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The Idnetics of ligand substitution reaction of Mnbipy2+

comPle~x !with the trisoxaiatocobalt(III) has been investigated

spectrop otometrically at 600 nm. The reaction follows a first
order . tics. The rate of reaction increases with increase in

[bipyridy in the reaction mixtures. Activation parameters
have bee evaluated. A mechanism consistent with the results

has been uggested.
I
,

Compl*es of Mn(II) are important due to their
role in nzyme reactions1. The kinetics of complex
formati n of Mn(II) with bipyridyl was recently
studied' different acidic solutionsz. The relatively
low val e of the stability constant3,4 of the com­
plex, bipy2+ (4 x 10- 4), which is in accord with
the low complexation reactivity of Mnz + aqua ion
led us t undertake the title investigation. The re­
sults of uch studies using the trisoxalatocobalt(III)
are rep ed in this note.

The ubstitution reaction was studied in the

temper!ure range of 20-40°C, since in this tem­
peratur range the rate constant for the thermal
decomp sition of K3[Co(CZ04)3] is extremely
lowz. ! .

Mnbi yZ + complex was prepared in doubly dis­
tilled w ter using Merck grade MnClz.4HzO and
2,2'-bip ridyl. The complex K3[Co(CZ04)3].3HzO
was pre ared according to the method described
before5• he reaction was followed at 600 nm, the
A.max of trisoxalatocobalt(III) using a Unicam SP

1800 u¥ spectrophotometer. All solutions were
allowed Ito equilibrate at the desired temperature
for 1 hr ~efore mixing.

In a s~ries of runs the [trisoxalate complex] was

kept coqstant at 5 x 10 - 4 mol dm - 3 while varying[Mnbipyf+]. Under these conditions, the reaction

followed I first order kinetics as revealed by the lin­
ear plot pf 2 + log (At - Aoo)versus time. It is seen
that the I rate constant decreased with increase in

I

the con4entration of MnClz and bipyridyl mix-tures (Tflble 1). To attain maximum degree of

com~lex'tion (a = 0.997) large excess of MnClzsolution -+Vasused (0.86 mol dm-3).
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Table I-Rate Constants at Different Concentrations of

MnClz and Bipy

[(K3[Co(C204h]= 5 x 10-4 mol dm3 at 28°C)]

[MnCl2]0 [bipy] Degree of 104[Mnbipy2+] 103 k1

(moldm-3) (moldm-3) complexation (moldm-3) (S-I)

5 x 10-4 5 X 10-4 0.15 0.73 9.3
lxlO-3 lXlO-3 0.25 2.34 3.6
2xlO-3 2XlO-3 0.35 6.88 2.4

The kinetic measurements were performed at
three different temperatures. The rate constants at
20", 28°, and 35SC and [Mnbipyz+]
= [K3Co(CZ04)3]= 10-3 mol dm-3 came out to be
5.35 x 10-\ 7.4 x 10-4 and 1.07 x 10-3 S-1 re­
spectively. The system obeyed the Arrhenius
equation. The values of Ea, A, !i.Hf, !i.Gf and !i.Sf
were evaluated as 34.02 kJ mol-I, 1.2 x 10- 3 s-1,
31.51 kJ mol-I, 92.42 kJ mol-1 and -202.86
JK - 1 mol-1 respectively. Within the experimental
errors, similar values of the activation parameters
were obtained at [K3Co(CZ04)3] = 10-3 mol dm-3
and [MnbipyZ+]= 3 x 10-3 mol dm-3•

The composition of the complex formed bet­
ween Mnbipy2+ and [Co(Cz04hP- applying
Mauser's method6,7 (Fig. 1) and Yoe-Jones8 meth­
od was found to be 1:1 irrespective of [Mnbipyz +].

Finally using different concentration ratios of
the reactants it was observed that the rate constant
increased with increase in [Mnbipy2+] in the pres-

630 I 550tJ.A tJ.A

0·610·12

0-4woa

o
0-4 0·6 IAAfIOO

0·2

Fig. I-M diagram for K3[Co(C204h] and [Mn bipyJH reac­
tion
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NOTES

Mnbipy2+ r1Mnz+ +bipy ... (1)

bipy + [Co(CzO 4h]3-r Co(C zO 4)zbipy-l + C zO~-
-z ... (2)

Fig. 2-Variation of kl with increasing [Mn bipy2+] at 28°C

ence of large excess of MnClz used to diminish
the presence of free bipyridyl (Fig. 2). This behav­
iour is opposite to that observed on adding bipyri­
dyl only to the K3[Co(C:P 4)3]compler.

On the basis of observation recorded above, a
mechanism shown in Scheme 1 can be suggested
for the ligand substitution reaction9•

Based on Scheme 1 the rate-law (5) can be de­
rived:

v= kz[bipy][Co(Cz04)3]3- = k3[CzO~-][Mnbipyz+]
... (5)

The above mechanism is supported by the fol­
lowing observations:

(i) First order kinetics in [trisoxalate] at 600 nm .
The formation of mixed ligand complex [Co(CZ04)z

bipy] is an accepted fact since it has been synthes­
ized and characterized spectrophotometricallylO.
(ii) Reaction rate increases with increase in
[Mnbipy2+]. (iii) Similar values of activation par­
ameters obtained irrespective of reactant concen­
tration ratios suggest the formation of only one ac­
tivated complex. Also, Mouser's method sustains
only one linear independent reaction (Fig. 1). (iv)
High negative ~st( = - 202.86 JK-I mol-I) con­
firms that the activated complex [Co(Cz04hbipyp­
results from Co(Cz04H- in accordance with .the
extended HiiGkel theoryll.
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