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The paper chromatography af inorganic ions at low temperatures 

It was evident from several studies (e.g. the chromatography of Tc(V), the 
separation of diamminodilzaloplatinum(II) complexes)‘,2 that reactions could be 
slowed down sufficiently at low temperatures to permit chromatographic separation 
where this was not possible at room temperature. 

We therefore decided to investigate the conditions under which inorganic ions 
could be chromatographed at - 30”. Argentation thin-layer chromatography at - 30” 
is already a standard technique in the lipid field, but no data were available for the 
various partition, adsorption and ion-exchange systems employed in inorganic 
studies. 

The key apparatus for this work proved to be the “Ignis” deep-freezer (made in 
Italy), internal dimensions 38 x 66 x 60 cm, with an opening lid (no doors). This 
freezer maintains a temperature of -30” throughout its volume (thermometers on 
bottom, near top and inside the chromatography jars) with variations not exceeding 
IO. Furthermore this freezer is not more expensive than some of the usual chromato- 
graphy containers on the market. 

The chromatography jars, 26 x IO cm, used in this work were fitted with 
rubber stoppers which had glass hooks to hold the paper and to permit its insertion 
into the solvent while the jar was closecl. The jars were placed into polythene bags 
both to ensure better insulation when opening the freezer and to avoid acid fumes 
escaping and condensing on the walls of the freezer. 

The range of solvents which are liquid at -30°, as established with test tube 
experiments, is rather large and is shown in Table I. 

TABLE I 

SOLVENTS WI-IICEI REMAIN LlgUlD AT -30” 

lMcthanol-water (I : I) Isopropanol-water (g : 1) 
Methanol-water (8 : 2) 1 sopropanol-waker (8 : 2) 

Ethanol-water (g : J) Aqueous I-XC1 above 4 N 
Ethanol-water (I : I) Butanol-G N I-ICI (I : I) 
Acetone-water (8 : 2) 13utmol-2 N I-ICl (I : I) 

Acetone-water (I : I) E!uta.nol-1 N EC1 (I : I) 

One complication which we feared was that the stationary phase would be 
solid or altered to such an extent that equilibrium would not be established as at 
room temperature. However, this phenomenon was only observed in aqueous HCI 
from 4 to 6 N, while above 6 N chromatograms were obtained which developed and 
had spot shapes as those at room temperature. 

Partition clzronaatografdzy, Table II shows the Rpl values of a number of metal 
ions in butanol-6 N HCl at room temperature and at -30”. Several complexed ions, 
e.g. Bi(III), yielded double spots or tails at -30” but not at room temperature. 
Ba(I1) was completely insoluble at - 30” and could not be placed on the paper. 
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TABLE II 

& VALUES OF METAL IONS IN BUTANOL--6 N I-ICI (I : I) AT ROOM TEMPERATURE AND AT - 30° 

Paper: Whatman No. 3MhfI. 

Melal ion 20~ -3oQ 

Co(I1) 
Ni(I 1) 
uo,a+ 
I-I&II) 
Cu(I1) 
Bi(TI1) 
Ccl(S1) 
M.n(II) 
Al(II1) 
M&II) 

z(E)) 
I3a(lI) 

0.43 0.32 
0.41 0.30 
0.50 0.29 
1 0.68-0.89 (tail) 
o-53 0.29 
0.76 0.49 and 0.86 
0.96 O.GG 

0.49 o-3.5 
0.49 0.38 
0.47 0.36 
0.41 0.24 
0.34 0.24 

0.21 insoluble 

In general the RET values are lower at - 3o”, as expected from previous studies 
of temperature variations 3*4. However, the overall picture is not altered much, and 
similar separations are possible at -30”. 

ndsor+tiogz chronzatogra#y. Fig. I shows the X4’ values of Au(II1) and Ga(II1) 
on Whatman No. I filter paper at zoo and at -30”. The differences observed at the 
two temperatures are surprisingly small. 
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Fig, I, RJ~ values of hu(T1.l) ancl Ga(IT1) plotted a.qGnst the conccntra.tiorz of EICl in the solvent, 
Whatman No, I paper was usccl. 

Io~+e,lcc?zange @a&w chronaatogra@y. Good results were obtained with aqueous 
I-ICI solutions above 5 N resin papers. The cellulose anion exchangers, however, 
become fragile above 7 N HCl and thus are limited to a small range of HCl concen- 
trations. 
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.I;@. 2. Rp values of some ions plotted against the concentration of I-ICI in the solvent. The 
paper used was SR-2 strong anion-exchange resin paper. Continuous line, -30°; brolccn line, zoo. 

Results obtained at room temperature and at -30” for some ions on the resin 
paper 93-z (strongly anionic) are shown in Fig. 2. 

In conclusion, there are no technical obstacles to the chromatography of in- 
organic ions at - 30’; a good range of solvents and systems gives results similar to 
those obtained at room temperature. 
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