable 
amounts of technetium has been by neutron bombardment of a molybdenum target. 
In this process the principal task is the separation of small amounts of the element 
from the target material molybdenum. This was recently achieved by means of 
anion exchange.4 

Attempts have also been made to extract workable amounts of technetium from 
the fission products of 235U.5 In this process the major difficulty is to remove 
ruthenium from technetium. 

In an earlier publication6 we have reported new reagents for the detection of the 
element technetium. It was felt, however, that a comprehensive separation scheme, 
covering not only technetium and rhenium, but also manganese, ruthenium and 
molybdenum, would provide a very valuable advance in the analytical chemistry 
of technetium and its associated elements, and was indeed a necessity. 

In this laboratory, at the time of this work, the amount of technetium originally 
available was 30 pg, and later approximately 1 mg. To carry out the proposed 
separations, therefore, it was necessary to use ultramicro techniques. 

As far as the authors are aware no separation schemes involving technetium and 
its associated elements have up to the present appeared in the literature. The 
present paper reports the results of investigations arising from these considerations. 

A wide range of reactions of the elements was investigated. The most important 
and those upon which the separation scheme is based were as follows: 

1. Manganese and ruthenium in the lower valency states precipitate readily as 
the hydrous oxides on treatment with a strong base. Under the same conditions, 

17 
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however, molybdate, pertechnetate or perrhenate remain unchanged. The hydrous 
oxides of manganese and ruthenium are precipitated from permanganate and the 
higher valency states of ruthenium by boiling with 95% ethanol in the presence of 
sodium hydroxide. As before, perrhenate, pertechnetate and molybdate are unaffected 
and remain in solution. 

2. Ruthenium can be separated from manganese by precipitating the former as 
sulphide from a hydrochloric acid medium. 

3. Attempts to precipitate TcIV as hydroxide from moderately concentrated 
solutions produced a dark brown precipitate which was insoluble in excess of pre- 
cipitant, in dilute hydrochloric acid, and in glacial acetic acid, but readily soluble in 
concentrated hydrochloric and nitric acids. The precipitate is thought to be the 
hydrous oxide. 

4. The lower valency states of rhenium, technetium or molybdenum are readily 
raised to their highest states by oxidising with hydrogen peroxide in an alkaline 
medium. 

5. The purple-red compound obtained when a technetium solution is treated 
with an aqueous solution of potassium xanthate is readily extractable into carbon 
tetrachloride6 or chloroform and permits separation of the element from rhenium. 

6. Unlike molybdenum, technetium v11 does not precipitate as the insoluble 
oxinate from an acetate-buffered solution and thus provides a means of separation 
of the two elements. 

EXPERIMENTAL 

The apparatus and manipulative technique employed in these investigations has been described 
elsewhere.‘** 

Stock solutions of the elements containing 0.2 /.&SO rnpl of solution were prepared. 

SEPARATION OF THE ELEMENTS 

The scheme for the separation of the elements, based on the reactions described above is outlined 
in Table I. 

CONFIRMATORY TESTS 

Almost all the confirmatory tests recommended for the detection of manganese, rhenium, 
ruthenium and molybdenum on the milligram scale were found to be suitable. The majority of these 
tests were investigated and the beat selected. 

For technetium new confirmatory tests were developed. These have already been reported? 

Manganese 

(a) Potassium persulphate-silver nitrates: Deliver 50 rnpl of solution by a micropipette to a cone. 
Add an equal volume of concentrated HaSO or 2N HNOs followed by about 20 m,ul of silver 
nitrate. Now add about 50 rnpl of potassium persulphate. Seal the cone in a heating capillary and 
heat for 2 minutes at 60”. A pink colour confirms the presence of manganese. 

Reagents: 1% silver nitrate solution; a saturated solution of potassium persulphate 
(b) Benzidine?’ Place 50 rnpl of test solution on filter paper. Add twice the volume of sodium 

hydroxide to the spot followed by excess of benzidine reagent. A blue stain confirms the presence 
of manganese. 

Reagents: 10 % sodium hydroxide solution ; benzidine, 0.05 g in 100 ml of 10% acetic acid. 

Notes 

1. The elements technetium, rhenium and molybdenum should be present in the form TcO,-, 
Re04-, and MOO,- respectively before starting the analysis. This may be ensured by oxidising 
lower valency states with alkaline hydrogen peroxide and boiling to expel excess peroxide. 



Treat SO-100 m,& of the test solution with about half its volume of 10% NaOH, Agitate 

and seal in a heating capillary. Heat to boiling for 5 minutes. Centrifuge. 

I 
I I 

Sl Rl 
May contain molybdate, per- 
rhenate and pertechnetate. 
Make slightly acid with 
2N HCI. Reduce to small 
bulk, add about 70 rnpl of 
8-hydroxyquinoline reagent 
(2% in 4N acetic acid), heat 
F 5 minutes an! centrifuge. ~ 

s3 R3 

Wash with about 50 rnpl of 
distiiled water. Combine the 
washings with S 1. Dissolve 
in the ~nimum volume of 
4iV HCI. Heat and add an 
equal volume of ammonium 
sulphide. The solution should 
now react acidic. Heat to 
boiling for 3 minutes; cool 

and centrifuge 

Separation of manganese, technetium, rhenium, ruthenium and molybdenum 19 

TABLE 1 

Add an equal volume of An orange-yellow precipitate 
potassium xanthate reagent indicates MO. Dissolve in 
(sat. aqueous soln.). Mix well HCl and test for MO (see. 
and add about 80 ~1 of confirmatory tests). 

either Ccl& or CHCl,. 

+ 
Upper Layer Lower Luyer 
Test for Re Purple-red. Tc is present 

(see confirmatory tests). 

I 
s2 

1 
R2 

Test for Mn (see confirmatory 
tests). 

Wash once with water and 
add the washings to S 2 
Dissolve in the minimum 
volume of hot 2N HNOs. 

Centrifuge. 

I 

s4 
Test for Ru (see confirmatory 

tests). 

R4 
Discard. 

2. Solutions containing permanganate or perruthenate must be reduced before starting the 
analysis. This may be carried out in the following way: Add half the volume of 95% ethanol to 
the solution under equation which should be already 4-6N in sodium hydroxide. Boil for 2-3 
minutes. The heating removes excess ethanol and any by-products formed. After centrifuging 
proceed as under R 1 and S 1. 

3. By heating the solutions to boiling after adding 10 % NaOH the formation of colloidal hydrous 
oxides of manganese and ruthenium is prevented. 

4. After dissolving R 1 in 4N HCl and adding ammonium sulphide, the solution must be dis- 
tinctly acid, otherwise manganese sulphide may co-precipitate with the ruthenium suiphide. 
Boiling for 3 minutes at this stage prevents the formation of colloidal ruthenium sulphide. 

5. Complete precipitation of molybdenum as oxinate occurs in the range pH 3-7.3. 
6. Before adding potassium xanthate reagent under S 3, ensure that the solution is acid so that 

xanthic acid, which reacts with technetium, is liberated. 
7. Potassium xanthate gives a similar reaction with molybdenum.@ Care must be taken, therefore, 

that molybdenum is completely removed before applying the test for technetium. 
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Rhenium 

(a) Dimethylglyoxime-stannous chloride ?’ To the test solution in a capillary cone, add an equal 
volume of dimethylglyoxime followed by an excess of stannous chloride solution. In the presence 
of rhenium a red-orange coloration is obtained. 

Reagents: A saturated solution of dimethylglyoxime in ethanol; 25% stannous chloride in 
ION HCI. 

(b) Potassium thiocyanate-stannous chloride: I1 Measure out a volume of potassium thiocyanate 
equal to that of the test solution in the cone. Mix well and add a small excess of stannous chloride 
solution. In the presence of rhenium an orange to pale yellow coloration is produced. 

Reagents: 20% potassium thiocyanate; 10-15x stannous chloride in 1 : 1 HCI. 

Technetium 

The reagents used in the detection of this element have already been reported.B 

Ruthenium 

(a) Potassium thiocyanate :I2 This is a new, very sensitive test for ruthenium in which the 
thiocyanate undoubtedly reduces the element to a lower valency state. In the presence of 4-5N HCI, 
a blue-violet colour is obtained which is completely extractable by methyl isobutyl ketone (hexone). 

For testing the following procedure is used: 
Add an equal volume of 20% potassium thiocyanate to the test solution. Heat the solution for 

5 minutes at 95”. Add sufficient concentrated HCl to make the solution about 3N in the acid. In 
the presence of ruthenium a blue-violet colour appears which is readily extracted with hexone. 

(6) Thiocarbamide : 0 Mix equal volumes of the test solution and concentrated hydrochloric 
acid in a capillary cone. Add half the total volume of 10 % thiourea solution and heat in a capillary 
cone for 2 minutes at 80”. In the presence of ruthenium a blue coloration is produced. 

Molybdenum 

(a) Potassium xanthate:10 To the acidic test solution in a cone add an equal volume of potassium 
xanthate reagent. Stir, and add about 50 m,ul of carbon tetrachloride. Centrifuge. If the organic 
solvent layer is coloured purple-red, molybdenum is present. 

(b) Potassium thiocyanate-stannous chloride :I1 Treat the solution to be investigated with 60 rnpl 
of potassium thiocyanate reagent and add about half the total volume of stannous chloride. A 
violet or purple colour indicates the presence of molybdenum. 

REDUCTIONS WITH THIOCYANATE 

In the present work and in other investigations carried out in these laboratories,12 the influence 
of thiocyanate on some metals has proved to be extremely interesting and valuable. 

Some of the results obtained in this work are tabulated below: 

Metal 

Colour obtained Extraction with hexone from 

Room temp. Boiling temp. 
Sulphuric 

acid 
Hydrochloric 

acid 

Rhenium 
Technetium 
Manganese 
Ruthenium 
Molybdenum 

blood-red colour incomplete incomplete 

purple purple incomplete incomplete 
- green-yellow incomplete incomplete 

bluish-violet incomplete incomplete 
blood-red colour blood-red colour incomplete incomplete 

complete 
complete 
complete 
complete 
complete 

Reagents: 20-30 % Potassium thiocyanate; 3N Nitric acid; 3N Sulphuric acid; 4-6N Hydro- 
chloric acid ; Hexone. 

A more comprehensive investigation of these reactions may provide valuable results. 
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THE APPROXIMATE ESTIMATION OF TECHNETIUM, 
RHENIUM AND MOLYBDENUM 

In this type of estimation on the ultramicroscale the volume of precipitate formed by a particular 
ion is assumed to be directly proportional to the amount of ion present. Comparisons, however, 
must be made under strictly identical conditions of temperature, time and rate of centrifuging, etc. 
Precipitants were, therefore, selected in such a way that (1) complete precipitation of a particular 
ion occurred in the presence of other ions, (2) excess of precipitant did not interfere with subsequent 
precipitations, (3) precipitates were easily collected at the apex of the cone with the minimum-time 
and rate of centrifuging, (4) precipitates were stable and not easily decomposed by acids, bases or 
dilution, (5) the colours of the precipitates were intense, since transparent or faintly coloured pre- 
cipitates were found difficult to measure under the microscope. 

A series of volumes of precipitates was prepared for each metal, ranging from 0.5-0.06 Eig per 
50 mpl, and these were measured and used as standards. 

A wide range of reagents were investigated to find the ideal precipitant for each metal, applying 
the conditions already described above. 

Molybdenum 

Preliminary investigations showed that the following reagents were most suitable and these 
were subjected to a more detailed study. (a) cr-benzoin oxime, (b) sodium thiosulphate and hydro- 
chloric acid, (c) I-hydroxyquinoline. Of these reagents 8-hydroxyquinoline was found to be most 
suitable for the ultramicroscale, the yellowish-orange precipitate of molybdenum oxinate having 
the properties which made for successful estimation of the element. 

Procedure: Add about 70 rn@ of oxime reagent to 50 m,ul of the test solution at pH 3.3-7.5. 
Collect the precipitate formed in the taper of the cone by centrifuging for 5 minutes. Estimate the 
volume of precipitate. 

Nofe: If particles of the precipitate cling to the walls of the cone, place about 10 rnpl of ethanol 
on the opposite sides of the mouth of the cone and centrifuge rapidly for a minute. 

The following figures, arranged in order of ascending magnitude, were obtained for the volume 
of the molybdenum oxinate precipitate in 10 separate experiments. The volumes are expressed in 
rnpl per /cg of molybdenum. 

58.0; 
71.0; 

58.5; 59.8; 62.3 ; 
71.0; 71.0; 74.9; 

Average value = 67 mpl/,ug MO 

66.2 
77.0. 

Standard deviation for a single estimation = k6.9 rnpl/pg MO 
Coefficient of variation = * 10.3 %7 

Rhenium 

The reagents investigated were (a) tetraphenylarsonium chloride, (b) sodium thiosulphate and 
hydrochloric acid, (c) nitron. Of these reagents (a) and (b) were found to be quite satisfactory. 

(a) Tetraphenylarsonium chloride. .I3 Although this reagent forms a white crystalline precipitate 
of tetraphenylarsonium perrhenate it is suitable for the estimation of rhenium in solutions containing 
more than 0.1 ,ug. 

Procedure: Treat 50 rnpl of test solution with sufficient sodium chloride to make the final solution 
0.25M in sodium chloride. To this add an equal volume of a 1% aqueous solution of tetraphenyl- 
arsonium chloride. Centrifuge and estimate the volume of precipitate. 

The following figures, arranged in order of ascending magnitude, were obtained for the volume 
of tetraphenylarsonium perrhenate in 10 separate estimations. The volumes are expressed in m,ul 
per /lg microgram of rhenium. 

189.8; 203.1; 205.0; 209.0; 
227.0; 237.8; 241.0; 250.0; 

Average value = 223.7 mpl/pug Re. 

Standard deviation for a single estimation = _t21.4 rnpl/pg Re. 
Coefficient of variation = 19.52 7;. 

221.7 
252.4 
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(b) Sodium thiosulphate and hydrochloric acid: By the interaction of the perrhenate ion with 
sodium thiosulphate solution in the presence of concentrated hydrochloric acid, rhenium sulphide 
Reps, is precipitated. Complete precipitation occurs if the acid strength is at least 6N. Above SN, 
however, the form of the precipitate was found unsuitable for estimation on this scale. 

Procedure: Treat 50 m,ul of the test solution with about the same volume of 10% sodium thio- 
sulphate and stir well. Add to this a sufhcient volume of hydrochloric acid to make the final con- 
centration 6N-8N in the acid. Seal the cone in a heating capillary and heat to boiling for 5 minutes. 
Centrifuge for 5 minutes. Measure the volume of the precipitate. 

The following figures, arranged in order of ascending magnitude, were obtained for the volume 
of rhenium sulphide in 10 separate experiments. The volumes are expressed in rnpl per pg of Re. 

113.4; 173.4; 173.4; 191.4; 
193.4; 193.4; 193.4; 212.9; 

Average value = 191.1 m,ul/pg Re. 

Standard deviation for a single estimation = & 14.6 rn$/pg Re. 
Coefficient of variation = &-7.6 %. 

193.4 
212.9 

It will be seen from the coefficient of variation that rhenium sulphide is very suitable for the 
estimation of the element. 

Technetium 

Some new reagents for the detection of technetium have already been rep0rted.O For the 
approximate estimation of the element, however, investigations were carried out with three 
reagents. (a) ammonium sulphide in alkaline medium, (b) nitron acetate, and (c) tetraphenyl- 
arsonium chloride. Of these reagents the last proved to be the most successful on the ultramicroscale. 
A 1% aqueous solution of tetraphenylarsonium chloride was used. 

Procedure: To the test solution containing approximately 0.2 ,ug Tc add, with continuous stirring, 
20% sodium carbonate solution until the mixture becomes just alkaline. Centrifuge for a short 
time and reduce the solution to a small bulk by evaporation. Add an equal volume of reagent. 
Centrifuge, collect and measure the precipitate. 

The following data, expressed in mpl/pg Tc, were obtained in six different determinations. 

189.0; 197.3 ; 204.0; 219.0; 239.0; 

Average value = 214.2 rnpl/pg Tc. 

Standard deviation for a single estimation = f24.2 m,ul/,ng Tc. 
Coefficient of variation = f 11.3 %. 

249.0. 

THE SEPARATION OF RHENIUM, TECHNETIUM 
AND MOLYBDENUM 

The separation of these elements for the purpose of their approximate estimation was wn- 
sidered. Based on the following observations, a separate scheme was drawn up. 

(1) Molybdenum is readily precipitated as the oxinate by 8-hydroxyquinoline reagent. Under 
the same conditions of precipitation, however, rhenium as perrhenate and technetium as pertech- 
netate are unaffected. 

(2) A complete separation of technetium and rhenium is achieved by precipitating the former, 
in the presence of ferric or manganous salts as carriers, with ammonium hydroxide. In no case 
was rhenium found to be occluded by the hydroxide precipitate of techentium. The technetium 
precipitate, which contains Tcrv, is easily oxidised to TcVn preparatory to precipitation of the 
element as tetraphenylarsonium pertechnetate, by dissolving in dilute sulphuric acid and treating 
with hydrogen peroxide. 

The detailed separation scheme is outlined in Table II. 
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TABLE II 

Treat 100 m,ul of the neutral or slightly acid test solution with about 70 m,nl of 8-hydroxyquinoline 
reagent. Mix well and centrifuge for five minutes. 

Sl 
Reduce to small volume. Add 
sufficient concentrated HCl to 
bring the tinal concentration of 
acid to 9N. Heat at 80” for about 
40 mins. Add about 40 rnpl of 1% 
FeCls solution. Agitate and add 
sufficient concentrated ammonia 
to precipitate the iron present. 
Centrifuge. 

Rl 
Yellow precipitate 

Estimate as under Molybdenum 
(oxinate, p. 21). Wash once with 
boiling water and combine the 
washings with S 1. 

I 
S’2 

I 
R’2 

Add 50 rnpl of 10% Na&03 Wash once with water and com- 
solution, followed by sufficient bine the washings with S 2. 
concentrated HCl to make the Dissolve in the minimum of dil. 
final concentration of the solution H$OI. Add 30 rnpl of 6% 
about 6N in acid. Mix well and HI%. Re-precipitate the ferric 
heat at 100” for 5 mins. Centri- hydroxide with concentrated 
fuge for 5 mins. ammonia added in small amounts 

I 

I I 
at a time with stirring. Centri- 
fuge. 

s3 R3 
Discard. B&k precipitate. 

Estimate as rhenium 
-5 

S4 R4 
sulphide. (p. 22) Reduce in bulk. Make Discard. 

just alkaline. Add 70 rnpl 
of tetraphenylarsonium 
chloride reagent (1%). 
;,.““;“,7mins. , 

S5 R5 
Discard. White precipitate 

Estimate as tetraphenyl- 
arsonium pertechnetate. 

(p. 22). 
Notes 

(1) To avoid precipitation of the ferric ion carrier as ferric oxinate with the excess oxine reagent 
remaining after precipitation of the molybdenum, the pH of the solution should be less than 2.‘” 

(2) Under R 2 a few rnpl of concentrated HNOs will serve the dual purpose of dissolving the 
hydroxide and oxidation of Tcrv to Tc v*r. The excess of nitric acid is removed by evaporation with 
concentrated HCl. Experience has shown, however, that the process of decomposition of the nitric 
acid is laborious and time-consuming. 
technetium as a volatile oxide. 

Low results are also obtained, probably due to loss of 

(3) Hydrogen peroxide stronger than 6% reacts violently with ammonia, with the evolution of 
a large volume of oxygen which tends to eject the contents of the cone. 
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of technetium, and to the U.K.A.E.A. and Professor Nyholm of University College, London for 
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the loan of 1 mg of technetium which was of value in confirming the preliminary results obtained 
on ultramicro quantities. 

~ffl~~~s~g-Ein ~alysengang zur Trennung und ~ti~ung von Mangan, Technetium, 
Rhenium, Rutheni~ and Molybdan im Ultr~~osma~stab wird mitgeteilt. Eine Anzahl von 
Iden~ierun~reaktionen fiir die genannten Elemente wurde nachgepriift und die Ergebnisse 
werden dargelegt. Untersuchungen zur AuiBndung von Reagenzien zur halbquantitativen Bestim- 
mung von Technetium, Rhenium und Molybdan wurden angestellt und die Ergebnisse dieser 
Forschungen zur Ausarbeitung des Trennungsschemas verwendet. 

R&sum&-Les auteurs presentent un plan pour s&parer et d&eler le rn~gan~, le technetium, le 
rhenium, le ru~~nium et le molybd~ne a l’echelle ultramicro. 11s ont &die un certain nombre de 
tests cormrmatoires pour ces elements a cette echelle, et ils mentionnent les resultats. 11s ont effectui: 
une &de des reactifs pour le dosage semi-quantitatif du technetium, du rhenium et du molybdene 
et ils ont applique cette etude ii l’etablissement dun schema de separation de ces elements. 
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REDUCTION OF IRON”’ IONS ON ION-EXCHANGE- 
STANNOUS COLUMNS. 
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Institute for General Chemistry, Technical University of Budapest, Budapest, Hungary 
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Summary-The authors have examined the behaviour of redox systems adsorbed on ion-exchange 
resins and the possibilities of their analytical application. A method has been developed for the 
reduction of ironIn ions on cation-exchange resins. The reduction can be carried out with ascorbic 
acid. Iron” ions, after elution with 4N sulphuric acid, can be titrated with potassium permanganate. 
A cation-exchange resin saturated with irorP ions can act either as a reductor, or as a catalyst of 
redox reactions in solution. A tinn chloride-complex, bound on an anion-exchange resin is suitable 
for the reduction of some dissolved metallic ions. A method has been developed for the reduction of 
iron’* ions in a solution containing hydrochloric acid. The method is also useful for analytical 
purposes. 

RESINS suitable for oxidation or reduction instead of for ion-exchange were first 
developed by Cassidy and his co-workers. l On these so-called “redoxite” resins the 
active radical is not an acidic or alkaline group but one which is able to oxidise or 

reduce. To prepare a good oxidation-reduction resin is not an easy task. There is a 
series of requirements which must be fulfilled by a solid redox system suitable for 
analytical purposes. First of all redox resins must have analogous advantages to 
ion-exchange resins; they must be practically insoluble and must have a great redox 
capacity. It is very important too, that the resin should be unaffected by warm, dilute 
acids and alkalis. In addition, the composition of the redox group and the technical 
data of the resin are also important factors. The redox system must be reversible. 
When the oxidising or reducing agent is present the reaction must be rapid and com- 
plete. It is very important also that the system should have a suitable redox potential. 
Among the organic redox systems there are few which seem to satisfy the requirements 
mentioned above. An obvious alternative is to use inorganic redox systems as 
active groups, where the oxidation or reduction takes place by simple electron ex- 
change. Using multivalent metal ions it is possible to develop reversible redox 
potentials. Since it is not easy to build an inorganic redox system into a large organic 
molecule we have tried to bind to simple ion-exchange resins such cations or anions as 
are able to oxidise or to reduce, and with these ion-exchange resins transformed into 
an oxidised or reduced state, we have examined oxidation-reduction reactions. 

By this method ion-exchange resins can be transformed into oxidising or reducing 
agents. The ions to be oxidised or reduced, as well as the pH of the solution, must be 
selected so that the sorption of the oxidising or reducing ions bound on the resin should 
not be affected during the reaction. 

B. SansonP adsorbed ironI ions, leuco methylene blue etc. on cation-exchange 
resins. These reducing resins could be regenerated with sodium hydrogen sulphite. In 
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the same way he could bind hydroquinone, anthraquinone and indigo sulphonic acid 
on anion-exchange resins. 

As the result of our investigations we have developed two different methods for the 
reduction of ironIn ions on ion-exchange resin columns. These show the possibility of 
using either cation- or anion-exchange resins for oxidation-reduction reactions and of 
applying them for analytical purposes. 

mlof eluote 

FIG .I. 

REDUCTION OF IRONnl IONS ON CATION-EXCHANGE RESIN COLUMNS 

The principle of this method is to reduce by means of ascorbic acid ironrrr ions 
bound on a cation-exchange resin and after elution with dilute sulphuric acid to titrate 
the iron= ions with potassium perrnanganate. According to Erdey and BodoIS 
reduction of ironrrr by means of ascorbic acid is stoichiometric. The reaction takes 
place instantaneously without formation of any unpleasant gaseous products, in 
contrast to the use of sodium hydrosulphite or hydroxylamine. The excess of ascorbic 
acid, as well as the dehydroascorbic acid formed, can be washed out easily from the 
ion-exchange column. 

A minor advantage is that iron111 can be separated from a solution which contains 
hydrochloric acid, and, after reduction and elution with sulphuric acid, ironrr ions can 
be titrated directly with standard potassium perrnanganate. It is advantageous also to 
use this method when ironI and phosphate ions are to be separated quantitatively, 
especially when ironnr ions are present in a great excess. Ordinary ion-exchange 
columns do not give satisfactory results .* After prior reduction of iron111 ions to 
ironI*, however, separation of phosphate ions can be carried out quantitatively.5 A 
further advantage of the method occurs when iron111 must be determined in the 
presence of organic materials (for example, organic acids) which are easily oxidised. 
In this case complete separation can be achieved. Finally there is an advantage due to 
the fact that elution of ironn ions can be carried out more easily, using less solution 
than for ironlI1 ions. This is shown in Fig. 1, where the concentrations of iroG and 
iron11 ions are plotted against the volume of the eluting solution. Aliquots of O*lM 
FeCI, solution adsorbed on a column filled with the H-form of Wofatite KPS-200 
resin and (a) reduced with ascorbic acid and eluted with 2N sulphuric acid, (b) eluted 
with 2N hydrochloric acid. Under comparable conditions complete recovery (as Feu) 
was obtained in (a> but only 92.5 % recovery in (b) . Smaller amounts of 4N H,SO, are 
more efficient. On the basis of these results the following procedure has been devised. 
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Determination of ironm ions on a cation-exchange coCumn 

Reagents; (1) O.OlN and 4N sulphuric acid. The solutions must be boiled out and cooled before 
use. (2) 2% ascorbic acid solution. This must be prepared freshly with distilled water which was 
boiled out and cooled. (3) @IN potassium permanganate standard solution. 

Preparation of ion-exchange column: A strongly acidic ion-exchange resin (Wofatite IWS 200 or 
Lewatit S-100) with a grain sire of 0.2-05 mm is used. The resin must be kept under distilled water 
for 24 hours, and then it must be washed through with 4N hydrochloric acid and N sodium hydroxide 
solutions alternately. After this treatment it must be washed once more with a greater amount of 

(I) 

Fro. 2. 

water. Finally the grains of the resin are to be filled into the tube shown in Fig. 2 through a thick 
funnel. The tube must be filled with water before introducing of the resin and precautions taken to 
prevent the inclusion of air bubbles. There must always be a water-layer over the top of the resin. 
After filling the tube, the funnel is replaced by another which has a stop-cock. The resin is converted 
to the H-form with 100 ml of 4N sulphuric acid and excess acid is washed out with 100 ml of O-01 N 
sulphuric acid. 

Procedure: 50 ml of the solution to be examined, which contains S-100 mg of Fe and has a free 
acid content of at most 0.2N, is introduced through the funnel to the column. (If the solution contains 
greater amounts of free acid it must be neutraiised with ammonium hydroxide). A flow rate of 
5 ~~~ is used. After adding the solution, the column is washed out with SO-100 ml of OmlN 
hydrochloric acid to separate interfering elements, and 50 ml of 2 % ascorbic acid are introduced. 
Excess ascorbic acid is washed out with 150-200 ml of 0.01 N sulphuric acid until a small amount of 
the effluent solution does not bleach 1 ml of O*OlN potassium permanganate solution. IrorP ions 
are then eluted with 200 ml of 4N sulphuric acid, and the solution is titrated with a standard solution 
of potassium permanganate. 

Remarks: If the solution contains other ions in addition to ironm ions, these will also be on the 
ion-exchange column. In this case the capacity of the column must be taken into consideration. 
Since the sorption ability of ironm ions is greater than that of bivalent alkaline earth and monovalent 
alkali metals, the latter do not disturb the sorption of iroP even if they are present in a high con- 
centration. Among metallic ions which are reduceable by ascorbic acid, those which are reduced to 
metal (silver, gold, mercury) do not interfere, but can however, spoil the resin. Other reduceable ions 
(such as vanadate) interfere.B 
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The results of experiments carried out with iron In chloride are shown in Table I. Both Wofatite 
KPS-200, and Lewatit S-100 resins were used. The results indicate that the determination can be 
carried out satisfactorily in the presence of other ions. 

The capacity of a column filled with Wofatite KPS-200 resin in a O-IN sulphuric 
acid medium was found to be almost the same for ironIrr and ironrr ions. Although 
theoretically the capacity for ironrr ions should be l-5 times that for ironrrr ions. in 

TABLE I. REDUCYI~ON OF IRONIC CHLORIDE. 

I 
Composition of solution 1 O.lNKMnO,, 

to be examined ml consumed 

25.20 ml O.lN FeCl, 
(free acid: O.lN HCll 

25.16 
25.20 
25.18 

21.30 ml O.lN FeCI, 21.20 
+ 20.0 ml O.lM KH,PO, 21.28 

(free acid : 0.1 N HCI) 21.28 

10.10 ml O*lN FeCI, 
+ 20.0 ml 0.5.44 CaCI, 

(free acid : 0.1 N HCl) 

IO.05 
10.12 
10.10 

I 

mean 

25.18 

21.25 

10.09 - 

Difference 
from true 
value % 

-0.08 

-0.23 

-0.10 

- 

-- 

- 

Deviation 
% 

0.04 

0.12 

0.13 

fact they are almost the same because the sorption ability of iron” is lowered in the O*lN 
sulphuric acid medium. A column saturated with ironrr ions in a O*lN sulphuric acid 
medium can also be used as a reductor without dissolution of ironI ions. The 
reductor column can of course only be used where cations which have a high sorption 
ability are absent. The reductor can be easily regenerated by washing through with 
ascorbic acid. 

An inorganic redox system adsorbed on a cation-exchange resin can be also used as 
a catalyst. On pouring 30 % hydrogen peroxide into a solution of methyl orange in a 
O.lN sulphuric acid medium, if free of metallic ions the colour does not change even 
after a week. On adding to the solution some grains of a resin saturated with ironrr 
ions and washed with 0.1 N sulphuric acid, the colour of methyl orange disappears in a 
few hours. It is known7*8 that hydrogen peroxide decomposes in an acidic media, 
under the action of Fen ions, yielding free radicals which destroy azo dyes. 

REDUCTION OF IRON’= IONS WITH AN 
ANlON-EXCHANGE-STANNOUS COLUMN 

It is known from the work of Kraus and Nelson9 and of JentzschlO that tin” ions 
can be held on an anion-exchange resin in hydrochloric acid medium. We have 
found that an anion-exchange resin containing tin” ion can be used as a reductor in 
a 3N hydrochloric acid medium. With the aid of the column iron”’ ions can be 
reduced quantitatively to iroG. In Table II are compiled, according to data of 
Jentzsch and co-workers11p12, the elution constants of tinrr, tinIv and ironI ions 
corresponding to various hydrochloric acid concentrations. Elution constants are 
defined by the following equation: 
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Where A represents the cross-section of the column (cm2), Y the volume in ml of 
eluting solution (in this case hydrochloric acid) and d the moving of the sorption 
boundary in cm. The figures in the case of tinrr and tinIv ions correspond to the 
appearance of the first traces of ions, while in the case of iron11 they correspond to the 
disappearance of the so called “last traces”. These data are only a guide since 
experimental conditions (size, type of the resin) were not the same in our investigation. 

TABLE II.--ELUI?ONCONSTANTS 

Concentration of 
hydr~hlor~c acid / 1 M/l I2 / 3 4 / ~ 

E::, (first traces) j 0.10 ~ 0.06 t 0.05 0.06 
Ez* (first traces) I 0.61 ~ 0.11 0.06 
Ego,, (last traces) / 0.21 

/ 0.27 
0.21 I I 0.20 0.19 I I 

According to the figures tinrr ions can be bound even in a 2N hydrochloric acid 
medium. On the other hand a higher acid concentration (>3N) is needed when tinxv 
ions are to be bound. The negligible sorption of ironI is not altered in this range of 
acid concentration. On the basis of these facts we used a 3Nhydrochloric acid medium 
for our investigations because the sorption of tinIV ions is also significant at this 
concentration. It is not advisable, however, to choose a higher acid concentration, 
because a greater amount of solution for washing through the ironrr ions is then 
required, and the oxidimetric determination of ironrr ions at such a high acid con- 
centration cannot be carried out easily. 

Calculating from elution constants of Jentzsch, prelimina~ experiments were 
devised which showed that on basic Lewatit MN three portions of O*lN ironrrr chloride 
can be reduced and eluted in the 3N hydrochloric acid without elution of tinrr ions. 
At the third reduction, however, tinrv ions appear in the effluent solution together with 
ironrr ions. Complete removal of tinrr and tinrv ions, i.e. complete regeneration of the 
column is a very lengthy process when 0*005N hydrochloric acid is used. Using an 
alkaline solution of sodium chloride regeneration can be carried out quickly. 

When 1 N HCI is used for the elution of ironI ions, titration of the latter can again 
be carried out with @lN potassium permanganate, after addition of Zimme~ann- 
Reinhardt solution. In this case however it is advisable to regenerate the column after 
every determination. On the basis of these experiments a procedure has been devised. 

Reduction and determination of iron”’ ions on an anion-exchange-stannous column 

Reagents: (1) 3N hydrochloric acid. (2) TitP chloride solution: Dissolve 10 g of crystallised 
tinn chloride in 75 ml of 2 + 1 HCl with heating, and make it up to 100 ml. (3) O.lN ceriunP 
sulphate standard solution. (4) Ferroin indicator solution: Dissolve 1624 g of o-phenanthroline 
hydrochloride and 0.695 g of irot+’ sulphate in 100 ml of water. (5) Regenerating solution (for the 
elution of tin ions): dissolve 100 g of sodium chloride and 10 g of sodium hydroxide in 1 litre of 
water. (6) HzOz reagent. (7) KSCN-solution. (8) O.lNpotassium permanganate standard solution. 
(9) Zimmermann-Reinhardt solution. 

Preparation of ion-exchange column: The strongly basic resin, (Lewatit MN, average grain 
diameter 0.2-0.5 mm.) is kept under cold water, and, before use, is treated with 4N HCl and then 
with 05N sodium hydroxide. After thorough washing, the resin is filled into the tube shown in Fig. 2. 
The column is placed in a water bath at 40-50”. After adding a funnel with a stop-cock, the resin is 
washed through with 100 ml of 3N hydrochloric acid. 
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Procedure: From l-2 ml of tin= chloride solution according to the amount of irotP ions to be 
reduced, are poured on the resin and 2-10 ml of the solution to be examined are introduced, 
containing, apart from hydrochloric acid, 10-60 mg of ironm ions. The flow rate is adjusted to 
O-6 ml/min, and iron= ions are eluted with 3N hydrochloric acid. After 50 ml of the latter is added, 
the flow rate can be increased to 2-3 ml/mm. Elution is carried out until 1 drop of the solution gives 
no red colour with 1 ml of 3 % hydrogen peroxide and 1 drop of 1N potassium thiocyanate. About 

TABLE III.-DETERMINATION wrru CERIC SULPHATE 

0.1 N FeCl, solution, 
ml 

12.20 

610 

244 

O.lN Ce(SO,),, 
ml 

consumed after reduction 

12.17 
12.23 
12.22 

6.08 
6.10 
6.08 
6.10 
6.20 
6.11 

2.45 
244 
246 
2.50 
2.41 

Mean 

12.21 +0.08 

6.11 +0.16 

0.04 

0.1 

2.45 +0*4 O-24 

_- 

Diff. from 
true value 

% 

Deviation 

% 

100 ml of 3N hydrochloric acid are suhicient. The solution is titrated, after cooling, with O*lN 
ceriumrv sulphate in the presence of 1 drop of ferroin indicator. A second reduction can be carried 
out without the regeneration of the resin, after pouring a new portion of tinn chloride solution on the 
resin. Complete regeneration must be carried out in the following manner: excess of hydrochloric 
acid is washed out with 100 ml of water, and tin ions are eluted with 50-100 ml of alkaline sodium 
chloride solution. A further wash with 50 ml of water and finally with 100 ml of 3N hydrochloric 
acid is given, and the column is ready for a new determination. The flow rate during regeneration can 
be 2-3 ml/mm 

When a permanganometric determination of ironn ions is used, the procedure is altered as follows : 
the column is washed with 100 ml of 4N hydrochloric acid, and after adding the tinn chloride and the 
solution to be examined, elution is carried out with 1N hydrochloric acid. The process is carried out 
at 40-50”. The solution is diluted with freshly boiled and cooled water to double its original volume, 
and 25 ml of Zimmermann-Reinhardt solution are added. Finally the solution is titrated with O.lN 
potassium permanganate standard solution. 

Remarks: The free acid content of the solution to be examined should be between O.l-5N. The 
temperature must be strictly maintained between 40-50”. When double amounts of the stoichiometric 
requirment of tinn chloride are used, reduction seems to be fairly complete. When 2.5 ml of tinn 
chloride solution was poured on the resin, reduction of 5 ml of O.lN ironm chloride can be carried 
out twice completely, without addition of a new portion of tinn chloride. Those cations which are 
not bound to the resin or reduced by tinn ions (alkaline and alkaline earth metals, aluminium) do not 
interfere. 

Results obtained with a O.lN ironm chloride stock solution are shown in Tables III and IV. The 
results can be seen to be both accurate and precise. 

Summarising, it has been established that an anion-exchange-tin11 reductor system 
is fairly useful for analytical purposes. Other substances can be reduced with this 
resin, and these will be discussed in a further communication. 



0.1 N FeCl, solution, 
ml 

10.51 

5.28 

2.11 

Mean 
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TABLE IV.-DETERMINATION WITH POTASSIUM PERMANGANATE 

0.W KMnO,, 
ml 

consumed after reduction 

Ditf. from 
true value, 

% 

Deviation, 

% 

10.62 
10.59 
10.41 
1060 
10.61 

10.59 $0.76 

10.59 
10.70 
10.60 

0.08 

5.25 
5.32 
5.30 
5.30 5.31 +0.56 
5.30 
5.40 
5.32 

0.1 

2.12 
2.11 
2.11 

2.12 -to.5 

2.13 

0.1 

Zusanunenfassung-Die Autoren studierten die Eigenschaften von an Ionenaustauschern adsorbierten 
Redoxsystemen sowie deren analytische Anwendungsmiiglichkeiten. Eine Methode zur Red&ion 
von Fe(III) an Kationenaustauschharzen wurde entwickelt. Die Red&ion kamr mit Ascorbin- 
s&ire erfolgen. Das Eisen(II) kann nach Elution mit 4 n Schwefelsaure permanganometrisch titriert 
werden. Em Kationenharz mit Eisen(I1) geslttigt, kann entweder als Reduktor oder aber such als 
Katalysator von Redoxreaktionen in Ltisungen dienen. Experimente haben gezeigt, dass Zinn (II) 
chloridkomplex, an Anionenaustauschharz gebunden, als Reduktor fiir einige in Losung betindliche 
Metallionen dienen kann. Eine Methode wurde entwickelt um Eisen (III) ionen in salzsaurer Liisung 
zu reduzieren, was fiir analytische Zwecke verwendet werden kann. 

R&mm&-Les auteurs ont 6tudie le comportement de systemes oxydoreducteurs adsorb& sur des 
resines echangeurs d’ions et les possibilites de leurs applications analytiques. On propose une methode 
pour la reduction des ions fer III sur r&sines Cchangeurs de cations. La reduction peut dtre obtenue 
par action de l’acide ascorbique. Les ions fer II, apres elution par l’acide sulfurique 4N peuvent &re 
titres par le permanganate de potassium. Une resine Bchangeur de cations saturee d’ions fer II peut 
agir soit comme reducteur, soit comme catalyseur de reactions d’oxydo-reduction en solution. 
L’experience a montre que le complexe chlorure de l’etain II lie a une r&sine echangeur d’anions est 
utilisable pour la reduction de certains ions metalliques en solution. On propose une methode pour 
la reduction des ions fer III en solution d’acide chlorhydrique. Cette methode peut &tre utilisee a des 
fins analytiques. 
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ORGANIC ANALYSIS-XXIII* 

DETERMINATION OF BLOOD SUGAR AND URINE SUGAR 

WITH 3 :QDINITROPHTHALIC ACID 

TSUTOMU MOSEOSE, AKEU INABA, YOSHIKO MUKAE and MITSUKO WATANABE 
Pharmaceutical Institute, Medical Faculty, University of Kyushu, Fukuoka, Japan 

(Received 5 October 1959) 

Summary-A new calorimetric method for determination of blood sugar and urine sugar has been 
established, using 3 : 6-d~itrophthalic acid as a colour-developing agent. 

WHEN 3 : 6-dinitrophthalic acid is heated with a reducing sugar in aqueous sodium 
carbonate solution, in a few minutes an orange-red to wine-red colour appears 
according to the amount of the sugar. This first colour turns to orange to orange-red 
on prolonged heating. If the amount of reducing sugar is very small, the final colour 
changes rapidly to yellow, but it is very stable when the reaction is carried out in the 
presence of sodium t~osulphate. This colour reaction is much more sensitive than 
those given by the other nitro compounds which are used for the same purp0se.l 
These include picric acid,s 3 :5-dinitrosalicylic acid,3 and 3 :Cdinitrobenzoic acid.4 
This paper describes the determination of blood sugar and urine sugar with the 
reagent. 

CONDITIONS FOR DETERMINATION OF GLUCOSE 

A preliminary study was carried out to find calorimetric conditions for the 
determination with the reagent dissolved in a dilute solution of sodium carbonate. To 
a glucose solution, the reagent solution and a concentrated sodium carbonate solution 
were successively added, and the mixture was heated in a water bath. Sodium thio- 
sulphate was previously dissolved in the sodium carbonate solution. The absorption 
curve of the final colour developed with glucose is shown in Fig. 1. The absorption 
maximum was at 450 rnp. Prolongation of the reaction time increased the absorption 
intensity without changing the shape of the curve, and 10 minutes heating should be 
suitable for routine estimations because of the economy in time. A blank test solution 
of the reagent had a faint yellow colour, and its absorption curve is also shown in 
Fig. 1. 

The concentration of 3 : 6-dinitrophthalic acid affected the absorption intensity. A 
more concentrated solution of the reagent gave a stronger intensity, but a 0.2% 
solution of the reagent was useful for the determination because it gave the minimum 
absorption in the blank test. The concentration of sodium carbonate also affected the 
intensity. Experiments showed that a 20 ‘A solution of sodium carbonate was prefer- 
able, because a more dilute solution gave less intensity in the developed colour, and a 
more concentrated solution caused a deeper colour in the blank test. An increased 
concentration of sodium thiosulphate also gave a deeper colour in the blank test, and 
a 5 ‘A concentration of the reagent was enough to stabilise the developed colour. 

* Part XXII: Bunseki Kagaku in press. 

3 
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DETERMINATION OF BLOOD SUGAR 

Reagents and apparatus 

3 : 6-Din~frophfhaIic acid solufioa: 1.00 g of 3 : 6~~itrophth~c acids* and 050 g of anhydrous 
sodium carbonate (Japanese Industrial Standards 1st Grade) are successively dissolved in sufficient 
water to measure 500 ml. This almost colourless soIution is stored in a light-resistant bottle, to which 
an automatic micro-burette, IO-ml, is attached. 

Sodium carbonate solution: lOO*O g of anhydrous sodium carbonate (Japanese Industrial Standards 
1st Grade) and 25.0 g of sodium thiosulphate pentahydrate (Pharmacopoeia Japonica VI) are 
successively dissolved in water and made up to 500 ml. The solution is filtered after three days with 

FIG. I.-Absorption curves for developed and blank solutions. 
2 ml of glucose solution, (80 &ml) heated with 1 ml of 3:6-dinitrophthalic acid solution and 
1 ml of sodium carbonate solution for (1) 5, (2) 10, (3) 15 mins, and diluted to 20 ml. (1’). 

(2’) and (3’) are the corresponding blanks. 

a washed filter paper, and stored in a light-resistant bottle, to which an automatic micro-burette, 
IO-ml, is attached. It is protected from carbon dioxide.7 

Deprote~ising agents are prepared by Somogyi’s method8 as follows. 
Zinc sulphafe so&ion: 25.0 g of zinc sulphate heptahydrate is dissolved in water, made up to 

500 ml, and stored in a bottle, to which an automatic micro-burette, 2-ml, is attached. 
Barium hydroxide solution: 25 g of barium hydroxide octahydrate is dissolved in 500 ml of water 

in a bottle to which an automatic micro-burette, 2-n& is attached, and protected from carbon dioxide. 
To adjust the concentration, 2.00 ml of zinc sulphate solution is diluted with 20 ml of water, and 
titrated, dropwise, with barium hydroxide solution using phenolphthalein as indicator. The more 
concentrated solution is diluted with water to match the other, volume by volume. 

Absorption curves were measured by a Beckman DK-2 Ratio Recording 
Spectrophotom~t~r. Absorption intensities were measured by a Hitachi EPU-2 
S~~trophotometer with a glass cell of 10 mm optical length. 

Procedure 

0.100 ml of blood is haemolysed with 3.50 ml of wafer in a test-tube, and 0.20 ml of barium 
hydroxide solution is added. When the mixture turns brown, 0.20 ml of zinc sulphate solution is 
added, and the test-tube shaken vigorously. The mixture is then transferred to a centrifuge tube and 
centrifuged. 2-00 ml of the supernatant clear solution is pipetted into a test-tube, and l*OO ml of 

* This reagent ~111 be available in the near future from Chugai Seiyaku Kabushiki Kaisha, 3.3.chome, 
Nihonbashi Honcho, Chuo-ku, Tokyo, and Chugai S.A., Seebahnstrasse 85, Zurich. 

t Crystalline sodium carbonate decahydratemay separate from this solution at a room temperature 
below IS”, and then it is preferable to use 125.0 g of potassium carbonate instead of sodium carbonate. 
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FIG. 2.-Heating basket. 
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3 : 6-dinitrophthalic acid solution and l+lO ml of sodium carbonate solution are successively added. 
At the same time, 2.00 ml of water is mixed with the developing solutions in another test-tube as a 
blank. Both tubes are heated in a boiling water bath for exactly 10 minutes, cooled in running water 
for 3 minutes, and diluted with water to the 20.0~ml on the tubes. The absorption intensity of the 
sample is read at 450 rnp with the reagent blank, and the blood sugar value is obtained from the 
calibration curve which is drawn up below. 

Careful attention should be paid to heating the developing and blank solutions under the same 
conditions. Hard glass test-tubes of the same size, about 16 mm x 160 mm, should be selected 

mg /dL in blood 
02 04 06 08 IO 12 14 16 18 20 

FIG. 3.-Calibration curve. 

and the 20.0~ml level marked. In heating the solutions, test-tubes are dipped vertically in a boiling 
water bath in such a way that the surface of the contents of the tubes is about 5 mm below the surface 
of boiling water. There is no need to stopper the tubes. 

For treating a large number of samples, it is advisable to use the heating basket shown in Fig. 2. 
It is easily hand-made by wiring across the top and bottom of a copper gauze basket so that the test- 
tubes stand vertically in it and equally spaced. This basket, packed with test-tubes, should be dipped 
in a strongly boiling water bath to the previously mentioned depth, so that the heating is the same 
for any number of tubes. 

Calibration curve 

Glucose solution, 100 pg/ml, is prepared by dissolving 100.0 mg of dried glucose (Pharmacopoeia 
Japonica VI) in 1000 ml of water. This solution is diluted to give 10, 20, 30, 40, 50, 60, 70, 80 and 
90 pg/ml solutions. 

Three aliquots of 2.00 ml of each solution are pipetted into test-tubes; 1.00~ml of 3 : 6-dinitro- 
phthalic acid solution and 1.00 ml of sodium carbonate solution are successively added, developed 
and diluted, as described under Procedure. The absorption intensities are read with a reagent blank 
which is prepared by mixing three aliquots of the reagent blank solution mentioned before. The 
calibration curve thus drawn up is shown in Fig. 3. 

The blood sugar values (mg %) are obtained by multiplying the number of pglml by 4, or more 
conveniently, they are read from a graph. 

RESULTS AND DISCUSSION 

The calibration curve was reproducible, with successively prepared glucose solu- 
tions, with a maximum deviation of &O-O1 in the absorption intensity. This value of 
deviation meant a maximum error of 5 % in 20 &ml, 3 % in 60 ,zg/ml, and 2.5 % in 
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100 ,q$ml. The stability of 3. : 6-dinitrophthalic acid solution has not yet been deter- 
mined, but the calibration curve was reproducible with an old solution which had been 
stored for one month at room temperature in summer. The same result was also 
obtained with freshly prepared reagent solutions. The developed colour was so stable, 
that the solution gave the same absorption intensity even when stored at room tempera- 
ture for three days. 

The deproteinising agents had no influence upon the development of colour when 
tested with glucose solutions. This fact was also confirmed by the examination of 
known blood sugar values which was carried out by adding known amounts of 
glucose in blood solution. The results are shown in Table I. The determined value of 

TABLE I.-EXAMMATION OF KNOWN BLOOD SUGAR VALUES 

Initial blood Glucose Total glucose Total glucose 

sugar value, added, calculated, found, 
mg/dl* mgldl mgldl mgldl 

85 50 135 134, 135 

100 185 186, 187 
150 235 235, 239 

200 285 284, 288 
250 335 336, 338 

88 50 138 138, 142 

100 188 185, 185 
150 238 240, 243 

200 288 293, 295 
250 338 335, 340 

* This value was checked by titration with ferricyanide. 

glucose coincided with the calculated one with a maximum error of &3 ‘A over a wide 
range of values. 

The results of parallel tests with a modified Hagedorn’s method on deproteinised 
blood solutions are shown in Table II. In Hagedom’s original method,’ the depro- 
teinisation of blood was carried out by zinc sulphate and sodium hydroxide, but in this 

TABLE H.-PARALLEL TESTS WITH A MODIFIED HAGEDORN'S METHOD 

Blood number 
Present method, 

mgldl 

Hagedorn’s Method, 

mgldl 

1 95, 96, 97 97, 99, 99 
2 97, 98, 100 99, 99, 101 

3 104, 106, 106 105, 108, 110 

4 118, 120, 120 120, 122 

5 124, 125, 126 125, 125 

experiment it was carried out with Somogyi’s reagents, as described under Procedure, 
to decrease errors other than the colour developing or titrating error. The individual 
blood sugar value was in good agreement by the two methods. 

The present method of determination is simple to carry out with a large number of 
samples, gives reliable results, and may be suitable for blood sugar tests in a clinical 
laboratory. 
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DETERMINATION OF URINE SUGAR 

Urine. sugar is determined in the same way as the determination of blood sugar, 
except that the deprotei~sing operation is omitted. 

Procedure : 

0.100 ml of urine is diluted with suhicient water to measure 20.0 ml. 2.00 ml of the solution is 
pipetted into a developing test-tube, 1.00 ml of 3 : 6dinitrophthalic acid solution and 1.00 ml of sodium 
carbonate solution, as described under Reagents, are successively added, and treated in the same way 
as in the detestation of blood sugar. The urine sugar value (g/dl) is obtained by multiply~g the 
number of ,@ml by 0.02, and is entered as in Fig. 3. 

TABLE III.-EXAMINATION OF KNOWN URINE SUGAR VALUES 

Initial urine 
sugar value, 

g/d 

Glucose 
added, 

g/di 

Total glucose 
calculated, 

pidf 

Total glucose found, 

g/d1 

0.06 040 O-46 o-45, 0.46, 0.46, 0.46 
0.80 0.86 0.85, 0.85, 0.86, 0.87 
1.20 1.26 1.24, 1.25, 1.25, 1.25 
1.50 1.56 1.53, 154, 1.54, 1.56 
l-80 1.86 l-83, 1.84, 1.85, 1.85 

In this determination, the sample was so diIute that any preliminary treatment of 
urine was usually unnecessary, except for blood urine. This conclusion was proved by 
the fact that other substances which might exist in urine gave no interference in the 
colour reaction i.e. 0.01 ml of 5 ‘A albumin, 1% creatine, 1% creatinine, 1% acetone 
and 1% ethyl acetoacetate each showed only negligible absorption at 450 m,u, when 
heated with the developing solutions. 

The results of examination of known urine sugar values are shown in Table III. The 
found values coincided with the calculated one with a maximum error of f2-2%. 

Zusammenfassuug-Eine neue, kolorimetrische Methode zur Bestimmung von Zucker in Blut und 
Urin wurde ausgearbeitet. 3,~Dinitrophth~s~ure wird als f~bb~dendes Reagena verwendet. 

R&zr&--Les auteurs ont elabore une nouvelle methode coIorim&rique de dosage du sucre dans le 
sang et dam l’urine, utilisant l’acide 3,6_dinitrophtalique comme agent de deveIoppement color&. 
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UMBELLIKOMPLEXON UND XANTHOKOMPLEXON 

EIN BEITRAG ZUR KENNTNIS KOMPLEXOMETRISCHER 
FLUORESZENSINDIKATOREN 

J. H. EGGERS 
Aus der Holzchemischen Abteilung des Schwedischen Holzforschungsinstitutes, Stockholm 

(Received 25 October 1959) 

Zusammenfassung-I3 wird iiber die Synthese zweier dem Cal&n analoger komplexometrischer 
Fluoreszenzindikatoren, “Umbellikomplexon” und “Xanthokomplexon” berichtet. In einer Tabelle 
werden Fluoreszenz und Absorptionsmaxima dieser Indikatoren in Abhangigkeit vom pH und dem 
Zusatz von Kationen angegeben. Mit ihrer Hilfe llsst sich die analytische Verwendbarkeit der 
gebildeten Indikatorkomplexe abschltzen. 

Es werden durch Versuche gestiitzte Erkllrungen ftlr die wichstigsten Fluoreszenzerscheinungen 
an diesen Indikatoren gegeben: (1) die Bildung teils fluoreszierender teils nicht fluoreszierender 
Komplexe hingt von der durch verschiedene Elektronenkonfiguration der Kationen bedingten 
unterschiedlichen Kopplung mit dem mesomeren System des Fluorophors ab; (2) die Fluoreszens- 
liischung der freien Indikatoren beim Ubergang von pH 10 nach pH 12 beruht in einer durch Protolyse 
bedingten Anderung des Schwingungszustandes des Komplexonrestes im Indikatormolekul und 
dadurch veranderter Energieableitung aus dem Fluorophor. 

Die stiirende Fluoreszenz der genannten Indikatoren, die hohere Na+-Konzentrationen bei 
pH-Werten iiber 12 verursachen, kann durch Erwarmen der L&ungen stark vermindert werden, 
ohne merkliche Veriinderung des Verhaltens der Ca-Komplexe der Indikatoren. 

EINLEITUNG 

VERANLASST durch die Mitteilungen von D. H. Wilkins iiber “metalfluorechromic 
indicators”1*2 sei hier tiber einige unserer Untersuchungen auf diesem Gebiet 
berichtet.3*4* Seitdem das von H. Diehl und J. L. Ellingboe5 synthetisierte“ Calcein”6 
als komplexometrischer I;luoreszenz-Indikator erkannt wurde,3,7 bestand ein Interesse 
an weiteren Vertretern dieser Indikatorklasse. 

Als Ausgangsmaterial wahlten wir 4-Methylumbelliferon und 3,6-Dihydroxyxan- 
thon. Diese wurden in essigsauer-wassrigem Medium mit Paraformaldehyd und 
Iminodiessigsaure umgesetzt. Die beim Methylumbelliferon geplante Einftihrung 
eines Komplexonrestes gelang ohne Schwierigkeit. Beim Dihydroxyxanthon hingegen 
misslang iiberraschenderweise die Einfiihrung zweier Komplexonreste, es wurde nur 
ein Monokomplexon erhalten. Die so gewonnenen “Umbellikomplexon” (UK) und 
“Xanthokomplexon” o(K), von denen ersteres miiglicherweise identisch mit Wilkins’ 
“Calcein Blue”2 ist, sind farblose, in Wasser, Aceton und Athanol schwerliisliche 
Substanzen. In Pufferlosungen vom pH 6 bis 10 sind sie mit stark blauer Fluoreszens 
leicht liislich; nur bei hohen Konzentrationen besitzen die Liisungen blassgelbe Farbe. 
In KOH-Losungen mit pH-Werten tiber 12 l&en sie sich leicht ohne jede Fluoreszenz. 

* Vortrag in Lund, 28. Mai 1958, iiber Calcein und verwandte Farbstoffe; Vortrag in Stockholm, 
20. August 1959, Uber komplexometrische FIuoreszenrindikatoren; beide in schwedischer Sprache. 
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KOMPLEXBILDUNG DER INDIKATOREN 

Tabelle I zeigt die Ergebnisse von Fluoreszenz- und Absorptionsmessungen an 
UK und XK bei Zusatz verschiedener Kationen. Von einer Diskussion der Ergebnisse 
sei abgesehen, nur darauf hingewiesen, dass im Allgemeinen Kationen mit gefiillten 
Elektronenniveaus fluoreszierende und solche mit nicht gefiillten Niveaus nicht- 
fluoreszierende Komplexe bilden. Einige Kationen bilden in den gewghlten Milieus 

TABELLE I.--FLUORESZENZ UND ABSORPTIONSMAXIMA DER INDIKATORKOMPLEXE 

Indikator 

mit Zusatz 

von 

Mg2+ 

Ca2+ 

Sra+ 

Ba2+ 

Cr3+ 

Mn2+ 

*Fe*+ 

co=+ 

Ni2+ 

cu2+ 

Zn2+ 

,Cdl+ 

Hg2+ 

Pbe+ 

Bi3+ 

Freier 

Indikator 

_ 

- 

O.lM Borax (pH etwa 9-9.5) 

UK j XK 

If 
;i mar 

m/L 
If 

75 

95 

105 

105 

80 

5 

5 

5 

5 

5 

50 

70 

5 

15 

5 

353 70 

358 80 

361 i 90 

359 85 

359 70 

354 5 

5 

5 

365 

368 

368 

365 

10 

80 

95 

100 

5 

5 

5 

15 

5 

5 

30 

70 

5 

35 

5 

365 

358 

363 

364 

367 

373 

368 

373 

349 ( : 
347 60 

353 75 

363 5 

20 

15 

366 

363 

366 

355 

358 

349 

10 

80 

90 

100 

5 

5 

5 

20 

5 

5 

50 

40 

5 

40 

5 

369 

370 

368 

361 

366 

80 359 75 368 5 366 5 373 
- 

T 
i 

0.5N KOH (pH etwa 13) 

UK 

- 

- 
XK 

- 
* Es wurde Fe(II)-Salz zugesetzt; es trat jedoch immer teilweise Oxydation beim Mischen auf, daher ist 

die Oxydationsstufe im Indikatorkomplex ungewiss. 

Fluoreszenzstandurd: eine geslttigte Liisung von 4-Methylumbelliferon in 0,2M K-acetat, mit dem 
selben Liisungsmittel auf das 5-fache Volum verdiinnt; deren Fluoreszenzintensitlt (I,) gleichgesetzt mit 
20 Einheiten. 

Messwerte: Die maximale Fehlerbreite der Fluoreszenzintensitten liegt bei etwa &.5 Einheiten. Alle 
Messwerte wurden auf die nlchste Ser-Einheit aufgerundet; der Wert 5 bedeutet einen beliebigen Wert 
zwischen 0 und 5. Die maximale Fehlerbreite der Absorptionsmaxima liegt bei etwa f 1 m,u. 

gar keine Komplexe. Die stark unterschiedlichen Fluoreszenzeigenschaften verschie- 
dener Komplexe ermijglichen einfache Kationenverdr%gungsversuche zur Abschgt- 
zung der relativen scheinbaren Stabilitat der Komplexe und somit eine rasche 
Orientierung, ob ein bestimmter Komplex in einem bestimmten Milieu analytische 
Bedeutung haben kann oder nicht. 

FLUORESZENZEIGENSCHAFTEN DER KOMPLEXE 

Zwei Erscheinungen an den Indikatoren bediirfen der Erklgrung. Erstens: 
warum verschwindet bei den freien Indikatoren die Fluoreszenz bei pH-Werten iiber 
12 und bei ihren Stammsubstanzen nicht; und zweitens: warum fluoresziert ein Teil 
der Komplexe und ein anderer nicht? 
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Ftir letztere Erscheinung gibt Wilkins1 eine Erklgrung. Nier dtirfte das Entschei- 
dende die unterschied~~he Einwirkung der im Komplex gebundenen Kationen auf 
das ~-~lektronensystem des Fluorophors sein, wobei die Kon~s~lle zwischen 
beiden der Phenolsauerstoff ist. Hierbei hat die Tatsache Bedeutung, dass die 
alkalische Hydrolyse des Pyraminges im UK durch Romplexbildung beschleunigt 
wird, und dass dabei ein deutlicher Unterschied zwischen fluoreszierenden (Na, Ca) 
und nichtfluoreszierenden (Ni, Co) Komplexen besteht, letztere werden vie1 schneller 
verseift. 

c D 

ABB. 1. 

Abb. 1 mag dies erkl&en. Oberhalb pH 12 liegt UK als mesomeres Iou vor, das 
durch die Strukturen A und 3 beschrieben wird. Nur aus B kann es alkalis& hydro- 
lysiert werden, nur dart kann sich ein OH--Ion an die C==O-Bindung im Pyranring 
anlagern. Wird ein Komplex gebildet, so kann dieser mit den Strukturen C und D 
beschrieben werden. Wird dieser schneller hydrolysiert als das freie UK, so besagt 
das, dass im Komplex D gegeniiber C mehr betont ist, als im freien UK B gegentiber 
A. M.a.W_ heisst das, dass im Komplex ein Zug auf das ~-Elektronensystem in 
Richtung auf den Phenolsau~rsto~ ausgeiibt wird, der urn so st%ker ist, je schnetler 
die Hydrolyse des Komplexes vor sich geht, 

Geschieht nun die Fluoreszenzlijschung in einem Komplex durch die Storung des mesomeren, 
Systems an sich, oder durch rasche Energieableitung BUS dem angeregten System tiber die Kationen, 
die ja in den fraglichen Fallen besonders fest mit dem mesomeren System verkoppelt sind? Da die 
A~o~tionsspek~ im Vergleich der fluoreszierenden mit den nicht fluoreszierenden Komplexen 
keine besunderen M~o~~~t~~g~ ausweisen, wird man Letzteres annehmen d&fen. Das deckt 
sich damit, dass Kationen dieses Types mitunter die Fluoreszenz Liisungen einiger Snbstanzen 
liischen, ohne an diese chemisch gebunden zu sein, 

Von einer speziellen Formulierung der Unterschiede der Komplexe sei abgesehen (etwa “ionisch- 
kovalent’” oder Bindung tiber “ausseres resp. inneres d-Niveau”). Auch scheint die von Wilkins1 
gegebene Formuberung eines speziellen Beweises zn bediirfen; die Formel fur den bei pN 33 stabilen, 
iluoreszierenden Ca-Komplex des Cakeins (Fig. lb bei Wilkins) erscheint ungew~hnlich, allgemein 
p&gen P~enolprotonen bei pW 13 abdissoxiiert zn sein. 

FLUORESZENSEXGENSCHAFTEN DER FREKEN INDIKATOREN 

Die wesentliche Frage der FluoreszenzlBschung der freien Indikatoren in stark 
alkalischem Medium hat Wilkins nicht diskutiert. Ktirzlich ist von H. Musso und 
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H. G. Matthies ein Beispiel der Substituenteneinwirkung auf einen Fluorophor bei den 
Orceinfarbstoffen beschrieben worden; die Autoren bedienen sich zur Erkilrung 
ihrer Befunde der Arbeiten von G. Korttim und G. Dreesens wie von G. Oster und 
Y. Nishijima ;1° die gegebene Erkl&ung kann such auf unseren Fall angewendet 
werden : 

Voraussetzung fur das Auftreten von Fluoreszenz ist, dass die Lebensdauer eines 
angeregten Zustandes nicht durch irgendeine andere Energieableitung unter 10-s sek 
verkiirzt wird; beim 4-Methylumbel~feron zB ist diese Bedingung offensichtlich 
erfiillt. Beim UK im Zustand A-B (Abb. 1) dagegen ist iiber die mit dem Kern 
hyperkonjugierte -CH,-Gruppe eine Energieableitung durch eine Torsionsschwin- 
gung urn die Bindungsrichtung zum Kern moglich. Durch seine Masse und wohl such 
durch Wasserstoffbrticken zum Liisungsmittel* verleiht der an der -CH,-Gruppe 
hgngende Iminodiessigsaurerest dieser Schwingung ein grosses Tr5gheitsmoment. 
Dadurch wird die reziproke Torsionsfrequenz recht klein und die mittlere Lebensdauer 
des angeregten Zustandes verkiirzt sich mit ihr, mit Fluoreszenzl~schung als Folge. 

Unterdrtickt man die Torsionsschwingung des Restes, so findet keine Energieablei- 
tung statt, und die Fluoreszenz sollte wieder auftreten. So geschieht das, wenn zB der 
Rest bei Bildung von Chelatkomplexen (etwa wie C-D in Abb. 1) mit solchen 
Kationen arretiert wird, die selbst keine Energie ableiten; analog wirkt die Addition 
eines Protons an den Stickstoff (~bergang in den schwach alkalis~hen Bereich) mit 
Bildung einer Wasserstoffbrticke zum Phenolsauerstoff. 

Konsequenterweise miisste such jede andere Art der Arretierung des Restes 
Fluoreszenz hervorrufen, zB hinreichend grosse Viskositlt des Mediums. Tatsachlich 
geniigt schon die LSsung von UK im Zustand A-B in 80 % igem Glyzerin bei ZT, urn 
deutliche Fluoreszenz hervorzurufen, die beim Abkiihlen noch zunimmt. Genau 
dieselbe Ers~heinung zeigen such Calcein und XK, die Ri~htigkeit der diskutierten 
Anschaung beweisend. 

Aus dieser Anschaung folgt, dass Indikatoren des diskutierten Types such in der 
unchelierten Form nur innerhalb bestimmter Viskositats- bzw. Temperaturbereiche 
ohne “indigene Restfluoreszenz” existieren und verwendet werden kiinnen, 

TEMPERATURABH~NG~GKEIT DER “NATRIUMFLUORESZENZ” 

Schon F. Kiirbl, F. Vydra und R. PTibilil haben darauf hingewiesen, dass Calcein- 
liisungen vom pH 12 und grosser bei hijherem Naf-Gehalt eine deutliche bis starke 
Fluoreszenz zeigen, bedingt durch die Bildung eines Na-Komplexes. Dadurch kann 
bei manchen Titrationen, zB des Ca” neben Mg 2+, die Bestimmung des Endpunktes 
erschwert oder unm~glich werden, da oft die Anwesenheit von Naf nicht zu vermeiden 
ist. 

Temperaturerhohung sollte die Dissoziation des schwachen Na-Komplexes 
fiirdern, zugleich sollte such die Torsionsschwingung der Reste im Calcein begiinstigt 
werden : beide Effekte sollten eine Herabsetzung der “Natrium-Fluoreszens” des 
Calceins bewirken. Tatslchlich verschwindet beim Erwarmen stark alkalischer 
Calcein- oder XK-Lijsungen hiiheren Na+-Gehaltes auf etwa 80” der grijssere Teil der 
Fluoreszenz; die Scharfe des Umschlages der Ca-Komplexe gegen ADTE wird bei 

* Ware es nur die Masse des Restes allein, die das Trlgheitsmoment verursacht, so miisste zB such bei 
Hexylderivaten des Umbelliferons oder Fluoreszeins eine FluoreszenAGschung auftreten kijnnen; das ist 
aber nicht der Fall. 
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diesem Erwgrmen nicht merklich beeinflusst. Damit diirfte eine praktisch wichtige 
Hilfe beim Titrieren mit den genannten Indikatoren in stark Na+-haltigen Lijsungen 
gegeben sein. 

Apparataren 

VERSUCHSTELL 

Die Fluoreszenzmessungen wurden mit einem Spektrophotometer Beckman Modell B und einem 
selbstgebauten Prismaeinsatz durchgefiihrt. Dieser llsst das monochromatisierte Licht im rechten 
Winkel zur Einfallsrichtung der Photozelle auf eine 1 cm-Kuvette fallen; die Photozelle misst dann 
die Summe des Fluoreszenzlichtes. Gemessen wurde bei der jeweils am stgrksten aktivierenden 
Wellenllnge; diese wird neben dem Absorptionsmaximum des Indikators such stark von der 
Spektralcharakteristik von Lichtquelle und Photozelle bestimmt; fiir UK und XK lag sie durchweg 
im Bereich von 380 bis 405 m/l. 

Die Messungen der Absorptionsspektra wurden mit einem Spektrophotometer Beckman Model1 
DK-2 durchgefiihrt. 

Fluoreszenzmessrrngen (Tabelle 1) 

Zu 5 ml 0,05 % ig UK bzw 0,02 % ig XK wurden 0,5 ml O,OZM,&DTE und 2 ml 0,02M Kationsalz- 
liisung gegeben, dann mit 0,lMBorax bzw 0,5N KOH auf 25 ml aufgefiillt und filtriert. Die Messung 
geschah 4 bis 6 Minuten nach dem Borax- bzw KOH-Zusatz. Allgemein wurden Perchlorate, in 
wenigen Flllen Nitrate oder Chloride verwendet. 

Absorptionsmaxima (Tabelle 1) 

Zu 2,5 ml 0,027/, ig XK bzw 2 ml 0.05 % ig UK wurden 0,5 ml ADTE 0,05M und 5 ml 0,02M 
Kationsalzliisung gegeben, dann mit 0,lM Borax bzw 0,5N KOH aufgefiillt und filtriert. Die 
Messung geschah 4 bis 6 Minuten nach dem Borax- bzw KOH-Zusatz. 

Alkalische hydrolyse von UK und seinen Komplexen 

Die Hydrolyse des Na- und des Ca-Komplexes in 0,5N NaOH wurde durch Messung der Fluores- 
zenzintensitat verfolgt (UK-Konzentration 0,1x, analog den sonstigen Fluoreszenzmessungen mit 
entsprechendem Ca 2+-Uberschuss, beim Na-Komplex kein weiterer Naf-Zusatz); die Halbwerts- 
zeiten fiir diese ergaben sich beim Ca-Komplex zu etwa 37 und beim Na-Komplex zu etwa 47 Minuten. 

Die Hydrolyse des freien UK und seiner Komplexe mit Co2+ und NiZ+ in 0,5N KOH wurde 
durch Messung der Extinktion beim Absorptionsmaximum verfolgt (Bedingungen wie oben bei den 
Absorptionsmaxima); die Halbwertszeiten fiir diese ergaben sich beim freien UK zu etwa 80, beim 
Ni-Komplex zu etwa 7,5 und beim Co-Komplex zu etwa 6 Minuten. 

In allen Messreihen, ausgenommen die des Ca-Komplexes in NaOH, liessen sich die Logarithmen 
des Fluoreszenzintensit&t bzw der Extinktion gegen die Zeit als Gerade auftragen. 

Fluoreszens van Calcein, UK und XK in Glyzerin 

Eine Spatelspitze Indikator und eine Spatelspitze IiDTE werden in 10 ml 0,5N KOH gel&t und 
die Liisung geteilt; der eine Teil wird mit 4 Teilen Wasser verdiinnt: keine Fluoreszenz; der andere 
Teil wird mit 4 Teilen Glyzerin verdiinnt: deutliche Fluoreszenz, die beim Einstellen in ein Ktiltebad 
von -10” noch zunimmt. 

FlltoreszenzliischIrn,o beim Et-w&men der Na-Komplexe des Calceins und des XK 

A: Eine Spatelspitze Indikator und eine Spatelspitze liDTE werden in 40 ml 0,5N NaOH gel&t, 
mit Wasser auf 100 ml verdiinnt und geteilt. Die eine Lasung wird im Wasserbad auf etwa 80” 
erwtirmt: Vergleich mit der kalten LGsung erweist Verschwinden des griisseren Teiles der Fluoreszenz, 
die beim langsamen Erkalten wiederkehrt. Zusatz eines tiberschusses von 0,02M Ca-perchlorat zur 
warmen Liisung bewirkt prgchtige Fluoreszenz; tropfenweiser Zusatz von 0,02M IiDTE 1Psst diese 
mit scharfem Umschlag wieder verschwinden. 

B: Eine Spatelspitze Indikator und eine Spatelspitze .&DTE werden in 50 ml 0,5N KOH gelbst, 
mit Wasser auf 150 m verddnnt und dreigeteilt; ein Teil verbleibt so, in den beiden anderen werden 
etwa IO”/‘, NaCl aufgeliist: starke Fluoreszenz in diesen. Einer dieser Teile wird im Wasserbad auf 
etwa 80” erwlrmt: Vergleich mit der kalten NaCl-Liisung erweist erhebliche Fluoreszenzminderung. 
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Aufeinanderfolgender Zusatz von Ca-perchlorat und ADTE wie oben gibt ebenfalls einen Fluores- 
zenzumschlag, doch nicht gleich deutlich erkennbar. 

Dank gebtihrt Fil. lie. P. 0. Bethge fiir reges Interesse und freundschaftliche Forderung der 
Arbeit, den Herren Dozenten B. Lindberg und H. Musso (Gottingen) fiir anregende Diskussionen, 
wie Fraulein A. Hakansson und Herm L. Cronquist fur Hilfe bei den Synthesen turd Messungen. 

Summary-The syntheses of “Umbellikomplexon” and “Xanthokomplexon”, two fluorescent indica- 
tors for complexometry analogous to “Calcein”, are reported. A table shows the dependence of the 
fluorescence and absorption maxima of these indicators on pH and added cations. With these 
results the possibility of analytical appli~tion of the indicator complexes which are formed can be 
estimated. 

Supported by experiments, explanations are given for the most important ffuorescence phenomena 
of these indicators. (1) The formation of fluorescing and non-fluorescing complexes is caused by 
different coupling between the mesomeric system of the fluorophore and the cations, depending on 
the different electron configuration of the latter. (2) The fluorescence quenching of the free indicators 
during the change from pH 10 to pH 12 depends on a protolysis which changes the oscillation state 
of the complexone residue of the indicator, followed by a change of the energy dissipation from 
the fluorophor. 

The background fluorescence of the indicators mentioned, caused by high Na+ ion concentrations 
at pH 12 and higher, is diminished by heating the solutions, without notable change in the behaviour 
of the C&indicator complexes. 

R&a&-L’auteur dtcrit les syntheses de ~“um~flicomplexon” et du “xanthocompIexon’*, deux 
indicateurs fluorescents analogues a la “cal&ine”. Une table montre comment la fluorescence et 
lea maxima d’absorption de ces indicateurs dependent du pH et des cations ajoutes. Grace a ces 
resultats, on peut estimer la possibilite d’application analytique des complexes de l’indicateur qui 
sont form&s. 

Des explications, en accord avec l’experience, sont do&es pour les phenomtnes de fluorescence 
les plus importants rev&s par ces indicateurs. (1) La formation de fluores&ine et de complexe 
non fluoresce&s est due a un couplage different entre le systeme mesomere du fluorophore et les 
cations, dependant des configurations electroniques diffkrentes de ces demiers. (2) La disparition 
de la fluorescence des indicateurs libres pendant une variation de pH de IO a 12 d+end dune protolyse 
qui change petat ~osc~ation du rc?sidu complexon de l’indicateur, suivie par un changement de 
dissipation de l’knergie a pa& du fluorophore, On diminue la fluorescence residuelle de ces 
indicateurs, due a de fortes concentrations d’ions Na+ a pH > 12 en chauffant les solutions; en 
mbme temps il n’y a pas de changement notable du eomportement des complexes Ca-indicateur. 
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THE ISOLATION OF PLATINUM METALS FROM 
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Summary-A new procedure has been developed which effects the dissolution of large or small 
amounts of complex platinum metal concentrates and permits the application of a variety of methods 
for the isolation of each platinum metal. A group of standard separations and determinations has 
been applied successfully and the application of a new separation of rhodium from iridium has been 
described. 

THE present research was undertaken to provide a method of dissolution of platinum 
metals concentrates which could be applied to large scale operations as well as to 
analytical processes. It was necessary also to devise methods of subsequent isolation 
which would lend themselves to the precipitation of both large and small amounts of 
platinum metals. The procedure described below, while essentially in analytical form, 
may be thus extended. 

INTRODUCTION 

The degree of difficulty associated with the isolation of platinum metals from 
various types of concentrates is dependent upon the method of dissolution, which in 
turn is determined by the complexity of the material. For concentrates containing 
little or none of the more insoluble platinum metals the problem of dissolution is a 
simple one, and one or more treatments with mixtures of mineral acids is usually 
sufficient. The concentrate discussed below was a by-product of an electrolytic 
refining process and contained some twenty-five elements in addition to about 25% 
of platinum metals with the exception of osmium. The principal base metals content 
in percentages was: nickel 6.45; tin 4.86; silicon oxide 4.10; copper 3.20; lead 1.67; 
chromium 1.00 and iron 0.87. 

The methods of dissolution available were: (1) fusion with lead or zinc followed 
by selective dissolution with acids and finally fusion with sodium peroxide (2) 
chlorination at various temperatures in the presence of sodium chloride, (3) the sealed- 
tube chlorination described by Wickers, Sehlecht and Gordon.1*2 

All of these methods were tried and rejected; the fusion with lead or zinc 
introduced further impurities, and failed to produce an entirely soluble residue; the 
chlorination introduced the problem of collecting volatile deposits, and resulted in the 
formation of an insoluble allotrope of ruthenium;3 the sealed-tube method was 
limited to small amounts of concentrate, and all modi~~ations tried failed to achieve 
complete dissolution. 

Preliminary experiments with sodium carbonate fusions suggested the possibility 
of low temperature sintering. The final process involved an intimate mixing of 
concentrate and sodium carbonate, heating to about 7OO”, and subsequent leaching 
with water and acid. The dissolution resulted in a residue of 2-3x of the original 
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sample consisting mainly of silica and very small amounts of platinum metals. This 
residue was readily dissolved by fusion with sodium peroxide, and while this was an 
inconvenience, the method on the whole was a considerable improvement over all 
other methods tried, since weights of samples required for either analytical or refining 
purposes could be used with very little contamination from either a porcelain or an 
iron container. There was also the considerable advantage that the sintered mass was 
coherent and could be taken from the vessel as a solid, dry body. Subsequent to 
dissolution of the sinter and fusion of the small residue the aqueous solution may be 
treated by various conventional methods to isolate the platinum metals. For those 
concentrates which contained sulphur it was found advantageous to remove this 

interference by prior treatment with hydrogen. For analytical purposes l-g samples 
provided appropriate amounts of platinum metals. 

Apparatus and reagents 
EXPERIMENTAL 

Large cation-exchange column of Dowex 50(X x 8) resin 30 cm in depth and 22 cm in diameter 
with a draining tube 0.4 cm in diameter. 

Small cation-exchange column 4 cm in depth, 1 cm in diameter with a draining tube 4 mm in 
diameter. 

Copper powder, freshly prepared by reducing analytical-grade copper oxide powder with hydrogen 
at 500”. 

Procedure 

Reduction in hydrogen. A one-gram sample of concentrate was weighed directly into a silica boat 
which was then placed in a Vycor tube. Hydrogen was passed through at the rate of a few bubbles 
per second while the temperature was slowly increased to 450”. To reduce silver chloride this tempera- 
ture was maintained for 1 hour, following which the temperature was raised to 600”. Heating was 
continued for about 2 hours to remove the hydrogen sulphide completely. The loss in weight of the 
sample was of the order of 25 ‘A. The reduced sample was cooled, transferred to a 150~ml beaker, 
and leached on the steam bath with 25 ml of 1 : 4 nitric acid for 2 hours. The mixture was filtered 
through Whatman No. 42 filter paper and the insoluble residue 1 (Fig. 1) was washed with dilute 
nitric acid. The Cltmte la was treated to precipitate the silver chloride which was filtered to provide 
filtrate lb and then dissolved in ammonia and re-precipitated to provide filtrate lc. The combined 
filtrates lb and lc were added to filtrate 2a obtained from the aqua regiu treatment of residue 1. This 
residue was washed with dilute nitric acid from the paper into the leaching beaker. The paper was 
separately destroyed with fuming nitric acid and a few drops of 30% hydrogen peroxide, and the 
contents were added to the leaching beaker. Twenty ml of aqua regia were added, and the mixture 
was digested on the steam bath for 4 hours. The dark red solution was diluted, filtered through 
Whatman No. 42 paper and washed with dilute hydroc~o~c acid. The aqua regia filtrate 2a, combined 
with filtrates lb and lc, was evaporated on the steam bath and treated with hydrochloric acid to 
remove the nitric acid. The liquid was transferred to a 600-ml beaker, diluted with 400 ml water, and 
the pH adjusted to 1.5 to precipitate meta-stannic acid, which was then coagulated on the steam bath 
and filtered through a porcelain filter-crucible to provide filtrate 2b. Since a spectrographic exami- 
nation revealed small amounts of platinum metal in the tin hydroxide the latter was dissolved with 
hydrochloric acid, the solution was evaporated to a small volume and re-precipitated as before to 
provide sufficiently purified stannic acid and a filtrate 2c, which together with filtrate 2b were 
combined to provide part of the sample solution which was later added to the solutions 3a and I, 
obtained from residue 2. The weight of the latter represented a reduction of about 80% and it 
contained principally platinum, ruthenium, iridium, rhodium, silicon, iron, nickel, chromium and 
titanium. The gold and palladium content was largely removed by the aqua regra treatment of 
residue 1. For residue 2, the optimum sintering temperatures were 700-730”. During the reaction the 
mixture contracted from the wall and only the bottom layer was in contact with the crucible, Nickel 
crucibles provided the advantage of non-melt~g temperatures as high as 790”, and consequently a 
shorter reaction time. To produce the sinter, about 1 g of powdered sodium carbonate was placed in 
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the bottom of the crucible. The residue plus carbonate in the ratio 1 : 20 was ground and mixed 
carefully in an agate mortar and transferred to the crucible on the top of the bottom layer. Another 
portion of about 1 g of carbonate was ground in the mortar to take up any remaining traces of 
samples and then placed on top of the mixture. 

When porcelain crucibles were used the mixture was sintered in a mulBe furnace at about 710” for 
3 hours, and for nickel crucibles the temperature was 780-790” and the reaction time about 2 
hours. After cooling, the compact material was easily loosened from the bottom of the crucible with a 
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spatula and placed in a 600~ml beaker. Dissolution of the sintered product in water was slow but was 
hastened with dilute hydrochloric acid. The beaker was tightly covered during thii operation. 
Subsequent to neutralisation, 100 ml of hydrochloric acid were added and the beaker was placed on 
the steam bath for about 2 hours. When cool the dark red solution was filtered through Whatman 
No. 42 filter paper to provide filtrate 3a and residue 3 which was washed with water. The filtration 
was sometimes slow because of precipitated silica. The residue 3 now represented about 3 % of the 
original sample and spectrographic examination showed principally silica. This insoluble material 
was fused at about 700” in a nickel crucible with 2 g of sodium hydroxide for 15 minutes. The few 
black particles dissolved in the hydrochloric solution and this, on fihering, provided filtrate 4a. The 
platinum metals sample solution now consisted of filtrates Zb, 2e, 3a, and 4a. 

Separation and dkrermination of rzhenirm 

Ten ml of concentrated sulphuric acid were added to the sample solution and the liquid was 
evaporated to a small volume. The solution was transferred to the doting iIask* and the distillation 
was carried out with sodium bromate. 
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The distillate was collected in 1 : 1 hydrochloric acid containing about 3% hydrogen peroxide. 
The solutions in the four receivers were transferred to a 600-ml beaker, evaporated nearly to dryness 
in the presence of sodium chloride, filtered and diluted to 250 ml in a volumetric flask. Aliquots of 
25 ml were taken, and ruthenium was determined gravimetrically with thionalide according to the 
procedure of Beamish and coworkers.6 

Separation of gold andplatinum,from palladium, rhodium, iridium and base metals 

Following the distillation of ruthenium, gold and platinum were separated from palladium, 
rhodium, iridium and base metals by applying the Gilchrist bromate-hydrolysis pr0cedure.O Since 
the precipitated hydroxides were found by spectrographic examination to be contaminated with gold 
and platinum a re-precipitation was necessary. To avoid the large amount of hydroxides, the second 
hydrolysis was carried out after the base metals had been removed from the solution by cation- 
exchange resin as described below. 

The solution in the distilling flask was transferred to a 600-ml beaker, evaporated on the steam 
bath in presence of hydrochloric acid, the salts were dissolved in water and the solution was diluted 
to about 200 ml. The hydrolytic precipitation was then applied, but sodium hydroxide solution was 
used instead of sodium carbonate solution and the pH was controlled by a Beckman pH-meter. 
Sodium hydroxide was used in order to avoid the formation of gas. The precipitate settled fast and 
was readily filtered. The precipitate was washed from the paper into the beaker used for the hydrolytic 
precipitation. The remaining traces on the filter paper were dissolved with hydrochloric acid and 
washed with water. The whole precipitate was then dissolved in hydrochloric acid and reserved for 
the separation of the base metals from palladium, rhodium and iridium. The filtrate, containing gold 
and platinum, was combined with the filtrate after the second hydrolytic precipitation described 
below. 

Separation of base metals from palladium, rhodium and iridium 

Subsequent to dissolution of the hydroxides the solution was evaporated nearly to dryness, and 
diluted with water to 200 ml. The pH of the solution was adjusted to 1.5. The solution was passed 
through the cation-exchange column at a rate of 1 drop per second.‘,* The resin was washed with 
400 ml of water and the effluent evaporated to about 150 ml, and a second hydrolysis was carried out. 
It was found very difficult to dissolve this precipitate completely on the tilter paper with hydrochloric 
acid, and therefore this precipitate was filtered through a porcelain filter-crucible as recommended by 
Gilchrist.B 

The filtrate was added to the filtrate from the first hydrolysis precipitation and reserved for 
determination of gold and platinum. 

Determination of gold and platinum 

The combined filtrates were evaporated to dryness several times in the presence of hydrochloric 
acid to decompose the sodium bromate. The salts were then dissolved in water, the solution filtered 
and diluted to about 250 ml. Gold was precipitated with hydroquinone according to the procedure by 
Beamish and Seatha for precipitation of gold in the presence of tellurium. The precious metals 
concentrate contained 0.87 ‘A of tellurium which was found to accompany gold and platinum. The 
presence of tellurium added considerably to the difficulty of determining platinum. Tellurium is a 
quantitative reducing agent for platinum and was so used by Westland and BeamishlO for separation 
of platinum and palladium from rhodium and iridium. Precipitants for platinum such as zinc, 
magnesium, hydrogen sulphide and thiophenol similarly precipitate tellurium. 

Westland and Beamish’O separated tellurium from platinum by evaporation of tellurium in 
hydrogen gas at high temperature. This method was adopted successfully. Platinum was precipitated 
with thiophenol in the solution after filtration of the gold .I1 The precipitate was filtered through 
Whatman No. 42 filter paper. The paper was placed in a tared weighing crucible, and was charred at 
low temperature. The crucible was transferred to a combustion tube and heated at 750” for 0.5 hour 
in a stream of hydrogen. The paper was finally burned by heating in air. The crucible was once more 
placed in the combustion tube and the platinum was reduced for twenty minutes. 
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Determinaiion of palladium 

The precipitate of the hydrated oxides of palladium, rhodium and iridium after the second 
hydrolytic pre~ipi~tion was dissolved in concentrated hydro~~ori~ acid. After evaporation to near 
dryness in the presence of sodium chloride, 3 rnI of hydrochIoric acid were added and the solution was 
diluted to 200 ml. Two hundred mg of the sodium salt of dimethylglyoxime were dissolved in 1% 
hydrochloric acid, filtered and added to the solution for precipitation of palladium. After standing 
1 hour at room temperature, the solution was filtered through a porcelain filter-crucible, the 
precipitate was washed with water and dried at 110” for 2 hours. 

Separutio~ o~r~od~urn and iridium 

Three methods for separating rhodium from iridium have been reported. With one rhodium is 
precipitated by titaniumm chloride,l* and before precipitation of iridium the excess of titanium is 
removed by cupferron. This method was rejected because of the mechanical difIiculties in freeing 
iridium from the bulky titanium complex. The second method described by Westland and Bearnishl@ 
involved the selective reduction of rhodium by teIluriutn, all of the latter being subsequently removed 
by a disti~ation. This procedure proved difficuh with large samples. The third procedure, used only 
for small samples, and reported by Berman and Mc13ryde,18 required an a~on~x~hanger from which 
iridium was removed with great difficulty. 

It seemed desirable to develop a new separation of rhodium from iridium which would be 
applicable to large samples, and which would not involve complex techniques in subsequent purifi- 
cations of the separated metals. This new method, described briefly below, has been submitted for 
publication by Tertipi@ and involves the reduction of rhodium by copper, which metal is then 
separated by a cation-exchanger. 

For the separation of rhodium from iridium, the filtrate from the palIadiurn precipitation was 
evaporated to dryness on a steam bath and the organic matter was oxidised by fuming with 30% 
hydrogen peroxide. After removal of the nitric acid by hydrochloric acid, the salts were dissolved in 
water, the solution was filtered and was diluted to 100 ml in a volumetric flask. Aliquots of 25 ml 
were used, and the pH was adjusted to I.0 with hydrochloric acid. The solution was heated nearly to 
boiling, 0.3 g of copper powder was added, and the mixture was heated to slow boiling with the 
beaker tightly covered. The liquid was stirred with a glass rod about every second minute, and after 
15 minutes of slow boiling an additional 0.1 g of copper was added. The mixture was slowly boiled for 
another 5 minutes, and, after cooling, was decanted through 7-cm Whatman No. 42 filter paper and 
washed about ten times with distilled water. The filtrate of 70-ml volume was evaporated to small 
volume in presence of sodium chloride, and was diluted to about 30 ml. The pH was adjusted to 1.5 
and the solution was then passed through the small cation-exchange cofumn to separate the dissolved 
copper from iridium. The column was washed with 100 ml of water, and iridium was determined in 
the e&tent, by using the bromate hydrolysis procedure 

The filter paper with the copper-rhodium residue was destroyed with fuming nitric acid and a few 
drops of 30 % hydrogen peroxide. Ten ml of aqua regia were added to the original beaker to dissolve 
adhering copper and rhodium. After destruction of the paper, the resulting solution was added to the 
aqua regia solution, and the mixture was treated with hydrochloric acid on the steam bath to remove 
the nitric acid. The resulting salt was dissolved with a few drops of hydrochloric acid and water and 
filtered. The insoluble material was dissolved, after the paper was destroyed, with sulphuric and 
nitric acids, by heating the sulphuric solution strongly on the hot plate. The sulphuric acid was then 
fumed off, and the rhodium sulphate was converted to chloride, with sodium chloride and hydro- 
chloric acid; this small amount of rhodium chloride was then transferred to the initial copper- 
rhodium solution which was then diluted to lOOm1 with water, adjusted to pH 1.5 and passed through 
the large cationic column.8 The column was washed with 400 ml of water, and the effluent was 
evaporated to about 150 ml on a steam bath. The rhodium was then determined gravimetrically by 
thiobarbituric acid.‘r 

The complete method of separation is represented schemati~lly in Fig. 1. 

CONCLUSION 

It should be noted that, with the exception of the new separation of rhodium from 
iridium, each of the above analytical methods is an established classical procedure, 
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permitting easily applied methods of ensuring high purity; furthermore, these and 
other separations may be used on a scale comparable to that required for refining. 
There is also an advantage in that the isolated metal in solution may be recovered by 
the various large-scale precipitating reagents such as ammonium chloride, etc. The 
procedures described above, applied to the concentrate, produced the results recorded 
in Table I. It is of interest to compare the values in Table I with those recorded by the 

Silver 

*s 

198.54 
19640 
198.77 
199.35 

19.8:/, 0.26 % 1.21% 1.72:( 

TABLE I.-THE RECOVERYOFTHEPRECIOUS METALS FROM ONE GRAM OF THE 

PLATINUMMETALS CONCENTRATE 

I 

Gold ~ Platinum ~ Palladium Ruthenium 
I 

/ 
*R ~ 

Rhodium ; Iridium 

*g w TY mg * mg * 

I I --I ~_ 

~ 251 ~ 12.22 17.27 
2.84 12.06 17.15 
2.70 

~ 
17.02 

2.45 j 17.19 

4.71 14.07 
4.68 13.99 
4.75 14.02 
4.72 13.95 

13.78 
13.88 

4.72 7; 5.56:; 

7.00 
7.06 
6.95 
6.89 
6.98 
6.93 
2.78 7; 

* For the rhodium and iridium sample the l-gram concentrate was made up to 100 ml from which 
25 ml were taken for analysis. 

donor (Falconbridge Nickel Mines Limited, Metallurgical Laboratories, Richvale, 
Ontario,) of the concentrate, whose methods were purely analytical and included 
spectrophotometric and spectrographic procedures. These were as follows : silver 
20.01x, gold O-25, platinum 1.36, palladium 1.72, ruthenium 4.72, rhodium 5.65. 

iridium 2.80. 

Acknowledgement-The authors are indebted to the Falconbridge Nickel Mines for financial support 
and leave of absence to H. Zachariasen. 

Zusammenfassung-Eine neue Methode wurde entwickelt urn grosse oder such kleine Mengen 
komplexer Platinmetal-konzentrate zu l&en. Die neue Methode gestattet die Anwendung verschie- 
dener Methoden zur Isolierung der einzelnen Platinmetalle. Eine Reihe von Standardtrennungen und 
Bestimmungen wurde erfolgreich angewendet. Die Verwendung einer neuen Trennungsmethode fur 
Rhodium von Iridium wurde beschrieben”. 

R&m&-Les auteurs ont dtveloppe un nouveau procede qui produit la dissolution de quantites 
faibles ou importantes de complexes de mttaux de la mine de platine, les concentre et permet 
l’application de plusieurs methodes pour l’isolement de chaque metal. On a applique avec succes un 
groupe de separations standard et de dosages et on a d&it l’application d’une nouvelle separation du 
rhodium et de l’iridium.14 
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~~~-Neu~n-activation analysis has been applied to the determination of silver and thallium 
in rocks. Samples of powdered rocks have been irradiated in the Harwell Pile BEPO. After irradia- 
tion, radiochemical separations using carrier chemistry have been based on precipitation, electro- 
deposition, and solvent extraction. Radiochemically pure silver and thallium have been finally 
precipitated and counted as the iodate and chromate, respectively. 

Samples containing as little as 0.03 p.p.m. silver and 0.04 p.p.m. thallium have been analysed. 
The rocks which have been examined include the two international standards Gl and Wl and also 
samples from the Insch Mass, Aberdeenshire, Scotland. 

INTRODUCTION 

SILVER is classified geochemicalIy as a chalcophile element, and relatively little 
information is available on its occurrence in igneous r0cks.l Thallium shows both 
lithophile and chalcophile properties, and the distribution of thallium in igneous rocks 
has been studied quite thoroughly. The geochemistry of thallium has been reviewed 
recently by Shaw.2 

The crustal abundance of silver appears to be about O-02 p.p.m.l and that of 
thallium has been quoted as 1.3 p.p.m .2 It follows that the accurate analysis of these 
elements in rocks demands the use of a method giving high sensitivity. Previous 

workers have generally used special sp~~trochemical procedures. For example, 
Goldschmidt and co-worker3 employed dry assay in conjunction with emission 
spectrography to obtain sufficient sensitivity for the determination of silver in rocks. 
Similarly, Shaw3 has employed a special double-arc spectrographic technique for 
thallium, giving a precision of &20 per cent and an ultimate sensitivity of0.05 p.p.m. Tl. 
In addition, the combined use of ion exchange enrichment and spectrochemical 
analysis for the determination of trace constituents in rocks is currently being 
developed by Edge, Brooks, Ahrens and Amdurer.4 These types of procedure may 
give rise to relatively large errors, and it was decided to investigate the possibility of 
determining silver and thallium in rocks by neutron-activation analysis. 

The principles of radioactivation analysis have been extensively reviewedGa and 
will not be discussed here. The method avoids various possible sources of error 
inherent in emission and mass spectroscopic procedures, and also offers important 
advantages over chemical methods for the determination of microgram and sub- 
microgram quantities. 

With the availability of high flux Atomic Piles, neutron-activation analysis has 
been developed to provide the ultimate in practical sensitivity for many elements. 
The method is not exceptionally sensitive for the determination of silver and thallium. 
However, with a neutron flux of 1012 neutrons~cm2~se~ available in the Harwell Pile 
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BEPO, it should be possible, under ideal conditions, to determine about 0.005 p.p.m. 
Ag and 0.01 p.p.m. Tl in a l-g sample of rock. Better sensitivity is attainable if the 
Harwell Pile DID0 is used for activation. 

NEUTRON ACTIVATION OF SILVER AND THALLIUM 

Naturally occurring silver consists of two isotopes, lo7Ag (per cent abundance, 
9, = 51.35%) and losAg (0 = 4865%). Thallium also exists as two stable isotopes, 
203T1 (9 = 29.50 %) and 205T1 (0 = 70.50 %), On irradiation with neutrons of thermal 
energies, silver and thallium give rise to radionuclides by the following nuclear 
reactions : 

losCd (stable) 
8- (98%) 

lo7Ag 
/ 

n,y* lO*Ag(t~ = 2.3 min.) 

EC, P+ (1.7%) 

\ lOsPd (stable) 

logAg n’ ’ + llomAg(tt = 253 days) ‘-w%) z “OCd (stable) 

L “*?’ \II:::,, =: ;k) 

20*Pb (stable) 
P-W%) 

=rl nrY* 204Tl(t6 = 4.1 years) 
/ 

EC@%) 

\ 204Hg (stable) 

205Tl “‘“’ 206Tl(t, = 4.19 min.) L+ zo6Pb (stable) 

Isotopic thermal neutron activation cross sections, o, for the nuclear reactionslO are- 

lO’Ag(n, ~)l**Ag cr = 44 barns 
losAg(n, y)llomAg CT = 28 barns 
loQAg(n, y)llOAg 0 = 110 barns 
203Tl(n, y)204Tl u = 8 barns 
205Tl(n, y)206T1 (r = 0.10 barns 

The radionucIides 253-day ~lomAg-lloAg and 4-l-year 2opTl were used in the present 
study, owing to the short half-lives of the other radioactive species. The decay 
schemes for llomAg- ll*Ag and 2WT1 are shown in Fig. l.lr 

For rock samples dealt with in this paper, a one month irradiation in BEPO was 
adequate. 
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lrradia t ion 
EXPERIMENTAL 

Samples of the powdered rocks, about 1 g, were accurately weighed and sealed in 6-mm internal- 
diameter silica irradiation tubes. In order to avoid errors due to self-shielding, standards were 
prepared by the addition of known small quantities (a few ,ug) of silver and thallium to analytical 
samples. This was done by adding aliquots of dilute standard solutions of silver and thallium to 
weighed samples of powdered rock in silica irradiation tubes. The solutions were allowed to soak 
into the rock, then carefully evaporated to dryness, after which the tubes were sealed. Samples and 
standards were packed together in 3 in. x 1 in. aluminium cans and sent to the Atomic Energy 
Research Establishment, Harwell, for irradiation. 

t 
Cd 

0 

FIG. I.--Decay schemes for llomAg-llOAg and for aoaTI. Energies are in MeV. 

The preparation of samples and standards was undertaken in a room distinct from the labora- 
tories, and considerable precautions were taken to avoid any contamination. 

Radiochemical separation 

Following delivery from Harwell after irradiation, the samples and standards were assayed 
radiochemically for llomAg-llOAg and e04Tl. The rock samples were dissolved by digesting with 
hydrofluoric acid and fuming with perchloric acid. Alkali or potassium bisulphate fusion could not 
be employed to render the rock samples soluble, as this would have led to extensive loss of thallium 
by volatilisation.la 

Silver and thallium were initially separated from other elements by precipitation of the chlorides. 
The thallium was then separated from the bulk of the silver by hot-water extraction. 

The silver residue was purified by ferric hydroxide scavenging and silver sulphide precipitation, 
both of which were performed in ammoniacal solution. The silver was further separated by electro- 
lysist3 and was finally converted to the iodate, in which form it was counted.14 

The thallium extracted by hot water, was purified by precipitation of the chromate and monoiodide. 
Solvent extraction of the trichloride served as an excellent further decontamination step.16,1a Thal- 
lium’ was finally converted to the chromate, in which form it was counted. 

Reagents 

Ag carrier: 10 mg Ag/ml (added as AgNO, in very dilute HNO,)-standardised. 
TP carrier: 10 mg Tl/ml (added as TINO, in very dilute HNO,)-standardised. 
Fern carrier: 10 mg Fe/ml (added as FeCl,.6H20 in very dilute HCI). 
Pbn carrier: 10 mg Pb/ml (added as Pb(NO& in very dilute HN03. 
La carrier : 10 mg La/ml (added as La(N0,),.6H,O in very dilute HNO,). 
HF: 40%. 
HCIO,: 9M. 
HNO, : cont. 
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Reagents (cant). 

HNO,: 6M. 
HCl: 6M. 
HCl: 4M. 
HCl: 1M. 
Cyanide plating solution: mix 7 ml of 3M NaCN with 1 ml of 5M NaOH. 
H,SO,: cont. 
H,SO,: IN. 
KIO,: saturated solution. 
NaOH: 6M. 
NaOH: 3M. 
NH,OH : cont. 
NH,OH: 6M. 
(NH&S: saturated solution. 
NaBCr04.4HBO: 10%. 
Na,S,O,: solid. 
KI: 0.5M. 
H,O,: 30%. 
SO,: siphon. 
Ether. 
Ethyl alcohol: 95 %. 
Methyl alcohol: absolute. 
Manoxol OT: 0.1% in water. 

Preparation and standardisation of carriers 

Siluer. Dissolve 15.75 g of AgNO, in a minimum amount of H,O, add a few drops of HNOI, 
and dilute the solution to 1 litre. 

Pipette exactly 5 ml of the carrier solution into a 50-n-J centrifuge tube and dilute to 20 ml with 
HzO. Add 1 ml of saturated KIOs solution and stir to coagulate the precipitate which forms. Add 
an additional drop of KIOs to test for completeness of precipitation. Filter the precipitate through 
a weighed sintered-glass crucible of porosity 3 or 4. Wash the precipitate with 5 ml of 95 per cent 
ethyl alcohol and dry in an oven at 110” for 15 min. Cool and weigh as AgI08. 

Thallium. Dissolve 13.04 g of TlNO, in HaO, add a few drops of HNO,, and dilute the solution 
to 1 litre. 

Pipette exactly 5 ml of the carrier solution into a 125-ml conical flask. Make the solution alkaline 
with cont. NH,OH. Add 5 ml of 10% Na,CrO,s4H,O solution to precipitate Tl,CrO,. Bring to 
the boil and permit the precipitate to stand for about 12 h, then filter through a weighed sintered- 
glass crucible of porosity 4. Wash the precipitate with 10 ml of HaO, then with 10 ml of 95 % ethyl 
alcohol. Dry at 110” for 0.5 h. Cool and weigh as Tl,CrO,. 

Radiochemical separation procedure 

Step 1. Remove the silica irradiation tubes from the can, open them at the constriction, and 
transfer the solid samples to 60-ml platinum crucibles. Wash out the tubes with a little warm 6M 
HNO, and transfer the washings quantitatively to the crucibles. 
add 2 ml of standard Ag carrier and 2 ml of standard Tl’ carrier. 

To a sample in a platinum crucible 
Cover loosely with a platinum lid, 

and gently warm for a few minutes. 
Step 2. Add 10 ml of 40 % HF, cover the crucible with the platinum lid, and digest on a steam- 

bath until the sample is completely dissolved. Add 3 ml of 9M HCIO, and 2 ml of 16M HNOs and 
heat the mixture till white fumes of HClO, begin to be given off, taking care to avoid spattering. 
Replace the cover loosely, and continue to heat for about 5 min at a temperature such that the 
HCIOl fumes moderately, but does not rapidly evaporate. Heat for 5-10 min longer, adding 1 ml 
of 9M HClO,. Finally evaporate carefully almost to dryness (Note a). 

Step 3. Transfer the residue wih 10 ml of H,O to a 50-ml centrifuge tube. Pass SO, through the 
hot solution. Boil off excess SOS. add 10 ml of 6M HNO, and cool. To the cold solution add a 
few drops of Manoxol OT solution (Note b), then 6M HCl, drop by drop, until precipitation is 
complete. Centrifuge and discard the supemate. Wash the precipitate thoroughly three times with 
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lo-ml portions of boiling water. Centrifuge and retain the washings for thallium determination 
and the AgCl residue for silver determination. 

Step 4. ~eter~~~tio~ of silver. Dissolve the AgCl in 2 ml of cont. NH,OH (Note c). Dilute 
to 20 ml with H,O and add 1 ml of Fern 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 AgsS precipitate by heating with 1 ml of cont. HNO,. Dilute to 20 ml with 
,H*O, 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 HCI, 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 (Note df. Mix the solution thor- 
oughly, transfer to a Pregl micro-electrolysis apparatus and electrolyte at 4 volts for 1.5 min. When 
electrolysis is complete, remove the electrodes and wash the cathode with Ha0 from a wash bottle 
for I min. 

Step 9. DissoIve the Ag completely off the cathode with cont. HNO, and transfer the solution to 
a clean 50-ml centrifuge tube. Add 10 ml of HIO. 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 6MNaOH, and add 3 drops in 
excess. Centrifuge the AgrO precipitate and discard the supernate. Dissolve the Ag,O in 4 drops 
of cone. H,SO, and evaporate to dryness (Note e). Cool. 

Step 11. Add 20 ml of H,O and boil until a clear solution is obtained, then add 1 ml of saturated 
KIOB solution. Centrifuge and discard the supemate. 

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

Step 13. Add 3 drops of cont. HaSO to the solution. Centrifuge the AgIO, precipitate and 
wash twice with HBO 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 
precipitate on the tray is uniform. Dry at 110” for 15 min and weigh to establish the chemical 
yield (20 mg Ag = 5243 mg AgIO,). 

Step 15. Determination of thallium. To the hot water extract from Step 3 add 1 ml of Pbn carrier 
and 10% Na,CrOp-4Hg0 solution, dropwise, till precipitation of yellow Tl,CrOl and PbCrO, is 
complete. Centrifuge, and discard the supemate. 

Step 16. Warm the mixed chromate precipitate with 3M NaOH to dissolve the PbCrO,. Centri- 
fuge and discard the supernate. 

Step 17. Wash the Tl,CrOI residue with water and dissolve by warming with 6M HCI. The 
resultant solution is yellow-green in colour. Add solid Na&,O, in small amounts until the solution 
assumes a distinctly green colour. 

Step 18. After all action has ceased, add 0.5M RI dropwise until precipitation of Tll is complete. 
Centrifuge and discard the supemate. 

Step 19. Wash the precipitate with 10 ml of 1N H,SO,, and dissolve by gentle heating with 10 ml 
of 4M HCl containing 6 drops of 30% HnO.. 

Step 20. Extract the thulium by agitating with 10 ml of ether saturated with 4M HCl. 
the ether phase and wash it 3 times with IO-ml portions of 4M HCl saturated with ether. 

Separate 
Then mix 

the ether phase with 10 ml of IN H,SO,, and place on a water bath until the ether is completely 
evaporated. 

Step 21. Reduce the Tlm to Tl* by bubbling SOI for a few mm through the hot solution, 
Step 22. Make up to 30 ml with H,O and precipitate Tl’ by the addition of a slight excess of 

0*5M RI. Cool, centrifuge and discard the supernate. 
Step 23. To the precipitate add 4 drops of La carrier and 1 ml of 6M HNOI. Heat until all I, 

colour has disappeared. Dilute with HpO to 20 ml. Warm the solution, pass SO8 for a few moments to 
ensure complete reduction to TV, and make basic by the dropwise addition of cont. NH,OH. Add 
1 ml of NH&OH in excess. Centrifuge, transfer the supernate to a clean 50-ml centrifuge tube, and 
discard the precipitate of La(OH),. 



Step 24. To the supernate add 5 ml of 10 lo ” Na,CrO,.4H,O solution. Allow to stand 5 to 10 min 
to permit the Tl,CrO, precipitate to coagulate. Wash the precipitate with 5 ml of H&O, then with 
two 5-ml portions of methyl alcohol. Slurry the precipitate uniformly on to a weighed al~~nium 
counting tray (A.E.R.E. Cat. no. 4-3/1068). Dry at 110” for 10 min and weigh to determine the 
chemical yield (20 mg Tl = 25.68 mg Tl,CrOJ. 

Notes 

(a) Steps 1 and 2 should be performed in an efhcient fume-cupbo~d. 
(81 The addition of Manoxol OT helps to coagufate the precipitate and to prevent its adherence to 
the walls of the tube. 
(cl 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. 

Frc. 2.-Aluminium absorption curves af zrQmAg-llOAg and eo*Tl, The full curves are for 
purified tracers (supplied by the Radiochemical Centre, Amersham) coprecipitated with silver 
iodate and thallous chromate. The recorded points are for final precipitates from the analysis 

of a rock sample. 

Counting of the ~~~~ated siluer iodate atltd t~~~~o~~ c~~~rnate prec~itate~ 

In the present work the find precipitates of AgIO, and Tl.$rO, were counted under a thin end- 
window Geiger-Miller counter (EHM 2/S>, with conventional associated electronic equipment. 
AIi measured activities were corrected for paralysis, background, and chemical yield. Sea-absorption 
correction curves indicated that no correction for self-abso~tion needed to be made for the range of 
weights of precipitates obtained in the radiochemical procedure. 

A cheek of radiochemical purity was obtained by measuring standard aluminium absorption 
curves of final precipitates, and comparing them with co~~pond~ng GUrveS from purified 11cmAg- 
ll”Ag and zogT1 tracersI (Fig. 2.) 

A further check on the reliability of the procedure was obtained by analysing samples of a given 
rock, using standards consisting of the same rock with different added amounts of silver and thallium. 
Plots of corrected activity, due to the added silver or thallium in the series of standards, against the 
corresponding weights of added silver or thallium should then be straight lines passing through the 
origin. Typical graphs obtained are shown in Fig. 3. 

RESULTS 

In Table I are shown results of analyses of silver and thallium in the standard 
granite Cl from Westerley, Rhode Island, and in the standard diabase Wl from 
Centreville, Virginia.ls Uniform specimens of these rocks have been widely distributed. 
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by the U.S. Geological Survey as standards for both major and minor constituents in 
igneous rocks. 

Table II records the results obtained for the silver and ~a~iurn contents of a 
series of rocks supplied by Dr. J. R. Butler, Department of Geochemistry, Imperial 
College, London. The arrangement corresponds to the geologicaf differentiation 
succession of the rocks in the Insch Mass (mostly gabbro), Aberdeenshire. 

FIG. 3.-Activity due to added silver and thatlium in neutron-irradiated standards plot- 
ted against the weight of added silver and thallium. Each point is the average of two 

measurements. 

POSSIBLE INTERFERING ELEMENTS 

In neutron-activation analysis the possibility that radionuclides of the elements 
being determined may arise by other nuclear processes than the ones under considera- 
tion, must always be borne in mind. Hence, apart from the n, pl reaction with logAg, 
llomAg may possibly be produced bv the following reactions- - 

ilOCd(n, p)llO*‘Ag 
l131n(n, .)*lomA g 

Similarly 204Tl could be formed from lead by the nuclear process- 

204Pb(n, p)204Tl 

To confirm that such inte~erences were of no consequence in the present work, 
samples of pure CdO, InzOO and PbO were irradiated together with pure silver and 
thallium standards. The “apparent” silver contents of the Cd0 and In,O, and the 
‘“apparent” thallium content of the PbO were then determined by the radiochemical 
procedure described above. The results showed that if a rock contained 0.15 p.p.m.* 
of cadmium and 0.11 p.p.m .* of indium, the maximum spurious silver content would 
be only 6 x 10e6 p.p.m. Similarly for a rock containing 16 p.p.m.* of lead, the 
maximum spurious thallium content would be c.10s6 p.p.m_ Errors introduced by the 

* These are average abundances of these elements in igneous rocks. The figures for Cd and Pb are 
from Rankama and Sahamaeo and the figure for In is from Shawe. 
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TABLE I.-SILVER AND -ANALYSESOPTHESTANDARDGRANEE Gl ANDSTANDARDDIABASEW1 

Gl T 
Silver Thallium 

content, content, 
p.p.m. p.p.m. 

0.047 
0.046 
0.048 
0.036 
0.038 
0.037 
0.044 
0.042 
0.043 

1.3 
1.1 
1.2 
1.4 
1.0 
1.5 
1.0 
I.5 
1.4 
- 

- 

av. 0.042 av. 1.3 - 

Wl 

Silver 
content, 
p.p.m. 

0.055 0.15 
0.055 0.17 
0.058 0.17 
0.058 0.18 
0.057 0.17 
0.058 0.16 

av. 0.057 

_- 

- 

Thallium 
content, 
p.p.m. 

av. 0.17 - 

Values of 1.3 and 0.1 p.p.m. have been obtained by the ion-exchaugtwpectrographic technique’ for 
the thallium contents of Gl and Wl, respectivelylg. 

Sample No. (Dept. 
of Geology, Imperial 

College, London) 
Rock 

3722(H63) Peridotite 

3724(H67) 

3732(H55) 

Pyroxenitic 
peridotite 

Olivine gabbro 

3645(HlO7) Syenogabbro 

3731(H51) 

I 
Syenite 

- 

-- 

_- 

-- 

_- 

-- 

- 

Location 

W. Slope of Hill 
of Barra 

Silver Thallium 
found, found, 
p.p.m. p.p.m. 

0.030 1.03 
0.028 1.06 
0.030 1.04 
0028 1.04 

W. Slope of Hill 0.086 
of Barra 0.078 

N. E. top of 0.037 0.047 
Gallow Hill, 0.041 0049 

Leslie 0.038 0.046 
0.041 0.048 

S. slope of 044 0.046 
Gallow Hi 0.46 0.045 

0.47 0.047 
0.43 0.045 

s. w. slope of 0.040 0.31 
Gallow Hill 0.032 0.28 

0.039 0.26 
0.038 0.26 
0.040 0.34 
0.036 0.26 
0.033 0.31 
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secondary nuclear reactions are therefore quite negligible for all the samples that have 
been examined. The presence of significant amounts of radionuclides of silver and 
thallium other than ll”~Ag-~OAg and 2opTl, respectively, would have been recognised 
from the absorption curve measurements described earlier. 

ADDENDUM 

Since completion of the work described in this paper, Hamaguchi and Kuroda21 
have pub~shed results on the silver content of igneous rocks and have calculated the 
crustal abundance as 0.08 p.p.m. These investigators employed an analytical procedure 
involving chemical enrichment followed by spectrochemical analysis.22 

In addition, Ehmann and Huizengaz3 have recently determined thallium, together 
with other elements, in stone meteorites by neutron-activation. Their radiochemical 
procedure has utilised anion-exchange. 

Zusammenfassung-Neutronen-Aktivierungs-Analyse wurde zur Bestimmung von Silber und Thallium 
in Gesteinen angewendet. Proben von 1 Gramm gepulverten Gesteins wurden im Harwell-Reaktor 
BEPO bestrahlt. Nach der Bestrahlung wurden radiochemische Trennungsoperationen durchgeftihrt, 
die sich auf Fallung, Elektrodeposition und Solventextraktion basierten und mit Tr~gersubstanzen 
arbeiteten. Radiochemisch reines Silber und Thallium wurden letztlich gefalit und die Z&hlung an 
Silberjodat und ~aliiumc~omat d~chgef~t. Proben mit nur @03 Teilen Silber und 0.04 Teilen 
Thallium per Million Teilen Gestein wurden analysiert. Unter den analysierten Proben befanden 
sich die beiden intemationalen Standarde Gl und Wl sowie Proben yon Insch Mass, Aberdeen&ire, 
Schottland. 

R&me-Les auteurs ont applique l’analyse par activation des neutrons au dosage de l’argent et 
du thallium dans les roches. 11s ont irradie des echantillons de 1 g de roches pulv&i&es dans la 
pile BEPO de Harwell. Apr&s irradiation, les separations radi~himiqu~ utihsant la chimie des 
entraineurs ont Cte bas6es sur la precipitation le depot Blectrolytique et l’extraction par solvent. 
Finalement l’argent et Ie thallium radiochimiquement purs ont Qtb p&&pit& et doses par comptage 
respectivement a l’etat d’iodate et de chromate. 

On a analyse des echantillons contenant des quantites aussi faibles que 0,03 p.p.m, d’argent 
et 0,04p.p.m. de thallium. Les roches qui ont Cd examin6es comprenaient les deux “standard 
intemationaux*’ Gl et Wl, et aussi des ~hantillons provenant de Insch Mass, Aberdeenshire, Ecosse. 
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Summary-The importance of beryllium and beryllium oxide to the atomic energy programme has 
necessitated the development of accurate methods of chemical analysis for the determination of 
metallic impurities. A method is presented for separating iron by extraction with tri-n-octylphosphine 
oxide followed by determination with l:lO-phenanthroline. The method is accurate to *3’% or 
13 micrograms of iron, whichever is greater. The accuracy and sensitivity could be increased by 
appropriate choice of sample weight, volume of extract, and/or cell length. Of the 68 elements 
investigated, 61 do not interfere in IO-mg amounts. No interference is caused by 5 mg of silicon, 1 mg 
of antimony, gallium, molybdenum, or tungsten, or 0.1 mg of tellurium or uranium. Only gallium, 
tellurium and silicon interfere without producing a warning turbidity in the coloured solution. 

INTRODUCTION 

SINCE beryllium and beryllium oxide are becoming increasingly important to the 
atomic energy programme, a need exists for accurate methods for the determination 
of metallic impurities in these materials. With few exceptions, it is desirable from 
the standpoint of time and economy to perform these analyses spectrographically. 

However, because of the difficulty of accurately evaluating spectrographic analyses 
with a varying matrix, chemical methods are necessary for comparison. They are 
also necessary when very accurate results are required. An extensive research pro- 

gramme has been undertaken to develop and investigate methods for determining 
trace elements in beryllium and beryllium oxide. The following points have served 
as a guide for the development and application of these methods. 

(1) A number of grades of beryllium oxide are received by our department. 
Therefore, it is desirable, although not absolutely essential, that the methods of 
analysis be applicable to samples containing up to 1 per cent of metallic impurities, 
regardless of kind or combination. 

(2) The methods should be applicable to samples weighing at least 1 gram so 
that reasonable sensitivities may be obtained. 

(3) Commonly occurring elements should not interfere in milligram quantities 

unless 
(a) their presence in interfering amounts is easily apparent, or 
(b) some simple provision is made for their removal which will not cause interference 

by another element. 
(4) The methods must be applicable to the determination of an element in the 

presence of considerable amounts of other elements which might be expected to be 
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associated with it, such as the d~ierrn~atjo~ of niobium in the presence of tantalum, 
or the determination of molybdenum in the presence of tungsten. 

Methods which fulfil these qualifications will give results such that a considerable 
degree of certainty can be attached to the accuracy of the reported values. Synergistic 
effects have not, in general, been considered during the development of the methods. 
The term synergistic is used here and in following papers to indicate a total effect 
greater or less than the sum of two or more effects taken independently. 

Probably the most popular method for determining iron calorimetrically is by 
means of 1 :lO-phena~t~o~ine. However, a number of elements interfere to a greater 
or lesser extent.’ An excellent way &separating iron rrr from some of these interfering 
elements, before complexing with f : HO-phenanthro~ne* is by extraction from hydro- 
chloric acid solution into a solution of ~-~-oGtylphosp~ne oxide in cyc&hexane.2A 
A further separation to remove those interfering elements which are extracted is 
desirable, A method has been developed which is almost specific for iron. Only 
a few elements interfere at the lo-mg level and of these elements only gallium, tel- 
lurium, and silicon interfere without producing a warning turbidity in the coloured 
solution. The method is accurate to f3 ‘A or f3 micrograms of iron, whichever is 
greater. 

EXPERIMENTAL 
Apparatus 

Cav Model 14 ~p~~photo~ter, l-cm and Z-cm ceils. 
International Clinical Centrifuge, 154 glass-stoppered centrifuge tubes. 

~taa~rd iron s&&m: dissolve 8.6 g of ferric ammonium sulphate in approximately 150 ml of 
1M sulphuric acid. Dilute to 500 ml. Standardise this solution and dilute an aliquot to obtain a 
solution containing 20 fig of iron per ml. 

Tri-n-octylphosphivre oxide (TOPO), O.OlM, in cyclohexane. 
TOPO, 0.1 M, in chloroform. 
1 :lO-phenunthroE1~ze, 3 % (w/v), in isopropyl alcohol, 
Hydroquinone, 3 “/, (w/v), in isopropyl alcohol. Prepare fresh daily. 
IsopropyI alcohol. 
Su@haric acid, 3M and GM. 
~y~och~orjc acid, sp. gr. 1.19. 
Bromine water, saturated solution. 
Citric acid. 

Transfer an appropriate sample {up to 1 g) of beryllium to a 150-ml beaker. Cover with a watch 
glass. Add 20 ml of 6M hydrochloric acid dropwise. The reaction is very vigorous. When the reaction 
subsides, heat to dissolve and evaporate to about 5 ml. If a black residue remains, wash down the 
sides of the beaker with distilled water and continue heating. If the residue does not dissolve cons- 
pletely, filter through No. 50 Whatman filter paper and wash the residue with water. Analyses of 
the residues from two samples of beryllium metal are shown in Table I. If the residue is to be analysed, 
transfer the filter paper and contents to the original beaker, dry, char, and ignite at 500” until the 
paper has been completely ashed. Pulverise the ash and fuse with 1 g of potassium bisulphate, 
Cool and add 10 ml of sulphuric acid. Heat to dissolve the fused mass. Cool and wash down the 
sides of the beaker with a minimum amount of distilled water. Add approximately seven drops of 
hy~o~uoric acid, 1 mi of hydr~hlori~ acid dropwise and 1 ml of nitric acid dropwise. Heat to 
fumes of sulphur trioxide, Cool and add to the filtrate. Evaporate to about 30 ml. 

Transfer an appropriate sample (up to 19, of beryllium oxide to a $5~ml beaker Add 30 ml of 
6M sulphuric acid and heat until the sample is completely dissolved. Evaporate to about 15 ml. 



~terminat~on of iron in beryllium 63 

Transfer the sample, containing about 100 micrograms of iron, to a 12%ml separatory funnel. 
(Use a 250-r& separatary funnel if fusion of the insoluble residue from beryllium metal was necessary.) 
Add 1 g of citric acid. * Dilute with water or hydrochloric acid to obtain a solution which is 6M with 
respect to hydrochloric acid. Add 4 drops of bromine water (or sufficient to impart a yellow colour 
to the organic phase after the iron is extracted.) Add 25 ml of 0.01M TOP0 in cycfohexane, stopper 
and shake for 2 minutes. Allow the layers to separate, and draw off and discard the aqueous 
phase completely by draining the organic phase into the stopcock. Stopper the funnel, invert, and 
aIlow the drop of organic phase to return to the funnel. If sulphuric acid was present during the 
extraction, add 30 ml of 6M hydrochloric acid. Shake for 1 minute and discard the acid wash. Add 
30 ml of 3M sulphuric acid, stopper and shake for 2 minutes. Transfer the aqueous phase to a 

Impurities, fig 
Sample No. 

i 
Ni Cr Fe Al Ti MO Cu Ag Zr Mg Mn 

_I__----I__---- 

NBL-88 0.7 3 3 1.5 0.15 0.7 3 0.07 1.5 0.7 0.15 
NBL-85 0.3 0.7 1.5 0.3 0.15 0.15 3 0.07 0.01 0.7 0.15 

D The major constituents of both residues were Be, Si, and C. The residues were obtained from l-g 
samples. 

second 125-ml separatory funnel. Wash the organic phase with IO ml of 3M sulphuric acid, shake 
for 30 seconds, and add the washings to the second funnel. Care must be taken not to transfer 
any of the organic phase to the second funnel. (If necessary, the aqueous phase may be washed 
several times with a solution of O.lMTOPO in chloroform? to remove excessive amounts of hafnium, 
indium, tungsten, or zirconium. This is called the ‘*mod&&* procedure in Table II.) Add 40 ml 
of hydrochloric acid to the second funnel and mix. Add exactly 10 ml of 0.01 M TOFU, stopper, 
and shake for 2 minutes. Allow the layers to separate, and draw off and discard the aqueous 
phase. Transfer the organic phase to a 15-ml centrifuge tube and centrifuge for 1 minute (to 
remove water droplets). Transfer a 3-ml portion of the organic extract to each of two 25-m]. volu- 
metric flasks containing about 15 ml of isopropyl alcohol, Add 1 ml of hydroquinone solution to 
each flask, Add 2 ml of 1 :lO-phenanthroline solution to one flask only. Dilute the solutions in 
both flasks to the mark with isopropyl alcohol and mix well. Allow to stand 2 hours for full colour 
development and measure the absorbance of the solution containing the 1 :lO-phenanthroline versus 
the other solution at 510 rnp in 2-cm cells. Determine the iron concentration by reference to a 
standard curve obtained by carrying known amounts of iron through the above procedure. A blank 
and standard should, of course, be carried through the whole procedure. 1f the absorbance of the 
unknown exceeds that on the standard curve, the unknown may be diluted with an appropriate 
amount of isopropyl alcohol. 

Extraction of the irofl-chloride complex 

Ross and whit@ have reported that 99 % of 10 mg of Fe m is extracted with TOPCI from 7M 
hydrochloric acid at aqueous/organic phase ratios af 20. With smaller amounts of iron thii percentage 
should be noticeably higher. The presence of sulphuric acid, at least up to 3M, has no measurable 
effect on the distribution coefficient. We have found that iron is completely extracted in 14 minutes. 

Measurement of the iro#-1 :lO-phenunlhroline complex 

The absorbance spectrum and the wavelength of maximum absorbance of the complex in cycle- 
hexane are essentialiy identical with those in the aqueous phase, The molar absorptivity is similar 

l Citric acid was added to prevent precipitation of tungsten when the effects of impurities were deter- 
mined. 

? Chloroform is used in order that tbe washings may be carried out without transferring the solutions 
to another separatory funnel. 
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TABLEII. THEEFFECTOFOTHERELEMENTSON ~~DETERM~ATION OF IRON 

Element added 

Al 
Sbm 
Sbv 

As? Ba Be 
Bi ’ ’ 
B, Br, Cd, Ca 
Ce”” 
Gem Crm Cry1 Cs I 
Co ku D> Er Eu” 
F’ ’ ” 
Gd 
Ga 

Ge 
AU 
Hf 

Ho 
In 

I, Ir”‘, La, Pb, Li, 
Lu, Mg, Mn”, 

MnV”’ * g H I1 

MO 

Nd, Ni 
Nb 
Pd” 
P 
Pt” K Pr Rev” 
,“I Rb Sm 

9 

SC s& 
I 9 

Si’ 

Na, Sr 
Ta 
Te” 

Tb, Tl’, Th, Tm, 
Sn, Ti 
W 

UV’ 

V, Yb, Zn 
Zr 

- 

I 

- 

w 

10 
10 
5 
1 

10 
10 
10 
10 
10 

300 
10 
5 

1 
10 
10 
10 
5 

10 
10 
5 

10 

5 
1 

10 
10 
10 

100 
10 

10 
5 

10 
10 
5 
1 

0.1 
10 

5 
I 
1 

0.1 
10 
10 
5 

i Relative error, “/o” 

Direct 
method 

t3 
@ 
d 

t3 
<3 
t3 
t3 
<3 
t3 

t3 
<3 
-70 

<3 
<3 
t3 

d 
t3 
<3 

d 
<3 
<3 

d 
t3 
t3 
<3 
t3 
t3 
<3 

-8 
<3 
t3 
<3 
-40 
-16 
t3 
<3 

d 
t3 

c 
t3 
t3 

d 
+6c 

- 

! 

- 

Modifiedh 
method 

t3 

<3 

-l-8e 

+6O 
<3 

T 
Remarks 

No Br, added 
Br, added to Sbm 
Br, added to Sbm 
6 

2 ml 1 :lO-phenanthroline added 
B 

lOmgCeTV, 5mgSnn 
B 

Added as HF 

Consumes TOPO. Additional 1 :lO- 
phenanthroline has no effect 

2 ml 1 :lO-phena~thro~ne added 
Added as fluoride solution 

6 

d 

Added as fluoride solution 

Added as P0,3- 
6 

Large ppt. when TOP0 added 

Added as fluoride solution 
Consumes TOPO. Additional 1 :lO- 

phenanthroline has no effect. 

c 

e 

Added as fluoride solution 

a 101 pg Fe added, Z-cm cells 
b Three washes of the 3M H,SO, solution with 25 

ml of 0.1 M TOP0 in CHCI, 

e Slightly turbid in coloured solution 
B Very turbid in coloured solution 
a The effect of 10 mg of each element 

determined independently. 
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TABLE III. DETERMINATION OF IRON IN OXIDES 

Sample 

1 gram Be0 
1 gram Be0 
1 gram Be0 
1 gram Be0 
1 gram Be0 
1 gram Be0 + 1 mg each of Al, B, Ca, Crm, 

Mn”, Ni, Si, Co, Li, Cd, Cu, Tim, Ba, and 
Sr, and 10 mg each of Mg and Na . 

1 gram Be0 + 1 mg each of Al, B, Ca, Cr”‘, Mn”, 
Ni, Si, Co, Li, Cd, Cu, Tim, Ba, and Sr, and 
10 mg each of Mg and Na 

1 gram Be0 + 1 mg each of Al, B, Ca, Crr”, 
Mn”, Ni, Si, Co, Li, Cd, Cu, Tim, Ba, and 
Sr, and 10 mg each of Mg and Na 

1.3 gram Y,O, 
1.3 gram Y,O, + 100 pg each of Zn, Ca, Mg, 

Snn, Al, Mn”, Vv, Pb, Ba, Cd, B, Si, Li, K, 
Be, Dy, Ho, Tb, Yb, Co, Ni, MO, Cr”‘, W, 
Nb; 200 pg Cu, 400 pg Ta, 4 mg Tim, 5 mg 
F, and 10 mg Zr 

1.3 gram Y,O, + 100 pg each of Zn, Ca, Mg, 
Sn”, Al, Mn”, Vv, Pb, Ba, Cd, B, Si, Li, K, 
Be, Dy, Ho, Tb, Yb, Co, Ni, MO, Cry’, W, 
Nb; 200 pg Cu, 400 ,ug Ta, 4 mg Tim, 5 mg 
F, and 10 mg Zr 

Fe added, ,ug Fe found, pg 

0 18,16,17 
101 118 
101 117 
101 116 
101 114 
101 120 

101 

101 

0 
202 

202 

119 

115 

0 
196” 

198” 

! 

I 

- 

% Recovery 

- 

100 
99 
98 
96 

102 

101 

97 

- 

97 

98 

to that obtained with an aqueous phase. The absorbance is a linear function of iron concentration 
at least to 2 ppm and the colour is stable indefinitely. 

Effect of other elements 

The effect of other elements on the determination of iron by this procedure is shown in Table II. 
The recovery of iron in the presence of mixtures of elements, and the application of the method to 
beryllium oxide and yttrium oxide are shown in Table III. Sufficient bromine water was added to 
ensure the presence of iron in the ferric state. Since nitric and perchloric acids tend to prevent 

TABLE IV. ANALYSIS OF NEW BRUNSWICK STANDARDS’ 

Fe found, ppm Average 
Nominal 

value 

Be 85 
86 
87 
88 

Be0 72-l 
72-2 
72-3 
72-4 
72-5 

1310, 1320, 1410, 1310, 1400 1350 
1640, 1640, 1740, 1640 1670 
2510, 2500 2505 
765, 748 756 
382, 380 381 
192, 194 193 
53.8, 56.5 55.2 
19.7, 20.2 20.0 

395 400 
1400 
1700 
2500 

746 
386 
205 

61.3 
25.2 

0 Nominal values for beryllium metal are based on chemical analysis 

5 
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complete colour formation, they should be removed by volatilisation with sulphuric acid. It has 
been found that the method can be applied to l-gram samples of nickel or chromium, in addition 
to beryllium and yttrium, without prior removal of the main constituent. 

Application of the method 

Results obtained when the method was applied to New Brunswick Laboratory standard samples 
of beryllium and beryllium oxide are shown in Table IV. 

CONCLUSION 

Despite the number of manipulations involved, the procedure is relatively rapid 
and very precise. Increased sensitivity could easily be obtained by using larger 
samples and/or a greater cell-length than specified in the procedure described, or 
possibly by substituting 4 :7-diphenyl-I : lo-phenanthroline for 1: lo-phenanthroline. 

Zusammenfassung-Die Wichtigkeit von Beryllium und Berylliumoxyd im Zusammenhang mit 
Atomenergieprojekten machte die Entwicklung von genauen Methoden zur Bestimmung von metal- 
lischen Verunreinigungen. Eine Methode zur Abtrennung von Eisen wird mitgeteilt, welche auf 
der Extraktion mit Tri-n-octylphosphinoxyd beruht. Das extrahierte Eisen wird mit l:lO-Phen- 
anthrolin bestimmt. Die Methode ist innerhalb von :t3 oA oder $I3 ppm (Mikrogramm per Gramm) 
genau, abhangig was der griissere Wert ist. Genauigkeit und Empfindlichkeit der Methode kijnnen 
gesteigert werden, durch geeignete Wahl von Probenmenge, Extraktionvolum und/oder Zelllnge. 
Von 68 untersuchten Elementen stiiren 61 nicht, wenn in Mengen bis zu 10 mg anwesend. Keine 
Stiirung ist zu verzeichnen in Anwesenheit von 5 mg Silizium, 1 mg Antimon, Gallium, Molybdzn 
oder Wolfram, sowie 0.1 mg Tellur oder Uran. Lcdiglich Gallium, Tellur und Silizium stiiren ohne 
eine warnende Triibung in der gef;irbten Msung zu erzeugen. 

RCsumB-L’importance du bCryllium et de I’oxyde de beryllium dans le programme de l’tnergie 
atomique a ntcessite le dCveloppement de methodes prCcises d’analyse chimique pour le dosage des 
impure& metalliques. Les auteurs prCsentent une mtthode de sCparation du fer par extraction avec 
l’oxyde de tri-n-octylphosphine suivie du dosage avec la l-10 phknanthroline. La mCthode est precise 
g lt3 “/: prks (limite de sensibilitk: 3 p.p.m.). 

On pourrait augmenter la prCcision et la sensibilite par un choix appropriC du poids de l’&hantil- 
lon, du volume du corps extrait, et/au de la longueur de la cellule. Parmi les 68 &ments ttudiks, 
61 ne g&nent pas pour des quantitCs de 10 mg. 5 mg de silicium, 1 mg d’antimoine, de gallium, de 
molybdCne ou de tungstCne ou 0,l mg de tellure ou d’uranium ne gCnent pas. Seuls le gallium, le 
tellure et le silicium gcnent sans produire de trouble avertisseur dans la solution color& 
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SALTING-OUT CHROMATOGRAPHY-VI 

EFFECT OF THE LENGTH OF THE HYDROCARBON CHAIN, 

THE ELUENT SALT, AND THE CROSSLINKING 

AND IONIC FORM OF THE RESIN 

ARTHUR BREYER* and WM. RIEMAN III 
Ralph G. Wright Chemical Laboratory, Rutgers, 

The Sate University, New Brunswick, N.J., U.S.A. 

(Received 14 October 1959) 

Summary--Each increment of CHB in the hydrocarbon chain causes a nearly constant rise in the 
logarithm of C, the distribution ratio. Increases in the crosslinking of Dowex 1 cause increases 
in C, but increases in the crosslinking of Dowex 50 generally cause decreases in C. With water as 
eluent, the largest C values are obtained when the counter ion of the resin has the least salting-out 
ability. The interpretation of these effects and the effect of the eluent salt are discussed. 

SALTING-OUT chromatography1*2*3*4 is the separation of water-soluble non-electrolytes 
by elution through ion-exchange resins with aqueous salt solutions as eluents. 
Alcohols,l amines, ethers,3 aldehydes,4 and ketones4 may be separated by this 
technique. A similar technique, solubilisation chromatography, utilises aqueous 
solutions of organic solvents such as ethanol or acetic acid as eluents and serves to 
separate water-insoluble non-electrolytes (‘or weak electrolytes) such as alcohols,5 
phenols,5 ketones,‘j ethers,’ carboxylic acids,’ and aromatic hydrocarbons.’ The plate 
theory of chromatography with ion-exchange resins has been discussed in two recent 
treatises.8e0 

In this paper, the basic equatiorPB of the plate theory 

U” = V(C + 1) (1) 

is used to calculate C values. In this equation, U* is the volume of eluate collected 
from the addition of the sample to the peak of the elution graph; V is the interstitial 
volume of the column; and C is the distribution ratio defined as the quantity of 
sample constituent in the resin of any plate divided by the quantity of the same 
constituent in the interstitial solution of the same plate at equilibrium. It has been 
demonstrated that 

log C = log C, + kM (2) 

where C, is the distribution ratio with water as eluent, C is the distribution ratio with 
an aqueous salt solution of molarity M, and k is the salting-out constant, This 

equation is analogous to those employed for the determination of k by solubi~ty, 
distribution, or vapour-pressure methods.lO*ll 

This investigation was designed to gain a better insight into the nature of salting- 
out on ion-exchange resins. 

* Department of Chemistry, Ohio Wesleyan University, Delaware, Ohio, U.S.A. 
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Reagents and resins 
EXPERIMENTAL 

Assayed reagent-grade salts were used in preparing the eluents. All carbonyl compounds were 
of the best grade available. Propanone, butanone, and 2-pentanone were dried and redistilled. 

The resins were sulphonated crosslinked polystyrenes (Dowex 50) and crosslinked polystyrenes 
with quaternary nitrogen atoms attached by methylene bridges (Dowex 1). They were all of 200-400 
mesh but varied in nominal crosslinking (‘A divinylbenzene). The Dowex 50 resins were treated with 
4M hydrochloric acid until the effluent was free of iron, then washed with water. They were con- 
verted to the desired cationic forms by treatment in columns with the appropriate salt or hydroxide 
solution until the pH values of the influent and effluent were the same, and were finally washed with 
water. The Dowex 1 resins were conditioned with 3M hydrochloric acid and ethanol; water rinses 
followed each treatment. They were generally converted into the desired anionic form by column 
treatment with an appropriate salt. In some cases, they were first converted to the hydroxide form, 
which was then treated with the appropriate acid. The excess of acid was removed with water. 

The interstitial volumes of the columns were determined as previously described.3 A more 
comprehensive study of interstitial volumes is reported elsewhere.l* 

Eiution and analysis 

The preparation of the columns and the procedure for elution have been described elsewhere.*p8 
The concentration of ketone in the effluent was determined by oxidation with dichromate13 or by a 
modification& of the differential pH method.14 

RESULTS AND DISCUSSION 

Eflect of crosshking 

Fig. 1 shows the results of eluting mixtures of three ketones through columns of 
Dowex 1 of different crosslinkages with ammonium sulphate. Table I shows the 
parameters of equation (2) obtained from an extensive series of elutions of other 
ketones through resins of various crosslinkages with several concentrations of 
ammonium sulphate. This table also gives the ratios of the C values of 2-pentanone 
(C,) to those of acetone (C,). 

TABLE I.-SALTING-OUT CONSTANTS WITH AMMONIUM SULPHATE 

Propanone 
Resin / -1 

log G 

Butanone 
-_ - 

k log c, 

0.000 

0.105 
0.282 
0.151 
0.125 
0.200 

k 

2-Pentanone ’ 
^_ ..__~ 

GIG 

2M(NH&SO, 

Dowex l-X4 /K--- 0.175 0.283 
Dowex 1-X8 i -0.170 

/ 0.183 
0.318 

Dowex 50-X4 0.272 
Dowex 50-X8 j 0,010 0.312 
Dowex 50-X12 -0.030 0.330 
Dowex 50-X16 0.045 0.322 

_- 

- 

0.360 
0.397 
0.358 
0.398 
0.397 
0.385 

4.46 
0.405 0.448 ! 3.58 6.53 
0.345 / 

1 
0.429 / 1.67 3.66 

0.295 0.478 1.94 3.91 
0.270 0.484 2.03 4.10 
0.350 0.480 / 2.06 4.28 

These results reveal the following facts: (a) As the crosslinking of the anion- 
exchange resin increases, the distribution ratios increase at first and then appear to 
level off (Fig. 1). The same general tendency was exhibited, except for a few 
compounds of low molecular weight, by alcohols,l ethers,3 and other ketones.4 (6) 
With the cation-exchange resin, the distribution ratios decrease as the crosslinking is 
increased from 4 to 12% but increase slightly with a further increase in crosslinking. 
(c) The salting-out constant, k, for a given solute is constant within the experimental 
error for all resins with nominal crosslinkings of 8 yO or more.3*8 (d) The absorption 
selectivity, C,jC,, increases with increasing crosslinkage. 
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The absorption of non-electrolytes from aqueous salt solutions can be best 
understood in terms of the following factors:15,16 (1) the simple dissolution of the 
non-electrolyte in the solution within the resin beads; (2) the London dispersion forces 
between the hydrocarbon portion of the organic solute and the benzene rings and the 
tetra-alkylammonium groups of the resin; (3) interactions between the dipoles of the 

0 2 4 6 8 IO 

FIG. I .-The effect of varying the crosslinkiog on the distnbution ratio, C, 

% Crosslmking 

solute and the ions of the resin; and (4) the salting-out of the organic compound by 
the aqueous salt solution into the resin phase. On the other hand, the rejection of 
non-electrolyte molecules by the resin phase is due to (5) the salting-out of the non- 
electrolyte by the fixed and counter ions of the resin and (6) steric effects concerned 
with the size of the uncharged molecule and the interstices of the resin framework. 

Although the magnitude of the foregoing factors has not been evaluated, they can 
be used for a qualitative explanation of the effect of crosslinking on the distribution 
ratio. As the crosslinking of the anion exchanger is increased, factors (2) and (3) 
would lead to increased absorption whereas factors (I), (5), and (6) would result in 
decreased uptake of non-electrolyte. The increase in selectivity(Table I) with increasing 
crosslinkage indicates that the London forces probably predominate, 

The observation that increasing the crosslinkages of Dowex 50 from 4 to 12% 
leads to decreased sorption whereas Dowex 1 shows the opposite effect is probably 
due to the greater salting-out effect of benzenesulphonate ions as compared with 
benzyltrimethylammonium ions coupled with the increase in the concentration of 
these ions due to the shrinking of the resin with increasing crosslinkage. 

The fact that the salting-out constant, k, is independent of the resin (provided the 
crosslinking is 8% or more) indicates that this parameter is related solely to the 
interaction between the salt and organic solute, whereas C, in equation (2) is related to 
the interaction between the resin and the non-electrolyte. 
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E#ect of eluent salt 

The effect of the eluent salt on the constants of equation (2) for three ketones and 
three resins is given in Table II. Again, it is seen that k is constant for any given pair 
of salt and non-electrolyte, regardless of the resin (provided there is at least 8% 
crosslinking). The discrepancy in the values for magnesium nitrate with propanone 
is due to the experimental difficulty in the accurate evaluation of very small C values. 

By virtue of their large k values, magnesium and ammonium sulphates are more 
generally useful in salting-out chromatography than the other salts in Table II. Of 

TABLE II.-SALTING-OUT PARAMETERS WITH DIFFERENT ELUENT SALTS 

Resin 1 Eluent 

Dowex l-X8 I NH,NO, 
Dowex l-X8 W-LMO, 
Dowex l-X8 
Dowex 1-X8 ~ 

&F-O, 
MgWW, 

Dowex SO-X8 ~ NH,NO, 
Dowex 50-X8 ~ NLMO, 
Dowex 50-X8 MgSO, 
Dowex SO-X8 Mg(NO,)z 

Dowex SO-Xl2 KC1 
Dowex 50-X12 ~ KNO, 
Dowex 50-X12 : Kl 
Dowex 50-X12 i N-LMO, 

Propanone ~ Butanone 

k -i- 

1 2-Pentanone 

log co k log Co log co 
-- 

k 
I_ 

0.048 
-0.170 
-0.185 

0.057 

0.015 
0.010 
0.083 
0.085 

0.052 
0.055 
0.066 

-0.300 

0.035 
0.318 
0.279 
0.028 

0.034 
0.312 
0.312 
0.062 

0.109 
0.056 
0.040 
0.330 

- 

0.305 0.047 
0.105 0.397 
0.085 0.378 
0.320 0.064 

0.155 
0.151 
0.182 
0.205 

0.047 
0.398 
0.408 
0.089 

0.605 
0.405 
0.375 
0.595 

0.302 
0.295 
0.332 
0.365 

0.125 i 0.397 I 0.270 0.484 
- 

0.056 
0.448 
0.454 
0.091 

0.058 
0.478 
0.481 
0.125 

these two, ammonium sulphate is the better because of its greater solubility and greater 
selectivity (difference in log C, for any two of the ketones). 

The k values of propanone with magnesium sulphate, potassium chloride, 
potassium nitrate, and potassium iodide determined by classical methodslO are 
respectively 0.310, 0.101, 0.041, and 0.020. Except for the last very small value, these 
check the values obtained by salting-out chromatography (Table II). 

If it is assumed that the salting-out constant for a given salt with a given non- 
electrolyte is equal to the sum of the salting-out contributions of its ions and if the 
salting-out constant of the nitrate ion is arbitrarily taken as zero,l’ the ionic salting-out 
constants can be calculated. The values of Table III were calculated thus from the 
values of Table II for Dowex 50-X8 with the sulphates and nitrates of magnesium and 
ammonium. The values of kSOA2, check very well. 

TABLE III.-IONIC SALTING-OUT CONSTANTS 

Compound hq+ h,Ig+z 
kso,-2 

From MgSOd From (NH&SO, 

Propanone 0.034 0.062 0.250 0.244 
Butanone 0.047 0.089 0.319 0.304 
2-Pentanone 0.058 0.125 0.356 0.362 
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Efect of the ionic form of the resin 

Elutions of three ketones were performed with water as the eluent through 

Dowex 50-X8 in 26 different ionic forms and through Dowex l-X8 in 18 different ionic 
forms. The results are summarised in Tables IV and V. The C, values of 2-pentanone 
and of acetone are denoted respectively C, and C, in these tables. 

TABLE IV.-EFFECT OF THE COUNTER ION OF DOWEX SO-X8 

Counter 
I Distribution ratio 

ion 
Propanone Butanone 2-Pentanone 

.- 

H 1.63 
Mnu* 1.40 
Bi* 1.40 
Ce’v 1.37 
Cr”’ * 1.36 
Th* 1.34 
Cd* 1.33 
Fen * 1.32 
Ca 1.30 
cLl* 1.30 
Al I 1.26 
Co”* ~ 1.25 
Zn* 1.25 
Li 1.22 
Ba* 
Pb* 

Mg 
Hg”* 
NilI* 

Sr 
K 

NH, 
Na 

Ag* 
(C,H,),N 
(CH,),N 

1.22 
1.22 
1.21 
1.20 
1.20 
1.18 
1.14 

/ 
1.01 

I 1.00 
0.92 
0.51 
0.48 

- 

log (G/G> 

2.25 
1.96 
1.83 
1.85 
1.88 
1.90 
1.85 
1.81 
1.73 
1.70 
1.70 
1.67 
1.64 
1.52 
1.69 
1.62 
1.60 
1.68 
1.56 
1.60 
1.47 
1.41 
1.30 
1.15 
0.55 
0.58 

3.11 0.281 
2.64 0.285 

2.66 
2.63 
2.74 
2.55 
2.62 
2.58 
2.48 
2.57 
2.40 
2.38 
2.04 
2.69 
2.45 
2.31 
2.41 
2.27 
2.41 
2.08 
1.96 
1.87 
1.59 
0.62 
0.64 

0.287 
0.288 
0.311 
0.281 
0.299 
0.296 
0.279 
0.310 
0.283 
0.279 
0.220 
0.342 
0.302 
0.280 
0.304 
0.275 
0.311 
0.262 
0.288 
0.272 
0.247 
0.085t 
0.1267 

- 

Mean = 0.284 
Mean 

deviation = 0.017 

* These values were determined by Miss Eva Agnes Smith. 
t Excluded from the mean. 

It is obvious from these tables that the magnitude of the absorption is markedly 

dependent on the nature of the counter ion. Other less extensive studiePJg have 
indicated the same effect. Two hypotheses will be considered as possible explanations 
of these data. 

If the ketone is absorbed mainly by simple dissolution in the internal water of the 
resin, the distribution ratios should be governed by the swelling of the resin in the 
various forms. A comparison of the C values of Table IV with the available data on 
the uptake of water20.21*22 by various ionic forms of Dowex 50 indicates that this 
hypothesis is untenable. 



Counter 
ion 

Distribution ratio 

Propanone Butanone 2-Pentanone 
- 

Iodide 16.43 
Thiocyanate 7.39 
Bromide 5.36 
Nitrate 4.09 
Formate* 3.56 
Oxalate 3.64 
Citrate 2.62 
Chloride 3.26 
Hydroxide 2.81 
Benzoate* 2.51 
Salicylate 3.62 
Fluoride 3.10 
Acetate 2.58 
Sulphate 2.51 
n-Butyrate* 2.56 
n-Caproate* 2.20 
Adipate* 2.51 
Phosphate 2.18 

2.04 5.50 
1.39 3.11 
1.15 2.42 
1.14 2.11 
1.00 1.66 
0.95 1 .I6 
0.96 1.55 
0.91 1.66 
0.88 1.42 
0.85 1.28 
0.77 1.64 
0.77 1.47 
0.71 1.33 
0.70 1.28 
0.66 1.29 
0.65 1.11 
0.63 1.27 
0.64 1.12 

* These values were determined by Miss Eva Agnes Smith. 

72 ARTHUR BREYER and WM. RLEMAN III 

TABLE V.-EFFECT OF THE COUNTER ION OF DOWEX l-X8 

log (G/C.) 

0.92 
0.74 
0.67 
0.56 
0.55 
0.59 
0.43 
0.55 
0.50 
0.47 
0.69 
0.60 
0.56 
0.57 
0.59 
0.53 
0.61 
0.53 

On the other hand, if the salting-out by the counter ions is the main factor the 
values of C in Tables IV and V should be parallel with those obtained by classical 
salting-out methods. According to Long and McDevit,lO the salting-out ability of 

cations (per equivalent) toward acetone decreases in the order 

Na+ > K+ > Mg2f > Li+ 

This checks the order of these cations in Table IV. Similarly, Long and McDevit 
place the anions in the order 

SOd2- > Cl- > NO,- > Br- > I- 

which checks the order of Table V except for the reversal of nitrate and bromide. It is. 

concluded, therefore, that the chief factor in the effect of the counter ion is its salting- 
out ability, those ions with the least salting-out ability imparting the greatest sorption 

power to the resin. 
On the basis of this hypothesis, however, one glaring anomaly exists. The tetra- 

alkylammonium ions have negative salting-out properties; hence they should impart 
the greatest sorptive ability to Dowex 50, whereas, in fact, they stand at the bottom of 
Table IV. This discrepancy may be explained by assuming that these large ions are 
oriented close to the benzene rings of the resin and thus interfere with the normal 
attractive forces between the aromatic nuclei and the organic solutes. 

Effect of the length of the hydrocarbon chain 

Fig. 2 indicates that the addition of a CH, group to a 2-alkanone causes a nearly 
constant increment in the Co value with various cationic forms of Dowex 50. Fig. 3 

indicates the peculiar behaviour of the tetraethylammonium ion in this regard, also, 
that the anion-exchanger behaves differently from the cation-exchanger. 
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Length of the Carbon than 

FIG. 2.-The distribution ratios, C,, of 2-alkanones with various cationic forms of Dowex 50 
as a function of the length of the carbon chain. 

Tetroethylommonum fo 

2 Dowex 50- 

3 Dowex I-X 

I 

3 5 7 9 

Length of Carbon chom 

FIG. 3.-The distribution ratios, C,,, of 2-alkanones as a function of the length of the carbon 
chain. 
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Zusanunenfassung-Jedes Inkrement von CH, in einer Kohlenwasserstoffkette bewirkt einen nahezu 
konstanten Anstieg in Log C (C der Verteilungs koeffizient). Anstieg des Vemetzungsgrades von 
Dowex 1 bewirkt Anstieg in C, wlhrend bei Dowex 50 ein Abstieg in C zu verzeichnen ist. Mit 
Wasser als Eluant werden die grossten C-Werte erhalten, wenn das Gegenion des Harzes die geringste 
Aussalzfahigkeit aufweist. Eine Interpretation dieser Effekte wird zur Diskussion gestellt. 

RCunt&Chaque augmentation de CH, dans une chaine hydrocarbonee provoque une augmentation 
a peu pres constante du logarithme de C, le coefficient de partage. Des accroissements du degre de 
pontage de la Dowex 1 provoquent des accroissements de C, mais des accroissements du degre de 
pontage de la Dowex 50 provoquent generalement des decroissances de C. Avec l’eau comme 
eluant, on obtient les plus grandes valeurs de C quand l’ion dans la resine a le plus faible pouvoir 
d’exclusion. L’interpretation de ces effets et l’effet du se1 tluant sont discutts. 
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PRELIMINARY COMMUNICATIONS 

The precipitation of metal Shydroxyquinolates from homogeneous solution-I 

Preparation of 8-acetoxyquinollne 

(Received 24 February 1960) 

INTRODUCTION 

No method has apparently been reported for the precipitation of a metal ion from homogeneous 
solution by the generation of 8-hydroxyquinoline from a parent reagent such as an ester. Although 
aluminium I-hydroxyquinolinate has been precipitated from homogeneous solution, this was ac- 
complished by raising the pH of an acid soluton containing 8-hydroxyquinoline through the hydro- 
lysis of urea.’ This paper describes a convenient method for the preparation of the ester, S-acetoxy- 
quinoline, which serves as an excellent source reagent for the generation of 8_hydroxyquinoline, thus: 

C‘O 2 > + I-N --f 
N 

“-CC0 

ql r /I 
N 

; + CH,C<’ 
OH 

OH 

CH, 

It has been found in preliminary experiments with many metal ions that the use of I-acetoxyquinoline 
results in the formation of large, well-developed, and readily filterable crystals as compared to 
conventional precipitation with 8hydroxyquinoline. 

The preparation of 8acetoxyquinoline has been reported previously by several investigators. 
In 1882, Skraup2 prepared this compound by reacting 8-hydroxyquinoline with sodium acetate and an 
excess of acetic anhydride. He hydrolyzed the excess acetic anhydride with water, neutralized the 
solution with sodium carbonate, and extracted the oil that separated out with ether. He distilled the 
dried ether extract and obtained 8-acetoxyquinoline as a colourless oily liquid (b.p. 280’) which would 
neither solidify upon long standing at room temperature nor upon cooling to -20’. Borsche and 
Groth3 reported the preparation of solid 8-acetoxyquinoline (m.p. 56 to 57 ) but did not furnish any 
details of the method of synthesis. Dimroth reacted 8-hydroxyquinoline with acetic anhydride and 
upon cooling the reaction mixture an addition product precipitated from which solid I-acetoxyquino- 
line (m.p. 55.5 to 565) was subsequently obtained. Although Browning5 also reportedly prepared 
8-acetoxyquinoline, this seems unlikely because the melting point of the solid he obtained was 75 to 
76” which is quite close to that of 8-hydroxyquinoline (76”). 

In the present method of preparation, acetic anhydride reacts with 8-hydroxyquinoline, the 
I-acetoxyquinoline is subsequently distilled, and after solidification, purified by recrystallization from 
a mixture of isopropyl ether and n-heptane to give a crystalline product with a m.p. at 56.2 to 56.5”. 

Reagents 

EXPERIMENTAL 

Reagent grade I-hydroxyquinoline was obtained from the Matheson, Coleman, and Bell Division 
of the Matheson Company, Norwood, Ohio. Reagent grade acetic anhydride was obtained from the 
Mallinckrodt Chemical Work, New York, New York. 

Preparation andpurl$cation 

Seventy-seven and one-half grams (0.69 mole) of I-hydroxyquinoline were placed in a 500 ml 
Claisen flask. Then 200 ml (2.1 mole) of acetic anhydride were added and the mixture heated. An 
amber-coloured solution formed, which upon further heating changed until it was almost colourless. 
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The acetic acid by-product and the excess acetic anhydride were distilled from the reaction mixture at 
atmospheric pressure. The boiling range of the distillate was from 125” to 145”. The liquid remaining 
in the flask was then subjected to a reduced-pressure distillation. The product, which was a viscous, 
light yellow liquid that solidified after a few hours, distilled over between 195” and 205” at 35 mm Hg 
pressure. The crude 8-acetoxyquinoline (>90 % yield) was dissolved in the smallest possible amount 
of isopropyl ether at room temperature and the solution was diluted with n-heptane. The solution was 
filtered at room temperature and then cooled to -78” in a dry ice-acetone bath. The slurry that was 
obtained was quickly filtered through a Buchner funnel and the white solid precipitate was then dried 
in the air at room temperature. 

Properties 

The melting point of S-acetoxyquinoline was found to be 56.2’ to 56.5” after two recrystallizations 
from the ~-hept~e-~~upropyl ether mixture; further r~~stallization did not alter the melting point. 

Two samples of the 8-acetoxyquinoline, prepared and purified as described previously, were 
analyzed for carbon, nitrogen, and hydrogen content. The results of these analyses are presented in 
Table I. 

Waveie~th, /L 

FIG. 1. Infra-red absorption spectra 
(a) Upper spectrum: 8-acetoxyquinoline 
(b) Lower spectrum: 8-hydroxyquinoline 

Infrared spectra of 10% (by weight) solutions of 8-acetoxyquinoline and 8-hydroxyquinoline in 
acetone were obtained with a Perkin Elmer (Model 137) Infra-red Spectrophotometer. In each case, 
the solution path lengths were 0.094 mm in sodium chloride cells. The spectra are shown in Fig. 1. 
It should be observed that the characteristic absorption bands in the spectrum of 8-hydroxyquinoline 
at 3.0,7.8, and 13.9 microns are completely absent from the spectrum of 8-acetoxyquinoline. 

8-Acetoxyquinoline was added to acetate-buffered aqueous solutions of several ions, namely, 
Mgr’, Aim, Zn n, UOau, Tdv, Fen’, Cui’, Co”, Ni”, Pb*‘, Mn”, and Cdn, and was found to precipitate 
the corresponding 8-hydroxyquinolinates from homogeneous solution. The hydrolysis reaction 
appeared to proceed more rapidly in basic solution than in neutral or acid solution. Substitution of 
other groups for the acetyl group of 8-a~toxyquinoline can be expected to give compounds with 
other hydrolysis rates as desired. The results will subsequently be reported in full in TALANTA. 
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TABLE I.-RESULTS OF CARBON, NITROGEN, AND 
HYDROGEN ANALYSIS 

‘A Carbon 

Found 

70.3 
70.4 ~ 

Theoretical 

70.5 

% Nitrogen 1.5 1.5 
7.6 

% Hydrogen ~ 4.5 4.9 
4.6 

% Oxygen 17.1 I 17.1 
(By Difference) 17.4 
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Cleveland, 6, Ohio, U.S.A. 

Summary-The reagent, 8-acetoxyquinoline, has been found to be useful for the precipitation from 
homogeneous solution of metal 8-hydroxyquinolates. A convenient method for the preparation of 
the reagent in crystalline form is described. 

Zusammenfassung-8-Acetoxychinolin wurde als geeignetes Reagens zur Flllung von Metalloxinaten 
aus homogener Liisung gefunden. Eine einfache Methode zur Darstellung des Reagenses in kristal- 
lisierter Form wurd beschrieben. 

R&m&Les auteurs ont trouve que le rCactif, la 8-acetoxyquinolinC Ctait utile pour la precipitation 
en solution homog?me de 8-hydroxyquinolates mCtalliques. Une mCthode convenable de prkparation 
du reactif sous forme crisfalline est d&rite. 
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N : N : N ' : N ' - T e t r a c a r b o x y m e t h y l  derivatives o f  some benzidines as 
metallofluoreseent i n d i c a t o r s  

(Received 26 February 1960) 

WE have found that metallofluorescent complexans are formed when the 3 : Y-disubstituted derivatives 
of benzidine are condensed with chloroacetate. The structure of these complexans is believed to be 

HOOC'H2C CH2COOH 

HOOC'H~C ~ ~ CH2COOH 
X X 

The three complexans which proved of interest were o-dianisidine-N:N:N':N'-tetraacetic acid 
(X = OMe), o-diphenetidine-N: N : N' : N'-tetraacetic acid (X = OEt), and benzidine-3 : 3'-dicarboxylic 
acid-N:N:N':N'-tetraacetic acid (X = CO,H). The first two compounds fluoresce in pH c.4 to c.10 
solutions, the maximum fluorescence being at pH 5'5 to 6.0, and the last compound in solutions 
greater than pH8, the maximum fluorescence being in caustic soda solution. The fluorescence of the 
alkoxyl derivatives is quenched by copper xI and mercury H ions and that of the dicarboxyl derivative 
by calcium ions. The reactions form a suitable basis for the detection of the visual end-point by 
employing the appearance (or disappearance in a back-titration) of fluorescence in the EDTA 
titration. A very sharp end-point is obtained with the first two indicators in the coppeOI-EDTA 
titration in pH 4 to 10 solutions; in the direct titration of mercury H with EDTA in slightly acid 
solution the end-point is not quite so sharp. Calcium can be titrated with EDTA in alkaline solution 
using benzidine-3:Y-dicarboxylic acid-N:N:N':N'-tetraacetic acid as indicator. As with calcein 1, a 
residual fluorescence occurs on the "non-fluorescent" side of the end-point probably due to the 
presence of unchanged benzidine-3:3'-dicarboxylic acid; the purification of this complexan is now 
being studied. This effect impairs the sharpness of the end-point. 

The fluorescence shown by these complexans is very intense and only a very minute amount  of 
the indicator is required; the indicator blanks are negligible. In fact 0.035 #g of copper H quenches 
the fluorescence of the two alkoxyl derivatives at a dilution limit of 1 in 2 × 106. 

E X P E R I M E N T A L  

The indicators were prepared in the form of their sodium salts. Aqueous solutions of these salts 
deteriorate to some extent, and it is more convenient to use the indicators as solid mixtures with an 
inert salt such as sodium chloride or potassium nitrate in the ratio of 1 : 100. 

Titration of copper II with EDTA 

The type of apparatus employed in the titration has been described by Belcher and Nutten2; the 
ultra-violet source was a Mazda mercury vapour electric discharge lamp-type MBW/U, 230-240 
volts, 125 watts. Ten ml of 0 '02M copper H solution were pipetted into a 250-mi conical flask and 
diluted with water, and the buffer solution and indicator were added. The titration was done in a 
darkened room with the contents in the flask exposed to the ultra-violet source. The solution was 
titrated with 0.02M EDTA to the appearance of fluorescence. 

An average titre of 10.06 ~z 0'02 ml of 0"02M EDTA was obtained using o-dianisidine-and-o- 
diphenetidine-N: N: N': N'-tetraacetic acids at a pH range of 4 to 10, as against a titre of 10'05 ~ 0.01 
using Fast Sulphon Black as visual indicator 3. 

The end-point in the reverse titration was equally sharp, being marked by the disappearance of 
fluorescence. The following metal ions can be determined by titrating an excess of EDTA with 
copperII--Bi 3+, Fe 2+, Fe 3+, In 3+, Ni 2+, Pb ~+, Th 4+, T13+, V 4+ and Zr  4+. 

Titration of calcium with EDTA 

The following results were obtained using benzidine-3 : Y-dicarboxylic acid-N: N: N': N'-tetraacetic 
acid with three buffer solutions indicated below. The titration was standardised using Acid Alizarin 
Black SN indicator and diethylamine buffer solution 4. 
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10 ml 0.02M Ca ~÷ = 10.01 5= 0.01 ml 0.02M EDTA. 

Buffer EDTA, ml 

5 N N a O H  10.02, 10'03, 10.02 
Et~NH 10.02, 10'02, 10.02 
NHa-NH4CI 10.04, 10.04, 10.03 
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The sharpest end-points were obtained in caustic soda solution. The end-point was improved 
somewhat when phenolphthalein was present; this also gave an indication as to whether sufficient 
caustic soda was present. A large excess of the latter must be avoided as this would cause percipi- 
tation of the calcium. 

The synthesis and properties of the complexans of other derivatives of benzidine and related 
compounds are under investigation. 

R. BELCHER. 
Chemistry Department D . I .  REES. 
The University, Edgbaston W . I .  STEPHEN. 
Birmingham 15, England 

Summary--Metallofluorescent indicators are formed by condensing 3:3'-disubstituted derivatives 
of benzidine with chloroacetate. These complexes can be used as indicators in titration of EDTA 
with, e.g., copper ~. In consequence, a wide range of metal ions can be determined by back-titrating 
an excess of EDTA with copper n solution, using the disappearance of fluorescence of these complexans 
as indicators. 

Zusammenfassung--Fluorescierende Metallindicatoren werden erhalten, wenn man 3,3'-substituierte 
Derivate des Benzindins mit Chloressigsaure kondensiert. Diese Verbindungen k6nnen als Indicatoren 
in ,~DTE-Titrationen, z.B. yon Kupfer(II), verwendet werden. Folglich kann ein weiter Bereich von 
Metallionen bestimmt werden, indem man einen 0berschuss yon ,~DTE mit Kupfermassl6sung 
zuriJcktitriert, his die L6schung der Fluorescenz den Endpunkt anzeigt. 

R6sum6--Les indicateurs m6tallofluorescents sont form6s par  condensation des d6riv6s 3-3' disub- 
stitu6s de la benzidine avec du chlorac6tate. Ces complexes peuvent etre utilis6s comme indicateurs 
daus le titrage de I 'EDTA par le cuivre II, par  exemple. Ainsi, une grande s6rie d'ions m6talliques 
peuvent &re dos6s par  titrage en retour d'un exc6s d 'EDTA par une solution de cuivre II en utilisant 
comme m6thode indicatrice la disparition de la fluorescence de ces complexes indicateurs. 
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SHORT COMMUNICATION 

Further comments on metalfluorechromic indicators 

(Received 23 Febrmry 1960) 

RECENTLY K&b1 and Svoboda’ have criticised the term “metalfluor~hromic indicators” and the 
mechanism proposed by Wilkins? to explain the reversal of the indicator and the blocking reactions 
which take place with certain metal ions and various indicators, In light of this criticism further 
comments are necessary regarding the mechanisms proposed by Wilkins* and by K&M, et uLIJ as 
well as the terminology involved in classifying these indicators. 

Semantics can be an interesting subject but becomes particularly difficult when the discussion 
involves translations from one language to another. If one were to break down the terms “metal- 
fluorechromic indicator” and “metallochromic indicator” into their integral parts, it is apparent that 
it is the “chromic” portion of the term which causes the difference of opinion. The term “chromic” 
signifies colour and there is nothing expressed or implied in this term regarding a change in colour. 
Thus the term “metallochromic” is an adjective and it is the noun “indicator” which implies that a 
change in colour is under consideration. In all common usage e.g., “hypsochromic shift,” “batho- 
chromic change,” a noun is necessary to indicate that a change of colour is taking place. The term 
“metallochromic indicators” has received wide-spread usage and a further description of these 
compounds appears unnecessary. The term “metalfluor~hromic indicator” was proposed because 
of the many similariti~ to metall~~omic indicators, however, the fluorescent properties are rather 
unique and merit specia1 designation. Calcein with ultra-violet light as the sole source of illumination 
is a one-colour (fluorescent) indicator and the colour change is from green to absence of colour. To 
preclude this phenomenon from being classified as a colour change would be analogous to stating 
that the red to colourless transition of phenolphthalein is not a colour change. The fact that the 
green colour is a result of emitted radiation is not a legitimate basis for excluding this phenomenon 
from being discussed as a change of colour. For example, one speaks freely of the yellow colour of 
the sodium flame. 

The mechanism proposed by Wilki& was suggested as a means of explaining the unusual differ- 
ences which various cations exhibited in their reactions with these indicators. The normal complex 
and thereversal complexreceived limiteddiscussion, whereas the blocking reaction was only mentioned 
as being explicable by a comparable mechanism. It was noted that the phenomena were being studied 
and would be reported at a later date. In view of the criticism and alternative proposal by KSrbl 
and Svobodal, it appears appropriate to continue the discussion of the reactions of these indicators 
at this time. 

The basis of this mechanism is the possibility of the formation of two geometrically different 
chelates with the Auorechromic indicator. These configurations are illustrated in Fig. 1. 

(a) 

FIG. 1. 
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(b) 
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The “normal complex” would have the structure shown in Fig. la. ~imen~ly the “normal 
complex” is demonstrated by the quenching of the fluorescence of free Cal&n at a pH of 7 for example. 
The phenomenon observed is that co-ordination of the indicator anion with copper forces the indicator 
anion to assume an electronic configuration which would normally exist in a more alkaline region. 
Cal&n does not fluoresce at a high pH (above 12). In my opinion the bond between the copper and 
the phenolic oxygen would be predominantly covalent in character, contrary to the opinion of Korbl 
and Svoboda.’ This assumption is based on the ease of extraction of many chelates with a copper- 
phenolic oxygen bond into non-polar solvents. 4 If the bond were predominantly ionic, such chelates 
would not be so soluble in non-polar solvents.5 

There is good reason to expect the configuration shown in Fig. la to be formed in a stepwise 
fashion. In fact one would expect the configuration shown in Fig. lb to be one of the steps. The fact 
that such a stepwise formation probably exists is aptly demonstrated by the work of Schwarzenbachs 
and is not inconsistent with the “normal compIex.” These experiments are also consistent with the 
“in~cator-reveal complex” and the “blocking reaction.” 

The “indicator-reversal complex” is demonstrated experimentally by adjusting the pH of a solution 
of Calcein to such a high value that the free indicator no longer fluoresces. The addition of calcium 
to this solution results in a green fluorescence. The portion of the indicator molecule responsible for 
the emission of fluorescent radiation has assumed the electronic configuration of a form which 
normally exists in a more acid region. It should be noted that this is the opposite from the normal 
reaction and was the reason for the term “indicator-reversal complex.” Here again one would expect 
stepwise formation but the observable step would be the configuration illustrated in Fig. lb and the 
indicator reverses the normal sequence of events and exhibits the characteristics of a more acid species 
instead of a more alkaline species. 

The statement was made that, “In no case has an element been found which will take part in both 
types of complex types of complex formation.“a With the compounds and metal ions studied, we 
have not as yet found an element which denwnstrures both reactions. It appears possible with certain 
metal ions in combination with an appropriate univalent anion to prevent (or delay) the formation of 
the “normal complex” (Fig. la), but to allow the stepwise formation as far as the configuration 
shown in Fig. 1 b. The experiments indicate the formation of an indicator-reversal complex but the pH 
range at which the experiments must be carried out gives one reason to suspect that a hydroxide 
precipitate may be present. The adsorption of the non-fluorescing anion on a precipitate frequently 
results in fluorescence. The statement, however, should not be construed to say that no such element 
and indicator will ever be found. Such a combination may exist although it is highly unlikely that 
such is the case in view of the probable bonding; and the experiments presented by K&b1 and 
Svobodal certainly are not a suitable example of such a case. They have given the example of the 
reactions of calcium with Phenolphthalein Complexone. Their argument is that at a pH of 10 the 
addition of calcium to a solution of Phenolphthalein Complexone results in a colour change from 
colourless to red and at a higher pH the change is from red to colourless. K&b1 and Svoboda have 
overlooked the fact that the colour changes for Phenolphthalein Complexone in these pH ranges are 
colourless to red and back to colouriess. This isprobably better known by the fact thatphenolphthalein 
as an acid base indicator goes colourless in more alkaline solutions. Therefore the more logical 
interpretation in the example they have presented is that in this instance the same kind of complex is 
formed in both cases. An example of such a case, of course, must be restricted to a given cation and a 
single indicator. There are many examples when a cation forms a normal complex with one indicator 
and a reversal-complex with another. 

Some further evidence may be presented by examining some indicators in which the chelating 
functional group is modified. One of these which has been prepared and will be described in the 
literature shortly is N-methyl Calcein, a condensation product of N-methyl glycine, formaldehyde 
and fluorescein. The chelating portion of the indicator is illustrated in Fig. 2 to show the two types 
of complexes. 

It should be noted that one of the chelating ligands has been removed. In the case of the normal 
complex the possible number of chelate rings involving the metal ion and an indicator molecule has 
been reduced from three to two whereas with the indicator-reversal complex the reduction is from 
two to one. The cases in which the normal complexes are involved show subtle but useful changes. 
In those cases where in~cator-~ver~l complexes are formed the changes are drastic. One would 
expect this since a change from three to two rings would not be expected to alter characteristics 
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nearly so much as a change from two to one. N-Methyl Cal&n is useful for titrations where the 
normal complex is involved. For example in copper titrations sharp end-points are obtained, and it 
is apparent that a stable complex is formed. The addition of calcium to a solution of this indicator in 
the high pH range results in a slight increase in fluorescence but the titration with EDTA leaves much 
to be desired. 

b 

FIG. 2. 

The blocking reactions’ which sometimes occur also fit into the mechanism proposed by Wilkins.’ 
In this case the structure is illustrated in Fig. lb. The structure is identical to the indicator-reversal 
complex. The difference between the two is that in the case of the blocking reaction we generally are 
working in a region in which the indicator, by virtue of the pH, is already in the electronic configura- 
tion to which it would be reversed by the formation of a reversal-complex. In general one would 
expect that the examples shown by K&b1 and Pkibil’ would show indicator-reversal complexes at 
higher pH values : in fact they mention that the blocking of the indicator (Phenolphthalein Complexone) 
resulted in the disappearance of the original pink colour. If a cation is occupying the co-ordination 
sites as shown in Fig. lb and exhibits a blocking reaction, the cation added, which prefers to co- 
ordinate with the phenolic oxygen, finds nothing available in order to form a chelate ring with this 
phenolic oxygen. 

If one is to entertain the proposal of Kiirbl and Svoboda’ one must also take into account the 
various conclusions which must be drawn from their theory. First it is necessary to demonstrate that 
copper forms the normal complex with Cal&n in the upper pH region (above 12) as well as in the 
lower ranges where the free indicator fluoresces. This can be done by the following experiment. 
Adjust a solution of Calcein with a 1M solution of potassium hydroxide until the indicator no longer 
fluoresces. Now add a few drops of a 0.03Mcalcium solution. It will be noted that the solution now 
fluoresces (indicator-reversal complex). To this solution add a few drops of a 0.03M copper solution 
and it will be observed that the fluorescence is immediately quenched. The copper ions have displaced 
the calcium from the indicator-metal ion complex and a non-fluorescing (normal) complex is formed. 
The experiment could have been performed without calcium but then the solution would not have 
fluoresced either before or after the addition of copper and no conclusions could have been drawn. 
Under the conditions specified it is apparent that copper forms a complex with the indicator and that 
the complex is non-fluorescing. 

A consideration of the elements which cause fluorescence in the strongly alkaline solutions, in 
comparison to copper, which does not, results in some highly improbable conclusions. 

For example, consider that calcium, lithium, and sodium cause fluorescence at a high pH. Accord- 
ing to the mechanism of KGrbl and Svobodal these elements have formed a covalent bond with the 
phenolic oxygen. Under the same conditions copper does not cause fluorescence, therefore one would 
be forced to conclude that it does not form a covalent bond with the phenolic oxygen. The bond is 
not covalent, but is ionic (according to KBrbl and Svoboda’) and the picture is complete. One is faced 
with the rather unpleasant position of stating that the electropositive elements are formed covalent 
bonds and that the transition elements are forming ionic bonds, and the conditions are somewhat 
analogous to that of the Mikados with his cloth untrue, a twisted cue and elliptical billiard balls. 

Research Laboratory D. H. WILKINS 

General Electric Company 
Schenectady, New York 
U.S.A. 

Summary-The mechanism previously proposed for the behaviour of metalfluorechromic indicators 
is further discussed, and criticisms of Kiirbl and Svoboda are answered. 
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Zusammenfassung-Der fruher bereits beschriebene Mechanismus iiber das Funktionieren fluores- 
cierender Metalliondicatoren wird weiter diskutiert und auf die Kritik von K&b1 und Svoboda 
erwidert. 

R4ssmte---Ie m6canisme pr&%demment propose pour le comportement des indicateurs metailo- 
fluorochromiques est a nouveau discute, et l’auteur &pond aux critiques de K&b1 et Svoboda. 
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NOTICES 

The following meetings have been arranged 

Wednesday and T~~rsduy 20 and 21 April 1960 : Society of chemical Industry, ~icul~~ Group. 
Church House, Westminster, London, S.W.1. Symposium on Advances in the Chemical Analysis of 
Fertilisers, Soils and Plants. Further information may be obtained from Dr. P. W. ARNOLD, Hon. 
Secretary, Agriculture Group, Society of Chemical Industry, Rothamsted Experimental Station, 
Harpenden, Herts., England. 

Thursday and Friday 21 and 22 April 1960: Fertiliser Society: Society for Analytical Chemistry. 
Symposium on Fertiliser Analysis. Church House, Westminster, London, S.W.1. Those wishing to 
register should apply as soon as possible to the Secretary, The Fertiliser Society, 44, Russell Square, 
London, W.C.1. A registration fee of fl will be charged to cover the cost of preprints, which will be 
sent to those who have registered and remitted the registration fee before themeeting. The proceedings 
of the Symposium will be published subsequently in a single volume, and those wishing to purchase 
copies should ask to be advised on publication. 

Tuesday 26 April 1960: Society for Analytical Chemistry, Midlands Section. The Analytical 
Chemistry of Tifunium and Zirconium: Mr. W. T. ELWELL and Mr. D. F. WOOD. The University, 
Birmingham, 3, England. 6.30 p.m. 

Friday 29 April 1960: Society for Anaiytical Chemistry, Scottish Section. Chemical Services OR 
British Railways: Dr. G. H. WYATT. Central Hotel, Glasgow, Scotland. 7.15 p.m. 

Tuesday and Wednesday 3 and 4 May 1960: Society for Analytical Chemistry: Iron and Steel 
Institute: Institute of Metals. Symposium on The Determination of Gases in Metals. Convocation 
Hall, Church House, Great Smith Street, London, S.W.1 . Those wishing to attend should apply to 
the Secretary, Iron and Steel Institute, 4, Grosvenor Gardens, London, S.W.1. There is noregistration 
fee, but those wishing to obtain preprints of papers can obtain them by subscribing to the bound 
volume of the proceedings of the meeting, which is to be published later in the year at a price of 
3 guineas. 

The fifth Annual General Meeting of the Western Section of the Society for Analytical Chemistry 
was held on Friday 8 January 1960 in Cabot House, College of Technology, Ashley Down, Bristol, 
England. Mr. S. DIXON, M.Sc., F.R.I.C., Chairman of the Section was in the Chair. 

The following were elected Officers of the Section for the forthcoming year: 

Chairman: Dr. G. V. JAMES 

Vice-Chairman: Dr. F. H. POLLARD 

Hon. Secretary-Treasurer: Dr. T. G. MORRIS, BSc., A.R.C.S., D.I.C., 
Brockleigh, Clevedon Avenue, 
Sullay, Glamorgan, S. Wales. 

The 25th Annual General Meeting of the Scottish Section of the Society for Analytical Chemistry 
was held on Friday 29 January 1960 at the Grosvenor Restaurant, Gordon Street, Glasgow, Cl.. 
Scotland. Mr. A. N. HARROW, A.H.-W.C., F.R.I.C. was in the Chair. 

The following were elected Officers of the Section for the forthcoming year: 

Chairman: Mr. A. N. HARROW. 

Vase-Chuir~n: Mr. A. F. WILLIAMS 

Hots. Secretary-Treasurer: Mr. J. BROOKS, M.A., A.R.I.C., 
Nobel Division, Analytical 
Research Section, Imperial 
Chemical Industries Limited, 
Stevenston, Ayrshire, Scotland. 

84 



Notices 85 

The 35th Annual General Meeting of the North of England Section of the Society for Analytical 
Chemistry was held at the Nag’s Head Hotel, Lloyd Street, Manchester, England on Saturday 
30 January 1960. Dr. J. R. EDISBURY was in the Chair. 

The following were elected Officers of the Section for the forthcoming year: 

Chairman: Dr. J. R. EDISBURY 
Vice-Chairman: Mr. J. MARKLAND. 
Hon. Secretary-Treasurer: Mr. B. HULME, 

Ch. Goldrei, Foucard and Son, Ltd., 
Brookfield Drive, Liverpool, 9, England. 

The Committee on Special Classifications of the Special Libraries Association and the 
Classification Committee of the Cataloging and Classification Section, Resources and Technical 
Services Division, American Library Association, are co-operating in a continuing project to develop 
and expand a Loan Collection of library classification schemes originally established by the Special 
Libraries Association. This Collection covers all fields of science, law, medicine, technology, the 
social sciences and the humanities. 

New libraries or libraries with special collections are constantly asking for classifications-in all 
areas of knowledge-and it is imperative that the Collection be kept up-to-date through the addition 
of new schemes or with modernised versions of existing classification schedules. Curators of special 
collections, special librarians, and those individuals who have developed special classification schemes 
for specific types of material or for special subjects are invited to contribute a copy of their work to 
the Collection. Classification schemes should be sent to: Dr. JESSE H. SHERA, Curator, SLA Loan 
Collection, School of Library Science, Western Reserve University, Cleveland 6, Ohio, U.S.A. 

The ORNL Master Analytical Manualis now available in printed form from the Office of Technical 
Services, Department of Commerce, Washington, 25, D.C., U.S.A. This is a collection of the 
analytical methods that are in use in the Analytical Chemistry Division of the Oak Ridge National 
Laboratory. 

Section 1: Ionic Methoak: 89.00. Section 2: Radiochemical Methods: $6.50. Sections 3 and 5: 
Spectrographic Methods and Nuclear Analyses: 84.50. Section 9: Process Methods: 89.00. Annual 
supplements are issued to the Manual: these will also be available from the Office of Technical 
Service. 

The B. S. I. News announces, among others, the following new British Standards: 

B.S. 3202: 1959. Recommendations on laboratory furniture andfittings. This contains detailed 
recommendations on the planning and design of laboratories and on the design, material and con- 
struction of laboratory furniture and fittings with special reference to laboratory benches, fume 
extraction systems and piped services. It includes bibliography, index and 31 illustrations. (Price 25s.) 

B.S. 3210: 1960. Methodsfbr the analysis of water-soluble coal-tar dyespermittedfor use in foods. 
This contains specific methods for the determination of (1) matter volatile at 135”C, (2) matter 
insoluble in water, (3) di-isopropyl ether extract, (4) subsidiary dyes, (5) chloride, (6) sulphate, (7) dye 
content, (8) copper, arsenic and lead. A limit test for heavy metals (as sulphides) is also included. 
In some of the methods the details of procedure are varied according to the dye being analysed, and 
for details of such variations reference is required to the British Standard specification for the 
individual dyes concerned. (Price 7s 6d.) 

B.S. 3211: 1960. Tartrazine. This applies to tartrazine for use in the colouring of foodstuffs. 
Limits are specified for matter volatile at 135°C; matter insoluble in water, di-isopropyl ether extract, 
subsidiary dyes, phenylhydrazine-p-sulphonic acid, chloride and sulphate, dye content, copper, 
arsenic, lead and heavy metals (as sulphides). (Price 3s.) 
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B.S. 3.218: 1960. Test tubes and boihng tubes. This specifies length, external diameter, and two 
alternative wall thicknesses, with tolerances on each, for thirteen sizes of test tubes and boiling tubes 
made of soda glass or borosilicate glass and suitable for general laboratory use. The material and the 
finish of the top of the tubes are also specified. (Price 3s.) 

The following Standards have been revised: 

B.S. 1428: Microchemical Apparatus: Part A 4: 1960. Halogen and sulphur combustion train 
(micro-Grote). This specifies the components of the micro-Grote combustion train including a 
combustion tube of clear fused quartz, a borosilicate absorption vessel and a small electric heater for 
use as an alternative to the Bunsen burner. A U-tube is specified instead of a gas-washing bottle, and 
protective sheaths of nickel sheet instead of wire gauze. Dimensioned drawings and an assembly 
drawing of the whole train are included, and an innovation is the inclusion of notes outlining the 
method of use of the apparatus. B.S. 1428: Parts Al and A2 are referred to for components 
standardised for use in the combustion trains specified in those two parts. (Price 4s.) 

B.S. 1016: ~efhods,for the analysis and testing of coal and coke: Part 9: 1960. Phosphorus in 
coat and coke. This deals with the determination of phosphorus by the titrimetric or the calorimetric 
method. In the latter case either hydrazine sulphate or stannous chloride may be used for the 
reduction. (Price 4s 6d.) 

B.S. 1017: Sampling of coal and coke: Part 1: 1960. Sampling of coal. Methods of sampling and 
sample preparation are detailed for coal and are summarised in an appendix. Other appendices 
describe methods of assessing sampling accuracy, give recommendations on the procedure for sample 
preparation, and present evidence in support of the principles stated. (Price 25s.) 

B.S. 1017: Samplitrg ofcoal and coke: Part 2: 1960. Sampling of coke. Methods of sampling and 
sample preparation are detailed for coke and are summarised in an appendix. Other appendices 
explain the collection and use of statistical data on sampling, and describe methods of sampling for 
special purposes. (Price 25s.) 

B.S. 1428: Microchemical apparatus. Part B2: 1960. Ammonia distillation apparatus (Markham). 
This specifies a steam-jacketed ammonia distillation apparatus of the Markham type and permits, as 
an alternative, a spherical ground-glass joint connection between the distillation vessel and condenser. 
The latter is as specified in B.S. 1948. Mandatory and recommended dimensions are given on a 
detailed diagram, and notes on the method of use of the apparatus are included. (Price 3s.) 

B.S.I. Publications may be obtained from the B.S.I. Sales Branch, 2, Park Street, London, W.l.. 
England. 
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The precipitation of metal I)-hydroxyquinolates from homogeneous solution, I: Preparation of 
I-acetoxyquinoline. EUGENE D. SALESIN and LOUIS GORDON. (24 February 1960). 

New method for “ferrous iron” and “excess oxygen” in rocks, minerals and oxides. C. OLIVER 
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ESTIMATION OF EFFICIENCY FOR BUBBLER-TYPE 
GAS ABSORBERS 

SEYMOUR CALVERT and WALTER WORKMAN 
Department of Chemistry and Chemical Engin~riog, 

Case Institute of Te&uology, Cleveland, 6, Ohio, U.S.A. 

(Received 9 October 1959) 

Summary-The behaviour of bubbler-type absorbers is discussed, and used to predict an estimate of 
absorption efficiency for such absorbers and to indicate the factors which have the greatest effect on 
efficiency. 

GAS analysis methods involving the selective collection of one or more components 
of a gaseous mixture in a liquid absorbent are subject to error if the absorption 
efficiency is unknown and may even be limited in feasibility if the efficiency is too low. 
It is important to be able to predict (or estimate) the efficiency of an absorption 
system and to control the factors which significantly affect efficiency. While perform- 
ance data for laboratory-scale absorbers have been reported in the literature, they 
are not universally applicable and must be interpreted for any situation which is not 
identical with the original experiment. 

The purpose of this paper is to present sufficient generalised information to serve 
as a basis for predicting the performance and understanding the behavior of bubbIer- 
type absorbers. Bubblers were chosen for discussion because they are the simplest 
and most commonly used class of absorbers. Much of the general discussion which 
follows applies to all absorbers, but the design equations were developed for specific 
application to the case of bubbles rising through liquid. 

An extensive general discussion of analytical absorbers is given by Jacobs1 and 
performance data (also presented by Jacobs) are give@ in the American Public 
Health Association Yearbook, 1939-40. It will be assumed here that these or other 
sources may be consulted for details of absorber construction and operating procedure. 
While there are many variations in design, bubbler-type absorbers generally involve 
the dispersion of gas into the bottom of a reservoir of liquid and withdrawal of the 
gas above the level of the “aerated” column of liquid. 

Dispersion of the gas is obtained either by in~oduction of a gas jet from a sub- 
merged orifice or by introduction of gas through a sintered-glass plate or similar 
porous medium. Effective gas bubble size is practically independent of orifice (or 
pore) size when the bubble population is high3. This observation is attributed to the 
coalescence of small bubbles in the vicinity of the dispersion plate. While the bubble 
diameters are statistically distributed, the distributions measured by Houghton et d3 
are fairly narrow and the average diameters range from 0.35 to 0.45 cm over a wide 
range of gas velocity. 

Because the extent of absorption depends on both the residence time of a bubble 
in the aerated column of liquid and the bubble velocity relative to the liquid, it is 
important to have information on these quantities. Fig. 1 is a plot of bubbIe (air) 
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residence time per centimetre of non-aerated liquid (water) depth above the gas en- 
trance versus superficial gas velocity (cm3/min per cm2 of absorber cross-sectional 
area) with absorber diameter as a parameter. The curve for 80 mm diameter is from 
the data of Houghton on gas hold-up and that for 22 mm is from the author’s data 
on hold-up in a midget impinger. 

IO 20 30 
Superficial gas velocity, cm/set 

Fro 1. 

The residence time is practically independent of the method of gas dispersion so 
long as the superficial gas velocity is high enough to provide many bubbles. This 
would not be true for bubbles rising singly with a large distance between bubbles. 
It can be seen that so far as residence time and bubble diameter are concerned, there 
appears to be no value in using a fine fritted disc as compared with a coarse one. 
Althou~ there is no information on the point, it would probably be unwise to use 
extremely Iarge nozzles for dispersion. The midget impinger nozzle, for example, 
was about 1 mm, which would provide a gas jet velocity of 6,000 cm/set at the point 
of maximum absorption efficiency. 

The velocity of rise of single bubbles4 is approximately constant at 24 cm/set for 
diameters greater than 0.2 cm. While the average velocity relative to the absorber 
walls is lower than this where bubble population is high, we will approximate the 
velocity relative to the liquid as being equal to the velocity of rise of a single bubble. 

DEFINITIONS OF SYMBOLS 

A = Designation of transferring component. 
a = Bubble radius, cm. 
B = Designation of reactant in liquid. 
C = Concentration of A in liquid, mo&m”. 
C., = Average concentration of A in liquid at any instant, moi/cm3. 
C,, = Initial average concentration of A in liquid, mol/cms. 
CA1 = Concentration of A in the liquid interface, mol/cm8. 
D = Diffusivity coefficient for A, cm*jsec. 
D8 = Gas phase di~usi~ty, &ma/see. 
& = Fictitious gas phase diffusivity for cases of mixed resistance. 
DT1 = Diffusivity of A in water at T,. 
Df, = Diffusivity of A in water at Ta. 

F = Overall instantaneous collection efficiency = f 



Efficiency of bubbler-type absorbers 91 

f 
PI - Pa 

= Fractional instantaneous approach to equilibrium = - 
PI - ffc, 

= equilibrium 

collection efficiency. 

fc = E!quilibrium collection efficiency for gas phase controlling. 
fz = Equilibrium collection efficiency for liquid phase controlling. 
f&' = Equilibrium collection efficiency during period of movement of one bubble diameter relative 

to liquid. 
G = Gas flow rate, cm*/sec. 

H = Henry’s Law Constant, 
am, 

mol/emS * 

k, = Mass transfer coefficient for gas phase, mols/cm2-xc-atm. 
k,, = Overall gas-phase mass transfer coefficient based on driving force equal to average partial 

pressure of A in the gas minus the partial pressure in equilibrium with average liquid con- 
centration, C,. 

k, = Liquid-phase mass transfer coefficient, rno~slcrn=-sec-~l~c~= based on driving force = 
e,Q - C,. 

N = Diffusion rate, mollsec-cm=. 

; 
= Total number of bubble diameters of relative motion during bubble residence time. 
= Total pressure, arm. 

Pl = Partial pressure of A in inlet gas, arm. 

P* = Partial pressure of A in outlet gas, atm. 

Pe = Partial pressure of A in ~uilibrium with liquid con~nt~tion, C,, aim. 

4 = Concentration (average) of B in liquid for one mole of B reacting with one mole of A, moZJcmS. 

atm-cm=. 
R = Gas law constant = 82.057, mol_“~ 

T = Absolute temperature, “K. 
f, = Total time of absorption, sec. 

1, = Residence time of a gas bubble, sec. 

t, = Time of exposure of fresh liquid surface to gas bubble. 
&I = Bubble velocity relative to liquid, cm/set. 

un = Superficial gas velocity, cm8/min-cm%. 
V, = Volume of liquid in absorber, cmS. 
x = Distance in direction of diffusion, cm. 
x = 3.1416. 

P*’ = Molar density of gas, moZ/cm8. 

h = Viscosity of water at T,, centipoises. 

h = Viscosity of water at r,. 

Mass transfer 

The fundamental process in an absorber involves the tendency toward equ~b~um 
between the gas and the liquid in contact with it. This may involve the transfer of 
several components between the phases, but it will be assumed here that the liquid is 
non-volatile and that if there is more than one component in the gas phase, they may 
be considered independently. Thus we are concerned with the transfer of one com- 
ponent, A, from the gas to the liquid. 

Because each bubble is in contact with the liquid for a limited time, equi~b~um 
will not be attained and the degree of approach to equilibrium will be determined by 
the rate of transfer of A. Mass transfer rate in a bubbler can best be considered 
quantitatively in terms of unsteady-state diffusion rather than the “two-film” theory 
because of the generally small effects of turbulence in either fluid phase. However, 
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a simpler qualitative description can be given in terms of steady-state diffusion, 
where for a one-dimensional case: 

N = _-D e (mols) 
ax (sec-cm2) 

Equation (1) states that the rate of diffusion depends on the diffusivity and the 
concentration gradient, &/ax. 

Although, in general, the rate of mass transfer is determined by the concentration 
gradients and diffusivities of both phases, there are two limiting cases in which the 
rate is controlled by either the liquid or the gas phase. To illustrate, consider the 
purely physical absorption (i.e., a reversible equilibrium process such as the solution 
of oxygen in water) of A from a bubble rising through a liquid. If A is extremely 
soluble in the liquid just at the interface, a low gas-phase concentration would be in 
equilibrium with a high liquid-phase concentration. Consequently, a high concentra- 
tion gradient would exist between the liquid at the interface and the bulk of the liquid. 
Because the rate of diffusion from the gas must equal the rate of diffusion into the 
liquid, there must be a fixed ratio of gas concentration gradient to liquid concentra- 
tion gradient. In order to maintain this ratio the interfacial gas concentration must 
be quite small and indeed, it approaches the concentration in equilibrium with the 
bulk of the liquid. In this limiting case the concentration gradient in the gas phase 
becomes practically identical with that which would exist if there were no liquid 
phase concentration gradient. 

The other limiting case, liquid phase controlling, occurs when a gas of very low 
solubility is being absorbed. The maximum possible liquid-phase concentration 
gradient will be so small that the gas-phase concentration gradient must be small if 
the transfer rates in the two phases are to be equal. Here the liquid-phase concentra- 
tion gradient may be approximated as that which would exist if there were no 
concentration gradient in the gas. 

Gas phase controlling 

The rate of mass transfer from a bubble, if gas-phase resistance controls, is 
represented in Fig. 2, a graph of fractional approach to equilibrium, fQ, versus a 
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m 
FIG. 2. 
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dimensionless time group, w This figure represents the solution of the equa- 
tions for unsteady-state diffusion from a sphere which is initially at a uniform 
concentration and which is in contact with liquid of constant, uniform composition 
as given by Crank 5. Physically, this corresponds to a bubble contacting liquid whose 
composition does not change appreciably during the period of contact (for this bubble) 
and under conditions such that gas-phase resistance is controlling. 

One must distinguish between overall collection efficiency, F, which represents 
simply the fraction of A absorbed, and equilibrium collection efficiency, f, which 
represents the fractional absorption of that portion of A which would be absorbed 
if equilibrium were attained. It will be recognised that if the reaction products are 
such that there is an appreciable equilibrium vapour pressure above the liquid, the 
amount of A which can be removed from the gas will decrease as the concentration of 
the liquid increases. Thus, while the first bubbles of gas might transfer 99 % of their 
A-content to fresh liquid (barren of A-reaction products), later bubbles might contact 
liquid so concentrated that they could not possibly transfer more than, say, 50 % of 
the A-content even though they would still attain 99% of this equilibrium limit. 

Liquid phase controlling 

If liquid-phase resistance is controlling, the fractional approach to equilibrium is 
given by: 

and 

fL’ = ($j1’2(6F) (2) 

(1 -_M = (1 -.L’)” (3) 

These relationships were derived on the basis of Higbie’s Penetration Theory, which 
states that the rate of diffusion from a sphere is given by the rate of diffusion into a 
semi-infinite medium which is originally at a uniform concentration, C,, over a 
period of time, tL, which may be approximated as the time required for the bubble 
to rise one diameter, 2a/u,. The fractionfL’ is equal to the change in concentration 
of the gas divided by the maximum change possible (for gas in equilibrium with 
liquid at C,,) which occurs during the time the bubble rises one diameter. The total 
fractional approach to equilibrium, fL, is given for a bubble rising through n dia- 
meters, where n equals the number of diameters of relative movement per second, 
uJ2u times the residence time. The velocity relative to the liquid, u,, may be taken as 
24 cm/set for this purpose and for bubble diameters of 3.5-4.5 mm. 

Although the distinction between gas phase controlling and liquid phase control- 
ling has been given above in comparative qualitative terms, it can now be given 
quantitatively. The basic relationship is based on the two-film concept of mass 
transfer, which is discussed in any text-book of chemical engineering, and describes 
the relationship between a mass transfer coefficient, k,, based on the actual gradient 
in the gas phase (which requires that interfacial concentrations be known), and an 
overall coefficient, koG, based on the gradient for the assumption of gas-phase 
controlling (which requires knowledge of bulk concentrations only): 

(4) 
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If the ratio, kg/k,,, is unity, then the gas phase controls. Liquid-phase resistance is 
important if the ratio is significantly greater than one and may be said to control if 
the ratio is greater than 10. We may evaluate the ratio by using the following expres- 
sions for gas-phase coefficient, kg, and liquid-phase coefficient, kL. The expression 
for k, is an approximate representation of the relationship given in Fig. 2 and the 
expression for k, results from penetration theory. 

kg = 
7.6(D,)O.’ 

3RT(r,)0.3 (a)O.4 

We can estimate the ratio k,/kL for average 
absorbed from air into an aqueous solution at 

conditions where a 
room temperature. 

gas is being 
The bubble 

radius, a, is taken as 0.2 cm and the velocity of rise, ub, as 24 cm/set. Representative 
diffusivities are gas diffusivity, D, = 0.1 cm2/sec and liquid diffusivity = 1.5 x 10e5 
cm2/sec. Upon making the substitutions it is seen that kg/k, = 1.87 x 10M3 for 
“average” conditions. Thus we may say that gas-phase resistance controls [i.e. 

(5) 

-(kg/k,,) < 1. l] if H is less than 54 (atm) 
(mol/cm”) 

and that liquid phase controls 

[(kg/k,,) > lo] if H is greater than 4,800 &) . 

Intermediate cases may be approximated’ by considering the absorption to be 
gas-phase controlled and by using a fictitious diffusivity, D,, such that: 

(7) 

or 
1.43 

Chemically reactive solutions 

Examples of the prediction of absorption efficiencies for each of the three cases 
discussed above are given later in this paper. Before turning to them we must con- 
sider two more matters of general importance. The first of these is the consideration 
of absorption by a chemically reactive solution, which probably includes the majority 
of applications in gas analysis. In the ideal situation one might picture the liquid- 
phase reaction as being extremely rapid and the reaction products such that the 
vapour pressure of A in equilibrium with the liquid interface is negligible. Where 
this is approximately true, the absorption is gas-phase controlled, and the absorption 
will be substantially complete in the contact time attained in most laboratory 
absorbers. 

Even though the reaction products might be non-volatile, however, there is still 
no assurance that liquid-phase resistance will be negligible. It is necessary that the 
reacting substance, B, diffuses through the liquid towards the interface and reacts 
at a high enough rate to match the rate of diffusion of A into the liquid. If B diffuses 
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too slowly or if the reaction is too slow, the reaction zone may be displaced a consider- 
able distance into the liquid with the result that the equilibrium pressure of A above 
the liquid interface will rise. 

The magnitude of the effect of reactant diffusion rate is illustrated mathematically 
in the solution6 for the case wherein the second order reaction between A and B, 

yielding a non-volatile product, is infinitely rapid and the diffusivities of A and B 

are eaual: 

(8) 

It can be seen that if the ratio of the average concentration of B to the concentra- 
tion of A at the liquid interface, q/CAi is small, the liquid-phase transfer coefficient, 
k,, is the same as that for physical absorption. This bears out the qualitative 
observation that the concentration of B must be high relative to the concentration of 
A in order for liquid-phase resistance to be substantially eliminated. If the absorption 
can be described as liquid-phase controlled at zero concentration of B, then the 
effect of B on the fractional approach to equilibrium per bubble diameter of rise is 
given by: 

fLI = (1 + &j (gjli2($j (9) 

If the absorption is to be considered as overall gas-phase controlled, then the ratio 
kg/k, in equation (4) should be divided by [l + (q/CAi)]. 

LiquidfEow pattern 

The final matter of general importance is the effect of liquid flow pattern in the 
absorber. In the previous discussion it has been assumed that the liquid is completely 
mixed so that the liquid composition encountered by any one bubble at the bottom 
of the absorber is the same as that encountered at the top by the same bubble. In 
other words, the rate of change of liquid-phase composition was assumed small with 
respect to the residence time of any one bubble because the amount of liquid 
associated with the bubble is large. 

It is possible to have a definite circulatory liquid flow pattern set up so that some 
small fraction of the liquid travels up with a bubble and experiences little mixing with 
the bulk of the liquid during its upward travel. The result will be that the liquid 
contacting the bubble at the top of the absorber is more concentrated in A than the 
bulk of the liquid. Where the absorption process is purely physical, the minimum 
concentration of A in the gas leaving the absorber will be limited to that in equilibrium 
with the liquid last contacting the bubble. In the case of absorption with a reactive 
solution there may be no adverse effect if the concentration of the reactant is not 
appreciably depleted. 

While it is not now possible to quantitatively characterise the co-current movement 
of liquid with the gas, evidence of its existence has been observed. The discussion of 
the absorption of ammonia in water, given later, points out the probable effect of 
co-current flow at low gas flow rates. Study of the absorption of carbon dioxide in 
water in an absorber in which the bubbles travel up in a helical path formed in a glass 
liner is at present being conducted by the authors and has shown that there is pro- 
nounced co-current flow in this apparatus. 
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Where co-current ilow does exist in physical absorption, it can be shown mathe- 
matically that, for the same residence time, the approach to equilibrium, f, will be 
greater than for the case of complete mixing of the liquid phase. However, the shift- 
ing of the equilibrium limit will more than compensate for the increase off in causing 
overall collection efficiency, F, to decrease. 

EXAMPLES 

Some examples of gas absorption in bubblers for which experimental data are 
available will now be considered in order to illustrate both the application of the 
design principles and the order of accuracy which can be attained. It must be 
emphasised that the predicted efficiencies can only be interpreted as approximations 
and that for precise work the efficiency must be determined for the particular system. 

Liquid phase controlling 

The absorption of carbon dioxide by aqueous solutions of sodium hydroxide, 
sodium carbonate and ammonia in nozzle-type bubblers has been reported by 
Mochalova and Kishinevskii7. Their data for absorption in pure water (extrapolated 
to 0 % Na,COs) will be compared with predictions based on liquid-phase resistance 
controlling. The apparatus used consisted of a 0.5-cm diameter tube pointed down- 
ward with the end of the tube submerged 1.7 cm below the liquid level in a 5-cm 
diameter cylinder. Measured absorption efficiencies were 7.61% at 5°C and 7.39% 
at 45°C. The total gas rate was cited as 0.6 litres per minute (we assume this to be at 
standard conditions), which corresponds to a superficial gas velocity of 0.51 (cmisec). 

Solubility data8 were converted to values of H equal to 1.57 x lo4 

at 45”. Applying the criterion of equation (4) 

indicates that liquid phase- controls, since H is greater than 4.8 x 103. Thus the 
absorption efficiency should be predicted with equations (2) and (3). Diffusivities for 
carbon dioxide in water of 1.14 x 1O-s (cm2/sec) at 5°C and 3.19 x 10es (cm2/sec) at 
45°C were estimated from the International Critical Tables value of 1.8 x 10Ws 
(cm2/sec) at 20°C by means of the following relationships for dilute aqueous 
solutions: 

The viscosities ,L+, and ,L+, are those of water at the temperatures T, and Tl. If the 
liquid viscosity is much different from that of water, equation (10) will not apply and 
another relationships must be used. 

Because the orifice size is relatively large (5 mm) and the gas rate is low, we would 
expect that the bubbles would emerge singly as reported. Thus, the velocity of rise, 
u, would be about 24 (cm/set) for an assumed bubble radius, a, of 0.2 cm. Sub- 
stitution of these values into equation (2) leads to values for fL' of 0.0107 at 5” and 
0.007 at 45”. At the low superficial gas velocity used there is no signilicant difference 
between aerated and non-aerated liquid heights, so the value of n is 4.25 bubble 
diameters for a submergence of 1.7 cm. 

The efficiencies, fL, are then computed to be 4.5 % at 5°C and 3.0 % at 45°C. If 
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we take into account the fact that, because the orifice is pointed downward the bubble 
path will be a curve rather than a straight line, we might reasonably expect (as con- 
firmed by obse~ation~ the path to be a few bubble diameters longer. If pf is taken as 
7.0, the values of fL will be 7.3 % at 5°C and 4.8 % at 45°C. This approximation to 
the experimental values of 7.61% and 7.39 % is about as good as can be expected 
considering all of the estimations involved in the calculations and the extremely small 
contact time. 

~h~rni~~~ reaction and gas phase c~~~rol~ing 

Air contaminant absorption efficiencies for several models of bubblers have been 
determined by Roberts and McKeelO. Collection of sulphur dioxide in disodium 
tetrachloromercurate and of chlorine in O.lN sodium hydroxide were reported as 
“ . . . substantially complete regardless of the type of sampler or the flow rate 
used . . .“. For the absorption of 1 ppm (by volume) of ammo~a from air in distilled 
water the efficiencies were lower and were dependent on air flow rate (see Fig. 3). 

06 
IO 20 30 40 

Superf03l gas velocity, cm/set 

FIG. 3. 

If we assume that the concentrations of sulphur dioxide and chlorine (data were 
not given) were of the same order as that of ammonia,* we may consider these two 
cases as being gas-phase controlled because the ratio (@Z’,J would be very high. 
Considering the case of chlorine absorption, for example, we find a value of H = 

for un-ionised chlorine solubility6 and approximately 

half that for tot& chlorine solubihty. Employing the criterion of equation (4), this 
value of H indicates liquid-phase controlling if there is no chemical reaction. The 
effect of chemical reaction (assuming a second order, rapid reaction) can be estimated 
by means of equation (8) if we assume that C,, is in equilibrium with a gas-phase 
interface with chlorine concentration of 1 ppm (pl = 1 x 10m6 atm). Computation 
yields C,, = 0.75 x 10-l” mols/cm3 and we have 4 = 1 x lOA equiv./cm3. Rutting 
C,, in terms of equivalents, since one mole of chlorine reacts with two equivalents of 
sodium hydroxide, we compute q/C,, = 0.67 x 106. 

For purposes of estimation we take k,,/k, = 1.65 x 10e3 for the case of no reac- 
tion and obtain k,/k, = 2.46 x 1O-s for this case of chemical reaction. The group 
H(k,/kL) can now be computed to be 3.3 x 1O-s and substitution in equation (8) 

* Communication with Dr. McKee verified this assumption. 
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indicates that this is a case of gas-phase resistance controlling. One notes that, since 
gas phase is controlling, the concentration gradient in the gas would cause the partial 

pressure of chlorine at the interface, and consequently C’,~i~ to be lower than that 
assumed (the average partial pressure, p&, and thus the ratio, q/C,i, would be larger. 
It can be seen, then, that to base the computation on CAi, as given by the maximum 
gas-phase composition, will yield a conservative result. 

The next step is to compute fractional approach to equilibrium based on gas-phase 
controlling. Diffusivities in air at 20°C were computed from values at 0°C by the 

method recommended in Reid and Sherwood9 as 0.14 cm2/sec for sulphur dioxide, 
0.143 cm2/sec for chlorine and 0.228 cm2/sec for ammonia. Assuming a bubble 
radius of 0.2 cm, a liquid volume of IO cm3,* and a bubbler cross-sectional area of 
3.6 cm2 (for a standard Midget Impinger), we compute the un-aerated liquid height to 
be 2.78 cm and can proceed to find residence time and fB. At a superficial gas velocity 
of 15 cmjsec, Fig. 1 indicates a residence time of 0.04 seconds per centimetre of 

un-aerated height or 0.11 set for 2.78 cm of liquid. By use of Fig. 2 the efficiencies 
are computed to be 0.984 for sulphur dioxide and chlorine, and 0.998 for ammonia. 

Resistance in both phases 

These predictions offs may be assumed to be equivalent to F if the testing time 
was so short that the liquid concentration did not rise appreciably. The predictions 
for sulphur dioxide and chIorine bear out the statementlO that absorption was 
substantially complete. The prediction for ammonia is far from agreement with the 

atm 
experimental results shown in Fig. 3, in spite of the fact that H = 13.5 - 

mol/cm” 
(for dilute solutions”), and one would expect gas phase to be controlling from the 

criterion of equation (4). 
We find that this same characteristic of ammonia absorption in water has been 

observed in large, industrial equipment6 and that ratios of kg/k,, ranging from 2 to 
3 have been determined experimentally. The existence of this additional resistance 
has been attributed to the possibility of a slow reaction between dissolved ammonia 
and ionised ammonia. There is also the possibility that the rate of accommodation 
at the interface is Iow. If we employ the extremes of the ratio, as given above, the 
corresponding values for Df are 2.69 and 4.8 (see equation (7)). The predicted curves 
of efficiency versus flow rate are shown in Fig. 3. 

While it is clear that the prediction covers too large a range of efficiencies to be 
useful in precise work, the “bracketing” of the experimental values at higher velocities 
is good confirmation of the mechanistic approach. The deviation of the slopes at 
low gas velocities is believed, by us, to be largely due to co-current flow, and to some 
extent to inaccuracy of bubble residence times as computed from gas hold-up. A 
definite circulatory liquid flow pattern can be observed at low gas flow rates and we 
believe that this results in a significant increase of ammonia concentration in the 
small volume of liquid which accompanies the bubbles. 

CONCLUSIONS 

The design methods presented above may be used to predict an estimate of absorp- 
tion efhciency for a bubbler-type absorber and to point out which factors have the 

* Communtcation with Dr. McKee venfied this assumption. 
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most important effect on efficiency. A recommended procedure for predicting 
efficiency is given below. It should be emphasised that this procedure is based on 
conservative approximations. High values for both bubble diameter and bubble 
velocity are used and the beneficial effect of circulation within bubbles is neglected. 
The approximate method for treating cases of mixed resistance is presented because 
of its simplicity although a rigorous solution for this case is given by Crank5. In any 
case, the prediction cannot be relied on for precise results and the specific system 
must be calibrated experimentally. 

Recommended procedure 

I. Determine whether the system is gas- or liquid-phase controlled or intermediate by means of 
the criterion of equation (4). For high concentration, either an average value of H may have to be 
estimated or the absorption process may have to be considered over incremental ranges of concentra- 
tion in which H is approximately constant. 

II. If the system involves purely physical absorption, evaluate the fractional approach to equili- 
brium by means of Fig. 2 for gas-phase controlling and equations (2) and (3) for liquid-phase control- 
ling. For intermediate resistance use the relationship of Fig. 2 with a fictitious diffusivity given by 
equations (4) and (7). The ratio of kg/k, may be either estimated as the “average” value of 1.86 x 
1O-3 or it may be computed by means of equations (5) and (6). 

If the absorption is to be carried on for a long time so that the liquid concentration builds up 
enough to impose an equilibrium limit on efficiency, the total amount of collection can be determined 
by integrating the relationship between the instantan~~ rate of increase of liquid con~ntration 
and the liquid concentration. For an initial liquid phase concentration of zero and constant inlet gas 
concentration. the result is: 

(11) 

III. If the system invoives chemical reaction in the liquid phase and there is negligible equilibrium 
pressure of the ~nsfe~ing component above the reaction products, the ma~mum collection efficiency 
corresponds to the case of gas-phase controlling. The effect of reactant concentration for a second 
order reaction may be estimated by dividing kg/k, in equation (4) by (1 + (q/CAi)). Other reaction 
mechanisms are discussed by Crank.6 

In cases where an appreciable equilibrium pressure results from the reaction, the overall collection 
efficiency must be computed from the fractional approach to equilibrium as in the case of physical 
absorption. 

IV. Having used the methods described above to design an appropriate absorption system, the 
performance of the system should be determined experimentally. The preferable method is to sample 
a gas mixture of known composition. If this is not possible, use two or more absorbers in series. 

Acknowledgement-This investigation was supported in part by Research Grant S-84 from the 
Division of Sanitary Engineering Services, US. Public Health Service. 

Zu~~a~-Die Eigenschaften von Absorber des ~~bl~nt~s werden diskutiert. Es wird 
versucht auf Grund der Eigenschaften vorauszusagen wie gross die Absorptionsfahigkeit solcher 
Absorber ist und die Faktoren herauszuarbeiten, die den grossten Einfluss auf die Leistungsfahigkeit 
haben. 

R&I&---Les auteurs discutent le comportement d’absorbeurs du type barboteur et utihsent Ies 
resultats obtenus pour prevoir une estimation du pouvoir d’absorption de tels absorbeurs et pour 
indiquer les facteurs qui influent le plus sur ce pouvoir ~abso~tion. 
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So-A method is described for the dete~ation of copper in beryllium or beryllium oxide 
by extraction of the neocuproine complex with methyl isobutyl ketone. The method is accurate to 
&5 % or f2.5 micrograms of copper, whichever is greater. The accuracy and sensitivity could be 
improved by appropriate choice of sample sire, volume of extract and/or cell length. Of the 68 
elements investigated, only gold interferes in 10 mg amounts; in this case a slight loss of copper is 
caused by occlusion or co-precipitation. 

INTRODUCTION 

IN a previous paper, l the authors discussed the necessity of obtaining accurate 
chemical methods for the analysis of beryllium and beryllium oxide. Certain desirable 
features of such methods were also discussed. In the present paper a method is 
presented which is, assuming no synergistic effects, speciftc for copper. No inter- 
ference was caused by 10 mg amounts of 67 elements. The presence of 5 or 10 mg 
of gold resulted in an 8 % loss of copper by occlusion or co-precipitation. The method 
is accurate to 35 ‘A relative or k2.5 micrograms of copper, whichever is greater. 
The accuracy and sensitivity could be improved by appropriate choice of sample size, 
volume of extract and/or cell length. 

The method adopted is a modification of that presented by Gahler.a The sample 
is dissolved as previously described,l and citric acid is added to prevent precipitation 
of beryllium. The copper is reduced with hydroxylamine hydrochloride, and the pH 
is adjusted to 5.0 & 0.1. Neocuprolne is added and the complex is extracted with 
methyl isobutyl ketone (4-methyl-2-pentanone). The absorbance of the organic 
extract, measured at 457 millimicrons, is a linear function of concentration, at least 
from 0 to 5 ppm, and is stable for at least 24 hours. 

Apparatus 
EXPERIMENTAL 

Cary Model 14 Spectrophotometer and l-cm cells. 
International Clinical Centrifuge, 15-ml glass-stoppered centrifuge tubes. 
Beckman H-2 pH meter. 

Reagents 

Standard copper solution: Remove the oxide film from high-purity copper metal shot by treating 
it with 3M nitric acid. Rinse and dry. Dissolve approximately 0.1 g in 12 ml of 4M nitric acid. Add 
10ml of perchloric acid and evaporate to fumes to expel nitric acid. Cool and dilute to 1 litre. 
Dilute this solution to obtain a solution containing 10 pg of copper per ml. 
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Hydroxylamine hydrochloride, 10 % (w/v) : Store in refrigerator. 
Neocuprofne, (2:9-dimethyl-l :lO-phenanthroline): 0.1% (w/v), in absolute ethanol. Store in 

refrigerator. 
Citric acid, 50% (w/v). 
Methyl isobufyl ketone, (4-methyl-2-pentanone): B.P. 114-l 16”. 
Hydrochloric acid, (Sp. gr. 1.19). 
Sulphuric acid, (Sp. gr. 1.84). 
Sodium hydroxide, 50 % (w/v). 

Procedure 

Dissolve a sample, containing about 50 pg of copper, according to the directions previously given’ 
and transfer to a 400-ml beaker. Add sufficient acid to have present 5 ml of hydrochloric acid and 
10 ml of sulphuric acid. Add 10 ml of 50 % citric acid, 5 ml of 10 % hydroxylamine hydrochloride, 
dilute to about 100 ml with water and cool in an ice-bath. Adjust the pH to 5.0 f 0.1 with 50% 
sodium hydroxide, keeping the solution at room temperature with an ice-bath. Transfer to a 250~ml 
separatory funnel. Add 10 ml of 0.1 ‘A neocuprome solution and allow to stand for 2 hours. Add 
exactly 10 ml of methyl isobutyl ketone. Stopper tightly and shake for 1 minute. Allow the layers 
to separate, and discard the aqueous phase. Centrifuge the organic layer and measure its absorbance 
in l-cm cells at 457 millimicrons versus methyl isobutyl ketone in the reference cell. Determine the 
copper concentration by reference to a standard curve obtained by carrying known amounts of 
copper through the above procedure. A blank and standard should be carried through the entire 
procedure. 

Extraction of the copper-neocuproine complex 

In attempting to apply Gahler’s method* to the determination of copper in beryllium or beryllium 
oxide, it was found that chloroform was unsatisfactory as an extractant because of a tendency for 
emulsion formation. Also, in many cases a precipitate formed at the phase interface. Methyl isobutyl 
ketone was found to be a satisfactory extractant under these conditions. It has been reported8 that 
methyl isobutyl ketone is soluble to the extent of 2% in water. However, its solubility is negligible in 
this medium of high salt content. Copper is quantitatively extracted according to the procedure 
described. 

Measurement of the copper-neocuprolne complex 

The absorption spectrum and molar absorptivity (8400) of the copper-neocuprome complex are 
essentially the same as those observed when chloroform is used as the extractant. The absorbance is 
stable for at least 24 hours and is a linear function of concentration, at least from O-5 ppm. In the 
presence of large amounts of beryllium, the copper-neocuprolne complex does not attain full colour 
development for 15 or 20 minutes. Chromium and hafnium are the only elements of the 68 tested 
which retard complete colour development. A minimum of 2 hours is required for complete colour 
development when IO-mg amounts of these elements are present. The addition of neocuprolne, up to 
three times the amount usually added, did not hasten colour development; it was hastened to some 
extent by the addition of five times the amount of hydroxylamine normally added. 

The concentration of neocuprome has little effect on the molar absorptivity, at least between 0.05 
and 1.00 weight per cent. 

E&ct of other elements 

In testing the effect of other elements on the determination of copper using the procedure described, 
a solution containing the appropriate amount of sodium sulphate and sodium chloride was added. 

Luke and Campbell4 reported that Gahler’s method yielded satisfactory results in the presence of 
50-pg quantities of 56 metal ions. It was thought that the effects of larger amounts of impurities 
needed investigation. No interference was observed by 10 mg of Al, Sbnt, Asm, Ba, Be, Bi, B, Br, 
Cd, Ca, Ce”, Cs, Crm, CrvT, Co, Dy, Er, Eu, F, Gd, Ga, Ge, Hf, Ho, In, I, Ir, Feut, La, Pb, Li, Lu, 
Mg, Mnu, MnW, Hgu, MO, Nd, Ni, Nb, Pd, P, Pt, K, Pr, Re, Rh, Rb, Sm, SC, Se, Si, Na, Sr, Ta, Te, 
Tb Tlr Th Tm Sn” Ti’u W U= Vv Yb Y 9 1 2 n, or Zr. The presence of 5-10 mg of gold caused a 
losb of copper by o&lusidn or colpr&ipitatidn amounting to about 8% of the amount of copper 
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present (in this case 53.7 pg). Citric acid prevented lead sulphate from precipitating, and reduced the 
amount of precipitation of barium sulphate considerably. Slight precipitation occurred during the 
test with mercury. 

Application of the method 

A sample of beryllium oxide analysed using this procedure was found to contain 6.1 and 6.6 ppm 
copper. When 1 g of this oxide was “spiked” with 53.7 ,ug of copper, recoveries of 104% and 99% 
were obtained, indicating the applicability of the procedure to large amounts of beryllium. 

Blank values corresponding to 5.0, 5.6, and 5.5 pg of copper were obtained with the amounts of 
reagents used during the analysis. Demineralised water was used throughout the procedure. 

Results obtained when the method was applied to New Brunswick Laboratory standard samples of 
beryllium and beryllium oxide are shown in Table I. 

TABLE I.-ANALYSIS OF NEW BRUNSWICK STANDARDS 

Sample No. 
____~~~ _ 

Be 85 
86 
87 
88 

_ .____ 
Be0 72-l 

72-2 
72-3 
72-4 
72-5 

Cu found, ppm 
- 

23.2, 25.2 
264, 264 
207, 200 
237, 241 

-__ 
35.9, 34.4 
18.3, 20.1 
7.0, 7.0 
5.9, 3.9 
1.8, 1.8 

Average 

24.2 
264 
204 
239 

Nominal value 
~__ 

30 
300 
210 
250 

35.2 
19.2 
7.0 
4.9 
1.8 

36.0 
18.0 
7.21 
3.60 

a Nominal values for beryllium metal are based on chemical analysis. 

Zusarnmenfassung-Eine Methode zur Bestimmung von Kupfer in Beryllium oder Berylliumoxyd wird 
beschrieben, die auf der Extraktion des Kupfer-Neocuproinkomplexes mit Methyl-Isobutylketon 
beruht. Die Methode ist auf &5 % oder 2.5 ppm (Mikrogramm per Gramm) genau, abhlngig davon 
welches der grossere Wert ist. 

R&urn&-Les auteurs decrivent une methode de dosage du cuivre dans le beryllium ou l’oxyde de 
beryllium par extraction du complexe neocuprome dans la mCthylisobutylc&one. La methode est 
precise a &5 % pres (limite de sensibilite: 2,5 ppm). On pourrait augmenter la precision et la sensi- 
bilite par un choix approprie de la taille de l’echantillon, du volume du corps extrait, et/au de la 
longueur de la cellule. Parmi les 68 elements etudies, set11 l’or gene pour une quantite de 10 mg; 
dans ce cas il y a une legere perte de cuivre causee par occlusion ou coprecipitation. 
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THE ANALYSIS OF BERYLLIUM AND BERYLLIUM 
OXIDE-III. 

THE DETERMINATION OF MOLYBDENUM 

J. 0. HIBBITS, W. F. DAVIS and M. R. MENU 
General Electric Company, Aircraft Nuclear Propulsion Department, Evendale, Ohio, U.S.A. 

and 

s. KALLMANN 
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Summary-A method is described for the determination of molybdenum by extraction of its thio- 
cyanate complex with methyl isobutyl ketone. The method is accurate to &4 % or *3 micrograms 
of molybdenum, whichever is greater. The accuracy and sensitivity can be improved by appropriate 
choice of sample size, volume of extract and/or cell length. Of 68 elements investigated, only rhenium, 
platinum, palladium, rhodium, vanadium, and tellurium interfere in IO-mg amounts. Of these, only 
rhenium interferes seriously. 

INTRODUCTION 

PREvIous papers 1*2 have discussed the determination of iron and copper in berylliuti 

and beryllium oxide and the requirements for methods used for the analysis of these 
materials. In the present paper a method is presented which is almost specific for 
the determination of molybdenum. Of the 68 elements investigated, only rhenium, 
platinum, palladium, rhodium, vanadium, and tellurium interfere in IO-mg amounts. 
Of these, only rhenium interferes seriously. 

The determination of molybdenum as the thiocyanate is treated extensively in the 
literature. The method which we have found most satisfactory is based on informa- 
tion supplied by Tombu3. Molybdenum thiocyanate, in a sulphuric-hydrochloric 
acid medium, is reduced with stannous chloride and extracted with methyl isobutyl 
ketone. The extraction is performed in the presence of iron in order to obtain maxi- 
mum colour intensity. The extract is washed with a solution of oxalic acid in dilute 
hydrochloric acid; this removes cobalt and any zirconium which may have been 
extracted. A final wash with dilute hydrochloric acid eliminates any turbidity which 
may exist in the organic phase. After 2 hours, the absorbance of the extract is 
measured at 500 mp. The method is accurate to 34 % or f3 micrograms of molyb- 
denum, whichever is greater. The accuracy and sensitivity can be improved by 
appropriate choice of sample size, volume of extract and/or cell length. 

Apparatus 
EXPERIMENTAL 

Cary Model 14 Spectrophotometer and 2-cm cells. 
International Clinical Centrifuge, 15-ml glass-stoppered centrifuge tubes. 

Reagents 

Standard molybdenum solution. Dissolve 3 g of molybdenum trioxide in 200 ml of 10% sodium 
hydroxide and dilute to 2 litres with water. Store in a polyethylene container. Standardise this 
solution and dilute an aliquot to obtain a solution containing 25 ,ug of molybdenum per ml. 
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Citric acid, crystals. 
Bromine wafer, saturated solution. 
~ff~hur~c acid, sp. gr. 1.84 and 6M. 
Potassium thiocyunate, 25 % (w/v). 
Starznous chloride, 25 % (w/v), in 12M hydrochloric acid. 
Oxalic acid, 2 % (w/v), in 1.2M hydrochloric acid. 
Hydrochloric acid, sp. gr. 1.19, 6M and 2.4M. 
Iron solution. Dissolve 0.48 g ferric chloride hexahydrate in 33 ml ofhydrochloric acid(sp. gr. 1.19) 

and dilute to 100 ml with distilled water. 
Methyl isobutyi ketone (~methyl-2-pentanone), B.P. 114-l 16”. 

Procedure 

Dissolve a sample of beryllium metal or beryllium oxide, containing up to 75 ,ug of molybdenum, 
according to the procedure described previously.1 Transfer to a 250~ml separatory funnel and add 1 g 
of citric acid (to prevent possible precipitation of tungsten, which might occlude molybdenum). Add 
1 ml of a solution containing 1 mg of iron per ml. Add water and hydrochlo~c or sulphuric acids 
until 5 ml of hy~~hlo~c acid and 10 ml of sulphu~c acid are contained in a final volume of 70 ml. 
Cool to room temperature. Add 2 ml of bromine water, 10 ml of 25 % potassium thiocyanate solution 
and 5 ml of 25 ‘A stannous chloride solution. Mix and allow the solutions to stand at least 10 minutes. 
Add exactly 25 ml of methyl isobutyl ketone and shake for 14 minutes. Allow the layers to separate 
and discard the aqueous phase. Add 35 ml of 2% oxalic acid solution and shake for 1 minute. 
Discard the acid wash. Add 35 ml of 2.4M hydrochloric acid, shake for 1 minute and discard the 
acid wash. Allow the organic phase to stand at least 2 hours in the tightly stoppered separatory 
funnel. Transfer to a centrifuge tube and centrifuge for 1 minute. Measure the absorbance of the 
extract in 2-cm cells at 500 rnp using methyl isobutyl ketone in the reference cell. Determine the 
molybdenum concentration by reference to a standard curve obtained by carrying known amounts of 
molybdenum through the above procedure. A blank and standard should be carried through the 
entire procedure. 

Extraction of the molybdenum-~h~o~yanafe compiex 

Molybden~ is quantitati~ly extracted using the procedure described. Minor variations in the 
amounts of hydrochloric or sulphuric acids have no significant effect. 

Measurement of the molybdenum-thiocyanate complex 

A comprehensive discussion of the molybdenum thiocyanate complexes and the difficulties in 
attaining maximum coIour development has been given by Crouthamel and Johnson.* A number of 
workers have observed that the presence of smali amounts of iron (or copper) increases the colour 
intensity. In this study, 1 mg of iron was added in order to obtain maximum colour formation. 

The maximum absorbance of the molybdenum-thiocyanate complex occurs at 470 mp. Inter- 
ference from tungsten is minimised by measuring the absorbance at 500 mp. Eighteen hours are 
required for maximum colour development. The colour increases by approximately 10% over that 
obtained in 2 hours. Solutions can be measured at any time after 2 hours provided the same time 
interval is used for establishment of the standard curve. The complex obeys Beer’s law and has a 
molar absorptivity of approximately 10,000 at 500 rnp when extracted in the manner described. 

Effect of other elements 

No interference was obtained from 10 mg of Al, Sb ‘I’, AS”‘, Ba, Be, Bi, B, Cd, Ca, Cem, 
Cetv Cs, Crm, Crvr, Co, Cu, Dy, Er, Eu, Gd, Ga, Ge, Au, Hf, Ho, In, Ir, Fen, Fe”“, La, Pb, 
Li, iu, Mg, Mnn, Mnvn, Hg tl, Nd, Ni, Nb, P (as phosphate), K, Pr, Rb, Sm, SC, Se, Si, Na, Sr, Ta, 
Tb, Tlr, Th, Tm, Sn” Snxv, Tim, TiIv, W, U”, Yb, Y, Zn, or Zr, or 100 mg of F or Br. The effects 
of the few elements which did interfere at the IO-mg level are shown in Table I. 

APPLICATION OF THE METHOD 

When 1 g of beryllium oxide containing no detectable amount of molybdenum 
was “spiked” with 75 ,ug of this element, complete recovery (within -&4x) of the 

2 
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TABLE I.---EFFECT OF INTERFERINO ELEMENTS ON THE 

DETERMINATION OF 75 ,UfZ OF MOLYBDENUM 

Element added 

- 

I (as iodide) 

Te 

VV 

Re”” 

PC” 

Pd” 

Rh’” 

” 
- 

Amount 1 
_ !- 

1 “g 
10mg 

100 mg 

100 mg 

5 mg 

5 mg 
10mg 

5 mg 
10mg 

100 r&g 
100 Ecg 

1 mg 
100 erg 

1 mg 
1mLcg 

1 mg 

y. Error 
---- 

<4 

--12.5 
-21.7 
<4” 
-- 50 
<@ 
-8b 
<4 
-8 
-t82c 
+5 
150 
<4 
124 
<4 
+30 

D Iodide was removed by the addition of 0.4 g of ferric ammonium sulphate, 2 ml of 9M sulphuric acid, 
a few drops of nitric acid, and boiling. 

b Solution filtered before extraction. 
OA,,, = 433 mp. 

“spike” was obtained. Results obtained when the method was applied to New 
Brunswick Laboratory standard samples of beryllium metal and beryllium oxide are 
shown in Table II. 

TABLE X-ANALYSIS OF NRW BRUNSWICK STANDARDS~ 

Sample No. MO foundb, ppm 

Be 85 4.6, 5.1 4.8 5 

86 25.8, 25.6 25.7 25 

87 32.4,32.4, 32.4 32.4 32 

88 52.5, 50.4 51.5 51 

Be0 72-1 18.8, 18.7, 18.8, 19.5 
12-2 7.5, 7.5, 7.9, 7.9 
72-3 3.9, 3.8, 4.2, 4.2 
72-4 2.1, 1.9, 2.6, 2.6 

18.9 
7.7 
4.0 
2.3 
0.7 I - 

18.0 

6.5 

2.9 

I.8 
- 72-5 : 0.1, 0.9,0.9,0.7 

-7- 
- 

Average 
/ -- _I- 

Nominal value” 

* Nominal values for beryllium metal are based on chemical analysis. 
b Results should be accurate to within 1 ppm. Five-cm cells were used. 
c Private communication with NBL.& Certificate values to be regarded as only tentative. 

If there are no synergistic effects, high results are obtained with this procedure only 
when significant amounts of platinum, palla~um, or rhodium, or small amounts of 
rhenium are present. Spectrographic analysis of all of the New Brunswick standards 
indicated less than 10 ppm of rhodium or palladium, and less than 20 ppm of platinum. 
Rhenium was not detected in the beryllium metal samples when these were analysed 
by the method of Hoffman and Lundell. 5 The rhenium content in each case was 
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estimated to be less than 2 ppm. It was also found that rhenium is volatilised during 
the dissolution of beryllium oxide with sulphuric acid. The rhenium content of the 
beryllium oxide samples is also estimated to be less than 2 ppm. 

The method has also been applied to yttrium oxide with the results shown in 
Table III. 

TABLE III.-APPLICATION OF THE METHOD TO Y'ITRIUM OXIDE 

Sample MO added, .ug j MO found, yg 
/ 

I .3 g Y,O, / 75 I 75 

1.3 g Y,Os + 100 ,~g each of Zn, Ca, Mg, 
Snrr Al Mnrr V”, Pb Ba , 
Cd,‘B, Si, Li, ‘K, Be, Dy, Ho, Tb, 
Yb, Co, Ni, Crv’, W, Nb, 200 pg Cu, 
400 pg Ta, 1 mg Fern, 5 mg F, 4 mg 
Tim, 10 mg Zr 

75 79 

Zusammenfassnn8-Eine Methode zur Bestimmung von Molybdln wird beschrieben, basierend auf 
der Extraktion des Thiocyanat Komplexes mit Methyl-Isobutylketon. Die Methode ist auf 54% 
oder 3 M~ro~amrn per Gramm genau, abhlngig davon was der grossere Wert ist. Genauigkeit und 
Empfindlic~eit der Methode kijnnen gesteigert werden durch geeignete Auswahl von Probenmenge, 
Extraktionvolum und/oder Zellange. Von 68 untersuchten Elementen St&en nur Rhenium, Platin, 
Palladium, Rhodium Vanadin und Tellur in Mengen bis zu IO Milligrammen. Lediglich die durch 
Rhenium bewirkte Storung ist schwer. 

R&nn&--Les auteurs decrivent une methode de dosage du molybdene par extraction du complexe 
thiocyanate dans la m~thylisobutyl~tone. La mdthode est p&cise B f4% p&s (Umite de sensibilite: 
3 p,p.m.). On peut augmenter la precision et la sensibilitb par un choix approprie de la taille de 
Xchantillon, du volume du corps extrait, et/au la longueur de la callule. Parmi les 68 elements 
Ctudies, seuls le rhenium, le platine, le palladium, le rhodium, le vanadium et le tellure g&rent pour 
des quantitC de 10 mg. Parmi ceux-ci, seul le rhenium gene serieusement. 
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Summary-Alizarin-Red S has been used to determine zirconium spectrophotometrically in uranium 
alloys of the fission elements. Separation from interferences is effected by co-precipitating the 
zirconium with barium fluosilicate. Colour stability and improved precision have been realised 
through changes in the colour development procedure. Alloys containing from 1 to 0.01% zirconium 
can be analysed by this method with coefficients of variation from 1.5 to 20. 

INTRODUCTION 

To re-establish the integrity of the fuel and remove certain undesirable fission ele- 
ments, portions of the uranium core of the Experimental Breeder Reactor-II will be 
routinely melted down in oxide crucibles and recast. The process affords little or no 
separation of the fission elements zirconium to tellurium, and after a number of 
processing cycles an equilibrium alloy evolves which contains 1% or more of zir- 
conium, molybdenum, and ruthenium, and lesser amounts of niobium, rhodium, and 
palladium. Since zirconium may impart certain undesirable metallurgical properties 
to these alloys, it has been necessary to seek process modifications which will afford 
significant zirconium removal in each process cycle. To make these studies, inactive 
uranium alloys containing from 0.01 ‘A to 1 ‘A zirconium, and the amounts of the 
other fission elements indicated, were used. Zirconium analyses were required which 
were precise enough to reveal small process-induced concentration changes at the 
higher level and sensitive enough to indicate within a factor of two or better the 
concentration at the lower level. 

The success which other authors1-3 had reported with Alizarin-Red S as a colori- 
metric reagent for zirconium led to its use in this work. The reported precision of 
replicate determinations was such that small changes in the higher zirconium alloys 
would be revealed and the sensitivity of the reagent such that sample sizes could be 
kept within reasonable limits, 0.1 g, even if the zirconium content were 0.01%. 
Alizarin-Red S (sodium alizarin sulphonate), like most other calorimetric reagents 
for zirconium, is rather unspecific, and separation from a number of the other alloying 
constituents had to be made. 

Moore’s solvent-extraction with TTA (thenoyltrifluoroacetone),4 a cupferron 
extraction, an ion-exchange system developed by Krause and Nelson5 and an extension 
of Hume’s6 barium fluozirconate precipitation of fission product zirconium were 
considered as possible separation methods. The TTA extraction was considered to 
be prohibitively slow for large numbers of samples. The cupferron extraction is not 

* Work performed under the auspices of the U.S. Atomic Energy Commission. 
t Operated by The University of Chicago under Contract No. W-31-109-eng-38. 
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particularly selective and additional separations from one or more of the other 
fission elements would probably have been needed. Furthermore, both TTA and 
cupferron must be destroyed by wet ashing before the colour development can be 
carried out. The ion-exchange separation in hydrochloric-hydrofluoric acid mixtures 
is very straightforward, but reducing the large volume of eluant and freeing it of its 
fluoride content is not easily effected. Platinum, in the presence of even small amounts 
of hydrochloric acid, is attacked by perchloric acid, Pyrex and Vycor both contain 
prohibitive amounts of leachable zirconium. Even commercial quartz-ware contains 
2 to 3 ppm zirconium and significant errors are introduced in low-level analyses 
when the large volumes of OSM hydrofluoric acid eluant are evaporated. 

The precipitation of barium fluozirconate as a means of separating zirconium 
from other cations has been used by several workers. Hume6 used it in the determina- 
tion of fission-product zirconium as a method of purification but made no attempt to 
make the precipitation quantitative. Telford’ showed that the precipitation is quanti- 
tative at the 100-mg level in separating zirconium from niobium before gravimetric 
determination. Milner and Barnet@ found it to be quantitative at the milligram level 
providing the acidity is 3N or less. They also showed that the separation from 
niobium, tantalum, tungsten, uranium, molybdenum, lead, iron, copper, and tin was 
adequate for the titrimetric determination of zirconium with EDTA. In eliminating 
the yield determination in Hume’s fission-product method the authors of this papers 
had also shown that the precipitation was quantitative at the milligram level. 

By co-precipitating barium fluozirconate with barium fluosilicate, satisfactory 
separation is made from the other fission elements and from the bulk of the uranium. 
The fluoride in the precipitate is removed by perchloric acid fuming; colour develop- 
ment can be carried out on an aqueous dilution without further manipulation. 

A marked improvement in colour stability has been realised through changes in 
the method of acidity adjustment before colour development. 

Separations 
EXPERIMENTAL 

Zirconium which had been tagged with %Grconium (65 d) was used to monitor the separation 
studies reported in this work. The daughter activity, %iobium, (35 d), was removed by extracting 
it into methyl isobutyl ketone from 8M hydrochloric acid. After three equal-volume extractions, less 
than 0.1% of the niobium remains in the aqueous phase while the zirconium loss is less than 20%. 
A well-type scintillation counter was used to assay the zirconium activity. Both precipitates and 
supernates were counted. 

For uranium alloys of the fission elements which contain 0.5 % or more zirconium, the precipita- 
tion of barium fluozirconate affords a satisfactory separation from interferences. In the absence of 
ur~ium and the other fission elements as little as 70 pg of zirconium can be quantitatively precipi- 
tated from 5 ml of solution. High fluoride and barium concentrations, 5M and O.lM, and low 
nitric acid concentration, 0.5N are essential for minimising the solubility of the salt. The effect of 
acidity on the precipitation of barium fluozirconate is shown in Table I. The nitric acid concentration 
selected for use is 0.5N; this is low enough to insure the quantitative precipitation of the zirconium 
but high enough to prevent the precipitation of barium fluoride. 

Unfortunately, uranium has a solubilising effect on the fluotirconate precipitate and complete 
zirconium recovery cannot be obtained when the uranium to zirconium weight-ratio is greater than 
200. However, by co-precipitating barium fluozirconate with barium fluosilicate, zirconium can be 
quantitatively precipitated from solution even at the tracer level (Table II). Barium fluosilicate is 
not a particularly insoluble salt (the handbook value is 26 mg per 100 ml of water), but quantitative 
precipitation is apparently not a requisite for quantitative carrying of the zirconium. When separat- 
ing the zirconium from larger volumes of solution, the standard addition of 6 mg of fluosilicic acid 
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TABLE I.--EFFECT OF NITRIC ACID CONCENTRATION ON THE PRECIPITATION OF FLUOZIRCONATE 

Monitored with 8JZr Activity 

Vol = 3 ml Ba(NO& = O.lN 

96Zr = IO* cpm HF=SN 

I I 
Zirconium taken, ,ug Nitric acid, N Zirconium recovered, %, 

70 
140 
70 

140 
70 

140 
70 

140 

101 
100 
100 
99 
94 

100 
53 
89 

often does not initiate precipitation, and a further addition of fluosilicic acid produces only a relatively 
small amount. To repress the solubility the same conditions which minim& the solubility of barium 
fluozirconate, high fluoride and barium concentrations and low acidity are used. The precipitation 
is not easily initiated, particularly at room temperature, but vigorous stirring and heating will usually 
overcome this difficulty. 

That zirconium in the amounts given in Table II is determinable with Alizarin-Red S after 
co-precipitation with barium fluosilicate is demonstrated by the results in Table III. 

TABLE ll.---cO-PRECIPITATION OF BARIUM PLUOZIRCONATE WITH BARIUM FLUo%LICA’IE 

Monitored with 9eZr Activity 

Vol = 3 ml H,SiF$ = 4 mg 

95Zr = lo* cpm Ba(NO& = O.IM 

HF = 5M HNO$ = OSM 

Zirconium taken, pg gSZr recovered, ‘A 

Tracer 
1 

10 
20 
30 
50 
75 

100 

/ 
98 
99 

101 
99 
99 

101 
102 
98 

The effectiveness of the barium fluozirconate fluosilicate precipitation in separating zirconium 
from each of the other fission elements and uranium in the alloys is shown in Table IV. At the 
highest uranium : zirconium ratios, 104 : 1, the amount of uranium must be limited to about 150 mg 
to secure quantitative pr~ipi~tion of the ~rconium. Although the ~-p~ipitation of uranyl 
fluoride is considerable at the 100-mg level, it does not constitute an interference since it neither 
reacts with the Alizarin-Red S nor absorbs at the zirconium-Alizarin-Red S wave length. 

At ruthenium : zirconium and rhodium : zirconium ratios of 50 and more, some co-precipitation 
of these elements with barium fluorosilicate may also occur. For a particular sample this behaviour 
is reproducible, but for other sampies, aithough very similar, the amount of co-precipitation may 
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TABLE III. DETERMINATION OF ZIRCONIUM WITH ALIZARIN-RED s 

AFTER CO-PRECIPITATION WlTH BARIUM FLUOSILICATE 

Vol = 3 ml, HF = 5M, H&F, = 4 mg, Ba(NO& = O.lM, HNO, = 0.5M 

111 

I Absorbance* 
Zirconium taken, 

Direct 1 After pptn. 

9.1 0.036 0.038 
23.0 0.105 0.110 
29.4 0.144 ~ 0.146 
45 2 0 220 0.226 

* 2-cm cells. 

vary considerably. When it does occur it is always indicated by coloration, usually rose, of the 
precipitate. The ruthenium offers no problem as it is fumed off as the tetroxide in the subsequent 
perchloric acid fuming, but the rhodium interferes by absorbing at the wave length used for zirconium. 

Colour development and stability 

The perchloric acid fuming which is used to convert from the fluoride medium used for precipita- 
tion to one which is anionically satisfactory for colour development results in a 70 % perchloric acid 
solution of unknown volume. Since the acidity at which the absorbance measurement is made 
must be controlled to &5’% and be in the range of 0.5N to l.ON, practice has been to make the 
acidity adjustment by either fuming the sample to incipient dryness or by neutralising the diluted 
acid with alkali. The latter has been done by either adding alkali until the pH to be used in the 
colour development has been reached or by a complete neutralisation and then adding a fixed 
amount of standard acid. 

Each of these methods of acidity adjustment can easily result in irreversible zirconium hydrolysis. 
In fuming zirconium to incipient dryness, there is always grave danger that localised overheating 
will prevent some of the zirconium from redissolving in dilute acid. Zirconium which has been 

TABLE IV. SEPARA~ON OF ZIRCONIUM FROM OTHER 

FISSION ELEMENTS AND URANIUM BY THE BARIUM 

FLUOZIRCONATE-FLUOSILICATE PRECIPITATION 

Interference 

None 
MoVT 
Run-‘V B 

Rhn’ 
Pd” 
Nb” 
tin’ 

300 
260 

10 
35 
10 

150 
Um 1 x 10s 

1 x lO’(6OOmg) 
1 x 10*(150mg) 

2-cm cells 

Foreign ion 
to zirconium 
weight ratio 

- 

_ 

- 

Zirconium, /lg 

Taken Found 
___ 

61 61 
61 61 
61 60 
61 61 
61 62 
61 61 
61 62 
61 61 
61 15” 
15 15” 

a Removed in part by the HCIO, fuming step. 
b At uranium : zirconium weight ratios of lo*, complete zirconium 

recovery can be real&d only at the 150-milligram uranium level. 
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fumed to complete dryness cannot be resolubilised without treating the samples with fluoride and 
re-fuming. Partial neutralisation of the acid with alkali will result in some zirconium hydrolysis 
because of localised alkaline conditions no matter how carefully it is done, and complete neutralisation 
and re-acidification will result in even more extensive hydrolysis. 

By fuming the sample to about 1 ml of perchloric acid in a tared crucible and adding 70% acid 
until there is a standard weight of acid in the crucible, the subsequent dilution to volume can be 
made without danger of hydrolysis. (In this work, 2.30 g of perchloric acid were used. Diluted to 
25 ml this gives an acidity of 0.6ON.) That there is far less hydrolysis of zirconium when the acid 
adjustment is made in this manner is shown by the colour stability of the Alizarin-Red S complex. 
In contrast to colour stabilities of a few hours to a day reported by other authorC8 no decrease in 

04 

03 

Y 
5 
L 02 
% 
I 

01 

0 
50 loo 

ZIRCONIUM (~9) /25ml 

> 
I50 

FIG. 1. The absorbance of zirconium alizarin sulphonate vs micrograms of zirconium. 

colour intensity was noted in a group of samples measured every day for more than a week. In the 
routine application of the method several days often elapse between the final dilution to volume and 
the absorbance measurement with no effect on the colour. Since colour development is rather slow, 
the samples are allowed to stand over-night before the absorbances are measured. 

Deviations from Beer’s law 

A plot of absorbance vs. concentration in the concentration range 0 to 150 ,ug/25 ml is shown in 
Fig. 1. The dashed line, an extension of the linear portion of the curve above 75 pg. has been drawn 
to help to emphasise the negative deviation from Beer’s Law below 75 ,ug. 

Reagents 
Standard zirconium solution: dissolve 18 g of hafnium-free zirconium tetrachloride in 1 litre 

of 3M hydrochloric acid. Standardise by precipitation with cupferron and ignition to the oxide. 
Working dilutions, containing about 0.5 mg/ml, are prepared by making dilutions in 1M perchloric 
acid. 

Alizarin-Red S: 0.2 %, in 0.1 M perchloric acid 
Perchloric acid: 70 % 
Fluosilicic acid: 0.2M 

Ammonium hydroxide : 15M 
Nitric acid: 16M 
Barium nitrate: saturated 
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Quartz crucibles must be used for fuming samples which contain fluoride as both Pyrex and 
Vycor contain appreciable amounts of zirconium. The quartz used in this work was found to contain 
2 to 3 ppm zirconium. However, the fluoride content of the fluozirconate-fluosilicate precipitate is 
relatively low and detectable amounts of zirconium are not solubilised. 

A Beckman Model B spectrophotometer was used for this work. The sensitivity was “3”, and 
the shutter was in the open position. 

Standard curve 

Pipette duplicate aliquots of the working standard containing 25, 50, 75, 100, 150, 200, and 
300 pg of zirconium into 25-ml volumetric flasks. Add IS ml of water and 1.30 ml of 70 % perchloric 
acid. Add 1.0 ml of the A&arm-Red S reagent and dilute to volume with water. Measure the 
absorbance after 18 hours against a reagent blank at 520 rnp. Use 2-cm cells for those samples 
containing 75 yg or less. 

Procedure for a&p 

Dissolve the sample in a quartz flask using the special hydrochloric-nitric-hydrofluoric acid 
mixture and procedure described by LarsenlO. Dilute to a known volume and pipette an aliquot of 
the sample containing 70-300 pg of zirconium into a lo-ml Lusteroid centrifuge tube. Dilute to 
3 ml with water. Neutralise by the dropwise addition of 15Nammonium hydroxide until ammonium 
diuranate precipitates (yellow). Dissolve the precipitate by the dropwise addition of 16N nitric acid. 
Add 0.5 ml of 16N nitric acid, 1.0 ml of 27N hydrofluoric acid, (polyethylene pipettes), and four 
drops of 0.2Mfluosilicic acid. Stir. Heat in a water bath (90’ to 100°) for 1 minute. Add 1.5 ml 
of saturated barium nitrate solution and stir (the stirring rod must be platinum, quartz or polyethylene) 
until the barium fluosilicate precipitate begins to form (avoid excessive stirring). Continue heating 
for 1 minute. Centrifuge for 3 minutes. Remove the supernate by suction. Slurry the precipitate 
in 2 ml of water and transfer with two l-ml water washes to a quartz crucible. Add 1 ml of 
70% perchloric acid and evaporate to dryness. Tare the crucible to the nearest 0.01 g. Add 3 drops 
of 3N hydrofluoric acid, 1 ml of water and 2ml of 70% perchloric acid, and heat to fumes of perch- 
loric acid. Re-fume twice after cooling and adding 1 ml of water. (The removal of fluoride by 
repeated water addition and fuming is superior to a single prolonged fuming.) When there is less 
than 2.3 g of perchloric acid in the crucible, cool, tare, and add 70 % perchloric acid until the crucible 
contains 2.30 g of acid. Add 5 ml of water and warm gently on a hot plate. Transfer the solution 
with 10 to 15 ml of water to a 25-ml volumetric flask. Add 1.0 ml of the Alizarin-Red S reagent and 
dilute to volume with water. After 18 hours measure the absorbance of the sample against a reagent 
blank in l-cm cells at 520 rnp. 

RESULTS AND DISCUSSION 

The reliability of the method was ascertained through the analysis of synthetic 
uranium solutions which contain percentage amounts of molybdenum, Athena, 
rhodium, and pa~adium and varying amounts of zirconium. The results are shown 
in Table V. In the range 0.3-l % the 2% coefficient of variation demonstrates that 

TABLEV. ZIRCONIUMDETERMINATIONINSIMWLATEDALLOYSOLLITIONS 

Nominal alloy composition, % U, 95: MO, 2.5: Ru, 1.5: Rh, 0.5: Pd, 0.3 

I I I I 

Zirconium, % Coeff. of variation. 1 ISas 1 %t?$ iD::::t:rns 

1.0 1.5 0 20 
0.3 2 0 

0.1 5 -1 0.03 11 18 2: 
0.01 20 t-10 6 
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the method will adequately reveal small changes in alloy composition; at 0.01 ‘A 
zirconium the accuracy and precision will adequately reveal changes in alloy com- 
position within a factor of 2. The positive bias in the results at the lower zirconium 
concentrations is undoubtedly due to rhodium which is not completely separated. 

Zusammenfassung-Alizarin S wurde zur spektrophotometrischen Bestimmung von Zirkonium in 
Uranlegierungen der Kernspaltelemente verwendet. Abtrennung von Storelementen wurde durch 
Mitf&llung des Zirkonium mit Bariumfluosilikat erreicht. Verbesserung des Farbstabilitlt sowie der 
Reproduzierb~keit der Methode wurden durch Anderungen in der Farbentw~cklung erzielt. 
Legierungen mit l-0.01 % Zirkonium wurden analysiert. 

R&urn&-On a utilise le rouge d’alizarine S pour doser par spectrophotometrie le zirconium dans les 
alliages d’uranium avec les elements de fission. Le zirconium est s&pare par coprecipitation avec le 
Suosilicate de barium. Une coloration stable et une meilleure precision ont ete obtenues en modifiant 
le pro&d& de developpement de la couleur. Des alliages contenant de 1 a 0,Ol pour cent de zirconium 
peuvent etre analyses par cette methode avec des coefficients de variation de I,5 % 20. 
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Summary-Although other workers have shown by thermogravimetric analysis of aluminium oxide 
precipitates that constant weight can sometimes be reached at temperatures below 700”, the results of 
the present investigation indicate that, at least where conventional ignition and weighing techniques 
are used, the safe minimum temperature for the ignition of aluminium oxide to constant weight is 
1200”. 

IT is common practice among analytical chemists to use a temperature of about 
1200” for the ignition of either hydrated aluminium oxide or basic aluminium salts 
to aluminium oxidel. Willard and Tang2 also recommend this temperature for the 
ignition of basic aluminium sulphate or basic aluminium succinate precipitates 
obtained by the urea method. Duva13 states that 611” is the minimum temperature 
required in the thermogravimetric ignition of basic aluminium succinate obtained 
by urea hydrolysis. Although Duval also states that 672” is the minimum temperature 
for aluminium precipitated with urea, it is not clear if it is basic aluminium sulphate 

which was ignited; Duval refers to the “urea/succinate” method in the one case but 

only to the “urea”, i.e. not the “urea/sulphate”, method in the other case. For 
aluminium precipitated with ammonium hydroxide in the presence of ammonium 
chloride, he recommends a minimum thermogravimet~c temperature of 1031’. 
Duval quite correctly indicates that higher temperatures are often necessitated by 
ordinary ignition methods because crucibles must be cooled before weighing and 
this can expose the precipitate to atmospheric water vapour or other substances 
which may be absorbed by it. 

This investigation was undertaken to determine whether ignition temperatures 
lower than those usually recommended can be used in the conventional ignition of 
aluminium oxide precipitates. 

(a) Conventional ignition 
EXPERIMENTAL RESULTS 

Four solutions of aluminium chloride, each containing the equivalent of 0.2 g of Al&&, were 
diluted to 400 ml; these solutions were at pH 2 to 3. 
of ammonium chloride were added to each sohttion. 

A few drops of methyl red indicator and 5 g 
The subsequent treatment of each solution was 

as follows: 
Method A: Two g of potassium sulphate and 5 g of urea were added. The solution was heated to 

boiling. After precipitation began, in about 30 minutes, boiling was continued for about 14 hours 
more. 

115 
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Method B: Five g of succinic acid and 5 g of urea were added and precipitation carried out as with 
solution A. 

Method C: Five g of urea were added and pr~ipitation carried out as in the previous cases. Though 
this is not a procedure recommended by Willard and Tang, because it precipitates aluminium in a 
gelatinous form, hydrous aluminium oxide was thus precipitated and ignited because of the uncertainty, 
previously stated, as to whether Duval used sulphate in his “urea” method. 

Method D: Ammonium hydroxide (1 : 1) was added dropwise to the boiling solution until the 
indicator changed colour. Then, one additional drop of the hydroxide was added and the solution 
boiled for 1 minute more. 

In all four cases, the precipitates were filtered on paper and washed with 1% sonic nitrate 
solution. The filter papers and precipitates were charred and allowed to ignite at 500” for 8 hours. 
The resulting residues were then further ignited in tared platinum crucibles for l-hour periods at 650”. 
800”, 950”, llOO”, and 1200”. After each ignition period, before being ignited at the next higher 
temperature, the covered crucibles were cooled in air for a minute, transferred to a desiccator contain- 
ing phosphorus pentoxide, and weighed rapidly after 10 minutes. The tina ignition at 1200” was 
repeated for a second hour. The results of this series of experiments are shown in Table I. 

TABLE I.-EFFECT OF IGNRION TEMPERATURE ON THE WEIGHTS OF ALUMINKUM OXEDE PRECIPITATES 

OBTAINED BY DIFFERENT METHODS 

Temperature5 

“C 
650 
800 
950 

1100 
1200 
1200 

(2nd hour) 

Per cent excess weight over final reference value 

Method A 
(urea-basic 

sulphate method) 
.I__ 

% 
19.2 
9.8 
3.4 
0.6 
0.2 

Ref. value 

Method B 
(urea-basic 

succinate method) 

% % 
3.9 3.1 
2.3 1.7 
1.0 1.0 
0.0 0.0 
0.0 0.0 

Ref. value Ref. value 

Method C 
(urea method)b 

- 

I 

I 
Method D 

(a~onium 
hydroxide method) 

% 
4.5 
2.4 
1.2 
0.2 
0.1 

Ref. value 

(1 After charring of the filter paper, the precipitates were ignited at 500” for 8 hours before being ignited 
for 1 hour at each of the stated temperatures. 

b Chloride, but not sulphate or succinate, was present. 

Each of the four experiments described above was performed in duplicate on two separate 
occasions so that four values were obtained for each. These results were averaged to obtain the values 
reported in the table. Agreement between the replicates was quite good, thus indicating the negligible 
effects of weighing errors and possible variations of muffle temperatures. 

In order to reduce exposure of the precipitates to the atmosphere to a minimum, and thus approxi- 
mate more closely the conditions enco~te~d in a thermo~avimetric ignition, the experiments 
described for Method B and Method C were repeated (each in duplicate) with slight modification. 
After the filter papers were burned off, overnight at 525” this time, ignitions were carried out as before. 
However, after each incremental ignition, one set of precipitates from Band C was transferred, red-hot 
and covered, to a desiccator containing phosphorus pentoxide and allowed to cool before weighing. 
Because the weight was known to within a few milligrams, the time of weighing and hence exposure to 
the atmosphere was very short. The other set of precipitates from B and C was allowed to cool for 
3 minutes in the atmosphere before being placed in the desiccator. The results of these experiments are 
shown in Table II. 

(b) Ignition in a thermbalance 

Precipitates were prepared by Methods A, B, and C as previously described. Filter papers and 
precipitates were charred and ignited overnight at 525”. Then the precipitates were placed in a 
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quartz-fibre thermobalance and heated from room temperature to about 600” in 45 minutes, while a 
stream of dry air was passed over the sample. The weight and temperature at this point were taken as 
base values; the temperature was then raised by nominal 50-degree increments every 50 minutes, the 
exact temperature being measured with a thermocouple. Because constant temperature was reached 
in every case in about 10 minutes, the alumina was thus held at each temperature value for 40 minutes 

FIG. l.--Ignition of aluminas after preliminary charring. 

before being heated to a higher value. The percentage cumulative weight loss at each temperature 
level was calculated using as a base value the weight at the initial temperature, nominally 600”. The 
results for the three precipitates are plotted in Figure 1. 
air. 

All weights are uncorrected for buoyancy in 

TABLE II.-EFFE(~T OF ATMOSPHERE EXPOSURE ON WEIGHT OF IGNITED 

ALUMINIUM OXIDE PRECIPITATES 

Per cent excess weight over final reference value 

Temperature 

“C % % 
650 2.4 2.5 
800 1.8 1.9 
950 1.6 1.6 

1100 0.3 0.4 
1200 Ref. value Ref. value 

- 

Precipitate placed in desiccator 
immediately upon removal from 

furnace 

- 

I 

Method B Method B 
(urea-basic 

Method C 
(urea method)a 

(urea-basic 
succinate method) succinate method) 

4 Chloride, but not sulphate or succinate, was present. 

Precipitate placed in desiccator after 
3-minute cooling in atmosphere 

0, 

3:: 
2.4 
1.9 
0.4 

Ref. value 
L 

Method C 
(urea method)a 

% 
2.8 
2.6 
2.2 
0.5 

Ref. value 

In a final experiment, a precipitate obtained by Method A was thoroughly air-dried, transferred to 
the thermobalance, heated rapidly to about 600”, and then heated in 50-degree increments as before. 
Percentage weight losses were calculated using the initial, i.e. the air-dried, value as a base. The 
results are plotted in Figure 2. 
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600 640 660 720 760 600 640 660 920 

TEMPERATURE, OC 

FIG. 2.--Ignition of basic aluminium sulphate. 

DISCUSSION 

The results in both Table I and Table II show quite clearly that the minimum 
conventional ignition requirement for several of the aluminium oxide precipitates is 
1 hour at 1100” (following charring of the paper). Where sulphate is present, as in the 
basic sulphate method, an even higher temperature is indicated. 

Although some of the results in Table II were obtained in a way tending to mini- 
mise the effect of atmospheric contamination upon the precipitates, they do not 
afford unequivocal proof that higher ignition temperatures are mandatory, in contrast 
to Duval’s recommendation of lower values. This proof is given finally by the results 
obtained with the thermobalance as is shown by the plots of Fig. 1 and 2. The figures 
show a continuing weight loss up to 900” (the limit of the thermobalance). It is 
interesting to note in Fig. 2 that the weight of the precipitate is relatively constant 

between 620“ and 760” and upon further heating begins to lose weight again. Although 
the discontinuously rising temperature did not duplicate exactly the dynamic con- 
ditions used by Duval, it is nevertheless concluded that Duval’s recommendations 

for minimum ignition temperatures below 700” must be used with great caution. 
This conclusion is supported by the work of Erdey and Paulik4, who repeated 

Duval’s dynamic thermogravimetry on aluminas precipitated by various reagents. 
Their thermograms differed from those obtained by Duval. From their experiments 
they concluded that only precipitates that are formed with the hydrargillite crystal 
structure can be converted to water-free alumina at relatively low temperature. The 
internal structure of the precipitate, in turn, is primarily determined by the conditions 
of precipitation (such as rate, temperature, concentration), and influenced to only a 
small extent by the nature of the precipitating agent. 

They attribute the lower ignition temperatures reported by Duval not to the 
reagents used but to differences in the physical conditions of precipitation, which 
produced, for Duval, precipitates with an internal structure similar to that of hydrar- 
gillite. They imply that such conditions might be difficult to reproduce, because they 
had noted in their work that the compositions and structures were not exactly the same 
even for preparations precipitated in parallel with each other under ostensibly the 
same conditions. Even small variations have a marked effect upon the structure and 
hence upon the ignition temperature. 

Other workers696 have also shown the importance of precipitation conditions in 
determining the thermal stability of precipitated aluminas. Imelik and co-workers5 
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showed, for example, that it is possible to obtain constant weight at a low temperature 

without completely eliminating water. Wiele’ has found that with aluminas pre- 
cipitated by ammonia or thiosulphate ignition at 1200” it is necessary to remove water 
completely, and that even after ignition at this temperature, the precipitate is still 
hygroscopic and should be weighed rapidly. 

In view of the authors’ results and evidence presented by other investigators, 
it is recommended that a minimum ignition temperature of 1200” should be used for 
aluminium oxide precipitates which are to be ignited and weighed by conventional 
techniques, and that such precipitates be weighed as rapidly as possible. 

Ackrtowledgemenr-The authors wish to thank Drs. E. L. Simons and A. E. Newkirk of the General 
Electric Company for their invaluable advice, and H. J. Mealey and M. E. Geortler, who prepared 
the thermograms. 

Zusammenfassung-Wenngleich andere Autoren auf Grund thermogravimetrischer Untersuchungen 
gezeigt haben, dass es miiglich ist fiir Aluminiumoxyd-Niederschlige konstantes Gewicht bei 
Temperaturen unter 700°C zu erreichen, muss auf Grund der vorliegenden Untersuchungen gefolgert 
werden, dass zumindest bei Anwendung konventioneller Gliih- und Wageverfahren die sichere 
Mindesttemperatur zum Konstantghihen von Aluminiumoxyd 1200°C ist. 

Resume-Bien que d’autres auteurs aient montre par analyse thermogravimetrique de precipites 
d’oxyde d’aluminium, que l’on peut parfois atteindre un poids constant a des temperatures inferieures 
a 700”, les rtsultats de la presente etude indiquent que, tout au moins pour les techniques courantes 
de calcination et de peste, une temperature minimum de 1200” est necessaire pour la calcination a 
poids constant de I’oxyde d’aluminium. 
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Summary--A new method has been evolved for the determination of the actual contents of acid 
chloride, and of the amounts of free hydrochloric acid and free carboxylic acid resulting from de- 
composition, in carboxylic acid chlorides. The sample to be analysed is treated with anhydrous 
ethanol. The acid chloride reacts with ethanol to form an ester. The volume of standard alkali 
consumed in saponifying this ester indicates the actual content of acid chloride in the sample. 

THE chlorides of carboxylic acids are materials of great fundamental importance in 

preparative organic chemistry, in analytical chemistry and in industrial organic 

chemistry. 
Most of them are extremely labile, due to their strong acylating activity. They 

decompose partially by the action of atmospheric moisture, yielding the correspond- 
ing carboxylic acid and hydrochloric acid. Therefore samples of carboxylic acid 
chlorides almost always contain some free carboxylic acid and hydrochloric acid, in 
addition to their actual content of carboxylic acid chloride. Few author@’ have 

dealt with the analysis of these compounds. One of the most used methods for the 
evaluation of carboxylic acid chlorides, that suggested by Siggia and Stah14, is rather 

cumbersome and often difficult to apply. 
In certain work we required to evaluate palmityl chloride, a substance used in 

the pharmaceutical industry. As no suitable method was found in the literature 
available to us, a new procedure had to be worked out. 

In essence, the method may be summarised as follows. Palmityl chloride was 

treated with anhydrous ethanol, producing ethyl palmitate and hydrochloric acid 
through the acylating action of palmityl chloride. Free palmitic acid present in the 
sample as a product of previous decomposition did not react with ethanol. The 
total content of hydrochloric acid in the ethanolic solution (hydrochloric acid formed 
during ester formation plus hydrochloric acid formed as a result of earlier decom- 
position) can be titrated with a standard solution of alkali using methyl red as 
indicator. (The pH of an ethanolic solution of palmitic acid is the same as for the 
colour change of methyl red.) Subsequently, titration with alkali is continued in the 
presence of phenolphthalein as indicator. This latter procedure indicates the free 
palmitic acid content of the sample. Under the experimental conditions chosen, the 
ester does not react with alkali. The ethanolic solution contains ester in an amount 
equivalent to the acid chloride content of the sample, and this ester can be hydrolysed 
in hot solution by treatment with excess alkali. The acid chloride content of the 
sample can then be calculated from the quantity of alkali required for saponifying 

the ester. 
120 
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Carboxylic acids with fewer carbon atoms than palmitic acid are stronger acids, 
and their ethanolic solution shows an acid reaction with respect to mc:hyl red. The 
content of free carboxylic acid and hydrochloric acid formed during decomposition 
in samples of the chlorides of these acids cannot be determined by this acidimetric 
method using two indicators. On titrating with alkali in the presence of methyl red, 
a portion of free organic acid will be neutralised in addition to hydrochloric acid. 
The complete analysis of acid chlorides of this type is carried out by titrating the 
hydrochloric acid liberated during formation of ester, together with the hydrochloric 
acid and organic acid ultimately present due to decomposition, with standard alkali 
hydroxide solution using phenolphthalein as indicator. Then the titrated solution is 
treated with excess alkali and the quantity of alkali required for the saponification of 
ester equivalent to the actual content of acid chloride is determined, by titration 
with standard sulphuric acid solution. Finally the amount of hydrochloric acid 
liberated during ester formation and that of hydrochloric acid due to decomposition 
are determined by a Volhard argentometric titration. From the results (content of 
total acid, actual content of acid chloride and content of chloride) not only the actual 
acid chloride content but also the quantity of free carboxylic acid and hydrochloric 
acid due to decomposition can be calculated. 

In some exceptional cases, acid chlorides may contain impurities, resulting from 
improper storage, which can be acylated (e.g. phenols, alcohols etc.). These con- 
taminants will obviously be present in the acid chloride in the form of esters. In the 
present method, esters will raise the apparent content of acid chloride. However, as 
these esters produce no acid on reaction of the acid chloride with ethanol, their 
presence is evident on taking into account the quantity of free hydrochloric acid 
developed during ester formation and that of alkali required for the saponification of 
the ester. In the presence of contaminating esters, more alkali is consumed in the 
saponification than corresponds to the quantity of hydrochloric acid liberated during 
the reaction of acid chloride with ethanol. In the case of samples of undecomposed 
chlorides of carboxylic acids, both these values are obviously identical. However, in 
practice the chlorides of carboxylic acids always contain some free hydrochloric acid 
and carboxylic acid, due to decomposition. Thus, in general, more alkali is needed to 
neutralise the hydrochloric acid content of the reaction mixture of acid chloride and 
ethanol, than is required for the saponification of the ester. 

In the course of evolving this method, the conditions for ester formation in the 
reaction of palmityl chloride (and other carboxylic chlorides) with ethanol were 
investigated. It was found that on dissolving palmityl chloride and acetyl chloride 
in anhydrous ethanol (0*05-0*20 g chloride in 20 ml of ethanol), conversion to ester 
was complete in 10 minutes at room temperature. With benzoyl chloride or chloro- 
acetyl chloride, ethanol was more slowly acylated. To facilitate ester formation, the 
ethanolic solution was heated with the latter acid chlorides for 5 min in a hot- 
water bath. Contrary to reports in the literature, no special acid-binding substance 
(such as e.g. pyridine) is needed in an ethanolic solution to ensure quantitative ester 
formation. Acid (protons) liberated during ester formation is bound by the solvent 
molecule and alcoholium ion is formed. 

In addition the conditions of hydrolysis of ethyl palmitate, acetate, chloroacetate 
and benzoate were investigated. It was found that a O*lN solution of alkali does 
not react with these esters when the free acid developed during ester formation 

3 
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(plus the original acid content of the sample) are titrated in the presence of phenol- 
phthalein as ‘ndicator at 0” (in melting ice). The colour of a solution overtitrated 
with one drop of O*lN alkali does not change for some minutes. (The only exception 
is with ethyl chloroacetate, which decomposes somewhat more readily. On deter- 
mining this compound, the colour of a solution titrated to pink in the presence of 
phenolphthalein faded in about a minute.) Further, it was found that the esters 
mentioned above can be saponified quantitatively in an hour when treated on a hot- 
water bath with at least 40-50 ‘A excess of alkali. In the case of palmityl chloride care 
must be taken to maintain in the reaction mixture during hydrolysis an ethanol 
content sufficient to keep the undecomposed ester in solution. 

Reagents (analyticalgrade) 
EXPERIMENTAL 

Anhydrous ethanol: loOO%, dehydrated by metallic calcium according to Winkler6 
Sodium hydroxide: 0.1 N solution. 
Hydrochloric acid: O*lN (or sulphuric acid) solution. 
Silver nitrate: O.lN solution. 
Ammonium thiocyanate: 0.1 N solution. 
Methyl red indicator. 
Phenolphthalein indicator. 
Ferric nitrate indicator: 10% solution of ferric nitrate in 10% nitric acid. 

Determination of the content of hydrochloric acid and of free carboxylic acid 

About 20 ml of anhydrous ethanol are poured into a 100~ml Erlenmyer flask with a ground-glass 
stopper, which has been carefully dried or repeatedly rinsed with anhydrous ethanol. After drying 
the ground joint thoroughly, the flask is weighed on an analytical balance, and a sample of carboxylic 
acid chloride equivalent to about 6-12 ml of O.lN sodium hydroxide solution is weighed into the 
flask with analytical accuracy. A glass funnel, with a small piece of cotton wool, to serve as a reflux 
condenser, is then placed in the mouth of the flask. The reaction mixture is heated for 5 min on a 
hot-water bath, and is then cooled in melting ice. In the case of a&y1 chloride and pahnityl chloride, 
ester formation is completed even at room temperature in 10 min. 

In the case of pahnityl or stearyl chloride, the quantity of hydrochloric acid liberated during ester 
formation, together with the final free hydrochloric acid content of the sample, are established by 
titration with O.lN sodium hydroxide in the presence of two drops of methyl red as indicator. Then 
5 drops of phenolphthalein indicator are added and the free carboxylic acid content of the sample is 
measured by further titration with the standard solution of sodium hydroxide. When analysing acid 
chlorides of strong acids, the hydrochloric acid liberated during ester formation together with the 
content of initial free hydrochloric acid and free carboxylic acid after the reaction with anhydrous 
ethanol, are titrated with O.lN sodium hydroxide in the presence of 5 drops of phenolphthalein 
indicator. When not only the determination of the actual content of acid chloride but a complete 
analysis is needed, the excess of alkali is back-titrated with standard sulphuric acid solution. Then 
chloride is precipitated with an excess of O.lN silver nitrate solution, about 1 g of potassium nitrate is 
added to the reaction mixture, which is boiled to complete coagulation and excess silver nitrate is 
titrated with O.lN ammonium or potassium thiocyanate, using 1 ml of ferric nitrate solution as 
indicator. 

Determination of the actual content of acid chloride in the sample 

About 1.5-2.0 times as much O.lN sodium hydroxide as was used in the previous titration is 
added with analytical accuracy to the solution which has already been titrated with sodium hydroxide 
using phenolphthalein as indicator. If the reaction mixture becomes turbid on adding alkali, 96% 
ethanol is added until the liquid clears. The flask is then heated on the hot-water bath for about an 
hour and excess alkali is back-titrated with 0.1 N hydrochloric or sulphuric acid until the pink colour 
of phenolphthalein completely disappears. The quantity of O*lN sodium hydroxide required for 
saponifying the ester is a measure of the actual content of acid chloride. 
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CALCULATION OF THE RESULTS 

The actual composition of the sample is expressed by the formulae 

Percentage of acid chloride = 
lOO[(C - (B + D)}Ml 

A 

Content of free HCl of sample, % = 
lOO[E - {C - (B + D)> 3.6461 

A 

Content of free carboxylic acid of sample, % = 
lOO{(B - E)Mc} 

A 

where A is the weight of sample, B the volume of O.lN alkali consumed in the presence 
of phenolphthalein, C the total volume of O*lN alkali consumed, D the volume of 
O.lN acid consumed when back-titrating the excess alkali, E the volume of O*lN 
silver nitrate consumed when titrating the chloride content in A mg of sample (in 
the case of palmityl chloride E refers to O-IN alkali), and M is l/10 of the milligram- 
molecular weight of the acid chloride analysed (i.e. 27.487 for palmityl chloride, 
7.850 for acetyl chloride, 11.295 for chloroacetyl chloride, and 14.057 for benzoyl 
chloride), MC is l/10 of the milligram-molecular weight of the carboxylic acid analysed 
(i.e. 25.64 for palmitic acid, 6.005 for acetic acid, 9.45 for chloroacetic acid and 
12.213 for benzoic acid). Of these values, A is expressed in milligrams whilst B-E 

are expressed in ml. When E < C - (B + D), the sample contains ester contami- 
nants. 

Control tests 

In our control tests, the following samples were used. 
1. Palmityl chloride, analytical grade, refined by distillation, 
2. Palmityl chloride, analytical grade, 
3. Palmityl chloride, technical grade, 
4. Acetyl chloride, analytical grade, 
5. Acetyl chloride, technical grade, 
6. Chloroacetyl chloride, analytical grade, 
7. Benzoyl chloride, analytical grade. 
The content of total carboxylic acid and hydrochloric acid (i.e. of acid chloride 

plus hydrochloric acid and carboxylic acid produced during decomposition) was 
measured in the analytical grade samples by the method prescribed in Ph. Hung. V 

for the determination of the saponification number. On hydrolysis by alkali, the 
content of chloride was measured in the samples, by argentimetry. In the case of 
palmityl chloride and benzoyl chloride, the content of total carboxylic acid (i.e. 
that of acid chloride plus that of free carboxylic acid produced during decomposition) 
was isolated and determined by an appropriate method, after hydrolysis by alkali. 
The results of measurements were in fair accordance with the results obtained by the 
newly evolved method. 

With this new method, the contents of acid chloride, free hydrochloric acid and 
free carboxylic acid were determined in the listed samples. The combined values of 
the results were compared with the weighed amounts (c$ Table I). 

The relative error of the method lies within -& 1 .O %. Some results are summarised 
in Tables I and II. 
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TABLE L-RESULTS OF THE COMPLETE ANALYSLS 

Nature of sample 

Acetyl chloride, 
technical 

Renzoyl chloride, 
analytical grade 

Palmityl chloride, 
analytical grade 
refined by distillation 

Palmityl chloride, 
analytical grade 

Palmityl chloride, 
technical grade 

Sample 
weighed, 

mg 

104.0 
118.0 

95.8 
211.4 

127.4 
207.9 

139.5 
123.2 

2 

-- 

-- 

-- 

8 
ktual content 

1 Decomposition products / 
! 

HCl 
Totat 

“lg % 1 mg 1 % mg % 
----I--------- 

_/- 

-- 

1 

121-7 / 95.5 / 0.25 / 0.2 99.3 
200.2 / 963 I 0.31 99.85 

-------~ 

132.9 I 95.3 
117.0 95.0 

! 0.0 
0.0 

i 0.0 5.58 4.0 1385 99.3 
0.0 5.05 4.1 122.1 99.1 

-------~ 

143.5 
208.7 

TABLE K-ACTUAL CONTENT OF ACID CHLORIDE IN VARIOUS CARBO~YLIC ACID CHWRIDES 

Nature of sampIe 
Actual content of acid chIoride 

Amount weighed, ~____ 
v= 

mg I % 

Acetyl chloride, 43.5 43.1 99.1 
analytical grade 66.9 65.7 98.2 

1066 105.0 985 

Acetyl chloride 104.0 83.5 80.3 
technical grade 118*0 94.4 80.0 

Chloroacetyl chloride, 79.6 77.7 97.6 
analytical grade 117.4 114.2 97.3 

RenzoyI chloride, 95.8 946 98.8 
analytical grade 211.4 210.4 99.5 

Palmityl chloride, 
analytical grade, 
refined by distillation 

/ 

127.4 / z:; 1 ;;I: 
207.9 

Palmityl chloride, 
analytical grade 

/ 139.5 132.9 95.3 \ 
I 123.2 117so 95‘0 

Palmityl chloride, 143.5 130.6 91.0 
technical grade 208.7 189*1 90.6 
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Zusammenfassung-Verfasser geben einen Arbeitsgang zur Untersuchung verschiedener Carbon- 
saurechloride zwecks Bestimmung ihrer effektiven Saurechloridgehalte sowie ihrer eventuellen 
infolge Hydrolyse entstandenen Salzslure, sowie Carbonsauregehalte an. Die Carbonsaurechloride 
reagieren mit absolutem Athanol unter Bildung von Estem. Aus der Esterzahl dieser Liisung llsst 
sich der Carbonsaurechloridgehalt berechnen. 

Wird das Reaktionsgemenge im Falle von Palmityl- bzw. Stearylslurechloride nach der Esteri- 
fizierung und vor der Esterzahlbestimmung zuerst gegen Methylrot, dann gegen Phenolphthalein 
genau neutralisiert, so kann such die eventuelle freie Salzslure, bzw. Carbonslure berechnet werden. 
Bei der Untersuchung von Acetylchlorid neutralisiert man gegen Phenolphthalein und bedient sich 
bei der Esterzahlbestimmung einer volumetrischen Schwefelsaure. Nach Durchftihrung einer 
Gesamtchlorbestimmung kann der Gehalt an freier Salzsaure bzw. Carbons&ire ebenfalls berechnet 
werden. 

R&m&On developpe une nouvelle methode pour la determination de la teneur en chlorure d’acide 
present et de la quantite d’acide chlorhydrique et carboxylique libre form&s apres decomposition, 
dans des echantillons de differents chlorures d’acides carboxyliques. L’echantillon a analyser est 
trait6 par de l’tthanol anhydride. Le chlorure d’acide reagit avec l’ethanol pour former un ester. Le 
volume de base alcaline titree consomme dans la saponification de Pester correspond a la teneur en 
chlorure d’acide present. 
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SP~CTROPHOTOMETRIC DETERMINATION OF FLUORIDE 
USING LANTHANUM CHLORANILATE 

KIYOKO HAYASHI, TAEKO DANZUKA and KEIHEI UENO* 

Research Laboratory, Dojindo and Co., Ltd., Kumamoto, Japan 

(Received 23 November 1959) 

SununaSy_--Spectrophotometric determination of fluoride has been investigated using lanthanum 
chloranilate. It has been found possible to determine 2-200 ppm of fluoride with an accuracy of +2 %, 
if the proper reaction conditions are chosen. Sulphate, chloride and nitrate ions do not interfere up to 
200ppm. Application of this procedure to fluoride determination in organic fluorocompounds is 
described. 

XNTRODUCTION 

THE use of chloranilic acid (2 5dichloro-3 :6-dihydroxy-p-benzoquinone) as an 
analytical reagent for various cations has been known for many years. However, 
since Bertolacini and Barney1s3 proposed the photometric determination of sulphate 
by utilising the metathesis reaction between barium chloranilate and sulphate ion, 
the app~cation of polyvalent metal chloranilates to the photometric dete~ination 
of various anions has received considerable attention. Thus, mercuric chloranilate 
has been used for the determination of chloride ion2s3 and strontium chloranilate 
has been proposed for the determination of fluoride ion.3 

The photometric determination of anions using metal chloranilate depends on 
the reaction 

anion’+ i- M-Ch + H+ -+ HeIll-+ M-anion 
finely Purple insoluble 
powdered solution precipitate 
crystals 

On addition of a finely powdered metal chloranilate to the sample solution 
containing a suitable anion, the metal salt of the anion is precipitated, with the 
liberation of purple acid chloranilate ion (Hf.%). After the reaction, excess metal 
chloranilate and insoluble metal salt are filtered off, and acid c~oranilate ion is 
determined photometrically in the filtrate; this corresponds to the amount of fluoride 
in the sample. The sensitivity of the determination is, therefore, dependent mainly 
upon the insolubility of the metal salt formed by the metathesis. The sensitivity of 
the fluoride determination with strontium chloranilate will not be very high, since 
the solubility product of strontium fluoride is not small enough. 

On the other hand, the solubility of lanthanum fluoride is very low, and therefore 
lanthanum chloranilate has been tried for fluoride determination in an analogous 
manner.? This reagent has been found to give much more satisfactory results than 
strontium chloranilate, 

The procedure with the lanthanum reagent is rapid and simple, and 2 to 200 ppm 
of fluoride can be determined with an accuracy of 4~2%. 

* Present address: Department of Organic Synthesis, Faculty of Engineering, Kyushu University, 
Fukuoka, Japan. 

j- During the course of this investigation, Fisher Scientific Co. (U.S.A.) announced the availability of 
lanthanum chloranilate as an analytical reagent for fluoride determination, but no detailed account has 
been available to the present authors. 
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Reagents 
EXPERIMENTAL 

Lanthanum chloranilate was prepared by mixing ahot solution of 20 g of chloranilic acid in 4.6 
litres of distilled water with a solution of 17 g of lanthanum oxide (99.9 %) in 27 ml of nitric acid 
(sp. gr. 1.42) and 200 ml of distilled water. After standing overnight, the fine dense precipitate of 
lanthanum chloranilate was collected by filtration and washed with distilled water until the filtrate 
was fr.ee from nitrate. The dark grey product was dried under a heating lamp, and was kept in an 
amber bottle. The yield was almost quantitative, and the reagent can be kept for an indefinite period 
without appreciable deterioration. 

Standardjuoride soIution (approximately 4000 ppm of F-) was prepared by dissolving 7.8 g of 
ammonium fluoride in 1 litre of distilled water, and the fluoride ion concentration was determined 
by indirect EDTA titration via calcium fluoride.* 

Buffer solutions employed in this investigation, ranged from pH 2 to 7, and were prepared according 
to the standard recipes as follows: Acetate buffer, pH 2 (sodium acetate and hydrochloric acid); 
acetate buffers, pH 4, 5 and 7 (sodium acetate and acetic acid); phthalate buffer, pH 6 (potassium 
acid phthalate and potassium hydroxide); succinate buffer, pH 7 (sodium succinate). 

Methylcellosolve, ethanol (95 %) and all other reagents were reagent grade. 

Apparatus 

Spectrophotometric determinations were carried out by a Beckman Model DU spectropho- 
tometer equipped with a tungsten lamp and I-cm Corex cells. A glass-electrode pH meter was used 
for all pH measurements, and a mechanical shaking apparatus with a time switch was employed to 
ensure constant reaction conditions. 

General procedure 

The following general procedure was employed to investigate the effects of reaction conditions 
and of various interfering ions: Pipette the standard fluoride solution containing 0.2-10 mg of fluoride 
into a IOO-ml volumetric flask. To this, add 10 ml of buffer solution, 50 ml of water-miscible organic 
solvent and 0.2 g of lanthanum chloranilate (crystalline powder), and dilute the mixture to volume 
with distilled water. After shaking the flask on a shaking machine for a given period, filter the 
solution through a filter paper. Discard the first portion of filtrate, then collect the middle portion in 
a Corex cell. Determine the optical density of this solution at 530 rnp against a reagent blank. 

RESULTS AND DISCUSSION 

Selection of absorption peak 

The absorption spectrum of acid chloranilate ion in aqueous solution has two 
maxima, one in the visible region (520-550 rnp) and the other in the ultraviolet region 
(280-350 mp); the intensity of the ultraviolet peak is 20-30 times greater than that 
of the visible one. Either maximum can be used for the photometric determination 
of chloranilic acid up to a concentration as high as 100 mg per 100 ml. 

With the absorption peak in the ultraviolet region a higher sensitivity is possible 
than in the case of visible spectrophotometry; but ultraviolet spectrophotometry 
suffers from more interference, especially in the analysis of actual samples. It was 
therefore decided to utilise the absorption peak in the visible region so that the 
procedure would be less influenced by foreign material, although there would be 
some sacrifice of sensitivity; and so that a visible spectrophotometer or a filter 
photometer could be used instead of the more expensive ultraviolet spectrophotometer. 

EfSect of organic solvent 

As in the case of sulphate determination using barium chloranilate,lT3 and of 
chloride determination using mercuric chloranilate.293 addition of a water-miscible 
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organic solvent increased the sensitivity of the colour reaction. Presumably the 
addition of organic solvent reduces the solubility or dissociation of the insoluble salt. 
Of the organic solvents investigated, only methylcellosolve and ethanol were found 
to be useful, and this is shown in Fig. 1. At any given pH (i.e. with a given buffer 
solution) methylcellosolve gave better sensitivity than ethanol. 

0 20 40 60 60 

FIG. I.-Effect of buffer solution and solvent on calibration curves 
1. Acetate buffer pH 2, 1: I ethanol: water 
2. Acetate buffer pH 4, 1: 1 methylcellosolve: water 
3. Acetate buffer pH 4, 1: 1 ethanol: water 
4. Succinate buffer pH 7, 1: 1 methylcellosolve: water 
5. Acetate buffer pH 7, 1: 1 methylcellosolve: water 
6. Succinate buffer pH 7, 1: 1: 2 ethanol: methylcellosolve: water 
7. Succinate buffer pH 7, 1: 1 ethanol: water 
8. Acetate buffer pH 7, 1: 1 ethanol: water 

(shaking time, 20 minutes) 

Efect of pH and the buffer composition 

As the absorption spectrum of acid chloranilate ion is markedly influenced by 
the pH of solution, the sensitivity and the reproducibility of the colour reaction are 
also dependent on pH. The intensity of the absorption maximum decreases with 
increasing pH of the solution, and the influence of pH is more marked in the lower 
pH range (pH l-2). Therefore, if the colour reaction is carried out at pH 2, the 
sensitivity becomes higher, but reproducible results are very difficult to obtain. When 
the pH of the reaction medium is increased to 7, the reproducibility is improved, but 
the sensitivity decreases. At intermediate pH values (pH about 4), the sensitivity is 
sufficiently high without too great a sacrifice of reproducibility. The reaction was 
therefore carried out at pH 4, if no interfering ion was present in the sample. How- 
ever, if anions such as sulphate, nitrate or chloride were present, the reaction was 
carried out at pH 7 where the photometric determination of chloranilate ion was less 
influenced by those anions. 
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While the absorbance of the reagent blank is generally low and is almost constant 

in the range pH 4-6, the composition of the buffer solution and the nature of the 
organic solvent may affect the absorbance of the reagent blank markedly, as shown 
in Table I. Of the buffer solutions, phthalate buffer (pH 6) gave an abnormally high 
blank value and was therefore unsatisfactory. Regarding the reagent blank, a 
lower value for the reagent blank was found for ethanol than for methylcellosolve. 

TABLEI.--INFLUENCE OF BUFFER SOLUTIONS AND ORGANIC SOLVENTS UPON THE REAGENT BLANK 

ABSORBANCE AT 530m/L. 

Buffer and pH 

Succinate 7 
Acetate 7 
Phthalate 6 
Acetate 5 
Acetate 4 

50 % ethanol 

0.019 
0.018 
0.125 
0.013 
0.010 

Absorbance in 
~- - _____~ ~~ ~~_ 

50 % methylcellosolve 

0.047 
0.070 
0.360 
0.044 
0.038 

Reaction time 

The method of shaking is fairly important in this reaction, since the metathesis 
reaction occurs on the surface of the crystalline particle of lanthanum chloranilate. 
Although the results obtained using manual shaking are fairly reproducible, it is 
better to employ a mechanical shaker to ensure constant conditions. A suitable rate 
of shaking is 350 strokes per minute. As the reaction is heterogeneous, colour 
development depends on time of shaking as shown in Fig. 2. The absorbancy 

05 
v c 

D 

04 

5 IO 15 20 

FIG. 2.-Effect of shaking time on colour development 
86 ppm ofF- 

Succinate buffer pH 7; 1:l ethanol:water 

increases with increasing duration of shaking, but the value becomes nearly con- 
stant after 15 minutes, and reproducible results are obtained when the spectrophoto- 
metric determinations are carried out after 20 minutes shaking in these conditions. 

Interfering ions 

Almost all cations interfere in the determination, since the absorption spectrum of 
acid chloranilate is more or less influenced by the cations. Even sodium and potassium 
ions, if present in large amounts, influence the absorbancy. Although it has been 
reported that the interference of these two cations can be cancelled by adding large 
amount of sodium or potassium ion to the reagent blank,s it was found desirable to 
remove all cations in the sample solution by ion-exchange before the determination. 
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Efforts to find a suitable masking agent for certain cations were unsuccessful. The 
only exception in respect of interference is ammonium ion which does not interfere 
even in large amounts. 

The interferences of anions were investigated using ammonium salts of various 
anions, and the results are shown in Table II, which shows that chloride, nitrate and 
sulphate do not interfere appreciably up to the 200 ppm-level if the proper pH and 
buffer solution are chosen. However, in the presence of larger amounts of anions, 
the interferences cannot be overlooked, and calibration curves have to be prepared 
using standard solutions containing the same amount of interfering anions. 

On the basis of these results, the following procedure is recommended for the determination of 
fluoride: Place the sample solution, containing 0.2-10 mg of fluoride ion, in a 100-ml volumetric flask. 
To this, add’10 ml of 0*03M sodium succinate (pH 7), 50 ml of 95 % ethanol and 0.2 g of lanthanum 
chloranilate (crystalline powder*), and make the solution to 100 ml with distilled water. Shake the 
flask for 20 minutes, and filter the solution through a filter paper. Discard the first portion of the 
filtrate, and collect the middle portion in a cell for spectrophotometric measurement. Read the light 
absorbancy at 530 rnp against a reagent blank. 

FLUORINE DETERMINATION IN ORGANIC FLUORINE COMPOUNDS 

Since the lanthanum chloranilate method is very convenient for determination of 
fluorine in samples free from cations, determination of fluorine in organic fluoro- 
compounds, after a suitable decomposition, is one of the promising applications of 
the method. For example, if the flask combustion method6 is combined with this 
chloranilate procedure, it is possible to carry out a single determination in 50 minutes 
with satisfactory accuracy. 

Determination offluorine in 2-thenoyltripuoroacetone 

A weighed amount of 2-thenoyltrifluoroacetone (about 50 mg) was decomposed in a Schoniger 
flask containing 30 ml of distilled water. After combustion, the flask was shaken for 10 minutes to 
ensure complete absorption of the decomposition products. The contents of the flask were quantita- 
tively transferred to a lOO-ml volumetric flask and diluted to volume with distilled water. The chlor- 
anilate procedure was carried out on 15-30 ml aliquots of this solution. The results of the determina- 
tions are shown in Table III. 

TABLE III.-DETERMINATION OF FLUORINE IN 2-~wzNoY~~7uFLuo~oAcwo~E 

, Fluorine, mg 
Amount of sample, mg Absorbancy 

I Observed Theoretical I Error % 

48 I 0.200 12.13 12.32 / -1.5 
48.5 0.203 12.33 12.45 -1.0 

I I 

Zusammenfassun~-Die spektrophotometrische Bestimmung von Fluorid unter Verwendung eines 
neuen Reagenses (Lanthanchloranilat) wurde studiert. Es wurde gezeigt, dass es moglich ist 2-200 
ppm Fluorid mit einer Genauigkeit von &2 % zu bestimmen, wenn geeignete Reaktionsbedingungen 
eingehalten werden. Sulfate, Chlorid und Nitrationen stijren nicht in Mengen bis zu 200 ppm. Die 
Anwendung der neuen Methode auf die Fluorbestimmung in organ&hen Fluorverbindungen wird 
beschrieben. 

* The amount of lanthanum chloranilate need not be accurately measured and can be weighed on an 
ordinary laboratory balance. 
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R&rn~~Le. dosage spectrophotometrique du fluorure a Bte Btudie en utilisant un nouveau reactif, le 
chloranilate de lanthane. On montre qu’il est possible de doser 2 a 200 p.p.m. de fluorure avec une 
precision de +2 % si Ton choisit des conditions de reaction appropriees. Les ions sulfate, chlorure et 
nitrate ne g&tent pas jusqu’a une teneur de 200 p.p.m. Les auteurs decrivent une application de ce 
pro&de au dosage du fluor dans les composes organiques fluores. 
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COMPLEXOMETRIC DETERMINATION OF MERCURY” 
AND ALUMINIUM IONS 

c. BANYAI, I?. B. -GERE and L. ERDEY 
Institute for General Chemistry of the Technical University 

Budapest, Hungary 

(Received 9 October 1959) 

Summary-Mercury” ions can be titrated directly in slightly acid medium by Na,-EDTA using a 
diphenylcarbazide + o-phenanthroline indicator system. This indicator system is suitable, with a 
little modification, for detecting the end-point in the back-titration of aluminium ions by mercuryu 
nitrate. Xylenol Orange indicator is also suitable for this purpose. Moderate amounts of alkaline 
earth metals or magnesium, or large amounts of alkali metal salts, do not interfere with the method. 

DIRECT complexometric determination of mercury’1 ions, using metal indicators, is 

only possible if acid is also added; without a suitable complex@ agent mercuryn ions 
cannot persist in solution in alkaline media. In the literature, Xylenol Orange,’ 
Methyl Thymol Blue2 and the Cu-PAN indicator system3 are recommended for end- 
point detection. There is a brief note on the use of PAR. 4 Recently, easily dissociated 
mercuryI salts have been used for back-titration with potentiometric end-point 
detection.&s Because of the small number of indicators suitable for an acid medium 
(pH 4-6) it seemed advisable to examine the possibility of using for this purpose 
calorimetric reagents which give a strong colour reaction with mercuryt’ ion. Di- 
phenylcarbazide, diphenylcarbazone and p-dimethylaminobenzylidinerhodanine have 
been examined as metal indicators. 

Reagents 

O.OSM Disodium ethylenediaminetetra-acetate (Na2-EDTA) solution: dissolve 18.605 g of Na%- 
EDTA in distilled water and make up to 1 litre. Determine the factor of the solution against pure 
zinc using Eriochrome Black T indicator. 

O.OlM Na,-EDTA solution: obtained by diluting the 0.05&f solution. 
0.05M (slightly acid) mercur$’ nitrate solution: dissolve 11 g of mercuryn oxide in 20 ml of 

1 : 1 nitric acid with constant shaking. Filter the cloudy solution and bring its volume with water 
to about 950 ml. One ml of this solution contains 10.03 mg mercury ion. Determine the factor 
against potassium thiocyanate, and also against sodium chloride, using sodium nitroprusside and 
potassium iodate indicator.g Titration with Na,-EDTA using Xylenol Orange agrees closely with 
the values thus obtained. 

0.01 M and O.OOlM (slightly acid) mercury” nitrate: made from the 0.05&f solution suitably 
diluted with water. 

0.05M (slightly acid) aluminium nitrate solution: dissolve 1.35 g of metallic aluminium (99.99 %) 
in 40 ml of cont. nitric acid, and make with water to 1 litre. 

Other solutions. 20 % hexamethylenetetramine buffer, 0.2 % ethanolic o-phenanthroline, O.O4M, 
O.O2M, O.OlMand 0.005Methanolic diphenylcarbazide; O.OlMethanolic diphenylcarbazone. 

Determination of mercurp ions (end-point detection by diphenylcarbazide) 

Examination of the indicator system. Diphenylcarbazide was first recommended by Cazeneuve*” 
for the detection of mercury ions, giving in moderately acid medium (pH 36-7.0) a bright violet-blue 
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precipitate, or, in more dilute solution, a colour. The structure of the complex is uncertain; it may 
be the chelate complex of mercuryn ions with either diphenylcarbazide or with diphenylcarbazone 
(the oxidation product of ~ph~yl~bazide). X1-1a Diphenyl~bazone is produced by air-oxidation 
of ~phenyl~rb~de. 

Job’s curve, determined with equimolar solutions (Fig. I), and the extinction-concentration 

ml IO‘““M DC 

1.2 

06 

d 

ml lQ‘2M Hg” 

FIG. 1. 

Ek 

O-8 

0 0.2 04 0.6 08 IO 

mgHg2’ 

FIG. 2. 

relation of mercuryn and diphenylc~~ide solutions of diierent ratio (Fig. 2) both indicate that 
the composition of the complex is 19 Hg: organic complex (the latter being referred to as DC.) 

The photometric measurements were made by pipetting a convenient amount of mercury solution 
and 5 ml of 20% buffer solution into a flask, adding the required amounts of water and diphenyl- 
carbazide solution, making to the mark, shaking, and measuring the violet solution at the maximum 
of the absorption curve in a long cuvette with an S53 filter after 20 min. 

The apparent stability constant was determined by Job’s method from the position of the extinction 
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maximum of the non-equimolar solutions. ia From the experimental results (summar ised in Table I) 
the apparent stability constant can be calculated from the following equation : * 

KIH*fIw12 = 
@ - I)*. (2-3x) 

r*[p(p + 2)x - 21s’ 

Mercuryu ions react with Na,-EDTA in moderately acid solution forming HgY2- (Yp- = ethylene- 
diaminetetra-acetate ion). 
The stability constarP of this reaction, 

K nsx = loo’*“, 

and the apparent stability cons~tl~ at pH = 5, 

Krrsr = 1O’S.S. 

The relation of the K’nsv and K’nBu,cjB values indicates that the end-point of the complexometric 
titration of mercuryn should readily be detected with diphenylcarbazide indicator. In spite of this, 

TABLE I.-DETERMINATION OF THE STABTLITY CONSTANTOF THE H&DC?), COMPLEX 

m-4, 
I 

mole/&i-e / 
fDClifHg”+l x 

10-s 5 x 10-8 10-a 1 x 10-8 1: 
10-s 2 x 10-e 20 

1 g; 1 ic; 

we found that the violet colour of the indicator complex does not disappear at the end-point, and 
only does so after over-titration by 2-3 ml. On reverse titration a pale rose colour appears well 
before the equivalence-point, and gradually becomes stronger on further titration. Acting on the 
information that sometimes a good result can be obtained in such cases by using additives that 
simulate catalysis of the indicator reactioni we found, in fact, that with a small amount of o-phen- 
anthrohne present, end-points of both forward and reverse titrations can be detected precisely with 
~phenyl~ba~de. The diphenyl~b~de + ~phen~t~o~e indicator system works reversibly 
and acts quickly; and, being a uni-coloured indicator system, is very sensitive to change in the 
mercury concentration. 

The behaviour of the diphenylcarbazide indicator can be explained by the assumption that it 
does not form a genuine solution with the mercuryu ions, but a colloidal one, which does not react 
with the necessary velocity. We are as yet unable to propose any explanation of the increase in 
reaction velocity caused by o-phenanthroline. According to the work of Andereggr* it forms with 
Merck a very stable complex with an Hg(Ph), structure. It does not seem likely that its role can 
be explained as a redox effect, because its presence is also necessary for reversible working of diphenyl- 
carbazone indicator, and the redox potentials are almost the same, whether o-phenanthroline is 
present in the solution or not. Investigations are under way to determine if a “phenanthroline- 
mercury-diphenylcarbazide” complex forms; this could provide an explanation. We have, however, 
attained no result with “alcoholic dosing”, which often helps an indicator system to act reversibly. 

~etermi~tio~ of ex~er~enta~ c~~~t~on~ 

The stability constant of the o-phenantbroline-mercury” complex is lo’*, so that Na,-EDTA 
cannot decompose this complex. Therefore in titrating mercuryu ions a negative error occurs 
(positive in the reverse titration) which depends on the amount of o-phenanthroline. In 0.05M 
titrations the diphenylcarbazide indicator works properly in the presence of 15 ml of 0.2 per cent 
o-phenanthroline; the corresponding value for an 001M titration is half this amount. This amount 
of ~phenant~oline consumes 0.03 ml of O.OSM titrating solution, which is negligible in practice. 

In a uni-coloured indicator system the transition depends on the indicator concentration. In this 
case, observation of the end-point is best in lO+M indicator solution--0-2 ml of 0.04M diphenyl- 
carbazide per 100 ml. The mercury” concentration at the equivalence-point is so low that at this 

* I’ = [H@+] Mole/l, r’ = [DC] Mole/l, p = r”/r. x = volume of complex-forming solution giving 
maximum eXtinction, K’ue(ncla = apparent stability constant. 
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indicator concentration the coloured H&DC& complex does not pass the visibility limit (about 
2 x IO-BM by photometric measurements). Therefore the solution is without colour at the equiva- 
lence-point. 

The titration is only slightly pH sensitive, but, depending on the acidity of the solution, may be 
carried out after adding 5-10 ml of 20% hexamethylenetetramine to the solution buffered thus to 
pH 5-6. 

Takipg all these factors into account, the following procedure is recommended for the determina- 
tion of mercury” ions. 

TABLE E-TITRATION OF H$+ IONS 

with O~OSM Na,-EDTA 

Hga+ ion added, HgB+ ion found, Deviation, 

?Y mg “?g 

50.15 5026 $-O~ll 
100.30 loo*70 +040 
150.45 151.25 to.80 
201.60 202.10 +0.50 
250.75 252.65 +1.90 

with O.OlM Na,-EDTA 

I 
Hge+ ion added&*+ ion found, Deviation, 

mg m!? mg 

10.03 j 10.12 + 0.09 
20.06 i 20.17 SO‘11 
30.09 30.07 -0.02 
40.12 39.98 -0*14 
50.15 50.04 -0~11 

Procedure 

To the solution, containing 50-25Omg of mercury’r, add 5-10ml of 20% hex~ethylene~tramine, 
1.5 ml of 0.2 % ethanolic o-phenanthroline, and 5-6 drops of 1% freshly prepared ethanolic diphenyl- 
carbazide, and make up with water to a volume of about 100 ml. Titrate this solution with 0.05M 
Na,-EDTA, constantly shaking, and making additions drop by drop near the end of the titration, to 
the disappearance of the violet colour. If the mercury content of the solution is only 10-15 mg, add 
only half the amount of o-phenanthroline, and titrate with O.OlM NaB-EDTA. 

Table II summarises results obtained by this method. The standard deviation of the system is 
&0.05 ml at 20 ml of 0.05M titrating solution. The percentage standard deviation is 50.24. 

Alkali metal sulphates and nitrates (up to 5 g) do not cause trouble, nor does fluoride ion, halides 
forming a stable complex with mercury’r ions, but cyanide, thiocyanate, manganese’* and mercuryr 
interfere. With mercury* ions present, disproportioning causes metallic mercury to separate at the 
pH employed., 

By this method the mercury conte?t of a mercn$ nitrate preparation was found to be 60.9 %; 
by a Volhard determination it was 61.0%; the corresponding values for a mercury” sulphate 
preparation were 66-3 % and 66+8 %. 

Diphenylcarbazone is less suitable for the end-point detection in this titration. In the foam on 
the surface of the solution violet granules can be seen-it is probable that some solid mercury com- 
plex is precipitated-and there is 1% over-consumption. Withp-dimethylaminobenzylidenerhodanine 
the end-point of the titration cannot be determined. 

3ack-titration of al~mi~ium ions with mercwyn nitrate locution 

The direct complexometric titration of aluminium ions is rather difllcult, although 
the stability constant of the aluminium-EDTA complex14 is relatively high (KAIY = 
10le.l). This is because, in the first place, the formation of aluminium ethylene- 
diaminetetra-acetate is not momentary; and, in addition, the determination is pH- 
sensitive because of hydrolytic phenomena and the formation of hydroxyl complexes. 
The number of aluminium reagents that can be used for end-point detection is smaI1. 

TheiP proposed a direct titration in hot solution at pH 4 with Chrome-azurol 
S as indicator, but preferred a back-titration method. TayloP titrated Na,-EDTA 
solution with aluminium solution using haematoxylin indicator. The method of 
Flaschka and Abdine,20 who titrate the aluminium in hot solution at pH 3 with 
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PAN indicator, with a small quantity of Cur’ complexonate present, is also essentially 
a back-titration method. 

At present, exact results can be obtained only with back-titration methods. 
Among them the titrations carried out in moderately acid medium (in the range 
pH 3-6) are more interesting because of the absence of the interference of alkaline 
earth metals, manganese and magnesium. Aluminium can therefore be determined 
in glass, silicates, rocks, in the presence of calcium and magnesium, without prior 
separation. 

Wanninen and Ringbom 17,21 dealt in detail with theoretical aspects of the back- 
titration method, with the titration error and with the effects of the Na,-EDTA excess 
and of the pH of the solution on the end-point. Their investigations elucidated the 
background of the different empirical procedures. 

IronIn chloride was first used as back-titrant, with potentiometric,22 and, later, 
with a salicyclic acidz3 indication. The most frequently proposed titrating solution is 
probably a zinc solution. For end-point detection either a reagent sensitive to zinc 
ions, such as dithizone,21 Xylenol Orange,% or a reagent indicating aluminium ions, 
such as Eriochrome Cyanine R, 25*26 ferri-ferrocyanide + benzidine, or dimethyl- 
naphthidine26v27 may be used. Cadmium” back-titrant has been used with Eriochrome 
Cyanine R indicator;26 in more acid medium thoriumIV nitrate with Alizarin-S 
indicator2**2g; copper’* salt with Pyrocatechol Violet, 3o PAN31 or Calcein W fluor- 
escent indicator ;32 copper-zinc” mixed titrating solution with the Variamine Blue- 
thiocyanate redox indicator system. 33 P’iibil and his co-workers examined the 
possibility of employing Xylenol Orange indicator, which is very useful in acid 
medium, for back-titration with lead nitrate, zinc sulphate and thorium nitrate 
solutions.24 

Experimental conditions jbr formation of aluminium'" ethylenediaminetetra-acetate 

Because of the different procedures given in the literature, we first examined 
conditions for quantitative formation of aluminium ethylenediaminetetra-acetate, 
then the effect of pH, of excess of Na,-EDTA, and of several extraneous salts on the 
end-point. The results are summarised in Table III. The velocity of formation of 
the aluminium complex is increased by 2-3 min heating, since it was found that the 
excess of Na,-EDTA used did not bind the aluminium quantitatively in the cold. 
For the back-titration, mercury” nitrate solution and the diphenylcarbazone-o- 
phenanthroline indicator system were used. Diphenylcarbazide cannot be used in 
this case, since in the presence of aluminium ethylenediaminetetra-acetate the colour 
development of the indicator complex is so slow that the violet colour produced by 
excess of mercuryI cannot be seen even after considerable over-titration. The 
reversibility of the diphenylcarbazone indicator is assured by addition of 0.5 ml of 
0.2% o-phenanthroline, so that once more an indicator correction need not be 
taken into account, especially since the factor of the Na,-EDTA solution was deter- 
mined against mercury= solution. 

Determination of aluminium by back-titration with mercury” 

Add 20-200 per cent excess of Naa-EDTA to a nitric acid or sulphuric acid solution containing 
l-20 mg of aluminium ion, and adjust the volume to about 100 ml with distilled water. Neutralise 
the solution with sodium hydroxide to the slight rose colour of phenolphthalein, and re-acidify with 
I ml of IN nitric acid. Heat for 2-3 minutes, cool, and add 10 ml of 20% hexamethylenetetramine. 

4 
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TABLE III.-THE EFFECT OF EXPERIMENTAL CONDITIONS ON THE DETERMINATION OF AP+ 

APf added, 0.05M Na,-EDTA! Condition of solution Deviation, 

W 

10.12 25 Neutralisation + 1 ml N HNO, ( 10.12 - 

10.12 15 Neutralisation + 2 ml N HNO, 1 10.11 -0.01 
10.12 15 , Neutralisation + 5 ml N HNO, 9.91 -0.21 
10.12 25 Neutralisation + 10 ml N HNOa 9.81 -0.31 

to.04 
to.06 

Neutralisation + 1 ml N HNO, - 

to.09 
to.07 
+0.02 

Acid AP+ solution without 
previous neutralisation 

-0.29 
-0.04 

+0.03 
+0.15 

10.12 25 1 Ca2+ mg 10.11 -0.01 
10.12 25 10 Caa+ mg 10.12 - 

10.12 25 100 Ca2+ mg 10.19 fO.07 
6.72 25 1 Mga+ mg 6.74 -to.02 
6.72 25 10 Mg2+ mg 6.74 +0.02 
672 25 100 Mga+ mg 6.75 -to.03 

TABLE IV.-DETERMINATION OF AP+ ION 

I Diphenylcarbazone indicator Xylenol Orange indicator 

Ala+ added, 

mg 

1.350 1.323 
2.70 2.70 
6.75 6.72 

13.50 13.57 
20.25 20.21 

T 
AP+ found, 

m%Y 

Deviation, 

mg 

1 AP+p ) Devi$on 

-0.027 1.336 -0.014 
- 2.71 +0.01 

-0.03 6.75 - 

-0.03 13.47 -0.03 
-0.04 20.27 +0.02 

Titrate with mercury” nitrate solution, with 0.2 ml of O.OlM diphenylcarbazone and 0.5 ml of 0.2 % 
o-phenanthroline present, constantly shaking, until the appearance of the violet colour. The end- 
point is very sharp. Or use 10 drops of 0.1% aqueous Xylenol Orange in 100 ml end volume: the 
transition is then from yellow to violet-red. The results obtained with the two-indicator system are 
summarised in Table IV. 

DISCUSSION 

Mercury” nitrate solution can be usefully employed for back-titration of aluminium 
ions in slightly acid medium. Excess is clearly indicated by the diphenylcarbazone-o- 
phenanthroline indicator system, or by Xylenol Orange. 
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The more acid the solution, the greater excess of Na,-EDTA is needed to bind 
the aluminium ions quantitatively, i.e., to move the equilibrium 

Al% + HzY2- = AlY- + 2H+ 

to the right. The pH setting after heating and cooling only influences the formation 
of the AIY- complex slightly. 

In back-titration, although the complex of mercuryI with ethylenediaminetetra- 
acetate is much more stable than that of aluminium, no exchange reaction between 
aluminium ethylenediaminetetra-acetate and mercury I1 of the titrating solution was 
found. According to the literature, no exchange reaction is found with iron”‘, 
thorium” or leadI solutions; this may be explained to some extent by the assumption 
that the velocity of the displacement reaction 

AlY- + Cf * CY3- + APf 
(where C+ represents the cation of the back-titration solution) 

is very small in the cold as compared with the velocity of the development of the 
coloured indicator complex. 

The determination of excess Na,-EDTA by mercuryi’ nitrate is only slightly 
sensitive to hexamethylenetetramine concentration. It is immediately apparent 
whether the buffering is sufficient. In too acid a solution a white cloudiness and a 
slight water-blue colour can be seen at the point where the titrant is being added. 
In such a case more buffer can be added in the course of the titration. 

Large amounts of alkali metal salts, or alkaline earth metal or magnesium salts, 
as well as fluoride ion, do not interfere with the determination of aluminium. With 
larger amounts of calcium (value marked * in Table IV) the end-point is somewhat 
uncertain. Chloride ion causes some trouble, and the determination is therefore 
only possible in nitric acid or sulphuric acid medium. With manganeseI salts present, 
the end-point is so uncertain that an exact titration cannot be carried out. 

Znsammenfassung-Zweiwertiges Quecksilber kann mit ADTA in leicht saurem Medium unter 
Verwendung des Diphenylcarbazid-o-phenanthrolin-Systems als Indicator direkt titriert werden. 
Mit geringen Ablnderungen kann die Methode zur Bestimmung von Aluminium durch Rticktitration 
mit Quecksilbersalzlosung verwendet werden. Auch Xylenolorange ist ein geeigneter Indicator. 
Grosse Mengen Alkalisalze und und mittelere Konzentrationen von alkalischen Erden und Mag- 
nesium storen nicht. 

R&mm&On peut titrer immediatement les ions mercuriques en solution faiblement acide par 
Na,-EDTA en utilisant le systeme diphenylcarbazide-o.phCnanthroline comme indicateur. On peut 
utiliser le systtme indicateur avec une petite modification pour d&celer le point equivalent du titrage 
en retour des ions aluminium par le nitrate mercurique. Le xylenol orange est aussi un indicateur 
convenable. Une quantitt mode& d’ions alcalino-terreux ou d’ions magnesium ou une grande 
quantite de sels alcalins ne gene pas dans cette mtthode. 
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Summary-h the indirect complexometric titration of aluminium according to the procedure of 
Wanninen and Ringbom, the AlY- complex behaves as an indifferent substance, thus considerably 
reducing the calculated titration error. Actual titrations of 2-0.02 millimoles of aluminium, with 
varying excesses of EDTA, and with zinc as standard substance, gave mean yields of 99.93 % (O.lM 
titrant) and 100.04% (O.OlM titrant) with standard deviations of 0.072 and 0.063, respectively. 
Some features of the method are discussed. 

IN 1955 Wanninen and Ringboml published a method for the indirect complexometric 
titration of aluminium. In this method an excess of EDTA is added to the aluminium 
solution, the pH is adjusted to 4.5 with an acetate buffer, ethanol is added to a con- 
centration of 40-50% by volume and the excess of EDTA is titrated with zinc sulphate 
solution using dithizone as indicator for zinc ions. The addition of ethanol serves to 
keep the dithizone in solution. The colour change from greenish-violet to red is 

marked and very sharp. 
The method proposed by the above authors was based on calculations of the 

titration error; these showed that the error would be rather dependent on variations 
of such factors as the excess of EDTA and the concentration of the aluminium 
complex. The EDTA complexes of aluminium and zinc have about the same value 
for their stability constants (pK = 16.1 and 16.5, respectively). The titration error 
should be at a minimum if the final concentrations of the two metal complexes are 
about the same and the pZn chosen for the end-point is equal to the pA1 at the equival- 

ence point. When one or both of these conditions are not fulfilled, the titration error 
may rise to considerable values (Table II). Wanninen and Ringbom propose, therefore, 
the use of 0.2-0.5 millimoles of aluminium and 0*3-0*7 millimoles of EDTA in a 

volume which probably may have been about 100 ml. The seven titrations carried out 
in the above experimental conditions show deviations from -0*66:/, to +O.Sq/,, but 

mostly smaller than O-1 y/o. No experiments were published, however, verifying the 

calculated errors outside the standard conditions. 
Naturally, a pre-requisite for the validity of the calculated titration errors is that 

the solution equilibrium should adjust itself. Observations on another complexo- 

metric titration method for aluminium made this assumption seem rather dubious. 
The year before Wanninen and Ringbom’s publication, Milner and Woodheads 
published a similar method in which the excess of EDTA was titrated with ferric 
chloride and the end-point detected with salicyclic acid. The results obtained were 
fairly good; this has been confirmed in the present laboratory. The large stability 
constant of the iron-EDTA-complex seems to make this method theoretically 
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dubious. This contradiction of the results actually obtained may be explained by 
inertness of reaction of the aluminium-EDTA-complex which, then, is assumed to 
behave more or less as an indifferent substance. This might also occur in Wlinninen 
and Ringbom’s method, thus giving it a far wider range than its originators anti- 
cipated. As the method is outstanding in regard to colour contrast and sharpness 
of the end-point, it is to be preferred to other methods whenever possible; it is, 
therefore, further investigated in this paper. 

EXPERIMENTAL 
Reagents 

Only reagent grade chemicals were used. Water and hydrochloric acid were quartz-distilled, 
acetic acid and ethanol Pyrex-distilled. Ammonia was prepared from tank-ammonia. 

Standard solutions were prepared on a weight basis because the use of weight buretteswasintended. 
A~a~in~a~ standard solution: 0.1lk.f by weight, prepared by dissolving 2.7 g of aluminium ribbon 

(Merck, 99.99 %) in 100 ml of 6*4M hydr~hloric acid in a Pyrex flask, fitted with a splash trap, and 
diluting to 1000 g. To facilitate the dissolution, 1 micromole of copper sulphate was added. 

Zinc standard solution: O.lM by weight, prepared in the same apparatus from 65 g of zinc rod 
(Johnson, Matthey & Co, “Specpure”) and 200 ml of 15M hydrochloric acid; the zinc rod was 
wrapped in platinum gauze to facilitate dissolution. 

EDTA standard solutions: It was found that certain preparations of the disodium salt of EDTA 
differed in sharpness of end-point in the titration. Re-precipitation of EDTA or r~~stallisation of 
its disodium salt from ethanol-water~ixtu~s improved the end-point sharpness. The latter procedure 
was used for preparing O.lM by weight EDTA solution which was standardised against the zinc 
solution according to the method given below. O.OlM standard solutions were prepared from those 
above through dilution by weight. 

Dithizane solution: 0~0004M, prepared by dissolving 25.6 mg of dithizone in 250 ml of 95 % 
ethanol. 

BaJer sohtion: 1 mole ammonium acetate, I mole acetic acid per litre. 
Thyrnol f&e so/utioPr: @ 1%. 

Procedure 

Appropriate amounts of aluminium and EDTA standard solutions were weighed out from 
weight burettes into a 250-ml Vycor beaker. Water was added to about 40 ml, followed by 2 drops 
of thymol blue and, if necessary, dilute ammonia to about pH 2. The solution was heated and 
maintained near boiling during the dropwise addition of 10 ml of buffer, then left to stand for a 
couple of minutes before cooling to room temperature. After addition of an equal volume of 
95 % ethanol and 2.5 ml dithizone solution, the solution was titrated withzinc standardsolutionfroma 
weight burette to a distinctly red colour. A drop in the pH, which occurred when the consumption of 
zinc was large, was compensated for by adding dilute ammonia during the titration, the dithizone also 
serving as a pH indicator. An indicator correction of -0~00012 millimoles was applied to the zinc 
consumed. 

The EDTA solution was standardised against the zinc solution in the same way, omitting the 
heating. 

RESULTS 

Titration of EDTA with zinc in the absence of the aluminium complex 

Starting from the data and equations given by Wanninen and Ringbom, the error 
in the titration of EDTA with zinc is calculated from the equation 

EDTAY % = [ZnY2-] 
- loo 
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where EDTA = H,Y. Table I shows the error calculated in this way for pH = 4.5 
and pZn = 6 at the colour transition point as assumed by Wanninen and Ringbom 
for the aluminium titration. The titration error does not exceed -J-3069& in the 
concentration range 0~05-0~001 M. 

Titration of excess EDTA in the presence of the aluminium complex 

If an excess of EDTA is added to an aluminium solution and the pH is adjusted 
to the appropriate value, the complex AlY- is formed quantitatively. Titrating the 

TABLEI.-ERROR CALCULATEDONTITRATIONOF 

EDTA WlTH ZINC SOLUTION 

pZnYB- 1 

at equiv* / 

d 
EDT.%, 

point j % 

1.3 -0.03 
1.6 -0.03 
2.0 -0.02 
2.3 -0.01 
2.7 to-03 
3.0 10.06 
3.3 +0.2 
3.7 +o+ 
4.0 
5-o j 

+I,0 
+10 

excess of EDTA with zinc in order to determine the amount of EDTA consumed by 
the aluminium will, according to Wgnninen and Ringbom, give an error of 

A ~ _ i~oWiYl - H3+l - D2+l 
AIt o- [AlY-] 

* 100 

which can be calculated from the equations and data given by these authors. Results 
for some extreme cases of such a calculation are given in Table II; the conditions at 
the colour transition point are assumed to be pH = 4.5 and pZn = 6. The calculated 
titration error is considerable with a small excess of EDTA i.e. low concentration of 
ZnY2-, at the equivalence point. 

The above calculation involves the pre-requisite that the solution equilibrium really 
adjusts itself. However, as there is reason to assume that AIY- reacts very slowly it 

may, as a second hypotheses, be proposed that AlY- is completely indifferent. In 
the equation for the titration error [A13+] will, then, not represent the concentration 
at the end-point, but the concentration in equilibrium with the added excess of EDTA 
on formation of AlY-. This concentration, however, is, under the experimental 
conditions of Table II, sufficiently small to be neglected and the equation for the 
titration error will be 

i [HiY] - [Zn2+] 
A,,, % (AIY- indiff.) = i=” 

[AIY-] 
- 100 
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i.e. the titration error with changed sign will be the same as for titration of EDTA 
with zinc, calculated on the amount of aluminium. Some calculated results, for 
extreme cases, are given in Table II. 

To decide which of these two hypotheses comes nearest to the truth, the titrations 
presented in Table II were carried out. The results show that the aluminium complex 
behaves as an indifferent substance within the limits of experimental error. 

TABLE IL-TITRATION OF ALUM~~IUM AT VARIOUS EXCESSES OF EDTA 

CXCeSS 

EDTA added 
Al 

Zn con- 
Error, % 

% 
added, 
mmoles found 

calcd. with 

A’-comp’ex 
indifferent 

1 1.0127 
1 1.0104 

20 l-2037 

20 1.1975 

20 I.2027 

28 1.1320 
40 2.5121 

49 2GO15 

68 1.4990 

73 0.3074 
100 1.9970 
100 2+x)53 

loo 2.0116 
134 1.0509 
159 0.5041 

0.0121 1.0008 
0.0093 1.0011 
0.1986 1.0051 
0.1944 1.0031 
0.1997 I +O30 
0.2458 08862 
0.7255 1.7866 
0.6609 1.3406 
06033 0.8957 
0.1297 0.1771 
09941 1.0029 
1.0058 0.9995 
1 QO67 I@049 
06018 0.4491 
0.3093 0.1948 

1.0015 
1@021 
lGO55 
1 GO42 
1.0035 
0*8866 
1.7867 
1.3409 
0.8956 
0.1779 
1 %I48 
1*0011 
1 GO62 

-0.07 
-O*lO 
-0.04 
-0.11 
- 0.05 
-0.05 
-O*Ol 
-0.02 
+0*01 
-0.11 

0.4494 
0.1946 

-0.19 
-0.16 
-0.13 
-0*0-l 
+o-10 

Titrations performed with O.OlM solutions 

1 @loo86 0.00084 ~10002 0@995 -l-o+7 
1 0.10073 0.00086 0.09987 0.09979 $0.08 

11 O-11126 0~01072 0~10054 0~10049 +0*06 
20 0.12003 001973 0‘10030 0.10027 10‘03 

20 0.11979 0.01923 0.10056 0~10050 $0.06 
21 0~06068 0.01052 0.05016 0~05013 +0.06 
44 0.03041 0%)921 0.02120 0.02117 to.15 
51 0.15031 0.05040 0.09991 009985 +0*06 

100 0.19993 0.09992 OlcBOl 0.10009 -0.08 

101 O-10056 0.05054 @05002 0~05001 +0.02 

145 0.05062 0.02999 0.02063 0.02064 -0.05 
- - 

Titrations performed with O*lM solutions 

- - i 

-2.5 -0.01 
-2.5 -0.01 
-0Go7 f0006 
-0.007 -tO+!O6 
-0.007 + 0.006 

t004 +oxlO7 
$004 +0+)07 
+0+4 , 10.007 

-25 -O*l 
-25 -0-l 

-1.1 -0.08 
-1.1 -0.08 

-0.3 -0-02 

The accuracy and precision obtained were as follows: For the titration of 2-O-2 
millimoles of aluminium by 0.1 M solutions, the mean yield is 99.93% with a standard 
deviation of 0,072; for the titration of @l-O*02 millimoles of aluminium, the mean 
yield is 100.04% with a standard deviation of O-063. 

The deviation of the mean yield from 100% may be due to an error in the stand- 
ardisation of EDTA against zinc; also, a difference in purity of the zinc and alumin- 
ium preparations used may add to the errors. In practice it is better to standardise 
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the EDTA solution against high purity aluminium and use a zinc sulphate solution, 
standardised against the EDTA solution, for back titration. The bias of the yield will 
then disappear. 

DISCUSSION 

EDTA reacts very slowly with the hydroxo complexes of aluminium. Hence, it is 
essential, as Wanninen and Ringbom found, to add the EDTA before the buffer; 
the opposite causes low results. Milner and Woodhead boil the solution to speed up 
the formation of AlY-. Observations in this laboratory have shown, moreover, that 
care must be exercised when any excess of acid is neutralised with ammonia; local 
excesses of ammonia obviously form slowly reacting hydroxo complexes. A reliable 

TABLE III.-10 ML O.lM Al-EDTA COMPLEX WITH 

ABOUT 10 % EXCESS OF EDTA TITRATED WITH @lkf 

ZINC AT VARIOUS pH-VALUES. 

pH before 
addn. of 
ethanol 

4.4 
4.7 
5.0 
5.5 
6.0 
6.7 

- 

i 

Zinc soln. 
consumed, 

ml 

1.044 
1.046 
1.057 
1.078 
l-100 
1.105 

- 

- 

Colour of indicator 
before colour change 

Greyish-violet 

Brownish-yellow 

Intensely yellow 

method is to add ammonia to about pH 2 (thymol blue), then boil, add the buffer 
dropwise and keep the solution hot for 2 minutes before cooling it. The faint yellow 
colour of thymol blue does not interfere with the titration. 

Variations of pH within the range 44-5-O in the titration, do not cause any serious 
error, as will be seen from Table III. The colour change is not quite as sharp at 
higher pH values as in the range mentioned. The small additional consumption of 
zinc at higher pH may be due to the formation of aluminium hydroxo complexes 
combined with liberation of EDTA. Wginninen and Ringbom, on account of this 
assumption, are of the opinion that the titration will give poor results at higher pH 
values. However, in this case also, the inertness of the AlY- is advantageous. 

A saturated solution of dithizone in 95% ethanol was found to be about OGXl5M; 
hence, a concentration of 0*0004M for the indicator solution was considered appro- 
priate. Of this solution 2.5 ml (0.001 millimole of dithizone) were used per 100 ml, 
a larger amount giving too strongly coloured a solution. Titration of this amount of 
dithizone with O*OOlM zinc solution indicated that the colour change most obvious 
to the eye occurs at a zinc consumption of about O-12 ml, i.e. t of the indicator has 
been consumed for the formation of ZnDz,. Thus, this amount, O$NO12 millimole, 
has been subtracted from zinc consumed in the titrations as indicator correction. 

The above circumstances lead to a pZn at the end-point deviating somewhat from 
that calculated according to WHnninen and Ringbom. It seems, however, to be of 
little value to recalculate the errors, as the equilibrium constants in the water-ethanol 
mixture are not known with sufficient accuracy. 
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Zusammenfassung-Bei der indirekten komplexometrischen Titration von Aluminium nach der 
Methode von W&mitten und Ringbom verhllt sich der AlY--Komplex als indifferente Substanz, 
wodurch der berechnete Titrationsfehler wesentlich herabgesetzt wird. Titrationen von 0.02-2 
Millimolen Aluminium unter Verwendung wechselnden Mengen tiberschtissiger ADTA und mit 
Zink als Urtitersubstanz ergaben Genauigkeiten von 99.93 % (Titrator 0.1 m) und 100.04 % 
(Titrator 0.01 m). Die entsprechenden Standardabweichungen waren 0.072 bzw. 0.063. Einige die 
Methode betreffende Gesichtpunkte werden diskutiert. 

R&&---Dans le titrage en retour de l’aluminium par le complexon selon le pro&de de Wiinningen 
et Ringbom, le complexe AlY- se comporte comme une substance indifferente, reduisant considba- 
blement l’erreur de titrage calculte. Actuellement, les titrages de 2 ii 0,02 millimoles d’aluminium, 
avec des exc& variables d’EDTA et avec le zinc comme substance etalon fournissent un rendement 
moyen de 99,93 pour cent (reactif titrant 0,l M) et 100,04 pour cent (reactif titrant 0,Ol M) avec un 
&art-type de 0,072 et 0,063 respectivement. On discute quelques caracteristiques de la methode. 

REFERENCES 

1 E. Wanninen and A. Ringbom, Analyt. Chirn. Acta, 1955, 12, 308. 
s G. W. C. Milner and J. L. Woodhead, Analyst, 1954, 79, 363. 



Talanta. 1960. Vol. 4, p. 147. Pergamon Press Ltd. Printed in Northern Ireland 

LETTER TO THE EDITOR 

SIR, 

IN his letter headed “An Appeal” which appeared in the February edition of Talanta A. A. Moss 
makes a specific if incomplete reference to a paper which appeared in The Analyst. Despite the 
incompleteness of the reference I, and I presume others, must conclude that the paper is mine.* 

I question his good taste in illustrating a general point by a specific reference, since the incomplete- 
ness does little to mask the identity of the author. Of more importance however, this isolated and 
selected reference leaves the reader with the impression, intended or otherwise, that my method is one 
of the inferior and suspect ones to which he refers. 

A. A. Moss has presumably found that sodium peroxide gains in weight due to the absorption of 
water and carbon dioxide. This rate of increase is small, approximately 0.0002 g in 20 sets, but the 
purpose in quoting the weight of peroxide to four places of decimals was to emphasise the importance 
of weighing the amount as accurately as the material and balance would allow since the acidity of the 
final solution is important. The whole of my instructions were aimed at maintaining as tight a control 
over the operations as possible and a note to this effect was added. Surely nothing slipshod here! 

I am willing to demonstrate in my own laboratory, where this method is in routine use, that even 
in inexpert hands it will give the results claimed for it providing the instructions are closely followed. 

I am in sympathy with some of the aims of the appeal but I would suggest humility as the correct 
approach to the testing of other people’s work; it does not follow that a method should be rejected 
or criticised if one person cannot obtain reliable results, as anyone who has served on an Analysis 
Committee will know. 

Finally, I think it will be unfortunate if papers are to be delayed or rejected on grounds of style or 
presentation as original ideas however badly expressed are still useful. 

Yours faithfully, 

Analytical Methods Section S. GREENFIELD. 

Research Laboratory. 
Albright and Wilson (Mfg) Ltd. 
Oldbury, Birmingham, England 

REFERENCES 

1 S. Greenfield, Analyst, 1959, 84, 380. 
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BOOK REVIEWS 

The Analysis of Tit~i~ and Its Alloys. Third edition. Imperial Chemical Industries Limited, 
London, S.W.1. 1959. Pp. 119. 21s. 

THE appearance of a third edition of this useful work is evidence of the popularity of the first two 
editions and of the steadily increasing interest in the metallurgy of titanium. 

This latest edition retains the same clear format as previously, but there are significant changes 
in the contents which reflect the considerable amount of research work which has obviously preceded 
publication. This is also shown in the wealth of detail and ancillary data included. 

The inclusion of a figure for the standard deviation of each method is a praiseworthy feature, 
which is regrettably absent in many works of this type. 

Prominent amongst the many additional and alternative methods are the replacement of the 
turbidimetric method for chloride determination by a much more elegant amperometric method, 
and the inclusion of a method for determination of boron. Another welcome addition is the 
calorimetric determination of small amounts of nitrogen, which is of particular importance in view 
of the influence exerted by small traces of this element on the metall~gical properties of titanium. 

Refinements of methods previously described include a gas pressure method for routine carbon 
determination; a differential absorptiometric procedure for large amounts of molybdenum in 
presence of tungsten; an additional calorimetric method for copper, using the well tried diethyl 
dithiocarbamate; and a technique for phosphorus determination at low levels. 

As in previous editions, there is a section covering sampling of the various forms of titanium 
metal, while an additional most useful chapter is devoted to the identification of titanium alloys 
by means of simple and rapid spot tests, employing a virtually non-d~tructive technique on the 
metal surface. 

This third edition forms an essential part of the literature on the analysis of titanium and its 
alloys. It is strongly recommended to all workers in this field. 

J. %JRGFSS 

Chemical Analysis, Volume 9: Analytical Chemistry of Titanium Metals and Compounds. MAURICE 

CODELL. Pp. 378. Interscience Publishers, New York, 1959. $12.00. 

THE rapid growth of the titanium industry has made it necessary to anaiyse a great many titanium- 

containing materials. Performance of such analyses has been hampered by the scattered sources for 

such information throughout the scientific literature. This book is designed to overcome this 
difficulty by providing a compact source for this wide spread information. 

Unpublished laboratory reports as well as scientific journals have been used to compile this 
authoritative summary. Doubtful procedures have been tested to insure reliability. By intelligent 
modification of the principles presented in this book, analytical chemists should be able to analyse 
any titanium-containing sample. 

The first 101 pages deal with the fundamental chemistry of titanium, the sampling and separation 
problems encountered with titanium-containing materials, emission spectrographic and vacuum-line 
methods for analysing various substances in titanium-rich materials, and procedures for determining 
titanium. 

The remainder of the book is devoted to the analysis of metals and non-metals in titanium and 
titanium alloys, and to the analysis of titanium-base materials. Detailed information concerning 
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the various procedures for determining a specific element are presented and thoroughly discussed. 
An evaluation of alternative methods is given, along with statements about the suitable range and 
interferences of each method. This will simplify the selection of suitable methods for a particular 
sample. 

There is a bibliography of 233 references. However, the more recent literature, including 1958, 
is not satisfactorily covered. 

The writing throughout the book is simple and direct, making many of the highly technical 
sections relatively easy to understand. This book is essential reading for the chemist with analytical 
problems involving titanium, and adequately fills a void that had existed in this field. 

F. H. FIRSCHING 

Optics and Spectroscopy, Vol. VI, No. 1. The Optical Society of America, National Bureau of 
Standards, Washington, 25, D.C., U.S.A. Jan. 1959. Pp. 84. Single copy price 83.00. 

THIS is the first issue of the translated version of the Russian journal Optika i Spektroskopiia which 
is published monthly in two volumes a year. This journal is being translated on the initiative of 
the Optical Society of America and the translation, together with the Journal of the Optical Society 
of America, will be received by all members and subscribers of the Society. 

Articles in this issue, the translation of the first number of the sixth volume of the Russian journal, 
cover a variety of subjects including theoretical and experimental studies of the optical properties 
of crystals, experimental studies of the temperature of sparks, studies of fluorescence-e.g. of poly- 
styrene excited by electron bombardment, and several studies of the electronic and vibrational 
spectra of fairly complicated compounds of mainly chemical interest. 

In this issue there were no articles on spectroscopic or other optical instruments and most of the 
articles would normally be classified as physical chemistry or chemical physics. This may, however, 
be an accidental characteristic of this particular issue. 

The translation seems well done and few errors were noticed. The type size used in the theoretical 
papers is at times uncomfortably small. 

DAVID PULLIN 

Reactor Technology, Report No. 10. Chemistry. A.E.C. Research and Development Report 
KAPL-2000-7. Office of Technical Services, Department of Commerce, Washington 25, D.C., 
U.S.A. September 1959. Pp. x + 62. $2.00. 

THIS document is one of a series of progress reports, the stated aim of which is to keep industry 
informed of unclassified developments in the various fields of reactor technology. The subject 
matter is discussed under five headings, analytical chemistry, spectroscopy, radiochemistry, physical 
chemistry and corrosion and coolant chemistry. The material presented will be of general interest 
to analysts associated with atomic energy work, but to analysts in other fields the usefulness is 
mainly restricted to the sections on analytical chemistry (analysis of zirconium and niobium-based 
materials) and spectroscopy (isotopic analysis of uranium and boron by mass spectrometry and 
emission spectrographic analysis of zirconium and stainless steel). 

J. K. FOREMAN 
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NOTICES 

The following meetings have been arranged: 

Thur.s&y 12 May 1960: Society for Analytical Chemistry, Midlands Section. Mr. D. HOLNE~~: 
Applications of Gas-Liquid Chromatography in the Analysis of Essential Oils. Gas Showrooms, 
Nottingham, England, 7.0 p.m. 

Frisky 13 May 1960: Society for Analytical Chemistry, North of England Section and Micro- 
chemistry Group. Corrosion. Hull, England. 

Friday 20 May 1960: Society for Analytical Chemistry, Western Section and Physical Methods 
Group. Atomic Absorption Spectroscopy. Conference Room, Municipal Building, Poole, England, 
6.30 p.m. 

Frisky 27 May 1960: Society for Analytical Chemistry, Western Section. Royal Institute of 
Chemistry, South Western Section. Dr. W. H. N. COOPER: Truce Elements in Sea Water. Plymouth. 

Wednesday-Friday S-10 June 1960: Society for Analytical Chemistry, Institute of Petroleum: 
Discussion Group of the Hydrocarbon Research Group. Symposium on Gas Chromatography. 
Assembly Rooms, Edinburgh, Scotland. 

Wednesday 22 June 1960: Society for Analytical Chemistry, Microchemistry Group. London 
Discussion Meeting, “The Feathers”, Tudor Street, London, E.C.4. 6.30 p.m. 

The eighty-sixth Annual General Meeting of the Society for Analytical Chemistry was held at the 
Queen’s Hotel, Birmingham, on Wednesday 2 March 1960, with the President, Mr. R. C. CHIRNSIDE 

in the Chair. The following Officers and Members of Council were elected for the forthcoming year: 

President: R. C. CHIRNSIDE 

Past Presidents serving on the Council: J. W. HAMENCE, D. W. KENT-JONES, J. R. NICHOLLS, 
K. A. WILLIAMS 

Vice-Presidents: 

Hon. Treasurer: 

Hon. Secretary : 

Hon. Assistant Secretaries: 

Other Members of Council: 

Ex-Officio Members: 

D. C. GARRETT, MAGNUS A. PYKE, J. G. SHERRATI 

A. J. AMOS 

R. E. STUCKEY 

L. BREALEY (Programmes), S. A. PRICE 

N. L. ALLPORT, D. M. W. ANDERSON, B. BAGSHAWE, 
E. BISHOP, H. E. BROOKES, C. H. R. GENTRY, E. Q. 
LAWS, W. M. LEWIS, R. F. MILTON, F. C. J. POULTON, 
C. WHALLEY, J. T. YARDLEY. 

J. R. EDISBIJRY (Chairman, North of England Section), 
A. N. HARROW (Chairman, Scottish Section), G. V. 
JAM= (Chairman, Western Section), S. H. JENKINS 
(Chairman, Midlands Section), F. HOLMES (Chairman, 
Microchemistry Group), G. W. C. M~LNER (Chairman, 
Physical Methods Group), J. I. M. JONES (Chairman, 
Biological Methods Group). 
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The Meeting was followed immediately by the sixth Bernard Dyer Memorial Lecture, given by 
Professor A. C. FRAZER, M.B., B.S., Ph.D., DSc., F.R.C.P., M.D., Professor of Medical Biochemistry 
and Pharmacology in the University of Birmingham. Professor FRAZER’S subject was Chemical 
Analysis and Medical Progress. 

The sixteenth Annual General Meeting of the Microchemistry Group of the Society for Analytical 
Chemistry was held on Friday 19 February 1960 in the Postgraduate Medical School, Ducane Road, 
London, W.12. The chair was taken by the Chairman of the Group, Mr. F. HOLMES. 

The following were elected Officers of the Group for the forthcoming year: 

Chairman: Mr. F. HOLMES 

Vice-Chairman: Mr. C. WHALLEY 

Hon. Secretary: Mr. D. W. WILSON, Sir John Cass College, 
Jewry Street, Aldgate, London, E.C.3. 

Hon. Treasurer: Mr. G. INGRAM. 

The fifth Annual General Meeting of the Midlands Section of the Society for Analytical Chemistry 
was held on Wednesday 23 March 1960 in the Technical College, Nottingham. The Chairman of the 
Section, Dr. S. H. JENKINS, F.R.I.C., F.Inst.S.P., presided. 

The following were elected Officers of the Section for the forthcoming year: 

Chairman: Dr. S. H. JENKINS 

Vice-Chairman: Dr. H. C. SMITH 

Hon. Secretary: Mr. G. W. CHERRY, 48, George Frederick 
Road, Sutton Coldfield, Warwickshire, 
England. 

Hon. Treasurer: Mr. F. C. J. POULTON 

Hon. Asst. Secretary: Mr. R. ADKINS. 

The Chemical Society of London is co-operating with the British Department of Scientific and 
Industrial Research in providing complete translations of the Russian Journal of Inorganic Chemistry 
(from Jan. 1959), the Russian Journal of Physical Chemistry (from July 1959), and Russian Chemical 
Reviews (from Jan. 1960). Subscription rates per annum for the first two of these are (beginning 
with the Russian January issue) E30 or $90, with a reduction of 25 per cent for College or University 
Libraries. The price for the first six issues of the Russian Journal of Physical Chemistry is pro rata. 
The subscription rate for Russian Chemical Reviews per annum is f12 or $36 ($Z9 or $27 for College 
or University Libraries.) 

The world distributors of these Journals are Cleaver-Hume Press Ltd., 31, Wright’s Lane, London, 
W.8, who can supply full information and specimen sections. 
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THE SEPARATION OF CARRIER-FREE 234THORIUM 
(UX,) FROM URANIUM BY ANION-EXCHANGE 

S. S. BERMAN, LORNA E. MCKINNEY* and M. E. BEDNAS 
Division of Applied Chemistry, National Research Council, 

Ottawa, Canada 

(Received 30 November 1959) 

S~~-A relatively simple procedure for the preparation of large quantities of carrier-free 
%horium for use as a tracer has been devised. A 96M hydrochIoric acid solution of uranium is fed 
into an anion-exchange column. The uranium complex is adsorbed and the daughter thorium is 
washed through the resin bed, resulting in a substantially quantitative separation of UX, from as 
much as 50 g of uranium. The uranium may be readily recovered by elution with 0.M hydrochloric 
acid solution, or may be left on the column to be periodically washed with 9.6M hydrochloric acid 
solution to produce fresh batches of UXI. 

INTRODUCTION 

IN the course of investigations in this laboratory it was found desirable to employ a 
radioactive tracer to follow the behaviour of thorium in various analytical procedures. 
234Thorium (UX,) has proved to be an excellent isotope for this purpose for three 
reasons : (i) it can be prepared in the laboratory from readify available materials, 
(ii) its half-life of 24-l days allows for convenient handling, and (iii) its short-lived 
(1.18 min) daughter, 2aprotoactinium (UX,), is a very energetic /I emitter so that the 
detection of UX, is greatly facilitated. 

238Uranium disintegrates according to the familiar uranium series with the follow- 
ing first three steps: 

=stJ 
a 

‘I.51 x 108yr 
+ 234Th(UX,) -;;;“-r;- 234Pa(UX2) 1 1s Lin * 2W. 

The third product, 234uranium, has a half-life of 2.48 x IO5 years. Thus any uranium 
compound obtained from a chemical supplier will, in effect, contain only 238U, 
equilibrium quantities of UX, and UX,, and 2s4U, since the original decay 
products of the uranium series will have been removed in the purification process, and 
the build up of new products arrested at 234U due to its long half-life. Since 1 gram 
atomic weight of uranium produces an equilibrium amount of 3.5 x 10W3 micro- 
grams of UX,, the preparation of UX, becomes a problem of separating a 
submicro quantjty of thorium from a macro amount of uranium. 

About 10 minutes after a separation has been effected an equilibrium amount of 
UX, will again be present. This is a fortunate occurrence in our case since this 
constant companion of UX, produces a very hard p emission (2.3 Mev) which can 
be counted, instead of the soft ,!I radiation (0.19, O-10 Mev) of UX,. Thus all weak 
emitters which may be present can be screened out and the detection of UX, greatly 
enhanced. 

The separation of UX, from uranium has been the centre of much interest since its 
discovery by Crookes l in 1900 and an excellent review of the work in this field up to 

* Present address: Department of Oncology, University of Wisconsin, Madison, Wisconsin. 
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1950 is given by Dyrssen 2. The methods are generally based on the solvent extraction 
of uranium into ether, precipitation of UX, with a carrier, or adsorption of UX, on 
charcoal or some other adsorbent. None of these procedures is quantitative and only 
the involved and lengthy method of Erbacher, Herr and Wiedemanns, which employs 
both ether extraction and carrier precipitation, produces a substantially carrier-free 
isotope. 

Recently, several ion-exchange procedures have been proposed for this separation. 
Bane4 adsorbed the UX, from a uranyl nitrate solution on a cation-exchanger, allow- 
ing the uranium to pass through the bed. The UX, was eluted with a sodium bisul- 
phate solution. A similar procedure has been developed by Dyrssen2 who removed the 
thorium isotope with an oxalic acid solution. Chen6 adsorbed the UX, on an anion- 
exchanger from a 75M nitric acid solution, and later washed it off with water. Forty 
grams of uranyl nitrate (19 g uranium) could be handled in this manner in comparison 
with the l-gram uranyl nitrate samples processed by Dyrssen. Recoveries of greater 
than 85% of the original UX, are reported. 

The authors, after a brief examination of some of the above procedures, decided 
that ion-exchange would probably yield the most efficient and simple method for 
producing relatively large quantities of the carrier-free thorium isotope. Attempts 
to utilise the methods of Dyrssen and Chen were unsuccessful. In order to produce 
large yields of UX, fairly concentrated solutions (1*3M) of uranium were used. Con- 
siderable leakage of UX, in the feed effluent occurred and great difficulty was encoun- 
tered in removing much of the isotope from the resin in both cases. 

In view of the recent success of several workerss-* in separating thorium from 
uranium by anion-exchange in hydrochloric acid solution it was decided to investigate 
this approach. It was felt that the apparent disadvantage of having to adsorb the 
major component on a very large bed would be balanced by the fact that there would 
be no problem of removal of the UX, from the resin. 

APPARATUS AND METHODS OF ANALYSIS 

The ion-exchange column used was of conventional design, 3.1 cm in internal diameter and 1 
metre high. The bed consisted of 500 ml (approx. 1 lb) of 20-50 mesh Amberlite IRA-400 anion- 
exchange resin of analytical grade supported on a wad of glass wool. The resin was stirred for 1 
hour with 2M hydrochloric acid solution before transferring it to the column, to ensure complete 
conversion to the chloride form. 

The column volume above the resin bed (250 ml) served as a reservoir and was closed off by a 
rubber stopper through which a glass tube was inserted which extended almost to the resin bed. Flow 
rates of solutions were controlled by regulating the influx of air into the reservoir through this tube. 
The outlet tube of the column was fitted with a stop-cock so that the flow could be arrested at any time. 

Activity measurements were made on suitable aliquots which were evaporated to dryness on 
aluminium dishes 1 inch in diameter. Hydrochloric acid solutions were evaporated to dryness in 
glassware and taken up in nitric acid before this step. Measurements were made with an appropriately 
shielded Nuclear-Chicago D34 end-on GM tube with a 1.4 m&m2 mica window. The output of this 
tube was fed into an Atomic Instrument Company Model 1070B multiscaler unit. In each case the 
sample was covered with an aluminium absorber of 32 mg/cma thickness which served to screen out 
all soft radiations, including that of the UX, itself, so that only the strong/l emission of the UX, was 
registered. 

Analysis of uranium effluents was done gravimetrically. Suitable aliquots were treated with 
carbonate-free ammonia solution to precipitate ammonium diuranate which was then filtered, washed, 
ignited at 800”, and weighed as U808. 

The uranium used was the yellow trioxide, which, on analysis, was found to be quite free of other 
metals but hydrated as UOs.0.5 H,O. 
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EXPERIMENTAL 

Initial experiments with a small ion-exchange column (1-O x 20 cm) verified that uranium can be 
adsorbed on an anion-exchanger from concentrated hydrochloric acid solutions while UXi passes 
through into the effluent. Since maximum adsorption of uranium was desired, 4:l (9.6M) hydro- 
chloric acid solution was used throughout this work because, at this concentration, the distribution 
coefficient between the uranium-chloro complex and the exchanger is at its maximume. These 
experiments also indicated the ease of removal of uranium from the resin with O.lM hydrochloric 
acid solution and showed that 500 ml of resin should be able to adsorb at least 65 g of uranium before 
leakage occurred. This is approximately 120 times the amount indicated by Tomic et al.’ who adsorbed 
uranium from a 6.5M hydrochloric acid solution. 

6C 

ML EFFLUENT 

FIG. l.-Typical elution curves for UX, and uranium. 

Before feeding the uranium solution on to the large column, the resin bed was washed with 
9.6M hydrochloric acid solution until the effluent was of this concentration. Sixty g of the uranium 
trioxide (48.4 g uranium) were dissolved in 150 ml of the hydrochloric acid solution, and the solution 
was poured into the column with the effluent stopcock closed. As the dense uranium solution came 
into contact with the resin, particles rose through the solution until about two-thirds of the bed had 
been displaced. At this point sufficient uranium had been adsorbed on the resin to (i) lower the 
density of the solution and (ii) increase the density of the particles so that the bed quickly resettled. 
This displacement provided excellent contact between the two phases, ensuring optimum adsorption 
of the uranium complex. Once the bed had resettled the effluent stopcock was opened, and the 
bleeder tube was adjusted so that the uranium solution, now much depleted in concentration, passed 
through the bed at the rate of about 4 ml per minute. Very little further movement of the uranium 
band was observed. 

Elution of the UX, was continued with three 250-ml portions of the acid solution. The effluent 
was usually collected in 50-ml fractions which were analysed radiometrically for UX,. A typical 
elution curve is shown in Fig. 1. Much tailing is noted in this elution, with the activity never dropping 
to zero. This may be explained by the fact that the uranium in the column is continually producing 
UX, at a rate which makes it impossible to wash the resin free of thorium activity. For example, 
during the hour it takes to pass 250 ml of eluent through the bed new UX, has been produced in 
sufficient amount to cause an increased activity of 4.3 x lo4 disintegrations per minute. 

A sample of UX, in hydrochloric acid solution was passed through the column following the 
procedure described above, except that the total effluent was collected, evaporated and analysed 
radiometrically. This experiment indicated recovery of at least 99 % of the UX1. 

Fractions of UX, effluents from a sample which had been separated from uranium by the above 
method were evaporated to dryness and the residues (mainly small quantities of organic matter from 
the resin) were examined spectrographically and were all found to be free of uranium, indicating 
complete separation of the thorium isotope. 
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The uranium could be eluted. quite simply from the resin with O.lM hydrochloric acid solution. 
The column was first washed with 250 ml of the acid solution at the rate of 5 ml per minute, and the 
effluent was discarded, as it contained no uranium. Elution with another 600 ml of this eluent 
produced a complete recovery of the uranium (Fig. 1). This elution curve was prepared from 
gravimetric analyses of 50-ml fractions of the effluent. The beginning and end of the uranium 
elution can be easily noted by eye because of the sharpness of the leading and trailing edges of the 
band and the intense yellow colour imparted to the solution by the metal. 

The uranium, however, need not be removed from the column if a continuous supply of UX1 is 
desired. Depending on the needs of the laboratory the column may be “milked” periodically to 
produce UX,. For example, 14 days after the removal of UX, from the uranium another 
quantity of the isotope, which will have one-third the activity of the original batch, may be recovered 
by elution with the 9.6M hydrochloric acid solution. With each elution of the bed the uranium band 
moves less than 1 inch down the column, and since the band has a very sharp leading edge several 
“milkings” are possible before any uranium appears in the effluent. We were able to recover 5 batches 
of UX, from a column which was “milked” at two-week intervals, before any uranium was found in 
the effluent. In this way one column supplied our needs for 2 months before it was necessary to 
remove the uranium and recharge the resin bed with a fresh uranium solution. Eluted uranium 
solutions are evaporated to dryness and stored for re-use since in 4 months 97 o/o of the equilibrium 
quantity of UX, is regenerated and 99% in 54 months. 

Impurities in the uranium should not present too much of a problem if a fairly pure reagent is used. 
Rare earths, alkali metals, alkaline earths and other elements such as Al, Ni and Cr, which are not 
adsorbed from concentrated hydrochloric acid solutions, will appear in the effluent with the UX,. 
However, they will be removed with the first batch of the thorium isotope and future batches should 
not contain them. Other elements which are adsorbed or partially adsorbed (e.g. Fe’*‘, Cu, MoV’, Zn, 
Cd, etc.) may appear in various batches but their concentration will be very low, and since only a very 
small percentage of a batch of UX, is usually used in any one tracer experiment, the interference of 
any of these metals in any particular experiment would probably be negligible. 

RECOMMENDED PROCEDURE 

Dissolve approximately 50 g (0.2 mole) of uranium, as the oxide or chloride (but not the nitrate), 
in 150 ml of 9.6M hydrochloric acid solution. Transfer the solution to the ion-exchange column 
which has previously been washed with the acid solution. When the resin has resettled allow the 
solution to pass through the bed at the rate of 4 ml per minute. When the level of the liquid has just 
reached the top of the resin bed add another 250 ml of the acid. Repeat with another 250 ml of this 
solution and collect the total 650 ml of effluent, which will contain about 97 ‘A of the UX, present in 
the original uranium solution. More activity may be eluted with another batch of acid but the 
increased yield is generally not worthwhile. 

The column may then be periodically eluted with 750 ml of the acid solution until it is noticed 
that the uranium band has almost reached the bottom of the resin bed. The interval between elutions 
is determined by the needs of the laboratory and the 24.1 day half-life of UX,. 

To remove the uranium the column is washed with 250 ml of O.lM hydrochloric acid solution at 
the rate of 5 ml per minute. This eflluent is discarded. Elution is continued with 600 ml of this 
solution, resulting in the quantitative recovery of the metal. 

Zusammenfassung-Eine relativ einfache Methode zur Derstellung grosserer Mengen von trlgerfreiem 
234Th wird beschrieben. Eine 9.6-m salzsaure Losung von Uran wird durch eine Anionenaus- 
tauschersaule geschickt. Der Urankomplex wird absorbierbt und das Tochter-Thorium wird durch- 
gelassen. Hierbei wird eine praktisch quantitative Trennung des UX1 von bis zu 50 g Uran erzielt. 
Das Uran kann leicht wiedergewonnen werden, indem man mit 0.1-m Salzsaure eluiert. Man kann 
es aber such auf der Slule belassen und in periodischen Eluierungen mit 9.6-m Salzsaure weitere 
Mengen von frisch gebildetem UX, gewinnen. 

Resume-On a imagine un procede relativement simple pour la preparation de grandes quantites 
de *saTh libre d’entraineur utilisable comme traceur. On introduit une solution d’uranium dans de 
l’acide chlorhydrique 9,6 M dans une colonne Bchangeur d’anions. L’uranium complex& est fixe et le 
Thorium issu par descendance, est Climint par lavage de la resine, fournissant une separation 
pratiquement quantitative de UX, de quantites aussi importantes que 50 g d’uranium. L’uranium 
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peut &tre r&up&e facilement par Ablution avec une solution d’acide chlorhydrique 0,l M, ou peut 
Ctre laisse sur la colonne pour &tre lave periodiquement a l’acide chlorhydrique 9,6 M produisant 
de nouveaux echantillons de UX1 
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UTILISATION OF TERNARY AND ION-ASSOCIATION 
COMPLEXES IN CHEMICAL ANALYSIS-II 

POLAROGRAPHIC DETERMINATION OF INDIUM 

MILOSLAV KOPANJCA and RUDOLF P%BIL 

Laboratory of Analytical Chemistry, Chemical Institute, Czechoslovak Academy 
of Sciences, Prague, Czechoslovakia 

(Received 8 December 1959) 

Summary-Conditions have been found for the formation of phenanthrolinethiocyanate complexes 
of indium, cadmium and other metals and their compositions have been determined. The intluence 
of EDTA on the fo~tion of these complexes has been observed. At pH 3 indium remains bound 
in the soluble EDTA complex, while cadmium, zinc, copper and other ions form water-soluble 
phenanthroline-thiocyanate complexes which can be separated from the aqueous phase into butanol. 
It is then possible, after acidification with hydrochloric acid, to determine indium polarographically 
in the aqueous phase. Using this method it is possible to determine from 0.05 y0 of indium in metallic 
cadmium. 

WITHIN the framework of the systematic study of analytically utilisable ternary com- 
plexes, further attention has been paid to certain complexes of the type metal-phenan- 
throline-thiocyanate. As is known, phenanthroline with bivalent and tervalent cations 
forms complex ions of the type M~(Phen)~2~ and Me~(Phen)~+, which, in contrast to 
similar pyridine complexes, behave as chelates. They are characterised by increased 
stability and, in the presence of halides or thiocyanate, they form insoluble compounds 
for which the composition Me(Phen),X, can be assumed. Their most significant 
property is their slight solubility in water and their solubility in organic solvents. 
Therefore they are suitable-as has been shown with the complex phenanthroline-iron- 
iodide’--for the extraction of certain metals and their separation. 

It has been proved that a number of cations, in the presence of thiocyanate, also 
form insoluble precipitates over a wide pH range with phenanthroline. Some of these 
are readily extractable by an organic solvent; others can be thoroughly dispersed 
(e.g. in butanol) without making impossible a subsequent separation of the aqueous 
and organic phase. The presence of other complex-forming substances, principally 
EDTA, through the formation of other complexes, decreases the number of 
reacting cations so that it is possible to obtain a selective separation. So, for example, 
at pH 3 indium is firmly bound by EDTA against phenanthroline and thiocyanate 
whereas other elements occurring with it may continue to exist in the form of phenan- 
throline-thiocyanate complexes. This fact makes possible the separation of indium 
from cadmium and zinc and its determination in the aqueous phase, either polaro- 
graphically or complexometrically. In this work the conditions have been elaborated 
for this separation of indium when it is subsequently determined polarographi~lly- 

EXPERIMENTAL 
Reagents and solutions 

Standard indium solution was prepared from reagent grade indium metal. Its titre was determined 
complexometric~ly. 
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A solution of 1 :lO-phenanthrolme (0.05M) was prepared by dissolution of a precisely calcuiated 
and weighed quantity of l:lO-phenant~ol~e, Guaranteed Reagent (Lachema, Bmo) in warm 
redistilled water acidified by a minimum quantity of nitric acid. The pH of the solution resulting 
was 3 to 4. 

The disodium salt of ethylenediaminetetra-acetic acid (EDTA) was prepared in O*OSM 
concentration. The product “Chelaton 3” (Lachema, Brno) was employed. 

Solutions of various metal salts were prepared from reagent grade chemicals. The concentrations 
of these solutions were controlled complexometrically. 

A 30% solution of ammonium thiocyanate was prepared from the reagent grade chemical. 
The indicator used was a @1 % Xylenol Orange solution (Chemapol, Praha). 
The buffer solution was prepared from formic acid and ammonium formate. 

Apparatus 

Adjustment of the pH of the solution was controlled potentiometrically with a glass electrode. 
The measurement was carried out with an electronic pH meter (Kovodruistvo, Praha). 

Polarograpbic m~suremen~ were carried out by a photoregistering polarograpb of the type 
LP-55 (Laboratorni piistroje, Praha) and in a polarographic cell with a separate calomel electrode. 

RESULTS AND DISCUSSION 

Phenanthroline-thiocyanate complexes of cadmium, indium and zinc 

In solutions containing phenanthroline complexes of cadmium, indium and zinc, 

in the range of pH 1 to 5, on addition of thiocyanate in excess, a white voluminous 
precipitate is produced. The formation of this precipitate is not greatly influenced by 
the pH of the solution ; for example, in the case of cadmium the precipitate is formed 
in strongly acidic solutions (1N HCI), in neutral, or in weakly alkaline solutions. It 
may be assumed that a change in acidity of the solution may influence the structure of 
the resulting complex. In the present work the structures of the complexes 
were studied in the range of pH 3 to 3.5 since this pH value, as will later be shown, 
is the most suitable for the separation of indium from the interfering elements. 

The phenanthroline-thiocyanate complexes of cadmium, indium and zinc were 
prepared by the addition of solid ammonium thiocyanate (50 times the amount of the 
metal nitrates) to solutions of nitrates of these metals after adjusting the pH of the 
solutions with formate buffer to 3. This solution was then treated with saturated 
phenanthroline solution until precipitate no longer formed. The solution was then 
allowed to stand for 2 to 3 hours, and was then decanted and filtered. The precipitate 
on the filter was washed with water until the washings gave no reaction with silver ions. 
The material thus obtained was dried in vacua. In the case of indium, the phenanthro- 
line-thiocyanate complex of which is partly soluble in water, the precipitated complex 
was washed with ether and then also dried irz vacua. 

Analysis was carried out by oxidative melting of the prepared complex with sodium 
peroxide in a sintered corundum crucible; after extraction of the melt with 
water, the content of sulphur was determined gravimetrically by precipitation with 
barium chloride in the presence of EDTA ;2 the metal constituent was then determined 
chelatometrically and polarographically. 

Determination of the ratio of metal to phenanthroline in the complexes studied 
was carried out by amperometric titration. Since these materials are water-insoluble, 
the dependence of the concentration of the thiocyanate complex of cadmium (or 
indium or zinc) on the quantity of added phenanthroline has been studied. Since the 
metals in thiocyanate medium yield polarographic waves,3 it is possible to follow the 
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development of the complex amperometri~lly. The amperometric titration can easily 
be carried out using a rotating platinum electrode-the titration curve has, in this case, 

a normal course, and the current drops during the titration; at the point of equiva- 
lence it reaches a constant value. The employment of a mercury dropping electrode is 

less suitable-the reading of the equivalence point of the titration is inaccurate because 
of the influence of deformations which occur in the diffusion currents of cadmium, 
indium or zinc in the presence of phenanthroline. 

0 2 4 6 8 
m( 00544 phamtmlhe 

FIG. I.-Amperometric titration of cadium thiocyanate complex with phenanthroline. 
Titrated solution: 5 ml of 0*05M Cd(NO&, 5 ml of 30% NH&NS solution in a 50-ml 

volume, pH 3-l ; recorded at -@SO V vs. S.C.E., rotating platinum electrode. 

The titrations were carried out as follows: the metal nitrate solution in 1M ammonium thio- 
cyanate solution was adjusted with formate buffer to a pH value of 25-3 and, after the removal of 
oxygen by nitrogen, the titration was carried out with 0.05M phenanthroline solution at an applied 
voltage for zinc of -1.10 mV, for cadmium of -0=75 mV and for indium of -0G30 mV vs. S.C.E. 
Fig. 1 shows the course of tbis type of titration. 

On the basis of these titrations it was ascertained that in the case of phenanthroline- 
thiocyanate complexes of cadmium, indium and zinc the ratio of the metal to phenan- 
throline under the conditions described is always 1: 1. From the content of sulphur 
and metal and using the deter~ned ratio of phenanthroline to metal, it is possible 
to determine the formula of the compounds studied: 

Zn complex . found calculated 

S 15-45 % 1610% 
Zn 16.73 % 16‘46 % 
Phen:Zn= 1:l 
Formula: Zn(Phen)(CNS),-2H,O 

Cd complex 

In complex 

found calculated 

s 14.76 % 14.45 % 
Cd 25.95 % 25.53 % 
Phen : Cd = 1: 1 
Formula: Cd(Phen)(CNS),?H,O 

faund ~aleu~ated 

S 18.85% 18.20% 
In 22-42 % 24.50 % 
Phen : In = 1:l 
Formula: In(Phen)(CNS)~ 
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Similar complexes are formed under similar conditions with a number of other 
metals. Theircompositions havenot been studied in detail since it does not belong to the 
framework of this paper. In the majority of cases the complexes concerned are sub- 
stances slightly soluble in water but soluble in certain organic solvents. As the aim of 
this work was to find the conditions for the separation of indium from the accompany- 
ing elements, the extraction of indium in the form of the phenanthroline-thiocyanate 

TABLE L-DEVELOPMENT AND SOLUBILITY OF PHENA~KR~~INE-THI~~YANATE COMPLEXES AT pH 3 

Metal Solubility in water 

Cd” 
Zn” 
Pb” 
MS 
Cu” 

Nirr 
Feirr 
Fe” 
AlI’ 
Th’v 
TII 
BiTI" 

Vv 
TiIV 

DO!? 
MoYr 
W” 
Crvr 

insoluble 
insoluble 
insoluble 
insoluble 
insolubie 
insoluble 
insoluble 
insoluble 
insoluble 

no complex develops 
no complex develops 

insoluble 
insoluble 
insoluble 
insoluble 
insoluble 

no complex develops 
no complex develops 

_- 

Formation of complexes in the 
presence of EDTA 

insoluble 
insoluble 

no complex develops 
insoluble 
insoluble 
insoluble 

no complex develops 
insoluble 

no complex develops 
no complex develops 
no complex develops 
no complex develops 
no complex develops 
no complex develops 
no complex develops 

insoluble 
no complex develops 
no complex develops 

complex has been studied first. This complex can readily be extracted by butanol, 
methyl propyl ketone or other ketones but this method of extraction is not very selec- 
tive and it is less suitable than, for example, extractions of the thiocyanate4 or iodide5 
complexes of indium. 

Separation of indium from cadmium and other metals 

The influence of the presence of EDTA on the development of phenanthroline- 
thiocyanate complexes was further studied. It was ascertained that in the range of pH 
2-3, the compound In(Phen)(CNS)~ does not develop and indium remains bound in the 
form of the soluble EDTA complex. IJnder the same conditions, on the other hand, 
the insoluble complexes of cadmium, zinc, copper and other metals are formed. 
Table I contains a survey which summarises the formation of phenanthroline-thio- 
cyanate complexes at pH 3 in the presence and absence of EDTA. From this survey it 
is evident that indium can be separated from a number of elements by the utilisation of 
the formation of phenanthroline-thiocyanate complexes. A suitable organic solvent 
for the complete extraction of phenanthroline-thiocyanate complexes has not been 
found. But in butanol, which does not dissolve the phenanthroline-thiocyanate 
complexes, they readily disperse without hindering the separation of the aqueous and 
organic phase. 
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The experiments were carried out as follows: 50 ml of aqueous solution containing 2 ml of the 
standard indium solution, 4 ml of 30% ammonium thiocyanate solution and 2 ml of @05M phen- 
anthroline solution, were stirred rapidly by a magnetic stirrer with 50 ml of butanol, and then the 
two phases were separated in a separatory funnel. In preliminary experiments the content of indium 
in the aqueous phase was determined by complexometric back-titration with a standard thorium 
nitrate solution, using Xylenol Orange as indicator. 

In this manner it was ascertained that indium remains quantitatively in the aqueous 
phase as an EDTA complex and in this way it can be separated from cadmium, zinc 
and other metals. Further, it was observed that phenanthroline alone forms with 
thiocyanate an insoluble ion-association complex which also disperses in butanol. 
Therefore, it is possible to remove phenanthroline quantitatively from the aqueous 
phase by addition of thiocyanate and by separation of the complex which is formed 
in butanol. From the structure of the cadmium complex of phenanthroline thio- 
cyanate it is evident that the same molar quantity of phenanthroline is necessary for its 
precipitation. But since the thiocyanate complex of cadmium is extracted into butanol, 
it is evident from a number of experiments that, for the separation of cadmium into 
butanol in the presence of excessive thiocyanate, two-thirds of the stoichiometric 
quantity of phenanthroline is sufficient. 

Polarographic determination of indium after separation of interfering elements in the 
form qfphenanthroline-thiocyanate complexes 

Since indium is a good depolariser and the determination of low concentration of 
this element is frequently required, special attention has been paid to its polarographic 
determination. A number of methods have been elaborated in which, almost always, 
the interfering influence of cadmium is considered. Some authors solve this problem by 
precipitation,‘ys others by extraction,s or by chromatographic separation ;l* others 
use complex-forming electrolytes.11-15 

If indium is separated from cadmium and other elements, as described above by 
means of the formation of phenanthroline-thiocyanate complexes in the presence of 
EDTA, the indium remains in the aqueous phase as a stable soluble EDTA complex 
which does not manifest itself polarographically. But on acidification of the solution 
it decomposes, and indium can then be determined polarographically. For this 
reason hydrochloric acid solutions of different molarity were tested as base electrolyte. 
The development of the polarographic wave of indium in hydrochloric acid medium 
depends on the existence of chloro-indic complexes as has been proved by Kolthoff16 
and Schuflel’ who studied the polarographic behaviour of indium in 1M to 8M HCl. 

The influence of o-phenanthroline on the wave of indium in 1M HCl was studied 
further. It was ascertained that in this base electrolyte o-phenanthroline yields a 
double wave. The first (more positive) wave is badly developed and its height is about 
one-sixth of the total height of the wave. The half-wave potential of the more negative 
wave is -0.71 V vs. S.C.E. This wave is shown in Fig. 2, curve 1. 

o-Phenanthroline influences very unfavourably the otherwise well-developed wave 
of indium in 1M HCI. If the ratio of indium to phenanthroline is 1: 3 or greater, the 
current drops steeply after the limiting current for indium is reached ; for ratios 
of 1: 2 and 1: 1 this decline is not so obvious and a residue of the wave of phenan- 
throline is still maintained. A similar drop of the current in the polarographic curves 
of indium has been explained by BU~OVOV~~* as an effect of slightly deformable anions. 
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This explanation could be applied equally well to the reduction of the phenanthroline 
complex of indium but, since in the presence of phenanthroline the development of the 
minimum on the polaro~aphic curve occurs also in the waves of other cations (copper, 
cobalt), the half-wave potential of which is substantially different from the potential at 
which the dropping mercury electrode has no charge, the explanation of this feature 
will require further study. The presence of o-phenanthroline in the solution to be 
analysed therefore makes a polarographic determination of indium impossible. It is 

TABLE II.-DEPENDENCE ON TIME OF HEIGHT OF THE POLAROGRAPHIC WAVE 

OFINDIUMIN 3kfHCl AND@f~NHICNS(SOLUTIONSATURATEDWITHBUTANOL). 

time, 
min 

height, j 
mm / 

I 

10 40 -0-644 
60 39.5 -0.644 

120 40 -0.644 
I80 42 -0-644 
240 44 ; -0.662 
300 46 -0.662 
900 I ~ 53 -0.696 

Eq = half-wave potential in V VS. S.C.E. t = 0 is 
the mixing time of the solution after separation with 
hydrochIoric acid. 

necessary, in consequence, in removing the phenanthroline-thiocyanate complexes of 
cadmium and other metals into butanol, to use thiocyanate in excess so as to transfer 
the total phenanthroline to the organic phase as described earlier. The aqueous solu- 
tion with the separated indium then still contains excess of EDTA, thiocyanate and a 
residue of butanol dissolved in water (the solubility of butanol in water*8 is 79 g/litre at 
20”). This solution is acidified with hydrochloric acid so as to make the resulting 
concentration of HCl3M and, after removing oxygen by nitrogen, the polarogram of 
the solution is recorded, beginning at -0.30 V vs. S.C.E. In this medium indium pro- 
duces a well-developed step with a half-wave potential of -0.64 V vs. S.C.E. This 
must result from the reduction of chloro-indic complexes, since in such a strongly 
acidic solution the existence of thiocyanate complexes cannot be assumed. Proof 
of this is also provided by the value of the half-wave potential, which in reduction of 
the indium thiocyanate complex is -0.717 V vs. S.C.E.3 

On acidification of the aqueous phase after the separation of cadmium and other 
elements an interesting feature may be observed. The solution becomes faintly pink in 
colour and this colour disappears after about 3 hours. During this time the solution 
has a slight odour of hydrogen sulphide, and the presence of this gas can be con- 
firmed by a paper impregnated with lead acetate solution. This reaction can be 
accelerated by increasing the temperature, At room temperature its course is slow and 
it can be explained by assuming reduction of thiocyanate. This reaction influences 
both the height and the half-wave potential of the indium wave. For 2 hours after 
acidification, the height of the wave remains constant; the half-wave potential then 
shifts to more negative values and the height of the wave increases slightly. The results 
indicating this phenomenon are presented in Table II. 
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Because of the high solubility of butanol in water, the diffusion coefficient of the 
analysed solution differs from that of an aqueous solution of hydrochloric acid 
and the wave of indium in 3M HCl solution, saturated with butanol, is somewhat 
lower. For the evaluation of polarograms it is therefore necessary either to prepare 
solutions for the construction of a calibration curve for indium by the procedure used 
for the sample, or to use the standard addition method. 

Procedure for the determination of indium after separation of cadmium 

In a solution containing the mixture of the two ions adjust the pH to a value of 3 by addition of 
buffer (formic acid and ammonium formate, pH 3), then add @02MEDTA solution at a concentration 

TABLE III.-POLAROGRAPHIC DETERMINATION OF INDIUM AFTER 
SEPARATION OF CADMIUM 

Cd, mg i In, mg 

39,2 0.55 
39.2 1.90 
39.2 2.70 
39.2 3.50 
196 1.90 
196 0.80 
294 0.80 
588 0.80 

- 

I In found, 

mg 

Error, 

% 

0.57 +5 
1.96 1-3 
2.67 -1 
3.48 -0.6 
1.95 +3 
0.83 +4 
O-78 -3 
0.82 +3 

which will produce EDTA in excess, in comparison with the concentration of indium. To the solution 
adjusted in this manner add 30% ammonium thiocyanate solution to make its total concentration 
amount to 2-3 % and then add 0.05M o-phenanthroline solution for as long as a precipitate of 
CdPhen(CNS)z is produced. Now add the same volume of butanol and stir the mixture thoroughly 
for 3 min by a magnetic stirrer. Separate the two phases in a separatory funnel and repeat the stirring 
with half the volume of butanol for 2 min. Normally the organic phase will then be clear. Again 
separate the two phases in the separatory funnel, pour the bottom (aqueous) layer into a 50-ml 
volumetric flask, wash the butanol twice with 5 ml of water, and add this water to the volumetric flask. 
Acidify the solution in the volumetric flask with 12 ml of concentrated HCl, add 1 ml of 1% glucose 
solution and make up with water to the mark. It is necessary to carry out the polarographic recording 
of indium within 2 h after mixing. The wave height for indium is compared, for the evaluation of the 
analysis, with the wave height for a standard indium solution prepared by the same procedure, or the 
determination is carried out by the standard addition method. Several curves obtained after separa- 
tion of a larger amount of cadmium are shown in Fig. 3, and Table III presents the results of several 
analyses of indium after its separation. 

Procedures for the determination of indium after separation qf other metals 

It is also possible to separate zinc, copper, manganese, cobalt, nickel, iron11 and 
molybdenumvI from indium in the same way. For the polarographic determination of 
indium, the most important of these elements is copper which, it is true, does not inter- 
fere polarographically; but at high concentration (in comparison with indium) it 
interferes in the determination because of its more positive half-wave potential. Iron= 
can be separated from indium in the form of the phenanthroline-thiocyanate complex; 
since, however, ironn does not interfere in the polarographic determination, it is 
simpler not to carry out a separation, but merely, before the polarographic determi- 
nation proper, to reduce irorP with hydroxylamine (or iron powder, reduced by 
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FIG. 2.--Influence of phenanthroline on the wave of indium in 1M HCl 

(1) 10 ml of 1M HCl, 1 ml of 1% glucose, 1 ml of 0.05M phenanthroline. 
(2) the same solution as (1) with 0.5 ml of O.OlM In(NOs), 
(3) the same solution as (1) with 0.5 ml of @Ol M In(NO,), 
(4) the same solution as (1) with 0.5 ml of O.OlM In(NO,), 
(5) 11 ml of 1M HCI, 1 ml of 1% glucose, 1 ml of O.OlM In(NO,), 

[All the curves begin at ~0.30 V, 200 mV/abscisse, sensitivity l/70, S.C.E., the curves (l)-(5) 
from right to left.] 
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FIG. 3.-Polarographic curves of indium after separation of cadmium 
Before separation 50 ml of solution contained 

(1) 0.55 mg of In, 39.2 mg of Cd 
(2) 1.90 mg of In, 39.2 mg of Cd 
(3) 2.70 mg of In, 39.2 mg of Cd 
(4) 3.50 mg of In, 39.2 mg of Cd 

[All the curves start at -@30 V, 200 mV/abscisse, sensitivity l/70, S.C.E., the curves (l)-(4) 
from right to left.] 
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Fro. 4.-Polarographic curves of indium after separation of cadmium, copper and zinc 
(1) Before separation, 50 ml of solution contained 2.70 mg of In, 294 mg of Cd, 32 mg of Zn 
(2) Before separation, 50 ml ofsolution contained 1.68 mg of In, 196 mg of Cd, 63 mg of Cu, 65 mg of Zn 
(3) Curve of mdium in 3M HCI without separation 

[All the curves start at -0.30 V, 200 mV/abscisse, sensitwity l/30, S.C.E., the curves (l)-(3) 
from right to left.] 
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hydrogen). Fig. 4 shows polarographic curves obtained after the separation of copper, 
zinc, cobalt, nickel and cadmium. 

In the analyses of synthetic samples containing cadmium as the principal com- 
ponent, with an indium content of 0*05--0*5 %, the error of determination varies from 
h3 to &5 %; when the indium content ranged from 0.5 to 5 % results were obtained 
with the normal accuracy of polarographic analysis, i.e. -&2x. The sample weights 
were chosen in such a manner that the quantities of indium involved in the separation 
were at least 0.8 mg (at 0.1% content of indium in metallic cadmium). Only higher 
concentrations of lead and bismuth in the analysed sample interfere in the determination 
of indium carried out in this manner, because the half-wave potentials of these metals 
are more positive than the half-wave potential of indium. 

Zu~mmenfa~~g-Die Bedingungen fur die Bildung der Phenanthrolin-Thiocyanate-Komplexe 
von Indium, Cadmium und anderen Elementen wurden studiert und die Zusammensetzung der 
Komplexe wurde bestimmt. Der Einfluss von EDTA auf die Bildung der Komplexe wurde untersucht. 
Bei pH 3 bleibt Indium als EDTA-komplex gebunden, wlhrend Cadmium, Zink, Kupfer und andere 
Ionen wasserlosliche Phenanthrolin-Thiocyanate-Komplexe bilden, die mit Butanol ausgeschtittelt 
werden konnen. Nach Ansauern der verbleibenden wasserigen Phase kann Indium polarograph- 
isch bestimmen werden. Mit dieser Methode ist es moglich, noch 0.05 % Indium in Cadmi~me~ll 
zu bestimmen. 

Resume-Les auteurs ont Ctabli les conditions dans lesquelles on peut former les complexes phen- 
anthroline-thiocyanate de l’indium, du cadmium et d’autres metaux; la composition de ces complexes 
a Cte dCtermin&e et l’influence de L’EDTA sur la formation de ceux-ci a Bte observee. A pH 3 l’indium 
reste engage dans un complexe soluble de l’EDTA, tandis que le cadmium, le zinc, le cuivre et d’autres 
ions forment des complexes phenanthroline thiocyanate solubles dans l’eau, qui peuvent Ctre &pares 
de la phase aqueuse par extraction dans le butanol. 11 est alors possible, apt& acidification par 
l’acide chlorhydrique, de doser l’indium polarographiquement dans la phase aqueuse. En utilisant 
cette mdthode il est possible de doser jusqu’a 0,05 ‘A d’indium dans le cadmium metallique. 
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ACID CHLORIDES OF SUBSTITUTED SUCCINIC AND 

GLUTARIC ACIDS AS HYDROLYTIC REAGENTS FOR 
THE DETERMINATION OF WATER 

R. BELCHER, L. OTTENDORFER* and T. S. WEST 
Chemistry Department, The University, Edgbaston, Birmingham 15, England 

(Received 14 December 1959) 

Summary-Some alkyl substituted succinyl and glutaryl chlorides have been examined as hydrolytic 
reagents for the determination of water. The best reagents are methylethylglutaryl and dimethyl- 
glutaryl chlorides; the former compound is recommended because it is less volatile. 

Water of crystallisation in several hydrates has been determined satisfactorily using this reagent. 
Naphthalyl chloride and cyclohexyl diacetyl chloride were also examined, but were unsuitable. 

THE method of determining water in a gas stream by passing it through an acid chloride 
and titrating the hydrochloric acid formed was first used by Lindnerl in his titrimetric 
procedure for the determination of carbon and hydrogen in organic compounds. 
Lindner’s original reagent was a-chloronaphthyldichlorophosphine oxide, but later 
he used naphthyldichlorophosphine oxide. 2 Hydrogen chloride produced from the 
hydrolysis is absorbed in water contained in a bubbler and is determined alkalimetri- 
tally. A few other reagents have been suggested by later investigators.3 

In the course of an examination of titrimetric procedures for the determination of 
carbon and hydrogen, it was found that succinyl chloride had advantages over earlier 

reagents in speed of reaction. 4~5 Although succinyl chloride reacts rapidly with water 
and yields hydrogen chloride almost immediately, it would be desirable to have 
available a reagent which yields lower blank values. A number of alkyl substituted 
succinyl chlorides have now been examined because it was expected that they would be 
less volatile and that the nature of the alkyl groups would lead to acid chlorides of 
greater reactivity. Glutaryl chloride and alkyl substituted glutaryl chlorides were also 
examined because it was envisaged that the six membered ring of the acid anhydride 
formed in the reaction would possess a stability similar to that of the five membered 
anhydride ring of the succinic acid series. The stable nature of these anhydrides pro- 

bably has some influence on the efficiency of the reaction. 
The following compounds were therefore prepared and examined :- 

Succinyl chloride 
a :a-Dimethylsuccinyl chloride 
cc :a-Diethylsuccinyl chloride 
Glutaryl chloride 
p:/3-Dimethylglutaryl chloride 
p-Methyl-b-ethylglutaryl chloride 
,!I:/?-Diethylglutaryl chloride 
C’clohexyl-l’:l’-diacetyl chloride 
Naphthalyl chloride 

l Present address: Institut ftir anorganische und allgemeine Chemie, Technische Hochschule, Wien VI. 
Getreidemarkt 9, Austria. 
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Attempts to make tetramethylsuccinyl chloride and dicyclohexyl-1 : I-diacetyl 
chloride were unsuccessful. 

Barium chloride dihydrate was used for most of the tests. Samples obtained from 
different sources were checked gravimetrically; in all cases their water content varied 
only slightly (f0.07 %) from the theoretical value of 14.75 %. Sodium acetate tri- 
hydrate, copper sulphate pentahydrate and cadmium chloride (CdC1,.2*5H,O) were 
also used in some experiments and were satisfactory. These hydrates were heated in a 
stream of dry nitrogen which was passed through a reaction vessel containing the 
reagent. The hydrogen chloride liberated from the reagent passed over and was 
collected in an absorber containing distilled water. 

To obtain the best results from a given reagent it is necessary to keep the gas 
bubbles in the reaction vessel as small as possible. This is best achieved by passing the 
gas directly upwards into the liquid through a sintered-glass disc, but limitations are 
imposed by the back pressure of the gas. When a No. 3 glass sinter-disc (20 mm dia- 
meter) was used a pressure of about 80-120 mm Hg was required to maintain a flow 
rate of 50 ml/min. The pressure was considerably lower and the bubble size was still 
reasonably small with a No. 2 sinter-disc. However, the surface area exposed to the 
reagent increases with the square of the radius of the bubble and the volume with the 
cube of diameter, whereas the efficiency of the reaction depends on the size of active 
interface per unit volume. 

For each reagent the time of contact depends mainly on the viscosity and therefore 
on the temperature. Surface-tension and the formation of foam also have to be 
considered. 

It was found that a spiral path inside the reaction vessel did not markedly improve 
the results, and a possible explanation seems to be that the small bubbles emerging 
from the sinter-disc usually combine when they ascended the spiral. The increased 
contact time thus obtained appears to offset the decrease in surface area caused by the 
merging of the small bubbles. 

Two other factors which require consideration are the amount of hydrogen chlor- 
ide retained by the reagent and the time taken for it to pass over from the reaction 
vessel to the absorber. The most favourable conditions were establishedexperimentally. 

The column of reagent used in the reaction vessel must be long enough to allow 
sufhcient contact time. This factor depends on the shape of the reaction vessel and 
the dead space enclosed between reagent and absorbent. It is desirable to keep the 
quantity of reagent small, to minimise retention of hydrogen chloride. 

A volume of about 5 ml of the reagent is suitable in most cases. This amount of 
reagent is usually sufficient for at least 700-800 mg of water. Special care was taken to 
design the reaction vessel in such a way that the maximum amount of the reagent was 
in permanent contact with the gas-stream. The gas-bubbles themselves gave the 
necessary stirring effect. 

The reproducibility of results and, of course, of blanks, depends essentially on the 
volume of gas which is passed, and varies only slightly with the flow rate. This means 
that for a given volume of gas, the flow rate may be altered over rather a wide range 
without undue effect on the constancy of blanks, provided that the cooling-system 
used to counteract the volatility of the reagents is efficient. It is also necessary to 
ensure that aerosol formation does not lead to the passage of reagent into the absorb- 
ing vessel. Glass-wool or silica-wool filters inserted in the cooling trap are not very 



T
A

B
L

E
 L

-C
O

M
PA

R
IS

O
N

 O
F 

A
C

ID
 CH
L
Q
R
I
D
E
S
 A

S 
R
E
A
G
E
N
T
S
 

FO
R

 W
A

T
E

R
 

R
ea

ge
nt

 
an

d 
b.

p.
 

Su
cc

in
yl

 
ch

lo
ri

de
 

75
”/

12
 m

m
 

cc
:c

+D
im

et
hy

ls
uc

ci
ny

l 
ch

lo
ri

de
 

88
-9

21
12

 m
m

 

a:
a-

D
ie

tb
yl

su
cc

in
yl

 
ch

lo
ri

de
 

11
7”

/1
2 

m
m

 

G
lu

ta
ry

l 
ch

lo
ri

de
 

lO
l-

10
4/

14
 

m
m

 

@
:,!

?-
D

im
et

hy
lg

lu
ta

ry
l 

ch
lo

ri
de

 
12

2-
12

5”
/1

5 
m

 

/I
-M

et
hy

l-
p-

et
hy

l-
 

gl
ut

ar
yl

 
ch

lo
ri

de
 

11
5”

/1
2 

m
m

 

~:
~-

D
ie

th
yl

gl
ut

a~
l-

 
ch

lo
ri

de
 

12
7”

/1
1 

m
m

 

C
yc

lo
he

xa
ne

-1
 

: I
- 

di
ac

et
yl

 
ch

lo
ri

de
 

14
1”

/1
2 

m
m

 

R
ea

ge
nt

 
te

m
p,

 
“C

 

70
 

N
o 

tr
ap

 

1+
4.

0 
0.

3-
0.

5 

20
-5

0 
2.

0-
3-

O
 

16
-1

.9
 

20
-5

0 90
 

20
 

70
-9

0 

70
-1

00
 

40
-7

0 

0.
8-

1-
2 

1.
5-

1.
7 

0.
7-

1.
0 

1.
5-

1.
7 

14
-l

 
.7

 
0.

1-
0.

45
 

3-
10

 
60

 

04
-0

~8
 

0.
1-

0.
2 

0.
2-

0*
3 

N
ot

 
ne

ce
ss

ar
y 

25
 

- 
B

la
nk

 
an

al
ys

es
, 

pn
l o

f 
0=

05
N

 N
aO

H
 

T 

06
-0

~7
 

0.
1 

C
oo

lin
g 

tr
ap

 

04
-0

~5
 

N
ot

 
ne

ce
ss

ar
y 

I A
m

t. 
of

 
H

P,
 

m
g 

-_
__

 3-
10

 

T
im

e 
A

cc
ur

ac
y 

re
qu

ir
ed

, 
(D

ev
ia

tio
n 

fr
om

 
m

in
 

10
0 

%
 r

ec
ov

er
y)

 

30
 

-2
.7

%
 

10
 

30
 

lo
-2

0 
60

 

5 

30
 

30
 

O
-1

1%
 

It
I%

 

12
%

 

-1
0%

 

T
 

i 

H
ig

h 
bl

an
ks

 
Sl

ow
 r

em
ov

al
 

of
 H

C
l 

H
ig

h 
bl

an
ks

 
D

if
fi

cu
lt 

co
nd

iti
on

s 

Sl
ug

gi
sh

 
at

 l
ow

 t
em

p.
 

H
ig

h 
bl

an
ks

 
at

 e
le

va
te

d 
te

m
p.

 

H
ig

h 
bl

an
ks

 
L

ow
 

bl
an

ks
 

w
ith

 c
oo

lin
g 

tr
ap

 
bu

t 
sl

ow
 r

em
ov

al
 

of
 H

C
I.

 

L
ow

 
an

d 
st

ab
le

 
bl

an
ks

 
R

ec
om

m
en

de
d.

 
Fl

ow
 

ra
te

 
up

 t
o 

30
 m

l/m
m

 

H
ig

hl
y 

re
co

m
m

en
de

d 
Fl

ow
 

ra
te

 
30

-5
0 

m
l/m

in
 

H
ig

h 
bl

an
ks

 

L
ow

 c
ap

ac
ity

. 
Sl

ow
 

re
le

as
e 

of
 H

C
l. 



Hydrolytic agents for the determination of water 169 

useful, as their surface is rather big and it may be that hydrogen chloride as well as the 
reagent is retained. 

Examination of reagents 

The behaviour of the various reagents examined during this investigation is 
summarised in Table I. As already mentioned, the use of succinyl chloride has been 
described elsewhere4 but it is included in the table for the sake of comparison. The 
chief comment to be made on this reagent is that the blank values, though reproducible, 

TABLE IL-DETERMINATION OF H,O IN BaC1,.2H,O USING 

DMGC - 
_ _ 

Analysis No. 

8 

l- 
l- 

_‘_ 

- 

- 

Taken Found 

5.032 
6.328 
8.557 
9.894 

12.03 
14-61 
16.96 
19.98 

5.056 
6.315 
8.503 
9.917 

11.98 
14.57 
16-98 

Recovery, % 

100.5 
99.8 
99.4 

100.2 
99.6 

I 99.7 
10&l 
100.1 

Analyses l-4 Flow rate 15-20 ml/min. Volume of gas passed 500 ml. Blank deducted 0.07 mg HsO 
Analyses 5-8 Flow rate 20-30 ml/min. Volume of gas passed 1000 ml. Blank deducted 0.14 mg H,O 

are large in comparison to those of other reagents described below. They were reduced 
by means of a cooling trap and a more efficient design has since improved them 
further. Results obtained invariably tend to be low. K: a-Dimethylsuccinyl chloride 
gives higher blanks, even with a cooling trap, and possesses no advantage over succinyl 
chloride. The corresponding diethyl-substituted succinyl chloride reacts very slug- 
gishly with water so that only 40-60 % recovery was obtained. In the glutaryl chloride 
series the parent substance yielded promising results when mainlined at 70-90” and 
used in conjunction with an ice-salt cooling trap to counteract the volatility 
of the reagent. However, the release of hydrochloric acid gas is rather slow. 
/?:,!?-Dimethylglutaryl chloride proved to be an extremely satisfactory reagent, 
superior to any yet examined. When maintained at 70-100’ and used in conjunction 
with an ice-salt trap, low and reproducible blanks were obtained under a variety of 
conditions of ffow rate up to 30 rnl~~n. fn almost all cases the recovery of water was 
quantitative (cJ Table II.) ~-Methyl-~-ethylgluta~l chloride gave more variable 
results, but it has the advantage of being much less volatile and not requiring a cooling 
trap. Flow rates of up to 50 ml/min can be used and the evolution of hydrogen chloride 
is rapid and quantitative (cJ Table III.) The corresponding diethyl-substituted 
glutaryl chloride was, rather surprisingly, found to be inferior. It gave low recoveries, 
and high blanks, and was sluggish in its reaction. The substitution of the carbon atom 
of a cycIohexane ring in place of the &methylene group of glutaryl chloride yielded 
the cyclohexyl-1 : l-diacetyl chloride. It was thought that the higher molecular weight 
would decrease the volatility of the reagent and that the tendency for hydrogen 
chloride to be retained would be minimised, but the removal of hydrogen chloride was 

2 
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slow; although the blanks were low under normal conditions they increased consider- 
ably with rise of temperature. The reagent has a low capacity (< 1 mg/H,O per ml). 
Naphthalyl chloride (not shown in Table I) was used in the molten form at 80”, but 
it is unstable and gives recoveries of water varying from 40-70%. The deposited 
anhydride is difficult to remove. 

TABLE III.-ANALYSIS OF HYDRATES BY MEANS OF MEGC; FLOW RATE 5-30 MLIMIN 

Hydrate Gas volume 

BaCl,.2H,O 500 ml 

NaC,H,O,.3H,O 

CuSO,*5H,O 

-7 

1000 ml 

500 ml 
1000 ml 

500 ml 
1000 ml 

Taken Found 

3.647 3.687 
5.580 5,626 
7.846 7.830 

10.02 1007 

12.23 12.16 
15.60 15.57 
17.88 18.04 
20-12 2020 

2.334 2.320 
9.665 9.656 

3.099 / 3.117 
15.85 I 16.01 

- 

j 
L 

Recovery, % 

101.2 
100.8 
99.8 

100.5 

99.4 
99.8 

100.9 
100.4 

99.2 
99.9 

100.6 
101.0 

Blank on 500 ml gas volume = 0.09 mg He0 
Blank on 1000 ml gas volume = 0.14 mg H&O 

Table I shows that there is no apparent pattern in the behaviour of the various 
reagents. It was expected that under comparable conditions, the blank analyses 
would at least bear a direct relationship to the vapour pressure or boiling point of the 
reagents. It is surprising to note, therefore, that a: a-dimethylsuccinyl chloride gave 
blank analyses of 1+1*9 ml of 0.05N sodium hydroxide as compared to 0.345 ml 
for succinyl chloride although the respective boiling points are 88-92”/12 mm and 
75”/12 mm. Even a: a-diethylsu~cinyl chloride (117”/12 mm) gives twice the blanks of 
succinyl chloride. 

As a result of this examination it appeared that the choice of reagent lay between 
~:~-dimethylglutarylchloride(DMGC)and~-methyl-~-ethylglutarylchloride(MEGC). 
The latter was selected because it was less volatile and eliminated the need for a 
cooling trap. Results obtained for the analysis of several hydrates using both reagents 
are shown in Tables II and III. 

These results reveal that both MEGC and DMGC are suitable as reagents for the 
determination of water. 

EXPERIMENTAL 
Synthesis of reagents 

The acid chlorides were prepared by treatment of the corresponding acids with a 20% excess of 
phosphorus pentachloride. After refluxing for several hours, the excess of PC& was distilled off, 
first at atmospheric and then at slightly reduced pressure. The main fraction was eventually redistilled 



Hydrolytic agents for the determination of water 171 

and the product stored in sealed tubes. The chlorine content of the reagents was determined by 
hydrolysing samples with 40% sodium hydroxide solution and applying the Volhard procedure. 

The cr:u-dialkyl substituted succinic acids and B:/?-disubstituted glutaric acids were prepared by 
conventional procedures. C’ In the case of the ,!?:/I-diethylglutaric acid, however, a modified method 
was used owing to the failure of the ammonium salt of 4:4-diethyl-3 :5-dicyanoglutarimide to separate. 
This was as follows. 

200 Ml of anhydrous ethanol saturated with NH, at -5” were treated with 1 mole of ethyl 
cyanoacetate (113 g) and 0.5 mole of diethyl ketone in a wide necked 7%ml stoppered bottle and 
stored in an ice box for 24 h. Subs~uently the mixture was transferred to a distillation flask and the 
ammonia was removed by aspirating dry air through the mixture for 5 h. 250 ml of water were then 
added and 250ml of the mixture were distilled. The residue was acidified with hydrochloric acid 
after being cooled and the free “Guareschi” imine which separated was purified and hydrolysed as 
described elsewhere.’ 

The cyclohexyl-l:l-diacetic acid was prepared by the method described by Thole and Thorpe.8 

Apparatus 

The apparatus used is shown in Fig. I. Nitrogen from a cylinder is fed through a side-arm into 
the combustion tube after passage through a scavenging train packed with Anhydrone and soda 
asbestos to remove moisture and acid gases. The working end of the delivery tube is provided with 
a B.14 cone and cap; this latter arrangement permits safe loading of the combustion boat into the 
tube without risk of contamination from grease. The combustion tube is supported horizontally, 
with an aluminium heating block mounted two thirds of the way along the tube. The delivery arm 
between the combustion tube and the reaction vessel is kept warm by means of an electrically heated 
tape, and the part of the reaction vessel below the condenser is similarly maintained at an appropriate 
temperature. Evaporation of the reagent is m~irnis~ by the water cooled condenser round the 
upper part of the vessel and by a cold-finger condenser as shown in Fig. 1. The gas stream is finally 
passed (where necessary) through a U-tube cooled in ice/salt and then through an absorber where 
the hydrochloric acid is removed by distilled water. The gas emerging from the absorbing vessel is 
then passed into a bottle so that it displaces an equal volume of water into a graduated I-litre 
measuring cylinder. 

When the apparatus is assembled the reaction vessel is charged with 5 ml of the appropriate acid 
chloride, the temperature of the heating tape is adjusted as necessary, and the absorber vessel is 
charged with a few ml of distilled water. The tem~rat~e of the heating block is raised to 150” and 
gas is passed at a rate of ca. 20 mljmin for 3-4 h. A blank anaiysis is then conducted to establish 
whether the reagent has been run-in sufliciently (cf. Table I.) 

Method of analysis using /l-Methyl-&ethylglutarylchloride 

The absorber is charged with ca. 6 ml of distilled water, and the sample of hydrate contained in a 
platinum micro-combustion boat is placed into the tube and pushed along into the heating zone 
whilst the nitrogen flushes out of the tube. The cap is then placed in position and the gas is allowed to 
flow through the train at a rate of co. 18-22 ml per min. Dehydration of BaC1,.2H,O is said* to begin 
at 42” and to be complete at 110-120”. Thus the temperature of the heating block is raised quickly 
to 60” and then to 120” over the next 10 min and finally up to 1.50” during the last 10 min. At the 
end of the experiment (ca. 500 ml gas passed over 25-30 min) the absorber is detached and its contents 
are washed out into a conical flask. The hydrochloric acid content is determined by titration with 
0.05Nsodium hydroxide, with neutral red as indicator. The blank analysis is determined by carrying 
out an identical operation except that an empty platinum boat is used. It is not necessary to carry out 
a blank determination with each analysis, for the true blank value can be found in each case by 
correcting the standard blank for the volume of gas passed during a dete~ination. This value is 
deducted from the appropriate titre. 

1 ml O+OJiV NaOH = O-45 mg H*O. 
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ship to one of us (L. 0.) 



R. BELCHER, L. OTTENDORFER and T. S. WEST 



Hydrolytic agents for the determination of water 173 

Zusammenfassung-Einige alkylsubstituierte Succinyl- und Glutarylchloride wurden in Hinblick 
auf ihre Brauchbarkeit zur Bestimmung von wasser untersucht. Besonders studiert wurden Methyl- 
Ethyl-Glutarylchlorid und Dimethylglutarylchlorid. Die erstere ist mehr zu empfehlen wegen seiner 
geringeren Fhlchtigkeit. Kristallwassergehalte in verschiedenen Hydraten wurde zufriedenstellend 
bestimmt. Naphthylchlorid und Cyclohexyldiacetyl chlorid wurden ebenfalls untersucht, sind 
jedoch ungeeignet. 

Resume-Quelques derives alkyl substitues de chlorures de succinyl et de glutaryl ont BtC etudies 
comme agents hydrolitiques pour le dosage de I’eau. Les reactifs test sont les chlorures de methyl 
ethyl glutaryl et de dimethyl glutaryl; le premier compose est recommande comme &ant moins 
volatil. 

L’eau de cristallisation de certains hydrates a ete determinee dune facon satisfaisante avec ce 
reactif. 

Les chlorures de naphtalyl et de cyclohexyl-diadtyl ont aussi ete Btudits mais ne convenaient pas. 
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ESTIMATION OF SMALL AMOUNTS OF AMINES 
BY MEANS OF CATIONITE PAPER 

A. LEWANDOWSKI and A. JARCZEWSKI 
Department of General Chemistry, Poznad Unive~ity, Poznah, Poland 

(Received 29 December 1959) 

Summary-The use of paper with an incorporated cation-exchanger for estimation of microgram 
amounts of amines is described. Several chain amines and carbocyclic amines have been estimated 
with an error of 1-3 %_ 

INTRODUCTION 

SINCE 1954, when the first report of the making and analytical use of filter paper with 
incorporated ion-exchangers was submitted,l this new chromatographic technique has 
been utilised for different analytical purposes. 3-16 The first reports1 had shown the 
usefulness of such paper, not only for separating, but also for quantitative estimation 
of inorganic ions. Subsequently, organic ions e.g. alkaloids,fz-13 amines, heterocyclic 
bases, amino acids, amides of carbonic and sulphonic acids, urea and its derivatives 
were also successfully estimated. In the present paper the use of paper charged with 
cation-exchanger for estimation of chain amines and carbocyclic amines is considered. 

As such paper will have wide applications it would be useful to shorten the term 
“paper with incorporated ion-exchanger” or “paper charged with ion exchanger”. 
In the present commu~~ation the term “ion&e paper” is used. To avoid any mis- 
understanding it is stressed that ionite paper must be distinguished from ion-exchanger 
paper with chemically changed cellulose fibres (e.g. sulphonated, phosphorylated or 
aminated cellulose fibres). 

Ionite paper offers unlimited possibilities for estimation of small amounts of any 
kind of ionic substance. Ions differing sufficiently in affinity for the ion-exchanger 
have already been separated and estimated simultaneously on the same strip of ionite 
paper.1 Adjacent zones may be determined when the colours of zones belonging to 
the separated ions are different. In the case of aniline and dimethyl- or diethylaniline, 
the yellow zone of the p-nitrosocompound belonging to the substituted aniline differs 
distinctly from the violet zone of the diazo compound of aniline with naphthylamine. 
Components of mixtures of these amines may be easily determined. Promising results 
were obtained when mixtures of compounds were first separated by partition chroma- 
tography on common chromatographic paper (e.g. Whatman No. 1) and then the 
single compounds were transferred to the ionite paper. The 5-10x error arising in 
direct determinations from partition chromatograms diminished to about 2 % when, in 
addition, ionite paper was used. 

EXPERIMENTAL 

Zonite paper 

The ionite papers and the required phenolsulphonic ion-exchanger were prepared in our Institute. 
Ionite paper containing about 10% ion-exchanger in hydrogen form was generally used. In some 
cases less ion-exchanger (2 ‘A) was taken. A high percentage shows more brilliant colours but leaves 
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smaller zone areas. Lower contents of ion-exchanger assures a sutTiciently great zone area when 
very small amounts of substances are estimated. 

The paper was cut into strips 80 mm long and 10 mm wide. 

Reagents 

Chemically pure amino compounds were used. The chain amines were estimated from aqueous 
solutions whilst benzidine was dissolved in 10% ethyl alcohol. The aminobenzoic acids were dis- 
solved in 3 ml of ethyl alcohol and diluted with water to 100 ml. The remaining compounds enumer- 
ated in Table I were dissolved in water acidified with an equivalent amount of hydrochloric acid. 
The actual concentrations during the experiments correspond to the one,- two-, three- and fourfold 
weight units of amines in l.Omlof solution. The weight units are indicated in Table 1. Lower amounts, 
down to 1 ,ug, were also estimated. 

c+Naphthylamine (1% solution in butanol) was used for spraying. 

TABLE I. AREA OF ZONE AS A FUNCTION OF AMOUNT OF AMINE 

Amine 
Value of one 
weight unit, 

pug 

Zone-area, mm2 

lx 
Weight units, 

2X 3X 4X 

38 28 64 108 150 
45 61 131 202 270 
91 37 80 124 168 

127 86 178 265 350 
185 59 134 211 284 
34 70 126 187 247 
50 57 90 123 152 
32 67 95 123 152 
31 75 109 138 170 
78 76 132 184 238 
50 59 106 160 215 
50 101 188 278 362 

100 61 106 145 192 
100 149 247 352 442 
100 106 184 262 340 
93 107 189 270 362 

100 94 171 237 307 

-- 
Methylamine 
Dimethylamine 
Triethylamine 
Ethanolamine 
Triethanolamine 
Aniiine 
Toluidine 
Phenyldimethylamine 
Phenyldiethylamine 
a-Naphthylamine 
~Phenylenediamine 
~-Phenylenediamine 
Benzidine 
o-Aminobenzoic Acid 
p-Aminobenzoic Acid 
Phenylhydrazine 
Phenylhydroxyla~ne 

Note: Different amines have been estimated on papers with different ion-exchange content. 

General procedure 

For analysis the samples of amine were placed on a spot test plate. On the same plate five stand- 
ards of various concentrations were also placed. It is essential to use equal volumes (e.g. 1.0 ml) of 
ail solutions. The ionite paper strips, joined with narrow (2-3 mm) feeding strips of Whatman No. 1 
paper, were hung over the plate in such a way that the ends of the feeding strips dipped into the solu- 
tions. The feeding strips were used to diminish the speed of ffow and to prevent static equilibrium 
on the lower end of the ionite paper (when dipped immediately into the solution). A piece of lignin 
lying on the upper ends of the strips soaked up all surplus liquid which travelled upwards. In a 
suitable arrangement the solutions may also travel to horizontally mounted ionite paper.14 In both 
cases the whole system was enclosed in a glass chamber. 

When the solutions had passed the strips, two drops of water or diluted acid of the same pH as 
the solution were added to wash away the excess of amines resting on the feeding strip and the lower 
parts of the zones. In order to visualise the zones occupied by amines, convenient reagents were 
spread on the strips. In all experiments coloured zones with sharp boundaries (Fig. 1) appeared. 



176 A. LEWA~~~~ and A. JARCZEWSKI 

After spraying, the strips were dried and the areas of the zones were measured by means of 
transparent mm-grid paper. As the strips were accurately 10 mm wide it was easy to define the areas 
with an accuracy of 1 mn?. The areas of the standards were plotted against micrograms of compounds 
and the “unknown” was found graphically from the resulting graph. For different series of estima- 
tions papers with different contents of ion-exchanger were used. T%e areas were therefore comparable 
only within the same series i.e. in Table I in respect to one amine. 

3GG 

Amount of omine 

FIG. Z.-Graphs showing the linear 
dependence between area of zone and 
amount of amine. I-Methylamine, 
Z-Aniline, 3-p-Aminobenzoic acid. 

ml HCL 

Fro. 3.-Areas of zones of toluidine 
as a function of added O+OSM 
hydrochloric acid. E-Equivalent 

point. 

RESULTS AND DISCUSSION 

Numerous estimations that were performed show, as expected, linear dependence 
between areas and ,~g of amines. Fig. 2 presents graphs illustrating this dependence. 
An error of l-3% was found. 

Ionite paper with less ion-exchanger (about 2%) enables one to estimate about 
1 rug of amine with the same error. 

In Table 1 one series of several estimations of each amino compound is cited. 
Chain amines enumerated in this table were estimated in the way just mentioned. The 
zones were made visible by means of Congo Red. The quantitative evaluation of the 
zones offers no faculties. 

Most of the aromatic amino compounds were estimated from acidified solutions. 
Benzidine and u- and p-aminobenzoic acids were absorbed from acid-free slightly 
alcoholic solutions. Phenyldimethylaniline and phenyldiethylaniline were rendered 
visible by means of gaseous nitric oxide which produced coloured pnitroso com- 
pounds (brown fading to yellow). o-Phenylenediamine and benzidine were located by 
dipping in a 2 % potassium dichromate solution acidified with sulphuric acid. The 
remaining aromatic compounds were diazotised on the moist strips by gaseous nitric 
oxide and covered with cr-naphthylamine solution. Violet zones appeared. 



FIG. I.-Zones of amline on strips of cationite paper. 
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The areas of zones are influenced by the relative amounts of aromatic amine and 
hydrochloric acid. For equivalent amounts, less acid causes the appearance of 
smaller zones whilst a greater excess of acid causes the formation of larger zones. On 
graphs where areas are plotted against added acid (Fig. 3), there is a sharp change at 
the equilibrium point (E). In the presence of a small excess of acid the areas remain 
constant but grow when much acid is added. Jt may be mentioned that this behaviour 
has been utilised in our Institute in so called chromatographic titrationsl’ of weak 
amines. The areas of the zones served as indicator. Details about this will be published 
elsewhere. Here, this fact must be taken into consideration when unknown concentra- 
tions of amines are to be estimated and the usual accuracy is desired. 

In the case of estimation of unknown concentrations of weak (e.g. aromatic) 
amines a few equal samples of the unknown were placed in the cavities of a spot test 
plate and increasing volumes of hydrochloric acid were added. The final volume of the 
samples was adjusted to 10 ml by means of water. The resulting solutions were taken 
up by the ionite paper as mentioned above. For quantitative evaluation the zone 
appropriate to the equivalence point, i.e., which demonstrated the greatest area resulting 
from increasing amounts of acid, was compared with the standards. Standards were 
obviously prepared with equivalent amounts of acid. As just quoted, a slight excess of 
acid causes no significant error. 

Zusammenfassung-Die Verwendung von Papier mit einverleibten Jonenaustauschern zur quanti- 
tativen Bestimmung von verschiedenen organischen Aminen wird beschrieben. Mikrogrammengen 
wurden mit l-3 ‘A Fehler bestimmt. 

R&rum&-Les auteurs d6crivent l’utilisation dun papier avec echangeur d’ion incorport pour le dosage 
des amines organiques. Microgrammes des amines sont dosees avec une erreur de 1-3 %. 
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Summary-2:5-Dibydroxy-p-benzoquinone precipitates thorium alone and completely from 1N 
hydrochloric acid solution even in presence of large quantities of cerium3-!- and cerium*+, lanthanum 
and uranium. It also precipitates zirconium alone and completely from 1N hydrochloric acid solution 
in presence of titanium4+. The precipitate in each case can be ignited to oxide and weighed. 

INTRODUCTION 

2 :5-DIHYDROXY-p-BENZOQUINONE is a yellowish-brown crystalline solid, soluble in 
alcohol and acetic acid. It is slightly soluble in cold water but appreciably so in hot 
water, giving a red solution and the colour of the solution changes to yellow at pH 
lower than 2.5. It is a dibasic acid, pK, = 5.18, pK, = 2.73.l 

2:5-Dihydroxy-p-benzoquinone has been stated to give complexes with a large 
number of cations.2 The thorium chelate has been shown to contain two dihydroxy-p- 

benzoquinone groups to one thorium. 3 We have now found that Th4+ is com- 
pletely precipitated by this reagent from 1N hydrochloric acid solution, whereas Ce4+, 
Ce3+ and La3+ are only precipitated at pH 2-3, and U0,2f at pH 7. Th4+ can thus be 
readily separated from Ce4+, Ce3+, La3+ and UO 22+. Zr4+ is precipitated alone and 
completely by this reagent from 1N hydrochloric acid solution even in presence of 
Ti.4f The Th4f and Zr4+ chelates on ignition give the corresponding oxides. Sulphate 
ions do not interfere in the above determinations. 

For the determination of thorium and its separation from rare-earths (except Ce4+) 

and from uranium, m-nitrobenzoic acid,4ferron,5 tetrachlorophthalic acid,6 and benzoic 
acid’ have been used. 1-Hydroxy-3-methoxyxanthone separates thorium from a 
ten-fold excess of cerite earths and a five-fold excess of cerium4+ and uranium.6 We 
have found that 2:5-dihydroxy-p-benzoquinone completely precipitates thorium even 
in the presence of fifteen times its weight of cerium3+, lanthanum and uranium. 

Propylarsonic acids and mandelic acid lo have been used for the determination of 
zirconium and for its separation from titanium. We have now found that 2:5-di- 
hydroxy-p-benzoquinone completely precipitates zirconium even in the presence of ten 
times its weight of titanium. 

EXPERIMENTAL 

All reagents used were of A.R. quality. 
2:5-Dihydroxy-p-benzoquinone was prepared by the oxidation of hydroquinone with hydrogen 

peroxide in the presence of sodium hydroxide. I1 The sodium salt of 2:5-dihydroxy-p-benzoquinone 
so formed was converted into the reagent by treatment with concentrated hydrochloric acid at 10”. 

Procedure for the determination of thorium 

One hundred and fifty ml of a solution containing 50 mg of thorium is treated with about 0.4 g 
of the solid reagent or its aqueous solution. The resultant solution is boiled for l-2 min, cooled to 
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room temperature and filtered through Whatman No. 40 filter paper. The precipitate is washed with 
@2% aqueous soiution of the reagent, dried and ignited at 900” to the oxide. The results obtained 
from a standard solution of thorium nitrate by this method are shown in Table I. 

TABLE I 

ThOa taken, mg 
(Oxine method) 

53.6 53.6 j 48.6 48.6 j 9.8 

I I 

ThOa found, nzg 53.6 53.6 48.6 1 48.6 1 9.8 1 98 
/ I 

Properpks of the thorium chelate 

The chelate is violet in colour; it is slightly soluble in water, dilute alcohol and dilute acetic acid. 
It is slimy at pH higher than 0.5 and crystalline at lower pH. 

Effect af pH on the precipitation of thorium 

The pH of the thorium solution was adjusted by adding various amounts of dilute hydrochloric 
acid. Thorium was then precipitated from the solution as described above. The results are recorded 
in Table II. 

TABLE II 

ThOa taken, mg 
_(Oxine method) 

ThO 2 found, mg 

PH 

53.6 

536 1 5396 1 53.6 ( 53.6 ( 53.6 53.6 

3 / 2 j 1 1 0.5 1 1NHCI 2N HCI 

Precipitation of cerium4+ and the effect of pH on its precipitation 

The procedure employed is the same as described for thorium. Cerium&+ is completely pre- 
cipitated by this reagent at pH 3; at lower pH the precipitation is incomplete (Table III). 

TABLE III 

CeOz taken, mg 
(Oxine method) 

17.6 

CeO, found, mg 
i 

17.6 
I 

15.1 1.6 

/ 
PH 

I 
3 

I 
2 I 

Properties of the ceriunz”+ chelate 

4+ The properties of the cerium chelate are similar to those described for the thorium chelate. 

Separation of thorium from cerium”+, ceriumSc, lanthanumal+ and uranyl 

After the addition of different amounts of cerlum*+, cerium$+, lanthanum and uranyi salts to a 
thorium salt solution, its acidity was adjusted to 1 N with hydrochloric acid and thorium precipitated 
as described above. The precipitate was then washed with about 200 ml of 02% solution of the 
reagent which had been made 1iV with HCI. The results obtained are given in Table IV. 
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TABLE IV. 

ThO, taken, mg 
(Oxine method) 

48.6 

CeOa added ThO, CcO, added ThOa La& ThO, U,Os ThOI 
(as Ce4+) 3 found, (as Ces+), found, added, found, added, found, 

mg mg w mg “48 w mg mg 

1 i 50 486 50 48.6 50 48.6 50 48.6 

100 486 100 48.6 100 48.6 100 48.6 
250 48.4 250 48.6 250 48.6 250 48.6 
500 48.8 500 48.6 500 48.6 500 48.6 
750 48.6 740 48.8 750 48.4 750 48.4 

TABLE V. 

ZrOa found, mg 1 38.4 38-4 j 35.0 1 35-o j 9-6 j 9.6 
I I I I I 

TABLE VI. 

ZrO, taken, mg 
(Oxine method) 

35-o 

ZrO, found, mg ’ j 35.0 j 35.0 / 35.0 j 35.0 j 35.0 / 35-o 

pH 1 3 1 2 1 1 / 0.5 / 1NHCl / 2iVHCl 
, I I I 

TABLE VII. 

ZrOs taken, mg 
(Oxine method) 

3.5-o 

TiOa added, mg ) ZrOa obtained, mg 

21-6 35-o 
43.2 35-o 

108-O 35.0 
216.0 34-8 
324.0 34-8 

Prec@%&wr of zirconium and the elpkct c$pH on the preei~it~tio~ 

The procedure employed is the same as described for thorium. The resuhs are presented in 
Tables V and VI. 

Properties of the zirconium chelate 

The properties of the zirconium chelate are similar to those described for the thorium chelate. 
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Separation of zirconium from titanium 

After the addition of different amounts of titanium”+ solution to the zirconium solution, the 
acidity of the solution is adjusted to 1N hydrochloric acid and zirconium precipitated as described 
above. The precipitate is washed with about 200 ml of 0.2 y0 solution of the reagent which has been 
made IN with hydrochloric acid. The results are shown in Table VII. 

Irons+ interferes in the determination of zirconium by this method and must be absent. 

Acknowledgements-Our thanks are due to Prof. T. R. Seshadri, F.R.S. for his keen interest and 
helpful discussions and to the Atomic Energy Commission, Government of India, for sponsoring a 
research scheme under which this investigation was carried out. 

Zusammenfassung-2:5 dioxy-p-benzochinon ftillt Thorium allein und vollstlndig aus 1N HCl 
selbst in Gegenwart grosser Mengen von Cer(II1) und Cer(IV), La(II1) und UO,(II). Das Reagens 
f;illt such Zirkonium allein und vollsttindig aus 1iV HCl LGsung neben Titan(IV). Die Niederschllge 
kiinnen in beiden FIllen versucht und die Oxyde gewogen werden. 

R&me-La 2,s dihydroxy-p-benzoquinone prkipite le thorium seul et compl&ement en solution 
HCl N, m&me en prCsence de grandes quantitks de drium III et cCrium IV, La(II1) et UO,(II). 
Elle precipite aussi le zirconium seul et completement en solution HCl N en pr&ence de titane IV. 
Dans chaque cas, le pr&cipit& peut &tre calcine jusqu’a obtention de l’oxyde et pesC. 
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CALCEIN BLUE-A NEW METALFLUORECHROMIC 
INDICATOR FOR CHELATOMETRIC TITRATIONS 
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(Received 28 January 1960) 

Summary-A new metal fluorechromic indicator is described for the chelatometric titration of metal 
ions. Calcein Blue (a condensation product of 4-methylumbelliferone, formaldehyde, and imino- 
diacetic acid)may be used for the chelatometric determination ofmetalions which form highlycoloured 
complexes with chelatometricreagents. A procedure based on reaction rates is given forthedetermina- 
tion of nickel and chromium in mixtures without prior separations. Calcein Blue serves as an 
indicator for the direct titration of the alkaline earth elements as the result of the formation of an 
indicator-reversal complex. 

THE colour of the complexes of EDTA with elements such as copper, cobalt, 
chromium, etc., has caused considerable difficulty in chelatometric titrations. The use 
of conventional and visual indicators is limited to solutions containing only a few 
milligrams of elements which form highly coloured complexes. The introduction of 
Calcein and Calcein W as metalfluorechromic indicators has eliminated much of the 

difficulty previously encountered with these elements .2-4 An extensive study of metal- 
fluorechromic indicators has led to the preparation of many new indicators similar to 
Calcein W. This paper deals with some applications of a new indicator, Calcein Blue, * 
which is a condensation product of 4-methylumbelliferone, formaldehyde and imino- 
diacetic acid. Although the metalfluorechromic properties of Calcein Blue and Calcein 
W are very similar, the former is a superior indicator for chelatometric titrations. Cal- 
cein Blue exhibits its maximum fluorescence when activated by a wavelength of 370 
rnp (in alkaline solution) and 330 mp (in acid solution), whereas Calcein W exhibits its 
maximum fluorescence when activated with light of much longer wavelengths. Since 
most sources of ultraviolet light exhibit a maximum output of radiation at 366 m,u or 
250 rnp it can readily be seen that Calcein Blue, in alkaline solutions, approaches the 
ultimate in matching the maximum output of the ultraviolet source with the wave- 
length of maximum activation of fluorescence. This fortuitous circumstance leads to a 
much more sensitive indicator for titrations under ultraviolet radiation. The parent 
compound (4-methylumbelliferone) is an acid-base indicator of the coumarin series. 
The addition of a chelating functional group that is ortho to the phenolic oxygen 
imparts metafluorechromic properties to the resulting indicators. Calcein Blue 
exhibits a brilliant blue fluorescence (445 rnp) up to a pH of 11. The addition of 
copper ions to a solution of the free indicator at a pH from 4 to 10 results in the 
quenching of the blue fluorescence. Palladium also quenches the fluorescence over the 
pH range of 4 to 10, but the reaction is too slow to be of use in chelatometric titrations. 
Manganese, nickel and cobalt also quench the fluorescence of Calcein Blue, but this 
reaction is confined to the alkaline region in which the free indicator fluoresces. 

If the pH of a solution containing Calcein Blue is raised above 12, the free indicator 

* G. Frederick Smith Chemical Co., Columbus, Ohio. 
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no longer fluoresces. The addition of calcium, barium or strontium ions to this 
solution results in the formation of a complex with the indicator which does fluoresce. 
It should be noted that this indicator complex exhibits the “acid colour” of the free 
indicator.5 This phenomenon has been referred to as the fo~ation of an indicator- 
reversal complex. The titration of metal ions which form highly coloured complexes 
with chelating agents is most conveniently carried out by adding a standard excess of 
the chelating agent and performing a back-titration with a standard copper solution. 
In this manner, macro amounts of nickel, cobalt, copper, iron and titanium (in the 
presence of peroxide), as well as elements which do not form highly coloured com- 
plexes such as aluminium, manganese, zinc and mercury, can be carried out with a 
single standard solution. The selection of an appropriate pH for the back-titration can 
be derived from pY-pH curves for the chelating agent in question1 Back-titrations 
with a standard copper solution are carried out by adding an excess of an appropriate 
chelating agent, for example, trien, EDTA or tetraethylenepen~mine to a solution of 
the metal ion to be determined. The pH is then adjusted, a few drops of a 0.1% 
solution of Calcein Blue added, and the solution back titrated with a standard solution 
of copper to the quenching of the blue fluorescence of the free indicator. 

METHODS 

The determination of nickel and chromium mixtures 

To an acid solution of nickel and chromium add a measured excess of EDTA over that which 
would be necessary to complex the nickel present in the solution. Dilute to 100-150 ml with water; 
add 10 ml of a sodium acetate-acetic acid buffer (pH approximately 4.8) and 2-3 drops of the indi- 
cator solution. Back-titrate the excess of EDTA with a standard copper solution to the quenching 
of the blue fluorescence of the free indicator. To the solution in which the nickel was just titrated add 
a measured excess of EDTA over that which would be necessary to complex the chromium present in 
the solution. Place the beaker on a hot plate and boil for lo-15 minutes in order to form the chro- 
mium-EDTA complex. Back-titrate the excess EDTA with a standard copper solution to the 
quenching of the blue fluorescence of the free indicator. Both titrations should be done with ultra- 
violet light as the sole source of illumination. From the two back titrations calculate the mg of 
nickel and chromium present. 

The determination of calcium, strontium and barium 

In the determination of these elements use is made of the formation of an indicator-reversal 
complex. To a solution containing calcium, barium or strontium, add a few drops of a 0.1% solution 
of Calcein Blue, adjust the pH to a value of 13-14 (in the case of strontium add a two-fold excess of 
potassium tartrate) and titrate the solution with standard EDTA. The end-point is characterised by 
the quenching of the fluorescence due to the alkaline earth-indicator complex. 

DISCUSSION 

The determination of nickel and chromium in mixtures without prior separation is 
based on the slow reaction rate for the formation of a chromium-EDTA complex. The 
solution containing the nickel and chromium should be maintained near room tem- 
perature until after the nickel determination is completed. The titration should be 
completed shortly after the addition of EDTA for the nickel determinations, since a 
long period of standing, even at room temperature, could lead to the formation of the 
chromium-EDTA complex or to the precipitation of chromium. 

Other binary mixtures in which one of the ions to be determined is chromiumt** 
may be analysed by the procedure given here for nickel-chromium mixtures. The 
criteria for the determination are that the second element must react with EDTA at 
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room temperature, and must form a complex which can be back-titrated with a 
standard copper solution at a pH of 4.8. 

In the determination of calcium, strontium and barium, the pH may be adjusted by 
the addition of a 1M solution of potassium hydroxide or by the addition of pellets of 
potassium hydroxide. In either case, one should use a low-carbonate potassium 
hydroxide, such as reagent grade potassium hydroxide, which contains approximately 
2 % potassium carbonate. The presence of an excessive amount of carbonate leads to a 
residual fluorescence after the end-point in the titration. The continued use over a 
period of several months of a large stock bottle of 1M potassium hydroxide or of 
potassium hydroxide pellets can lead to a selection of an excessive amount of carbo- 
nate, causing a gradual deterioration of the end-point. This can easily be avoided by 
maintaining a small stock bottle of alkali for daily use. In this manner the supply of 
alkali is consumed before an excessive amount of carbonate is accumulated. Potassium 
hydroxide is superior to sodium hydroxide for the adjustment of the pH in the deter- 
mination of the alkaline earths. The use of sodium hydroxide leads to a high residual 
fluorescence after the end-point-an indication that sodium also forms a weak 
indicator-reversal complex. 

Zinc, as well as some other elements which form indicator-reversal complexes, may 
also be determined by the procedure given for the alkaline earths. These elements, 
however, are conveniently determined by back-titration with a standard copper 
solution. 

Zusanunenfassung-Ein neuer metallfluorochromer Indicator zur chelometrischen Bestimmung von 
Metallionen wird beschrieben. “Calceinblau” (ein Kondensationsprodukt von 4-Methylumbelliferon, 
Formaldehyd und Iminodiessigsaure) kann fur die chelometrische Bestimmung such solcher Metal- 
lionen verwendet werden die mit dem chelometrischen Reagens stark gefarbte Komplexe bilden. 
Eine Vorschrift zur Bestimmung von Nickel und Chrom in einer Losung ohne vorhergehende Trenn- 
ung wird bescbrieben. Das Verfahren beruht auf der Verschiedenheit der Reaktionsgeschwindigkeit 
beider Metalle bei der Komplexbildung. Calceinblau dient such als indicator bei der direkten 
Titration von alkalischen Erden. 

R&urn&-L’auteur decrit un nouvel indicateur metallique fluorochromique pour le dosage des ions 
metalliques par complexometrie. Le bleu de calceine (un produit de condensation de 4 methyl 
ombelliferone, de formaldehyde et d’acide iminodiadtique) peut &tre utilise pour le dosage complexo- 
metrique d’ions metalliques qui forment des complexes fortement color& avecles reactifs complexants. 

Une methode basQ sur les vitesses de reaction est don&e pour le dosage de melanges de nickel 
et de chrome sans separations prealables. Le bleu de calc&ne sert d’indicateur pour le dosage direct 
des alcalino-terreux, &ant don&e la formation d’un complexe reversible de l’indicateur. 
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Summary-The substitution of periodic acid for nitric acid in the much employed “liquid fire re- 
action” for destructive oxidation of organic compositions is described. The advantages attained are 
extended general appli~bility, low temperature requirements, and the noteworthy reactivity of 
periodic acid in downgrading heavy, complex organic molecules to fragments more readily soluble in 
perchloric acid used as companion reagent. These fragments are more easily oxidised by 66 to 69 or 
70% strengths of this acid. The reactions described cover organic compositions which are essentially 
cellulose, sugars and proteins. Coal, leather, polyrnerised products and other commercially important 
products may be readily oxidised. The reactions involved are hazard free. 

INTRODUCTION 

PERCHLORIC acid is the most adaptable oxidant in general use for the wet oxidation of 
organic compositions. With added nitric acid, these combined oxidants serve to 
constitute the “liquid fire reaction.“l These mixed reactants are of extensive general 
applicability. Mixtures of sulphuric and perchloric acids have also been employed.2y3 
The highest oxidation potentials available are thus provided, A wide variety of wet 
oxidations result from the individual use of perchloric acid.4 For such reactions the 
perchloric acid is employed at controlled concentrations and temperatures. 

In all these wet oxidation procedures, conditions are defined, and suitable appara- 
tus has been designed, to ensure hazard-free reaction kinetics. 

Employing periodic acid in preferential applications, as a substitute for nitric acid, 
has marked advantages. This modification effects improvements in extensive general 
applicability. Lower reaction temperatures may be employed. Periodic acid serves not 
only as oxidant, but contributes to the ready fra~entation of Iarge molecular species, 
by degradation, to smaller organic entities. The effective oxidation potentials cover 
the range 1.6 to 2.0 V. The present contribution describes the new procedure, desig- 
nated “the periodic acid liquid fire reaction.” 

REACTIONS INVOLVED 

The following reactions are fairly well established and appear to apply concurrently 
in the reaction mixture: 

1. ZH,IO, + (HClO, + A) = 2HI0, + 0, + 4H,O 

2. 4HI0, + (HClO, + A) = 21, + 50, + 2H,O 

185 

3 
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3. HIO, -I- 21, + 5HC10, = 5ICl0, + 3H,O 

4. 4HC10, + A = 2C1, + 70, + 2H,O 

5. 4IC10, + 2C1, + 30, + 6H,O = 4HIOs + 4HCl+ 4HCl0, 

The effective degradation of the large complex molecules of organic compositions 
by periodic acid, to form fragmentation products of lesser molecular weight, is of 
major importance,to the reaction mechanism. Such reactions are extensively applied 
in a wide variety of reactions of practical analytical determinations and studies of 
related structural significance. The extent to which these reaction types contribute to 
the wet oxidation reactions being described, is not well established. The reactions in 
strong perchloric acid, at moderately elevated temperatures (150-200”), are undoubtedly 
much more extensive and complicated than those which apply in neutral or moderately 
acid solutions. Evidence will be submitted which demonstrates the reality and extent 
of the periodic acid fragmentation reactions which contribute effectiveness to the 
periodic acid liquid fire reactions. 

In the reactions stated above the oxidants simultaneously operative are periodic, 
iodic and perchloric acids, iodine and iodine perchlorate, oxygen and chlorine. 

Reaction (I), the thermal dissociation of periodic acid in hot concentrated per- 
chloric acid, is relatively slow. Tests in boiling 70 % perchloric acid indicate that 3 to 5 
min are required. In lesser strength acid, a longer interval is required. In the wet oxi- 
dation mixture, therefore, the periodic acid is available for a sufficient period to 
provide both for fragmentation and oxidation. 

Reactions (2) and (3) occur simultaneously at low temperature (40-70”), in the 
presence of organic matter dispersed in concentrated (60-70 %) perchloric acid. These 
reactions are markedly’exothermic. Perchloric acid concentrations should be selected 
which minimise reaction (2) to such rates that reaction (3) keeps pace with reaction (2). 
Both iodine and iodine perchlorate may be evolved. They may be retained by the use 
of a reaction apparatus of the vapour refluxing principle. 

Reaction (4) increases in rate as the perchloric acid concentration is augmented 
from 60 to 72.5% and at its boiling point. 

Reaction (5) is slow, but intensifies with increases under the same conditions as 
reaction (4). Iodine is oxidised to iodic acid, following the intermediate formation of 
iodine perchlorate, under the same conditions. Total destruction of organic matter 
often occurs before reactions (4) and (5) have become jointly complete. 

The standard reduction potential of the periodic-iodic acid couple5 

HJO, + H+ + 2e- = IO, + 3H,O 

has been estimated to be 1.6 V. The oxidising power of perchloric acid depends upon 
its concentration and temperature. Exact measurements of its reduction potential 
have not, and perhaps cannot, be made. Even the exact nature of the reduction pro- 
ducts is not known with certainty. On the basis of its effects at different concentrations 
approximate values can be assigned. Thus, since in 58 to 60% perchloric acid” at 
150’ to 160” ferrous iron is oxidised to ferric, the potential is estimated to be 0.8 V. 
For progressively increasing concentrations, from 60 to 72.5 %, the boiling temperature 
increases in almost direct proportion (to 203” at 760 mm for the 72.5 y0 water-per- 
chloric acid azeotrope), and the oxidising power rises markedly and approximately 
in direct proportion, reaching an estimated value of 2.0 V. 
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In the periodic acid-perchloric acid mixture, the former brings about the initial 
reaction in oxidation of organic compositions at moderate temperature and with 
controlled intensity. Fra~entation of organic compositions by periodic acid is well 
known. It reacts rapidly upon organic material bearing hydroxyl or amino groups on 
adjacent carbon atoms, aldehydes and ketones being assumed to be hydrated. Degra- 
dation products, formic acid and probably oxalic acid among other simple formu- 
lations, are then readily oxidised to carbon dioxide through the medium of hot 
concentrated perchloric acid. 

Fra~entation is more extensive in the reactions at hand owing to the presence of 
concentrated perchloric acid. As the temperature increases following initiation of 
oxidation by periodic acid, which is exothermic, the perchloric acid provides more 
extensive fragmentation before final conversion of carbon to carbon dioxide. The 
perchloric acid has an additional function. It effects dissolution of organic matter of a 
wide range of structures, both in hot or cold concentrated acid, without being accom- 
panied by char formation. The periodic acid liquid fire reactions are thus seen to have 
many unusually effective reaction advantages. 

Reagents 
EXPERIMENTAL 

Periodic acid: Colourless, crystalline, non-hygros~pic, reagent grade para-periodic acid, H_JO,. 
Free adsorbed water, at 85”, not more than 0.3 %. Non-volatile after ignition, not more than 0.01%. 
Assay 99.98 %. Sulphate and heavy metal free. Commercially available. 

Perchloric acid: Reagent grade vacuum distilled. Assay 66.0, 68.0, 70, and 72%. Non-volatile 
matter, as sulphate, not in excess of 0.003 %. Sulphate, chloride phosphate and iron free. Intermediate 
concentrations are obtained by blending. Commercially available. 

Vanadium: Used in mg amounts as catalyst. NHdVOI or V,O,, reagent grade. 

Apparatus 

The most suitable apparatus has been previously described and its design designated by line 
drawings.**e*a*4 The Bethge apparatus serves best for general use. The apparatus employed in the 
liquid fire reactions may serve for many applications of the new periodic acid liquid fire reaction, for 
example in the determination of heavy metal trace elements in the wet ash residue. Vycor reaction 
flasks are preferable but Pyrex glass may be substituted. The Bethge apparatus provides for reflux 
retention of volatile products. This maintains a fixed concent~tion of the original perchloric acid 
employed. The complete retention of volatilised spray formation is assured. By use of the three-way 
stopcock of the Bethge apparatus, an increase in the concentration of perchloric acid wet ash residue 
is made operative. 

Oxidation of celluiose 

To 1.0 g of cellulose, in the 250-ml conical flask of the Bethge apparatus, was added 15.0 ml 
of 68 % perchloric acid and 1.5 g of para-periodic acid. The mixture (both reactants cellulose and 
periodic acid, being soluble in the perchloric acid) was heated gently to initiate the reaction, which 
began at 40 to 50”. The reaction was markedly exothermic and, in 15 to 20 set after initiation, the 
temperature rose to 100 to 110” without further heating. Heat was again applied and the oxidation of 
the cellulose was complete in 2 to 5 min. Continued heating to the boiling point completed the 
conversion of the iodine perchlorate formed to iodic acid. 
off the return of condensate. 

The latter operation is favoured by cutting 

in Fig. 1. 
The course of the temperature during the operation is shown ~aphi~lly 

Oxidation of wool 

Wool yam was subjected to the periodic-perchloric acid treatment under the same conditions 
given above for cellulose. Wool, is not measurably attacked by concentrated perchloric acid when 



188 G. FREDERICK Stand HARVEY DIEHL 

cold, but it is dissolved when the acid is heated. The initial reaction is exothermic, but to a lesser 
degree than with cellulose. Little or no iodine was evolved. Oxidation was complete in 5 min, the 
final temperature being 170”. The course of the reaction temperature effects is shown in Fig. 2. 

Oxidation of sucrose 

Cane sugar is soluble, without charring, in concentrated perchloric acid. Its oxidation under 
conditions identical with those given above for cellulose followed. The reaction began at about 40” 
and was markedly exothermic. Iodine was liberated, then oxidised to iodine perchlorate. Oxidation 
was complete in 5 to 6 min, the final temperature being 190”, with most of the time taken to effect 
oxidation of the iodine perchlorate to iodic acid. The results are shown graphically in Fig. 3. 
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FIG. 1 .-Cellulose oxidation. FIG. 2.-Wool oxidation. 

Oxidation of vegetable and chrome tanned leather 

Vegetable tanned leather was treated in duplication of conditions given for the oxidation of 
cellulose. The initial reaction occurred at approximately 40” and the reaction was complete in 14 to 
15 min, the final temperature being 175”. In the initial reaction considerable iodine was formed, soon 
to be converted to iodine perchlorate. The results are shown in Fig. 4. Chrome tanned leather is 
often fortified by incorporation of such additives as paraffin and barium sulphate. The presence of 3 
to 6% of chromium in the tanning process also increases the difficulty in its wet oxidation. The same 
method of attack was applied to a sample of such type chrome tanned leather as that applied to 
vegetable tanned leather, except that 2 mg of vanadium was added as catalyst. At the initial reaction 
temperature, 50”, the temperature rose rapidly to 150” in 4 min. At 5 min the solution of wet ash 
acids has a green colour, with considerable turbidity, and oxidation was essentially complete with the 
flask walls coated with paraffin still unoxidised. After 9 min the reflux was cut off and at 13 min and 
at 198” the reaction mixture was orange coloured from dissolved chromic acid, indicating complete 
removal of organic matter. The boiling wet ash solution was clear but, upon cooling, a precipitate of 
barium sulphate was present. 

Wet oxidation of various types of coal 

The wet oxidation of soft coal2 (high and low V.C.M.) has recently been described. The major 
objective of the present study was to provide conditions of wet oxidation suited to the subsequent 
determination of arsenic. It was postulated that the periodic acid liquid fire reaction would provide 
more suitable reaction conditions than in the previously cited method. This was found to be the case. 
In the previous study, the wet oxidation procedure developed the condition that the volatile com- 
bustible matter of coal was evolved as in the case of the regularly applied V.C.M. determination in 
the standard (proximate analysis) analytical routine. By the use of the present procedure the volatile 
combustible matter in coal is oxidised rather than volatilised. In addition, the presence of periodic 
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and iodic acids, as well as iodine perchlorate, ensures more favourable conditions for retention of 
arsenic in the wet ash residue. 

Coal samples of all types may be boiled in contact with 70% perchtoric acid for periods of 1 to 
3 h before complete oxidation results. The presence of a few mg of chromium shortens the required 
boiling period to 30 min. The addition of 1 or 2 mg of vanadi~ in place of chromium catalytically 
shortens the required boiling period to 15 min. The reaction mechanism accounting for this valuable 
catalyst influence has been previously described.’ 
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FIG. 3.-Sucrose oxidation. 
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FIG. 4.-Vegetable-tanned leather oxidation. 

TIME- MINUTES 
FIG. K-Anthracite coal oxidation. 

The time required for the oxidation of coal by the new procedure varies to a large extent with the 
initial con~n~ation of perchloric acid. Thus, for anthracite (see Fig. 5), a 1 h digestion was required 
using 70.0% perchloric acid concentration, but only 20 min using 71.28% concentration. With 
either concentration of perchloric acid, the initial reaction set in at 30 to 40” and was exothermic. 
For the lower acid concentration the formation of iodine perchlorate was very pronounced; at the 
higher con~ntration little was formed and its conversion to iodic acid was rapid. The results for the 
oxidation of anthracite coal are shown graphically in Fig, 5. 

Soft coals containing a moderate amount of volatile combustible matter, such as Pocahontas coal, 
require Iess concentrated perchloric acid for their rapid oxidation. Considerable foam, a layer 25 to 
40 mm thick, was formed but did not interfere. Refatively little iodine was formed. Starting with 
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69.5 % perchloric acid, the reaction was practically complete in 5 min and assuredly complete in 
10 min at 200”; with 69x, the time was about doubled. The results are shown in’Fig. 6. 

Bituminous coal containing high vofatile combustible matter, such as the Orient coal of Southern 
Illinois, was oxidised ex~ditiously with high initial concentrations of perchloric acid, 70.0 and 
71.28 %. Considerable foam, a layer of approximately 50 mm thick, was present during the early 
stages of the reaction, Some iodine was formed in the 70% perchloric acid digestion but little or none 

TIME - MlNUfES 

Fro. 6.-Pocahontas coal oxidation. 

20 
: 2% t 

I2 
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TwltE -tNtJTE8 
FIG. 7.-Orient coal oxidation. 

in the 71.28 ‘A mixture. The effect of the initial acid concentration on the time required is shown in 
Fig. 7. 

As was expected, the ash omening following the ~riodic-~rchloric acid digestion of coal was 
less than that obtained by dry ashing: Pocahontas 683 and 9.72x, respectively; Oriemcoal4.60 
and 7.50%, respectively. 

Oxidation of adipic acid 
Because of the use of adipic acid in Nylon synthesis its wet oxidation was studied. The Bethge 

apparatus reactants were: 1 .O g of adipic acid, 15.0 ml of 65.5 % perchloric acid, 1.5 g of para-periodic 
acid, both with and without vanadium. The results were as follows: 

1. Without vanadium, the reaction was smooth and complete in 10 min. The maximum tempera- 
ture was 162”. The evolution of iodine was excessive for best conditions. 
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2. With 1.0 mg of vanadium added, the reaction was smooth, more rapid and the evolution of 
iodine retarded in favour of iodine perchlorate. The oxidation was complete in 8 min at a maximum 
temperature of 159”. 

3. With 2.0 mg of vanadium added, the best conditions were attained. The reaction was complete 
in 6 min and the maximum temperature was 157”. 

The last of these conditions was applied to the oxidation of Nylon with the exception that the 
perchloric acid concentration was augmented. 

4 6 8 IO 12 I4 I6 
TlM~-MINUTES TIME-MINUTES 

FIG. &-Nylon oxidation. 

Oxidation of nylon 

FIG. 9.--Methyl methacrylate oxidation. 

For Nylon oxidation (polymerised adipic acid and hexamethylenediamine), the use of 69.57; 
perchloric acid was found to favour iodine perchlorate formation with little iodine. The data for this 
oxidation is given in Fig. 8. Nylon is seen to be completely oxidised at a maximum temperature of 
145”. The ashed acid residue, upon cooling, deposited ammonium perchlorate. The wet ash was 
soluble in water, except for its titanium dioxide additive. 

Oxidation of uric acid 

Uric acid was investigated as an organic type involving heterocyclic ring nitrogen structure. Also, 
because it is a component of urine and of many types of faecal matter. One gram of uric acid with 
1.5 g of periodic acid, 15.0 ml of 65.5 % perchloric acid and 2 mg of vanadium, was digested in the 
Rethge apparatus. The initial exothermic reaction was at 45-50”, evolving a modest amount of 
iodine, followed by iodine perchlorate. Reaction was complete after 5 to 6 min at a maximum 
temperature of 150”. The cold wet ash residue deposited ammonium perchlorate and was completely 
soluble upon dilution with water. 

Oxidation of methyl methacryfate or methyl ~et~ac~ylate polymer P-f and kite 

Methyl methacrylate is miscible with 68.5 % perchloric acid. It is smoothly oxidised by the use of 
the periodic acid liquid fire reaction. Low temperature treatment retards foam formation. Vanadium, 
as catalyst, is effective. One gram samples were oxidised in 15 ml of perchloric acid in 17 min without 
vanadium. Ten minutes were required with 2 mg of catalyst. 1.5 g of para-periodic acid constitutes 
a generous excess. The polymer of methyl methacrylate, du Pont P-l, in the presence of vanadium, 
was similarly oxidised in 16 to 17 min. Lucite was similarly oxidised in the same time interval. The 
production of iodine perchlorate as the reduction product of periodic acid predominated. At a lesser 
perchloric acid concentration iodine was formed initially. The oxidation of polymer&d methyl 
methacrylate is shown in Fig. 9. 

As shown in Fig. 9 reaction is initiated exothermally at 80”. It would appear that, in all these 
reactions, the oxidation follows the same course as for methyl methacrylate. The initial exothermic 
reaction is followed by a second stage of oxidation contributed by perchloric acid. This latter oxida- 
tion accounts for the catalysis by vanadium. 
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Iodine perchlorate as the reduction product of periodic acid 

A @3-g saqk af the vafatik orange aafaured reduction pm&.xt from the periodic acid oxidation 
of organic matter was cokted for ~inat~o~ of its ~rn~i~on. Upon d~t~la~~an the sampie 
dissociated materi~ly to liberate iodine. The most stable fractian had a constant boiling point of 
112.5”. This fraction was subjected to analysis for iodine by titratian of its solution in excess po- 
tassium iodide using sodium thiosulphate. A sample weight of 0.5261 g required 26.60 ml of 0.093ON 
thiosulphate, corresponding to 0.5770 g of I(ClO&+. The problem was not studied further. The 
canclusian was postulated that the reduction products of periodic acid in the oxidation af organic 
matter consists of iodine rnono~r~~om~ which disstiates to liberate iodine, thus accounting for 
randam ratios of iodine to the percbkic acid anions. In the reactians as described, iodine and 
iodine pea-chlorate ate oxidised to iodic acid by boiling with concentrated perchloric acid. 

Paiyethylene oxZdation 

Fol~ethyi~e is w&I known to be ~o~~~a~v~ in contact with hot ~~n~n~at~ perehfork and 
periodic a&is. The periodic acid hquid fire reaction could thus be predicted to be uneffective. This 
was experimentally substantiated. Evidence was produced that oxidation was progressing due to the 
formation of iodine perchlorate and by the exothermic reaction properties, but the time that would 
be required for complete oxidation would be excessive. 

The rapid o~datio~ of polyethylene is provided by boiling 7U-72% perchhnic acid with added 
cerk ion. This reaction, at 200”, is rapid (IO to 15 min), and the wet ash residue is campletely sofubb 
when hot and, after dilution, when eoid. The low oxidation equivalent weight of cerium requires the 
use of censiderabie ammints. These tests indicate that po~yethyI~~~ requires the application of 
1.9 to 2.0 V for rapid destructive oxidation. 

If the removai af iodic acid from the wet ash sob&ion is desirable, this is accomphshed by its 
dilution by addition of an equal parka of water followed by a stream of sulphur diaxide from a 
small lecture demonstration pressure bottle. Boiling will remove the iodine, leaving a perchloric 
acid solution. Ifperchloric acid is objectionable, the addition of sutphuric acid and boiling to expel 
it may be easily provided. In many procedures for de~~ina~on of wet ash ~ncen~ates neither 
iodic nor perchloric acids are inte~e~~c~. An excess of sulphur dioxide causes the formation of 
hydriodic acid. It is, therefore, an advantage to add the sulphur dioxide to the boiling diluted wet ash 
residue. Smah amounts of sulphuric acid only are formed by the sulphur dioxide reduction of iodic 
acid. 

ADVANTAGES IN THE APPLICATION OF THE PERIODIC 
ACID LIQUID FIRE REACTION 

The new procedure, herein described, is the most widely appficable af any process 
which may be applied in wet ashing techniques. It is seen to apply to the rapid wet 
oxidation of cellulose, sugars and other poly~yd~c organic compositions, proteins and 
protein rich materials. 

The special feature of these reactions is the much Iower temperatures required, 
The most important reaction property is that of heavy molecular weight degra- 

dation reactions to produce smaller fragments which are readily destroyed through 
sjrnu~ta~eons contact with concentrated per&lo&z acid. The effective catalysis of the 
oxidation by very small amounts of vanadium is thus made operative to a greater 
extent. 

The oxidation of coal at the lowest tem~rature which is effective in complete 
removal of organic matter is an attractive procedure in preparation for the deter- 
m~naiio~ of arsenic. 

The special property of periodic acid in fr~~mentat~o~ of ~o~~e~~ ~orn~~t~o~s 
has made the wet oxidation of such products as nylon, methyl methacrylate polymers 
and other comparable products easily operative. 
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Owing to the use of low strength perchloric acid it is postulated that all amino 
nitrogen of organic compositions is retained in the wet ash digestion residue. This 
assumption is now being investigated. 

The wet oxidation of cellulose type products such as dried feeds, which is a much 
employed procedure in the determination of calcium, magnesium, sulphur, phosphorus 
and the alkali metals as applied by the routine animal nutritionists using the nitric 
acid liquid fire reaction almost entirely, may now be preferentially replaced with gains 
in many considerations. 

The periodic acid wet oxidation procedure has been applied to cellophane, Dacron 
and Orlon fabrics, dried clover, corn leaves and ground corn stocks, honey, dried beef, 
Lucite, Du Pont Mylar, and starch, with equal success. Many other applications are 
deemed attractive. 

Because of the use of much less highly concentrated perchloric acid in the reactions 
described, and the need for only lower tem~ratures of reaction, there is no tendency 
to encounter uncontrolled reaction rates. 

Zusannnenfassung-Der Ersatz von Salpetersaure durch Periods&ure zur nassen Veraschung organ- 
ischer Substanzen wird vorgeschlagen. Die erzielten Vorteife sind: allgemeinere ~wend~~rn~g- 
lichkeit, niederere Temperatur und eine bemerkenswerte Aktivitlt der Periodsaure bei der ZerstBrung 
starke komplexer organischer Molekeln unter Bildung von Fragmente, die in der als weiteres Reagens 
anwesenden Perchlorsaure wesentlich Ieichter liislich sind. Diese verbindungen werden dann in 
6670% iger Perchlorstiue leichter oxydiert. Die b~ch~ebenen Reaktionen beziehen sich Vorwie- 
gend auf organische Verbindungen des Types Cellulose, Zucker und Eiweiss. Auch Kohle, Leder, 
polymere Produkte und ander handelsubliche wichtige Materialien werden ebenfalls leicht oxydiert. 
Die Reaktion ist ungefahrlich. 

RCsume-Les auteurs decrivent la substitution de l’acide periodique a l’acide nitrique dans la reaction 
tres employee “liquid fire” pour l’oxydation destructrice des composes organiques. Les avantages 
obtenus sont les suivants: possibilite d’application g&&ale &endue, n&essit&s de basse temperature, 
reactivite interessante de l’acide periodique dans la d~~adation de molecules complexes organiques 
lourdes en fragments plus facilement solubIes dam l’acide perchlorique utilid comme reactif d’accom- 
pagnement. Ceux-ci sont plus facilement oxydes par cet acide pour des concentrations de 66 a 69 ou 
70%. Les reactions d&rites s’appliquent a des composes organiques, en particulier Q la cellulose, 
aux sucres et aux proteines. Le charbon, le cuir, les produits polymerids et d’autres materiaux 
importants au point de we commercial peuvent etre facilement oxydes. 

Les reactions mises en jeu ne dependent pas du hasard. 
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Summary-Neutron-activation analysis has been applied to the determination of traces of tantalum 
in rocks. Radiochemical separations, after the addition of carrier, have been based mainly on pre- 
cipitations of tantalum as the hydrous oxide and on solvent extraction with tri-n-butyl phosphate. 
Radiochemically pure tantalum has been finally precipitated as the pentoxide and the chemical yield 
has been determined gravimetrically. 

In order to avoid errors due to self-shielding, dilute aqueous solutions of tantalum were used as 
the standards irradiated simultaneously with the analytical samples. 

Results for the tantalum contents of standard rock samples Gl and Wl are reported. 

Tantalum may be classified geochemically as lithophile.lp2 The element shows a 

close chemical and geochemical similarity to niobium. Both niobium and tantalum 
occur in Group Va of the Periodic Table, and as a result of the lanthanide contraction 
the ionic dimensions of the elements are nearly identical.3 The close similarity in 
properties has led in the past to difficulties in the separation and determination of 
niobium and tantalum. 

Neutron-activation analysis has been widely used for the determination of tanta- 
lum in ores, ferroniobium, and mixtures of oxides.4-8 In these cases the tantalum has 
usually been a major constituent of the sample, and neutron-activation has been used 
in order to obviate difficulties which pertain with more conventional methods of analy- 
sis. However, the chief significance of radio-activation analysis generally lies in its 
contribution to the determination of trace elements,g and the technique has been used 
to determine traces of tantalum in pure silicon (transistor materiaPO~ll). 

The sensitivity provided by neutron-activation has been utilised in the present 
work for the development of a new procedure for the determination of tantalum in 
rocks, The abundance of the element in igneous rocks has been estimated as 2.1 ppm.l 

NEUTRON-ACTIVATION OF TANTALUM 

Naturally occurring tantalum consists of two isotopes, lsoTa (per cent abundance, 
f3 = 0.0123) and l*lTa (0 = 99.9877%). On irradiation with neutrons of thermal 

energies the latter isotope gives rise to radionuclides. 

181Ta n.y 182mTa (t,,.. = 18.5 m.) 

\ IT 

n.?J L 
fIszTa(t,,z = 115eld.) B_ ls2W (stable) 

Isotopic activation cross-sections, 0, for the nuclear reactions are 

1e1Ta(n,y)1*2mTa (T = 0.03 barns 

1e1Ta(n,y)182Ta CJ = 21 

* On leave for study from CENT0 Nuclear Centre, Teheran, Iran. 
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Using the flux of 1012 neutrons CII-~ set-l available in the Harwell Pile BEPO 
and measurement of the /?-activity of ls2Ta, it has been estimated that as little as 
1 x lo-lo g of tantalum may be determined under ideal conditions.12 The decay 
scheme for ls2Ta is shown in Fig. 1. 

I 

Y 

YI 
FIG. 1 .-Decay scheme for I**Ta, energies in MeV. 

Irradiation 
EXPERIMENTAL 

Samples of the powdered rocks of about 05 g were accurately weighed out and sealed in 6-mm 
internal-diameter silica irradiation tubes. Standards were prepared by weighing out O.l-ml aliquots 
of a dilute standard solution of tantalumv (50 mg Ta/litre, in oxalic acid solution) into 4-mm intemal- 
diameter silica irradiation tubes, which were then sealed. Samples and standards were packed 
together in a standard 3-in. x l-in. screw-top aluminium can and sent for irradiation in the Harwell 
Pile BEPO. Irradiation was usually for a period of 1 week with pile factor 10. 

Radiochemical separation 

Following delivery from Harwell after irradiation, the samples and standards were left to “cool” 
for a few days, and then were assayed radiochemically for ls*Ta. A procedure involving carrier 
chemistry, precipitation, and solvent extraction, was employed for the separation of tantalum from 
the irradiated rock samples. Steps involving solvent extraction with tri-n-butyl phosphate were based 
on distribution data of Morris et a1.14J5 

Reagents 

Ta carrier, 10 mg Ta/ml (see preparation of carrier) 
KNOS, solid 
K$ZOs, solid 
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HNO*, cone 
H$OI-HF solution, 12N in HaSOp and 10M in HF 
HF, cone 
HF, 0.5M 
NHIOH, cone 
NHINO,, solid 
NHaNO,, 2 % solution in H,O 
Tri-n-butyl phosphate (TBP), purified by the method of Alcock et ~1.~~ 
Petroleum ether 
Ethyl alcohol, absolute 

Preparation of tantalum carrier 

Dissolve a weighed quantity of “Specpure” Ta,Oh in a mixture of cone HN03 and cone HF. 
Make up to a volume with 5M HF to give 10 mg of Ta per ml of solution. Store in a stoppered 
polythene bottle. 

Radiochemical separation procedure for tantalum in rocks 

Step 1. Remove the irradiation tubes from the can, open them at the constriction, and transfer 
the powdered rock samples quantitatively to platinum crucibles. To each add 4 g of powdered K&O, 
and 0.1 g of KNOS; mix thoroughly. Fuse in an electric muffle furnace, heating carefully at a low 
temperature first, and then at 850-900”. When decomposition is complete, remove the crucible from 
the furnace, allow it to cool somewhat, then grasp it with the tongs and carefully distribute the melt 
in a thin shell over the interior walls by imparting a slow rotary motion to the crucible as it cools. 
Transfer the cooled melt to a 250-ml polythene beaker, add 20 ml of H,O and break up the melt with 
a glass rod flattened at one end. Acidify carefully with HF, add 2 ml of Ta carrier, and stir for 5 min 
with a polythene rod. Filter the supemate into a 50-ml polythene centrifuge tube and discard any 
residue. 

Step 2. Add 1 g of solid NH4N04, and make the solution just ammoniacal with cone NH,OH. 
Centrifuge and discard the supernate. Wash the precipitate of hydrous tantalumv oxide with two 
lo-ml portions of cone HNO,. Centrifuge and discard the supernate. 

Step 3. Dissolve the precipitate in 10 ml of a solution 12N in H,SO, and 10M in HF. Add 10 ml 
of TBP and mechanically stir the phases for 2 mm using a polythene stirring rod. Centrifuge, transfer 
the organic (upper) layer with a polythene transfer pipette to a clean 50-ml polythene centrifuge tube, 
and discard the aqueous layer. Wash the TBP phase with two 5-ml portions of 0.5M HF. Discard 
the aqueous washings. 

Step 4. Add 10 ml of petroleum ether to the TBP phase and stir it with 10 ml of 6M NHIOH. 
Centrifuge at high speed and separate and discard the organic and aqueous layers. Wash the pre- 
cipitate twice with lo-ml portions of hot 2 % NH,NOs and transfer to a 50-ml glass centrifuge tube. 

Step 5. Centrifuge and discard the supernate. Wash the precipitate twice with lo-ml portions of 
boiling cone HNO,. Centrifuge and discard the supernate. 

Step 6. Transfer the precipitate to a porcelain crucible with 2ml of distilled water; heat to 
dryness. Ignite at 900” for 15-20 min, and allow to cool in a desiccator. 

Step 7. Add 1 ml of ethyl alcohol to the Ta,O, in the crucible and grind with the polished end 
of a stirring rod. Slurry the Ta,OS with the ethyl alcohol on to a weighed aluminium counting tray 
(A.E.R.E. cat. no. 4-3/1068). Dry thoroughly under a radiant heater lamp taking care to ensure that 
the resulting deposit on the tray is uniform. Cool and weigh to determine the chemical yield. (The 
precipitate is very loose and powdery and great care is necessary). Fix the precipitate to the tray 
by the addition and evaporation of a few drops of collodion solution (2 mg/ml). 

Treatment of the irradiated tantalum standards 

At a suitable time open the irradiation tubes containing the tantalum standards. Using a poly- 
thene transfer pipette drawn out almost to a point, transfer the tantalum solution quantitatively to 
a 50-ml polythene centrifuge tube and rinse thoroughly with 5M HF. Add 2 ml of Ta carrier, mix 
thoroughly, then make just ammoniacal with cone NH,OH. Proceed as from Step 5 of the radio- 
chemical procedure for rock samples. 
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Counting of the Ta,O,precipitutes 

In the present study Iinal precipitates of ‘~&OS were counted through a standard Al-Pb sandwich 
absorber with a ~-~t~tinn counter type 1 WA. 

In order to check for the radi~~~I purity of the ~dio~~l~, decay measurements on the 
final precipitates were performed. Decay curves obtained from a sample and a standard are shown in 
Fig. 2, and are straight lines corresponding well with published v&luesla for the half-life of lsaTa. 
A further check for radiochemical purity was made by measuring the y-spectra of final precipitates 
with a single I?aI(Tl) crystal y-scintillation spectrometer. Typical results are shown in Fig. 3. 

Tme, days 

FIG. Z.-Decay curves: A, tantalum activity of a standard. B, line of slope corresponding 
to a nuclide of half-life 115 days. C, tantalum activity from a rock sample. 

RESULTS 

If A, is the activity fcorrected for background and chemica1 yield) from a rock 
sample and A, is the corresponding activity from a tantalum standard, at a given time 

where wz is the weight of tantalum in the standard and wr is the weight of tantalum in 
the rock sample. 

Typical analysis results obtained by the radio-activation method are shown in 
Table 1, These refer to the standard granite Gl from Westerley, Rhode Island, and the 
standard diabase Wl from Centreville, Virginia, which have been distributed as 
standards for both major and minor constituents of igneous rocks.r? 

DISCUSSION 

In the dete~inatio~ of tantalum by neutron-activation, consideration must be 
given to the possibility of formation of la2Ta through nuclear reactions involving 
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Energy 

FIG. 3.-Gamma ray spectra: A, activity of a standard. B, activity from a rock sample 

TABLEI.-TANTALUMCONTENTSOFTHESTANDARD 

GRANITE Gl AND THE STANDARD DIABASE WI 

DETERMINED BY NEUTRON-ACTIVATION ANALYSIS 

Gl WI 

3-l ppm 
2.8 
2.9 
3.1 
3.1 
3.1 
2.7 
2.9 

Average z - 

0.95 ppm 
0.88 
0.89 
1.06 
0.99 
0.84 

Average G - 

elements other than tantalum. For example, lszTa could be produced by the following 
reactions : 

1*5Re(n,cr)182Ta 

1e2W(n,p)182Ta 

la3W(~,p)la2Ta. 

The first two of the above nuclear reactions may be brought about by the fast neutron 
flux in the pile, which flux Mellish et al.ls calculated to be 0.17 of the slow flux in the 
centre of BEPO. The cross-sections for these reactions are likely to be very much 
lower than for the reaction ls1Ta(n,~)le2Ta, and since the abundance of rhenium in 
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igneous rocks is extremely low, 0401 ppm,l the first reaction is clearly not troublesome 
in the present work. 

To check on any possible interference arising from the production of lEnTa from 
nuclear reactions of tungsten, samples of pure WO,, together with pure Ta standards, 
were irradiated in the Pile for 1 week. The tantalum activitywas separated and counted 
as before. The experimental results indicated that if a rock contained 70 ppm W (the 
crustal abundance of tungsten has been quoted1 as 1.5-69 ppm), this could give rise to a 
maximum spurious tantalum content of only 10e5 ppm. 

Any interference of importance due to the formation of radio-isotopes of tantalum 
other than la2Ta would have been apparent from the decay and energy measurements 
on the final precipitates from analysis samples. 

Note added in proof. 

Since the acceptance of this paper, Atkins and Smales1° have published details of the determination 
of tantalum by neutron-activation analysis. Our results for the tantalum content of Gl and Wl do not 
correspond with the values obtained by these investigators. Atkins and Smales point out and discuss 
the possibility of contamination of the rock samples during pulverisation, and this may account for the 
discrepancy. Our samples were provided in a powdered condition by the U.S. Geological Survey. 

Acknowledgment-The authors wish to record their thanks to Mr. G. W. J. Kingsbury of the National 
Chemical Laboratory, Teddington, for the loan of “Specpure” tantalum pentoxide. 

Zusammenfassung-Neutronenaktivierungsanalyse wurde zur Bestimmung von Tantal in Gestein 
angewandt. Radiochemische Abtrennung unter Verwendung von Tragern beruhte hauptslchlich 
auf der Fallung von Tantalhydroxyd und Solventextraktion mit Tri-n-butylphosphat. Radiochemisch 
reines Tantal wurde schliesslich als Pentoxid gefiillt und der chemische Gehalt gravimetrisch ermittelt. 
Zur Verhinderung von Fehlem durch Selbstabschirmung wurden verdunnte Lijsungen von Tantal 
als Standards verwendet und zugleich mit den Proben bestrahlt. Die Ergebnisse der Analysen von 
Standardgestein Gl und Wl werden mitgeteilt. 

R&urn&-L’analyse par activation des neutrons a et6 appliquee au dosage de traces de tantale dans 
les roches. Les separations radiochimiques apres addition d’entraineur ont ete ba&es principalement 
sur la precipitation du tantale a l’etat d’oxyde tantaleux, et sur l’extraction par solvant avec le phos- 
phate de tri-n-butyl. On precipite finalement le tantale radiochimiquement pur a p&at de pentoxyde 
et le rendement chimique a Ctd determine par gravimetrie. 

Pour Cviter les erreurs dues au phenomene d’auto-absorption on utilise comme dtalons des 
solutions diluees de tantale irradiees simultanement avec l’echantillon a doser. 

Les rtsultats relatifs a la teneur en tantale d’echantillons de roches Btalons G1 et W1 sont indiques. 
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PRELIMINARY COMMUNICATION 

Thiazolyl analogues of 1-(2-pyridylazo)-2-naphthol 

(Received 9 March 1960) 

AMONG the metallochromic indicators of the azo-dye series, 1-(2-pyridylazo)-2-naphthol (PAN)’ has 
an outstanding position. In contrast to the analogous o:o’-di-substituted azo dyes of the Eriochrome 
Black T type-where the transforming functional group? are represented by phenolic hydroxyls-the 
chelating grouping of the indicator PAN contains a heterocychc nitrogen atom with a lone electron 
pair as one of the ligands. Due to this fact, pyridylazonaphthol possesses an increased ability to form 
cc!oured complexes with bivalent metal ions (e.g. with Cuu, Cd”, Ni”, Con, Hg’I, Pb” etc.) which 
dtsp@ an especially strong affinity towards the nitrogen as a donor atom. The advantageous 
metallochromic properties of this substance have, in recent years, inspired several attempts to find 
other ana!ogous indicators. In all these attempts the approach has been limited to modification of 
the phenolic part of the PAN molecule, resulting in the preparation of 4-(2-pyridylazo)-resorcinol 
(PAR),S and derivatives of H-acid and chromotropic acid .4 From the analytical viewpoint, however, 
among all these substances only the indicator PAR may be considered successfuL3s5 

A novel and especially valuable group of analogues of the PAN and PAR indicators has now been 
found in thiazolyl azo dyes of the type I. With a view to studying the metallochromic properties of 
these substances the condensation products of diazotised 2-aminothiazole with a number of phenols, 
naphthols and naphthol-sulphonic acids have been prepared. 

OH 

I 

Their preparation is very simple, since 2-aminothiazole (as opposed to Zaminopyridine) requires 
no special conditions for diazotisation or condensation; and the products are obtained in relatively 
good yields and-in most cases-in a fairly pure form. Among all the substances synthesised, the 
best properties were displayed by derivatives of 2-naphthol, of Schaffer’s acid, of R-acid, of chromo- 
tropic acid and especially of resorcinol. Some of these dyes were synthesised earlier by Traumann ;s 
however, their metallochromic properties and the possibility of their analytical application have not 
so far been studied.* With the exception of the dye derived from 2-naphthol, all these substances 
(and especially their alkali salts) are readily soluble in water; I-(2-thiazolylazo)-2-naphthol resembles 
its pyridine analogue in its solubility in water and other solvents. 

In aqueous solution the substances studied behave as acid-base indicators with the point of 
colour change varying for individual compounds over the pH range 6-10. In the case of derivatives 
containing the naphthalene ring, the acid-base colour change is one from yellow (or wine-red in the 
case of the chromotropic acid derivative) to purple or even violet; 4-(2-thiazolylazo)resorcinol 
changes from yellow to bright red. In the acid region the thiazolyl azo dyes form complexes with 

a number of metal ions, e.g. Cu”, Cd”, Ni”, Co”, Zn”, Pb”, Hg”, Fern, Tin’, SC”‘, In”‘, Lau’etc., 
which are coloured purple to violet (naphthalene derivatives) or bright red to purple (derivative of 

* After the completion of the present work two abstracts appeared in 2. analyr. Chem., 1960,171,435, 
444 of papers by T. Yanagimara, N. Matano and A. Kawase, Bunseki Kaguks, 1959, 8, 10, 14, describing 
the application of 2-(2-hydroxy-5-methoxyphenylazo)-4-methylthiazole to the determination of Zn, Ni 
and Co. 

201 

4420 PP.) 



202 Preliminary communication 

resorcinol). The condensation product of diazotised aminothiazole with chromotropic acid reacts 
with metal ions within a narrow range of pH only (5-7), and gives a distinct and practically applicable 
reaction only with copper (a pure blue coloration). With alkaline earth metals these substances show 
no colour reactions. 

Most coloured metal complexes of I-(2-thiazolylazo)-2-naphthol can be extracted with organic 
solvents such as amyl alcohol, chloroform, carbon tetrachloride etc. Metal complexes of the resorcinol 
derivative are extractable with more polar solvents only (amyl alcohol). Among the sulphonated dyes 
only the mercury complex of 1-(2-thiazolylazo)-2-naphthol-6-sulphonic acid is soluble in amyl 
alcohol and even this is insoluble in chloroform or carbon tetrachloride. 

As far as their analytical application is concerned, the thiazolyl azo dyes referred to can be used 
almost in all instances where the use of the PAN or PAR indicators has been recommended. 
Moreover, the water-soluble sulphonated derivatives, which have not yet been prepared in the 
pyridine series (cc”), may be used with advantage. Selected substances from this new group have 
fully met expectations as metallochromic indicators in chelatometric titrations of a number of 
metal ions. In this respect those dyes which are derived from Schtiffer’s acid, chromotropic acid and 
especially from resorcinol appear to be the most promising. The end-point colour change of the 
latter (from bright red or purple to lemon yellow), on titrating e.g. C#, Cd”, Znr’, Pb”, Tl”‘, SC”‘, 
Lam and In”’ with ethylenediaminetetra-acetic acid, equals in its distinctness and sharpness 
those of the best metallochromic indicators used hitherto. Although the applicability of these 
thiazolyl dyes as chromogenic reagents for spectrophotometry has not so far been studied in detail, 
successful applications may also be expected here owing to the high sensitivity of the reactions and 
the excellent colour properties. 

Note added in proof-The author’s attention has been drawn to an abstract dealing with 
some of these compounds (Chem. Abs., 1960, 54, 454lg) which appeared while the present paper 
was in the press. V. SVOBODA 

Spolana, N. E., 
Research Centre of the Lachema Plant, 
Brno, Czechoslovakia 

Summary-A new group of metallochromic indicators, the thiazolyl analogues of l-(Zpyridylazo)- 
2-naphthol, is described. These can be used in almost all instances where PAN or PAR indicators 
have been recommended, and their water-soluble sulphonated derivatives are also of value. Other 
properties are being studied. 

Zusammenfassung-Eine neue Gruppe metallochromer Indicatoren, die Thiazolylderivate des 
I-(2-pyridylazo)-2naphthols, wird beschrieben. Die Indicatoren konnen in nahezu allen Fallen 
verwendet werden, in denen PAN oder PAR empfohlen werden. Die wasserloslichen, sulfonierten 
Derivate sind ebenfalls wertvoll. Andere Eingenschaften werden studiert. 

Resume-L’auteur decrit un nouveau groupe d’indicateurs metallochromiques, les derives thiazolyl 
du l-(2 pyridylazo)-2 naphtol. Ces indicateurs peuvent &tre utilises dans presque tous les exemples 
ou les indicateurs PAN ou PAR ont Cte recommandes, et leurs derives sulfones solubles dans l’eau 
sont aussi intbessants. D’autres proprietes sont Btudites actuellement. 

REFERENCES 

1 K. L. Cheng and R. H. Bray, Analyt. Chem., 1955,27, 782. 
a J. Korbl and R. Piibil, Ind. Chemist 1958, 34, 616. 
a P. Wehber, Z. analyt. Chem., 1957, 158, 10. 
4 L. Sommer and M. Hnilickova, Naturwiss., 1958, 45, 544. 
5 F. H. Pollard, P. Hanson and W. J. Geary, Analyt. Chim. Acta, 1959 20, 26. 
6 V. Traumann, Ann., 1888, 249, 31. 



Talanta, 1960, Vol. 4, pp. 203-210. Pergamon Press Ltd. Printed in Northern Ireland 

SHORT COMMUNICATIONS 

A self-sampling indicator tube for oxygen 

(Received 4 February 1960) 

ALTHOUGH oxygen is not usually numbered amongst the toxic or dangerous gases, a local deficiency 
or excess of oxygen in the atmosphere can constitute a serious hazard. Irrespective of any simul- 
taneous production of other gases, such as carbon dioxide, a reduction to 10-l 5 % in the oxygen 
content of the air can cause a degree of distress varying with the individual. On the other hand, an 
increase in the oxygen content of the air to above 30% can greatly augment the fire hazard due to 
increase in the ease of ignition and rate of burning of combustible materials. 

Instruments available for the determination of oxygen are usually too expensive, bulky or fragile 
for convenience, whilst chemical methods depending on the extraction of oxygen from air by absorb- 
ents and the measurement of the residue tend to be lengthy and to be awkward in manipulation. 
The need for a simple field test has now been met by the use of an evacuated glass tube containing an 
intimate mixture of silica gel and manganous oxide. Air is admitted to the tube by breaking the end 
and very rapidly changes the colour of the absorbent from green to brown. The oxygen content of 
the atmosphere is determined by measurement of the lengths of green and brown material. The 
evacuated silica gel tube acts as its own pump and no other sampling apparatus is required. 

The nature and ubiquity of oxygen impose special problems in the design of a field test which do 
not normally arise in the determination of toxic gases, usually present in small proportions in the 
atmosphere. Since the oxygen content may be large, the sample must be small enough to be com- 
mensurate with the absorptive power of the reagent, and the absorbent must be very reactive and 
capable of dealing with a wide range of oxygen content in the sample. Air must be excluded from the 
absorbent before sampling and from the unused portion of it after sampling. 

A suitable absorbent was found in manganous oxide, which can be prepared in a suitable form by 
heating manganous carbonate, by the method of Schulek and Pungor,’ who have used this oxide in 
gas analysis because of its high sensitivity to oxygen. The problems of protecting the manganous 
oxide from oxidation before sampling, and of providing the means of taking a small sample of air, 
were solved simultaneously by preparing the reagent in situ by heating manganous carbonate with a 
silica gel base in the tube, under reduced pressure, then vacuum sealing. 

Manganous carbonate is prepared by pouring a solution of manganous chloride into a solution of 
sodium bicarbonate, filtering, washing successively with water, 96% alcohol, and pentane, and 
drying.’ The manganous carbonate is then thoroughly mixed in an atmosphere of carbon diideox 
in a rotating drum with eight times its own weight of silica gel (chromatographic grade, 50-100 
mesh) previously dried at 430”. The gel granules are now completely covered with an adherent layer 
of carbonate. The granules, still maintained in an atmosphere of carbon dioxide, are transferred to 
glass tubes of 5-mm bore, sealed at one end, to a height of about 20 cm, and plugged with a disc of 
asbestos paper and steel gauze. The tubes are evacuated, heated in vacua at 430” for 45 min and sealed. 

The actual determination of oxygen in the atmosphere can be carried out in less than 1 min. 
The end of the sample tube is broken and, after 20 set, the length of the brown layer, y, and the total 
length of the brown and green layers, L, are measured. The percentage of oxygen, P, is 

P= 
1 oocy 

SW - y) + cy 

where 
and 

c = volume of oxygen in ml absorbed per cm length in the brown layer, 
s = volume of nitrogen in ml per cm length in the green layer. 
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Equation (1) can be more conveniently expressed as 

P= 
lOOaF 

f-F+aF (2) 

C 
where a, the batch constant, = - , 

s 

andF=$. 

Actual measurement of the layer lengths in each determination can be avoided by placing the tube 
on a specially constructed chart and reading off the ratio F directly. From the value for F, the 
percentage of oxygen, P, can be read off on a batch calibration curve based on equation (2). A 
knowledge of the actual volume of sample taken is not necessary. 

As the sample of air enters the evacuated tube, the oxygen component is rapidly absorbed by the 
mang~ous oxide, which it turns brown, and the nitrogen passes to the end of the tube containing 
unchanged green reagent. The boundary between brown and green layers is always sharp and well- 
defined. This process, which is extremely rapid at first, slows down slightly towards the end, but is 
complete, for practical purposes, within 20 sec. If the tube is now allowed to stand, air slowly perco- 
lates through the packing and the whole tube becomes brown at the end of 10 to 30 min. The differ- 
ence between the rates of the initial rush and of the diffusion process is normally so great, however, 
that the error due to diffusion is negligible when the oxygen content does not exceed 40 %. 

Evacuated silica gel was found capable of adsorbing about 0.8 ml per g of gel of either air, oxygen 
or nitrogen. In the operation of the field test, it is probable that nitrogen is adsorbed t~aughout the 
length of the tube. The validity of equation (1) did not appear to be affected by this complication. 
Presumably 8 measures the nitrogen content of the air sample denuded of oxygen, irrespective of 
what proportion of this nitrogen content occupies the free space above the unused portion of reagent 
mixture, or is adsorbed by it. 

Carbon dioxide is adsorbed by the silica gel far more avidly than nitrogen and, if a few per cent 
of carbon dioxide is present in the atmosphere, it will be adsorbed in the first few cm of granules. In 
these circumstances, P in equation (I) will express the oxygen content not of the atmosphere, but of 
the atmosphere denuded of carbon dioxide. If an appreciable amount of carbon dioxide is present in 
the sample, this gas should be separately determined. 

At ordinary indoor temperatures and at pressures varying little from 760 mm, the field test gives 
results reproducible within 1 part in 20 of the oxygen content of the air. An increase in the ambient 
temperatwre results in an apparently lower oxygen con~n~ation, whereas an increase in pressure 
gives an apparently higher oxygen concentration. If more exceptional temperatures and pressures are 
encountered, the following empirical formula can be used 

(3) 

where P = percentage of oxygen (corrected), 
PI = apparent percentage of oxygen, 
f = temperature f”C), 

and p = barometric pressure (mm). 

The method shares the drawback of batch calibration with most tests using tubes containing 
reagent based on silica gel. The necessity of excluding air during the preparation of the tubes is 
somewhat onerous. In operation, however, the field test could not be simpler, the sole apparatus 
required being the tube itself and a blue pencil to mark the colour boundary. The tubes appear to 
suffer no deterioration on keeping for at least two years. 

Acknowledgement-This paper is published by permission of the Department of Scientific and 
Industrial Research. 

B. E. Drxo~ 
Laboratory of the Government Chemist 
Clement’s Inn Passage, Strand 
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Summary-_Oxygen is absorbed by manganous oxide which has been prepared in siru on a silica 
gel base. The percentage oxygen is found in less than one minute. 

Zusanunenfassnng-Sauerstoff wird an Manganooxyd absorbiert, welches in situ auf einer Silicagel- 
grundlage erzeugt wurde. Der Prozentgehalt an Sauerstoff wird in weniger als einer Minute 
ermittelt. 

R&me-L’oxygene est absorb6 par de l’oxyde manganeux qui a Bte prepare in situ sur un support de 
silica gel. Le pourcentage d’oxygene est trouve en moins d’une minute. 

REFERENCES 

l E. Schulek, and E. Pungor, Mikrochim. Acta, 1956,778, 1116. 

Lithium chloride in non-aqueous potentiometric titrations 

(Received 26 March 1960) 

INSTRUMENT instability is often a problem iu the use of non-aqueous solvents in potentiometric 
measurements or titrations. Various means have been used, such as special electrode holders and 
special cells with the tips of the electrodes placed very close together, to help stabilise the instrument. 
Lithium chloride was used by Fritz and Liscik? as a means of reducing the resistance between the 
electrodes and thus increasing the stability of the instrument. This fact appears to be little known, 
and its limits of use are apparently much less known. 

Equipment 

The Beckman Model H-2 pH meter and the Leeds and Northrup pH Indicator were used for 
these observations. The glass-calomel electrode combination was used in all of the titrations. 
In addition the glass-silver:silver chloride electrode combination was also used when chlorobenzene, 
dioxane, and benzene were used as individual solvents. 

Discussion 

Glacial acetic acid was used as the solvent for the titration of aluminium oxinate,s salts,4 and 
pyridinel with O.lN perchloric acid. The instruments were reasonably stable and the use of lithium 
chloride did not appreciably improve their stability. Actually its use in these cases was undesirable, 
since the change in potential per increment of titrant near the inflection point of the potentiometric 
curves was much less when lithium chloride was used. The same results were observed for the use 
of lithium chloride when chlorobenzene’ was used as the solvent for the titration of pyridine with 
perchloric acid. When the G-H mixture5 was used as the solvent, lithium chloride had no effect on 
the stability of the instrument or the shape of the titration curves. The attempted titration of 
pyridine in inert solvents such as dioxane and benzene, with or without lithium chloride, failed. 

The real usefulness of lithium chloride was found in the titration of weak acids with sodium 
methoxide in neutral or weakly basic solvents. In benzene-methanol solutions at a ratio of 3 : 1 or 
lower, the pH meters were stable due to the influence of the methanol. For the titration of acids such 
as benzoic or stearic in benzene-methanol solutions in a ratio of 4 : 1 or greater, the lithium chloride 
definitely increased the stability of the instruments. With the 8 : 1 benzene-methanol solution the 
instrument was extremely unstable, but stabilised when lithium chloride was added. Actually the 
instrument was stable enough to start a titration and obtain a reasonably good potentiometric curve 
with benzoic acid in 50 : 1 benzene-methanol solution titrated with sodium methoxide. However, 
titrations of these weak acids in pure benzene were not possible. 

In these titrations, the change in potential per increment of titrant near the inflection point was 
also increased by approximately a factor of two. This may have been because the lithium chloride 
prevented the ionisation of the salt formed during the titration, thus reducing the common-ion effect 
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on the weak acid. In the titration of stearic acid a precipitate began to form shortly after the start of 
the titration (no precipitate formed in the absence of lithium chloride) which removed the common-ion 
effect on the weak acid. 

The presence of lithium chloride also improved the stability of the instrument and increased the 
rate of change in potential per increment of titrant near the end-point when benzoic acid was dissolved 
in dimethylfo~~ide and titrated with sodium methoxide. 

The lithium chloride improved the stability of the pH meters using the glass-calomel electrode 
combination and caused an increase in AE/AV near the end-point when using solvent mixtures 
with high ratios of benzene to methanol, and dimethylformamide. It was of no value or was 
detrimental in acidic solvents such as glacial acetic acid. 

School of Chemistry 
E. L. GROVE 

University of Alabama 
University, Alabama, U.S.A. 

Summary-The use of lithium chloride for improving instrument stability in non-aqueous potentio- 
metric titrations is discussed, and its limitations arc indicated. 

~~~as~g-Der Gebrauch von Lithiumchlorid zur ErhGhung der Stabilitgt des Inst~mentes 
bei potentiometrischen Titrationen in nichtwissrigem Medium wird diskutiert. Grenzen der 
EinsatzmGglichkeiten werden aufgezeigt. 

R&u&---L’auteur discute ~utili~tion du chlorure de lithium pour ~am~Iioration de la stabiliti: des 
instruments dans les titrages potentiom&riques en milieu non aqueux, et indique scs limitations. 

REFERENCES 

1 James S. Fritz, Anafyt. Chem., 1950, 22, 1028. 
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Deter~nation of carbon ~s~phide by chlora~ine-T 

(Received 12 April 1960) 

IT has been shown that chloramine-T brings about a rupture between S-S and N-S linkages and 
oxidises all the sulphur quantitatively to sulphuric acid. I It was of interest to find out whether the 
oxidant can break a C-S linkage and bring about a similar oxidation. Experiments carried out by 
the present authors indicated that carbon disulphide, after treatment with alcoholic potash, could 
easily be oxidised by chloramine-T quantitatively converting all the sulphur to sulph~ic acid, This 
oxidation is described as an analytical procedure in this paper. 

EXPERIMENTAL 

Chloramine-T: About 15 g of a recrystallised sample of pure chloramine-T were dissolved in 1 
Iitre of water and stocked in an amber coloured bottle. The solution was standardised iodimetricalfy 
in an acid medium as described earlier.2s3 

Carbon d~s~~hide: A weighed amount (about 0.200 g) of pure redistilled carbon disulphide, free 
from elemental sulphur, taken in a sealed thin-walled glass bulb, was broken under 5-6 ml of freshly 
prepared alcoholic potash (10%) in a stoppered conical flask. The carbon disulphide, on reacting 
with alcoholic potash, gave the corresponding amount of potassium ethyl xanthate. The yellowish 
white product was dissoIved in water and filtered to remove the glass pieces, and the solution was 
made up in a standard volumetric flask (250 ml.). Aliquots of this solution were used for oxidation 
reactions. 
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Procedure 

An aliquot portion of the xanthate (carbon disulphide) solution (about 5 ml) was added to a 
known excess of acidified chloramine-T solution (20 ml of O.lNchloramine-T with 10 ml of 2N HCl) 
in a stoppered conical flask. To the mixture was added 10 to 25 ml of ethyl alcohol. The reactants 
in the ff ask were set aside for at least half-an-hour. At the end of this period, 10 ml of 10 % potassium 
iodide solution were added and the liberated iodine was titrated against thiosulphate solution. The 
amount of chloramine-T consumed by the xanthate was thus obtained from the titre value and the 
number of equivalents of the oxidant required per mole of carbon disulphide was calculated. With 
freshly prepared alcoholic potash no blank correction was necessary. 

The analytical values were found to be reproducible and the results of a few representative experi- 
ments are given in Table 1. 

TABLET. OXIDATTON OFCARBONDISULPHIDEBYCHLORAMINE-T 
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Chloramine-T 
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Similar experimental results were obtained when the reaction was carried out at 50” for 1 hour 
by immersing the flask containing the reactants in a hot water bath, except for a small correction in 
the blank experiment (about 05 ml). 

RESULTS AND DISCUSSION 

It can be seen from the results quoted in Table I that 14 equivalents of chlom~ne-T are consumed 
by 1 mole of carbon disulphide. If the carbon disulphide were to be oxidised completely, resulting 
in the conversion of carbon to carbon dioxide and sulphur to sulphuric acid, it would take 
16 equivalents of oxidant, according to the equation: 

SK 

ROB / 
s==c=s=cl;;;;js=c 
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Ethyl alcohol is regenerated and is not oxidised by chloramine-T under the experimental condi- 
tions as described in the present investigation.’ 

As observed in the actual ex~riments carried out, only 14 equivalents of the oxidant are consumed 
by carbon disulphide converted to the form of xanthate. The probable products of oxidation may, 
perhaps, be sulphuric acid and formic acid or carbon monoxide. Formic acid or its salt are not 
oxidised further by chloramine-T. Such an oxidation can be represented by the equation 

SK 

KOH / 
S==C=SgtOK-S=C --&&-+ EtOH + H,SO, + KHSOp + HCOOH (or CO + HeO) 

\ a 
bEt 

The fact that formic acid was not oxidised further to carbon dioxide and water by chloramine-T 
was established by separate experiments. Aliquots of chloramine-T, with and without formic acid 
(2 ml), when standardised against thiosulphate, gave the same titre. 
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It is well known that xanthic acid is liberated on acidifying a xanthate, and the free acid easily 
decomposes into ethyl alcohol and carbon disulphide. Carbon disulphide is found to be oxidised 
by hypochlorous acid, alkali hypochlorite or alkali hypobromite. The resulting solution was observed 
to contain sulphide, sulphate, formate and carbonate 4*6 but no quantitative data are available as the 
reaction appears to be too complicated. Chloramine-T resembles hypochlorite in many oxidation 
reactions. The procedure resulting from the present investigations offers a better and a more accurate 
method of determination of carbon disulphide, since 14 equivalents of the oxidant are consumed for 
every mole of carbon disulphide. 

Iodimetric oxidation of xanthate in neutral solution to diianthogen is a quantitative reaction 
which at present is used quite generally for the determination of xanthate or carbon disulphide.6*7 
The oxidant consumed in such a reaction is only 1 equivalent for 1 mole of xanthate or carbon 
disulphide, since the oxidation proceeds to the stage of formation of d~anthogen according to the 
equation: 
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\ I I 
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Experimental results obtained for the determination of xanthate by this method are also given 
in Table I. 

The dixanthogen produced in the above reaction remains in suspension since it is insoluble in 
water, and further oxidation does not take place with iodine. Nowever, in the homogeneous medium 
produced by the addition of the alcohol, chloramin~T brings about further oxidationof dixanthogen. 
The chloramine-T method has therefore several advantages over the conventional methods. 

Chloramine-T has been suggesteds as a suitable oxidant for xanthates, the titrations with chlora- 
mine-T being taken to a bleached end-point, with methyl red as indicator for clear solutions and 
indigo carmine for coloured solutions. In this oxidation Afanasev observes that 1 equivalent of 
chloramine-T is consumed per mole of xanthate. In the light of the present observation it is more 
convenient to treat the xanthate with excess of chloramine-T and determine the excess iodimetricaily 
than to use direct titration of xanthate against chloramine-T. 

The determination of carbon disulphide in an aqueous solution can also be carried out as accu- 
rately as by the method described by Bang and Szybalski. v For instance the solubility of carbon 
disulphide at 25’ in water was found to be 203 mg per 100 g of saturated solution by the chloramine-T 
method. This compares favourably with the value reported in literature18 (217 mg/lOO g of saturated 
solution at 20” and 195 mg/lOO g of saturated solution at 30”). It should be noted that for carbon 
disulphide in aqueous medium it is necessary to add a fairly large amount of alcoholic potash to 
convert it into xanthate. In the present experiment 5 ml of a saturated solution of carbon disulphide 
in water were treated with 20 ml of alcoholic potash. 

~Ck~ow~ed~e~e~f-The authors wish to express their grateful thanks to Prof. M. R. A. Rao for his 
keen interest in this work. 
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&munary-Carbon disulphide, on treatment with alcoholic potash, can readily be oxidised quantita- 
tively by chloramine-T, converting all the sulphur to sulphuric acid. Fourteen equivalents of the 
oxidant are consumed for every mole of carbon disulphide. Since excess of chloramine-T may be 
determined iodimetrically, this reaction may be used for the determination of carbon disulphide. It 
may also be applied to the determination of xanthates. 

Zusannnenfassnng-Schwefelkohlenstoff, in alkoholischer Kalilauge, wird leicht durch Chloramin-T 
oxydiert. Die Gxydation ist quantitativ und ftihrt zur Bildung von Schwefelsaure wobei 14 Aqui- 
valente Oxydans per Mol Schwefelkohlenstoff verbraucht werden. Da ein uberschuss von Chlora- 
mm-T leicht iodometrisch bestimmt werden kann, ist die Reaktion eine geeignete Gnmdlage zur 
Titration von Schwefelkohlenstoff. Auch Xanthate kijnnen auf diesem Wege bestimmt werden. 
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RCumbLe sulfure de carbone, trait6 avec la potasse alcoolique, peut &tre facilement oxyde de 
maniere quantitative par la chioramine T, tout le soufre &ant transform6 en acide sulfurique. 
Quatorze equivalents de l’oxydant sent consomme par chaque mole de sulfure de carbone. 
Comme l’exc&s de chloramine T peut etre determine par iodometrie, cette reaction peut hre utilide 
pour le dosage du sulfure de carbone. Elle peut aussi etre appliquBe au dosage des xanthates. 
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A selective spot test for isatin 

(Received 11 April 1960) 

IT has been observed that a blue precipitate is formed by addition of the violet alkaline solution of 
isatin-/I-4nitrophenylhydrazone to an aqueous solution of a magnesium salt. This reaction, which 
OCCI.US also in ammoniacal medium, seems to be specific for magnesium ions.* It is probable that the 
essential part of the blue product is the chelate compound where the enolised CO and NOa groups 

=NO,mg (mg = $Mg) 

of isatin and 4nitrophenylhydrazine, respectively, react with magnesium. A chelate binding of this 
kind may also be established through chemical adsorption of the hydrazone on the surface of mag- 
nesium hydroxide or oxide leading to a colour lake. It is consonant with this assumption that 
moist Mg(OH), or ignited MgO turns blue in contact with an alcoholic or ethereal solution of isatin- 
/I-4-nitrophenylhydrazone. 

Due to the fact that this hydrazone reagent for magnesium is easily obtained by interaction of 
4-nitrophenylhydrazine with isatin, a selective spot test for the latter can be based on the formation 
of the blue product. It may be expected that derivatives of isatin which condense with 4-nitrophenyl- 
hydrazone will behave like the parent compound. 

procedures Heat, in a test tube, a small amount of the solid test material or a drop of its solution 
with 1 drop of an alcoholic solution of 4-nitrophenylhydrazine for 5-10 min. After cooling, add 
1 drop of 10% sodium hydroxide and 1 drop of 1% magnesium nitrate solution. A positive response 
is indicated by the appearence of a blue precipitate. When the amount of isatin is less than 20 pg, 
extraction with ether, to dissolve the excess nitrophenylhydrazine, is recommended. 

Limit of identi’cation: 0.5 pg isatin. 
The procedure given here also permits the detection of 2 ,~g of 4-nitrophenylhydrazine after 

condensation with excess isatin. 

Acknowledgement-We thank the Conselho National de Pesquisas for financial support, 

Laboratdrio da Produ&o Mineral F. FEIGL 
Minist&io da Agricultura D. GOLDSTEIN 
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Summary-Isatin may be detected by conversion to isatin-B-4-nitrophenylhydrazone and reaction 
of the product with magnesium hydroxide to give a blue precipitate. The limit of identification of 
the test is 0.5 pug isatin. 

Zusammeufasstmg-Isatin kann nachgewiesen werden durch Uberftihrung in Isatin+4nitrophenyl- 
hydrazon und Umsetzung dieses Produktes mit Magnesiumhydroxyd unter Bildung eines blauen 
Niederschlages. Die Nachweisgrenze ist 0.5 pg Isatin. 

R&sum&-L’isatine peut Btre d6celee par transformation en isatine-4- nitrophenylhydrazone et 
reaction du produit obtenu avec ‘hydroxyde de magnesium pour donner un pr6cipite bleu. La 
limite d’identification de l’essai est de 0,5 rug d’isatine. 

* A paper on this subject will be presented by D.G. after finishing pertinent experiments. 



Talanta. 1960. Vol. 4. pp. 211-212. Pergamon Press Ltd. Printed in Northern Ireland 

LETTERS TO THE EDITOR 

Quantitative oxidations by potassium ferricyanide 

SIR : 

WITH the enormous progress of analytical chemistry, reviews of its various fields become more 
and more important. It is very necessary, however, that these reviews should reflect correctly the 
progress in the branches of analytical chemistry with which they are concerned, and their present 
state. The paper by B. R. Sant and S. B. Sant in Tulun~’ repeatedly gives rise to misunderstandings, 
regarding which we feel it necessary to comment. 

In the first part of the Review the authors mention that oxidations by ferricyanide are slow 
and incomplete, but that they can generally be accelerated by using osmium tetroxide as a catalyst. 
Here they refer to the work of K. Gleu. It is well known, however, that K. Gleu observed the catalys- 
ing effect of osmium tetroxide only in the case of the reaction between ferricyanide and arsenite. 
The general catalysing effect of osmium tetroxide was dealt with elsewhere2 by the present author. 

Determinations by ferricyanide are divided by Sant and Sant into two groups, direct and indirect 
measurements. They have erroneously classified methods recently developed for the determination 
of various inorganic sulphur compoundsas within the group of indirect determinations, although 
from papers published on this subject it is quite obvious that these are direct procedures. The Re- 
viewers’ statement regarding simultaneous determination of sulphur compounds is somewhat 
surprising. They write: “It is not clear if the above sulphur compounds can be analysed when present 
together.” But in the short communication referred to3 there is a clear description of the method 
applied to simultaneous determination of a variety of sulphur compounds. 

The section dealing with the arsenometric determination of ferricyanide also calls for comment. 
The present author has described5 the arsenometric determination of ferricyanide in presence of 0~0,. 
But one of the reviewers, B. Suseela Sant, while referring to our earlier paper, has again described 
the arsenometric determination of ferricyanide6, with the only “modifications” that titration of 
ferricyanide is carried out, not in 2-3N NaOH, but in l-2N NaOH concentration, and at room 
temperature instead of at 50”-55”. (The citation of the original paper is not correct.B) 

The question arises as to whether such slight changes in a procedure warrant a fresh scientific 
publication, when the only result of the modification is that the rate of the reaction between ferri- 
cyanide-arsenite becomes slower and the determination requires a longer time (instead of 5-6 min, 
15-20 min!). And yet the Reviewers’ write that S. B. Sant first applied the catalytic effect of 0~0, 
to the arsenometric determination of ferricyanide and that this procedure is “simpler and more 
rapid”. 

In conclusion, it may be noted that the determination of selenite by ferricyanide was first pub- 
lished, not by the present author, as the Reviewers state ,I but almost simultaneously and, in fact, a 
few months earlier, by their compatriots, G. S. Deshmukh and M. G. Bapat.’ 

Institute for Inorganic and Analytical Chemistry 
University of Szeged 
Szeged, Hungary 
8 April 1960 

F. SOLYMOSI 
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SIR, 
Quantitative oxidation by potassium ferricyanide 

IN the first part of our article,’ only Gleu’s reference was cited in order to draw attention to the 
fact that he, in 1933, first observed the catalysing effect of osmium tetroxide in ferricyanide oxidation. 
All other references, based essentially upon this observation, were cited at relevant places when 
considered necessary. In 1955, B. Suscela* reported in detail the use of osmium tetroxide as a catalyst 
to initiate and catalyse the quantitative oxidation of thiocyanate by ferricyanide to sulphate and 
cyanate. After Gleu’s observation, this was perhaps the first report on the application of osmium 
tetroxide as a catalyst in quantitative ferricyanide oxidation. It is surprising that this article is not 
referred to in a note8 by F. Solymosi in 1957. 

The short communication4 suggesting analysis of sulphur compounds when present together does 
not contain any data in support of the suggestion. 

The paper by S. B. Sant” in 1959 on electrometric titration of ferricyanide by hydrazine sulphate 
and arsenictn was a result of her independent investigations carried out during 1953-1956 and formed 
a part of her Ph.D. thesis. This fact is clearly mentioned as a footnote in the article.6 Naturally, the 
above work is not a “modification” of an earlier procedure. Furthermore, nowhere in the article1 
is it written or even implied that “S. B. Sant first applied the catalytic effect of 0~0, to the arseno- 
metric determination of ferricyanide.” In our opinion, an electrometric titration, and for that 
purpose any titration, is undoubtedly more convenient and easier to manipulate if it can be performed 
at room temperature (25-30”). 

In addition to the question raised by F. Solymosi “whether slight changes in a procedure warrant 
a fresh publication”, a further question arises, uiz., whether the same work by the same author need be 
published in two different journals.B*7 

Department of Chemistry 
University of Toronto 
Toronto, Ontario, Canada 
31 May 1960 

BHARAT R.SANT 

(Mrs.) SUSEELA B. SANT 
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BOOK REVIEWS 

Co~~~i Teorici E S~~~t~e Di Polarografia: Volume IV. Pp. 36 1. Italian National Research 
Council, Rome, 1959. Lire 2,500. 

Tms is the fourth volume of collections of papers on theoretical and experimental polarography, 
relating to work in the Polarographic Centre of the Italian National Research Council at the 
University of Padua and to the papers read at courses organised, at Bressionone, by the Polarographic 
Centre. 

The introduction to the volume is by Professor Giovanni Semerano, the Director of the Polaro- 
graphic Centre and is given in four languages (Italian, French, English and German). Twenty-one 
papers are included of which ten are in Italian, five in English, four in French and two in German. 
Each paper is accompanied by adequate summaries in the four languages. 

The first paper, by Semerano, is a report on the work of the Polarographic Centre, from 1952 to 
1958. It includes details of the diverse subjects on which research has been carried out and lists the 
resulting publications. The work of the Research institutes and laboratories in Italy in the field of 
polaro~aphy is also mentioned. The second paper describes the well-known summer courses at 
Bressionone and gives lists of lecturers, participants and subjects discussed. The third paper is 

concerned with the purposes and organisation of the specialist schools of analytical and nuclear 
chemistry in relation to the summer course. The other papers deal with polarographic methodology 
and instrumentation, theoretical and kinetic studies, the behaviour of inorganic and organic sub- 
stances and analytical applications. Finally, a number of surveys of advances in the application of 
potarography to various fields of analytical chemistry are presented. 

The high standard of the work is assured by the presence in the list of authors, among others, of 
authorities such as Delahay (U.S.A.), Milner (Great Britain), Tirouffet (France) and Berg (Germany). 
All the original papers are good and, although there is little new in the reviews, they form a compre- 
hensive collection. The book will be valuable to polarographers and should also prove a useful 
source of information for the non-specialist. 

G. F. REYNOLDS 

Trace Techniques using the K-1000 Cathode Ray Polarogmph. Volume I, by J. HETMAN, F.R.I.C. 
Pp. 48. Southern Instruments Limited, Camberley, Surrey. 25s. 

THIS book is a collection of thirty methods, developed by the author, for the detestation of trace 
constituents and impurities in a wide variety of materials. Both inorganic and organic substances 
have received attention. Many of the methods contain novel features and will be of wide interest. 
They include a number of importance to food and public analysts, such as the determination of 
vitamin C in fruits and fruit juices, saccharin in non-alcoholic drinks, arsenic in plant materials, 
lead (m the presence of copper) in cocoa, cyanide in water and iron in blood serum and liver. 
Metallurgical methods include the simultaneous determination of copper, nickel and cobalt impurities 
in iron, of copper, lead and zinc in rnan~~ brass, copper and lead in leaded steel, lead in brasses 
and bronzes and the simultaneous determination of beryllium, alum&urn and lead. Those of 
interest to the Plastics Industry are the simultaneous determination of fumaric and maleic acids, 
the determination ofp-chlorobenzyl cyanide in a polymerisation mixture and trace metal impurities 
in P.V.C. There are also methods connected with explosive and pyrotechnic materials. A bibliog- 
raphy, giving some background information and references to methods of allied interest, is appended. 
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The methods are in note form giving, in addition to brief details of procedure and interpretation 
of results, essential information such as preparation of sample, base electrolyte, reference electrode 
employed and instrumental settings. Specimen polarograms are included in each case. 

The methods are easy to follow and contain sufficient details for direct application. Inevitably, 
however, they suffer in some cases from the brevity of the treatment and a number of errors are 
present. The most persistent is the use of “basic” instead of “base” electrolyte, which is an error 
sometimes encountered in papers in English in foreign journals. The heading “Basic Electrolyte” is 
itself sometimes misleading, since the materials listed under it in several methods do not have this 
function. It is also incorrect to refer to the current flowing at the peak of the wave as the diffusion 
current, since the current flowing at this point is not diffusion controlled. It is more usual to use the 
term “peak current”. 

The book would have been improved by the inclusion of an Introduction, setting out objectives 
and giving brief details of the principles and advantages of cathode ray polarography. The omission 
of this is not important to the specialist, but it would have helped non-specialist and potential users 
to realise that this is not concerned with a new method involving special and exclusive principles, but 
is an advance in polarographic instrumentation offering greatly increased sensitivity and rapidity of 
operation. The very low limits of detection that can be achieved in the determinations described 
have not been emphasised in the methods themselves and can only be inferred from the specimen 
polarograms and concentrations of the calibration solutions. 

No previous collection of general methods for a single polarographic technique has been published 
in this way and the author is to be congratulated on his initiative. It makes an important contribution 
to the literature of the subject and he will undoubtedly receive the compliment of imitation. The 
book will be of great value, not only to the specialist, but also to polarographers and analytical 
chemists in general, who will find much of the information applicable outside the present field. 

G. F. REYNOLDS 

Instrumental Methods of Chemical Analysis: GALEN W. EWING. Second Edition, McGraw-Hill 
Publishing Company Ltd., New York, Toronto, London, 1960. 69s. Pp. 437. Name and subject 
indexes. 

THE first edition of this book appeared in 1954; that a second edition has been called for is an 
indication that it has fulfilled its author’s aim-“To describe the important analytical methods with 
sufficient theory for their comprehension and to present significant design features of representative 
apparatus.” The book has been generally brought up to date and sections on nuclear magnetic 
resonance, spectroscopy, gas chromatography, electro-chromatography (i.e. electrophoresis) and 
electronic circuitry are now included. 

The book is not intended as a reference work on “instrumental analysis.” It is planned for use 
in colleges by “upper level undergraduates or first year graduate classes.” For this reason each 
chapter includes a series of questions, mostly numerical in nature,and anystudentwhoconscientiously 
reads the text, carries out the recommended practical exercises and finally works through some of 
the problems will acquire a firm grip on the principles involved. The bibliography to each chapter 
gives some general guidance to the best monographs and reviews as well as a selection of references 
to original papers. This is a most useful feature, particularly in a students’ book. 

Not all the chapters are equally good and this is inevitable, as no one man can be expert in every 
field of instrumental analysis. The chapters on chromatography and ion-exchange, on extraction 
analysis, on polarimetry and on refractivity and optical dispersion are not up to the level of some of 
the others and one would guess the author’s real interest is in the more complex types of apparatus. 
An unusual and commendable feature is a chapter on “General considerations in analysis”; this 
gives diagrams showing the relative sensitivity of various methods for a number of inorganic elements 
and very rightly includes “personal preference” as a valid factor in deciding what method to employ. 
The author does not sufficiently emphasise the fact-well-known to practising analysts, and often 
ignored by instrument men and other enthusiasts-that most of the methods described require 
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calibration by known samples. This is implicit in many of the descriptions, but students seldom see 
implications and have to be taught by their tutors or by painful experience. A fruitful cause of error 
and dispute is to calibrate (for example) an infra-red spectrophotometer with a mixture of pure 
compounds and then to use it for real samples that contain unknown amounts of unidentified 
absorbing material. 

The re-issue in U.S.A. of this undoubtedly successful book raises once again, in the mind of an 
English reviewer, the diEcult query “How much inst~mentation should be taught to university 
chemical students?” When one considers a modern research establishment, in which almost every 
laboratory seems to have its quota of electronic ~st~ments, one is inclined to say that every graduate 
ought to have some knowledge of the subject; perhaps the proper pface for teaching it is in the phy- 
sics course. No doubt the physics curriculum is as over-loaded as the chemistry curriculum but it 
seems appropriate to teach the use of instruments that simply make physical measurements as part 
of physics, even though their applications are so largely chemical. This would raise great difficulties 
in co-ordinating chemistry and physics courses, and from a practical point of view it might seem 
that the chemistry course is the proper place. The tutor or the professor in either case will presumably 
say “Yes, we can arrange to teach the elements of instrumentation, but what would you like us to 
leave out? Qualitative analysis, perhaps, or preparative organic chemistry, or the phase rule, or even 
the quantum theory; after all very few chemists ever make any use of it. But we shall have to leave 
something out.” 

Chemistry is still an experimental science for most practising chemists. Few of them in the early 
stages of their career succeed in deserting the laboratory entirely, and nowadays, when physical 
instruments have become tools of the trade as important as the burette or the crucible, it seems 
desirable that the graduate should know something about them. The reviewer has not the temerity 
to suggest what should be left out so that this new subject can be carried by the already over-loaded 
curriculum. (It is, of course, arguable that it is the business of the university to teach fundamentals 
and to leave the practical aspect in a secondary position.) For the post-graduate student who pro- 
poses to become an analyst, some aquaintance with the physical instruments available to him seems 
essential and he should have a real appreciation of the potentialities of these devices before he leaves 
college. In fact, he is probably wasting his time if his post-graduate course is in “pure” analytical 
chemistry. The classical methods are certainly not obsolete, but inevitably occupy a much smaller 
percentage of the analyst’s time and thoughts than they did twenty or even ten years ago and any 
system of training must take this into account. The number of useful non-specialised textbooks is 
quite small. Professor Ewing’s work is certainly among the number; it is perhaps inevitable that at 
the present time it should be somewhat expensive. It would be desirable in the British part of the 
English-speaking world if a similar book were available in which the instruments described are those 
currently in use in this country. 

H. N. WILSON 

Proceedings of the International Symposium on Microchemistry: Held at Birmingham University, 
August 1958. Symposium Publications Division, Pergamon Press, London and New York, 1960. 
Pp. xxvi + 583. 100s. 

THIS substantial volume contains the material of sixty-one papers which were presented at the 
Birmingham Symposium. These have been arranged into groups, although, as is stated, many papers 
could be included in more than one group. The headings of these groups are, qualitative micro- 
analysis, the decomposition of organic matter, weighing, the determination of elements and groups 
in organic materials, the determination of physical constants, biochemical methods, c~omato~raphy 
and ion-exchange, pol~ography, radiochemical methods, sp~trochemi~l methods, titrimetry, 
complexometry, industrial applications of microchemistry, teaching, apparatus, and Great Britain’s 
contribution to microchemistry. 

The contents of the majority of the papers are of a high standard, as is to beexpected, since many 
were contributed by leading world authorities in their respective fields. For example, the plenary 
lectures were defivered by Feigl, Lieb, Benedetti-Pichler and Belcher. 



Book reviews 215 

calibration by known samples. This is implicit in many of the descriptions, but students seldom see 
implications and have to be taught by their tutors or by painful experience. A fruitful cause of error 
and dispute is to calibrate (for example) an infra-red spectrophotometer with a mixture of pure 
compounds and then to use it for real samples that contain unknown amounts of unidentified 
absorbing material. 

The re-issue in U.S.A. of this undoubtedly successful book raises once again, in the mind of an 
English reviewer, the diEcult query “How much inst~mentation should be taught to university 
chemical students?” When one considers a modern research establishment, in which almost every 
laboratory seems to have its quota of electronic ~st~ments, one is inclined to say that every graduate 
ought to have some knowledge of the subject; perhaps the proper pface for teaching it is in the phy- 
sics course. No doubt the physics curriculum is as over-loaded as the chemistry curriculum but it 
seems appropriate to teach the use of instruments that simply make physical measurements as part 
of physics, even though their applications are so largely chemical. This would raise great difficulties 
in co-ordinating chemistry and physics courses, and from a practical point of view it might seem 
that the chemistry course is the proper place. The tutor or the professor in either case will presumably 
say “Yes, we can arrange to teach the elements of instrumentation, but what would you like us to 
leave out? Qualitative analysis, perhaps, or preparative organic chemistry, or the phase rule, or even 
the quantum theory; after all very few chemists ever make any use of it. But we shall have to leave 
something out.” 

Chemistry is still an experimental science for most practising chemists. Few of them in the early 
stages of their career succeed in deserting the laboratory entirely, and nowadays, when physical 
instruments have become tools of the trade as important as the burette or the crucible, it seems 
desirable that the graduate should know something about them. The reviewer has not the temerity 
to suggest what should be left out so that this new subject can be carried by the already over-loaded 
curriculum. (It is, of course, arguable that it is the business of the university to teach fundamentals 
and to leave the practical aspect in a secondary position.) For the post-graduate student who pro- 
poses to become an analyst, some aquaintance with the physical instruments available to him seems 
essential and he should have a real appreciation of the potentialities of these devices before he leaves 
college. In fact, he is probably wasting his time if his post-graduate course is in “pure” analytical 
chemistry. The classical methods are certainly not obsolete, but inevitably occupy a much smaller 
percentage of the analyst’s time and thoughts than they did twenty or even ten years ago and any 
system of training must take this into account. The number of useful non-specialised textbooks is 
quite small. Professor Ewing’s work is certainly among the number; it is perhaps inevitable that at 
the present time it should be somewhat expensive. It would be desirable in the British part of the 
English-speaking world if a similar book were available in which the instruments described are those 
currently in use in this country. 

H. N. WILSON 

Proceedings of the International Symposium on Microchemistry: Held at Birmingham University, 
August 1958. Symposium Publications Division, Pergamon Press, London and New York, 1960. 
Pp. xxvi + 583. 100s. 

THIS substantial volume contains the material of sixty-one papers which were presented at the 
Birmingham Symposium. These have been arranged into groups, although, as is stated, many papers 
could be included in more than one group. The headings of these groups are, qualitative micro- 
analysis, the decomposition of organic matter, weighing, the determination of elements and groups 
in organic materials, the determination of physical constants, biochemical methods, c~omato~raphy 
and ion-exchange, pol~ography, radiochemical methods, sp~trochemi~l methods, titrimetry, 
complexometry, industrial applications of microchemistry, teaching, apparatus, and Great Britain’s 
contribution to microchemistry. 

The contents of the majority of the papers are of a high standard, as is to beexpected, since many 
were contributed by leading world authorities in their respective fields. For example, the plenary 
lectures were defivered by Feigl, Lieb, Benedetti-Pichler and Belcher. 



216 Book reviews 

Most of the papers are of the review-type and contain much useful information for the reader. 
A few papers contain only minor original contributions to knowledge using methods which are 
already well-established, and it would have been better if these had been published in one of the 
many journals already available for this purpose. The discussions which follow the papers are also 
recorded in detail, and in certain cases these contribute considerably to the value of the report. 

Many items of “stop press” news at the time of the symposium have since appeared in other 
journals and it is unfortunate that the Proceedings could only now be published, eighteen months 
after the symposium. This delay detracts somewhat from the value of the book. 

However it is well-produced and the format good. It is relatively free from errors, although in a 
book of this size some are to be expected, and do occur. Mistakes which require correction are 
formula C on p. 12 where there is a tervalent carbon atom, “pertitanic acid” on p. 44 (last paragraph) 
which presumably should be replaced by “pervanadic acid”, and Fig. 1 on p. 480 where material 
mentioned in the text is not shown in the figure. 

The price is rather high for the pockets of many chemists, but, for those who wish to acquaint 
themselves with recent developments in microchemistry, the book is certainly recommended. It 
should prove to be a popular acquisition for most scientific libraries. 

I. B. HEADRIDGE 

Separation and Identilication of Food Colours Permitted by the Coloaring Matters in Food Regulations 
1957. Association of Public Analysts, Bank Chambers, 16, Southwark Street, London S.E.I., 
England. Pp. vi + 31. 1960.21s., postage 9d. 

THE object of this monograph is to present the results of work carried out by a committee of Members 
of the Association of Public Analysts on the separation and identification of colours used in food- 
stuffs following the coming into force in Great Britain of the “Colouring Matter in Food Regulations 
1957”. Before the introduction of this legislation manufacturers were at liberty to use any colouring 
matter provided it was not prohibited by the Public Health (Preservatives etc. in Food) Regulations, 
1925 to 1953 or contravened the provisions of sections 1 and 3 of the Food and Drugs Act, 1938. 
The new legislation restricts food manufacturers to a list of specified colours and thus imposes on 
Public Analysts and others the task of examining large numbers of samples of food containing single 
colours or mixtures of colours. 

The general scheme of analysis proposed consists of extraction of the colour, separation of the 
colours if more than one is present, and finally, identification. 

Although foods vary in nature it has been possible to divide them into four groups as far as the 
preliminary treatment to extract the colouring matter is concerned. A table containing the results 
of examining 368 foodstuffs shows that 49.7 y0 contained one added colour, 42.7 ‘A two colours and 
7.6% three or more colours. As the permitted water soluble colours are all acidic they are extracted 
on wool from acid solution. They are then stripped from the wool and finally separated by paper 
chromatography. Identification of the recovered colours is accomplished by chromatography, 
spectrophotometry, or chemical means. RF values of the water soluble colours in a series of six 
solvents are given. Absorption curves of all the permitted colours are collected together at the end 
of the volume. 

A separate section is devoted to the two oil-soluble colours: oil Yellow GG and oil Yellow XP. 
This is a book which can be thoroughly recommended to all those concerned in the examination 

of colouring matter in food, and the methods outlined will no doubt rapidly become standard. The 
book is also likely to be of interest to a wider field of readers outside the food industry. 

The standard of production is on the whole good, the illustrations and absorption curves are 
clear, but as the book will undoubtedly find its way to the laboratory bench it is unfortunate that the 
binding has not been made more robust to stand up to the hard wear it will receive. 

A. J. HOWARD 
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Automatic Titrators. J. P. PHILLIPS. Academic Press Inc., New York, 1959. Pp. viii + 225. $6.00. 

AUTOMATIC analytical techniques for application in the laboratory and on the production plant, 
have made tremendous strides in the past 10 years. “Chemists of talent and originality can hardly 
fail to profit from the freedom from routine chores afforded by automatic instruments of all kinds.” 
This quotation is from this excellent book on automatic titrators; it is a most readable review of their 
development up to 1958. The approach used is that of a chemist and the emphasis is on the perform- 
ance and use of titrators and on instruments that are either simple or readily obtainable. 

After a brief introduction, concerned mainly with the significance of automatic titration methods, 
the general considerations of titrator design are discussed in some detail. Backed by many references, 
this section of the book is factual and covers types of burette, instrumental indicators, recorders and 
controllers. 

Sections then follow on potentiometric, amperometric, conductometric, photometric and 
coulometric titrators. Although the latter could have been placed in any of the other categories, 
according to which indication technique was used, the author has wisely treated them separately. 
Ideally suited to automation, coulometric titrators are now rapidly coming to the fore. 

In dealing with fully automatic and continuous titrators the author is labouring under the dis- 
advantage of the inadequacy of literature coverage. It is difficult to obtain practical evaluations of 
the majority of commercial titrators because they have not been in general use long enough. Thus, 
the Technican Auto-Analyser is dismissed in 9 lines of script. It is known in Great Britain that, 
particularly in biochemical laboratories, this instrument is proving a boon, saving both laboratory 
space and labour. This section, therefore, tends to be a recital of information published by the 
manufacturers, which the author rightly admits has obvious disadvantages. 

A chapter describing commercially available titrators with a list of applications compleles the 
survey. 

The book provides a conCise account of the subject and, being fully referenced, should find a 
ready market amongst forward-thinking analysts and those who employ them and have to “foot the 
bill.” As the author points out, obsolescence in automatic titrators is exceedingly rapid at the present 
time, so that some parts of the book will soon be out-dated. Nevertheless, the book gives a worth- 
while grounding on the subject. 

R. M. PEARSON 
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NOTICES 

The following meetings have been arranged: 

Wednesday 22 June 1960: Society for Analytical Chemistry, Microchemistry Group. London 
Discussion Meeting on The Direct Determination of Oxygen. “The Feathers”, Tudor Street, London, 
E.C.4. 6.30 p.m. Discussion will be opened by Mr. D. W. WILSON, M.Sc., F.R.I.C. 

Wednesday-Friday 12-14 October 1960: Oak Ridge National Laboratory: Fourth Conference on 
Analytical Chemistry in Nuclear Reactor Technology and First Conference on Nuclear Reactor 

Chemistry. 
The Oak Ridge National Laboratory has announced that a combined meeting will be held at 

Gatlinburg, Tennessee, on October 12, 13 and 14, 1960, which will include the Fourth Conference on 
Analytical Chemistry in Nuclear Reactor Technology and the First Conference on Nuclear Reactor 
Chemistry. 

The general theme of that portion of the meeting pertaining to analytical chemistry will be instru- 
mentation and methods for the determination of minor and trace components in nuclear fuels, 
coolants, moderators or related materials. Specific sessions are planned on advances in methods for 
the analysis of UOe-base fuels and on in-line instrumentation and methods for the analysis of gas and 
liquid streams in reactors and test devices. 

The contribution of papers pertaining to these or closely related subjects is solicited. Improve- 
ments or new concepts in instrumentation or in methods of chemical analysis are especially sought. 
Theoretical or review papers on topics within the scope of the agenda may, however, be of equal 
interest and will be given careful consideration. 

To facilitate the preparation and the distribution of the programme well in advance of the meeting 
and compilation of abstracts for use at the conference, authors are requested to submit abstracts of 
about 500 words not later than August 1, 1960, and to indicate the time, not to exceed 25 minutes, 
required for presentation of their paper. 

The Proceedings of the Fourth Conference on Analytical Chemistry in Nuclear Reactor Tech- 
nology will be published. Manuscripts must be submitted at the time of the conference in order to be 
included in the published Proceedings. 

Enquiries concerning the meeting in general and communications relative to the analytical chemis- 
try section, including the submission of abstracts, should be addressed to: C. D. SUSANO, Oak Ridge 
National Laboratory, P.O. Box Y, Oak Ridge, Tennessee. 

For information concerning accommodation or for reservations, write to: Reservation Services, 
Chamber of Commerce, Gatlinburg, Tennessee. 

The tentative programme for the analytical chemistry section of the conference is: 

Wednesday 12 October 
Morning-Activation and Non-destructive Methods of Analysis 
Afternoon-Radiochemical Analysis, including Applications of Tracers 

Thursday 13 October 
Morning-continuous Analysis of Radioactive Liquid and Gas Streams 
Afternoon-Non-radiochemical Methods for Trace Analysis of Reactor Materials 

Friday 14 October 
Morning-Analysis of Diverse Reactor Fuels and Fertile Materials 
Afternoon-Application of Analytical Chemistry in Preparation, Evaluation and Use of 

UO1-Base Fuels 
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Monday-Saturday 24-29 April 1961: Hungarian Chemical Society: Analytical Congress. 

The Analytical Section of the Hungarian Chemical Society, sponsored by the Hungarian Academy 
of Sciences, has arranged an Analytical Congress, with international participation, to be held from 
April 24 to 29, 1961, in Budapest. 

The lectures will comprise the whole field of analytical chemistry. Plenary and section lectures 
will be delivered for 4 days. The sections will be organized according to papers received. Papers in 
any language will be accepted, although it is desirable to use English, Russian, German or Hungarian. 
Registration of plenary and short papers with the Organising Committee is requested not later than 
September 15, 1960. 

In order to proceed with arrangements for the Congress, the Organising Committee requests 
registration of attendance-without any obligation-to be made not later than July 1, 1960. 

A more detailed programme of the Congress will be available probably in October, together with 
details of accommodation, excursions, social events. After the Congress visitors will have the oppor- 
tunity of touring Budapest and its surroundings and of visiting Lake Balaton. 

All correspondence should be addressed to the Secretariat of the Hungarian Chemical Society, 
Budapest, V., Szabadsag ter 17, Hungary. 

The B.S.I. News announces the following new British Standards: 

B.S. 1016: The analysis and testing of coal and coke: Part 14 (preliminary statement). The analysis 

of coal ash and coke ash. (Ref. PD 3714). Included in all copies of B.S. 1016: Part 15. (Gratis) 

B.S. 1016: The analysis and testing of coal an< coke: Part 15: 1960. Fusibility of coal ash and coke 

ash. This deals with the determination of the deformation temperature, the hemisphere temperature 
and the flow temperature on samples of coal ash and coke ash. (Price 4s. 6d.) 

B.S. 1428: Microchemical apparatus: Part 03: 1960. Micro-nitrometer (Pregl type). The micro- 
nitrometer specified is intended for use with the micro-Dumas nitrogen combustion train specified in 
B.S. 1428: Part AZ. Full dimensions are specified, with tolerances given in some cases and “normal 
working tolerances” specified for the remainder. A porcelain stand and a potassium hydroxide level- 
ling vessel with a porcelain support suitable for use with the nitrometer are described in one appendix: 
a stopcock leakage test procedure and notes on the method of use of the apparatus are given in other 
appendices. Detailed diagrams are provided for the nitrometer and ancillary equipment. (Price 4s.) 

B.S. 1428: Microchemical apparatus: Part HI: 1960. Weighing vessels for microchemical analysis. 

This specifies five types of glass vessel : three sizes of weighing bottles with ground stopper, a weighing 
pig with ground cap, long-handled weighing tubes with and without ground cap, and a weighing tube 
with two ground caps. Details are given of construction (fully dimensioned drawings), finish and 
maximum weights. (Price 3s.) 

B.S. 1728: Methods for the analysis of aluminium and aluminum alloys: Part II: 1960. Method 

for the determination of silicon (perchloric acid method). This specifies reagents required, recom- 
mended methods of samplings, and analytical procedure, for the determination of silicon in alloys 
having a silicon content from 0.1 % to 24% or over. (Price 3s.) 
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PAPERS RECEIVED 

A critical review of methods of isolating and separatiug the six platinum metals. F. E. BEAMISH. (2 

April 1960). 
New redox systemc-III: Idrect cerimetric dete~~ti~ of cobalt. FRANTIW VYDRA and RUDOLF 

PKIBIL. (4 April 1960). 
Analytical uses of bromiue chloride: Determiuation of hydroxylamine: Contributions to the bromic 
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THE DETERMINATION OF SULPHUR 

COMPOUNDS WITH METALLIC SILVER 

A CRITICAL EXAMINATION 

JEAN P. DIXON 

IN ORGANIC 
AS ABSORBENT 

“Shell” Research Ltd., Thornton Research Centre, 
P.O. Box 1, Chester, England 

Summary-Interfering factors in the determination of microgram quantities of sulphur by the 
absorption on silver of the sulphur oxides produced during combustion of sulphur compounds have 
been isolated and eliminated. The method comprises “empty tube” oxidation, absorption of sulphur 
oxides on electrolytically prepared silver, and potentiometric titration of the silver ion equivalent to 
sulphur. The minimum limit of determination is 10-15 ,ug using a 25-mg sample, and the repro- 
ducibility about 3 %. 

INTRODUCTION 

NUMEROUS methods have been reported in the literature for the determination of 
sulphur and chlorine, with metallic silver as the absorbing medium. The following 
recent references will provide an introduction to the literature on this subject. Stra- 
gend and Saffordl describe procedures in which the sulphur is retained on silver gauze 
and determined gravimetrically. Kuck and Grim2 extended the scope of the method 
by using a quartz-fibre balance to determine the small weight changes in the silver 
gauze when decimilligram samples were analysed. Removal of silver sulphate from the 
gauze by dissolving it in hot water, and subsequent titration of the silver ion with 
potassium iodide,3 offered a more sensitive and rapid method of assay for low sulphur 
contents. Papers describing the titration technique were published by Vecera and 
Snob14, and Bladh, Karrman, and Andersson 5. In both of these, experimental work 
led to the conclusion that the blank was too high and inconsistent to attempt the 
determination of sulphur in low concentrations. The method described by Kuck and 
Grim2, however, does achieve determination in the sub-micro range (50-100 pug), 
although on a gravimetric basis. There seemed no reason, therefore, why the tech- 
nique should not be capable of adaptation to the microgram range, using a titrimetric 
procedure, if the causes of the variable blank could be identified and eliminated. 
Mitsui and Sato6 describe a special preparation of silver for the quantitative absorption 
of chlorine, and claim that it has an activity fifty times that of silver wool or silver 
gauze. Other workers, e.g. MacNevin s, have reported that a similar preparation is 
necessary in the carbon and hydrogen determination to remove chlorine and sulphur. 
The information obtained from the literature is conflicting in that some workers report 
satisfactoryresults with silver gauze and others consider that specially prepared silver is 
necessary. With the exception of the method described by Kuck and Grim2, the use of 
silver as an absorbent in the microgram range has not proved successful, because of 
the high and variable blanks obtained. The investigation was, therefore, based on 
isolating the causes of the blank, the reason for using specially prepared silver, and the 
sensitivity that could be obtained by the titrimetric potassium iodide procedure. 
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DEVELOPMENT OF METHOD 

The first experimental work by the present author was carried out according to the 
publication by Zinneke3, in which the sample is oxidised by passage over platinum 
gauze (650-700”) in a stream of oxygen, and the sulphur oxides are absorbed on silver 
gauze (43%500’). The silver sulphate was extracted with hot water and the silver ions 
titrated potentiometrically with O*OlN potassium iodide solution, using a glass and 
silver electrode pair. Low results, of poor repeatability, were obtained on standard 
sulphur compounds, but the advantage of the extreme sensitivity of the potassium 
iodide titration procedure was realised. The low results could be attributed to one or 
more of the following factors, each of which will be treated separately: 

(a) Incomplete removal of silver sulphate from the gauze. 
(b) Incomplete oxidation of the sample. 
(c) Inefficient absorption of sulphur oxides on the silver gauze. 

(a) Extraction of silver sulphate from silver gauze 

The possibility of errors due to incomplete extraction of silver sulphate was not 
suspected since frequent extraction of the silver with boiling water after a determina- 
tion had been made yielded washings in which silver ions were not detected. 

(b) Oxidation 

Classical methods for oxidising organic compounds include the use of heated 
silica chips, porous silica plates, platinum contacts and platinum gauzes. In all cases 
combustion is carried out in a stream of oxygen. Some sulphur compounds are 
difficult to oxidise and instances have occurred in which the use of platinum has been 
inadequate. On the other hand, the oxidation efficiency of the “empty tube” com- 
bustion technique7ps is known to be good. In this procedure, the vapours of the 
sample are intimately mixed with oxygen in the turbulence caused by a series of quartz 
baffle plates inside the oxidation tube. The procedure is widely used in the deter- 
mination of carbon, hydrogen, sulphur and halogens, and in practice it has been 
found that its reliability far exceeds that of other combustion-tube oxidation methods. 
Accordingly this technique was adopted, and its reliability for the oxidation of sulphur 
compounds merely checked by conventional titrimetric methods. 

When the above technique was used in conjunction with silver gauze low results 
were again obtained. It was clear, therefore, that the silver gauze was not retaining 
sulphur oxides quantitatively. 

(c) Absorption of suIphur oxides by silver 

Literature reference@?* already quoted emphasise the need to use specially pre- 
pared silver for the absorption of sulphur oxides and chlorine in microchemical 
combustion work. We have found in practice that this is most important in the case 
of sulphur. Commercially manufactured silver wool and silver gauze retained chlorine 
quantitatively, but under similar conditions silver sulphate recoveries were low. 

Electrolytic silver was prepared according to the method of Mitsui and Sato6. Using 
this preparation, in which the large surface area provides much greater efficiency, 
theoretical recoveries of silver sulphate were obtained. The results of these analyses 
are recorded in Table I, and confirm the author’s belief that the extraction technique 
is satisfactory. 
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In order to make this procedure applicable to the determination of microgram 
amounts of sulphur, the manipulation of the silver during and after analysis and its 
effect on the blank were investigated further. 

Extraction of silver sulphate and blank control 

The operating blank is dependent on the technique used to extract the silver sul- 
phate, and includes the effects of the atmosphere on the silver and the quality of water 
used. Previous workers in this field3-5 devised circulatory systems in which hot water 
flowed repeatedly over the gauze, and also made use of electric heating5 during extrac- 
tion. The same authors reported that heating the silver gauze in the absence of sul- 
phur oxides gave rise to soluble silver ions. The possibility of the formation of soluble 
silver oxide led to experiments in which the gauze was blanketed with nitrogen. Similar 
blanks were obtained, and the authors concluded that the procedure was not applicable 
to accurate determination of microgram concefitrations of sulphur. 

Previous investigators make no mention of the quality of distilled water used in the 
determination, or the preparation of the silver for individual analyses. Distilled water 
may contain traces of impurity and although samples tested with O*lN potassium 
iodide may indicate a negligible blank (0.001 ml) this was found to be no criterion of 
suitability for the determination. The use of distilled water percolated over a mixed 
anion- and cation-exchange resin bed, and boiled before use, gave an immediate 
reduction in the blank. The only apparent explanation of this is that distilled water 
contains a small but variable amount of salts which react with silver to release soluble 
silver ion. Furthermore, if the silver was dried by heating directly after water washing, 
the blank increased. This again suggested the presence of traces of foreign ions left 
behind on the silver when the water evaporated, which would affect the next blank or 
determination. 

Interference of this type was eliminated by using boiled percolated water, and by 
washing the silver with alcohol and ether between determinations. 

Contrary to previous investigations we have found that the silver must be blanketed 
with nitrogen to prevent the formation of silver oxide during cooling from 450” to 
below 100”. This requirement in no way complicates the procedure, because the 
extraction technique uses nitrogen to agitate the wash water. 

EXPERIMENTAL 

Reagents 

Zen-free water was obtained by percolating distilled water through a mixed-resin bed composed of 
Amberlite IR 120 and Amberlite IRA 400. Electrolytic silver6 was prepared by electrolysis in 1 litre of 
0.5 % nitric acid containing 7 g of silver nitrate, the anode (silver plate 0.5 mm thick, 10 x 5 cm) and 
the cathode (silver wire 1 mm diam. x 15 cm long, twisted into a spiral) being connected to a 1.5 V 
dry cell. The electrolysis was continued for some time (overnight) and the crystalline product washed, 
dried and stored in nitrogen. Conventional reagents included oxygen, nitrogen (oxygen free), 
“Carbosorb” (soda-lime) 14-20 mesh, and standard O.lN solutions of silver nitrate and potassium 
iodide. 

Apparatus 

Fig. 1 shows the flow diagram of the apparatus. 
Fill the preheater with wire-form copper oxide, and seal in the stopper. Connect the base of 

the rotameter to the oxygen line, and the top to one arm of the preheater. Insert the preheater in the 
back of the furnace. Fill the scavenging tube with “Carbosorb”, seal the stopper with Kronig cement, 
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and attach the tube to the free side of the preheater. Attach a stainless steel lead from the scavenger 
to the end of the combustion tube thrpugh a fitting rubber bung. 

Insert the baffIe tube in the front of the furnace and connect to the combustion tube via the I310 
quartz joint. Raise the temperature of the large furnace to 900” and the other to 400-450”. 

Preparation of the silver absorber: fill the end of the tube next to the tap with glass beads to a depth 
of 14 in. Insert the silver loosely but evenly to provide a layer 2h in. long. Attach the side arm to the 
nitrogen supply with rubber tubing. Mount the tube vertically in a clamp and wash the silver 
repeatedly with boiling percolated water. Admit nitrogen at such a rate that the liquid in the tube is 

oxygen 

Nitrogen 

FIG. I.--FIow diagram. 
(a) Rotameter. (b) Preheater (SO@‘). (c) Scavenger. (d) Combustion tube. (e) Baffle tube (900”). 

(f) Absorption tube (400°-450y). 

agitated without overflowing. Drain off the final wash water, wash the silver with alcohol and ether 
and place it on top of the furnace to dry, maintaining the flow of nitrogen. 

Insert the dry absorber in the small furnace, connect to the baffle furnace via the ground joint, and 
turn the tap to allow oxygen to pass through the tube. Adjust the oxygen flow to 50 ml/min. 

Procedure 

Weigh small samples (< 10 mg) in platinum boats, and ignite in the normal way; for larger 
samples (10-25 mg) use a quartz sample tube. This consists of a small quartz test tube, 2 in. long and 
of such a diimeter that it can be pushed into the combustion tube. Introduce the tube so that the 
open end faces the bai%e fmace. Heat from the open end of the sample tube. Advance the burner 
towards the sample until decomposition begins. This will be indicated by deposition of carbon inside 
the sample tube. Do not advance the burner until the carbon begins to bum. Decompose the sampfe 
completely by moving the burner in this way until it reaches the closed end of the sample tube. Move 
the burner rapidly back along the combustion tube. 

Two burners are used, one to ignite the sample and the other, which is attached to the furnace, to 
ignite the protruding end of the baffle tube. After the combustion, rotate the stationary burner to 
ignite the quartz between the baffle furnace and the silver absorber*. 

Allow 5 minutes before detaching the absorber. 
Turn the absorber tap to admit nitrogen, detach the absorber and mount it vertically in a small 

clamp. When the tube has cooled somewhat, cover the silver with boiling percolated water from the 
wash-bottie jet, using a pressure bulb, and allow the nitrogen to agitate the liquid. Drain into a 
IOO-ml beaker. Repeat the washing until about 40 ml of water have been used. 

Remove the beaker, cover the silver with alcohol and agitate, and repeat this operation with ether. 
Drain, and place on top of the furnace to dry. Maintain the flow of nitrogen. 

Titrate the solution with O*lN potassium iodide, using a micro glass and silver electrode pair, a 
magnetic stirrer and a syringe burette. 

O*OOl ml O.lN KI ZE l-6 yg of sulphur 

DISCUSSION 

The results shown in Tables I and II are typical of many obtained with the pro- 
posed method during routine use for over a year. In Table II sample sizes.are included 

* There is a tendency for SO, to condense. 
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with the results, which illustrate the reproducibility for low sulphur contents in small 
samples. 

Interference from chlorine may be encountered in the microgram range, since the 
solubility of silver chloride in hot water may become significant. No effective method 
for overcoming this interference has been evolved. 

TABLE L-ANALYSIS OF STANDARD COMPOUNDS 

Compound 

Sulphonal 

Di-p-tolyl disulphide 

Thiacyclohexane 

1: 4-Dithiacyclohexane 

Sulphur content 

Theory 

%w 

28.1 

26.6 

31.4 

53.4 

Found 

%w 

27.9 

28.1 

26.2 

266 
31.2 
31.5 

52.8 
53.6 

TABLE II.-RESULTS OF ANALYSES SHOWING SAMPLE SIZE 

AND REPRODUCIBILITY 

Material Sample size, mg Sulphur, %w 

Oil A 9.9 3.24 

13.2 3.22 

B 18.4 3.57 

14.1 3.63 

C 13.6 3.74 

16.2 3.76 

The advantage of using the quartz sample-tube technique for larger samples is 
twofold. The combustion is much faster, and the danger of explosions when igniting 
volatile samples is eliminated. Moreover, the reproducibility of results for low sulphur 
contents is much better when this type of combustion is employed. 

CONCLUSION 

A procedure has been developed which overcomes the high and variable blanks 
previously reported when the silver absorption/potassium iodide method was applied 
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to the microgram range of sulphur determinations. The blank is consistently low, and 
as little as 10-15 micrograms of sulphur can be determined. The use of boiled perco- 
lated water, and the drying of electrolytically prepared silver with organic solvents 
before use are recommended. 

Acknowledgemeflt-The author is indebted to the Directors of “Shell” Research Ltd. for permission 
to publish this article. 

Zusannnenfassung--Storungen bei der Bestimmung von Mikrogrammengen Schwefels nach der 
Sil~abso~tionme~ode wurden aufgezeigt und beseitigt. Die Methode verwendet Verbrennung im 
Leerrohr, Absorption des Schwefeldioxydes an elk~ol~i~h niederg~hlagenem Silber und potentio- 
met&her Titration de dem Schwefel aquivalenten Silbetmenge. Die Mindestgrenze an bestimm- 
barem Schwefel lie@ bei lo-15 Mikrogramm in einer Menge von 25 Milligramm Ausgangsmaterial. 

R&urn&-L’auteur a isol6 et eIimin6 les facteurs g&rants dans le dosage de mierogrammes de soufre 
par la methode d’absorption par l’argent. Cette m&hode comprend une oxydation dans un tube sous 
vide, une absorption des oxydes de soufre sur de I’argent pr6par6 &ctrolytiquement et un titrage 
potentiometrique de I’ion argent correspondant au soufre. La Iimite minimum du dosage est 10 a 
15 ,ug en utilisant un cfchantillon de 25 mg. 
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Summary-Sulphate may be determined spectrophotometrically as methylene blue after reduction 
to sulphide, which is allowed to react with p-arninodimethylaniline and ferric iron to form the dye. 
This paper deals with the colour reaction. 

The standard method for the colour development proposed is founded on an investigation of 
the following variables: hydrogen sulphide losses, acidity at reaction and measurement, reagent 
concentrations, temperature at reaction and measurement, concentration of traces of heavy metals, 
time, and air-oxidation. Previously found deviations from Beer’s law are confirmed and discussed. 
The yield of the reaction is determined. 

THE difficulty of finding a method for the determination of ultramicro amounts of 
sulphate has led to attempts to reduce this substance to hydrogen sulphide, which 
can be determined by sensitive titrimetric or calorimetric methods. Among the latter, 
the methylene blue (MB) method seems to deserve special attention; it is entirely 
specific for hydrogen sulphide and the colour reaction is one of the most sensitive. 
The method, however, has not been sufficiently investigated to permit its immediate 
application. This paper will deal with the colour reaction; the reduction of sulphate 
to hydrogen sulphide will be considered in a later paper.l 

Caro’s MB reaction was recommended by Emil Fischer2 for the identification of 
hydrogen sulphide. The solution containing hydrogen sulphide is mixed with an 
acidic solution of p-aminodimethylaniline, and ferric iron is added. The solution first 
becomes red from an intermediate compound but changes to blue as MB is formed. 
‘The formula of MB 

where A- represents an arbitrary anion, includes one atom of sulphur. The anion is 
chloride in commercial products of the dye. 

This method was later used for quantitative determinations of sulphide by 
Mecklenburg and Rosenkranzer3 and by Almy4. Lorant developed a method for 
the reduction of microgram amounts of sulphate to hydrogen sulphide, which was 
determined calorimetrically as MB. Fogo and Popowsky6 used modern spectro- 
photometric instruments in their investigation of the MB method and applied it to the 
determination of hydrogen sulphide in gases. Lorant’s method was further developed 
by Roth’ and by Johnson and Nishita .s The results of these investigations will be 
discussed in their appropriate places. 
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According to Bernthsen, 9 ferric iron together with ~-aminod~e~ylaniline gives 
a red oxidation product, Wurster’s red, which reacts in several ways with hydrogen 
sulphide. Among other products, sulphide green, leuco methylene blue and methylene 
red are said to be formed. The first two are easily transformed to MB, whereas 
me~ylene red is not. Loram assumes that methylene red and MB are formed in 
the proportion 150. It is evident that hydrogen sulphide is not quantitatively trans- 
formed to methylene blue. In order to make full use of the reaction for quantitative 
purposes, a study of the effects of different factors on the yield and precision of the 
method is needed. 

EXPERIMENTAL 

In order to obtain accurate results, it is essential that all glassware used for the colour development. 
should be kept free from traces of heavy metals. The glassware is washed with hydrochloric acid 
(1 + l), then with water, and is finally rinsed with de-ionised, distilled water (see below). 

The light absorption was determined with a Beckman DU spectrophotometer, the wavelength 
scale of which had been checked against Hg spectral lines. It proved necessary to use a water-cooled 
lamp-compartment to prevent temperature changes of the solutions during measurement; later on,. 
a thermostated cell-compartment was used. Distilled water was used as a reference solution. 

Reagents 

Reagent-grade chemicals were used. 
De-ionised water: distilled water was run through a 30-ml coIumn of cation-exchange resin 

(Amberlite IR-120, H-form) at a rate not exceeding 05 litre/h. 
Zinc acefate so&ion: 0.25M ZnAc,; O.lO~N~c. Remove traces of heavy metals by precipi- 

tating them as sulphides, with zinc sulphide as a carrier as follows: add drop by drop, with thorough 
shaking, 2 ml of freshly-prepared 0.05M sodium sulphide to 1 iitre of the zinc acetate solution. Let. 
stand overnight. Swirl up the precipitate, and filter through a quantitative paper of fine texture. 
Discard the first portion of the filtrate. A gradually developing turbidity is of no consequence, 

“Amino” reagent: O.~S~NH*C~H*N(CH~)*.~H~SO~; 35OM HISOP. Dissolve 0.93 g of the 
Eastman preparation No. 1333 in 75Oml of de-ionised water, add 3.50 moles of H&SO*, cool and 
dilute to 1 litre with de-ionised water. The reagent will keep at least 6 months. 

Ferric solution: 0*25MNH4Fe(S0J,; O~SMH&30,. Use de-ionised water. 

Preparation of tite standard suehide soiufion 

Sulphide solutions are easily oxidised and must consequently be prepared and standard&d 
immediately before use. 

Standard solutions, 0*03405M in sulphide, were prepared from large crystals of Na,S9H,O. 
To remove traces of sulphite from the surface of the crystals, they were rapidly rinsed with water on 
a coarse glass filter before dissolution. Vacuum-boiled, de-ionised water was used for preparing the 
solutions. 

Preliiinary standardisations were made by iodimetric titration according to Bethge.l* The- 
final standardisation was made as follows. Depending on the concentration, 20-50 ml of the sulphide 
solution were pipetted into a 250-ml beaker followed by 5 ml of 1MNaOH and 5 ml of 30% H,O,. 
The beaker was covered, and heated on a hot-plate until evolution of oxygen had ceased, and the 
solution was evaporated to about half the original volume. After cooling, the solution was passed 
through a cation-exchanger (Dowex 50, H-form) and boiled to expel carbon dioxide. The sulphuric- 
acid formed was titrated with O*lM NaOH. Blanks were carried out, but no blank exceeded O-1 % 
of the titrated acid. 

In those series of experiments where only relative values were required, standardisation was 
omitted, and the approximate concentration was determined according to the standard pro@dure 
(see below), using the results of Table III for calculating the amount of sulphide. 

Appropriate dilutions of the standard solution were made immediately before each series of 
experiments using vacuum-boiled, de-ionised water. 



Determination of sulphate as methylene blue: The colour reaction 229 

The standard procedure for colour development 

It is assumed that the hydrogen sulphide to be determined in actual analyses has been absorbed in 
zinc acetate solution. 

Pipette 10 ml of zinc acetate solution into a loo-ml glass-stoppered volumetric flask and add 
de-ion&d water to make 80 ml after the addition of sulphide solution to follow. Mix and add the 
sulphide solution from a pipette, immersing its tip. Mix by gentle swirling and place the flask, 
together with the bottles containing amino reagent and ferric solution, in a thermostat at 20” for at 
least 10 minutes. Use rapidly-running pipettes for the next two additions. Add 10 ml of amino 
reagent so that the solution flows down the wall of the flask and forms a layer on the bottom. Mix 

0. 
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FIG. 1. Extinction-wavelength curve of a MB solution prepared from about 38 ,ug S according 
to the standard procedure. Cell length 1 cm. 

by swirling, and immediately add 2 ml of ferric solution. Stopper the flask, and shake vigorously for 
about half a minute. Dilute to the mark, mix, and place the flask in subdued light at 20”. Measure 
the extinction at 20” and 667 rnp the same day, after 15 minutes or more. Perform a blank and apply 
the correction. 

THE ABSORPTION CURVE 

Fig. 1 shows the extinction-wavelength curve of a MB solution prepared according 
to the standard procedure. The wavelengths of maximum absorption are 667 and 
743 m,u. The higher peak, at 667 rnp, is rather sharp, so that the extinction should be 
determined at a constant and preferably small slit-width, and care should be taken 
to reach the maximum, the position of which may vary for instruments of poorer 
spectral quality. The relation of the two absorption maxima to each other is dis- 
cussed in connection with the acidity effect. 

For comparison, the absorption curve of a commercial preparation, “Methy- 
lenblau B extra, Merck,” was determined. It was dissolved in a solution containing 
the same amount of reagents as in the standard procedure. This curve was essentially 
the same as the one just discussed, with the exception that the latter had a stronger 
absorption at about 500 mp. This band is assumed to arise from methylene red 
formed during the colour development. 

THE EFFECT OF VARIABLES 

Hydrogefi sulphide losses upon addition of reagents 

The standard procedure for colour development proved to give the largest yield 
and the greatest precision. It seems that Roth’ and others mix the solution rather 
gently before and after the addition of the ferric solution by inverting the flask a few 

times. Mixing before the addition of the acid ferric solution brings part of the 
hydrogen sulphide into the gas phase ; this part has no opportunity to react quan- 
titatively after the addition of the ferric solution if the flask is only gently shaken. 
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The yield is consequently decreased, a fact that was ex~rimentally confirmed in 
this laboratory. Gentle mixing without shaking before the addition of the ferric 
solution decreases the transfer of hydrogen sulphide to the gas phase; vigorous 
shaking after the addition of ferric solution facilitates the reaction of the hydrogen 
sulphide in the gas phase. That such a reaction really occurs a short time after the 
additon of the ferric solution was experimentally shown. Sulphide solution added 
30 seconds after the ferric solution reacted to 90% of the normal yield. 

Insufficient mixing before the addition of the ferric solution causes low results. 

” VI wz 
__ 
0.3 0.4 0.5 0.6 7 

Molarity of H2S04 

FIG. 2. Effect of acidity on light absorption and yield. Solutions prepared (see text) from 
about 18 ,ug S and extinction determined at 667 rnp in a l-cm cell. Molarity of H,SO, 

signifies concentration at 
(1) reaction and measurement 

The acidity egect 

(2) reaction: concentration at measurement O.lOM 
(3) measurement; concentration at reaction @59M 

The acid concentration may affect both the yield of the reaction and the extinction 
of MB. To elucidate this the following experiments were performed: 
1. The colour reaction was performed according to the standard procedure with the 
exception that “amino” reagents of different acidities were used. 
2. The colour reaction was performed with amino reagents of different acidities, but 
before measurement the solutions were brought to the same acidity by addition of the 
appropriate amount of ammonia. Special experiments showed that the presence of 
ammonium sulphate had no significant influence on the results. 
3. The colour reaction was performed at constant acidity. Before measurement 
different amounts of ammonia were added, causing variable acidity at the extinction 
measurement. 

It was found (Fig. 2) that the yield of MB increases with increasing acidity, whereas 
its extinction at 667 rnp decreases. A combination of these two relations explains 
the maximum obtained in experiment I. This result is opposed to the assumption 
made by Fogo and PopowskyE that variable acidity of the “amino” reagent influences 
the light absorption rather than the reaction yield. 

The optimal sulphuric acid concentration in the final solution is about 0.3OM. 
There is a slight displacement of the extinction maximum towards longer wave- 

lengths with increasing acidity. An increase in sulphuric acid con~ntrationfromO*23~ 
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to 0*63&f resulted in a displacement of the peak from 666 mp to 668 mp; the extinc- 
tion found at those peaks differed from the values at 667 rnp by less than 1%. 

The absorption maximum at 743 m,u, which is absent in solutions of MB in 
distilled water, increases with the acidity, indicating the formation of another com- 
pound possibly produced by the addition of a proton to the MB cation. The decrease 
of the 667 rnp peak with increasing acidity is thus explained. 

TABLEI. EFFECTOFTEMPERATUREONTHEEXTINCTIONAT 667mp 
OFMB SOLUTIONSPREPAREDAT 20” ACCORDINGTOTHESTANDARD 

PROCEDURE. 

Temperature at Mean temp. coefficient 
measurement, Extinction in the interval, 

“C I ‘A per “C 

15 
20 
25 
30 

96 pg sulphide-S, 1 -cm cell 

1.049 
! 1.073 

0.45 

I 1.091 
0.33 

1 1.105 
0.25 

20 
25 

19 pg sulphide-S, 5-071 cell 

) ::E / 0.05 

In a series of experiments using hydrochloric acid instead of sulphuric acid for the 
“amino” reagent, a lower extinction was obtained even at the optimal concentration 
of this acid. 

Effect of variable concentrations of zinc acetate, ferric ammonium sulphate and p- 
aminodimethylaniline 

Varying the amounts of “amino” reagent as well as those of zinc acetate and ferric 
solutions will generally produce acidity effects. If, however, precautions are taken to 
keep the concentration of free sulphuric acid constant, only slight effects are produced 
by fairly large variations. Thus, varying the amount of ferric iron in the interval 
0.1-1-O millimoles of Fe (standard amount O-5 millimole) gave deviations within 2 % 
of the extinction ; lower amounts as well as complexing by phosphoric acid delayed 
the reaction considerably. The amount of p-aminodimethylaniline should not be 
much less than the standard amount, 0.05 millimole; the use of 0.10 millimole 
increased the yield by about 1%. 

Temperature effects 

Mecklenburg and Rosenkranzer3 and others report a larger light absorption when 
the reaction is performed at a lower temperature. Temperature variations may, 
however, affect both the yield and the extinction of MB. These effects seem not to 
have been studied separately. 

The temperature effect on the extinction was determined on two solutions prepared 
according to the standard procedure from 96 ,ug and 19 pg of sulphide-S. The 
extinction was determined at various temperatures (Table I), beginning and ending at 
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20” as a control. The temperature coefficient around 20” was found to be about 
+0*4 % per degree for the higher concentration and 0.05 % per degree for the lower 
one. This result agrees qualitatively with the observations made by Rabinowitch and 
Epsteinll on MB solutions in water at pH 3.4, which will be further discussed later on. 

To study the temperature effect on the yield of MB, all reagent solutions were 
brought to the same temperature in a thermostat and the colour development per- 
formed at this temperature. The extinction was determined at 20”. 

From the results of Table II obtained with 106 ,ug S, it is seen that the yield is 
steadily lowered with increasing temperature; the negative temperature coefficient 
decreases further with increasing temperature and at 20” is about -0.5 % per degree. 
Similar results were obtained with 20 lug S. 

TABLE II. EFFECT OF TEMPERATURE ON THE YIELD OF MB. 
MB solutions prepared from 106pg sulphide-S according to the standard procedure, but at varying 

temperatures. Extinction is determined at 667 rnp and 20” in a l-cm cell. 

Temperature at 
reaction. Extinction 

Mean temp. coefficient 
in the interval. 

“C’ / I %per"C ’ 

10.1 1.209 
15.0 1.188 
20.0 1.161 
24.1 1.126 
30.0 1.083 

-0.36 
-0.46 
-0.65 
-0.74 

Using hydrochloric acid solutions, Fogo and Popowskye obtained a maximum 
yield of MB at 24”. They assume that the yield is decreased at higher temperatures 
because more hydrogen sulphide escapes from the acid solution into the gas phase; at 
lower temperatures little hydrogen sulphide escapes but the MB reaction becomes so 
slow that side reactions occur to a larger extent. 

No such maximum was obtained in this investigation. The absorption coefficient 
for hydrogen sulphide in water decreases strongly with increasing temperature. 
Further, it was demonstrated that the capacity of the reaction mixture to react with 
further amounts of sulphide added after 10 or 30 seconds was strongly lowered with 
increasing temperature. These two facts combined will, at least qualitatively, explain 
the steadily decreasing negative temperature coefficient, though the influence of some 
side reaction cannot be excluded. 

The opposite signs of the temperature coefficients of the yield and the extinction 
may, in isolated cases, cancel the errors. It is, however, obvious that the precision is 
much improved by keeping the temperature constant at both the reaction and the 
extinction measurement. 

Colour stability 

The colour was found to be fully developed after 15 minutes at 20” ; the extinction 
was then constant for several hours if the solution was kept in subdued light. If kept 
overnight, a slight fading occurred (0.3 % for a solution made from 100 pg S). It 
seems to be a commonly accepted fact that strong light will bleach the colour; no 
experiments to confirm this were performed. 
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Efects of traces of heavy metals 

Water from a metal still often contains about 30-50 pg of Cu per litre. Preliminary 
experiments indicated that these traces in the water used for diluting the zinc acetate 
solution were responsible for certain anomalies in the yield of MB. In order to 
eliminate this source of error, the water had to be re-distilled in a glass apparatus or 
passed through a H+-saturated cation-exchanger. Also, the zinc acetate solution had 
to be purified as previously described. 

Experiments where traces of copper sulphate were added to the diluted zinc acetate 
solution showed a nearly linear decrease of the extinction with increasing amounts of 
copper. As expected, addition of copper after the colour development had no effect. 
Addition of a constant amount of copper (3.0 pg Cu as sulphate) to the diluted zinc 
acetate solution produced the same losses (1.5-l-7 pg S) in the determination of 
5-33 ,ug S. The molar ratio (copper added)/(loss of sulphur) is approximately 1 :l. 
This supports the assumption that formation of copper sulphide is the cause of the 
interference. Addition of copper to the ferric solution had no effect, thus excluding the 
assumption that copper may serve as a catalyst for some harmful side-reaction 
appearing at the colour development. 

While this work was being done, a short communication by Johnson and Arkley* 
appeared. They state that traces of copper in the water precipitate sulphide quanti- 
tatively, resulting in low yields of MB. This observation as to the low yields is con- 
firmed in this laboratory; the formation of any precipitate was, however, never 
observed. It may be assumed that, at such small concentrations, copper sulphide 
remains in solution as a mononuclear complex. 

Interference from lead and mercury was also studied. As expected from the ionic 
solubility of PbS, addition of lo-20 ,ug of Pb as nitrate had no effect. The interference 
from Hg was, however, serious. The molar ratio (Hg added)/(loss of S) was found to 
be about 1:2, indicating the formation of the complex Hg(SH),. The interference was 
almost as large when Hg was present in the ferric .solution as in the zinc acetate 
solution. This difference in behaviour from CuT1 may be explained by the fact that 
Hg” forms complexes of greater stability with S2- and SH-. 

Susceptibility of sulphide to air oxidation-in zinc acetate solution 

Two diluted zinc acetate solutions containing about 22 ,ug sulphide-S were treated 
with a stream of air, 50-100 ml per minute, for 1 hour before colour development. 
Losses of I.1 and 1.8 % were indicated. The sulphide in the zinc acetate solution is 
consequently unexpectedly stable. 

THE RELATION TO BEER’S LAW 

Different amounts of sulphide were treated according to the standard procedure 
(Table III). There is a noticeable decrease in specific extinction at 667 rnp at con- 
centrations larger than about 25 pg S per 100 ml. This lack of linearity of the cali- 
bration curve has been observed by Johnson and Nishita* and others. By diluting 
more concentrated solutions (50-100 pg S) with a blank solution and determining the 
extinction, Johnson and Nishita proved that this lack of linearity is caused by deviation 
from Beer’s law and not by a decrease in the yield of MB; this has also been confirmed 
in this laboratory. 
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Rabinowitch and Epsteinll have found that solutions of MB in water (pH 3.4) do 
not follow Beer’s law even at very low concentrations (< 1O-6 &f). They have proved 
that this deviation is quantitatively explained by the formation of dimeric ions (MB),2+. 
The absorption spectrum of methylene blue consists of two overlapping absorption 
bands with maxima at 600 rnp and 656 mp. The former is more pronounced in more 
concentrated solutions, and is due to the dimeric ion; the latter, due to the monomeric 
ion, predominates in very dilute solutions. The dissociation of (MB)22+ is increased 
by an increase in temperature as well as by diluting the solution. This explains the 
increase of the extinction at 667 rnp with increasing temperature illustrated in Table I. 

TABLE III. THE RELATION OF EXTINCTION TO SULPHIDE-SLJLPHDR TREATED ACCORDING 
TO THE STANDARD PROCEDURE 

The extinction, E, is determined at 667 rnp in a l-cm cell. Cf also Table IV. 

Sulphide-S, 

pg 
Extinction 

E x lo2 per !~g 
Yield of MB calcd. 

sulphide-S 
from Table IV, 

% 

0 0.003 
IO.42 0.137 
2056 0.269 
23.62 0.309 
30.90 0.394 
41.17 0.517 
51.55 0.635 
61.98 0.746 

103.1 1.160 

-I- 
- 

1.290 
1.293 
1.294 
1.265 
1.248 
1.226 
1.199 
1.122 

-I - 
64.5 
65.1 
65.4 
64.9 
65.5 
65.3 
- 
- 

THE YIELD OF THE METHYLENE BLUE REACTION 

According to Lorant,s exactly 68.7 % of the added sulphide is transformed to MB. 
The method used for standardising the sulphide solution is not stated, and the colori- 
metric determination, made by means of a Duboscq calorimeter, is performed with a 
solution of MB and methyl red (not methylene red) as a reference solution; Lorant 
seems to have mistaken methyl red for methylene red, the by-product reported by 
Bemthsen. The reported value for the yield of MB is, therefore, uncertain; however, 
it is evident that sulphide is not quantitatively transformed to MB. This is also assumed 
by several other authors, although no quantitative results are published. 

The reaction yield can be determined by comparing the extinction of a MB 
solution made from a known amount of sulphide with the extinction of a solution 
containing a known amount of MB. The latter solution was prepared from “Methylen- 
blau B extra, Merck” which was dissolved in a solution of the same composition as is 
obtained by performing a blank. The purity of the preparation used as calculated 
from nitrogen determinations was 97.5 %, ash content l-2 %. Using the values given 
in Tables III and IV, and correcting for the purity, the reaction yield is calculated to 
66.7 % f O-5 % throughout the investigated interval. 

No computation of the standard error has been made at this point in the investi- 
gation, but it will be found in a following paper1 which also includes the reduction of 
sulphate to sulphide. 

Acknowledgement-This work was suggested by Professor Folke Nydahl. The author wishes to 
thank him for his valuable discussions and the facilities placed at her disposal. 
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TABLE IV. THE EXTINCTION OF“METHYLENBLAU 

B EXTRA- AS A FUNCTIONOFITS CONCENTRATION 

The preparation is dissolved in blank solutions prepared according to the standard procedure. The 
extinction, E, is determined at 667 rnp in a l-cm cell. Cf also Table III. 

MB sulphur, 

,%Y 
Extinction 

E x lOa per ,ug 
MB sulphur 

0 0.002 
3.94 0.082 2.03 
7.78 0.158 2.01 

11.70 0.233 1.974 
15.60 0.310 1.974 
19.52 0.385 1.962 
27.30 0.522 1.905 
39.10 0.728 1.857 

Znsammenfassnng-Es existiert eine photometrische Bestimmung von Sulfat die auf folgender 
Reaktion beruht: Sulfat wird zu Sulfid reduziert und dieses in Gegenwart von Ferriionen mit p- 
Aminodimethylanilin zu Reaktion gebracht vobei Methylenblau gebildet wird. Die vorliegende 
Abhandlung befasst sich mit der Farbreaktion. Die zur Bestimmung ftihrende Farbreaktion ist 
abhlngig von folgenden Faktoren: Schwefelwasserstofferluste, Sauregehalt der Losung wtihrend 
Reaktion und Messung, Temperatur w&rend Reaktion und Messung, Spuren von Schwerrnetallen, 
Zeit, Oxydation durch Luftsauerstoff. Geeignete Berticksichtigung aller Faktoren fiihrte zu einer 
vorgeschlagenen Standardmethode. Frtiher schon festgestellte Abweichungen vom Beer’schen 
Gesetz wurden bestatigt und diskutiert. Die Ausbeute der Reaktion wnrde bestimmt. 

R&urn&-Les sulfates peuvent &tre doses par spectrophotomttrie a l’etat de bleu de methyl&e apres 
reduction en sulfures, ce qui permet la reaction avec la p-aminodimethylaniline et le fer ferrique pour 
former le colorant. Cet article est relatif a la reaction coloree. 

La methode etalon pour le dtveloppement de la couleur propo& ici est basee sur l’etude des 
parametres suivants: pertes en H,S, acidite pour la reaction et la mesure, concentration de traces de 
metaux lourds, oxydation par pair et en fonction du temps. Les deviations a la loi de Beer, deja 
signal&s, sont confirm&es et discutees. On determine le rendement de la reaction. 
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Summary-Sulphate may be determined spectrophotometrically as methylene blue after reduction 
to sulphide, which is allowed to react with p-aminodimethylaniline and ferric iron to form the dye. 
A previous paper’ dealt with the colonr reaction; this paper deals with the reduction. 

A method for the reduction of sulphate to sulphide by hydriodic and hypophosphorous acids in 
acetic acid solution is proposed. It is founded on an investigation of the following variables: com- 
position of the reducing reagent, composition of the carrier gas and gas-washing liquid, temperature 
at reduction, and time. The yield of the reduction is found to be lOO’% within the experimental errors. 
The standard deviation of a single determination of 100 pg S or’2 pug S is found to be 0.14 ,ug S or 
0.05 rug S, respectively. Some interferences in connection with the application of the method for 
certain purposes are discussed. 

IN a previous paper1 the reaction of sulphide with p-aminodimethylaniline and ferric 
iron to form methylene blue (MB) was investigated as part of an attempt to determine, 
spectrophotometrically, ultramicro quantities of sulphate after reduction to sulphide. 
The present paper deals with the reduction and the final method. 

Lorant seems to have been the first to employ the reducing properties of hydriodic 
acid for the quantitative determination of sulphate. The sulphate is reduced to 
sulphide by boiling with a mixture of hydriodic acid, formic acid and red phosphorus. 
More recently, some variants of this reduction method have been published. Thus 
Luke3 performs the reduction with hydriodic acid, hydrochloric acid and hypo- 
phosphorous acid, Roth4 with hydriodic acid, formic acid and hypophosphite, and 
Johnson and Nishita5 with a mixture similar to the one used by Lorant. Lorant 
states that sulphate is quantitatively reduced to sulphide. The basis for this statement 
is, however, not quite free from objections. Using a reducing agent of the same 
type as that employed by Luke, Bethgee reports a quantitative yield in the reduction 
of centigram amounts of potassium sulphate. 

In these methods, generally, the optimum range of several analytically important 
variables seems not to have been established, precluding their immediate application 
at least for ultramicro determinations. 

Apparatus 
EXPERIMENTAL 

The apparatus (Fig. 1) used for the reduction is chiefly according to Johnson and Nishita.s The 
sample, together with the reducing mixture, is boiled in the round-bottomed flask (a). Nitrogen, 
purified with permanganate solution, is introduced through the side-tube (b). This gas carries the 
hydrogen sulphide formed through the water-jacketed condenser (c) to the gas-washing column (d) 
where the gases are freed from hydriodic and acetic acid by washing with water. The gases are 
carried further through the delivery tube (e) dipping into a solution of zinc acetate which absorbs the 

236 
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hydrogen sulphide; the solution is kept in a 100-ml volumetric flask with a ground-glass stopper. 
A small burner with a steady flame is used for the heating. The round-bottomed flask rests on an 
asbestos board fitted with a round hole to prevent overheating of the walls. The side tube @) ends 
I-2 mm from the bottom of the flask. The delivery tube (e) is constricted to an opening l-2 mm in 
diameter at its lower end, and connected to the apparatus, glass-to-glass, with a short piece of latex 
tubing. The rate of the nitrogen flow is checked with a flowmeter (measuring the fall of gas pressure 
across a capillary tube). The ground-joints are greased with sulphur-free silicone lubricant. 

i \ 

Fro. I. Apparatus for the reduction of sulphate. 

Concerning the importance. of keeping the apparatus and other glassware free from traces of 
heavy metals as well as the spectrophotometer and thermostatic arrangements. cf Gustafsson.l 

Reagents 

AH reagents, except sodium hypophosphite, were of reagent-grade quality. 
Concerning de-ionised water, zinc acetate solution, “amino” reagent and ferric solution, cf 

Gustafss0n.l 
Reducing reagerzt: Dissolve 2.5 g NaHIPOa.HsO in 25 ml of glacia1 acetic acid and 100 ml of 

hydriodic acid (sp. gr. 1.7) in a ISO-250-ml round-bottomed flask with a ground-in condenser and 
a gas delivery tube. The hydriodic acid should be taken from a newly-opened flask. Boil under 
reflux for 1 hour, bubbling a stream of nitrogen (about 50mI per minute) through the solution; 
traces of sulphur are removed in this way, and iodine is reduced to iodide. Allow to cool in the 
nitrogen stream, close the flask with a grass stopper, and store in subdued light. 

Sulphate-free water: If necessary, purify distilled water by passing it through a 20.ml column of 
an anion-exchange resin @owex 1, CI-form) at a rate not exceeding 250 ml per hour. 

B 
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Sulphnte standard solution: Dissolve 5.435 g KISOI, dried at 105” for 2 hours, in distilled water 
to make 1 litre. This solution contains 1 mg of S per ml, and is used as a stock solution in preparing 
standard solutions of lower concentrations by diluting with sulphate-free water. 

Nitrogen wash solution: 2 % potassium permanganate solution, saturated with mercuric chloride. 
Sulphur-free silicone lubricant: This is prepared according to Johnson and Nishita as follows: 

In a lOO-ml beaker, mix about 5 g of Dow-Corning silicone lubricant with 10 ml of a solution con- 
sisting of equal volumes of hydriodic acid and hypophosphorous acid (30%). Boil for 45 minutes 
with occasional stirring. Use a round-bottomed flask filled with cold water as a condenser. Pour off 
the acid solution and wash the lubricant thoroughly with sulphate-free water. 

Recommended procedure 

The sample should not contain much more than 100 pg S. If the sample is a solid, introduce it to 
the bottom of the reduction flask. If the sample is a solution, e.g. standard sulphate solution, add it 
with a pipette to the reduction flask and evaporate to dryness, preferably in a drying oven at 130”. 
The solution should contain bases equal to or in excess of sulphuric and other high-boiling acids in 
the sample. The evaporation can be accelerated by blowing a stream of air, washed with 4M potas- 
sium hydroxide, into the upper part of the flask. Allow the flask to cool to room temperature. 

Lubricate all ground-joints of the apparatus with sulphur-free silicone lubricant. Add 10-15 ml 
of de-ionised water to the gas-washing column (d). Add 10 ml of zinc acetate solution and 68 ml ot 
de-ionised water to the lOO-ml volumetric flask and connect it to the apparatus with the delivery tube 
(e) reaching to the bottom of the flask. 

Start the nitrogen flow through the gas-washing bottle containing nitrogen wash solution at a 
rate of 15&200 ml per minute. Pipette 3 ml of reducing reagent into the flask containing the sample, 
and connect it to the condenser and the nitrogen source. Heat to boiling in about 60 seconds with 
a small flame ending a few mm below the flask. Interrupt the heating after boiling for 10 minutes. 
Detach the delivery tube from the apparatus, but keep it in the volumetric flask. 

The apparatus is now ready for another reduction. If there is more than a few minutes’ delay 
between the reductions, iodine is formed in the apparatus, and this should be rinsed out with water 
before use. After 6-8 reductions, the water in the gas-washing column should be replaced. 

Place the volumetric flask, together with the “amino” reagent and ferric solution bottles, in a thermo- 
stat at 20” for at least 10 minutes. Use rapid-running pipettes for the addition of the reagents to 
follow. Pipette 10 ml of “amino” reagent through the delivery tube so that the tube is rinsed and the 
reagent forms a layer on the bottom of the flask. Rinse the tube with 2 ml of de-ionised water, and 
remove it from the flask. Mix by gently swirling the flask, and immediately add 2 ml of ferric solution. 
Stopper the flask and shake it vigorously for half a minute. Dilute to 100 ml with water, mix, and 
place the flask in subdued light at 20”. Determine the extinction at the peak maximum, 667 rnp. at 
20” the same day, after 15 minutes or more. Perform a blank and apply the correction. Determine 
the relation of extinction to amount of sulphur by performing the procedure on different amounts 
of sulphate standard solution (cc Tables II and III). 

EFFECTS OF VARIABLES 

The composition of the reducing reagent 

In the search for a reducing reagent able to give quantitative reduction of sulphate 
to sulphide and, moreover, one which was stable and easy to prepare, a systematic 
investigation was made of reducing mixtures of various compositions. The following 
mixtures were studied: (1) HI + P; (2) HI + P + HCOOH; (3) HI + P + HAc; 
(4) HI + P + H,PO,; (5) HI + H,PO,; (6) HI + H,PO, + HCOOH; (7) HI + 
NaH,PO, + HAc. The proportions of the constituents were also varied. Before 
use, the mixtures were refluxed for 1 hour with a stream of nitrogen bubbling through 
the solution to remove traces of sulphur. 

As a result of these experiments, it was found that reagents made up of HI + 
NaH,PO, + HAc gave the best precision and the lowest blanks. Varying the 
volume ratio HI:HAc from 10 to 1 did not affect the yield of the reduction. Using 
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formic instead of acetic acid, Roth4 obtained a constant yield only for reagents con- 

taining 43-53 % of formic acid ; he consequently recommends these proportions in 

spite of the fact that he had obtained as much as 20% higher yield with reagents 
containing less formic acid. 

Reducing mixtures containing red phosphorus gave rather large and varying 
blanks (up to O-3 ,ug S per ml). It seems probable that remaining sulphur compounds 
are slowly extracted from the solid particles. 

Attempts to reduce the concentration of water in the reagent resulted in severe 
losses of gaseous hydrogen iodide during boiling. 

With reagents composed of HI + P or HI + H,PO,, the evolution of white 
fumes was sometimes observed to occur in a seemingly random way. These fumes 
were not wholly absorbed in the washing column and caused very large negative 
errors. As it seemed probable that this phenomenon was caused by overheating, a 
number of reductions were performed with the reaction vessel immersed in boiling 
water; but the errors remained. It is of great interest that such low and erratic 
results are not obtained if formic or acetic acid is added to the reaction mixture. 

As a consequence of these results, the recommended reagent was finally chosen. 
It is of great advantage that interfering sulphur compounds can easily be removed by 
refluxing in a stream of nitrogen; at the same time free iodine is converted to iodide. 
Experiments showed that boiling for 10 minutes removed 99% of the sulphur con- 
tamination. After preparation, the reagent should not be transferred to another 
vessel, but should be stored in the same flask. Under these conditions, the reagent 
blank is found to have a low and constant value for at least several weeks; it is 
unnecessary to boil the solution each day before use as prescribed by Roth. If 
carefully prepared and handled, e.g. protected from contamination and undue 
exposure to light and air, the reducing solution is found to be stable for months. 
When the initially colourless or faintly yellow solution has turned brown from 
iodine formed by air-oxidation, it should be refluxed again before use. 

IZfSect of temperature at reduction 

According to Lorant2, sulphate is reduced even at room temperature, though 
slowly. With a reducing mixture similar to that used by Lorant, the influence of 
temperature was studied. It was found that the reaction performed under boiling 
gave the highest yield, whereas no reduction could be observed at room temperature. 
At 50” reduction was slow; of 20 ,ug S added, only 4 ,ug was recovered in the first 
20 minutes and 6,ug in the next 40 minutes. At 80” no more hydrogen sulphide 
was produced after 20 minutes, but the yield was considerably lower than at boiling. 
It seems probable that at lower temperatures part of the added sulphur escapes the 
reaction, presumably as sulphur dioxide. With regard to these losses at lower 
temperatures, the reducing mixture should be heated to boiling fairly rapidly. 

The composition of the washing liquid 

In order to prevent traces of iodine and hydriodic acid from being transferred to 
the zinc acetate solution, Lorant and others wash the gases with a solution of pyrogal- 
101 and sodium dihydrogen phosphate. Experiments proved, however, that de- 
ionised water could, with advantage, be substituted for this washing solution. This 
was usually replaced after about 6 reductions in succession, and then was found to 
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contain about 2 milliequivalents of acetic acid and very little hydriodic acid. No 
yellow colour from iodine was ever observed in the washing column. 

The carrier gas 

According to Lorant, not only hydrogen, nitrogen or carbon dioxide but also 
air may be used as carrier gas. This seems objectionable, as there may be losses of 
hydrogen sulphide by air oxidation. When performing a series of reductions with 
air instead of nitrogen as a carrier gas, the first reduction gave the same extinction as 
when nitrogen was used ; the next reduction, made immediately after, gave an 
extinction that was 3-4x too low, The loss of hydrogen sulphide was evidently 
caused by iodine formed in the condenser. In consequence air should not be used as 
carrier gas. It is, however, not necessary to remove traces of oxygen from the nitrogen 
as many authors prescribe. 

The time variable 

Experiments showed that the reduction of sulphate is complete after a few minutes. 
The time necessary for the transfer of the hydrogen sulphide to the zinc acetate 
solution is obviously dependent on the rate of the nitrogen flow and the amount of 
the water in the washing column. When working according to the recommended 
procedure, the transfer is complete in 10 minutes. 

For practical reasons it would be of great advantage if the reduction method 
could bc directly applied to sample solutions. Experiments proved, however, that 
addition of only 05 ml of water to the evaporated sulphate sample decreased the 
yield by 6 %; when 2 ml of water was added the error amounted to -35 %. This 
effect is not only obtained with the recommended reagent. Several other reducing 
mixtures prepared from HI -t_ P or from HI + P + HAc were investigated in this 
respect. In all cases, diluting with water caused considerable losses, and boiling for 
a longer time did not increase the yield; the losses are therefore not due to a slower 
reduction. It seems as if part of the sulphur escapes the reaction, probably as sulphur 
dioxide. 

It might be possible to reduce these losses to some extent by using a larger amount 
of reagent. Using a more concentrated reagent might also be considered, but then 
this reagent cannot be boiled to remove traces of sulphur without serious losses of 
gaseous hydrogen iodide. Dissolving the sample in acetic or formic acid might be 
possible in some cases. The safest way is, however, to evaporate the sample to 
dryness. 

Conditioning the apparatus 

When reducing 5 yg and smaller amounts of sulphate, it was observed that the 
first reduction of a series often gave a result too low by O-1 - 0.2 pg S. This loss was 
presumably caused by absorption of hydrogen sulphide in the apparatus in spite of 
the precautions taken to keep the glass walls and the water in the washing column 
free from traces of metals. This error was eliminated by running the procedure on a 
small amount of sulphate before the actual series. 
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Magnitude of blanks 

To indicate the magnitude of blanks to be expected, the following results are 
reported. The reducing reagent prepared on 4 different occasions in blank experi- 
ments gave the extinctions 0*008, 0.008, 0.010 and 0.011 (5cm cell); blank experi- 
ments on the colour development alone gave 0.007. Sulphate-free water (10 ml) 
made alkaline with a few drops of O*OOlM NaHCO, and evaporated to dryness gave 
no larger blank after reduction than the reagents alone. 

THE YIELD OF THE REDUCTION 

The yield of the reduction was determined by comparing the amounts of methylene 
blue obtained from known quantities of sulphate with those obtained by applying 
the colour development to known quantities of sulphide. The latter determinations 

were performed on freshly prepared and standardised solutions of sodium sulphide, 
cf Gustafssonl. The uncertainty of the amount of sulphide is estimated to be less 
than 0.3%. Both the colour development and the photometric determination were 
performed at 20”. The results of Table I show that the yield of the reduction is 
quantitative well within the experimental errors. 

RELATION TO BEER’S LAW AND PRECISION 

It was confirmed in a previous paper1 that the light absorption of methylene blue 
solutions does not follow Beer’s law and that above 20 pg of S per 100, ml the deviations 
begin to be larger than the experimental errors. As the percentage yield of methylene 
blue from sulphide is constant and the yield of the reduction of sulphate is quantitative, 
the same deviations are obtained in the relation of amount of sulphate to extinction. 
(Table II. These values can only be compared approximately with those given in 
Table III of the previous paper1 because the temperature constancy in the experiments 

of the latter table was not quite satisfactory.) 
The serious deviations from linearity of the relationships of extinction to amount of 

sulphate make it advantageous to use a curve of specific extinction as a function of 

extinction for the calculations. 
The precision in determining 100 pg of sulphate-S is obtained from the results of 

Table I; the standard deviation of a single determination is 0.14 lug of S. 
Quantities of sulphate in the range O-20 pg of S were determined using 5cm cells 

for the absorption measurements (Table III). Assuming the extinction to be a 
linear function of the amount of sulphate, the method of least squares was applied 
to the results giving the curve 

Extinction = -0*00019 + 0.06336 (pg S). 

The constant term, corresponding to 0.003 pg of S, may be omitted as insignificant and 
the relation 

,ug S = 15.78 x Extinction 

was used for calculation of sulphur found. 
It is apparent that Beer’s law is valid up to 20 pg of S within the errors of the 

method. The standard deviation is calculated to be 0.12 ,ug of S, assuming it to be 
independent of the amount of S. This assumption is certainly not true, but the 
number will give an approximate conception of its magnitude. 
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TABLE I. THE YIELD OF THE REDUCTION OF SULPHATE TO SULPHIDE 
As a mean of 7 determinations in each series, the following extinctions (667 m,~, 

l-cm cell, 100 ml, 20’) were obtained. 

Starting from Extinction 
Standard deviation of 

single result / mean 

101.1 ,ug sulphide-S 
101.1 pg sulphate-S 

TABLE II. THE RELATION OF EXTINCTION TO AMOUNT OF SULPHATE, O-100 ,ug S 
Extinction, 667 m,u, l-cm cell, lOOm1, 20”, corrected for blank. 

Sulphate taken, 

&? s 
Extinction 

Extinction x 100 

per rug S 

6.00 0.077 1.28 
11.84 0.153 1.29 
17.80 0.225 1.26 
20.05 0.253 1.26 
23.71 0.302 1.274 
39.56 0.494 1.249 
59.46 0.715 1.202 

101.1 1.121 1.109 

TABLE III. THE RELATION OF EXTINCTION TO AMOUNT OF SULPHATE, &20 ,~a S 
Extinction, 667 rnp, S-cm cell, 100 ml, 20 

found is calculates 

I- 

I 

Sulphate taken, 

MS 
Extinction 

0.59 0.039 
1.20 0.081 
1.57 0.089 
2.36 0.143 
2.37 0.155 
3.94 0.246 
7.90 0.510 

11.87 0.751 
15.82 1.011 
18.98 1.196 
19.72 1.257 
19.72 1.239 

L 

Sulphur found, Deviation, 

MS WS 
.- 

0.62 -0.03 
1.28 +0.08 
1.40 -0.17 
2.26 -0.10 
2.45 +0.08 
3.88 -0.06 
8.05 +0.15 

11.85 -0.02 
15.95 +0.13 
18.87 -0.11 
19.84 +0.12 
19.55 -0.17 

- 

:orrected for blank (0.008; 0.010). &lphur 
s 15.78 x Extinction. 

The standard deviation of a single result in the determination of 2 pg of S was found 
to be 0.05 ,ug of S from 9 determinations in 5-cm cells. The precision may possiblyibe 
improved by using apparatus and solutions of smaller volume. 

APPLICATIONS AND INTERFERENCES 

The method proposed has been used occasionally in this laboratory for a few 
years. The objects of analysis have essentially been fresh water samples and bio- 
chemical preparations. For water samples, l-lo-ml portions have been evaporated 
and analysed. In cases where there is a very small sulphate content, such as glaciaY 
stream waters which may contain less than 1 ppm, a sample size of 10 ml has been 
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used. Milligram samples of biochemical preparations with low percentages of 
sulphur (< 1%) were burnt in oxygen according to Mikl and Pech’ (cf SchGnige$), 
the sulphur dioxide and trioxide formed was absorbed in 5-10 ml of dilute sodium 
hydroxide containing hydrogen peroxide, and an aliquot was then evaporated for 
analysis. This method worked well on standard samples. However, a limiting 
factor for its use on low-percentage samples is the varying sulphur content of the 
paper used for wrapping up the sample; the total blank amounted to about 2 pg of S. 

Some interferences were studied in connection with these analyses. Oxidising 
agents as a rule interfere. Thus 3 mg of NO,- reduced the yield by 3 %. Johnson and 
Nishita ascribe these losses to some volatile reduction product which is absorbed in 
the zinc solution and interferes with the colour reaction; our own results confirm 
this hypothesis. Tronnl in amounts up to at least 20 mg did not interfere. 

Certain nitrogenous organic substances interfere, giving low results. The deter- 
mination of sulphate in the presence of organic material by this method, without 
further investigation, is not recommended. Sulphur-containing organic material 
will give off varying amounts of its sulphur content. 

Moderate amounts of alkalies or alkaline earths do not interfere; barium sulphate 

is rapidly reduced. Reduction of elementary sulphur, if newly formed, is quite 
rapid; reduction of flowers of sulphur, for example, proceeds slowly. 

Acknowledgement-This work was suggested by Professor Folke Nydahl. The author wishes to 
thank him for his valuable discussions and the facilities placed at her disposal. 

Zusammenfassung-Im vorhergehenden Beitrag wurde die Farbreaktion bei der Bestimmung von 
Sulfat nach Reduktion zu Sulfid und Bestimmung dessen nach der Methylenblaumethode behandelt. 
Hier wird der Reduktionsschritt diskutiert. Es wird die Reduktion mittels Jodwasserstoffsaure und 
hypophosphoriger SPure in essigsaurer Losung vorgeschlagen. Die Reduktion hangt von folgenden 
Faktoren ab: Zusammensetzung des Reduktionsreagenses, Zusammensetzung des Trlgergases und 
der Gaswaschfltissigkeit, Temperatur bei der Reduziert wird und schliesslich Zeit. Die Ausbeute der 
Reduktionsreaktion wurde zu 100% innerhalb der experimentellen Schwankungen gefunden. Die 
Standardabweichung einer Einzelbestimmung von 100 pg Schwefel wurde zu 0.14 pg und die von 
2 ,ug Schwefel zu @05 /Ag S gefunden. Einige Stormoglichkeiten in Zusammenhang mit der Anwen- 
dung der Methode fiir bestimmte Zwecke werden diskutiert. 

RCsum&Les sulfates peuvent Ctre doses par spectrophotometrie a l’btat de bleu de methyltne apres 
reduction en sulfures ce qui permet la reaction avec la p-aminodimethylaniline et le fer ferrique pour 
former le colorant. Un precedent article traitait de la reaction colon%, celui-ci est relatif a la rtduc- 
tion. 

On propose une methode pour la reduction des sulfates en sulfures par les acides iodhydrique et 
hypophosphoreux en solution dans l’acide acetique. Elle est basee sur l’etude des parametres suivants: 
composition du reactif reducteur, composition du gaz entraineur et du liquide lavant le gaz, tempera- 
ture de reduction et temps. Le rendement de la reduction est Cgal a 100% aux erreurs exptrimentales 
p&s. L&art type pour une settle determination de 100 peg de S est de 0.14 pg S et pour 2 ,ug de S, 
elle est de 0,05 pg S. On discute l’influence de quelques interferences relatives a l’application de la 
mdthode a certains objectifs. 
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Summary-The spectrophotometric determination of phosphate using lanthanum chloranilate has 
been investigated. It is possible to determine 3-300 ppm of phosphate with an accuracy of f2%, 
if suitable conditions are chosen. Chloride or nitrate ions do not interfere up to 400ppm. Interference 
from sulphate ion can be compensated for by adding a large amount of sulphate both to the sample 
and to the standard solutions. This method is simpler, has less critical reaction conditions, and 
develops a much more stable coloration than the conventional heteropolyacid methods. 

INTRODUCTION 

PHOTOMETRIC determinations of phosphate are based usually on the colour reaction of 
phosphate with molybdate or vanadomolybdate to form heteropolyacids or hetero- 
poly blue. In all of these procedures, it is necessary, however, to carry out the colour 
reaction under critically controlled conditions to obtain reproducible results. 

In a previous paper1 the use of the lanthanum salt of chloranilic acid (2:5dichloro- 
3 :6-dihydroxy-p-benzoquinone) was proposed for the photometric determination of 
fluoride, the metathesis reaction between lanthanum chloranilate and fluoride ion to 
form insoluble lanthanum fluoride being utilised. As it was known that phosphate may 
be precipitated quantitatively by lanthanum or thorium ion, the uses of lanthanum 
chloranilate and thorium chloranilate were investigated in an analogous manner to the 
fluoride determination. 

The reactions between phosphate and lanthanum or thorium chloranilate may be 

shown schematically as follows : 

2POa3- + La,(C,CI,O& + 3H+ - 3HCsCl,O,- + 2LaP0, 

4POd3- + 3Th(CsCl,O,), + 6H+ + 6HC,Cl,O, + Th,(PO,), 

Insoluble lanthanum phosphate or thorium phosphate is precipitated, with the libera- 
tion of acid chloranilate ion, which is proportional to the amount of phosphate in the 
sample. After filtering excess reagent and metal phosphate, the liberated acid chlorani- 
late ion in the filtrate is determined spectrophotometrically. 

As reported earlier,l the spectrophotometric determination of acid chloranilate ion 
can be carried out either in the visible region (520-550 mp) or in the ultraviolet region 
(280-350 mp) of the spectrum. In the case of visible spectrophotometry, the instru- 
ment is less expensive and the determination will be less influenced by foreign materials, 
although the sensitivity is slightly lower. 

This paper reports on the visible spectrophotometric determination of phosphate 
using lanthanum or thorium chloranilate, which is simpler in procedure, has Iess 

* Present Address: Department of Organic Synthesis, Faculty of Engineering, Kyushu University, 
Fukuoka, Japan. 
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critical reaction conditions, and develops a much more stable coloration than the 
conventional heteropoly acid methods. With this procedure, it is possible to deter- 
mine 3-300 ppm of phosphate with an accuracy of &2 %. 

EXPERIMENTAL 

Reagents 

Lanthanum chloranilate: Prepared as described previously.’ 

Thorium chloranilate: Prepared in an analogous manner to lanthanum chloranilate from chlor- 
anilic acid and thorium nitrate. These reagents can be kept for an indefinite period without appreci- 
able deterioration. 

Standardphosphate solution (approximately 5,000 ppm as PO,s-): Prepared by dissolving 19 g 
of disodium hydrogen phosphate in 1 litre of distilled water. The phosphate ion concentration was 
determined by precipitating phosphate as MgNH4P04, followed by the EDTA titration of excess mag- 
nesium in the supernate. 

Buffer solutions: Acetate buffer pH 4 (sodium acetate and acetic acid) and succinate buffer pH 7 
(sodium succinate), prepared according to standard practice. All other chemicals were reagent grade. 

Apparatus 

A Beckman Model DU spectrophotometer, equipped with a tungsten lamp and l-cm Corex cells, 
was used for the spcctrophotometric determinations. A glass electrode pH-meter (Horiba Model T) 
was used for all pH measurements, and a mechanical shaking apparatus with a time switch device 
was employed to ensure a constant reaction condition. 

General procedure 

The following general procedure was employed to investigate the influences of reaction conditions 
and of various interfering ions: 

Pipette the standard phosphate solution, containing 0.15-5 mg of phosphate, into a 50-ml 
volumetric flask. Add 5 ml of buffer solution, 25 ml of water-miscible organic solvent and O-1 g of 
lanthanum chloranilate (or thorium chloranilate) crystalline powder, and dilute the mixture to the 
mark with distilled water. After shaking the flask on a shaking machine for a given period, filter 
the solution through a filter paper. Discard the first portion of filtrate, then collect the middle 
portion into a Corex cell. Determine the absorbance of this solution at 530 rnp against a reagent 
blank. 

RESULTS AND DISCUSSION 

Comparison of lanthanum chloranilate and thorium chloranilate 

Both lanthanum chloranilate and thorium chloranilate were tried as reagents for 
the photometric determination of phosphate. When thorium chloranilate reacted 
with phosphate, however, thorium phosphate precipitated in a colloidal form 
which could not be removed by simple filtration; further, the colour intensity of the 
resulting solution was weaker than in the case of lanthanum chloranilate. On the other 
hand, the precipitate of lanthanum phosphate could be easily filtered, and lanthanum 
chloranilate was found to be a more suitable reagent for the photometric determination 
of phosphate. In the following investigations, only lanthanum chloranilate was 
employed. 

Effect of organic solvents 

As described previouslyl, the use of a water-miscible organic solvent increased the 
sensitivity of the colour reaction. In the general procedure described above, ethanol, 
methanol, methylcellosolve, dioxan or acetone was added to the sample solution to 
give a final solvent concentration of 50x, and the results are shown in Fig. 1 and 
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Table I. With the same pH value and buffer solution, the order of decreasing sensi- 
tivity was 50% dioxan > 50 % acetone, 50 % methylcellosolve > 50 % ethanol, 
50 % methanol > water. The absorbance of the reagent blank was, however, higher 
in 50 ‘A dioxan and in 50 % methylcellosolve than in 50 ‘A ethanol and in water. The 
solvent system of 50 % ethanol was therefore the most suitable, because it showed a 
fairly high sensitivity with a relatively low reagent blank. 

0 20 40 60 60 

Phosphate, wm. 

FIG. l.-Effect of buffer and solvent on the absorption at 530 mp. (10 min shaking) 
1: Acetate buffer, pH 4 and ethanol 
2: Acetate buffer, pH 4 and methylcellosolve 
3 : Succinate buffer, pH 7 and methylcellosolve 
4: Succinate buffer, pH 7 and ethanol. 

TABLE I.-EFFECT OF ORGANIC SOLVENT ON SENSITIVITY AND ON REAGENT BLANK 

Solvent 

Water 0.227 0.026 0.201 
50% Methanol 0.266 0.039 0.227 
50 % Ethanol 0.250 0.024 0226 
50 % Methylcellosolve 0.319 0.059 0.260 
50 % Acetone 0.299 0.039 0260 
50 % Dioxan 0415 0.073 0.342 

Absorbance 
Absorbance 

Reagent difference 
Sample * 

blank 

*Absorbance was determined on the sample containing 80 ppm of phosphate in the final solution at 
pH 7 (succinate buffer) after 10 min shaking. 

Effect of pH and bufer solutions 

The absorption spectrum of acid chloranilate ion in aqueous solution is greatly 
influenced by the pH of solution. The absorbance is at its maximum between pH 1 and 
2, and it is progressively decreased with increasing pH value of the solution. The 
change in absorbance is less marked in the pH range of 5 to 12.3 

If the colour reaction is carried out in the lower pH region, higher sensitivity will 
therefore be attained. At the same time, reproducible results will, however, hardly be 
obtained, and the interferences from anions are more marked in this pH region. The 
most suitable pH for the colour reaction was chosen as 7, where the absorbance was 
not appreciably influenced by pH and was less interfered by anions. 

The composition of the buffer solution also affected the absorbance of acid chlor- 
anilate ion, as previously reported, and acetate and succinate buffers were found to be 
preferable for this procedure. 
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Reaction time 

The condition of shaking was not so critical as in the case of fluoride determination. 
With the use of the shaking apparatus (350 strokes per mm), the absorbance reached 
an almost constant value after 5 mm, and no appreciable change in absorbance was 
observed by further shaking. The spectrophotometric determinations were therefore 
carried out after 10 min shaking. 

0.3 

0 ____ 

D 

02 

-___ 
I 2 24 

hr 

FIG. Z.-Stabdity of coloration. Determined on the sample containing 80 ppm of phosphate 
in the final solution, at pH 7 (succinate buffer) with 50% ethanol after 10 min shaking. 

03 

0 

02 

1 i 
10 20 30 

Temperature, ‘C 

FJG. 3.-Effect of temperature. Determined OR the sample containing 80 ppm of phosphate 
in the final solution, at pH 7 (succinate buffer) with 50% ethanol after 10 min shaking. 

Stability of coloration and efect of temperature 

The colour of the solution, once developed, was quite stable for many hours, and 
the absorbance after 24 h standing was almost the same as after 1 h, as shown in Fig 2. 
Hence, the absorbance can be measured at any time after the reaction. 

The temperature during the reaction slightly affected the absorbance of the result- 
ing solution, as shown in Fig. 3. The absorbance increased with increasing reaction 
temperature from 10” to 30”, but reproducible results could be obtained without 
taking any particular care for maintaining the reaction temperature constant. 

Range of phosphate concentration 

As Beer’s law was obeyed for acid chloranilate ion up to 100 mg/lOO ml, phosphate 
could be determined over a wide concentration range. The consumption of lanthanum 
chloranilate increased with increasing phosphate concentration in the sample solution, 
so that it was necessary to use an additional O-1 g of the reagent for each 5 mg of phos- 
phate present. With this procedure, it was possible to determine 0.15 to 15 mg of 
phosphate, or 3 to 300 ppm of phosphate in the final solution. 

Interfering ions 

Since almost all cations interfered in the determination, as in the case of fluoride 
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TABLE II.-INTERFERENCES BY ANIONS 

(a) SULPHATE 

I I 
Absorbance 

With sulphate Buffer Solvent 
Without 

sulphate 
200 ppm Error (%) 400 ppm Error ( %I 

0.248 
0.293 

+13.3 
+17.7 

Succinate pH 7 Ethanol 0.226 
Succinate pH 7 Methyl- 0.260 

cellosolve 
Acetate pH 4 Ethanol 0.359 

+9.7 0256 
+12.7 0.306 

Jr150 0.423 + 17.8 

(b) CHLORIDE 

Absorbance 

Buffer 

Succinate pH7 
Succinate pH 7 

Acetate pH 4 

Solvent 

Ethanol 
Methyl- 

cellosolve 
Ethanol 

Without 
With chloride 

chloride 
200 ppm Error (%) 400 ppm Error (%) 

0.226 0226 0 0.223 -1.3 
0.260 0.259 -0.4 0.260 0 

0.359 0.339 -5.6 0.326 -9.2 

(c) NITRATE 

/ 
Absorbance 

I With nitrate 
Buffer Solvent Without 

nitrate 
Error (%) 400 ppm Error (%) 200 ppm 

0.223 
0.261 

-2.2 
+1.2 

-9.2 

0.221 
0.263 

-7.2 0.326 

Succinate pH 7 Ethanol 0.226 
Succinate pH 7 Methyl- 0.260 

cellosolve 
Acetate pH 4 Ethanol / 0.359 

The absorbances in the tables are the average of at least five determinations on a sample containing 80 ppm 
of phosphate in the final solution after shaking 10 min. 

TABLE III.-C~MPENSATION FOR SULPHATE INTERFERENCE 

Sample 

composition 

80 80 80 

800 1000 1200 

Absorbance 0274 0.272 (-0.7 %*) 0.280 (+2.2x*) 

* The difference from the value in the first column, %. 
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determination, it was necessary to remove previously all cations from the sample 
solution by means of ion-exchange. The only exception was ammonium ion which did 

not interfere, even in large amounts. 
Interferences from anions such as sulphate, nitrate and chloride are summarised in 

Table II. With regard to nitrate and chloride, when the reaction was carried out at pH 
7 with succinate buffer, no appreciable interference was observed up to 400 ppm of 
these anions. 

The interference from sulphate was not negligible, even with small amounts. 
However, in the presence of amounts of sulphate greater than 800 ppm, the difference 
in absorbance due to the additional 200 ppm or 400 ppm of sulphate was found to be 
not more than &2x, as shown in Table III. Therefore, the interference due to sul- 
phate could be compensated for by adding 800 ppm of sulphate both to the sample 
solution and to the standard phosphate solution. 

Fluoride interfered seriously, even in small amounts, because it reacted with the 
reagent to form insoluble lanthanum fluoride. 

Recommended procedure 

After considering the results of the foregoing investigations, the following procedure 
is recommended for the determination of phosphate: 

Place the sample solution, containing 0.15-5 mg of phosphate, in a 50-ml volumetric flask. To 
this, add 5 ml of 0.03M sodium succinate solution tpH 7), 25 ml of 95% ethanol and 0.1 g of lan- 
thanum chloranilate crystalline powder, and dilute the solution to 50 ml with distilled water. Shake 
the flask for 10 min on a shaking machine (350 strokes per min), then filter the solution through a 
filter paper. Discard the first portion of the filtrate, and collect the middle portion in a cell for spectro- 
photometric measurement. Determine the absorbance at 530 m/c against a reagent blank. Obtain the 
phosphate concentration from a calibration curve which has been prepared from the standard 
phosphate solution by the same procedure. 

Further study of this procedure and the practical applications is now being made, 
and the results will be published elsewhere. 

Zusammenfassung-Die spectrophotometrische Bestimmung von Phosphat unter Verwendung von 
Lanthanchloramlat wurde untersucht. Es ist moglich 3-300 ppm Phosphat auf l 2% genau zu 
bestimmen, wenn geeignete Bedingungen gewlhlt werden. Chlorid- und Nitration stijren nicht bis 
hinauf zu 400 ppm. Storungen durch Sulfat werden durch Zugabe einer grossen Menge Sulfats 
sowohl zu Probe als such Vergleichslosung kompensiert. Die Methode ist einfacher, gestattet weinger 
strickte Reaktionsbedingungen und erzaugt eine stabilere Farbung als die conventionelle Hetero- 
polys%uremethode. 

Resum&Les auteurs ont etudie le dosage spectrophotomttrique du phosphate en utilisant le 
chloranilate de lanthane. I1 est possible de doser 3 a 300 p.p.m. de phosphate avec une precision 
de *27/, en choisissant des conditions convenables. Les ions chlorure ou nitrate ne g&rent pas 
jusqu’a 400 p.p.m. On peut compenser l’interference du sulfate en ajoutant une grande quantite de 
sulfate aux deux solutions: solution standard et celle contenant l’echantillon. La mtthode est plus 
simple, tient mieux compte des conditions de la reaction et donne une coloration plus stable que les 
methodes conventionnelles mettant en jeu un htteropolyacide. 
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Summary-MolybdenumM is precipitated by cc-benzoinoxime as MoO,(C,,H,,O,N), from acid 
solutions from pH 2 to 5 % by volume sulphuric acid. The procedure of Knowles for molybdenum 
in steel is modified to yield precipitates which can be weighed without ignition to the oxide. In 
extraction of this molybdenum complex into chloroform the interference of tungsten and vanadium 
is eliminated by adding dihydrogen phosphate ion and ferrous ion. Tungstenvl forms 
WOQ(C14H1208N)2 on addition of a-benzoinoxime to tungstate solutions freshly acidified with 
sulphuric acid. Precipitation of tungsten as this complex is not complete even in the presence of 
fluoride or phosphate ions. Extraction of the tungsten complex into chloroform is not feasible 
because of its limited solubility. VanadiumV with cc-benzoinoxime forms a yellow precipitate at 
pH 3, and on long standing at pH 1.5 a white precipitate. The yellow precipitate changes to the white 
precipitate with time. The white precipitate has the composition VOa(ClaH,,OeN) but is always 
contaminated with excess reagent. Using the c+benzoinoxime complex, vanadiumV can be extracted 
at pH 2.2 into chloroform and converted into the I-quinolinol complex for measurement. Bismuth, 
antimony”’ and uranyl ions interfere slightly. Chromium v1 in acid solution oxidises u-benzoinoxime 
so rapidly that studies were not possible. 

INTRODUCTION 

FEIGL~ first used a-benzoinoxime as a reagent for the precipitation of copper. Know- 
les2 found that a-benzoinoxime precipitates molybdenumvI from acid solution. 
In this procedure tantalum, niobium, and silicon contaminate the precipitate by 
formation of insoluble hydrated oxides; tungstenv’ and palladiumI appear to be 
quantitatively precipitated; and the possible interference of chromiumvI and 
vanadiumV is prevented by reduction. Yagoda and Fales3 reported that molybdenum 
and tungsten are quantitatively precipitated together, provided that both are present. 
Variations of these procedures have been summarised by Flagg4, Blanco5, and 
Jensen and Weave?. Recently Jeffrey’ and Goldstein, Manning, and Menis have 
used a-benzoinoxime as a reagent for the extraction of molybdenum into chloroform. 

In all of these procedures molybdenumvl, tungstenvl, vanadiumv and chromiumV1 
are said to form complexes of some stability in acid solution or to interfere in the use 
of a-benzoinoxime as a precipitating reagent. With the exception of the palladium 
complex, the characterisation of the metal complexes formed from acid solution is in- 
complete. In addition, the nature of the metal ions in acid solution has been the subject 
of investigations for many years. 

This paper presents an account of the composition of the complexes from ex- 
traction or precipitation studies; the effects of solvent composition, pH, and excess 

reagent on the precipitation of molybdenumvl; the extraction of molybdenum and 

+ present address: Columbia Southern Chemicals, Barberton, Ohio. 

250 



a-Benzoinoxime complexes of molybdenum, tungsten and vanadium 251 

vanadium, and the effect of tungsten; and correlation of this work with the 
literature on the nature of molybdenumv’, tungstenvl, and vanadiumV in solution. 

EXPERIMENTAL 

All chemicals used were C. P. or reagent-grade with the following exceptions. The a-benzoinoxime 
used was obtained from Paragon Testing Laboratories, and was recrystalhsed from ethanol where 
high purity was required. The quercetin, m.p. 195”, was a special student preparation. The pH 
measurements were made with a Beckman model H2 pH meter with glass and calomel electrodes. 
Spectra and single wavelength measurements were taken with a Beckman model DK2 automatic 
recording spectrophotometer or a Beckman model DU spectrophotometer. 

The following general methods were used. Where specific details are important, these will be 
provided in the discussion. Any variations will be noted also. 

Precipitation studies were done as follows. Solution containing the desired amount of the element 
being studied was pipetted using a calibrated pipette into a 150- or 250-ml beaker. The acidity was 
adjusted and any additional materials were added. The desired amount of a-benzoinoxime dissolved 
in 50% acetone, or in some cases in ethanol, was then added from a burette equipped with a Teflon 
stopcock. The solution was stirred during the addition of the reagent. After the precipitates had 
stood for the required time, they were collected on weighed, 30-m], medium porosity, sintered-glass 
crucibles. They were then washed, care being taken to wash down the sides of the crucibles, and 
were dried to constant weight at 105”. 

To determine the amount of metal in the complex, some of the previously dried complex was 
ignited at 500-550” in silica crucibles, and the metal content was calculated from the weight of oxide 
obtained. 

All extractions were done batchwise. The solution to be extracted was placed in a 60-ml separa- 
tory funnel and additional materials in solution were added. Acidity was controlled by adding acid 
to the separatory funnel, except that where close pH control was required, the pH was adjusted before 
adding the solution to the funnel. Extractions were carried out by adding controlled amounts of 
a-benzoinoxime in chloroform solution from a burette equipped with a Teflon stopcock and shaking 
the separatory funnels in a mechanical shaker. The chloroform layer was drawn off into a volu- 
metric flask, the aqueous layer was extracted with chloroform which was added to the previous 
extract, and the chloroform was made to volume. Metals were determined in aliquots of this solution 
or in the whole solution by adding the reagents and measuring the colour intensity. 

The method of continuous variations could not be used to establish the metal:reagent ratio in 
the complexes because no difference in absorption between the reagent and the complex was found. 
The metal : reagent ratio was derived from extraction or precipitation results. 

RESULTS AND DISCUSSION 

1. Molybdenum complex with u-benzoinoxime 

The exact nature of the molybdenumv’ species in acid solution is not clear. In 
the review of the literature by Huckels it is stated that at pH 0.9 polymerised molyb- 
denum trioxide precipitates, but in more acid solution molybdenum trioxide is 
depolymerised and redissolves. Other workers10~11~12J3 have reported that MoOg2+ 
ion appears to be the major species in hydrochloric and sulphuric acid solution. 
Molybdenumvrr is precipitated by 8-quinolinol from slightly acid solution as bis(8- 
quinolinolo)dioxomolybdenum14. 

When a-benzoinoxime in 50% aqueous acetone is added to solutions of molyb- 
denum”, no precipitation occurs in the range pH 2.5-7. At pH 1.5 and 2.5 a slight 
cloudiness is observed, and in solutions more acid than pH 1 a heavy, white, flocculent 
precipitate is formed. This behaviour suggests that the complex is formed from the 
MOO,% ion. Since cr-benzoinoxime is not soluble in water, the solubilities had to be 
determined for various alcohol-water and acetone-water compositions and are 
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summarised in Table I. The solubility of the molybdenum-a-benzoinoxime complex 
in the same media is included here for conciseness. 

As mentioned previously, when the method of continuous variations was tried in 
50 % ethanol containing 5 % hydrochloric acid, solutions containing a-benzoinoxime 
or the molybdenum complex in equivalent concentration gave the same spectra. 
In order to establish the ratio of molybdenum to ~-benzoinoxime in the complex, a 
variation of the extraction method of Goldstein, Manning, and Menis* was used. 

0.6 

01 0.3 0.5 07 0.9 

Mole folio Mo :a-Benzoin axfme 

Rc. 1. De~rmioation of molybdenum : a-benzoin oxime ratio by extraction procedure. 

A series of lo-ml portions of 5% hydrochloric acid solutions containing 0.2- 
1,8 x 10-3M molybdenumV1 were extracted with20 ml of 1 x 10W3M a-benzoin- 
oxime in chloroform, and the aqueous layer was washed with 10 ml of chloroform 
using a 1%min shaking time in both cases. The combined chforoform extracts were 
diluted to 50 ml. A 2-ml aliquot plus 3 ml of 0.1% quercetin in ethanol was diluted 
to 25 ml with ethanol and measured at 420 rnp against a quercetin blank. The 
results are shown in Fig. 1. There is a break in the curve where the ratio of MO to 
a-benzoinoxime is slightly less than 1:2, which indicates that the precipitate in the 
absence of chloroform should have this composition. The extractions were repeated 
with the water layer adjusted to pH 2. The results are also shown in Fig. 1. It is 
clear that 1: 2 composition is still present, but that the extraction is incomplete. 
This is in agreement with the suggestion that formation of the MOO?+ species is not 
complete until the acidity is greater than pH 0.9. 

Preliminary experiments to determine the composition of the molybdenumvI-a- 
benzoinoxime complex indicated that the blue colour noted by previous workers4 
was caused by reduction of molybdenum by excess a-benzoinoxime in the precipitate. 
To prepare a sample of pure complex, 20 ml of 0.0156M a-benzoinoxime in ethanol 
was added dropwise to 40 ml of ice-cold 0.0052~ mofybdenumvl in 5% sulphuric 
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acid. After 15 minutes standing the precipitate was filtered, washed twice with 5 ml 
of ethanol to remove excess reagent, and dried at 105”. The white precipitate did 
not turn blue, and in a separate test it melted sharply at 158-9”. Three more samples 
were prepared in the same way. These were dried at 105” and weighed, and on 
ignition to MOO, they gave 16.40, 16.52, and 16.45% MO in the dried precipitate, 

Since molybdenumV1 exists in acid solution as MoOZ2f and the complex contains 

TABLEI. SOLUBILITY OF WBENZOINOXIME (ABH) AND MOLYBDENUM COMPLEX 

OF CC-BENZOINOXIME (MO-ABH) 

Solvent, 
Volume % 

Water-Ethanol 
25 
50 
75 

Water-Acetone 
25 
50 

100 

ABH, MO-ABH, 
g/100 ml g/100 ml 

I 

0.20 
0.30 
1.25 

0.20 0.004 
1.90 0.006 

13.50 0.014 

molybdenum: a-benzoinoxime in a 1: 2 ratio, it appears that the molybdenumvr-a- 
benzoinoxime complex should be described as bis(a-benzoinoximato)dioxomolyb- 
denurn”, MoO~(C~~H~~O,N),. This complex contains 16.51% MO, is based on 
MoOZ2+, and has the correct ratio of molybdenum to a-benzoinoxime. 

TABLEII. EFFECT OF ACETONE CONCENTRATION 

% Acetone MO taken, MO found, 
at end V TT 

33 12.5 12.1 
25 12.5 12.3 
20 12.5 12.4 
20 12.5 12.5 
15 12.5 12.5 
15 12.5 12.6 

I Error, 

mg 

-0.4 
-0.2 
-0.1 

- 
- 

-to.1 

Quantitative precipitation of molybdenum 

Quantitative precipitation of the complex was attempted. Based on the results 
in Table I, acetone was used as the solvent for the reagent. From preliminary experi- 
ments it was clear that the acetone concentration was critical and that the precipitate 
matted on the crucible if it was not covered with wash liquid. The results in Table II 
show that up to 20% acetone can be present in the final solution without affecting 
the results. With some acetone present, precipitation of excess reagent is not a 
factor. Since it is very difficult to tell when enough reagent has been added, another 
series of experiments was run to check the effect of excess reagent. In all cases the 
final acetone concentration was held to 15-20 % by addition of water. The results are 
summarised in Table III. Further experiments using 25,50, and 100 mg of MO showed 

3 
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that up to 100 mg of MO could be precipitated. However, 25 mg is the largest con- 
venient amount because above this the washing and handling of the precipitate 
becomes difficult. With 50 mg the precipitate mats together, and washing becomes 
extremely slow. 

In previous work15 niobium, silicon, tantalum, palladium, tungstenvl, vanadiumv, 
and chromiumV1 interfered in the precipitation of molybdenumvl. The precipitation 
of palladium by the reagent cannot be avoided and palladium must be absent. 

TABLE III. EFFECT OF EXCESS REAGENT 

‘A Excess 
of Oxime 

MO taken, 

“‘8 

MO found, 

mg 

Error, 

w 

10 12.5 12.4 -0.1 
25 12.5 12.5 - 

50 12.5 12.4 -0.1 
100 12.5 12.4 -0.1 

Niobium, silicon, and tantalum are precipitated as hydrated oxides by the acid and 
can be separated, provided that no molybdenum is carried down by the hydrated 
oxide. TungstenV1 is precipitated by the reagent and must be absent.3 The inter- 
ference of vanadiumV and chromiumV1 is avoided15 by reduction with sulphur 
dioxide or ferrous ammonium sulphate. In the regular procedure for determining 
molybdenum in steel,2 vanadium and chromium do not interfere. It was necessary to 

TABLE IV. EFFECT OF Fe, Cr, AND V ON MO” PRECIPITATION 

Added 
MO taken, MO found, Error, 

FeLSO&~XH@, Cr% VBOS, m? mg w 

g 8 g 

2.5 25.0 25.0 

2.5 25.0 24.9 

0.02 25.0 24.8 

0.02 25.0 25.1 

0.04 25.0 25.1 

0.04 25.0 25.1 

2.5 0.02 0.04 25.0 25.0 

2.5 0.02 0.04 25.0 24.9 

- 
-0.1 
-0.2 
+0.1 
i-o.1 
t-o.1 

- 

-0.1 

check the interference of Fe ‘I1 Cr”‘, and VI’ in precipitation of the complex. When , 
the precipitate from a sulphuric acid solution containing both MoV1 and FeI’r was 
washed with aqueous acetone to remove reagent, the precipitate turned brown 
showing hydrolysis of the iron. This difficulty is eliminated by using 1% sulphuric 
acid to transfer the precipitate to the crucible and to wash the precipitate before the 
50% acetone wash. Cry1 and Vv were added to MovI solutions and then excess 
ferrous ammonium sulphate was added to form CrlI1 and Vrv. The precipitation of 
Mov’ was then carried out as described using the sulphuric acid wash. Typical 
results of all these experiments are summarised in Table IV. It is apparent that Fe”‘, 
Fe”, C$Ir, and VIv do not interfere in the determination of MoV1 by the following 
recommended procedure. 
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Procedure: To 25 ml of 5 % sulphuric acid containing 8-20 mg. of MO” add excess ferrous am- 
monium sulphate to reduce chromium and vanadium, and then dropwise, with stirring, 10 ml 0.05M 
a-benzoinoxime in 1: 1 aqueous acetone. After 10 min decant into weighed sintered-glass crucibles, 
Wash by decantation with 5 ml of 1% sulphuric acid and transfer the precipitate using water. Do 
not allow all the solution to be drawn out of the crucible or the precipitate will mat. Wash the walls 
of the crucible and the precipitate with two 5-ml portions of 1: 1 aqueous acetone. Dry at 105” for 
1 h and then for 0.5-h periods to constant weight. The precipitate contains 16.51% MO. 

TABLE V. DETERMINATION OF MO IN NBS STEELS 

NBS MO, 
No. % 

106 0.164 

139 0.178 

159 

36 1.01 

0.414 

- 

_- 

L 

Sample, 

g 

5.0620 
5.0063 
4.9964 

5.0135 
5.0685 
5.1698 

3.9952 
3.9921 
4.1141 

2.1918 
2.1219 
1.9974 

Complex, MO found, 

g % 

0.0497 0.162 
0.0493 0.163 
0.0492 0.163 

0.0547 0.180 
0.0565 0.182 
0.0549 0.175 

0.1007 0.416 
0.0996 0.412 
0.1049 0.420 

0.1335 1.014 
0.1290 1.004 
0.1217 1.006 

This procedure was then used to determine MO in some NBS steels which con- 
tained no tungsten. The procedure of Knowles2 was used to dissolve the samples, 
oxidise the carbon, and remove insolubles. Since the volume was large, acetone was 
added to give 15-20 % acetone by volume after the reagent was added. These results 
are summarised in Table V. 

Extraction of molybdenum 

Goldstein, Manning, and Meni@ determined small amounts of molybdenum by 
extraction with u-benzoinoxime followed by determination with quercetin. Both 
vanadium and tungsten were found to interfere in the determination. Since the 
interference of vanadiumV in the precipitation of molybdenum was prevented by 
reduction with ferrous ion, the reduction of vanadiumV was tried in the extraction. 
In a later section it will be shown that phosphate ion prevents the precipitation of 
tungstenV1 by a-benzoinoxime. This was tried in the extraction. The solubility of 
the molybdenum complex in the extracts was improved by dilution with ethanol 
rather than chloroform as previously suggested. 

Revisedprocedure: 1. Add 5 ml of KH,PO, solution(1 ml = 1 mg KH,POaand 100 mg of ferrous 
ammonium sulphate hexahydrate to the 5 % hydrochloric acid solution containing the molybdenum 
before extraction. Up to 4 mg of Wrr and 2 mg of Vv may be present when determining 1 mg of 
Mo”. 

2. Dilute the washed chloroform extracts to 100 ml with 95 % ethanol rather than with chloro- 
form. The molybdenum complex dissolves in the ethanol. 

3. Use 2 ml of the diluted extract to measure 1 mg of Movr. 



256 HENRY J. HOENE~ and K. G. STONE 

The results of the procedure using these changes are summarised in Table VI. It is 
seen that Vv requires a higher concentration of Fe” for reduction in the absence of 
phosphate ion than in the presence of phosphate ion. Also there is a slight negative 

error caused by Vv plus phosphate ion in the absence of WV’. It appears that our 
knowledge of the chemistry of complex ions is inadequate to explain these cases. 

2. Tungsten complex with a-benzoinoxime 

The nature of the tungstenV1 species in solution has been summarised by HuckelQ 
and by Bettinger and Tyree r6. All workers agree that either H,WO, or H,WO, - 2H,O 

TABLE VI. ELIMINATION OF INTERFERENCE OF VANADIUM AND TUNGSTEN M THE EXTRACTION 

OF MOLYBDENUM 

Interference, mg 

- 

I 
I_ VV 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.0 

2.0 

Inhibitor, mg I Molybdenum, mg 

KH,PO, 

I 

Fe(NH,),(S0,)2. 6H,O Present Found Error 

/ 1.00 0.98 -0.02 

1.00 - 

0.99 -0.01 

1.45 +0.45 

1.15 +0.15 

2.5 0.99 -0.01 

2.5 0.99 -0.01 

2.5 0.99 -0.01 

1.05 so.05 

1.04 -to.04 

1.00 - 

2.5 0.95 -0.05 

2.5 50 1.00 - 

2.5 50 0.99 -0.01 

5.0 100 1.01 10.01 
- 

is precipitated from acid solutions. Phosphoric acid forms phosphotungstic acid 
with tungsten ‘I but the exact nature and molecular weight of this compound in 
aqueous solution are unknown. I7 The limiting composition in the solid state is 
12W:1P.s A complex ion, W0,F,2-, keeps tungstenV1 in solution in the presence of 
fluoride ion.18y1g From this point of view it is interesting that tungstenV1 is precipitated 

by 8-quinolinol from acid solution as W0,(C,H60N)2.20 
To determine the ratio of tungsten to cc-benzoinoxime in the complex the ex- 

traction procedure used for the molybdenum complex appeared to be applicable. 
Since tungsten was an interference in the quercetin method for molybdenum* but no 
further work was done, the spectrum of the tungsten-quercetin complex was studied. 
Some tungsten-u-benzoinoxime complex was prepared by adding u-benzoinoxime 
in acetone to freshly acidified tungstate solution and washing out excess reagent from 
the precipitate with acetone. The precipitated complex was dissolved in ethanol and 
0.1% quercetin in chloroform was added. The absorption spectrum is shown in 
Fig. 2. In addition to the peak at 425 m,u a second broad absorption (370-380 rnp) 
was found for tungsten. Molybdenum gave only a peak at 420 rnp so that tungsten 
could be measured at 375 rnp even in the presence of molybdenum. When the 
extraction of the tungsten-cr-benzoinoxime was attempted, it was found that almost 
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no tungsten was extracted in spite of the appearance of a white precipitate at the 

water-chloroform interface. The addition of sodium dihydrogen phosphate de- 

creased the amount of tungsten extracted. Since the tungsten-a-benzoinoxime 
complex appeared to be soluble in chloroform, the solubility was determined by 
evaporating a saturated solution to dryness and weighing the residue. The solubility 
was 0.12 mg of complex per ml of chloroform at room temperature. This solubility 
is too low to be of practical use for quantitative extraction, so the extraction experi- 
ments were abandoned. 

a 

400 390 360 370 360 

Wavelength. mp 

FIG. 2. Absorption spectrum of tungsten-quercetin complex versus quercetin. 

Next, a series of solutions containing 0.1 millimole of tungstate ion in 10 ml of 
4% sulphuric acid and O.OOlM sodium dihydrogen phosphate were precipitated 
with a-benzoinoxime in 50% acetone as described for molybdenum. The samples 
using 0.04-0.4 millimole of a-benzoinoxime gave precipitates weighing from 1.4 up to 
4.7 mg. These results suggest that phosphoric acid prevents the precipitation of the 
tungsten-a-benzoinoxime complex. The experiments were repeated omitting the 
phosphate addition but making the solution O.lM in potassium fluoride to prevent 
precipitation of the tungsten. As the amount of a-benzoinoxime was increased, the 
weight of precipitate increased up to the mole ratio of tungsten to a-benzoinoxime of 
0.5 as shown in Fig. 3. Thus it is seen that the precipitated complex contains one 
mole of tungsten to two moles of a-benzoinoxime. 

Portions of a tungsten solution were made 15% in acetone and slightly more 
than 2 moles of a-benzoinoxime in 50% acetone per mole of tungsten were added. 
The precipitates were filtered, washed with small portions of 50% acetone to remove 
excess reagent and with water, and dried at 110”. The dried material was ignited at 
500” and weighed as tungstic oxide. The results are listed in Table VII. Since the 
precipitate was expected to be WO,(CIIH1,O,N),, which contains 27.51% tungsten, 
the average of 27.58% tungsten found combined with the proper ratio supports the 
formula expected from analogy with the molybdenum complex as well as the 8- 
quinolinol-tungsten precipitate. 

Attemptedprecipitation of tungsten 

Since it was found that tungsten gave an a-benzoinoxime precipitate of definite 
composition, the gravimetric determination of tungsten by a procedure analagous 
to that for molybdenum was tried. The solubility of the complex in acetone solutions 
was checked by evaporating 150-ml portions of solutions saturated at 25” and 
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weighing the residues. From the results in Table VIII it is seen that the tungsten 
complex is only sparingly soluble in dilute acetone and that no great losses will 
result using 15 % acetone as the solvent, as was done with the molybdenum. 

Mole ratio W:a-Beruoln oxime 

FIG. 3. Precipitation of tungsten complex with varying amounts of a-benzoin oxime. 

TABLE VII. TUNGSTEN IN THE C+BENZOINOXIME COMPLEX 

Complex, g 0.1848 0.1949 0.2073 0.1987 0.1720 
WGS, g 0.0645 0.068 1 0.0715 0.0689 0.0691 
o/o W in Complex 27.68 27.70 27.42 27.50 27.59 

Average I 27.58 

TABLE VIII. SOLUBILITY OF ruNosrEN-a-r3ENzomrox~E COMPLEX 

Acetone, 
Volume % 

Complex 

mglml 

50 0.30 
25 0.19 
15 0.02 

The original precipitation was made by acidifying a tungstate solution with 
sulphuric acid and adding a-benzoinoxime in SO’% acetone. The precipitate obtained 
weighed only half as much as expected and by visual inspection contained tungstic 
oxide. When the tungstate solution was acidified with hydrochloric acid, and potas- 
sium fluoride was added to keep the tungsten in solution, again only half the expected 
weight of or-benzoinoxime precipitate was found. On acidification of the tungstate 
solution with sulphuric acid and adding a 20 % excess of potassium fluoride based on 
the WOZFd2- ion, the a-benzoinoxime precipitates obtained were always slightly less 
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than expected. In addition, anything which consumed fluoride ion, such as ferric 
ion, caused low precipitate weights. It appears that the fluoride:tungsten ratio is 
quite important. 

A series of equal samples of tungstate solution were mixed with varying amounts 
of potassium fluoride, acidified with sulphuric acid, and precipitated with oc-benzoin- 
oxime, and the precipitates were weighed and calculated as W02(C&H1,0,N),. 

Male ratio (F-).WfO$) 

FIG. 4. Efkct of fluoride ion concentration on tungsten precipitation. 

From the results in Fig. 4 it is seen that the ratio of fluoride ion to tungsten must be 
controlled more closely than is reasonable for unknown samples. Therefore further 
investigations were abandoned. 

Yagoda and FaIes3 reported the simultaneous precipitation of molybdenum and 
tungsten by cr-benzoinoxime. Based on the preceding experiments it is clear that 
Yagoda and Fales were successful because the mixture was ignited to oxides and 
that the precipitate probably contained molybdenum-~-benzoinoxime complex, 
tungsten-~-benzoinoxime complex, and tungstic oxide. 

3. Vanadium complexes with cc-benzoinoxime 

The literature on the vanadiumV species in acid solution has been thoroughly 
reviewed by Rossotti and Rossotti 21. Using spectrophotometri~ and potentiomet~c 
measurements VO$ ion was found to be the sole species in the pH range &OS to I .3. 
In the pH range 2.5-3.5, HaVr002s4- ion was the predominant species. From pH 1.3 
to 2.5 both ions were present in varying proportions. When an acetone solution of 
cc-benzoinoxime was added to vanadiumv solutions, the following results were found. 
Above pH 4 no precipitate formed. At pH 2.8 and 2.0 a yellow precipitate formed, 
with much more at pH 2.0. At pH 1.5 a white precipitate formed only after long 
standing. 
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In an attempt to characterise the yellow precipitate, portions were washed with 
I : 1 aqueous acetone, dried under various conditions and ignited to vanadium 
pentoxide. The vanadium content was found to vary widely; the yellow precipitate 
changed colour from 115-130”, and the crystals did not melt sharply. It was con- 
cluded that the yellow precipitate was not a pure compound. Quite accidentally it 
was discovered that when the yellow precipitate stood in the mother liquor for 
several hours, it was converted to a flocculent white precipitate which was not oc- 
benzoinoxime. When portions of this were washed with acetone to remove excess 
reagent, dried at 105”, and ignited to vanadium pentoxide, successive samples of 

TABLE IX, pH EFFECTS ON VANADIUM+BENZOINOXIME PRECIPITATXON 

PH 
Precipitate 

/-.-_ --. 
, 

Immediate 
I 

After 2 days 

3 yellow yellow 
2 yellow white 
1.5 none white 

white precipitate were found to contain 16.43, 16.53, 16.40, and 16.56% vanadium.. 
The expected precipitate, V02(C14H1202N), contains 16.47 % vanadium. Additional’ 
experiments were conducted at different pH values. All of the experiments are 
summarised in Table IX. Qualitatively these results follow the experiments of 
Rossotti and Rossotti. At pH 3 the yellow precipitate would be based on a complex 
decavanadate which would not change. At pH 1.5 the white precipitate would be 
based on the VO,+ ion. At pH 2 the yellow precipitate changing to a white precipitate 
implies that the yellow precipitate dissolves to change to the less soluble, less complex 
white precipitate. A qualitative test showed that the yellow form was much more 
soluble in 1: 1 aqueous acetone than the white form. 

In an attempt to determine vanadium gravimetri~ally precipi~tions were made at 
pH 3 and allowed to stand, to change to the white precipitate, or precipitations were 
made by long standing at 1.5. In all cases the white precipitates were contaminated 
with excess reagent. If sufficient acetone was included to hold the excess reagent in 
solution, then the precipitation of vanadium was not quantitative. As a result, 
gravimetric studies were discontinued. 

Extraction of the vanadium-u-benzoinoxime complex 

Since the extraction of molybdenum” using c+benzoinoxime had been successful, 
the same process for vanadium’ was investigated. Preliminary experiments showed 
that the yellow complex was easily extracted into chloroform. Several difficulties 
soon became apparent. The extraction is dependent on the pH, with best results. 
obtained at pH 2.2. The extraction is time dependent, with the best results found by 
lo-min shaking on an automatic shaker. The yellow complex is not stable, but fades 
with time. The last two difhculties may be attributed to the conversion of the yellow 
form to the white form which is less sokble in chloroform and eolourless in solution_ 
With larger amounts of vanadium the colour change was from yellow to greenish- 
blue, indicating reduction of the vanadium. One way to minimise these difficulties 
would be to transform the vanadium to a more tightly bound complex following 
extraction into chloroform. 
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A survey of the literature on vanadium complexes suggested that the vanadium 
%quinolinol complexz2 was stable and had the advantage that the red colour (550 mp) 
was in a region where molybdenum and tungsten did not absorb. It was found that 
the complex formed readily on adding the chloroform solution of the vanadium-a- 
benzoinoxime complex to an ethanol solution of 8-quinolinol. To check this method 
the following procedure was used. 

0.6 06 IO 12 14 

Mole ratio V.o-Benzoin oxime 

FIG. 5. Determination of vanadium: cc-benzoin oxime ratio by extraction. 

Procedure: A lo-ml portion of vanadiumV solution was adjusted to pH 2.2 with hydrochloric or 
sulphuric acid and extracted for 1 min with 10 ml of 0.1 o/0 a-benzoinoxime in chloroform. The 
chloroform extract was drawn off into a loo-ml volumetric flask containing 10 ml of 0.1% Squino- 
linol in 95 % ethanol. The aqueous layer was extracted with two more lo-ml portions of a-benzoin- 
oxime solution and finally with one lo-ml portion of chloroform. Twenty ml of 95 ‘A ethanol were 
added and the flask was filled to the mark with chloroform. After mixing, the absorption was 
measured at 550 m,u against a blank containing everything except the vanadium. It was found that 
Beer’s law was followed for 5-80 pg of vanadium per ml of the starting aqueous solution. The 
extraction of the vanadium was complete as shown by a negative Feigl test.2* 

This extraction method was used to establish the ratio of vanadiumv to cr-benzoin- 
oxime in the complex extracted. Solutions containing 0.01-0.0275 millimole of 
vanadiumV were extracted with two IO-ml portions of 1 x 10-3M cr-benzoinoxime 
in chloroform (total 0.02 millimole) and the colour was developed and measured as 
before. The results are shown in Fig. 5. It is seen that the complex has a 1 :l com- 
position and that excess reagent is needed to get quantitative extraction. 

Determination of vanadium 

The determination of vanadiumV by extraction with 8-quinolinol proposed by 
Talvitii22 requires the removal of iron ‘I1 before extraction. Using a-benzoinoxime as 
previously described eliminates the effect of ironlI1 and does not introduce any other 



Present 

Vanadium, mg 

Found Difference 

0.49 0.48 -0.01 
0.49 0.47 -0.02 
0.49 0.49 - 

0.49 0.49 - 
0.49 0.49 - 
0.49 0.47 -0.02 
0.49 0.45 -0.04 
0.49 0.46 -0.03 
0.49 0.43 -0.06 

0.35 -0.14 
0.49 0.49 - 

0.49 0.49 - 
0.49 0.49 - 
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difficulties. The vanadium in 10 ml of solution containing 0.049 mg per ml was 
determined as previously described. A variety of possible interfering ions was added. 
The results are summarised in Table X. The interference by antimony was caused by 
precipitation of a white substance which turned yellow with time, suggesting the 
adsorption of vanadium. This is supported by the decrease in vanadium found when 
the acid solution stands 24 h before extraction. The other low results are found 
with ions which form heteropoly acids with vanadiumv. 

TABLEX. EFFECT OF IONS ON THE DETERMINATION OF VANADIUM 

Ion, mg 

MO”’ 2.50 
Wvr 2.50 
Cry’ 2.50 
MnV” 2.50 
CU” 2.50 
SiIv 2.50 
BiIII 2.50 
UV’ 2.50 
Sbm 2.50 

after 24 h 
H3P04 1.25 
Fen1 2.50 
Al”’ 2.50 

4. ChromiumV1 complex with cc-benzoinoxime 

Since there is some evidence for the existence of CrOZ2+ in acid dichromate 
solution,9 experiments were run to determine if an a-benzoinoxime complex was 
formed. When u-benzoinoxime in 1: 1 aqueous acetone was added to potassium 
dichromate in 5 % by volume hydrochloric acid, a bright orange precipitate formed. 
Within minutes, however, the precipitate changed to a greenish-brown gummy mass. 
It appears that the reagent is oxidised by the chromiumVr so that no useful pre- 
cipitations are possible. An attempt was made to extract chromiumV1 from 5% 
hydrochloric acid using the procedure as described for vanadium. To test for 
chromium, diphenylcarbazide6 was used. The largest amount of chromium found 
was only 1% of that put into the solution to be extracted. It was therefore concluded 
that further work at this time was not worth while. 

Acknowledgment-The financial support of the Socony Mobil Oil Company and the Renaud 
Foundation which made this work possible is gratefully acknowledged. 

Zusammenfassung-Molybd&r(VI) wird durch cr-benzoinoxim als MoO,(C,,H,,O,N), aus LGsungen 
von pH2 bis hinauf zu 5 Vohunpercent Schwefelslure gefallt. Die Methode von Knowles zur 
Bestimmung von Molybdan in Stahl wird modifiziert, sodass der Niederschlag gewogen werden 
kann ohne erst zum Oxyd vergliihen worden zu sein. Die bei der Extraktion des Komplexes mit 
Chloroform auftretende Stiirung durch Wolfram und Vanadin wird durch Zusatz von Dihydrogen- 
phosphat und Eisen(II)-Losung ausgeschaltet. Wolfram bildet eine analoge Komplex und fiillt auf 
Zusatz des Reagenses zu einer frisch mit Schwefelslure angesluerten Wolframsalzlbsuug aus. Die 
Fallung des Wolframs ist jedoch nicht komplett, selbst nicht in Anwesenheit von Fluorid- 
oder Phosphationen. Die Extraktion des Wolframkomplexes ist nicht anzuraten, da seine Liislich- 
keit zu gering ist. Vanadin(V) formt mit Benzoinoxim bei pH3 einen gelben Niederschlag und bei 
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pH1.5 nach langem Stehen einen weissen Niederschlag. Der gelbe Niederschlag geht bei llngerem 
Stehen in die weisse Form iiber. Der weisse Niederschlag nat die Zusammensetzung VOI(ClpHleOaN) 
enthalt aber stets erhebliche Mengen von Flllungsmittel. Der Vanadinkomplex kann bei pH 2.2 
mit Chloroform extrahiert werden und wird zur Messung in den Oxinkomplex tibergefuhrt. Wismut, 
Antimon(II1) und Uranyl verursachen IeichteStbrung. Chrom(V1) oxydiert dasReagens sorasch, dass 
keine Studien mijglich waren. 

R&urn&--Le molybdeneV1 est precipite par l’a benzo’ine oxime sous forme de MoO&&H,,O,N), 
dans des solutions acides de pH2 contenant jusqu’a cinq pour cent en volume d’acide sulfurique. 

Le procede de Knowles pour le dosage du molybdtne dans les aciers est modifie afin d’obtenir 
des precipites qui peuvent dtre peses sans calcination a l’etat d’oxyde. Dans l’extraction de ce com- 
plexe du molybdbne par le chloroforme, l’interference du tungstene et du vanadium est eliminee par 
addition d’ion HzP04- et d’ion ferreux. Le tungsteneV1 forme WO,(C,,H,,O,N), par addition 
d’a benzoine oxime a des solutions de tungstate fraichement acidifiees par l’acide sulfurique. La 
precipitation du tungstene sous forme de ce complexe n’est pas complete meme en presence d’ions 
fluorure ou phosphate. L’extraction du complexe du tungstene par le chloroforme n’est pas faisable 
a cause de sa solubilite limit&e. Le vanadiumv forme avec l’a benzo’me oxime un precipite jaune Q 
pH3 et, apres un temps assez long, un pr6cipite blanc a pH1,5. Le precipite jaune se transforme a 
la longue en precipite blanc. 

Le precipite blanc a la composition suivante: VO,(C,,H,,O,N) mais il est toujours contamine 
par un exces de reactif. En utilisant le complexe avec l’a benzo’me oxime, le vanadiumv peut &tre 
extrait B pH 2,2 par le chloroforme et transform6 en un complexe avec le I-quinolinol pour permettre 
des mesures. Le bismuth, I’antimoineIII et les ions uranyl genent legerement. Le chromeVI en 
solution acide oxyde I’a benzome oxime si rapidement qu’aucune etude n’a CtC possible. 
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Summary--The free energies of formation of a range of ligands with MrP Ferr, Co11 and Znr’ have 
been related to ligand field stabilisations, and it has been found possible to predict on theoretical 
grounds deviations from the Irving-Williams order. 

THE ligand field stabilisations in complexes of a given ligand with Fen, Cotr and Nirr 
have been shown*~2 to be approximately proportional to the difference, A, in the free 
energies of formation of the complexes of MnIr and ZrP with the ligand. The free 
energies are corrected for the hydration energies of the metal ions. Thus, the course 
of the formation constants in the series MtP to Znrr (with the possible exception of 
Curr) can be represented by such simple expressions that it is possible to calculate the 
constants for unknown members of the series if any two are known. With the aid of 

additional data taken from a recent compilation3 and results obtained in our labora- 
tories4 it is possible to present more exact relationships covering a wider range of 

A values. 
As before, the monotonic function which describes the increase in stabilities 

through the series Mnt’ to ZnlI in the absence of any ligand field stabilisation is 
assumed to be linear. Some justification for this is given by the results of Holmes 
and McClure5 who show a linear increase in the resulting hydration energies of the 
bivalent transition metals after corrections are made for the spectroscopic ligand 

field stabilisation energies. Then from this assumption and definition of A the 

following equations can be set up: 

A = AFzn + AHhzn - AF,, - AHhHn 

AF,i = +A + AF,n + AH,,,, - AH,,, + ElfNi 

AF,, = $A + AFYn + AHT_ - AH,,, + Elfco 

AFre = +A + AF,, + AHizMn - AHfire + E,,, 

where AF, is the free energy of formation of a complex from the aquo ion, M2+, 

AH,, is the hydration energy of M2f and E,,, is the ligand field stabilisation energy 
of the complex. 

Using the Benjamin and Gold hydration energies6 the equations became 

A = AF,, - AF,, - 47.6 kcals 

AFm = %A + AFan + 62.3 + EljNi kcals 

AFc,, = $A + AF,, + 50.0 + ElfOo kcals 

AF,, = $A + AF,, + 17.9 + E,,, kcals. 
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These equations can be used to obtain the ELf if the free energies are known or can 

be used to calculate unknown AFM using two known values and the equations given 

below. 
Simple proportionalities do not exist as first given, lT2 but the relationships between 

the Elf and A can be described by linear equations, the parameters of which depend 

on the metal ion and the type of complex. For the NP complexes three equations 
are sufficient. These represent straight lines which intersect at the point for the aquo 
ion. The octahedrally symmetrical complexes (Ni[H,0],2+, Nien,2+ and Ni[l :lO- 
phenla2+) give the relationship 

Elf = 1.13A + 20.3. 

Those complexes with ligands that co-ordinate only through oxygen (oxalate, malonate 
and salicylaldehyde) also obey this ,relationship. It is thus indicated that not much 
difference exists in the behaviour of oxygen as a charged or uncharged donor, in this 
respect. Values of Etf for the pyridine and %hydroxyquinoline-Ssulphonate com- 
plexes are also given by this equation. 

For those mixed complexes in which both amino nitrogen and oxygen are co- 
ordinated, lower values of Elf,, are given by 

E 
LfNi 

= 0.88A + 8.1. 

These complexes are represented by Ni(glycinate)(H,O),+, Ni(glycinate),(H,O),, 
Ni(EDTA)2-, Nien(H,0),2+, Nien2(H20)22+, Ni(nitrilotriacetate)(H,O),, Ni(2:2- 
diaminodiethylamine)(H,O), , 2+ Ni(ethylenediamine-N:N-diacetate)(H,O), and Ni(2- 
methylthioethyliminodiacetate)(H,O),. The complex Ni[N:N:N’:N’-tetrakis (2- 
aminoethyl) ethylenediamine] also obeys this relationship. This may be an indication 
that all of the nitrogen atoms are not co-ordinated with this latter ligand. The lower 
stabilisation in this series probably results from the lower symmetry of the ligand 
field about the nickel ion. 

The lowest values of E EfN, are obtained with the complexes Ni(mercaptoacetate)EP1 
and Ni(2 :3-dimercapto- 1-propanolate) i-. * 7 Here the relationship is 

E 
ZfNi 

= 0.358 - 17.3. 

The octahedral cobalt11 complexes give the result 

E 
lfco 

= 0.84A + 8.7 

while in the mixed complexes (oxygen, nitrogen, sulphur) the relationship simply is 

E lfC0 = 0.668. 

The values of E,, for FeII are relatively small and for both octahedral and mixed 
complexes one equation suffices. This is 

E 
lfFe 

= 0.27A + 4.2. 

A departure from this occurs with the well known 1: lo-phenanthroline. The observed 
value of E,, for the tris-(1 : lo-phenanthroline) iron” ion is much greater than 

* The vJlue of A was calculated using the formation constants of MII(DMP),~- and Zn(DMP),e- which 
have been found to be 3 x lO+‘O and 1.8 x 1O+*8 at 30” (ref. 4). These give the largest value of A so far 
observed. 
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would appear likely from the stabilities of the Mnrr, Nirr and Znlr complexes. 
This is a consequence of the fact that in the diamagnetic Ferr complex all the 
electrons are in the t,, orbitals and enter into n bonding with the ligand molecules. 

In the absence of steric or other abnormal factors these equations give an uncer- 
tainty in AF of about +l kcal for the larger A values. The uncertainty is less for 
small values of A. If a more accurate value of a constant is needed, it is, of course, 
better to measure it under the prescribed set of conditions to be met in practice. 

In addition to the case of tris-(1 :lO phenanthroline) ironrr mentioned above, 
other deviations from the Irving-Williams order of complex stabilities are observed. 

TABLE I.-THE FREEENERGIESFORTHEREACTION 

M,“+ + SO&-t MSO,, 
T=25” 

M 
AF,,, a obs, AF,,, talc, 
kilocalories kilocalories 

Mne+ -3.07 (-3.07) 
FeS+ - -3.5 
coa+ -3.21 -3.6 
NP+ -3.16 -3.2 
ZrP+ -3.25 (-3.25) 

a From Reference 9. 

One deviation is found with the mercaptides where the NilI complexes are appreci- 
ably less stable than those of Zn II. It appears that this is the result of abnormalities 
in the Nirr complexes rather than in the A values as given by the Mnrr and ZnI1 
complexes. The Nirr complexes are diamagnetic and the lower values of ElfN, 
can be attributed to the electron repulsion energy which is lost in pairing up the 
electrons. If no delocalisation of electrons occurs through 7~ bonding this energy is 
not regained and net lower stability results. 

Another deviation from the Irving-Williams order occurs with the weak complexes. 
In the sulphates, for example, the Nilr complex has been found9 to be less stable 
than even that of Corr. The effect can be attributed primarily to the hydration 
energies, which are the largest in this series for the Nilr ion. An analogy, in this 
respect, exists with the solubilities of the transition metal salts where an inversion of 
nickel also sometimes occurslO. 

Calculated values of the free energies of formation of the sulphate complexes are 
given in Table I, together with those observed. It is seen that the relationships 
presented in this paper, which were obtained from systems in which the Irving- 
Williams order is obeyed, correctly predict the inversion with the Nilr sulphate 
complex. The calculated free energies of formation compare favourably with those 
observed and the order of stability of the NilI complex is correctly placed. 

Another deviation of this type must also occur with the chloride complexes. Here 
it is found that nickel11 is not extractable from solutions as an anionic chloro complex 
with ion-exchange resins even though media up to IOM-1lM in hydrochloric acid 
have been used. The other metal ions in this series are, on the other hand, easily 
extractable. 
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Zusammenfassung-Die freie Energie der Komplexbildung einer Reihe von Liganden rnit Mn(II), 
Fe(II), Co(H) und Zn(I1) wurde zur Stabilisierung des Lignadfeldes in Bezugvgesetzt. Es wurde 
gefunden dass es derart mijglich ist auf Grund theoretischer Grtlnde Abweichungen von der Irving- 
Williams-Reihe vorauszusagen. 

R&sum&--Les energies libres de formation dune serie de composes de Mn(II) Fe(II), Co(I1) et Zn(II) 
ont BtC reliees aux “stabilisations du champ du compose” et l’auteur a trouve qu’il dtait possible de 
predire sur des bases thtoriques, les ecarts a l’ordre de Irving-Williams. 
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Summary-A new method is given whereby oxygen excess or deficiency in many minerals and oxides 
may be simply determined. The method depends on the stability in phosphoric acid-pyrophosphate 
mixtures of both MrP and Mn II. The sample is dissolved in a phosphoric acid mixture containing 
excess MG, with or without the addition of standard oxidant, and Mn” remaining in solution or 
produced by reaction with the sample is titrated with ferrous ammonium sulphate, using barium 
diphenylamine sulphate as indicator. The method is useful in many cases where existing methods are 
inapplicable or unsatisfactory. Accurate results can be obtained using relatively small samples. 

IN presenting the results of silicate rock and mineral analyses, it is standard practice 
to report both ferrous and ferric oxides. “Ferrous iron” is determined by solution 
of the sample in acid and titration with standard oxidant: the titration is assumed to 
be proportional to the ferrous iron content (after making certain corrections, e.g. for 
sulphides and insoluble material such as chromite), and it is calculated to Fe0 and 
reported as such. Ferric oxide is obtained by subtracting the equivalent of the Fe0 
from the total Fe,O,. Ferrous iron determination is discussed at length by Hillebrand 

et aL4 
Although in most instances the volume of oxidant consumed by its acid solution 

is indeed a measure of the ferrous iron content of the sample, this is not always the 
case. The amount of ferrous iron in solution does not necessarily bear any relation 
to the number of Fe11 atoms in the sample itself. For instance, an equimolecular 

mixture of Fe,O, and CeO, would show no ferrous iron by the usual procedures; 
neither would the oxide Fe1rFe111Mn11104, though in each case FeII is an essential 
constituent. 

It would thus seem that there are occasions when Fe0 should not be reported as 
such but, instead, a figure for “oxygen deficiency” should be given, just as “oxygen 
excess” is reported, for example, in the analyses of certain manganese ores. In 
interpreting such results, it should be understood that the figure reported represents 
the oxygen loss or gain necessary to bring all the elements in the sample to specified 
valency states. These valences need not be the maximum stable valences; for example, 
though manganese exists naturally in both the ter- and quadrivalent condition, it will 
invariably finish bivalent in the ferrous iron determination. 

In certain mixed oxides, in particular Fe,MnO,, there may be either an excess or 
deficiency of oxygen, and it would be highly desirable to have a method whereby 
either could be determined with accuracy: such a method is presented here. 

The method depends on the stability, over a wide temperature range, of both 
bi- and tervalent manganese in a phosphoric acid-pyrophosphate mixture. Many 

* Contribution No. 59-67, College of Mineral Industries, The Pennsylvania State University, University 
Park, Penna., U.S.A. 

268 



“Ferrous iron” and “excess oxygen” in rocks 269 

oxides and silicates are soluble in this mixture and, if these contain excess oxygen 
in the sense indicated above, they have only to be dissolved in the presence of a large 
excess of bivalent manganese; the resulting MnIrl may then be quite simply titrated 
with standard ferrous solution, using barium diphenylamine sulphonate as indicator_ 
For “ferrous iron” or oxygen deficiency, a measured excess of oxidant, either perman- 
ganate or dichromate, is added to the acid mixture before dissolving the sample. The 
excess is then titrated as before with standard ferrous solution. The addition of either 
MnV1’ or Cry1 to a phosphoric acid-pyrophosphate solution of Mnrl results in 
immediate oxidation of the latter to Mnrrr. 

The procedure is similar in its essentials to one described earlier5 for the deter- 
mination of manganese. It resembles, in some respects, certain modifications of the 
Seil method6 for the determination of ferrous iron in chromite, particularly those of 
Shein’ and Goswami, who used Vv and CeIV respectively as intermediate oxidants. 
These procedures have been discussed and evaluated by Dinnin.l In the author’s 
experience, Mnrrr, produced when dichromate or permanganate is added to phosphoric 
acid-pyrophosphate solutions of bivalent manganese, is more satisfactory than either 
Vv or CeIV for this purpose, provided that certain precautions are taken in the prepara- 
tion of the reagents. 

The new method is not universally applicable, being limited to samples which 
dissolve directly in phosphoric acid-pyrophosphate, do not contain elements (notably 
sulphur and organic carbon) which oxidise variably, and do not yield peroxides on 
solution in acid. Peroxide reduces MnIIr immediately. Among materials which do 
not dissolve readily under the conditions of the procedure must be listed silicates low 
in iron and some oxides containing MnIV. 

Despite its limitations, the method has proved very useful, particularly in cases 
where other methods are inapplicable or unsatisfactory. It has been used successfully 
with chromite, various silicate minerals, and rocks, and for the determination of excess 
oxygen in various oxides. A good determination of either excess oxygen or ferrous 
iron can be made on a relatively small sample: 100 mg or less is often sufficient. 
This is of importance when only a small amount of material is available. 

In most cases where both have been used, the new and older methods agree quite 
satisfactorily; however, with some silicates (samples 5, 8, Table I) results for ferrous 
iron by the new method appear low. Further, the excess oxygen in some oxides is 
not completely recovered (Table II). Thus its indiscriminate application is inadvisable_ 

Reagents 
EXPERIMENTAL 

Ferrous ammonium sulphate: 0.01 N in 0.5 % (V/V) sulphuric acid. 
Manganous w&hate: Dissolve 100 g of MnSO,.H,O in 100 ml of water. Filter through glass-fibre 

paper to remove small particles of organic material. 
Sodium dihydrogenphosphate: Dissolve 200 g of NaHaP04.H20 in 200 ml of water. Filter through 

glass-fibre paper. 
Phosphoric acid: Reagent-grade, 85 % H,PO,. 
Potassium permanganate: 0.1 N, accurately standardised. 
Potassium dichromate: 0.1 N. 
Barium diphenyIamine sulphonate: 0.2 % aqueous solution. 
Prepare a reagent solution for each sample as follows: add 20 ml of phosphoric acid, 5 ml of 

sodium dihydrogen phosphate solution, and about 0.5 ml (more if necessary to oxidise organic 
impurities in the reagents) of 0.1 N potassium dichromate to a 250-ml wide mouth conical flask. Mix, 
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TABLE I.-COMPARISON OF RESULTS FOR FERROUS IRON 

Sample Description 

-- 
1 Shonkinite 
2 Chromite 

3 Garnet 

4 Grunerite 
5 Amphibole 

6 Pyroxene 
7 Biotite 
8 Olivine 

9 Ilvaite 
10 Granite G-l 
11 Diabase W-l 
12 Olivine 

L 

Weight, KMnO,, 

w mlO.lN 

250 
150 

200 

250 
100 

200 
200 
100 

200 
500 
200 
200 

5 
5 

2 

10 
3 

5 
10 
10 

10 
1 
1 
3 

- 
Fe0 found 

New method Other methods 

12.94 
21.23 

609 
6.10 

27.86 
17.86 
17.85 
17.29 
29.53 
59.72 

13*19* 
21.32t 
21.25f 

5.71* 

27*16* 
18.48* 

31.14 
0.94 
8.75 
7.51 

17.27. 
29.22 
60.36* 
6044* 
31.16* 

0.97s 
8.718 
7.21*11 

* Solution in HF-H,SO&, titration with KMnO, in presence of H,BO,. 
t Closed tube method. 
$ Method of SeiP. 
0 Value reported by Goldich and Oslund$. 
11 Result uncorrected for about 1% of chromite which remained largely unattacked. 

TABLE U-COMPARISON OF RESULTS FOR EXCESS OXYGEN 

4 

5 

10 
11 
12 

-- 

- 

Description 

Iron-manganese 
oxide, Fe,MnO, 

Iron-manganese 
oxide, Fe,MnO, 

Manganese oxide, 

MnsOp 

Manganese oxide, 
Mn304 

Manganese oxide, 
MnO 

Manganese oxide 
Manganese oxide 
Ceric oxide 
Praseodymium 

oxide 
Terbium oxide 
Red lead 
Cobalt oxide 

- 

-- 

- 

Weight, 

w 

500 

500 

100 

0.202 
0.202 
0.340 
6.341 
6.91 
6.92 

100 6.94 

500 0.00 

100 
100 
100 
173 

100 
260 
120 

1.54 
3.06 
4.64 
2.76 
2.65 
1.84 
1.98 
4,02 

T 
-- 

- 

Excess oxygen, % 

New method Other methods 

6.94* 

6.97* 

6.99t 
6.93” 

6.96* 
6.99t 

040 

1.54t 
3.04t 
4.65t 
3.133 

2.14: 
2.33: 
6.64$ 

* Solution in H,S04-Fe11, back titration with KMnO,. 
t Well-established calculated value. 
$ Calculated value, composition not certain. 
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and heat slowly, without boiling, gradually increasing the temperature until water is expelled and the 
excess chromate is destroyed. A final temperature exceeding 250” is required to remove excess 
chromate completely, but heating must not be continued to the point where insoluble polyphosphates 
separate. The solution should not be allowed to boil because of an extreme tendency to spatter. 

Cool until the flask can be handled, then add about 2 ml of cold water. Mix, and cool to room 
temperature. 

Add 1.0 ml of manganous sulphate solution, rinse down the sides of the flask with a very small 
volume of water, mix thoroughly, and add a measured excess of standard (O.lN) permanganate, 
sufficient to oxidise the ferrous iron expected and provide a small excess. It is essential that the 
manganous sulphate solution be thoroughly mixed with the acid before the permanganate addition. 
Dichromate may be used instead of permanganate if desired: in either case the effect is to add MnIn. 
Dichromate has the disadvantage of imparting a green colour to the final solution which obscures the 
end-point somewhat. 

Again evaporate the solution to remove most of the extra water added with the standard oxidant. 
This step may be omitted if water additions were kept to a minimum, and no more than 2.00 ml of the 
standard oxidant were used. If the sample is dissolved in a mixture containing much water, the pyro- 
phosphate is depleted during solution to the point where Mniti is no longer stable, and air oxidation 
of ferrous iron may occur. 

If the sample contains excess oxygen, no addition of standard oxidant is required. 

Sample 

The sample weight should be chosen so that no more than 10 ml of standard (O.lN) oxidant need be 
used. If excess oxygen is to be determined, not more than 0.5 to 1.0 milliequivalents should be 
present. 

Most samples require grinding to - 115 mesh or finer. Chromite should be -325 mesh. 

Procedure 

To the prepared mixture, add the sample and shake or swirl until it is uniformly distributed. Rinse 
down the sides of the flask with a very small volume of water, and heat on the hot plate, without 
boiling, gradually increasing the temperature until attack is complete. Some materials dissolve rapidly 
even before water is expelled: others, chromite for example, do not react until the temperature of the 
mixture approaches or exceeds 300”. Some leave an insoluble fraction which may be ignored. With 
silicates, it is important that the sample be well dispersed, for particles which clump together and 
become coated with silicic acid may escape attack. Not more than 0.2 to O-5 g of silicate mineral 
should be used under the conditions described, but with silicious rocks, up to 1 g will usually give no 
trouble. 

When solution is complete, cool until the flask can be handled, add 5 ml of cold water, mix 
thoroughly, and cool in running water. Dilute to about 20% in phosphoric acid, cool to room 
temperature, and titrate with O.OlN ferrous ammonium sulphate solution, adding l-2 drops of 
barium diphenylamine sulphonate indicator just before the end-point. It is best to delay the indicator 
addition until the pink colour of Mnn* is nearly discharged. 

A blank determination should be made using a small volume of standard oxidant (say 0.100 ml of 
O.lN permanganate). A small negative blank (about 0.2 ml of O.OlN solution) is always obtained. 
For example, 0.100 and 1.994 ml of O.lOOlN permanganate gave titrations of 0.81 and 19.93 ml of 
0.00993N ferrous ammonium sulphate solution when carried through the procedure, and 0.99 and 
20.13 ml when titrated directly. The actual indicator blank is very small : about 0.02 ml of O.OlN 
solution. 

If the reagents are not subjected to a preliminary treatment to remove oxidising and reducing 
impurities, the blank is very large and non-reproducible. 

DISCUSSION 

The procedure described for the preliminary treatment of the reagents to remove 
oxidising and reducing impurities is more effective than several others tried. Pre- 
paration of the reagent in bulk is possible, but has serious disadvantages: a high 
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temperature is necessary to decompose chromate completely, and the resulting 
mixture tends to freeze into a glass on standing. 

Because of the relative ease with which Mnrr is oxidised in phosphoric acid 
solution, the possibility of air oxidation was investigated, and it is certain that no 
such oxidation takes place under the conditions of the procedure. Likewise the 
stability of Mnrrr has been established, though there is a possibility of slight loss of 
oxygen when heating is continued for several hours above 360”. 

When determining ferrous iron, especially in samples which dissolve readily, it 
is essential that most of the water be evaporated from the reagent mixture before 
adding the sample. Failure to do this often leads to low results (presumably because 
the pyrophosphate formed in the early stages of reagent preparation becomes depleted, 
leaving the sample liable to air oxidation). With a ferrous olivine (sample 8, Table I) 
57.18, 57.23, and 56.54% Fe0 were found when this step was omitted, as compared 
to 59.72% when the reagent was evaporated as directed. With chromite, which is 
unattacked below about 250”, the removal of excess water before addition of the 
sample makes very little difference to the results. 

In the course of the titration, vanadium is reduced to VI’; when this element is 
present, a correction must be made if results are to be compared with those obtained 
by methods in which vanadium finishes in the quinquevalent condition. 

The behaviour of sulphur and sulphides is not stoichiometric. Most metallic 
sulphides are completely attacked by the phosphate mixture containing excess Mnrrr: 
some of the sulphur is volatilised in the elemental state; some is presumably oxidised 
to sulphate. The possibility of using an empirical correction based on the sulphide 
content of the sample was investigated, but results were not very satisfactory. If 
minor amounts of sulphide are present, a correction based on the relation 

S-- + 2Mn++++S + 2Mnff 

may be applied with fairly good results. 
Most silicate minerals to which the method can be applied dissolve readily if 

passed through a 115-mesh screen, though amphiboles and pyroxenes must usually 
be -200 mesh. Chromite should be -325 mesh. Grinding is best done by hand in 
an agate mortar, with frequent screening to remove fines so that air oxidation is 
minimised. The samples should always be passed through the appropriate screen, 
then thoroughly mixed before the determination is attempted. Grinding without 
screening is certain to be unsatisfactory. 

The heating period necessary for solution of the sample varies greatly. It does no 
harm to heat for 2 h or more at 200-250” if attack is slow. At higher temperatures, 
Pyrex is attacked rapidly, and much silica is thereby introduced. Polyphosphates 
may separate on prolonged heating at elevated temperatures. It is best to heat at 
the lowest effective temperature, for if polyphosphates separate because of too rapid 
heating, these tend to coat particles of sample, greatly slowing the rate of solution. 
The use of Vycor flasks may be desirable with chromites. 

During solution of some oxide samples, the MnlI1 colom may fade after a pre- 
liminary development, sometimes with the deposition of dark-coloured oxides. This 
is presumably due to depletion of the pyrophosphate in solution. On further heating 
to remove water, the colour reappears, and the determination proceeds normally. 
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The behaviour of the rare earth oxides is of interest. Ignited ceric oxide dissolves 
readily in the hot phosphoric acid mixture, and the excess oxgyen is quantitatively 
retained and titrated. Praseodymium oxide dissolves with the evolution of gases: 
whether this is due to peroxide formation or liberation of oxygen from solid solution is 
in doubt. Terbium oxide dissolves without perceptible gas evolution, but the values 
obtained for excess oxygen are less than indicated by the formula Tb,O,. 

Higher oxides of cobalt and lead (Co,O, and Pb304) dissolve with the evolution 
.of oxygen, and results for excess oxygen are low. 

Acknowledgment-Thanks are due to A. I. Muan for supplying oxide samples of known composition, 
to R. O’Neil for helpful criticism, and to Marilyn Grender, who carried out many of the determina- 
tions during the development of the method. 

Zusammenfassung-Eine neue Methode wird beschrieben, urn uberschuss oder Mange1 an Sauerstoff 
in Mineralen oder Oxyden einfach zu bestimmen. Die Methode beruht darauf, dass sowohl Mn(II1) 
als such M.n(II) in einer Mischung von PhosphorsHure, und Pyrophosphate bestlndig sind. Die 
Probe wird in gegenwart oder Abwesenheit von Standard-Oxydans in einer Phosphorsluremischung 
gel&t, die iiberschiissigess Mn(I1) enthiilt. Das in LGsung vergleibende oder durch Reaktion mit der 
Probe gebildete Mn(II1) wird mit Ferro-ammonsulfat gegen Diphenylamin als indicator titriert. Die 
Methode kann in vielen Flllen angewendet werden, in denen iibliche Methoden versagen oder 
unbefriedigende Resultate liefern. Genaue Ergebnisse werden mit relativ kleinen Probemengen 
erhalten. 

R&sumb-L’auteur donne une nouvelle m&hode par laquelle l’excks ou le manque d’oxygkne peut &tre 
dose simplement dans de nombreux minerais et oxydes. La mtthode dtpend de la stabilitk de Mn(III) 
et Mn(II) dans les mtlanges acide phosphorique-pyrophosphate. L’Cchantillon est dissous dans un 
mtlange d’acide phosphorique contenant un exces de Mn(II), avec ou sans addition d’un oxydant 
standard; Mn(II1) restant en solution ou produit par reaction avec l’tchantillon est titrt avec du 
sulphate d’ammonium et de fer ferreux, en utilisant la diphknylamine sulfonke comme indicateur. La 
mCthode est utile dans de nombreux cas 00 les methodes existantes sont inapplicables ou ne sont pas 
satisfaisantes. Des rksultats prtcis peuvent Ctre obtenus en utilisant des &chantillons relativement 
petits. 
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RADIO-FREQUENCY METHODS IN ANALYTICAL 
CHEMISTRY 
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Summary-The theory of radio-frequency measurements of chemical importance is outlined, and 
suitable apparatus is discussed. The applications, especially to analytical chemistry, are reviewed. 

INTRODUCTION 

The first applications of radio-frequency (RF) measurements were concerned with 
dielectric constant determination. For example, the moisture content of powdered 
materials has been measured by packing them between the plates of a capacitor in an 
oscillatory circuit and observing the change in frequency by a heterodyne-beat 
method.1*2 The separation of organic mixtures by fractional distillation may be con- 
trolled by such dielectric measurements .2 The classical work of Debye and Falken- 
hagen showed that ionic-atmosphere effects decreased with increase in frequency; a 
considerable change in equivalent conductance was observed3 above 30 Mc/sec. The 
absorption of higher frequencies (300-500 Mc/sec) by electrolyte solutions shows that 
the product of the wavelength for maximum absorption and the concentration of the 
solution in g-equiv/litre is a constant.4 

Radio-frequency measurements were first used for the determination of titrimetric 
end-points in 1946,5T6 and since that time over one hundred and fifty publications have 
appeared on this subject. The apparatus used in these determinations has been of two 
main types : standard electronic measuring equipment adapted for this purpose ; and 
specifically designed instruments (generally much simpler). Some commercial appara- 
tus is now available. Operating frequencies have varied within the range 0.1-415 
Mc/sec. 

The conductivity cells in general use are distinguished from those employed in low- 
frequency conductivity work by having the electrodes on the outer wall of the cell or 
even dispensing with them altogether. The electrodes cannot, therefore, become 
polarised or contaminated by precipitation occurring within the cell; this is one of the 
principal advantages of the radio-frequency technique. Furthermore, changes which 
affect mainly the dielectric constant of the cell contents rather than its electrical con- 
ductance may be followed just as easily. To gain these advantages, however, it is 
necessary to operate at frequencies within the above mentioned range instead of at 
audio-frequencies. 

Many attempts have been made to formulate a theory of the observed changes in 
terms of parameters of the oscillatory circuit, and to produce an electrical “equivalent 
circuit” for the cell used. The effects of change of frequency and concentration upon 
the shape of titration curves have been predicted from “transfer-plots.“’ 

Applications of the radio-frequency technique fall conveniently into two classes: 
those which follow conductance changes within the cell as in conductimetric titrations, 
and those recording changes in dielectric constant of non-conducting solutions. The 

274 
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technique has been applied also to flame-detection and measurement of flame speedss 
A number of short reviews of this subject have appeared;+15 accounts have been 

given in standard texts on instrumental chemical analysis;16-19 and monographs 
dealing specifically with the radio-frequency technique have been published.20-22 

FIG. 1. Equivalent electrical circuit of LF conductivity cell. 

THEORY 

The conventional low-frequency conductivity cells with internal electrodes may be 
represented electrically by the circuit of Fig. 1. The resistance R is the parameter 
measured and C represents the capacity between the plates with the cell solution as 
dielectric together with the stray capacities between the bridge components and earth. 
In practice, C is balanced-out by a variable capacitor across the appropriate arm of the 
bridge. 

The usual radio-frequency conductivity cell, a glass tube with band-electrodes on the 
outer wall, may be represented electrically 23~24~7 by Fig. 2. C, is the capacity from 
the electrodes to the solution; the dielectric of this capacitor is the glass or ceramic 
cell-wall. C, and R, are respectively the capacitance and resistance of that part of the 
path between the electrodes through the cell-solution; this solution is, therefore, the 
dielectric of Cr. The resistance through the cell-wall which shunts C, is normally so 
large that its effect is negligible. Typical values for the components in Fig. 2 relating 
to a cell of volume 100 ml and having band-electrodes of width $ in. spaced 1 in. apart 
are: C, = 100 pf, C, = 30 pf. If the cell be filled with 0.1 N KC1 solution, then R, is 
approximately 5 ohm. 

Changes occurring within the cell affect C, and/or R,; so that these fluctuations 
may influence the supply or detector circuits connected across AB, the reactance of C, 
must be relatively small. This is why it is necessary to make measurements with this 
type of cell at radio-frequencies; the reactance ofC, at 1000 c/set is about 5 x lo6 ohm 
but at 10 Mc/sec this is reduced to 500 ohm. Again, increasing the capacity of C, by 
decreasing the cell wall-thickness or by using high-permittivity ceramic in place of glass 
improves the sensitivity by reducing the reactance of C,.% The impedance of the cell 
depends upon the frequency, which must therefore be maintained constant during an 
*experiment. 
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FIG. 2. Equivalent electrical circuit of RF conductivity cell. 

Q 
Fro. 3. Reduced equivalent circuit of RF conductivity cell. 

The circuit of Fig. 2 may be simplified to that of Fig. 3 by equating the real and 
imaginary components of the reactance of each circuit; at a frequency of u) radianjsec 
these circuits are equivalent if 

R 
P 

= KZ + @2(C, + C# 
lAo2c 2 

(1) 
2 

and 

where K = If&, i.e. the conductivity of the cell contents in ohm-l. 
The apparatus connected across AB responds to the parallel combination of Fig. 3; 

changes in C, and/or RI affect both C, and Rp. Electronic impedance bridges (for 
example, the Twin-T Test Bridge2@ or the Wayne-Kerr Impedance Bridgez7) enable the 
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components Cp and R, to be separately determined; actually C, and Gr, (=1/R,) are 
the quantities directly measured. Such test equipment can be used to follow the course 
of reactions within the cell, but it has been used mainly in fundamental investigations 
attempting to relate the measurements to the absolute specific conductance K,, and to 
the dielectric constant E. 

FIG. 4. 

0 1000 2000 3000 4000 

KcY pR“CtTl-’ 

Variation of G, with ICE for change in dielectric constant and frequency (after ref. 7). 

The variations of GP and C, with the low-frequency specific conductance K,, depend 
on frequency, Fig. 4, and upon the dielectric constant of the medium,’ Fig. 5. To 
determine K from the equation, 

G, = 
KCiPC22 

K2 + W2(c, + &I2 
i.e. from the inverse of equation (l), or from equation (2), we require C, and C, for the 
cell. If the cell is filled with mercury, then R, = 0, K = co and from equation (2) CP 
(Hg) = C,. Replacing the mercury with conductivity water, K = 0, and C, (H,O) = 
C,C,/(C, + C,). With the cell previously considered, C, (Hg) = 30 pf, C,(H,O) = 
23 pf. C, and C, may then be determined and used in equation (2) or (3) to obtain 
K at a known frequency, u) radian/set. 

For a cell in which the electrode area and SpacingareeffectivelyA andd respectively, 
the conductivity is related to the specific conductance of the solution in the cell by: 

K = K&d. 

The capacitance of the same cell filled with a liquid of dielectric constant E is: 
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Fro. 5. 

rot pL%n~ 

Variation of AC, with K~ for change in dielectric constant and frequency (after ref. 7). 

t 

200 

0 

-830 

-2ao 

-306 

Fro. 6. Effect of change of frequency upon titration curves. HCI v NaOH (after ref, 28). 

4*4aci 
Hence, A/cd, the cell-constant, = - 

& 

and 
4.47rC, 

K = KQ.- 
8 

so that K,, may be determined from K. For a given electrolyte, solvent and temperature, 
K,, is a fimction of concentration; thus, from Fig. 4 or 5, the corresponding variations 
of GP or C, with concentration may be derived for a given electroIyte. 
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The widely varying shapes of the curves representing GP and C, during the course of 
a titration are characteristic of the high-frequency method; typical response curves of 
G, and C,, at various frequencies, are shown in Fig. 6 and 7 for the titration of HCl 
with NaOH. The usual V-shaped conductimetric titration curves may, with change in 
frequency or concentration, become S- or M-shaped. These have been explained by 
“transfer-plots”,’ which relate low-frequency conductances over a range of concen- 
tration to the corresponding high-frequency conductances. By differentiation of GP 
with respect to K, it is found that, for a given cell, the concentration for maximum 

0 2 4 6 6 IO I2 14 

Twmt. ml 

FIG. 7. Effect of change of frequency upon titration curves. HCI v NaOH (after ref. 28). 

sensitivity (maximum dG,/d~) varies directly as the frequency, w radian/set. The 
highest frequencies used in this procedure have been adopted in order to extend the 
concentration range.2sJ0 

With regard to C,, maximum sensitivity dC,/dK is obtained for C, > C,. This may 
be achieved as already indicated by decrease in cell-wall, increase in electrode area, or 
by use of a high permittivity ceramic cell. Reduction in E (e.g. by the addition of EtOH 
to the aqueous solution) reduces C,, and this increases its reactance; the sensitivity of 
both G, and C, measurements is thus increased. 

In following the course of titrations or precipitations it is unnecessary to derive KO 

from the measurements or even to obtain G, and C, separately. An oscillator con- 
nected across AB will experience some change in loading upon its oscillatory circuit 
because of changes within the cell and this may be followed as a variation in anode or 
grid current or in the oscillator frequency. A frequency change is easily measured by 
mixing the cell oscillator output with that of a second oscillator of constant frequency 
and observing the beat-frequency audibly or upon the screen of a cathode-ray oscillo- 
scope. Alternatively, if the oscillator is restricted to operation within a few hundred 
cycles of its nominal frequency, e.g. by piezo-electric crystal control, changes within the 
cell may cause oscillations to die away. The variation of a tuning capacitor necessary 
to restore oscillation may then be followed. 

Changes in grid-current may be measured directly by a micro-ammeter, or a lamp- 
and-scale galvanometer connected in series with the grid resistor. It might be thought 
that the changes in anode current would be less sensitive than those in grid current, 
since they are of the order of 10-100 microamps in a steady anode current of 5-10 
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milliamps. However, the changes may be recorded on a ~cro-ammeter by “backing- 
off” the steady current with a reverse-connected variable voltage source. The “zero- 
shunt” circuit was described in this connection by Blakese and we have adopted it in a 
satisfactory instrument of our design. Under these conditions the anode current 
variations afford the greater sensitivityP 

The magni~~ation factor, or “Q’‘-factor, of the oscillatory circuit Le. the ratio of its 
impedance at resonant frequency to its resistance, evidently depends upon external 
resistance connected in parallel with it. If this resistance is supplied by the cell, changes 
in it are reflected in the “Q” of the circuit, and these may be measured directly on a 
commercial “Q”-meter.32 

Advantages are claimed for differential measurements in RF titrimetry.= 

APPARATUS 

Considering firstly apparatus specifically designed for RF titrimetry, the principles 
of stable oscillator ~onst~~tion have been followed .W37 The eartiest apparatus for 
analytical purposes5 appeared in 1946 and used a tuned-anode tuned-grid (TATG) 
oscillator with the cell inside the anode-circuit inductance (“tank coil”) working at 
frequencies between 15 and 20 Mclsec; variations in anode current were followed. 
Simple feed-back oscillators have also been used.6 

The TATG oscillator has frequently been used;3s-4r improved sensitivity is claimed 
for a modification which encloses the cell by a capacitor in the oscillatory circuit,@ and 
for the inclusion of a metal plate in the coil .& The cell has been used to couple the 
anode and grid co&P and a similar circuit has been adapted for battery operation in a 
portable instrument. 45p46 ‘Ihe course of titrations has been followed by changes in 
grid voltage,P7 in screen currenP and in the resistance in the anode circuit necessaryto 
maintain constant anode current.4g 

The Clapp oscillator 5o has been used in a number of titrimeter circuits covering the 
frequency range 5 to 30 Mc/seC. Anode current,51r31 grid current3r and oscillatory 
voltages2 have been followed. The Clapp osciIlator has been incorporated in a hetero- 
dyne-beat circuit, the beat-frequency being measured by a frequency meter,29T59Jj* or 
by an oscilloscope. 55 The Colpitts circuit has been used at 14 Mc/sec with the cell in 
the capacitor between anode and cathode. 56 It has also been used as a blocking oscil- 
lator at 100 Mc/sec.5’ 

A tuned transmission-line oscillator at 350 Mc/sec uses the heterodyne-beat method 
of measurement.58 Advantages are claimed for modulation of the oscillator frequency 
(2.5 or 6 Mc/sec) at 1000 c/see, the audio-frequency being detected.59r60 Crystal- 
controlled oscillators may be tuned by a variable capacitor for maximum amplitude of 
oscillation.61~62 The “grid dip” or sudden decrease in grid current has been followed@3 
in a Clapp oscillator at 8, 22 and 35 Mclsec; the circuit was later modified.&l A 
crystal oscillator of frequency 2 Mc/sec indicates the position of oscillation by means of 
a “magic-eye” tube, conductance changes being followed by a valve-voltmeter.65-67J62 
A Pierce crystal oscillator employs frequency doubling up to 14 Mc/sec.@ The 
differential method of measurement 33@ follows the rate of change of beat-frequency 
with the volume of titrant added. Oscillators of higher frequency have been designed 
for use with more concentrated electrolyte solutions.30J7~58.70-72 The Franklin two- 
valve oscillator has been used, and the rectified oscillatory voltage measured.73 Other 
stable-oscillator instruments have been described.‘*-‘* 
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Commercially available electronic test equipment which has been adapted for 

radio-frequency titrimetry and for the determination of specific conductances includes 
the Twin-T Impedance Measuring Bridge,7s26*28 and the Magnification (“Q”) 
Meter.32l79 The use of any available stable oscillator with diode detector and “backed- 
off” meter has been discussed.80p81 

It should be noted that the Twin-T Bridge requires auxiliary equipment in the form 
of a stable, variable-frequency oscillator and a “communications” radio-frequency 
receiver as detector. The complete apparatus is thus bulky and expensive. 

Some commercial titrimeters are available. The Model V Oscillometer22 operates 
at 5 Mc/sec and employs a frequency discriminator circuit to follow the heterodyne 
beat-frequency. Special conductivity cells are normally used but adaptors for the band- 
electrode type of cell have been described. *2?3 The Fischer titrimetera4 is a modification 

of the apparatus of Hall. 65 The HFT30C titrimetef15 operates at 30 Mc/sec and incor- 
porates a precision variable capacitor tuning for maximum response; the apparatus 
and some applications have been described.86 

The heterodyne-beat apparatus would appear to be the most sensitive; it may be 
combined with a null indicator if a tuned frequency discriminator is incorporated, as in 
the Model V Oscillometer. However, the circuit is relatively complicated and very 
careful screening is required. Crystal-controlled oscillators in which oscillations are 
maintained at maximum amplitude by adjustment of a tuning capacitor may be very 
simple and reliable. However, we have found that the type of circuit in which changes in 
the loading of the oscillator are followed by changes in grid or anode current is generally 
more sensitive. It should be pointed out that in a steady anode current of 5 milliamps, 
for a variation of 1 microamp to be significant, very careful mains and HT voltage 
stabilisation is required. The “reliable-series” valves are sometimes found to improve 
the stability.*’ There seems little advantage in operating at frequencies higher than 
about 30 Mc/sec except in the study of very concentrated electrolyte solutions. 

Cell design 

The first cells used in this work were of the pipette type. *w-~~Y Aluminium sleeve 

electrodes51 and a central wires0 or spigot 22 electrode were subsequently introduced. 
The cell may be designed to minimise changes due to dielectric constant variations;92 
on the other hand, disc-shaped cells are sensitive towards such variations.82 

Recent workers have preferred cells with external bands to the “electrodeless” cell 
placedinside the tank coil. Band-electrodes ofsilver or gold fired on to a glass or cera- 
mic cell avoid having a layer of air between the electrodes and the cell wall. They may 
be protected by embedding in a thermosetting resin and terminated in plugs for direct 

connection to the oscillatory circuit. 31 Thermostatted cells have been described.79s93p94 

PRACTICAL APPLICATIONS 

Several investigators have given the range of concentration over which their 
apparatus is sensitive; some of these concentrations are listed in Table I. 

The radio-frequency technique has been extensively employed in acid-base 
titrations; these are summarised in Table II. 

The RF method is thus applicable to acid-base titrations over a wide range of 
concentrations. Except in the case of weak acid-weak base titrations,e the 
technique appears to offer no advantage over potentiometric titrations, which may 

now be made fully automatic. 
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TABLE I.-REPRESENTATIVE CONCENTRATION RANGES FOR ADEQUATE SENSITIVITY 

Electrolyte 
Concn. range, Freq. range, 
g-equiv/litre Mc/sec 

Refs. 

HCl 1.0 x 10-a to 5.0 1 to 40 43, 59,X’, 19, 92 

HaSOd 1.0 x 10-a to 2.0 x 10-s 16 95 
CH ,COOH 1.0 x 10-a to 1.0 2 to 6 59 
NaOH 1.0 x 10-d to 2.0 1 to 30 19, 95, 96 
NaCl 1.0 x 10-d to 2.0 1 to 14 68,96 
KC1 4.0 x 10-h to 1.0 x 10-X 20 to 30 19 

Acid Base 
Concn. range, 
g-equiv/litre 

Freq. range, 
Me/see 

HCl NaOH 3.0 x 10-h to 5.0 0.5 to 120 

HCI KOH 5.0 x 10-S to 0.5 4 
HCl Ba(OH), 0.025 30 

H,SO, NaOH, KOH 0.1 1 to40 

HISO, 
HCl 

NH,OH 
Na,CO, 

!.O x 10-E to 2.0 x 10-d 
1.0 x 10-a to 1.0 

30 
1 to 30 

HNOB 
CH,COOH 

0.1 to 0.25 
0.01 to 0.60 

CH,COOH 
CH,COOH 

Na,SiOs 
NaOH 

Ba(OIG 
NH,OH 

0.025 
5.0 x 10-s to 1.0 

2 
10 to 130 

30 
1 to35 

Picric 
Phthalic 
Malonic 
Tartaric 
HaPOd 
HI~POI 
H,PO, 
H,POI 

NaOH I.0 x 10-s to 3.0 x IO-8 5 

NaOH - 8to20 
NaOH 0.025 to 0.25 130 
NaOH 0.2 10,20,30 
KOH 3.0 x 10-a 4 to 7 

TABLE II.-ACID-BASE J-ITRATIONS 

(Normal 
monobasic 
behaviour) 

,, 
,, 

Sugg&tion of 
break at 
NaHSO, 

- 
Two breaks 
on adding 
Na,CO, to 
acid 

- 
- 

Excellent 
end-point 
obtained 
One break 
corresponding 
to the first 
H atom 
Three breaks 
Two breaks 
One break 
Three breaks, 
estimated K, 
K, and K, 

Refs. 

596928, 
52, 61,12, 
75, 88,89, 
90,95,91- 
100,101 
53,16 
29 
101 

63 

42 
5,28, 
56,66, 
91 

98 
11, 102, 
103 
29 

6,63 

104 

91 
11 
31 
48 

Various phenols, enols, and imides have been titrated with 0.05N lithium hydroxide 
at a frequency between 15 and 20 Mc/sec. lo5 Glycine was satisfactorily determined by 
dissolving in excess standard sodium hydroxide, and back-titrating with hydrochloric 
acid.lW Salts of alkaloids and other weak organic bases have been titrated with O-1 N 
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sodium hydroxide at 27 Mc/sec in water and in aqueous alcohol as solvents; the 
method is satisfactorylo if K, is not less than 10mg. 

It has been frequently observed that potentiometric and conductimetric titrations 
in which a precipitate is formed are liable to errors due to contamination of the elec- 
trodes. The “external electrode” technique has been fully explored for such reactions, 
and the results are summarised in Tables III and IV. 

TABLE III.-CHLORIDE* DETERMINATIONS 

Chloride 

NaCl 
KC1 

HCl 
Cl- 
Cl- 

Titrant 
Concentration 

range, g-equivllitre 

1.0 x 10-4 to 1.0 

1.0 x 10-d to 0.1 
0.025 
0.01 

Freq. range, 
Mclsec 

0.1 to 350 

4 to 30 
30 
30 

Refs. 

5,28,29, 
45,58,61, 
63,66,71, 
81,97,108 
31,48 
29 
69,109t 

* Bromide and iodide ions could doubtless be determined by similar titrations, as has indeed been 
found for the reverse titrations.6’ 

t The method described is claimed to be superior to potentiometric or conductimetric titration. 

TABLE IV.-SULPHATE DETERMMATJONS 

Sulphate 

WHASO, BaCI, 
Na2S0, BaCl, 

MgSO, 
so42- 
so,z- 
so,=- 
so,2- 

so*=- 

BaCI, 
(CH,COO),Ba 
(CH,COO),Ba 

Pb(NO& 
octa-ammino-,u-amino- 
p-nitrodicobaltlrl 
tetranitrate 
Hexamminocobalt”’ 
bromide 

- 

_- 

T&rant 
Concentration 

range, g-equivllilre 

0.05 to 0.10 8 to 20 
1.0 x 10-a to 0.1 0.5 to 18.5 

0.01 10 to 30 
0.015 5 

0.005 to 0.05 15 to 20 
0.005 to 0.05 15 to 20 
0.005 to 0.05 15 to 20 

0.005 to 0.05 

T 

Freq. range, 
Mclsec 

15 to 20 

- 

_- 

Refs. 

97 
52,61,76 
110,* 111* 
31* 
112* 
113 
113 
113 

113 

* The use of 30 to 50% by volume of ethanol, together with seed crystals of barium sulphate, has been 
recommended in these titrations. Such additions had been found advantageous in similar low-frequency 
determinations.114 

The RF titration has been applied to the determination of fluoride ions, an analysis 
which is difficult to carry out by more conventional precipitation methods. Although 
objection has been raised to the use of thorium nitrate as a titrant,l15 this reagent has 
been reported to be satisfactory for titration at 5 Mc/sec over a wide range of fluoride 
ion concentration.l16+’ Lanthanum acetate has been used as titrant at frequencies 
within the range 2 to 20 Mc/sec and at concentrations between 0.01 and O-025 g-equiv/ 
litre of fluoride.45~102~118 The stoichiometry of this reaction has been confirmed by 
independent standardisations of the fluoride and lanthanum solutions,lo2 the fluoride 
in the form of hydrofluoric acid was neutralised by standard sodium hydroxide and 
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the lanthanum acetate solution titrated with disodium EDTA at pH 4-O to 5.5 using 
Xylenol Orange as indicator. 

A few applications have been made to redox titrations. Ferrous ammonium sul- 
phate has been titrated with potassium permanganate at frequencies from 4 to 20 
Mc/sec, and concentrations within the range 0.01 to 0.1 g-equiv/sec.5+%76 More 

TABLE V.-MISCELLANEOUS RF TITRATIONS 

CNS- AgNOs 

CNS- 
CrO.s- 
c,o;B- 
Th4+ 
KCN 

Hg(NW, 
BaCl, 
Th4+ 
c,o,*- 
AgNOs 

KI Na,S,O,(HCl) 
Be(HC1 soln) NaOH or NH,01 

Cast 

Can+ 
Mg”+, Caa+, Baa+ 
and mixtures. 

Mgs+ 

Pb2+, Tl+, Ba2+ 
ZnB+ Cna+, Cds+ 
Tl+ ’ 
Ce4+ 
Ag+. Cu*+ 
Ag+ 

- 

Titrant 

C,O,(NH,), 
GO,(NW, 

Cr,O,s- 
NaHS 
NaGJW,B 
C,WNW, 
K,FdCN, 
KCI, KBr, KI, 
NH&N?., 2- 
mercapto benzo- 
thiazole, 
Bismuthiol II 

- 

H 

1 

Concn. range 
g-equiv/litre 

2.5 x 1O-4 to 1.0 

2.5 x 10-a to 0.1 
@l 

005 to 0.25 
0,025 to 0.05 

0.05 

0.025 
0.01 to 0.03 

@Ol 
1.0 x 10-s to 
3.0 x 10-s 

8.0 x 10-a to 
5.0 x 10-s 

0.01 
0.001 to 0.1 

0.1 
0.01 
0.01 
0.05 

- 
1 

- 

Freq. range, 
Mcjsec 

1 to 30 

5, 30,350 
2, 5,11 
2,350 

30 
6 

30 
2,22 

100 

6 
6.5 

6.5 

-6 
8 

25 to 30 
6 
6 
6 

Notes Refs. 

- 

0.1 % error* 
- 
- 

@04 % error 
sharp break at 
KAg(CN), 

- 
CO,- free re- 
agents and N, 
atmosphere 
Used for lime in 
slag. pH 5.2-5.4 
and 50 % MeOH 
pH 6-6.5 
2 % error in 
presence of 
EtOH 
Ca does not 
interfere 
pH 666.5 

- 
0.5 % error 
pH 6-6.5 
pH 6-6.5 

- 

28,29, 
69, 119 
29, 58,119 
66 
58, 65 
120t 

118, 121 

51 
122 
111 

111 

122 
40 
123: 
122 
122 
67 

* One break was observed in the titration of Hgac with CNS-; two breaks for the reverse titration 
(Hg[CNsl+). 

t Of several ions considered for titrant, oxalate was found most satisfactory; the interference of 
several ions was investigated. 

$ The interference of several ions was studied. 

recently ferrous ethylenediamine sulphate has been titrated with potassium dichro- 
mate.3l 

A very large number of miscellaneous determinations, mainly precipitation 
methods, have been reported and these are conveniently summarised in Table V. 
Water hardness determination by titration with “soap solution” has been reported;124 
and the precipitation of many ions with cupferron reagent125 studied over the con- 
centration range 5.0 x 1O-4 to 1.0 x 10-3N. Complex formation between various 
cations and glycine has been investigated,3g and several bivalent and tervalent cations 
titrated at a frequency of 100 Mc/sec with 0*02M solution of Shydroxyquinoline. 
With the latter it was found that for sharp breaks, the pH of the electrolyte solution 
needed careful adjustment. For example, with a 0*02M solution of iron a definite 
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end-point was obtained at pH 3.4 whereas at pH 4.8 the curve, under similar experi- 
mental conditions, was a straight line.lz6 

In addition to the numerous examples of titrations listed in the previous Table, the 
RF technique has been extensively applied in complexing reactions involving EDTA, 
dimethylglyoxime, pyridine and many other reagents. Table VI lists the work reported 
with EDTA. 

TABLE VI.-RF TITRATIONSINVOLVINGEDTA 

Cations determined 
Concn. range, 

g-molellirre 

T 

CUZ+, Zn2+, Caa+, Mg’+. 0.01 
u0,2+ 0.01 

La3+ 
/ 
! 3 x 10-a to 0.01 

Gd3+ CeS+ 
PrS+ ‘Nd3+ CeS+ I 9 

“Ca Bentonite” 0.1 to 3.0 0.1 and 3 
Nia+ 0.01 to 0.05 5 
CuZf 1.0 x 10-a to 0.01 5 
Las+ 0.01 to 0.1 10 to 30 

3 x 10-a to 0.01 
3 x 10-a to 0.01 

Freq., 
Mc/sec 

T 

-- 
30 
30 

30 

30 
30 

/ 
L 

-7 

Comments Ref. 

0.1% error 
NaOH via EDTA 
pH 3.5 to 4.0, and 
direct titrn. 
NaOH via EDTA, 
and direct, pH 2.8 
to 3.0 
Direct, pH 10 
In HAc/Ac- buffer 
at pH 5.3 
0.5 to 1.0% error 
Colloidal 
NaOH via EDTA 
Direct 

127 

128 

129 
129 

129 

- 

81 
130 
130 
102 

In general, RF titrimetry is found to give qualitative evidence regarding the ability 
of cations to chelate with EDTA131 which is in agreement with the order of “formation 
constants”.132 The method is not suitable where weak EDTA complexes are formed, 
e.g. with Tl’ or Ag I; because of the low selectivity of the reagent, few separations are 
feasible.lm 

Other complexing agents have been studied and information regarding complex 
formation in solution has been deduced. Thus, in RF titration at 30 Mc/sec with 
pyridine, copper, nickel and zinc show breaks in the titration curve at mole ratios of 
1: 1, 1:2, 1: 3, 1:4, 1: 5 and 1:6; nickel titrated with dimethylglyoxime showed 
breakP at 1: l-1, 1:2, and 1:3*3 

However, it seems probable that some of the very indistinct breaks recorded may 
represent instrument fluctuations; further evidence is required before the breaks 
representing hitherto unknown co-ordination numbers may be safely interpreted. 

We consider next applications of the RF technique to non-aqeous solutions; most 
of these are acid-base reactions and are reported in Table VII. 

Sulphuric acid titrated by potassium acetate in glacial acetic acid at 5 Mc/sec 
behaves as a monobasic acid .lU The lithium halides may be titrated by KCNS in 
pyridine solution.lU 

Applications to dielectric constant measurement 

The measurement of dielectric constants was one of the earliest applications of radio- 
frequencies to the study of chemical systems, and the RF technique just described can 

5 
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equally well follow changes in dielectric constant as in conductance during the course 
of a reaction. Mixtures may be analysed by measurement of dielectric constant if a 
calibration curve relating to the components has previously been constructed. 

The heterodyne-beat method for determining dielectric constants, using a fixed- 
frequency crystal oscillator at 500 kc/set, has been described.145 The resonance method 
employing a 3*5-Mc/sec crystal oscillator, is claimed to be satisfactory over the dielec- 
tric constant range 1-8O.146 A frequency-deviation method, calibrated by observing 

TABLE VII.-ACID-BASE TITRATIONS IN NON-AOUEOUS SOLVENTS - - 

- 

Solvent 
Freq. range, 

Mc/sec 
Concn. range, 

molellitre Acid Base 

Phthalic Na methoxide 

Phthalic 
HClO,(@lN) 
in glactal acetic 
acid 
HCIO, (0.W) 
in glacial acetic 
acid 
HCIO, (0.W) 
in glacial acetic 
acid 
HCIO, (0.W) 
in glactal acetic 
acid 
HCIO, (@IN) 
in glacial acetic 
acid 
Various weak 
carboxylic 
acids and phenols’ 
Oxine 

Methylamine 
Aniline and 
substituted 
anilines* 
Various organic 
basest 

Various organic 
basest 

Salts of various 
carboxylic acids 

imino acids, 
teramycm, 
actinomycin 
Na methoxide 
K methoxide 

Na methoxide 

NH,+ hahdes Na methoxide 

Salicylic 
o-nitro phenol 
Benzoic 
Lactic 
Tartaric** 

Alcoholic KOH 

Refs. 

5 

64 
134 

45, 104, 
135, 165 

136, 
137 

138 

139,140 

141, 142 

-1 I- 
Methanol/ 
acetone 
Anihne 
Glacial acetic 
acid 

Glacial acetic 
acid 

Benzene/methan, 
ol/glac. acettc 
acid 
Glacial acetic 
acid 

0.01 to 0.1 

- 
1.0 x IO-3 to 
1.0 x 10-Z 

0.1 

15 to 20 

30 
130 

5 to 20 

2to 15 

- 

30: 

5 

15 to 20 

5 

5 

1.0 x 10-4 to 
1.0 x 10-Z 

0.1 

- 

- 

Dimethyl 
formamide 
Dimethyl 
formamide 

0.1 

1.0 x 10-4 

Pyridine 

! . . . . . 
0.001 

I 
L-z . . .-. ^ . 

ffer by about 20. * Pans ot sucn ammes can be aetermmea wnen rnetr molecular wetghts 
t Lower limit of Kb = 10-r*; poor indtcation if Ku less than lo-“‘. 
$ Using a ceramic cell of permittivity about 80. 
7 Two breaks with oxalic and similar dibasic actds; each OH group of polyhydric phenols is observed. 

** Lactic and tartaric acids showed one break only. 

the deviations produced by a standard capacitor, uses a 1-Mc/sec crystal oscillator.147 
A lo-Mc/sec oscillator, with concentric-cylinder cell, operates a pen recorder by its 

anode current.14s 
The Hall RF Titrimeter circuit has been modified specifically for the determination 

of dielectric constant; this uses the normal external-band electrodes, at frequencies of 
2, 5 and 11 Mc/sec.66 Many other titrimeter circuits are amenable to this type of 
measurement. 

Apparatus and methods for the determination of dielectric constant have been 
reviewed,14s*150 and the applications of the technique to the analysis of mixtures are 
recorded in Table VIII. 
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Miscellaneous chemical applications 
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The position of absorption bands in a column of ion-exchange resin may be deter- 

mined by the RF technique;155J56 and chromatographic zones may be followed in a 
similar manner.47*157 The rate constants for ester hydrolyses have been determined by 
following conductance changes during the course of the reaction. A calibration curve, 
the titration of acetic acid with sodium hydroxide, is used and the method is applicable 

TABLEVIII.-ANALYSISOFMIXTURESBYMEASUREMENTOFDIELECTRICCONSTANT 

System Comments 
I 

Ref 

H,O/MeEtCO/CsH, 

HzO/EtOH 
H,O/mono-, di- and 
tri-hydric alcohols 
H,O/Me,CO 

H,O/ powdered materials 
H,O/salts/MeOH/dioxan 

H,O/dioxan/KCl 
H,O/oil emulsion* 

4 

10 to 30 

4s 

5 

7 
9 

Various 
10 

H,O content within 0.2 % 
error 

particularly sensitive to 
EtOH/H20 
accurate temp. 
control required 

water content to 0.2% at 
optimum 7: dioxan 
e.g. NaCI. . .35 ‘A dioxan 

NH,NO,. . .69x dioxan 
- 

salinity does not interfere but 
suspended sohds must be 
absent 

- 

accurate temp. control 
required 

toluene content to 
within + 1%. 

acetone/toluene/ 
benzene, 
o- and m-xylenes 
hexaneibenzene, 
o- and p-xylenes 1 

continuous monitoring 
of toluene in distillation 

153 
148 

2 

82 

154 

* Sodmm chloride has been determined in such emulsions by titration with O.lNAgNO, at 20 Mc/s.‘O* 

to reactions of half-life of 10 set or less.74~g3~158 Th e rate of precipitation of barium 
sulphate in aqueous solution has been determined as a function of the concentrations 
of the ions and of the number of moles of precipitate already formed.15s The RF 
titration of lead with potassium dichromate solution has been studied, with particular 
regard to co-precipitation of other ions. Using the differential method an error of less 
than 0.2 % is claimed. In this investigation the Beckmann Conductometer was used.160 

CONCLUDING REMARKS 

The main advantage of having external electrodes is that precipitation reactions 

may be followed more easily than with the conventional cell. It has been pointed out24 
that for a given conductance change within the cell the RF indication will be less than 
the LF resistance change; however, if the measuring technique under RF conditions 
is better, the overall accuracy may be improved. The conductance at radio-frequency 
is a function of the LF conductance, and not a measure of some new property. It is, 

151 

31 
152 

82 

2 
51 
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perhaps, worth mentioning that any beaker or test-tube may be used as a conductivity 
cell in the RF method and that accurate results can be obtained with quite simple 
apparatus. Moreover, the same apparatus may often be used to follow changes in 
dielectric constant. 

Note added in proof 

The out-of-balance voltage of a Twin-T Bridge, powered by a General Radio 
signal generator at frequencies between 10 and 30 Mc/sec, has been measured to follow 
the course of titrations. Transfer plots relate this voltage to the low-frequency 
conductance of the solution, K~. The equation: AE, = (EZ).AY,, is obtained, 
where AE, is the out-of-balance voltage, and AYac the change in admittance of the 
cell-equivalent circuit ; E is the generator voltage, and Z the detector impedance.l@r 

The importance of a correctly-designed cell has again been emphasised, and 
several types have been described.162 

A 130-Mc/sec oscillator is described, in which changes in grid-current are followed; 
a band-electrode cell is used.ra The lower limits of concentration with this oscillator 
are as follows:164 

HCl v. bases, 1 p&ml of HCl. 

CH,COOH v. bases, 20 p&ml of CH,COOH. 

Cl- v, AgNO,, 2 pug/ml of Cl-. 

SO,% v. BaAcz, 10 pgjrnl of SOpa-. 

A heterodyne beat oscillator for the accurate determination of dielectric constants 
is described; it uses a Pierce crystal oscillator, beating with a Clapp variable oscillator, 
the mean frequency being 1 Mc/sec. Cells with rigid electrode assemblies are described, 
and me~~ements on benzene and chlorobenzene solutions are reported.16” 

Zusammenf&suug-Die Theorie radiofrequenter Messungen, die von bedeutung fur die Chemie 
sind, wird dargelegt und ein geeigneter Apparat diskutiert. Anwendungen, besonders auf dem 
Gebiete der analytischen Chemie, werden zusammenfassend behandclt. 

Rt%um&--Les auteurs donnent un apercu de la th&trie des mesures de frequence radio d’importance 
chimique, et discutent l’appareillage convenable. Les applications sont pas&s en revue, specialment 
en chimie analytique. 
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PRELIMINARY COMMUNICATION 

A new reducing agent: Reduction of vanadiumIV and uraniumV1 with ferrous ion 
in catechol solutions 

(Received 25 April, 1960) 

IN a study of the polarographic behaviour of vanadium, iron, and uranium as their catechol complexes 
a powerful reducing system has been observed. When a ferrous solution is added to an ammoniacal 
solution containing either the vanadyl- or uranyl-catechol complex in the presence of excess catechol, 
the vanadium and uranium are reduced rapidly to V”’ and UJv species, respectively. The analytical 
application of this reaction has been examined briefly. The direct titration of uranyl-catechol with 
ferrous ion to a potentiometric or amperometric end-point indicated the above stoichiometry. 
Similar behaviour was also noted for the vanadyl-catechol complex. 

Polarographic data indicate that the reduction potential of the ferrous-catechol/ferric-catechol 
couple in ammoniacal medium (pH9.5) is -0.97 volts v. Ag/AgCl. Ferrous-catechol is very unstable 
in a de-gassed solution containing no reducible materials. It appears that the ferrous complex will 
readily reduce water. The reducing strength exceeds that of chromous ion in acid solution. By 
employing a standard ferrous solution this strong reducing agent is readily available for titrations. 
The strong reducing power is attributed to the high stability of the ferric-catechol complex as com- 
pared with that of the ferrous-catechol complex .I Undoubtedly, the existence of vanadium- and uran- 
ium-catechol complexes contributes to the favourable titration. This behaviour is similar to the 
titration of bivalent cobalt with ferric chloride in the presence of 1 :lO-phenanthroline.a 

The stoichiometry of the reduction for vanadium and uranium was checked by the potentiometric 
titration of standard solutions of each ion. The results are shown in Table I. 

TABLEI. TITRATZONOFVANADKJMANDLIRANRJMWITHFERROUSINCATECHOLSOLU~ON 

Material 
titrated 

Milliequivalents 
Titration reaction 

Taken Found 

VOX+ 0.238 0.237 v’v + v”’ 
VOZf 0.245 0.244 v’v _ vm 

VV 0.228 0.227* v’v _ vm 

uo,2+ 0.262 0.262 IJm 4 U’V 

* All results indicate that vanadiumv is reduced to vanadium Jv by catechol before the titrationss4 

The potentiometric titration curves and appropriate data are shown in Fig. 1. 
Mixtures of vanadiumJ’ and uraniumvJ cannot be differentiated so that it is necessary to remove 

the vanadium before titrating the uranium. The molybdate-catechol complex is also reduced under 
these conditions. 

This is the first direct reduction that has been reported of uranium’J with a stable titrant. Titan- 
iumm is more difficult to prepare and use. 5p6 Further applications of this reagent are under study. 
The polarographic results will be published elsewhere. 

Acknowledgement-I wish to thank Dr. D. D. DeFord for his interest in this work. 

Research Division 
Phillips Petroleum Company 
BartIesville, Oklahoma, U.S.A. 

JOHN W. MILLER 
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FIG. I.-Titration curves of vanadium and uranium with ferrous in catechol solution 
Vanadium titration: 60 ml 1M NH&Cl-IM NHs-OIM NasSO, 

2400 mg catechol 
5 ml 0.046N vanadate solution 
Titrated with 00926N ferrous; mercury pool versus Ag/AgCl. 

Uranium titration: 60 ml IM NH&l-IM NHs-O.lM Na,SOs 
2400 mg catechol 
2 ml 0.13 1 N uranyl acetate 
Titrated with @0926N ferrous; mercury pool versus Ag/AgCI. 
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BOOK REVIEWS 

Quantitative Inorganic Analysis. R. BELCHER and A. J. NUTTEN. Second Edition, Butterworths 
Scientific Publications, London, 1960. Pp. x + 390. 3%. 

THIS book is intended mainly as a practical teaching manual. It gives up-to-date instructions, with 
many references to the original literature, for a good selection of gravimetric and titrimetric analyses, 
and for a few instrumental determinations. The background and limits of applicability of each 
method are fully and completely discussed. It is suitable for use at all levels of undergraduate training. 
The Second Edition differs from the First Edition mainly in the expansion of the sections on EDTA 
titrations, and on balances and weighing (aperiodic and single-pan balances are now covered). 
Other minor improvements, resulting from new publications and from experience with the deter- 
minations, have also been made. 

The cheapness of this book, and its compact presentation of detailed laboratory instructions in a 
form suitable for immediate use at the bench, are attractive, but it has serious faults. In concentrating 
on “classical” quantitative analysis, the authors fail to give their readers, most of whom will be 
students unable or unwilling to buy any other textbook of quantitative analysis, a balanced picture 
of the present state of the subject. “Microanalysis”, for instance, does not even appear in the Index 
nor does “Ion-Exchange”, although an ion-exchange method receives passing mention in the text. 
In spite of the authors’ admonition to read up the physicochemical theory of the methods elsewhere, 
many student readers are likely to take the partial omission of theory from this book as evidence 
that the theory is not really important. 

The treatment of practical techniques is, on the whole, sound and detailed, but is not free from 
defects. The First Edition of this book must be almost unique in the literature of analytical chemistry 
in containing a diagram of a chemical balance which does not show knife edges, planes, or pan stops. 
The Second Edition has a revised version showing the pan stops. There is a serious omission from 
the instructions for use of the pipette which has not been corrected in the Second Edition. 

The weakest feature of the book, however, is the section on the calculations of titrimetric analysis. 
This is marred in parts by a reluctance to use simple mathematical equations which would have 
shortened and clarified the explanations. There are references to “molecules” of KMnO, and FeSO,, 
and the term “molecular weight” is persistently used in connection with ionic compounds, although 
a perfectly good term, “formula weight”, has long been current for this case. The account of oxidation 
numbers is not very clear, and is not as good as can be found in some older texts. The statement 
on p. 160 to the effect that the equivalent weight of a base is determined by the “number of re- 
placable hydroxyl groups in the molecule” is unsatisfactory; hydroxylic bases are composed of 
ions, not molecules, and many bases of importance in analysis, such as sodium carbonate, borax 
and ammonia, are not hydroxylic compounds at all. This difficulty can be overcome by defining 
the equivalent weight in terms of the number of protons accepted by the base formula. Another 
sentence on p. 160 deserves to be quoted: “The molar weight of a substance is a constant, and 
must not be confused with a normal solution, although in many instances a normal solution con- 
tains a mole of solute and the concentrations become identical.” (This is the revised version of 
the Second Edition.) It is only fair to state that this is an example of the worst writing in the book, 
and is not typical. It seems to show, however, how little comfort the puzzled student is likely to 
derive from this section. Faults like these can, it is true, be found in many other textbooks of 
quantitative analysis, but it is disappointing to find them so unnecessarily repeated in the second 
edition of a new book. 

To summarise, this is a useful and, in some respects excellent book, but one which cannot be 
given unqualified approval as a student text. 

HENRY G. HEAL 

294 



Book reviews 295 

Analytical Chemistry in Nuclear Reactor Technology, 2nd Conference 1958. U.S. Atomic Energy 
Commission, Office of Technical Services. Department of Commerce, Washington 25, DC. 
Part I Pp. vii + 298, Part II Pp. vi + 236. 

THESE two paper-bound volumes contain 55 of the 70 papers presented at the second conference on 
analysis in reactor technology held in September 1958 at Gatlinburg, Tennessee. This conference 
was concerned with the problems of the analyst during the commissioning and operation of reactors; 
it will be recalled that the first conference in 1957 concentrated on reactor materials analysis. 

Part 1 contains fourteen contributions mainly dealing with fuel alloy analyses and the range of 
control analyses called for in operating some experimental reactors; five papers on boron and other 
special determinations; a group of five papers on applications of flame photometry and polarography 
and finally six contributions concerned with applications of X-ray and emission spectroscopy. There 
are four abstracts of papers published in full elsewhere. 

Part 2 contains seven papers on instrumentation (laboratory and “in-line”), nine reports on 
remote-control techniques, and concludes with nine papers under the heading “Nucleonics” including 
several dealing with radiochemical and gamma-spectrometric analysis. 

The prospective reader should perhaps be warned against being misled by the title into thinking 
that this useful compilation is a systematic and comprehensive attempt to survey the whole field; as 
indicated by the editors in their preface, the objective of the conference was “to provide a forum for 
the exchange of information” and consequently the collected papers are in the nature of a miscellany, 
some indeed being rather remotely connected with reactor start-up and operation. One feels that the 
inclusion of a few review papers aimed at establishing trends in techniques and attempting to sum- 
marise philosophies would have increased the overall value of the conference record as now presented. 
If one were to try to summarise impressions, no doubt one would have to note the ever increasing 
activity levels the analyst must needs work at and the ingenuity and skill which have been used to 
adapt many of his conventional physical instrumental techniques to operation at high radiation 
levels; indeed, if we want to single out a group of papers, perhaps one of the most impressive presented 
at this symposium is that dealing with remote control developments. Other significant trends are 
the steadily increasing importance and widening application of such techniques as X-ray fluorescence 
and gamma spectrometry and the successful extensions of flame photometry to alkaline earth 
determination without separation in uranic solutions. 

These volumes are well printed and adequately illustrated with more than 250 diagrams and 
reproductions from photographs, and are useful reference works to set beside the earlier volume 
covering the first conference. 

F. J. WOODMAN 

Solution of Multistage Separation Problems by Using Digital Computers. JOHN H. DUFFIN. University 

of California, Radiation Laboratory. Report UCRL 8787. U.S. Department of Commerce, 
Washington, D.C. 1959. pp. 266. $4.00. 

THIS report is in thesis form, its object being to indicate, with appropriate detailed examples, the 
conditions under which digital computers may be programmed to solve multistage separation problems. 
Various approaches to the solution of such problems e.g. using mass balance, energy balance etc. are 
critically examined as to their range of usefulness and to the type of resulting computer programmes. 
The procedures are mostly iterative and the document is valuable in that it provides cross-checking of 
the computer data derived from the different approaches. The volume may well prove useful to 
chemical engineers associated with distillation and similar problems but it falls outside the working 
range of the majority of analytical chemists. 

J. K. FOREMAN 
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NOTICES 

The following meetings have been arranged: 

Sunday-Friday 11-16 September 1960: New York Meeting of Division of Analytical Chemistry, 
American Chemical Society. 

Four symposia are being presented: Resonance Methods for Analysis and Characterisation: 
(a) Nuclear Magnetic Resonance, (b) Electron Paramagnetic Resonance, organised by HARLAN FOSTER. 

Infrared Methods of Chemical Analysis, organised by RICHARD C. LORD Jr. and BRYCE CRAWFORD, 

in conjunction with the Division of Physical Chemistry. X-ray Absorption and Emission in Chemical 
Analysis, organised by HERMAN A. LIEBHAFSKY. Recent Advances in Analytical Chemistry, organ&d 
by CLARK BRICKER, in conjunction with the Division of Chemical Education. 

Further information may be obtained from LOCKHART B. ROGERS, Secretary-Treasurer of the 
Division of Analytical Chemistry, Department of Chemistry, Massachusetts Institute of Technology, 
Cambridge, Mass., U.S.A. 

Wednesday 21 September 1960: Polarographic Society: The Application of Polarography in 
Metallurgical Analysis: Wolverhampton and Staffordshire College of Technology, Wolverhampton. 
2.30 p.m. 

Further details concerning the meeting may be obtained from Mr. R. C. ROONEY, A.R.I.C., 
British Cast Iron Research Association, Bordesley Hall, Alvechurch, Birmingham. 

Thursday-Saturday, 6-8 October 1960: Austrian hlicrochemical Society: Emich-Commemoration 
and Microchemical Conference. 

On behalf of the Austrian Microchemical Society and under the direction of Professor Dr. Ing. 
G. Gorbach, the Emich Group has arranged an Emich-Commemoration and Microchemical Con- 
ference at the Technical University of Graz on October 6, 7 and 8, 1960. 

The provisional programme is as follows: 

Thursday 6 October 
Arrival and reception of the visitors in the Hotel Steirerhof. 

Friday 7 October 
Morning-Reception speech, commemoration speech and plenary lectures. 

Visit to the birthplace and the grave of Emich, with the laying of a wreath at both 
places. 
Visit to the “Emichplatzl” and lunch at the SchloBberg. 

Afternoon-Individual lectures. 

Saturday 8 October 
Morning-Individual lectures. 

Simultaneously with the lectures there will be demonstrations of microchemical 
apparatus at the Technical University of Graz as well as a visit to the Pregl-Labora- 
tories of the University of Graz under the direction of Professor Dr. H. Lieb. 

The fee for the Conference is 6.s.60,- for members or &s.lOO,- for non-members. 
Those people who wish to participate in the proceedings are asked to write as soon as possible 

to Professor Dr. Ing. G. GORBACH, Institut fur Biochemische Technologie, Lebensmittelchemie und 
Mikrochemie, Technische Hochschule, Graz, Schlegelgasse 9, Austria. 
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Thursday 3 November 1960: Royal Dutch Chemical Society: Symposium on Organic Analysis. 
The Section for Analytical Chemistry of the Royal Dutch Chemical Society is arranging a Sym- 

posium on Organic Analysis in the Laboratorium voor Algemenen Anorganische Chemie der Univer- 
siteit te Amsterdam on November 3, 1960. 

The tentative programme is as follows : 
General Introduction: Dr. Ir. E.A.M.F. DAHMEN (Kon./Shell Lab., Amsterdam); 
Qualitative Detection of Elements and Functional Groups: Dr. W. I. STEPHEN (University of 

Birmingham, England) ; 
Identification of Specific Organic Compounds: Mej. Dr. P. HAVERKAMP-BEGEMANN (Unilever 

Research Lab., Vlaardingen) ; 
Quantitative Elementary Analysis: P. GOUVERNEUR (Kon./Shell Lab., Amsterdam); 
Quantitative Determination of Groups and Specific Compounds: Dr. L. BLOM (Centraal Lab., 

Staatsmijnen, Geleen). 
Further information can be obtained from Mej. Ir. E. HOEKSTRA, p/a Willem Smit & Co’s Trans- 

formatoren fabriek N.V., Groenestraat 336, Nymegen, Netherlands. 

The Polarographic Society now has a permanent address for mail; enquiries concerning the 
Society should be addressed to:- 

The Polarographic Society, c/o Lloyds Bank Ltd., 36 High Street, Wealdstone, Middlesex. 
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PAPERS RECEIVED 

Contributions to the basic problems of complexometry-III: Some advantages of acetate buffer. 
W. BERNDT and J. SARA. (2 May 1960). 

A study of the reduction waves of the three isomers of nitrophenol by means of the alternating current 
polarograph. TAKEO TAKAHASHI and HIDEKO SHIRAI. (2 May 1960). 

Precipitation of nickel dimethylglyoximate from homogeneous solution. EUGENE D. SALESIN and 
LOUIS GORDON. (5 May 1960). 

Detection of monobasic phosphorus acid esters by conversion to choline&erase inhibitors. HARVEY W. 

YUROW, DAVID H. ROSENBLATT and JOSEPH EPSTEIN. (11 May 1960). 
Radiometric trace analysis-I: Determination of lead with phosphate-sephosphorus on filter paper 

without preliminary separations. P. C. VAN ERKELENS. (6 May 1960). 
Radiometric trace analysis-II: Quantitative paper chromatography of lead with phosphate-82phos- 

phorus. P. C. VAN ERKELENS. (16 May 1960). 
Radiometric trace analysis-ID: Determination of lead with diethyldithiocarbamate and 204thallium+s 
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