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The kinetic behaviour of Li+/H+, Na+/H+ and K+/H+ exchanges on Dowex 50Wx8 resin has
been investigated in aqueous and 20·9 and 44·2% (w/w) acetone-water mixtures. Interionic
diffusion coefficients (D) in the resin phase have been computed for the various exchanges and
media. K+/H+ exchanges are the fastest and Li+/H+ the slowest in the water-acetone mixtures
as observed earlier in aqueous medium. However, on adding acetone to the extent of 44'2%, 15
values decrease by 33% for Li+/H+ and by 20% for Na+j H'r, K+/H+ exchanges. A comparison of
Na+/H+ and K+/H+ exchanges in acetone-water with our earlier data on' these exchanges in
_ethanol-water mixtures shows that the rates are in general higher in acetone-water. The
analysis of these results suggests that the viscosities of these mixtures may play an important
role in these systems. Other possible factors influencing the rates have also been identified.

KINETIC behaviour of Na+jH+ and K+jH+
exchange systems on Dowex SOW X 8 resin
under particle diffusion conditions in aqueous

methanol solutions has been reported recently". In
the present paper we are reporting kinetic data on
Li+jH+, Na+jH+ and K+jH+ exchanges on Dowex
SOW X 8 in aqueous, 20·9 and 44·2% (wjw) acetone-
water mixtures.

Materials and Methods

Experiments were conducted at 25° ± 10 under
infinite bath cond itions-:". Intraparticle diffusion
conditions were ensured by using electrolyte solutions
(chlorides of lithium, sodium and potassium) of
O'l1M concentration. The experimental and ana-
lytical procedures were the same 2.S described

earlier". The bead radii measured by Kressman
and Kitcheners method+ are given in Table 1. The
kinetic data. for these exchanges could not, however,
be obtained for solvent mixtures containing greater
amounts of acetone (",,70%) mainly due to the crack-
ing of beads. Besides, evaporationallosses due to stirr-
ing the cage- in those solutions were also significant.

Experiments were also conducted to ascertain
the composition of the solvent inside the H+ resin
in equilibrium with 20·9 and 44,2% acetone-water.
Procedure was the same as employed in the case of
study using MeOH-water mixtures". Analysis of
acetone was performed by the salicylaldehyde
method". Average composition obtained from two
sets gave 19'9% and 39·6% acetone in the pore
solvent of H+-form of resin.

TABLE1 - BEAD RADII (r). DIFFUSIONCOEFFICIENTS(D) ANDHALF EXCHANGETIME (11/2) IN AQ. ACETONEAND
AQ. METHANOLSYSTEMS

we %
organic
solvent

(±0'1%)

Acetone-water systems

11/2 I5 X 106

(see) (cm2/sec)

Methanol-water systems

Viscosity
(millipoise)

Dx106 Viscosity
(cm2/see) (millipoise)

8'95
14·10
15'75

3·44 8·95
3·00 14-10
2·43 15,75

6·14 8·95
4·81 14-10
3·14 15,75

75

Li+/H+ EXCHANGESYSTEM

11/2
(see)

00
20'9
44·2

359
356
355

25·0
32·0
37·0

2·14
1·67
1·46

8·95
10·70
10·00

Na+/H+ EXCHANGESYSTEM

0·0
20·9
44·2

359
356
355

16·5
18·5
21·0

3·34
3,,08
2·68

8·95
10·70
10·00

517
516
513·5

25
34
38

K+/H+ EXCHANGESYSTEM

0·0
20·9
44·2

368
367
365

7·0
10·0
11-0

6·22
5·46
4·91

8·95
10'70
10·00

17
22
27

517
516
513·5
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Results and Discussion r being the bead radius in a particular medium. D
F(t) [fractional attainment of the equilibrium values thus obtained are given in Table 1. The

exchange] vs t (see) plots for aqueous (20·9 and 44'2%) average experimental accuracy in these fj values
acetone media for Li" /H+, N a+/H+ and K+/H+ is expected to be of the order of ± 3-4%.
exchanges have been shown in Fig. 1. Half _ Present D values (Table 1) clearly show that K+/H+
exchange time (t!/2) values for the various systems, exchanges in acetone-water systems are the fastest,
listed in Table 1, clearly indicate the rate sequence and Li''jH+ the slowest among the three systems,
asK+/H+>Na+/H+>Li+/H+inanysolventmedium. Na+/H+ being intermediate but closer to Li+/H+
Further, increased acetone content reduces rates system. An addition of 44'2% acetone decreases
for a particular exchange and this effect is most jj values of Li+/H+ exchange in aqueous medium
pronounced in the Li+/H+ systems. _ by 33% while Na+/H+ and K+/H+ exchanges are

For computing the values of diffusion coefficient(D) affected only to the extent of 20%. However, it is
in the resin phase2,3 for these systems, Bt vs t plots clear that these exchanges remain still quite fast
were constructed using Reichenberg's table". Slight even after the addition of 44'2% acetone.
deviations were observed from a linear behaviour but jj values calculated from our earlier data on
the best linear fits drawn gave averaged behaviour Na+/H+ and K+/H+ exchanges in 0'0, 20'8% and
needed for the purpose. Slopes of the linear plots 44.1 % (w/w) methanol-water media are included in
(B) for the various systems yielded 15 values from Table 1 for a comparison. The Ii values for Na+/H+
the following relations:": and K+/H+ exchanges in water (present study)

Jjrr.2 agree well with those given earlier! wherein a bead
B = -y-2 radius of 517 !.t was employed showing that jj values
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Fig. 1 - F(t) (fractional attainment of the equilibrium exchange) VS t plots for Li+/H+, Na+/H+ and K+/H+ exchanges
in aqueous acetone media [A, 0% acetone; B, 20'9% acetone; C, 44'2% acetone] . .
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remain independent of r, This confirms that the
conditions of solution concentration, etc., in the
present study refer to intraparticle diffusion as
desired. jj values for Na-fjH+ exchange for the
20·9% acetone-water and methanol-water media
~gain agree wel: but the value in 44'2% aq. acetone
IS somewhat higher as compared to corresponding
methanol-water system. .On the other hand, jj
yalues for K+/H+ ex~hange are significantly higher
m acetone-water media and the difference increases
with the increase in acetone content.

The various possible factors contributing to these
observations are (i) the swelling and solvent
fractionation behaviour of the H" as well as metal
forms of Dowex SOW X 8 in the various mixed
media, (ii) the solvated size of ions in these media,
(iii) selectivities of the resin for various ions in
various media, and (iv) the viscosities of the solvent
mixtures and electrolyte solutions in these solvent
mixtures. Swelling and solvent fractionation data
on Ht-forrn of resin in the present acetone-water
n:e~ia and the methanol-water mixtures are very
similar. Presumably, other ionic forms of this resin
also may not reflect any differences in their swelling
and solvent fractionation characteristics.

The solvated sizes of these ions are governed by
the over all solvation of the ions in the specific
solvent medium. In mixed solvents, cations are,
usually, preferentially solvated by water - the
extent to which the organic solvent is excluded from
the solvation shell depends upon the ability of the
organic solvent to solvate the cation. In this con-
text, a recent study by Zipp" shows that these
alkali metal cations are solvated almost equally by
both methanol and acetone. This similarity in the
solvating tendency of these organic solvents for
alkali metal cations implies that the cations in
aqueous methanol or aqueous acetone solvents would
have a solvation shell consisting of water molecules
and, more or less, the same number of organic solvent
molecules, depending upon the composition of the
mixed solvent. Therefore, one could expect that
the sizes of solvated cations in aqueous acetone or
aqueous methanol solutions, containing the same
amounts of the organic component, would be
similar. This has been supported by Amis and
Hinton" in a recent analysis of the conductivity data
of potassium chloride in methanol-water and acetone-
water systems. They have shown that the solvated
radii of the ions in these mixed solvents, up to about
45% by weight organic solvent, remain nearly con-
stant.

In the mixed solvent systems, ionic selectivities
of the resins have also been considered as a factor
influencing the rates-", These selectivities for the
exchanges involved here are not very different
for methanol-water and acetone-water mixtures
employed in the present study!'.

The viscosities of the electrolyte solutions in these
solvent media are generally not available in the
literature. However, the viscosities of mixed
solvents themselves, may give an indication of the
general variations of the viscosities of these soluti0n,s.
Hence, the viscosities of the various solvent Uedia
have been taken from the literature'v-" and
included in Table 1. It can be seen that the
viscosities of the water-acetone as well as water-
methanol mixtures are significantly higher than that
of water and seem to be responsible for the lowering
of rates in these media as compared to aqueous
medium. Further, the viscosities of methanol-water
mixtures are higher than those of acetone-water
mixtures. Thus, observed differences in D values
for Na+jH-f and K+jH+ exchanges in acetone-water
and methanol-water mixtures could arise due to the
viscosity differences. The variations of D for the
same exchange (Na+jH+ or K-fjH-f) in ace~one-water
mixtures, as a function of per cent organic solvent,
does not correlate with the viscosity variations.
This again emphasizes that all the factors mentioned
above should be taken into consideration. A com-
plete understanding of the kinetics of ion. exchange
in mixed solvents would require informat ion on all
these points. In the absence of any experimental
data on these lines, it is not possible to do so at the
present.

Acknowledgement
The authors wish to express their sincere thanks

to Dr M. D. Karkhanavala for his kind interest and
encouragement during the course of this investi-
gation.

References
1. NANDAN, D., GUPTA, A. R. & SHANKAR, J., Indian J.

Chem., 10 (1972), 931.
2. BOYD, G. E., ADAMSON, A. W. & MYRES, L. S., J. Am.

chem, Soc., 69 (1947), 2836.
3. HELFFERICH, F., Ion exchange (McGraw-Hill, New York),

1962.
4. KRESSMAN, T. R. E. & KncHENER, J. A., Discuss. Faraday

Soc.,7 (1949), 1962.
5. NANDAN, D., GUPTA, A. R. & SHANKAR, J., Indian J.

Chem., 10 (1972), 83.
6. BERNTSSON, S., Analyt : Chem., 28 (1956), 1337.
7. REICHENBERG, D., J. Am. chem, Soc., 75 (1953),

589.
8. ZIPP, A. P., J. phys. Chem., 78 (1974), 556.
9. AMIS, E. S. & HINTON, J. F., cited in Solvent effects on

chemical phenomena, Vol. 1 (Academic Press, New York
& London), 1973, 187.

10. GORSHKOV, V. I., PANCHENKOV, G. M. & IVANOVA, T. V.,
Russ. J. phys. cio«, 36 (1962), 911. .

11. GHATE, M. R., GUPTA, A. R. & SHANKAR, r.. Indtan J.
Chern.,3 (1965), 287; 5 (1967), 316. .

12. SHEDLOVSKY, T., in The structure of electrolyte solutions,
edited by J. Hamer (John Wiley, New York),
1959.

13. SINGH, D. & MISHRA, A., Bull. chem, Soc. Japan, 40 (1967),
2801.

77




