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THIN-LAYER CH-ROMATOGRAPHY OF METAL IONS ON CELLULOSE 
IMPREGNATED WITH THIOCYANATE SALTS OF LIQUID ANION 
EXCHANGERS 

I. EXPERIMENTAL PARAMETERS INVOLVED IN THE SYSTEM 
AMBER.LITE LA-z-THIOCYANATE/AQUEOUS AhZMONIl_JR’I THIOCYANATE 

A selection of metal ions (Ag(I), Cu(II), Cd(II), Bi(II1) and Mn(I1)) have been 
cl~romatograpl~ecl on supports impregnated with the licluid anion es&anger, Amber- 
lite LA-2-thiocyanate, formed from the free amine by an indirect method via the 
chloride form or by a direct method, i.c. with tliiocyanic acid, using aclueous am- 
monium tlliocyanate as the mobile phase. Cellulose is preferred to silica gel as the 
support. The x1.1 values are inddpendent of the method used to convert the free amine 
to the salt form. The Rp values are shown to vary with the impregnation coefficient 
of the stationary phase and with the composition of the mobile phase. A high degree 
of reproducibility of Rp values is obtainable in tile system stucliecl, 

INTRODUCTION 

Using tlliocyanate media as mobile phases, IJRIxI~h.fAN ck? czI.l. have cliromato- 
graphed sis metal ions on substrates (silica gel thin layers and paper) impregnated 
with the thiocyanate salts of long-cllain (secondary, tertiary and quaternary) amines. 
From tlleir preliminary results, tllese authors concluded that furtller work on these 
systerns was justified. In contrast, other+:’ have esamined a wider range of metal 
ions on paper impregnated with tertiary amines: tri-lt-but?llallline, tri-4t-octylamine 
and tri-isooctylamine, only. For a given mobile phase, litt!c difference in behaviour 
of the metal ions was observed using these three tertiary amines. This illustrates, as 
observed by BRINitMAN cl d.l, that he character of tile-amine group rather than the 
nature of the substituent hydrocarbon chain is the primary factor governing the 
chromatograpliic beliaviour of the metal ions in the systems investigated”-“. None 
of these works, llowever, includecl a systematic investigation of the esperiniental 
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conditions necessary to produce a cllromatograpl1ic system from which the highl>~ 
reproducible R~J values necessary for the unambiguous characterisation of the metal 
ions separated could be obtained. 

For these reasons, before makin g a systematic investigation into liquid ion- 
exchange chromatography of metal ions using aqueous thiocyanate media, we in- 
vestigated a number of chromatographic parameters likely to affect the beliaviour of 
the metal ions in the systems studied. Our object in this work was to establish con- 
ditions which give a high degree of reproclucibility of Rfiq values that are essential in 
order to gain insight into the mechanisms of the chromatographic system, charac- 
terise metal ions according to their Rp value, and develop systems whicll can be used 
for the quantitative determination of the ions separated”,“. 

Before beginning our experimental work, it was pertinent to consider whicll 
type of long-chain amine would be most suitable for an investigation into the param- 
eters which govern the system. Primary and quaternary amines which show the 
extremes of ion exchange character, as exemplified by BRINKMAN et aL.l, were con- 
sidered to be unsuitable. We therefore selected a secondary amine-Amberlite LA-2, 
converted to the thiocyanate form, as the impregnant because we think that results 
obtained using this anion exchanger of intermediate strengtll would show a close 
affinity with the results expected from the use of both primary amines and quaternary 
compounds. 

ESI'EKIMENTAL 

The exact molecular weight of the amine-Amberlite LA-2 (370) was determined 
by a method described earlier O. This enabled us accurately to prepare solutions of the 
amine in chloroform (0.x-0.5 M). From these, solutions of the thiocyanate salts were 
prepared by one of the two following methods: (a) By an indirect method in which 
the amine hydrochloride was first formed by the method described by I~RINKMAW 
AND DE VRIES’, Conversion to the amine hydrochloride was shown to be IOO~/~. The 
amine hydrochloride was treated with an equal volume of ammonium thiocyanate 
solution (3 M) and the mixture was allowed to stand overnight, after which the 
aqueous phase was separated from the organic phase. This procedure was repeated. 
The amine thiocyanate was then washed with three equal volumes of distilled water 
and filtered tllrough a pad of anhyclI:~u:: magnesium sulphate to form a clear solution. 
(b) By a direct method in which thiocyanic acid (1.5 M) was prepared by passing 
potassium thiocyanate (2 M) through the catiog,,resin ‘Zeo-carb 220' in tile hydrogen 
forma. The acid solution obtained was shaken with a solution of Amberlite LA-2 in 
chloroform. The phases were separated and the procedure repeated, so forming the 
anion exchanger according to eqn. I. 

R,R,NH + HSCN = (R,R,NH,)+SCN- (I) 

The anion exchanger was washed three times with deionised water and filtered through 
a pad of anhydrous magnesium sulphate. This conversion was found to be gS%. 
A concentrated solution of ammonium thiocyanate (I) Al) in deionised water was 
prepared. The esact molarity of this solution was found by tit?: ,1-.ing a dilute solution 
(5 ml made up to 250 ml with deionised water) against silver nitrate (0.x A/r) using 
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ferric alum indicator. Calculated volumes of tllc standardised solution were used to 
prepare the stock solutions of ammonium thiocyanate (0.1-7.0 Af), used as the mobile 

phases. 

Cellulose (15 g of RI&-3oo-HR) or silica gel (30 g of Merck G) were slurried wit11 
a solution (70 nil), of tile appropriate molarity, of tllc impregnant in cllloroform, and 
the resulting suspension was used to prepare tile chromatolayers (5 x 20 x 20 cm) at 
an applied thickness of 0.3 mm using a Shandon apparatus. l’lley were dried in air 
for 20 min to allow the cliloroform to evaporate. 

Solutions of 1~1 containing I rut_: of five metal ions (Ag(l), Cu(II), Cd(II), 13i(III) 
and Mn(I1)) were applied to the layers by the techniclue previously described”. The 
clironiatograrns were clutecl wit11 solutions of ammonium thiocyanate of the appropri- 
ate molarity in our double saturation chamber (i.c. our polytlicne bag tecl-inique!‘~lO) 
at a constant temperature of 25 -& o.I’, until the solvent front had travelled a fisecl 
distance (x2.5 -& 0.5 cm) from the point of application of the metal ions. The eluted 
layers were then clriecl in an air oven at IZOO for 20 min and sprayed either with PAN 
(I-(z-pyridylazo-)a-napllthol) solution (0.1 ‘x, in ethanol). Then they were exposed to 
ammonia vayour to visualise Mn (I I) or wi tll I~itliizone (0.1 ‘x, in cliloroform) tovisualise 
the remaining ions. RI,- values were computed in the usual wa\*. 

Silica gel and cellulose were investigated as possible supports for the imprcgnant 
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A CONPARISOS 01’ ‘THTc I?,,# \‘ALUISS oI~TAlSI51~ USIXC; SILICA GEL OR CI<LLULOSI< AS SUI’I’C1R’l’S I;OR 

TIIIS IhII’RI5GS,\S’T ~\hllJILRLI’TIS L~\-2-‘I’IIIC~CY,\S,\‘r~ OR USISCi :\hII3I~RLII’IS I.;\-2 ‘1’III(.)C:~‘,\Sr~‘l’12 I’RE- 

I’ARIII) I?ITIIEIZ 131’ TI-II’: ISI>IRISC’I XIIS’I’IIOI~’ OR 14Y ‘I.1115 lJ11215C1’ X115’1’1101~ 

ii =-.: results ol’tainctl from silica, jicl iiiipr~pl;~tccl \vith Aml~crlitc I,:\-~-thioc~~ll1aCc (0.1 .I/) 
prcparccl by the intlircct 11lcthotl : 1) :::. results obtainctl from ccllulos~ imprcyiatctl \vitli .4mlwr- 
litc I,:\-a-thiocsan~Itc (0. I .I/) prcparccl by tlic inclircct riictliotl ; c -:; rcsiIlts ol’t;dnctI from 
~cllulos~ iniprc~natccl \vitli Ambcrlitc I,:\-~-tliioc\‘;lll;It~ (0. 1 ;lf) prel’arlvl 1)~. tlic tlircct Iiictlicxl. 
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(prepared by the indirect method). The X 1~7 values (the mean of at least G determi- 
nations) obtainecl are shown in Table Ia and b. Each Xp value was reproducible to 
-& 0.04 RF units for the silica gel system and -+ 0.02 for the cellulose system. 

It can be seen that, whilst the XI,- values are higher on the silica gel than on the 
cellulose support, the X&- value trends on the two supports are similar, suggesting that 
each substrate is completely covered with the impregnant so that we can regard the 
system as one in which the distribution of the solutes is between the thiocyanate 
mobile phase and the liquid anion exchanger impregnant. In the event of incomplete 
coverage of the layers with the impregnant, we would not expect the observed com- 
parability of the results because of a competitive interaction between the solutes and 
the supposedly inert supportll-13. 

Similar observations concerning the higher RF values for impregnated silica 
gel layers compared with impregnated cellulose layers when each bore the same 
impregnation coefficient of the same impregnant (Primene JM-T-hydrochloride or 
tri-ut-butylphosphate) have been reported 6g10. Two possible reasons exist for this 
behaviour. Firstly a higher weight :volume ratio of substrate to impregnant exists in 
the case of silica gel compared with cellulose ; this effectively reduces the impregnation 
coefficient of the formerlo. Secondly, it has been shown that the impregnant is more 
firmly held on the former 10. This results in a less effective uptake of the impregnant 
from the slurrying solvent by the silica gel during the preparation of the plates. These 
two effects are superimposable. 

We confirmed the observation of BRINKMAX cd ~1.~ that the solvent front on the 
silica gel layers was fairly irregular. On cellulose layers, however, we found that tile 
solvent front was uniform except at very high molarities of the mobile phase. Two 
other disadvantages were noticed when silica gel was used as a substrate which was 
not apparent when cellulose was used. Firstly, the presence of iron in the silica gel 
resulted in an interaction between the iron and the mobile phase, causing the iron 
to be precipitated on the layers as a red tlliocyanate complex. This colour could 
possibly interfere with the identification of many metal ions which form red com- 
plexes with PAN or otl?er chromogenic reagents. Secondly, the mechanical stability 
of the layers formed from silica gel as a support for the stationary phase was observed 
to be very inferior to that of cellulose layers. Wllen silica gel layers were placed in 
the eluent, the silica gel at the bottom of the plate often flaked off, increasing the 
elution time considerably. This also leads to irregular solvent fronts. Often normal 
movement of the eluent caused the silica gel to flake, ruining the plate. This is in 
accordance with the findings of other worltersflvlo. 

For these reasons, preference was given to the choice of cellulose as a support 
for our subsequent investigations. 

Table Ib and c shows the results obtained when the amine is convertecl to the 
liquid anion exchanger, i.0. the salt form, by the indirect and direct methods. The 
former method suffers from the disaclvantage that in its final form the exchanger 
may not be present exclusively as the thiocyanate salt but as a mixture of the thio- 
cyanate and the chloride forms 14, The disadvantage inherent in the latter process is 
the instability of free thiocyanic acid which necessitated its preparation afresh on 
each occasion it is used. 
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From Table Ib and c it appears that the Zi,i* values, within the limits of ex- 
perimental error, are largely independent of the method used for the preparation of 
the ion es&anger. In subsequent work, we therefore decided to adopt the simpler, 
more convenient method of formation of the licluid anion eschanger from the free 
amine, namely the indirect method. 

In conjunction with this worl < it is significant to note that neither Waits- 
&IUNDSKI AND ~‘RZESZLAICOWSIi12 nor ~‘R%ESZLAI<OWSIiI’~ appear to have preformed 
the anion exchanger from the free amine prior to tlie impregnation of the paper, 
In spite of this, they discuss their results in terms of an anion escllange mechanism 
between anionic thiocyanate complexes of the metal ions and the thiocyanate salt 
form of the amine”. This discrepancy between their chromatographic practice and 
the theoretical discussion of their results can be reconciled only if one assumes the 
i?a sitzc formation of the amine salt during the development of their cliromatograms. 
liar this to happen, however, the presence of protons in the system are essential. 
Since ammonium thiocyanate is the salt of a strong acid and a weak base, it is reason- 
able to suppose tllat some degree of hydrolysis of the salt will occur in aqueous solution 
with the formation of thiocyanic acid, thus enabling h sitzc formation of the anion 
exchanger to occur‘. 

We consider that this is likely to be so, for the pH range of the aclueous am- 
monium thiocyanate varies from pH 5.S (0.1 n/r) solution to pH 5.2 (7.0 n/r) solution, 
i.c. all the solutions used by us and by the above workers have an acid pH. 

From the above it is clear that in sib formation of the amine salt probably 
does occur; but when it does, it must result in the formation of a concentration gra- 
dient of the mobile phase over the stationary phase. Such behaviour is not consistent 
with a high degree of reproducibility of IZJ+~ values, and this must be regarded as a 
real weakness in’ the interpretation of the data obtained by WAICS~ICJNDSKI AND 
~~R%ESZLAI~O~SI~I~ and ~RZ@SZLAI<OWSI~I 3. Such a weakness is obviated in our work 
by our malting the liquid anion eschan’@ before the preparation of the chromato- 
layers. 

In general, we see that an increase in tile Rp values (Table Ia, b and c) of 
most of the metal ions occurs with an increase in the molarity of the ammonium 
thiocyanate in the mobile phase. This pattern, however, is not observed. in the case 
of Mn(I1) which shows an initial d.ecrease in values with an increase in the molarity 
of the mobile phase with a slight increase in the values at high molarities of the mobile 
phase. The overall patterns of the RI,- values obtained by us agree with those oh- 
tained by other worl;ers1-3. 

T/w e@t of tlac variation of tlac antinc-salt coucentvation 011 t/w thin Icz~w.s 
It has been shown that the li n,r values obtained from reversed-please tllin-layer 

cllromatograms are linearly related to the cross sectional area (A .J of the stationary 
please according to eqn. 2 (refs. 6, I I, 12). 

ZifiI I-- log*, ‘4 $ + constant (2) 

If the logI,, A .q term is directly related to the log ol’ the concentration of the 
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RI.- AND I?fir VALUES OF SOME METAL IONS ON CIELLULOSE LAYERS IMI’RISGSAT1513 WITI VARYING 
CONCENTRATIONS OF .‘iMIBERLITE LA-Z-THIOCYANATE WITH AM~IONIUM TI-IIOCYANATIS (4.0 h’f) AS 

TI-115 ELUENT 
_.._ _._... _-... .._.... ._.... __. .___........._. -. ..- . -. __.. ..--_- _ . . 

I_ondiq of Ambevl~itc LA -2-tl&cyarla.tc (nu~lnviiy ulitk vcsfwct to -NH) 
--- ----_-.-----.---------. --~.- - 

0 $0 0.r 0.15 0.2 0.25 0.3 ".J r,..i 
_ _~__..__ .~ -_.---__ - 

Ccl(I1) Rp 1.00 0.tg 0.15 0.13 0.1 I 0.10 o.oG 

R - nr + 0.630 -t_ 0.728 -to.826 -I- o.l)ox -t 0.9.54 - 1.279 .--- 
Cu(lI) Rp 1 .oo 0.43 0.34 0.28 0.24 0.1~) 0.10 

R,JI -- fo.122 -j- 0.288 -I-o.410 -t_O.~OI .-I- 0.030 -I-0.954 
Ag(1) RIJ 1.00 0.74 0.Gg O.G2 0.58 0.53 0.45 “a37 

Rnt -. - 0.454 -0.341 -0.213 -o.I‘~o -- 0.0~2 -t_ o.oH7 + 0.23 I 

Time of run .+5 70 85 100 120 IS0 170 200 

(min) 
_____-..- . . .._._ - _._._._-_.__. _.._. _ _... _ _. ._. .__ _ .._ ._...- _.. 

stationary phase in the solvent used to slurry the cellulose then the latter sl~oulcl 
also be linearly related to the X&l valueslb. 

The results in Table II show that an increase in the impregnation coefficient of 
the stationary phase results in a decrease in the Rp values. For the three metals 
studied, the plots of XM vs. the log of the impregnation coefficient are linear, giving 
a series of parallel lines. This suggests that the variation in liLl.l values with the vari- 
ation in the impregnation coefficient is a property of the impregnant rather than 
one of a particular ion. After a given plate loading (0.25 n/r) there is a break in the 
parallel lines and the R&f value plots show an upward trend. At loadings above this 
point, the metal ion spots become more diffuse, the time taken for the solvent front 
to travel a fixed distance increases and the solvent front becomes very ragged. All 
these features have been previously reported for reversed-phase thin-layer chromato- 
graphy of metal ions chromatographed on thin layers of cellulose impregnated with 
Primene JM-T-hydrochloride using hydrochloric acid as the mobile phas&. It is of 
interest to note that similar alterations in the shapes of the R~I vs. impregnation 
coefficient curves have also been observed in reversed-phase paper chromatography 
when tri-?z-butylamine was the impregnant 2v8. In these investigations, however, the 
authors studied very high impregnation coefficients and found a downward R&f 
trend at ca. 250/O impregnation coefficient. This cot-&ponds approsimately to an 
impregnation coefficient of I.5 111. 

In an earlier paper we have shown that the void spaces in filter paper result 
in an approx. s-fold higher degree of impregnation compared with thin-layer sys- 
tem@. We have also shown that the molar volume of tile inipregnnnt, as well as 
its molar concentration, is of importance in governing the points at. which deviation 
from linearity occurs in chromatographic systems 15, Consiclering both these facts we 
find that the point of deviation in our system and that observed by WAKSMUNIXKI 

AND PRZESZLAKOWSI~ and PRZESZLAKOWSICI~ become reconciled. 
The comparability of the present results with those obtained for the Primene 

JM-T-hydrochloride-hydrochloric acid system” confirms that the point of deviation 
from linearity occurs as a result of polymerisation of the stationary phase”. 

From Fig. I, it appears that there is no particular advantage to bc gained 
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from using impregnation coefficients greater than 0.1 M wit11 respect to tile amine 
functional group, even though higher impregnation coefficients lower tile RF values. 
Therefore for further work on the system Amberlite LA-2-tlliocyanate-~~qucous 
ammonium thiocyanate, we used an impregnation coef?icient of 0.1 ill. 

The results quoted in the foregoing sections were the mean of at least 6 de- 
terminations suggesting that some degree of reproducibility of Ii/,- values is ob- 
tainable in the system Amberlite-LA-2-tliiocyanate-aqueous ammonium tliiocyanate. 
However, it was considered that before we could use the RI,* values obtained in the 
system eitller for the characterisation of metal ions or for a discussion of the mecha- 
nisms involved in the separation of tlie metal ions in the clironiatogrnpl~ic system 
investigated, it was necessary to re-assess tile degree of reproducibility of the Rp 
values of the metal ions once the experimental conditions discussed above had hen 
standardised. Table LII shows the degree of reproducibility of tile RI.* values obtained 
for Mn(1.I). This ion was cllosen 1xxause the preliminary experiments had shown tllnt 
the XI,? values obtained for it lay in the region of meaningful RI,- values, i.c*. 0.1~0.g 
(ref. 16). 



300 r<. J. -I-. GRAHAM, A. CARR 

Assuming a Gaussian distribution of RI,- values about the mean, then G8(v0 of 
the Rp values should lie within the standard deviation and 95% of the RI,- values 
should lie within twice the standard deviation. From these results it may be concluded 
that the reproducibility of the system is of the order of f: 0.02 RF- units because the 
standard deviation is of the order 0.007-0.01. This was confirmed by the fact that 
on all subsequent plates the standard manganese spot was never more than 0.02 Rp 
units above or below the value shown in Table III. 

CONCLUSIONS 

In the reversed-phase thin-layer chromatography of metal ions on supports 
impregnated with the liquid anion eschanger Amberlite LA-2-thiocyanate using 
aqueous ammonium thiocyanate as the mobile phase we find that: (a) cellulose is to 
be preferred to silica gel as a support for the impregnant, (b) the Rp values are inde- 
pendent of the method used to convert the free amine to the appropriate salt form, 
and (c) the lip/R~ values vary with the degree of impregnation of the support with 
the stationary phase and with the composition of the mobile phase. It is possible to 
obtain a high degree of reproducibility of Xl47 values in the system. 
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