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ABSTRACT. The rates of solvolysis of trans-[Co(AA),Cl;]* in which AA indicates ethylene-
diamine(en), N-ethylethylenediamine (N-eten), N-methylethylenediamino (N-meen) and trimethy-
lenediamine (tn) respectively have been investigated using conductometric and spectrophotometric
methods at various pressure up to 2,000 bar in acetone-water mixture. The activation volumes
(4V*) obtained from the pressure effect on rate constants were —0.2~0.9 cm®mole™ for en, —0.2
~0.6 cmPmole™? for N-eten, —0.8~6.0cm’mole™ for N-meen and 0.7~7.0cm®mole™ for tn.
The rates of solvolysis of these complexes were analyzed by comparing with the results obtained
from excess free energy (GE) and free energy cycle. It was found that Syl character was increased
with decreasing the pressure and increasing the content of acetone in the mixture solvent. In addi-
tion to that, the effect of charge separation on the mechanism of solvolysis was discussed.
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L9 o] &7} % = trans-[Col(en) ,Cly] ™3} trans-
[Co(N-eten),Clo]* o] 77 0.1,3% 1.0,
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Table 1. Rate constants (sec™!) of solvolysis of #rans-{Co(AA),Cly)* in acetone-water mixture at various
pressures
AAgroup en (25 °C) N-eten (25 °C) N-meen (40 °C) tn (5 °C)
P, bar
WIW 1 500 1500 2000 1 500 1000 1500 1 500 1000 1500 {1 500 1000 1500

0 |7.944.47 4.37 4.32 3.98

13.05 11.77 10.23
5 | 5.053.77 3.71 3.65 3.23 | 8.95 7.58 7.15
10 |4.48 3.20 3.30 2.78 2.51 | 870 7.20 6.60
15 |3.442752.281.381.32| 7.33 6.93 5.54
20 12.852.301.24 1.07 0.95 | 6.38 5.77 4.68
30 |12.571.601.121.051.02 | 6.02 527 4.12
34.71.59098 — — — 4.17 — -
40 (071 — — — — 2.68 -— —

9.22112.66 11.51 11.11 10.97 | 3.07 2.63 2.48 2.42
6.23] 10.53 9.47 8.89 8.62] 2.80 2.43 2.23 2.22
4.87] 9.36 862 813 7.95|2.47 2.30 2.23 2. 14
4.45| 8.38 7.67 7.36 7.10]2.27 2.19 2.11 2.04
3.95] 7.42 6.91 6.67 6.51|2.26 2.13 2.04 1.90
2.82| 6.81 6.26 595 5.80}2.232.09 200 1.9
2.38| 6.55 6.01 5.74 5.59{2.20 2.051.95 1.89
1.53] 5.83 5.25 4.91 4.67|2.13 1.89 1.90 1.86

en; kXx10%ec. N-eten; kX 105sec.
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Table 2. Activation volumes of solvolysis of trans-{Co(A A);Cly)* in acetone-water mixture
AAgroup en (25°C) N-eten (25 °C) N-meen (40°C) tn (5°C)
b bar 1 500 1000 1500 2000 1 500 1000 1500 1 500 1000 1500 1 500 1000 1500
W/W%
0 {0.76 0.52 0.28 0.04—0.20( 0.30 0.30 0.29 0.286.00 3.71 1.42—0.87 |7.35 4.28 2.28—0.27
5 10.350.27 0.18 0.10 0.01(0.32 0.28 0.25 0.20 | 5.90 4.15 2.40 0.64 |8.255.18 2.11—0.97
10 | 0.47 0.350.24 0.13 0.01]0.22 0.33 0.43 0.54 [ 502 3.54 2.06 0.58 {3.282.391.76 1.13
16 {0.48 0.48 0.47 0.46 0.46]0.20 0.30 0.39 0.50 [ 7.06 4.58 2.09—0.40 [1.61 1.24 0.74 0.24
20 10.94 0.72 0.49 0.27 0.05]0.23 0.31 0.39 0.47 {1.55 1.49 1.42 1.35|2.80 2.31 1.81 1.31
30 e —1-0.22 (.21 0.63 1.06 |3.13 2.57 2.00 1.431.70 1.57 1.44 1.30
K R - — — - — | 6.06 3.98 1.88—0.21 —_ - — —
40 1 0.63 0.50 0.37 0.25 0.12 — — - — 16.40 4.83 3.27 1.70|3.33 2.47 1.61 0.74
AV#, cm3 mole.
oA 2t o w2 HE deblsieh trans-[Co £ Frakolvt qiHel whel R AVF>09
(tn):CL1*e 7Fgrl Ealub-go] =& o] 2ol & vrERAslEh 2Ed 4VE>0e A S5 Sal
A B @4 e AL o]0 X ghuk-Sel A 52 1d W7 E9] shsAdol dermgls 4vE
912 o] end 593 thd 6YFS o] FE 2 >02 Yeht trans-[Co(AA)Cl]t Fo]29] 7}
o) E 319 o] wj o]z} A=} tmns—[Co Sl Bl AR S et 3ol EAdgArh 4V*
(N-meen),CL,]* Fo] & N§| Ao w77t 5 £ db&27]9 248 AAtels] 23F A4
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mole 12 4], trans-[Co(N-meen) Cl]*5} trans- , trggs—(f;gAé‘l) jzf(i:""cp_] (10)
rans—[Co
[Co(tn) Cly]* ol A —0.3~7.5cm® mole™? ®rt} srans[Co (ZAZ) Cl]o* e ol a1

= AAAS FHo) wE WskFo] A}
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Ot E-E EF-Erlol A g Lauks oot
Vel dg 129 & 2337 93
o Table 1°] 59 $=4F2XY F435 =
& olA WstE AASAS, 23z )AL
o] &3t IFEHl E W) E3E ()l A
o] 438t ARl A Mate] ol & Adtd
Table 39 53Tt
AAG*= 4G * — 4G, * (14)
44G* & excess A-Fol =] W 3H(GE)o et
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Table 3. The differences between the gibbs free
energy of activation in solvent mixture and that in
aqueous solution for trans- [Co (AA)Cla]*

AAgroupl
mole en N-eten | N-meen tn
(25°C) | (25°C) | (40 °C) (5°0C)
Fraction
0. 016 1.12 0.94 0.48 0.21
0.033 1.42 1.01 0.79 0.50
0. 056 2.07 1.43 1.07 1.70
0.072 2.54 1.77 1. 39 0.71
0.117 2.80 1.92 1.62 0.74
0.141 3.99 2.66 1.72 0.79
0.171 5.99 3.92 2.02 0.85
44G*, kJmole L,
40
o en.
<o N-eten.
2 N-meen.
30 e tn.
. o
S o
= o
=
30
~
g I
(6] Red
g o
°
°
& o
10] o
red [~]
% ¢
° .
.
1 ] 1
1.0
G/ kJmol ™

Fig.1. Relation between 44G* and GE for the
solvolysis of trans-[Co(AA)sCl]* in acetone--
water mixture.

F(Fig.2)71” w@slge. Fig.1dq o =
SI%el trans~[Co(en) ,Cl;]*, trans— [Co(N-eten),
CL1*, #trans—[Co (N-meen) 2ClL]*Y, trans-[Co
() ClJ* Fo] 29 AL GE 3}e) CRda sy
44G* F= ¥4 ko2 FASg e 2 W v
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3¢ =A3tg et Fig.3237 2.303RT log(kw
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[Co(AA),Cly]* #o] 2o 4 Co-Cl9 A e+
@A g9age b 5o goz A gt

— -0‘ As=zen o1
= o * 539
W 8 s ° 1000
< 4
8 < 1500

!
2 ? §° % 2000
x L]
= -5 .
2
o €
o o
% ]
o4

005 010 015

mole fraction of acetone

Fig.3(a). Plots of 2.303RTlog(kw/ks)—4G3(Cl)
against mole fraction of acetone in acetone-water
mixture at 25°C and various pressures for the
solvolysis of ¢rans- [Co(en)sClo]*.
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Fig.3(b). Plots of 2.303RTlog(kw/ks)—4G$(Cl7)
against mole fraction of acetone in acetone-water
mixture at 25°C and various pressures for the solvoly-
sis of trans-[Co(N-eten)sClo]*.
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Fig.3(c). Plots of 2303RTlog(kw/ks)—d4G$(Cl-)
against mole fraction of acetone in acetone-water
mixture at 40 °C and [various pressures for the sol-
volysis of trans—[Co(N-meen)Cls]*.
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Fig.3(d). Plots of 2.303RTlog(kw/ks)—4G3(Cl-)
against mole fraction of acetone in acetone-water

mixture at 5°C and vartous pressures for the solvoly-
sis of trans-[Co(tn);Cly]*.
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Bt A 4G (M) 8k 4G (MX) 9] Holx A3t
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