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T h e influence of organic solvents a n d inorganic acids on t h e selectivity 
of a s t rongly acidic cat ion exchanger t o w a r d s bivalent cat ions was s tudied. 
T h e increase of t h e d i s t r ibut ion coefficients of M g 2 + , C o 2 + , a n d M n 2 + due 
t o t h e addi t ion of a n organic solvent (methanol , e thanol , acetic acid) is near ly 
c o n s t a n t in 0.1 — 1 M acid solutions a n d t h e dependence of log Ds u p o n l/e 
a p p r o x i m a t e l y linear. T h e course of sorption of M g 2 + in 0.1 —2 M perchloric, 
hydrochloric, a n d sulfuric acids is in a good re lat ion with t h e course of t h e 
m e a n act iv i ty coefficients of these acids. 

Problems of t h e ion exchange in t h e sys tems containing inorganic a n d organic acids 
in organic solvents [1] have been s tudied only by a few invest igators in comparison wi th 
a n extensive research into t h e exchange of inorganic ions in aqueous solutions [2]. T h e 
theorj- of t h e ion exchange in mixed a n d n o n a q u e o u s m e d i a is also far less developed 
t h a n in t h e pure ly aqueous systems. Theoret ical invest igat ions are difficult because of 
the lack of t h e necessary d a t a . T h e p a r t i a l replacement of t h e aqueous phase b y a n 
organic solvent usual ly increases sorpt ion of inorganic ions [3]. T h e selectivity coefficient 
of a given pair of ions is usual ly higher when ions are dissolved in m i x e d or n o n a q u e o u s 
media, c o m p a r e d wi th t h e ion exchange from pure ly aqueous solutions [4, 5]. T h e re
placement of water by a n organic solvent in t h e ion-exchange sys tem influences h y d r a t i o n , 
solvation, formation of ionic pairs a n d complexes in b o t h t h e aqueous a n d t h e ion-exchanger 
phases. This work s tudies t h e influence of composit ion of t h e basic e lectrolyte a n d per
mi t t i v i ty of t h e m e d i u m u p o n t h e sorpt ion of b iva lent ions b y t h e cat ion exchanger . 

E x p e r i m e n t a l 

Ion exchanger 

All t h e exper iments were carr ied o u t w i t h a s t rong ly acidic cat ion-exchange resin 
(Ostion K S X 8 ; Research I n s t i t u t e of S y n t h e t i c Res ins a n d Varnishes, P a r d u b i c e ) . I t s 
capacity was 5.10 mval/g of d r y resin in t h e H + form, g r a n u l a t i o n of t h e swollen exchanger 
being 0.3 — 0.8 m m . After purification b y t h e usual m e t h o d , t h e cat ion exchanger in 
the H + form was air-dried t o c o n s t a n t weight a t r o o m t e m p e r a t u r e a n d s tored in a well-
-stoppered b o t t l e . Para l le l d e t e r m i n a t i o n s of t h e w a t e r c o n t e n t a n d t h e capaci ty (Czecho
slovak S t a n d a r d 64 0920) of t h e sample of t h e exchanger dried a t room t e m p e r a t u r e 
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were carr ied out . The to t a l wa te r conten t a n d t h e mois ture coefficient (Czechoslovak 
S t a n d a r d 64 0902) of t h e cat ion exchanger were de te rmined b y dry ing a t 105 —110°C 
t o cons tan t weight . The mois ture coefficient is a ra t io of t he sample weights of the dried 
a n d swollen ion exchanger . 

Experiments 

The p repa red ion exchanger in t h e H + form (with t h e known wate r content ) was weighed 
(400 ±: 1 mg) into a po ly thene bot t le , a solution of acid (25.00 ml) in the aqueous or 
mixed m e d i u m and a 0.05 M solution of cat ion (1.00 ml) in t he same m e d i u m were added. 
The mix tu re was shaken for 24 hrs a t room t empe ra tu r e (22 i 1°C) [6]. More precise 
t he rmos t a t t i ng was no t necessary since t h e t e m p e r a t u r e gradients of t h e solution densities 
were only 0.1 — 0 .2% per 1°C a n d the t empe ra tu r e coefficient of swelling of t he cat ion 
exchanger was also very low [7]. After establishing the equil ibr ium, an a l iquot p a r t 
of t h e solution was t a k e n off, acid a n d organic solvent were evapora ted a n d the cat ions 
were de termined. 

The dis t r ibut ion coefficient was calculated from t h e formula Dg = M H R F / ( M H 2 O G), 

where J I Í H R a n d М н г о are a m o u n t s of cat ion M 2 + in t h e ion exchanger a n d aqueous phase 

respectively. V (in ml) is t h e vo lume of t h e aqueous phase, G (in g) t h e weight of t h e d r y 

cat ion exchanger . G is o b t a i n e d b y mul t ip ly ing t h e weight of t h e cat ion exchanger dried 

in air a t r o o m t e m p e r a t u r e b y t h e mois ture coefficient. 

A n a tomic absorpt ion m e t h o d (Perkin — Elmer) was used t o de termine t h e -content 

of M g 2 + , C o 2 + , a n d M n 2 + in t h e aqueous phase a n d t h e correction for impuri t ies in t h e 

used reagents was m a d e . 

Solutions of perchloric, hydrochlor ic, ni tr ic, a n d sulfuric acids were p r e p a r e d from t h e 

stock solutions of 10 М-НСЮ4, HCl, H N O 3 , a n d H2SO4 bj^ mixing wi th a calculated 

a m o u n t of w a t e r a n d a n organic solvent (with t h e k n o w n w a t e r c o n t e n t ) . 

Results and discussion 

T h e d is t r ibut ion coefficient Dg was chosen as a criterion of t h e selectivity of t h e ion 

exchanger . Ds is t h e ra t io between t h e t o t a l a m o u n t of a t race c o m p o n e n t M in 1 g of t h e 

d r y ion exchanger a n d t h e t o t a l a m o u n t of t h e same c o m p o n e n t in 1 c m 3 of t h e ex terna l 

solution 

D.= ™±, <*> 
\M\ 

where | M | H R s t a n d s for t h e ion-exchanger phase a n d \M\ for t h e aqueous phase . 

I f t h e c o m p o n e n t H is in excess ( H B is t h e basic electrolyte) a n d M only in t race 

concentra t ions , t h e concent ra t ion of H a n d t h e act iv i ty coefficients in t h e ion-exchanger 

phase r e m a i n c o n s t a n t (|fl"|HR = const) even w h e n \M\ varies wi th in certa in l imits. 

T h e selectivity coefficient does n o t d e p e n d on t h e a m o u n t of t h e t race c o m p o n e n t (Í£H/M = 
= const) if t he ra t io of t h e ac t iv i ty coefficients in t h e aqueous phase is cons tan t . 

E q n (1) t oge the r wi th a relat ionship for t h e selectivity coefficient gives 

\M\ |Я|Вв 
-*1н/М = 

\H\m | M | H R 

a n d after rearranging 
Dg = const \H\~m. 
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Thus the distribution coefficient of the component M is inversely dependent on the 
concentration of the basic electrolyte HB. If the charge of the basic electrolyte (H+) 
is known, the charge of the cation M>+ can be determined from the angular coefficient 
of the dependence of log Dg upon log | H + | 

d log Dg 

d log |H+ 
(4> 

Log D, 

Log о 

Fig. 1. Dependence of the distribution 
coefficient of Mg2 + (log Dg) on the con

centration of hydrochloric acid. 
О 0% methanol; A 80% methanol; A 

80% ethanol; • 80% acetic acid. 

Л Log Dg 

100/C 

Fig. 2. Dependence of the distribution, 
coefficients of Mg2 + and Mn2+ on the per
mittivity of mixed media with hydro

chloric acid. 
{A log Dg = logZ>g,org - log£>g,H2o.) 

О 0% methanol; a 40% methanol; 
Л 80% methanol; 0 40% ethanol; A 

80% ethanol;® 40% acetic acid; 0 60% 
acetic acid; • 80% acetic acid. 

Curves 1 and 2 Mg 2 + ; curve 3 Mn 2 + . 

The angular coefficients of the.distribution curves of*Mg2+, Co 2 +, and Mn 2 + ions in 
aqueous solutions of perchloric, hydrochloric, or nitric acids, are in good agreement 
with the calculated value — 2, corresponding to the exchange reaction between M 2 + 

and H + (Fig. 1, Tables 1 — 3). Analogous values of the angular coefficients of the distri
bution curves were found also in mixed media, H2O—MeOH, H2O — EtOH, and 
H2O—HAc at 40 and 80% concentrations of the organic solvent. Thus only the simple 
hydrated or solvated cations Mg2 +, Co 2 +, and M n 2 + take part in the exchange equilibrium.. 

The course of the sorption of Mg 2 + cations is apparently in relation with the course 
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of t he mean ac t iv i ty coefficients of s t rong acids in t h e range of 0.1 — 2 M. At a given 
concen t ra t ion , t he m e a n ac t iv i ty coefficients [8] decrease in the order HCIO4 > HCl > 
> HNO3 > H2SO4 which is in accordance wi th t he decrease of values of the dis t r ibut ion 
coefficients (Table 1). 

A general comparison of t h e dis t r ibut ion coefficients of Mg 2 + , Co 2 + , and Mn 2 + 40ns 
in solutions of perchloric, hydrochloric , ni t r ic , and sulfuric acids reveals t h a t the t ransi t ion 
from the aqueous to mixed media brings abou t an increase of t he dis t r ibut ion of these 
bivalent ions in t h e order H A c < MeOH < E t O H . Rela t ive ly lower dis t r ibut ion coeffi
c ients in t he mixed media of acetic acid wi th low pe rmi t t iv i ty (енго-лс < енго-меон, ЕЮН) 

indicate a s u b s t a n t i a l role of o ther factors. F o r example, compet i t ive equilibria due t o 

Table 1 

D e p e n d e n c e of t h e d i s t r ibut ion coefficient of M g 2 + (log Dg) on t h e concentrat ions 

of acid a n d organic solvent 

Concentration of HCIO4 
[mol d m - 3 ] 

0.1 
0.2 
0.4 
1.0 
2.0 

Concentration of HCl 
[mol d m - 3 ] 

0.1 
0.2 
0.4 
1.0 
2.0 

Concentration of HNO3 
[mol d m - 3 ] 

0.1 
0.2 
0.4 
1.0 
2.0 

Concentration of H2SO4 
[mol d m - 3 ] 

0.1 
0.2 
0.4 
1.0 
2.0 

0% 

3.45 
2.88 
2.25 
1.56 
0.96 

3.36 
2.79 
2.18 
1.3S 
0.82 

0% 

3.28 
2.70 
2.20 
1.46 
0.90 

0% 

3.00 
2.56 
1.98 
1.29 
0.74 

80% MeOH 

4.25 
3.65 
3.12 
2.09 
1.60 

80% MeOH 

4.15 
3.53 
3.06 
2.08 
1.55 

80% MeOH 

4.13 
3.64 
3.12 
2.24 
1.66 

80% MeOH 

4.11 
3.58 
2.90 
1.92 
1.34 

80 

80 

80 

% E t O H 

4.50 
4.18 
3.20 
2.63 
1.90 

% E t O H 

4.45 
4.00 
3.20 
2.41 
1.75 

% E t O H 

4.40 
3.92 
3.27 
2.57 
1.96 

80% E t O H 

4.24 
3.65 
3.10 
2.08 
1.52 

352 Chem. zvesti 28 (3) 349-354 (1974) 



SELECTIVITY OF A CATION EXCHANGER 

Table 2 

Dependence of t h e d i s t r ibut ion coefficient of Co 2 h (log Dg) on t h e concentrat ions 

of acid a n d organic solvent 

Concentration of HCl 
[mol d m - 3 ] 

0% 40% MeOH 80% MeOH 40% E t O H 80% E t O H 

0.1 
0.2 
0.4 
1.0 
2.0 

Concentration of НСЮ4 
[mol d m - 3 ] 

0.1 
0.2 
0.4 
1.0 
2.0 

3.46 
2.83 
2.21 
1.36 
0.73 

0% 

3.52 
2.92 
2.31 
1.55 
0.94 

3.72 
3.11 
2.49 
1.68 
1.06 

4.33 
3.67 
2.92 
2.01 
1.36 

3.98 
3.39 
2.64 
1.77 
1.15 

4.70 
4.07 
3.24 
2.43 
1.70 

80% E t O H 

4.90 
4.24 
3.64 
2.56 
1.88 

Table 3 

Dependence of t h e d i s t r ibut ion coefficient of M n 2 + (log D~) on t h e concentra t ions 

of acid a n d organic solvent 

Concentration of HCl 
[mol d m - 3 ] 0% 40% MeOH 80% MeOH 40% E t O H 80% E t O H 

0.1 
0.2 
0.4 
1.0 
2.0 

Concentration 
[mol dm 

0.1 
0.2 
0.4 
1.0 
2.0 

of HCIO4 
- 3J 

3.48 
2.85 
2.24 
1.39 
0.78 

no/ u /0 

3.56 
3.00 
2.39 
1.68 
1.18 

3.76 
3.16 
2.55 
1.72 
1.09 

4.32 
3.68 
3.02 
2.12 
1.46 

3.95 
3.37 
2.67 
1.81 
1.20 

-

4.70 
4.04 
3.28 
2.42 
1.78 

80% E t O H 

4.95 
4.41 
3.68 
2.95 
2.32 

the s t ronger in teract ion between M 2 + a n d Ac~ ions in t h e aqueous phase [9] decrease 

the sorpt ion. 

Solvents wi th low p e r m i t t i v i t y facilitate e lectrostat ic interact ions a n d t h e format ion 

of ionic pairs b e t w e e n counter ions a n d R-SO3 groups of t h e ion exchanger . A decrease 

of concent ra t ion of osmotical ly act ive ions in t h e ion-exchanger phase resul ts in t h e 
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increase of selectivity. Swelling of the ion exchanger as well as changes in the selectivity 
depend mainly on the permittivity of the medium and polarity of the solvent. 

The dissolution of the electrolyte MB in mixed medium is accompanied by the dis
sociation and solvation of ions. When the permittivity of the medium is high and the 
solution diluted, the dissociation is nearly complete. A decrease in the permittivity of the 
solvent reflects in the increase of pi£diS by the formula [10]: 

pKŮU = (62/2.303 k T) (l/гм -f 1/гзв) l/e = A/e. (5) 

The relationship (<5) is valid if the distance of ions ry\, ?*в and the nature of solvent remain 
unchanged. On this assumption, the quantity A is constant for a given electrolyte and 
the dependence of p/fcus upon 1/e is linear. The validity of eqn (5) was observed for many 
electrolytes both in pure and in mixed solvents [11, 12]. 

Fig. 2 shows a dependence of the distribution coefficients of Mg 2 + and M n 2 + on the 
permittivity of the mixed media (HCl —MeOH, EtOH, and HCl—HAc). Instead of 
log .Dg vs. 1/e, the dependence of A log Dg (a difference of logarithms of the distribution 
coefficients of the given cation in the mixed and aqueous media) upon 100/e is outlined 
there, for ease of comparison. The values of J log Dg represent averages in 0.1 — 2 M-HC1. 
In solutions with 0 — 80% of MeOH, EtOH, and HAc, the dependence deviates only 
slightly from a linear course. 

The increase of the distribution coefficients of cations in a homologous series of solvents 
{e.g. MeOH, EtOH) appears to depend only on the 1/e value, in the first approximation. 
I t holds if the formation of the negatively charged complexes is negligible under the 
given conditions. 

For the studied group of cations, relations between the distribution coefficients found 
in aqueous media remain valid also in mixed media. The solvent polarity, changes in 
solvation and interactions of cations-with the solvent may affect the ion-exchange equi
libria in such a degree that the increase of the distribution coefficients would not be so 
high as should correspond to the permittivity decrease of the medium. 
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