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ABSTRACT. The rates for the aquation of cis-{Co(en) (NH;),Cl;)Cl in acetone-water mixtures
have been measured at various pressures and temperatures by the electric conductivity method. The
rate constant measured at 25°C in pure water solvent is 3.47X107%/sec. Rate constants are increased
with increasing temperature, and decreased with increasing pressure and mole fraction of acetone.
Activation volumes and other activation parameters are calculated from these rate constants. The
activation volumes are all positive and lie in the limited range +2.82~+8.2cm3/mole. The rate
constants in aqueous acetone solution are analyzed with the solvent compositions. Plots of log 4.,
vs. Grunwald-Winstein Y values show that log &, varies linearly and the gradients are about
0.25. The applications of a free energy cycle relating the process initial state—transition state in
water to that in acetone-water mixture show that the changes in solvation of the transition state have
a dominant effect on the rate. From these results the aquation of this complex would be discussed

in terms of dissociative mechanism ().
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Table 1. Rate constants, kpX1042-0.05 sec™! and Activation volumes, JV*=4V,*+4-P (
(Co(en) (NH3)Cly)Cl1

) for the cis~

Pressure (bar)
Temp. Acetone Y
v/v%) 1 500 1000 1500 2000 AVy*+ P22 em?/mole
25°C 0 3.47 3.30 3.19 3.12 3.06 2.82—1.31X1073P
10 2.93 2.75 2.60 2.49 2. 40 3.16—0.77X10-3P
20 2.41 2.20 2.30 1.89 1.78 4.72—1. 00X 1073P
30 2.05 1.83 1.66 1.54 1.47 6.14—1. 89X 10-3P
40 1.78 1.53 1.36 1.25 1.15 8.43—2.86X107%P
30°C 0 5.38 4.68 4.46 4.16 3.94 5.50—2. 13X 10-3P
10 4.83 4.97 3.86 3.57 3.37 6.67—2.97x1073P
20 4.40 3.82 3.38 3.05 2.81 7.68—2. 67X 107P
30 4.06 3.42 2.92 2.53 2,22 9.10—1.98X10-3P
40 3.90 3.14 2.59 2.19 1.19 11. 42—3. 07 X 10-%P
35°C 0 9.33 8.23 7.45 6.89 6.56 7.07—3. 41X 10-3P
10 8.76 7.56 6. 65 5.96 5. 44 8.01—2.55x1073P
20 8.23 6.93 5.93 5.14 4.52 9.15~1. 97X 1073P
30 7.82 6.35 5.28 4.49 3.90 11. 17~3. 00 X 10-3P
40 7.59 5.95 4.75 3.85 3.18 12. 90—2. 35X 10-3P
40°C 0 14.15 12.23 10.72 9.51 8. 56 7.94—1. 83X 10-3P
10 13.69 11.56 9.94 8.68 7.70 9.23—2. 32X 1073
20 13.14 10.85 9.10 7.76 6.72 10. 37—2. 19X 10-3P
30 12.79 10. 25 8.33 6.84 5.76 11.75—1. 55X 10-3P
40 12.23 9.28 7.20 5.72 4.65 15. 02—3. 25X 10-3P
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Table 2. Dependence of 4H* (+0.1 Kcal/mol) and

485* (£0.1 cal/mol K) on pressures and solvent com-
positions

Acetone Pressure (bar)

Gre%)| 1 | s00 | 1000 1500 | 2000

4H* 0 16.98 15.76| 14.66f 13.57| 12.58
10 18.66| 17. 34| 16.16] 15.11} 14.09
20 20.49/ 19.28 18.10, 16.89 15.87
30 22.03 20.65/ 19.53 17.91] 16.61
40 23.08 21.72) 20.11; 18.27| 18.33

458* 0 0.88—3.33|—7.10; —10.83 —14.17

10 6.19] 1.62—2.48| —6.09] —9.59
20 11.99] 7.73] 3.59] —0.61 —4.16
30 16.84] 12.00, 7.99 2.40, —2.09

40 20.18 15.28 9.62 3.24 2.89
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Fig. 2. Plot of 4H* with 4S* for aquation of the
cis-(Co(en) (NH3)oClp) ¥ in acetone-water mixtures.
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Table 3. The Criteria of classification of mechanism
for the reaction ML, X+Y—ML,Y+X

Mechanism
Parameters
D I I, A

45* large small small large

positive negative
AV* positive small small negative

positive  negative

45* positive small small negative
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Fig. 3. Variation of logk,, with Y for aquation of

the cis—-[Co(en) (NH3)sClo)* in acetone-water mixtures.
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Fig. 4. Plot of 2. 303 RT log (k./k,)-44G(Cl~) against
mole fraction of acetone in acetone-water mixtures at
25°C.
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