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Kinetics and Mechanism for aquation
of [Co(en)2(CO3)]" in [H'] aqueous solution
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<Abstract>

Kinetic studies were carried out for aquation of
carbonatobis(ethylenediamine)cobalt(III) complexes in [H']
aqueous solution by UV/VIS-spectrophotometry. The
rate law that in deduced from rate data is rate=ky [H'T"
{[Co(en)2(CO3)1'}1.0 where ki is the rate constant
considering acidic catalyst, H ion whose value is 0.241
[ mol! - sec!. The values of activation parameters Ea,
AH® and 4S" were 15.33 Kcal - mol !, 14.52 Kcal - mol
and -57.49 e.u. respectively. On the basis of kinetic data
and the observed activation parameters, we have
proposed the mechanism that proceeds with two step
protonations. The rate equation derived from the
proposed mechanism has been in agreement with the
observed rate equation. It has been seen that our
modified mechanism for Harris’s proton freequilibrium
one prefer to the his concerted mechanism, and more the
last product substitute H.O for OH the Harris's
mechanism in the acidity range 2 <pH< 5.
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Table 1. Values of absorbance for [Co(en):
(COx)]" at 2.0x10% M HCIO, solution.

[Comp] “In(A-As/|  Kobs
10° M | ESe | Al A A | (see D)
Ay |0354| ——

180 | 0273 | 0.062
360 0237 1.106
25 540 | 0.215 1580 |25%107°
720 10204 | 1945
900 |0.194| 2453
Ae 0179 ——

Ao 0289 ———

180 | 0215 0.639
360 0184 | 1.162
2.0 540 | 0.168 | 1604  [2.56x10°
720 10157 | 2.079
900 | 0.151 2.489
Ao 0139 -

Ay | 0221 ———-

180 |0.169|  0.640
360 | 0.145 1.174
16 540 | 0.130 1704  [26%107°
720 [0.125| 2.064
900 |0.119| 2501
Ao | 0111 ———-

at [Comp] = [Co(en)2(CO3)]"

Table 1. 4dALE 25 ToA oy 71X
F59 [Colen)x(COI el A Al gbel] wr& &3
T W3E yelgelth Co(l)e wx7F W
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Table 2. Values of initial rate for wvarious

amount of [Co(en):(COs)]" at 2.0x10% M
HCIOy4 solution.
[Colen)2(CO3)] + (x10° M) | Vi (x10* M)
2.50 6.00
2.00 4.75
1.60 3.80
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Figure Plot of -In V; versus -In
[Colen)z(CO3)]" at 2.0x10* M HCIO, solution.
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Figure 2. Plot of -In ks versus -In [H'] at
25 C 2.25%x10° M [Co(en)2(CO3)]" solution.

Table 3. Values of absorbance and rate
constant for [H'] at 225x10° M [Co(en)s
(CO3)1" solution.

[H] + ~In(Ai-Aw/| Kobs
(<10° ) |15 A A AL | (see D
Ay | 0.147 ———=
180 | 0.276 1.174
360 | 0.236 2.180 466
25 540 | 0.223 3.016 ><1.073
720 | 0.218 3.710
900 | 0.215 4.605
A« | 0.213 -
Ay | 0421 -
180 | 0.289 1.000
360 | 0.252 1.655 349
2.0 540 | 0.238 2.087 y 1'073
720 | 0.230 2.453
900 | 0.227 2.631
As | 0.212 -
Ap | 0418 -
180 | 0.293 0.981
360 | 0.273 1.291 951
1.6 540 | 0.265 1.448 y 1'073
720 | 0.257 1.635
900 | 0.250 1.833
Ae | 0218 -
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Table 4. Rate constant as a function of
temperature at  2.0x10° M [Co(en)2(CO3)]"

and 1.25x10° M [H'].

T(K) k™ (I-mol™ - sec™)
293.15 0.082
298.15 0.157
303.15 0.211
308.15 0.308

Table 4.9 Ay A =7} F5ad
TR ky 7F F7RE T dubE ol A
I AU olE ARERE FAF
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Figure 3. Arrhenius plot of -In Ky versus
1000/T at  2.0x10° M [Colen)x(CO3)]" and
1.25x10° M [H'].

3181 slope=7.305

intercept=6.915

3.0 3.1 3.2 3.3 34 35

1000/T

Figure 4. Eyring plot of -In(kg h/KT) versus
1000/T at  2.0x10° M [Colen)x(CO3)]" and
1.25x10° M [H'].

h' planck constant, K: boltzmann constant

utebA Figure 4.0 Yebd 29 727 =2
FE @Ay (A g7 1452 Kcal/mol,
Aol dRoRRE EASAERT] (ASH)7}
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Table 5. Activation energy and activation

parameters for [Co(en)>(CO3)]".
Ea (Kcal/mol) 15.33
AH" (Kcal/mol) 14.52
45" (e. u) -57.49
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Figure 5. Aquation mechanism for carbonato
bis(ethylenediamine)cobalt(III)
[H'] aqueous solution.
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