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QUANTITATIVE DETERMINATION OF THE EQUILIBRIA 

COBALT, NICKEL AND CADMIUM IONS IN CHLORIDE 

BY MEANS OF ION-EXCHANGE PAPERS 

OF COPPER, 
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In a previous investigation1 it was shown that the equilibria established in a solution 
containing a cation and a ligand may be determined quantitatively by means of 
chromatography with ion-exchange papers. 

The rapidity and simplicity of operation with ion-exchange papers are, indeed, 
attractive factors which recommend their use for quantitative measurements, but 
since the results of the calculation depend upon the accuracy with which the &P 
values are measured, caution should be applied before a general application of this 
method. 
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The purpose of this study was the application of the procedure, developed 
previouslyl, to solutions of copper, cobalt, nickel and cadmium ions in the presence 
of chloride in order to evaluate the possibilities and the limitations of this method. 

EXPERIMENTAL 

Ton-exchange paper SA-2 (Rohm and Haas) containing about 45 yO Amberlite IR-120 
(a sulphonic resin) was used. The sodium ion of the resin was replaced by hydrogen 
ion by equilibrating the ion-exchange papers with 3 M hydrochloric acid for 30 min; 
the papers were washed several times by allowing them to equilibrate with distilled 
water for 30 min after each wash. 

Copper, cobalt, nickel and cad.mium perchlorate solutions were prepared by 
adding 3 M perchloric acid to an excess of the solid carbonates; the solutions were 
filtered and then boiled to eliminate carbon dioxide. The copper content was deter- 
mined iodometrically and the other cations were determined by means of titrations 
with ethylenediaminetetraacetic acid (EDTA). The working solutions were 0.1 lM 
Cu2+, 0.01 M’Coz+, 0.4 M Ni2+ and 0.4 NT Cd” -+ at these concentrations well deiined, 
round spots were obtained when samples of about IO ,~l were eluted with the solutions 
described below. 

The experimental procedure was the same as outlined in the previous paperi. 
The chromatograms were run at 25” by the ascending technique. 

The various cations were detected by spraying the ion-exchange papers with a 
solution of hexacyanoferrate, IC,Fe(CN),, for copper, with H,S for cadmium, dime- 
thylglyoxime for nickel and cc-nitroso+naphthol for cobalt. 
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All the systems were investigated at constant ionic strength (3000 mIM, except 
for the Cdz+-Cl- system which was rooo mM) and at a constant hydrogen ion con- 
centration, The ligand concentration was made to vary by adding hydrochloric acid, 
H+(cl- +- cloG-) = 3000 mu, except for the Cd3+ system where EI+(CP + ClO,-) = 
1000 rnn/r, A different ligand range was chosen for the latter system as the cadmium- 
chloride complexes are more stable than the others ; with a high ligand concentration 
the spots travel with the front. 

RESULTS 

The experimental results obtained for the investigated cations are collected in Table I. 
[A-] is the concentration by analysis of the ligand of the eluting solution, which is 
assumed to be equal to the equilibrium concentration; &/& is the ratio of the amount 
of solvent to the amount of resin in a cross section of the paper. The partition co&i- 
cient (a) is related to the chromatogrsphic RF value by the equation: 

In Fig. r the partition coefficient (x is plotted against the ligand concentration 
for the systems investigated. 

By assuming complex formation between an ion and a chloride ligand (MS+ jr 
j Cl-* M.CW-f1+) and considering the partition on the resin of the various chemics 
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Fig, I. Values of a plotted against chloride concentration for various cations. 
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TABLE 1’ 

& APjD A 1,//d s VALUES AT VARfOUS LIGAND CONCENTRATIONS FOR THE INVESTIGATED CATIONS 
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TABLE 1’1 

FORMATION CONSTANTS FOR CHLORIDE COMPLEXES WITH VARIOUS CATIONS 

Ion-c.vcLnrtgc papers (t = 2j”) 
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species, the data have been treated, according to the procedure of the previous pap&, 
to determine the unknown values of the equation: 

Table II shows the values obtained in this investigation and compares them 
with the values available from the literature. 

DISCUSSION 

The data reported in Table II show that equilibria which establish in solution can be 
determined by means of ion-exchange papers by applying the FR~~NAEUS method. 
Satisfactory results are obtained for the determination of equilibrium constants for 
the first or second step of weak complexes. When a system has a higher degree of 
complexity and the complexes are very stable, the inaccuracy connected with the 
Rp determination affects the calculations much more and renders the graphic extra- 
polations unreliable. For example, an error corresponding to &o.or in the deter- 
mination of RF, affects the calculation of cc by about 50.2. 

In general therefore; the results are less accurate than ones obtained by means 
of ion-exchange resins and other standard methods. The procedure, however, offers 
the advantage of a greater rapidity so that it can be satisfactorily applied, especially 
on a qualitative basis, to obtain information on the strength of various complexes. 
The behaviour of oc, which is obtained by simple calculations and the trend of the 
graph cc versus ligand concentration, is” particularly indicative. The degree of steep- 
ness of the curve is an indication of the stability of the complexes. When complexes 
are also formed at a very low ligand concentration, as in the case of the Cdz-k-C1 
system, the curve is quite steep. 
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SUMMARY 

Equilibria which establish in a solution containing a cation (Cu”+, COG+, Ni3-t or Cdz+) 
and chloride have been studied by means of chromatography on ion-exchange papers; 
complex formation constants have been determined and the possibilities of this 
method are discussed and evaluated. 

REFERENCES 

1 M. GRI~IALDI, A. LIBERTI AND M. VICEDOMINI, J. Chromafog., II (1963) IOI. 

* J. BJERRUM, Kern. Maanedsblad, 26 (1945) 24; 1<gZ. Danske Videnskab. Selskab, Mat. Fys. Me&., 
20, (1946) No. 18. 

3 G. E. MOORE AND I<. A. KRAUS, J. Am. C/rent. Sot., 74 (1952) 843; 
R. M. HERBER AND J, W. IRVINE, JT., J. Am. Chem. Sot., 78 (1956) 905. 

4 P. JOB, flrzrr. Chinz. (Paris), [II] 6 (1936) 97. 
6 I. LEDEN, Z. Phys. Cl&em., 188A (1941) 160; Dissertation, Lund, rg43, p, 59. 

J. ChYOmatOg., 15 (1964) 510-513 


