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THIN-LAYER CHROMATOGI~AI’HY 01; METAL IONS ON CELLUI,OSE 
IMPREGNATED WITH THIOCYANATE SALTS 01.; LIQUID ANION 
EXCHANGERS 

II. THE SYSTEMATIC INVESTIGATION 01; METAL IONS IN THE SYSTEM 
AMI3ERLITE LA-z-THIOCYANATE/AQUEOUS AMMONIUM TI-IIOCYANATE 

SUMhIARY 

Sistv-eigllt metal ions have been chromatograpl~ed on thin layers of cellulose . 
impregnated with Amberlite LA-a-tlliocyanate using aqueous ammonium thiocyanate 
(0.x-7.0 M) as mobile phases. Most of the ions chromatographed eshibited the 
extremes of chromatograpliic beliaviour in that they either remained at the point 
of application or they migrated with the solvent front. Chromatographic distribution 
was observed for VO”-‘-, Mn(II), Ni(II), Cu(II), Ag(I), Cd(II), Tl(I), Pb(II) and Bi(II1). 
Where distribution of tile metal ions occurred tile results are explained in terms of 
an anion-eschange mechanism. 

INTROP)UCTION 

Using tliiocyanate media as mobile pliascs, metal ions liave hen cliromato- 
graplled on substrates (paper or thin layer) impregnated wit11 organopllosporous 
coIllpoullcls, both neutral (ik. tri-rz.-butyl pliospliatel 2 and tri-isooctyl pliospliate:l) 
and cationic (i.~. bis(dietl~ylI~esyl)ortl~opl~ospl~oric acid”), long chain tertiary amines”15 
and the thiocyanate salts of long chain amines”~i. 

In a previous paper7 we considered the effects of a number of espcrimental 
parameters which were likely to affect the beliaviour of metal ions when these are 
cllronlatographed on the tlliocyanate form of the secondary amine--Atll~erlite LA-2 
using amnionium tliiocynrinte solutions (0.1-7.0 AI) 11s elucnts. l;rotii these stuclics 
it was concluded that : 

(a) Cellulose is to be preferred to silica gel as the support medium for tile licluid 
ion exchanger. 

(b) The RI,- values obtained are independent of wllctller tllc amine is con\~ertccl 
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to the salt form directly or indirectly, i.e. by forming tile amine hyclrocl~loride initially 
and using this to form the thiocyanate salt. 

(c) The Xp values depend upon the degree of impregnation of the support wit11 
the amine salt. 

By controlling the experimental conditions it was shown that a high degree of 
reproducibility of RF values of the metal ions was obtained. Using the strictly stan- 
dardised conditions discussed in the previous paper, we have extended our investi- 
gation to a systematic study of the behaviour of 6s metal ions on thin layers of cellu- 
lose impregnated with the thiocyanate form of the secondary amine-Amberlite 
LA-z with aqueous ammonium thiocyanate of appropriate molarities as eluent 
system. The results of these studies are reported in this paper. 

EXPERIMENTAL 

Solutions of the metal ions (I mg/ml) were prepared as previously described”. 
The standardisation of the amine, the preparation of the amine solution (0.1 II/I in 
chloroform), the preparation of the salt form of the amine by the indirect method 
and the preparation of the aqueous ammonium thiocyanate solutions, (0.1-7.0 n/r) 

have also been described7vD. 
We used the method discussed in an earlier paper’ for the preparation of the 

impregnated layers (Cellulose MN 300 HR + Amberlite LA-2-thiocyanate (0.1 AZ), 

the application of metal ions to the layer and the subsequent elution of the chromato- 
layers in our double saturation chamber-the polythene bag technicluelO~ll. 

The eluted plates were either viewed under ultraviolet light whilst still wet, 
inspected under visible light or sprayed with one of the following chromogenic reagents 
in order to identify the position of the metal ions on the chromatolayers: 

(I) I-(z-pyridyl-azo)-2-naphthol(PAN) (0.1% w/v in ethyl alcohol) ; 

(2) S-hydroxyquinoline (0.1 y. w/v in ethyl alcohol) ; 

(3) diphenyldithiocarbazone (dithizone) (0.1 y. w/v in chloroform) ; 

(4) (z,7-bis-(O-arsono-phenyl-azo)- ;r,S-dihyclrosy-naphthalene- ;3,6disulphon- 
ic acid (sodium salt) (Arsenazo III) (o.IO/~ in water) ; 

(5) Potassium iodide solution (0.5 Jl) ; 

(6) Acidic stannous chloride solution. 
The appearance of the metal ions on the layers after tile appropriate treatment 

are listed in Table I. 

RESULTS AND DISCUSSION 

The RF values, being the mean values of at least 6 determinations are given in 
Table II. A spot of Mn(II) was applied to each plate as an in.ternal standard.gle Rl.1 
value of this standard has been shown ,to be highly reproducible7 (i.c!. to -& 0.02 Z?p 
units). The data given in Table II were obtained from plates on which the RF values 
of the standard were reproducible to within its predetermined mean value. 

Using these highly reproducible R/J values we have investigated the system in 
light of the possible mechanisms vk. : 

M’b+ + ~jc(ScN)- =: M(SCN)s- where x- = (9+-3.1), 

M(SCN)“- + x[RZNH2]+(SCN)- + [R2NH&‘-M(SCN)“- + x(SCN)- 

*/. Cllvorrli~lo~., -16 (1970) *Sjc,I-31 I 

(1) 

(2) 
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h?p VALUES OP hl&TAL IONS Cl-~ROMATOGRAPMED ON CELLULOSE IhlI’RIEGNATISD WITH .‘\CvlL315RLITE 

LA-2-THIOCYANATE/AQUEOUS AMnjoxIuM THIOCYANATE 
____ -_-___-._--_--._.____._ ._._. -.- __._ ___ 

/on Molarity of ammimiicvvt thiocyarlate solzition 
-----_-- -_-- 
0.I 0.5 I.0 2.0 3.0 

___. _.___._.._ __.._._._ .._.. __.__,_-.-_.-^_.-. ._- ____ -. _.. -..... ..---.---.. 

J3locfz ezcwM~tts 
A Mali mdals 
Li a 

N;L u 
_ 

:;LJ 

n 

Lb 

CS ‘L 

A lkaline earths 

.- -. -.________ 
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0.00 
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1.00 
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1.00 
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%rOZ+ 
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Sorl~c pbiocl~ 
CCCWtl!?ltS 
Rl(11.1) 
Ga(lll) 
In(llr) 
‘l‘l(1) 
Sll(11) 
SYl( IV) 
Pb(l1) 
As(ll1) 
As(V) 
Sb(IJT) 
Bi(lII) 
Sc(lV) 
‘J.c( I.\‘) 

I .oo I .oo I .oo 1 .oo 
0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

o-74 0.71 O.Gcl) 0.76 
0.00 0.00 0.00 0.00 
1, 
0.32 0. _jc> 0.31’ O._.j2 

I.00 1 .oo I .oo I .OO 

1.00 I.00 1 .oo I .ocJ 

II 

0.00 0.00 0.00 0.03 

1.00 I .oo I .oo I .oo 
Strc~~lcccl at all conccntr;~tiolls 

I .oo 1 .oo I .oo I .c-JO I .oo 
0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.247 1 .oo 1.00 I .ocl I .oo 
0.00 0.00 0.00 o.cJo 0.00 

o.Gg 0.x.3 0.05 1 .oo 1.00 

1 .oo I .oo I .oo 1 .oo I .oo 
I .oo I .lJO 1.00 I .oo I .oo 

0.o.l. 0.05 Cl. I s 0.32 0.5s 
I .oo r .oo 1 . CJO 1 .oo I .oo 

‘I’lle EartIlrn~zZ’dcs I<xclucling I~m(l 1 I) which was,not chron~ato~r~~~~hctl , all hacl ICI.* values of 1.00. 

Sotnc nclirridcs 
‘l‘ll( I V) Strcalcccl at all conccntmtions 
L:(vr) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

11 ‘I’hcsc clcmcnts wcr~’ chromato~ral~hccl but conltl not lx clctcctccl on the clutccl chromnto- 
~rr;irii bv the sprav rcagcnts norni;lllv usccl for their clctcctic->nH~ltl. h 

,i.c. one involving the anionic thioc_vanate complcses of the metals, and 

lU’~-‘- -I- n(SCN)- + M(SCN),,, (3) 

~II/R,NH,:J-+-(SCN)- -I- M(SCN),,, + I’,R,NH,J7,,; M(SCN),,,,_,,- 

i.::. one involving the uptake of a neutral tliiocyanate con~ples of the metal ionfi. 
From Table II, it can be seen tljat tile ions can bc cl: ,.L.’ 4 into tliree groups 

according to tlleir cliromatogral>lii~ behaviour, v;;., (n) ions wllicli travel with tlic: 
solvent front; (13) ions wllicli reniaiti at tile point of application at all concentrations 
of amn7oni~iin t!liocvnnate investigated ; (c) ions wliicll lie lxA.ween the cstremcs of W 
(a) ancl (11). 

Ions which fall into this category include tile alkaline earths, some p-block 
elements and the lantlianicles. Apart from the first r.7enlber of the second row tran- 
sition metals (,i.c. Y (III)), the only transition element which falls into this group is 
Cr( I II). The beliaviour of tliis last ion is of interest in tlie interpretation of the possildc 
rnecl~anisnis involved in the system. Thus these elenicnts eitller (a) form compleses 
(neutral or anionic) which are not retarded by tlie anion exchanger of intermediate 
strengtli used in tliis investigations or, (b) do not form sucli conipleses under the 
conditions of the clironiatogrnpliic esperinients concluctecl by us. 



Cr(II1) is known to form a series of well-delined tlliocyanato complexes of 
general formula 

[Cr(III) (H,O)U-‘~(SCN)~‘]“-?r 

where 12 = 1-6 (refs. 12 ancl 13). 
The anionic complexes of Cr(I II) (,: 1.~‘. these compounds in whicll 91. = q-6) have 

been successfully chromatographed on anion eschangers14~i5. The neutral complex 
(,i.e. 12 = 3), however, was hardly retarded at all. This overall hehaviour is in contrast 
with our failure to retard the Cr(II1) ion at any ammonium thiocyanate molarities. 
A similar failure to retard this ion on the stronger tertiary amine es&angers has been 
reported”. BAGLIANO et c~1.1~ using either thiocyanic acid or mixtures of thiocyanic 
acid and aqueous potassium thiocyanate as eluent (” 9.:: e chroniatographecl Cr (I I I) on 
filter paper, anionic cellulose exchange paper an’ ‘ionic resin impregnated paper. 
For the most part they found little differences in ,,:i . . alues, which wit11 one esception 
were greater than 0.8 RI,- units. 

These results strongly suggest that the [Cr(H,O),]3+ is, under the conditions of 
the systems studied, kinetically inert so that replacement of the water ligand with the 
thiocyanate ligand does not take place and consequently the ion travels close behind 
the solvent front. 

BAGLIANO et al. did not comment on the comparability of the behaviour of the 
[Cr(H,O),]a-t- on the normal cellulose and on the modified (i.e. chemically or im- 
pregnated) celluloses. We suggest that some form of interaction with the common 
factor, i.e. the cellulose matrix, is responsible for the behaviour observed by them- 
possibly with residual carboxylic acid groups in the cellulose functioning as weak 
cation exchangers for the cation. That such a behaviour is not observed either by us 
or by others using reversed-phase systems is taken as evidence for the complete cover- 
age of the cellulose by the liquid anion exchanger79”. 

Overall, we here present evidence for the failure of the Cr(II1) ion to form 
anionic thiocyanate complexes in the chromatographic systems studied. Whilst, by 
implication, it is possible that a similar behaviour is responsible for the failure of the 
remaining ions in this group to be retarded by the ion-exchange mechanism, we llave 
no evidence here to discount the second possibility outlined above, namely the part 
played by the strength of liquid anion es&anger in governing retardation of the 
ions. (This effect will be considered in a subsequent paper.) 

(b) Ions which remain at the j5oint of a;hjh?ication 

The metals which remained at the point of application in all ammonium thio- 
cyanate solvent systems are for the most part transition elements. It is particularly 
noticeable that the whole of the seconcl row transition elements, with the exception 
of Ag(1 and Cd(I1) are completely retarded, as are all those elements of the thircl 
transition series which could be positively identified on the chromatogram. 

The strong absorption of these ions could be due either to the formation of 
strongly absorbed complexes or the formation of insoluble thiocyanates. The former 
appears to be the more likely explanation because a number of crystalline salts of the 
second and third transition series have been - _~pared containing the metal and the 
thiocyanate ion as the complex anions1791s. 

Tire low instability constants of [Au(SCN),,]-, [IHg(SCN),J2-, [Co(SCN)J2- and 

./a C/~vorno,to~., 46 (1970) 301-311 * 
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[Zn(SCN),]“- (ref. IC)), also suggest that these metals remain at the point of application 
because of the formation of strongly absorbed anionic compleses. 

(c) Iovzs which show cltronzntografilric distrz’bzct~dofz 
Eqns. 2 and 4 suggest that the interaction between the metal ions and the 

stationary phase involves either ion exchange (ecln. 2) or an association which results 
in the neutral complex being converted to an anionic form on tile exahan~er (eqn. 4). 
Th_~s the latter mechanism appears to differ from the former in degree only, l:.c. in 
the manner of uptake for, after the initial uptake, the metal species is held in its 
anionic form. Consequently its subsequent displacement from the layers is likely to 
be in the same form. This is a reasonable supposition for if the anionic form is kineti- 
cally stable on the liquid ion exchanger in the presence of a relatively small number 
of (SCN)-, it will also be stable in a solution rich in such ions, j.~-‘. we are of the 
opinion that it is not possible to distinguish kinetically between the labile (SCN)- 
on the liquid ion exchanger and those present in the mobile phase. Therefore the 
system can be treated simply as one in which, whilst accepting the possibility of the 
original uptake of the species as a neutral complex, its subsequent removal will be 
one of ion eschangc and as such will therefore depend to a large estent on the concen- 
tration of the displacing anion, tile [SCN]- in the mobile phase. 

Fig. I shows the RF spectra of those metal ions, all of wllich arc known to form 

Molarity of aqueous ammonium thiocyanate 

L;ig. I. I?,.- values of metal ions vs. conccntrntion of aqueous ammonium lhiocyaiiatc mobile pl~~~sc 
(niolcs (A-A), Ni(II); (A---_), hlti(II); (A--*---~),‘1’1(1); (Q---O), ’ <Y-I-; (O-.-.* ---Cl), l’b(lrl: 
(In--El), &z(U ; (ID-- .----O), Ccl(l I): (+--a), Cu(l1): (a--~-0, T3i(Irl). 

J. Clrwri:ntag., qc, (1970) 301-3’ 1 
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anionic thiocyanate complexes20, which migrate in the systems studied. For the 
greatest number of ions, it is seen that the RF values increase with an increase in the 
(SCN)- concentration of the mobile phase thus giving credence to the above sup- 
position, In the case of Pb(II), Tl(1) and Mn(II), however, the RI,? values initially 
fall with increasing (SCN)- concentration, then I my go through a minimum before 
showing a rise at the highest (SCN)- concentration studied. This behaviour for Mn(II) 
is interpreted as being indicative of the change in the nature of the Mn(I1) ion in the 
system from the cationic Mna-b through the neutral species to the anionic thiocyanate 
form. Evidence for the probable presence of mixed species is based on the nature of 
the spot which was somewhat diffuse at low (SCN)- concentrations becoming more 
compact at higher concentrations7 suggesting the presence of more than one species 
in the system and that during the chromatographic process a slow equilibrium oc- 
curred between the species. 

The behaviour of Be(I1) and Sc(II1) is of interest in the above context. These 
ions, at low (SCN)- concentration move with the solvent front but at certain concen- 
trations (5.0-6.0 M for Be(H) and 2.0-3.0 n/r for Sc(III) they formed streaks from the 
point of application in the direction of the travel of the mobile phase. Above these 
concentrations they rema?ned at the point of application. Both these ions are known 
to form neutral complexes20 so that it may be that at the intermediate concentration 
an equilibrium exists between the simple Be(I1) and Sc(II1) ions and the neutral 
complexes but that at high concentrations they exist entirely as the neutral form 
which, having associated with the liquid anion exchanger, becomes retarded. A 
similar equilibrium between species probably accounts for the streaking of Te(IV) 
and Th (VI). 

In the foregoing discussion, it is presumed that the displacement of the anionic 
metal complex from the ion exchanger is a result of a mass action effect in which the 
equilibrium illustrated by eqn. 2 is driven to the left by an escess of the simple 
(SCN)-. However, alternative mechanisms can be postulated in which tile. displacer 
is a combination of the simple (SCN)- with the undissociated ammonium thiocyanate, 
viz. : 

or 

[:R,NH,],+M(SCN)“- + .2:(SCN)- + xNH,,SCN + 
x[R,NH,]+SCN- aNH,,SCN + M(SCN)- (5) 

[R2NH2]z+M(SCN)“- + x(SCN)- -j- xNH,,SCN + 
[R,NH,NH,]:,“-‘-(SCN),- -t- M(SCN)- (6) 

Evidence for the probable esistance of these mechanisms (eqns. 5 and 6) has 
been put forward by GoTo~*, who has made the following observations concerning 
the extraction of ammonium thiocyanate from water into a solution of a quaternary 
ammonium thiocyanate salt, Quatamin T-OS in toluene : 

(a) ammonium thiocyanate in excess of the stoichiometric amount is absorbed 
from the aqueous phase by the organic phase and the amount so absorbed increases 
with the increase in the concentration of the thiocyanate in the aqueous phase. 

(b) log-log plots of the distribution coefficients of the ammonium thiocyanate 
vs. the concentration of the extractant in tile organic phase indicated the formation 
of a I :I complex between the extractant and the ammonium thiocyanate. 

J. Cllrormltog., ‘46 (1970) SOT-SIT 



(c) The infrared spectrum of the organic solution of the extractant, after its 
equilibration with the aqueous phase containing varying concentrations of the am- 
monium thiocyanate, showed absorption bands which clearly indicated the Jxesence 
of the ammonium radical in the organic phase. The intensities of these bands increased 
wit11 an increase in the concentration of the ammonium thiocyanate in the aqueous 
phase. 

It is difficult to decide from chromatographic evidence alone if the simple 
(SCN)- is responsible for the displacement of the anionic metal complexes from 
the liquid anion exchanger or if it is displaced by a combination of the simple (SCN)- 
and the undissociated ammonium thiocyanate. However, it is felt by the Jxesent 
authors that tlie work of Go*ro21, coupled with the proposal of the formation of a 
similar complex during the estraction of Co(SCN)z- into tri-?z-octylamine from acidic 
thiocyanate media22 presents strong evidence for the probability of the mechanisms 
e.xempliAed by eqns. 5 and 6 occurring in our cllromatographic system. 

(d) A concfiahson uv2fa other ion-exclaawgc: .yr.deuts 

In general, tile behaviour observed by us for tllose metals wllicll showed clu-o- 
matographic distribution in our system is comparable witJ1 tllat observed by other 
workers4-fi . . 

An advantage of our system over that proposed by WAI~SMUNDSKI ANI) PRZESZ- 

I_AIK,WSICI~~ and PRZESZLAI~OWSICI~ lies in our use of much smaller impregnation 
coefikients to achieve comparable results; thus it appears that the Xp spectra sllowrl 
by these workers were obtained on layers impregnated with xooO/o of the impregnant, 
tri-ft-butylamine, compared with our use of a low impregnation coefficient (0.1 Al) 
of our secondary amine. 

Tile RF values obtained by I~RINKMAN et LZ~.~ are higher than those obtained by 
us for the same impregnation coefficient. Tllis, as already discussed by us4, is almost 
certainly because of the use of silica gel as the impregnant support by these workers, 
tllougll it is accepted that some differences between our respective systems may lx 
a direct result of tlleir use of acidified tlliocyanate media. 

It is difficult to make a direct comparison of the results obtained by us with 
results obtained for the elution of metal ions from anion-cschange resins by other 
workers for frequently these workers liave eluted their columns with mised eluent 
SVSteIllS23~-25. MOWeVer, *TURNER ct CZ~.~” L and MAJ Uhll,RA ANI) R4rT1xA27 botli used simple 
thiocyanate media. Significantly botll sets of workers report tile Jxecipitation of 
Cu(II) as a hlacl; precipitate on tlie resin. A similar beliaviour was reported for Ng(I1) 
(ref. 26) and for V02+ (refs. 26 and 27) tllougll TURNER ct cd. 2u reported tllat the latter 
could be eluted with thiocyanate (S.o A/l). This behaviour is in marked contrast wit11 
our observations on the cllromatograpllic distribution of Cu(I1) and Y02+ in our 
systems. Thus tile use of liquid ion eschangers would apJ)ear to have certain ad- 
vantages over tile USC of resins for these t\vo elements. SurJxisingly both groups of 
workers2u*2’ claim tllat Ni(I1) was not absorbecl in their system whilst MAJUMI~IZA 
AND MITRA~~ statecl that Tl(1) andTJl(IV) were not absorbed. This again contrasts 
with our observed retention of Ni(II) and Tl(1) and streaking of Th(VI). 

It is not JJossible at this juncture to compare the results obtained by us on 
thin layers of liquid anion exchangers wit11 the results obtained by otller workers 
using, in tlie main, moclifiecl ~elluJosc anion exc:llangers * *1(i~2R-21’ because tliey used 

c 
1. C/r/Wrrrclkg., ‘10 (1’)70) 301-3 I I 



310 12. J, -I-. GRAHAM, A. CA RR 

acidified thiocyanate media. Such a consideration will therefore be deferred until a 
subsequent paper. However, we do observe that for many of the metal ions which we 
report as having migrated with the solvent front, BAGLIANO et al.“,0 report some 
retardation. The reason for this is probably, as given for Cr(II1) above, the presence 
of residual carboxylic acid groups on the cellulose matrix retarding the ions by a 
cation exchange mechanism. This is another reason for favouring the’ use of liquid 
anion exchangers as impregnants rather than the use of modified celluloses. 

(e) The se#aration qf metal ions 
From the results obtained, it is obvious that the separation of metal ions in the 

system Amberlite LA-z thiocyanate/aqueous ammonium thiocyanate will have little 
application in the characterisation of’metal ions on the basis of their RF values. Not- 
withstanding this, however, a practical potential exists for the technique in the 
purification of any of the ions which show chromatographic distribution from those 
which illustrate the extremes of chromatographic behaviour, ,i.c. those which have 
Rp values of either 1.00 or 0.00. Such a technique has been used by HAMAGUCHI 

et a1.23--25. 

CONCLUSIONS 

The chromatographic behaviour of metal ions on thin layers of cellulose im- 
pregnated with the liquid anion exchanger Amberlite LA-z-thiocyanate using aqueous 
ammonium thiocyanate (0.1-7.0 M) as stationary phases can be explained in terms 
of an anion exchange mechanism. The system, however, appears to have little value 
as a means of characterising the metal ions on the basis of their Rp values. 
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