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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 cm®mole™! 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 (GF) and free energy cycle. It was found that Syl character was inereased
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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Table 1. Rate constants (sec™?) of solvolysis of trans-{Co(AA)LCl)* in acetone-water mixture at various
pressures
AAgroup, en (25°C) N-eten (25°C) N-meen {40 °C) tn (5°C)
BRI s 1500 2000 1 500 1000 1500 1 500 1000 1500 |1 500 1000 1500
W/W%
0 |7.94 4.47 4.37 4.32 3.98 | 13.05 11.77 10.23 9.22] 12.66 11.51 11.11 10.97 ] 3.07 2.63 2.48 2.42
5 |5056377 3.71 3.65 323! 89 7.58 7.15 6.23(10.53 9.47 8.89 8.62]2.80 2.43 2.23 2.22
10 | 4.48 3.20 3.30 2.78 2.51 | 870 7.20 6.60 4.87| 9.36 8.62 813 7.95| 2.47 2.30 2.23 2. 14
15 | 3.44 2.752.281.381.32| 7.33 6.93 5.54 4.45| 838 7.67 7.36 7.10] 2.27 2.19 2.11 2.04
20 1285230 1.24 1.07 095 | 6.38 577 4.68 3.95] 7.42 6.91 6.67 6.51{2.26 2.13 2.04 1.90
30 1257 1.60 1,12 1.051.02 | 6.02 527 4.12 2.82| 6.81 6.26 595 5.80) 223209 2.00 1.95
4.7159098 — — — 4.17 — — 2.38] 6.55 6,01 574 559{2.20 205195 1.89
49 1071 — — — — 2.68 -— — 1.53| 5.83 5.25 4.91 467|213 1.89 1.90 1.86
en; AX10%ec. N-eten; 2#X105ec. N-meen; &X1(Psec, Pn; &X103sec,
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Table 2. Activation volumes of solvolysis of trans-(Co(A A)Clz)* in acetone-water mixture

AAgroup) en (25°C) N-eten (25 °C) N-meen (40°C) tn (5°C)
P, bar

W 1 500 1000 1500 2000 1 500 1000 1500 1 500 1000 1500 1 500 1000 1500
/

0 [0.76 0.52 0.28 0.04-0.20| 0.30 ©.30 0.29
5 |0.350270.180.10 0.01}0.32 0.28 0.25
10 | 0.47 0.35 0.24 0.13 0.01]0.22 0.33 0.43
16 | 0-48 0.48 0.47 0.46 0.46] 0.20 0.30 0.39
20 |0.940.72 0.49 0.27 0.05/0.23 0.31 0.39
30 - - = —  —}-0.22 0.21 0.63

uny| — - = = —~ - -
40 }0.630.500.37 0.25 0.12[ — —

0.28|6.00 3.71 1.42—0.87 [7.35 4.28 2.28-0.27
0.20 [5.90 4.15 2.40 0.64 18.25 5,18 2.11—0.97
0.5¢ (5.02 3.54 2.06 0.58 /3.282.391.76 1.13
0.50 | 7.06 4.58 2.09—0.40 |1.61 1.24 0.74 0.24
0.47 | 1.55 1.49 1.42 1.35)|2.80 2.31 1.81 1.31
1.06 | 3.13 257 2.00 1.43(1.70 1.57 1.44 1.30

— |6.06 3.98 1.88—0.21 - - = -

— | 6.40 4.83 3.27 1.703.33 2.47 1.61 0.74
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Table 3. The differences between the gibbs free
energy of activation in solvent mixture and that in
aqueous solution for #ranms- [Co(AA)CL T+

AAgroupl
mgle en N-eten | N-meen tn
- @5°C) | (25°C) | (40°C) | (5°C)
Fraction
0. 9016 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
. 117 2.80 1.92 1.62 0.74
0. 141 3.99 2.66 1L.72 0.79
0.171 5.99 3.92 2.02 0.85
44G*, k)mole-1,
1‘-0-‘ @ AA
oen,
o N-eten,
° N-meen.
30j e LN,
- °
g o®
="
~N
o 2 ® o
[Ca] <
o
b o
°
&
1900
O
% °‘
° .
[ ]
1 l 1
1.0
G/ k) mol ™

Fig.1. Relation between A4G* and GE for the
solvolysis of trans-[Co(AAYCl,]* in acetone--
water mixiure,

¢ (Fig.2)3H2 w28}, Figa di4 ¢
A&l trans-[Co(en) Cl,]*, trans-[Co(N-eten),
CL1*, #rans-[Co (N-meen) 2Cla)Y, trans-[Co
()Cl]* #0128 A% GE o) Zrass
44G* g= 49 }os FA¥YT 7 WEl v
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Fig. 2. Relation between J44G* and G¥ for the
solvolysis of ¢t-hutyl chloride in typically aqueous
mixtures.
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Fig.3(a). Plots of 2.303 RTlog(kw/ks)—4G5(Cl)
against mole fraction of acetone in acetone-water
mixture at 25°C and various pressures for the
solvolysis of ¢rans- [Co(en)sClo3*.
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Fig, 3(b}. 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 solvoly-
sis of trans~-[Co(N-eten).Cly]*.

—_ -4 Adz N, o1
R . * 500
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Fig.3(c). Plots of 2303RTlog(kw/ks)~4G$(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)Cla]*.
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Fig. 3(d). Plots of 2.303RTlog (kw/ks) —d4G3(Cl-)
against mole fraction of acetone in acetone-water

mixture at 5°C and various pressures for the solvely-
sis of trans-[Ca(tn),Cl]*
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Afrel ] AW 3L Ate] Foll 3 HHIFE &
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7] ® Folet,

of Az H¥ trans-[Colen),Cl]*, trams—
[Co(N-eten},Cl,J*, trans-[Co(N-meen),Cl,]*,
trans-{Co(tn) Cl,]* Fo].29f 7}gof B3 xl-2A4
<+ 430l FAGTF, RS Fako] Fag
5 SylolA "deld & &gt}

ZAE %, Qe 19841985 ¥
273 K4 dFe e AY=HAL.
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