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METALLIC NITRATES IN PAPER CHROMATOGRAPHY 

V. SYSTEMS CONTAINING AMMONIUM THIOCYANATE 

A. S. ICERTES AND A. BECK 

In previous papers the chromatographic behaviour of a large number of metallic 
nitrates was reported: in mistures of nitric acid and methyl isobutyl ketonel; in 
these same mistures with the addition of lithium nitrate as a salting-out agent2; 
in the system d&isopropyl ether-nitric acid-water3; and finally in the system isoamyl 
alcohol-nitric acid-watera. 

In all the above reports the estent to which nitric acid (and lithium nitrate) are 
distributed between the aqueous and organic phases was determined. The effects were 
considered which this distribution had on the RF values of metallic nitrates in each of 
these systems. 

We believe that, up to the present, no attention has been paid to the exact 
composition of the eluants used in paper chromatography. A study of the distribution 
of the acid and the salting-out agent between the initial aqueous solution and the 
organic layers, and the corresponding XI;I values, permitted a more fundamental 
interpretation of the RF values obtained and served as a basis for some theoretical 
considerations. 

Apart from being employed for numerous useful separations, partition chroma- 
tography on paper also yields results which may to a certain extent be related to the 
distribution coefficients of the same cations, in the same solvent system, obtainable 
by the estraction technique. Thus, a chromatographic study may serve as a prelim- 
inary to an investigation of the possibilities of separating larger quantities by extrac- 
tion. It is important for this purpose to know the Rp values of as many ions as 
possible in the given solvent system. 

With this aim in mind we undertook a comprehensive study of a large number 
of metallic nitrates in systems containing an inorganic complexing agent : ammonium 
thiocyanate. Chromatograms were run in : (I) methyl isobutyl ketone (MIBK), 
(2) di-isopropyl ether (DIPE), and (3) isoamyl alcohol (IAA), equilibrated with 
aqueous solutions containing various concentrations of the complesing agent both 
with and without nitric acid (approximately 0.1 M). 

Useful RF values were only obtained with the three following systems: 

'I. MIBK-HNO,-NH,CNS-H,O 
2. IAA-HNOs-NH&N%-H20 
3. IA&NH,CNS-H20 
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For the other three systems: 

I. MIBK;NH,CNS-H,O 
2. DIPE-HNO,-NH,CNS-H,O 
3. DIPE-NH,CNS-H,O 

the XI;, values of nearly all the cations tested were equal, or approximately equal, to zero. 
The ‘first three valuable solvent systems were then systematically studied by 

determining the distribution of the thiocyanate and nitric acid between the aqueous 
and organic layers. The distribution coefficients were then used to interpret the 
results obtained in the paper-chromatographic experiments. 

Ammonium thiocyanate, owing to its great tendency to form complexes, has 
been widely used for the separation of cations by the extraction techniquet. In paper- 
chromatographic separations advantage has, also been taken of this tendency, and 
in recent years numerous procedures have been suggested”. LEDERER’ studied 
extensively the possibilities of separating the rare earths by paper chromatography, 
using butanol saturated with thiocyanate as the eluant. 

This distribution study describes the chromatographic behaviour of various 
elements under different experimental conditions. Although the results are not 
presented as established analytical procedures, they should be of considerable help in 
further development of analytical separations. 

EXPERIMENTAL 

The organic solvents, methyl isobutyl ketone, di-isopropyl ether and isoamyl alcohol 
were purified as previously described 29 3l 4. The initial aqueous solutions of ammonium 
thiocyanate were prepared by diluting a stock solution of Baker’s Analyzed C.P. 
grade thiocyanate; for the solutions containing nitric acid non-fuming nitric acid was 
used. Solutions of the radioisotopes l*4Ce, 164Eu, 16sGd, 170Tm and 1ooRu in dilute 
nitric acid, and OOTc were obtained from Harwell. 

The distribution of the solutes in both aqueous and organic layers was followed 
potentiometrically for nitric acid as described in previous paper+-a and calorimetrically 
for thiocyanate using the ferric iron reaction.* The sum of the masses in both layers 
showed a maximum variation of -J= I o/0 for nitric acid and -&- 3% for thiocyanate. 
Good reproducibilities were obtained in the determination of the volume changes of 
the aqueous and organic phases after equilibration by the method previously given39 4. 
The distribution of the solutes is presented as their normalities in both layers, as 
their concentration distribution coefficient a and as their mass distribution coefficient 
;LL. The relation between these two coefficients is given by ,LG = (V,/V,) - cc, where V0 
and VW represent the volumes of the organic and aqueous layers after equilibration. 

The technique and procedure for the chromatographic experiments, as well as 
TW the reagent,s and methods for detection of the spots have been described in previous :‘I ./Vi 

* The determinations were made in fresh solutions in order to eliminate the errors caused by 
the reaction between the nitric acid and the thiocyanate. However, no marked influence of this 
reaction upon the RP values was observed. 
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papcrsa~*. Radioisotopes Lvere detected using either a Victoreen XRSg thyrode counter 
tube with thin metal wall or a Nuclear In&rument, model D 34 mica end-window 
tulx, employing the teclniique previously used”. * 

The cl~romatogral~l~ic espcrinlents Lvere carried out with the following solutions 
spotted on filter paper: 

KNCJ, Ce(NO,), %rO(NO,), TaF, 
I.3 l>X 0 3 I?r(i”z;O,), I.%( NO,) a ASCl:, 
CSN’O, Nd(NO,), 73i(NO,), SbCI:, 
13e(NO,), Sm(NO,), WNO,) n NJ-I‘,MOO, 
%@(NO,) 2 EL1 (NO,) n MI1 (NO,) f? NiLa,\\’ 

CzL(NO:,) n Ccl (NO;,) 3 Pc( NO,) :I Nrr,ScO~ 
Sr(XO,), Er(NO:,) n Co(N0,) 2 NFLgTeO:, 
Ha (N 0,) 2 T111f~03);~ Ni(NO,), NC,,-rd., 
CL1 (NO,]) 2 ‘I’ll(NO,),~ I’tLl(NO:,):, KRcO,, 
AgNO, uCL(xO,), A UC1 a Nal. 

%n(NO,,) 1 .~\l(kaJ, TiCI:, oso, 
Cd (NO;,) 2 Gn(NO:,), 

.ln(NO:,); 
GCO, RhCI, 

&(NC),) ,, SnCl l?cl CY I, 
Y(NO,), - ‘I’IKO, \FCl:, a .kI &Cl., 
IAL( h-On) .J ‘.rl(NO,), s Id:, 

RBSULTS AX\‘> DISCUSSION 

Systems witlt isoumyl nlcoJzo2 

Table I shows the normality of ammonium thiocyanate both in the initial aqueous 
solution, and in the aqueous and organic phases after equilibration, as well as the 
calculated distribution coefficients. Table II shows parallel results for the tliiocyanate 
partition and the clistribution of acid for the system containing 0.x M nitric acid and 
various amounts of ammonium thiocyanate. A. 5 can be seen from Table I, the dis- 
tribution coefficient cf. remains practically uilchanged and is independent of the 
initial concentration of the thiocyanatc for ammonium thiocyanate concentrations up 
to approximately 2 144. For higher initial concentrations a slight increase .in v. is 
observed. Table II shows results that are very similar. The distribution coefficient of 

I 0.045 0.045 0.003 I 1.12 0.069 0.077 
2 o.ogo o.ogr 0.0056 x.12 o.oGz o.oGg ,’ 
3 0.180 O.ISI o.or 2 1.12 0.066 ( 0.074 
4 0.27 0.27 0.02 I.10 0.074 o.oSr 
2 0.zk.j 

0.90 

O.Sb 0.43 0.03 0.06 I. I.lI I x 0.070 0.077 
0.070 0.077 

7 1 .go I.SO 0.21 1.14 0.117 0.133 
s 2.S.5 2.75 0.35 1.20 0.13s 0.166 

9 3*?0 3.60 0.5s r.zG o.lGr 0.203 

10 4.75 4.55 o.sg 1.36 O.lS3 ='.249 
.’ 

: 
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TABLE ‘II 

THE DISTRIBUTION OF AMbIONIUM THIOCYANATE AND NITRIC ACID 

BETWEEN WATER AND ISOAMYL ALCOHOL , 

I O.OQS 0.00 O.OQG 0.00 0.00*5 

2 O.OQT o-45 0.03s 0.39 0.059 

3 0.097 0.90 0.024 O.S2 0.072 
4 0.097 I.90 0.01 I Ii70 O.OSI 
2 0.097 2.55 2.GI 

0.097 3.so 

O.OOQ 0.006 

3.59 

o.osx 0.051 

7 0.097 4.75 0.005 4.33 o.os2 

0.00 

0.072 
0.13 

0.2G 

0.44 
0.63 
0.79 

I .os o.oG 0.065 - - 

I .og I.55 1.70 0.187 0.204 
I.14 3.00 3.42 0.145 0.1G5 
I .I7 7.36 5.44 0.153 0.179 
I .2 I 9.00 ro.go 0.106 0.202 

I ,2Q 13.50 X7.50 0.175 0.22s 

1.3 c 16.40 21.50 O.ISI 0.237 

the thiocyanate is only slightly influenced by a tenfold increase of the thiocyanate 
concentration in the initial aqueous solution. Furthermore, the presence of 0.1 &I 

nitric acid has practically no influence on the passage of the thiocyanatc from the 
aqueous solution into the alcohol. 

As regards the distribution coefficient of the hydrogen ion, the opposite behaviour 
is observed. When no thiocyanate is present in the solution, only traces of the acid 

‘i.pass into the alcoholic phase, but a very small amount of thiocyanate increases the 
acid distribution zs-fold. To obtain further information regarding the acidic species 
extracted by the alcohol, we plotted the logarithm of CC[EI+I against the logarithm of 

-“” tog [NH,,CNS] ” 
7 I. C 

in the initial solution 

Fig. I:, The distribution codficicnt of nitric acid ((1~~0~) as a function of ammonium thiocyanate 
concentration in the initial aqueous solution, l in the system IAA-NI-I,CNS-I-INO,-‘~120. 

x in the system MIBIC-NH,CNS-HNO3_H,O. 
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the thiocyanate concentration in the initial aqueous solution (Fig. I). A straight line 
was obtained with a slope = I, indicating that each hydrogen ion of the nitric acid 
is attached to one thiocyanate. The extracted species, therefore, probably consist of 
free thiocyanic acid in addition to ammonium thiocyanate molecules. 

The results obtained in paper-chromatographic esperiments are presented ‘in 
Table III. The ions not mentioned in the table gave RF values equal to, or approsi- 
mately equal to, zero in all the systems tested, escept in the cases of molybdenum, 
vanadium and titanium. These cations show “multi-spot” phenomena, so that exact 
XI;. values could not be given. The behaviour of these cations is complicated by the’ 
fact that they co-exist in two or more chemical forms, with widely different chroma- 
tographic behaviour, in a given solvent system. In addition to the “multi-spots” 
shown by these cations, a tailing was observed, due probably to a relatively slow rate 
of transition from one chemical form to another. Such phenomena are quite commonly 
observed in paper chromatography of these cations. The cations with Xp values of 
zero form either thiocyanates that are insoluble in water and alcohol, e.g. silver, 
thallium and lead, or thiocyanates or nitrates that are inestractable by alcohol, e.g. 
alkali akd alkaline earth metals. 

As regards the cations listed in Table III, the effect of increasing the thiocyanate 
. concentration in the initial aqueous solution has first to be considered, In the systems 
without nitric a$id all the cations, with the esception of arsenic, antimony, gold and 
palladium, show zero or nearly zero XP values for concentrations of thiocyanate in 
the initial solution up to approsimately z M. Higher RF values in more concentrated 
solutions are connected with the appearance of the”water-front”on the chromatograms, 
the cations moving with the water-front.The appearance of the water-front must be 
due to a higher solubility of water in the alcohol, as can be seen from the volume 
ratios of the two separated phases (Table I, column 5). For concentrations up to I.9 M 
thiocyanate in the initial aqueous solution, the ratio VO/VW is practically constant 
(& I %) ; for higher initial concentrations, this ratio increases due to the swelling of 
the organic phase by its greater water content. The increase in the CXNI-I,CNS coincides 
with the increase in the ratio V,/V,, as pointed out above. 

Most of the cations listed in Table III readily form comples compounds with the 
thiocyanate, but it seems that they are only sparingly soluble in the alcohol. For a 
higher solubility (higher Rp values) a higher polarity of the solvent is needed. Greater 
polarity is achieved by increasing the water content of the solvent, i.e. by equilibrating 
it with a more concentrated aqueous solution of ammonium thiocyanate. 

The above conclusions concerning the effect of initial thiocyanate concentration 
upon the Rp values obtained, seem to be completely valid for the parallel systems 
containing nitric acid. The “break” in the chromatographic behaviour of cations at 
the initial thiocyanate concentration of about z&I, could be observed to a lesser degree, 
due to fewer esperimental data being presented for lower thiocyanate concentrations. 

The main aim of these experiments was to study the effect of the acid upon the 
RF values in systems containing various concentrations of thiocyanate. Comparing 
the Rp values for the cations in the two sets of experiments, in the pres&& and 
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absence of nitric acid, one can see that, in the presence of acid, the values are either 
the same or higher. 

Cations showing equal RF values in both systems are those forming water- and/or 
alcohol-insoluble compounds (RF = o), and those forming relatively stable undisso- 
ciated thiocyanate compleses (whose estractability is not inlluenced by the acid 
present in the eluant), such as copper, cobalt, nickel, manganese, cadmium, yttrium 
and the rare earths. It must here be recalled that all the cations belonging to this 
group, ,i.e. those that have equal RF values in both systems, showed RF values of 
zero or approsimately zero in the previously studied systems containing isoamyl 
alcohol and various concentrations of nitric acid‘&. 

The effect of the nitric acid can possibly be esplained either by the inhibition of 
hydrolysis and the formation of more extractable acid thiocyanate compleses, as in 
the case of iron, zinc, mercury and uranyl, or by the inhibition of hydrolysis preventing 
the formation of insoluble compounds of more or less amphoteric covalent species, 
such as those of aluminium, beryllium, indium and gallium.” 

It was our intention to carry out esperinients with methyl isobutyl lietoiie parallel to 
those with isoamyl alcohol. However, the preliminary chromatographic csperiments 
showed that, when the eluant used was methyl isobutyl ketone saturated with 
ammoniuin thiocyanate (without nitric acid), practically all the cations listed in the 
experimental part gave Xl,* values of zero. In the presence of nitric acid, however, a 
number of cations showed XJ- values other than zero. In view of the negative chroma- 
tographic results obtained in the system MIBK-NH,CNS-H,O, only the second 
system IMIBIC-NH,CNS-HNO,-H,O was thoroughly investigated. The distribution 
of the tivo solutes, ,the thiocyanate and the acid, between water and the ketone, is 
presented in Table IV. The amounts of thiocyanate estracted by the ketone are very 
small, and its distribution coefficient decreases with increasing condentrations of 
thiocyanate in the initial aqueous solution, but at high initial thiocyanate coiicentra- 
tions the distribution coefficient remains practically constant. This low solubility of 
the thiocyanate in the ketone is further indicated by the unchanged volume ratios of 
organic and aqueous layers after equilibration, as shown in colu~nn S. 

Comparing the numerical values of the normalities of the thiocyanate with those 
of the acid in the organic phase (columns 6 and 7), it can be seen that equinormal 
amounts of both are estracted by the ketone, using concentrations up to approsi- 
mately z A/l of thiocyanate in the initial aqueous solution. A further indication of the 
composition of the species estracted by MIBK can be derived from the results 
presented in Fig. I. The slope of the straight line obtained by plotting log a[~-l+] 
VeYsus the logarithm of the thiocyanate concentrations in the initial aqueous solution, 
is equal to one, which is similar to the results obtained with the isoamyl alcoholic 

* Note added in proof: The authors are much indebted to Dr. EIZDIIRISR, Editor of this Journal, 
‘for kindly suggesting the clismutation of Fe(CNS), to Fe++ 
for the tailing of iron on the chromatograms. 

and (CNS), as a plausible explanation 

Refe,vemes p, 371; 
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TABLE IV 

THE I3IS’CRIRUTION OF A~~MONIUhI TI-IIGCYANATE AND NITRIC ACID BETWEEN 

\V,\TI‘tR AND BIETHYL ISOBUTYL KeTONE 

l Calclllutccl from the cliffcrcnccs. 

systems described above. This slope indicates that each hydrogen ion is attached to 
one thiocyanate ion. A change in the slope occurs when the initial thiocyanate 
concentration exceeds z 144, coincidental with non-equinormal amounts of hydrogen 
and thiocyanate ions extracted by the ketone. 

Chromatograms of the ions listed in the esperimental part were run in methyl 
isobutyl ketone saturated with aqueous ammonium thiocyanate solutions of varying 
concentrations (0.1-5.5 M), With the exception of covalent chloride compounds, 
compounds of arsenic, antimony and tin, all the cations gave zero RF values. The 
high estractability of these three covalent chlorides by methyl isobutyl ketone has 
already been observed 17 2, No thiocyanate compounds, either compleses or salt-like, 
are known for these cations. On the other hand, the addition of nitric acid to the 
thiocyanate solution resulted in Rp values other than zero, as shown in Table V. 
Almost all the cations moved on the paper with tailing. This tailing is generally 

RI.- VKLUES OF IONS IN Ml’-WYL ISORU’I’\‘L KE’rONIS BQUILIl3I<ATISI> \VI’I’I-I AQUEOUS SOLUTIONS 

CONTAINISG NITRIC ACID ANI) h~lhtONIU&\I THIOCYASATE OF \‘r\lZIOCJS CONCl%N’~IZA’l~IONS 

13c(NO,), 0.00 0.1s t 0.2-j t 0.24 t 0.2s t o.‘LG t 0.30 t 0.36 t 0.42 t 
%Il(NO,) p 0.00 0.32 t O.‘l_ t t O.LfO t 0.115 t 0.46 t 0.44 t 0.4s t 0.50 t 

Tn(NO,),, 0.00 0.35 o-39 0.4s o.gG t 0.55 t 0.60 t 0.57 t 
SbCl;, O.lIY 0.1 .j 0.14 0.19 0.21 0.19 o. 16 0.15 O.lj 

UO,(NO,), 0.0s 0.,26 t 0.31 t 0.31 t 0.36 t 0.40 t 0.37 t 0.40 t 0.43 t 
pwn(NO,) 2 0.00 0.2-j t 0.2s t 0.32 t 0.4 I t 0.35 t 0.37 t 0.3s t 0.37 t 

‘./ dh(NO,), 0.00 0.22 t 0.29 t 0.33 t 0.36 t 0.37 t 0.13 t 0:12 t 0.12 t 

CO(NO,) 2 0.00 o.oj t 0.10 t 0.0s t 0.12 t 0.30 t 0.37 t 
PdCI, 0.00 0.11 t 0.0s t 0.10 t 0.0s t 0.0s t ‘0.10 t 0.13 t 0.0s t 

References fi. 37.r. 



370’ A. s. 1clxcm:S, A. BECK v0L.t; 2 (1cJjg) 

caused by the very slow rate of hydrolysis of the compounds in question. Uncharged 
species, the only ones that could be estracted by a non-polar organic solvent (such 
as methyl isobutyl ketone), were probably formed as products of a slow and irreversible 
hydrolysis of the metal species. The usefulness of chromatographic separations iti the 
above systems is therefore very limited. The effect of increasing the thiocyanate 
concentration could only be observed in the cases of cobalt and beryllium. The 
phenbmenon is clearly a consequence of the limited solubility of the complesant 
itself in the organic phase, as pointed out above. 

Only the presence of acid in the eluant affected the mobility of the listed cations. 
The influence of the acid must be similar to its influence in the systems with isoamyl 
alcohol, i.e. promoting the formation of uncharged thiocyanate compleses as in the 
case of ferric iron, cobalt, manganese and uranium, or inhibiting hydrolysis as in the 
case of amphoteric beryllium and indium. The Rp values of covalent antimony 
chloride are not influenced by the presence of acid. 

Systmns with di-iso$roj!~yl ether 

Since one of the main aims of this research was to make a comparative study of the 
chromatographic behaviour of metallic nitrates in systems containing an alcohol, 
a ketone or an ether, we intended to carry out experiments parallel to those given 
above, using di-isopropyl ether as the representative of the ethers. Chromatographic 
experiments with systems contziining various concentrations of ammonium thio- 
cyanate with and without 0.1 A/r nitric acid, showed RI;I values of zero irrespective of 
the thiocyanate concentration and the presence of nitric acid. The only esceptions 
,were the cations, such as antimony, which owing to their covalent bonds, are readily 
soluble in ether. In view of the negative chromatographic results we did not find it 
worthwhile to undertake a comprehensive study of the distribution of the thiocyanate 
and the acid between water and the ether. 

CONCLUSION 

Ammonium thiocyanate is readily soluble in isoamyl alcohol, only very sparingly, 
soluble in methyl isobutyl ketone and probably completely insoluble in di-isopropyl 
ether. Thiocyanic acid is easily extractable by the first two solvents and probably 
inestractable by the ether. The estractability of ammonium thiocyanate from an 
aqueous solution by an organic solvent seems to be connected with an appreciable 
swelling of the organic phase. This means that the extracted ammonium thiocyanate 
molecule .must be readily hydrated. On the other hand, the estraction of thiocyanic 
acid does not seem to cause a swelling of the organic’phase, which suggests that the 
estracted species is unhydrated. _...I 

The moving of cationic species on the paper depends mainly on the charge of the 
species and on the polarity of the organic solvent: non-polar organic solvents ‘can 
estract oply uncharged species. Since the thiocyanate metallic species formed during. 
these chromatographic experiments were inestractable by the three non-polar 

* Referinces p. 37r. 
8,. 
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organic solvents, saturated with aqueous solutions of ammonium thiocyanate, it 
follows that these species must be either cationic or anionic but not uncharged. 
&creased water content in the non-polar isoamyl alcohol (dielectric constant 5.7) 
increases the polarity of the water-alcohol mixture and enables even the charged 
thiocyanate species to move on the paper. 

The presence of free thiocyanic acid in the organic solvent, apart from its effect 
of inhibiting hydrolysis, promotes the formation of less dissociated thiocyanate 
complex species, according to the reaction: 

The hydrogen ion here plays the role of the cation. The acid-complex species are more 
extractable by non-polar organic solvents than the corresponding ammonium salts, 
and therefore higher Xfi~ values were obtained in systems containing nitric acid. 

SUMMARY 

Data are presented for the partition of nitric acid and/or ammonium thiocyanate 
between (I) water and isoamyl alcohol, (2) water and methyl isobutyl ketone. The 
2?1;1 values of about sisty ions have been measured in isoamyl alcohol, methyl isobutyl 
and di-isopropyl ether, saturated with aqueous solutions containing varying amounts 
of ammonium thiocyanate and nitric acid. The effects of the solutes on the extracta- 
bility of metallic species from aqueous solution by alcohol, ketone and ether, have 
been discussed and compared. 
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