SUMMARY

During last three decades considerable amouﬁt of work
has been done on theskinetics and mechanism of substitution
reactions of inorganic complexes. In these studies, too much
importance was given on the values of the pseudo-first order
rate constants determined under various conditions and little
has been done to elucidate the total mechanism of most reac-
tions. Survey of literature shows that a small amount of
work has been done on substitution of aquo ligands of cis-
aquo-chlorotetrammine cobalt(III) and of cis-diaquotetrammine
cobalt(IIf?T;; other ligands. In this context the present
thesis offers some results of interest in substitution of
chloro~- and aquo-ligands in cis=-aquo~chlorotetrammine cobalt-
(III) ion by oxalate and substitution of aquo-ligands in cis-

diaquotetrammine cobalt(III) by oxalate, malonate and glycine.

The thesis consists of three chapters. Chapter-I deals
with the Kinetics and Mechanism of the Reaction of cis—-aquo-
chloro~ and cis~diaquo-tetrammine cobalt(III) ions with
ammonium oxalate. This chapter has been ' however subdivided
into three parts. Part-I deals with study of the hydrolysis
of A [cis-aquo-chlorotetrammine cobalt(III) ion] in an aqueous
solution (i) in absence of oxalate and (ii) in presence of

excess ammonium oxalate (pseudo first order condition at
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pH 4.0 and at 35°C. The study indicates that the rates of
release of chloride from A in preéence of ammonium oxalate
and in absence of it are identical, (kA = 1.3 x 107° sec—l)i
However, the final product of the reaction of A with ammonium
oxalate solution was found fo be the ring gloéed@[Co(NH3)4

1+

C,0,] ion. It was therefore concluded that B, i.e.
24 3+ |

[Co(NH3)4CH2O)2] ion, which was the product of hydrolysis
of A, subsequently reacted with ammonium oxalate to form the

above ring closed compound.

Part-II deals with the study of the reacfion, cis—diaquo—
tetraammine cobalt(III) i.e. B —> cis-oxalato-~tetrammine
cobalt{III) i.e. D and of the reaction cis-aquo-chlorotetra-
mmine cobalt(III) i.e. A —> cis-oxalatotetrammine cobalt(III)
i.e. D in aqueous solution using excess of ammonium oxalate
at pH 4.0 and at 35°C. Our studies indicate that the reaction
B —>D is a part of the reaction series A —>D and D is
formed from B through an intermediate C. The stoichiometric

mechanism has been found to be as follows :

2+ k 3+

cis=[Co(NH;) 4(H,0)C1] —As Cis=[Co(NH,) 4(H,0),]
A Bl
kB 2+ -
cis-[Co(NH3) 4(H,0) (HC,0,) 1+

<+

C k

C 1+
c%s-[Co(NH3)4CQO4]

D
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kA, kB and kC being the respectlve rate constants.
ky, = 1.3 x 10 -3 sec‘l
_ =3 -1 o}
kg = 1.3 x 10 7 sec at 35 C and at pH 4.0
kg = 3.3 x 107 secii

The value of k, has been already obtained from our study in

A

Part-I. The values of k, and kC were obtained by adopting the

B
following procedure.

Reaction mixtures of A with (NH4)20204 and of B with
(NH )5C50, using large excess of (NH4)2C204 in solution were

47272
studied spectrophotometrically with A= 500 nm and A = 528 nm
d -d
at 35°C and at pH 4.0. The * plot of log —%——2 vys t in for
d =-d
o t

both reactions (A—>D and B—>D) were curved lines, starting
with a near zero slope, but the slopes increased in both cases
with time finally attaining the same limiting value so as
observed from the fact that flnal portions of the curves in
both plots were straight lines parallel to each other. From
this result we concluded that the last steps of each of the
reaction series A—D and B—>D wefe “tdentical proceeding
from the same intermediate C; we proved that intermediate C
was [Co(NH3)4(H20) HC Oé] ion and in fact we succeeded in
in isolating the double complex slfat [Co(NH3)4(H20)(HC204)]
[Co(NH3)4(H20)2](ClO4)5_from a mixture of B and oxalié acid
at pH 1.0. The series B—>C—>D is therefore a part of the

reaction series A—B—>D.
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For both reactions A—>»D and B—>»D, the final straight
dy = 9
dy = d¢
point of time when all A and B in the first reaction and all

line pertions of the log vs t plots began from a

B in the second reaction were practically exhausted and the
- reaction with oxalate proceeded from intermediate C alone.
The same limiting slope of the final straight lines in the
two above plots, therefore gives the value of the rate cons-

tant k. for the last step C—>D of the reaction series.

Using the same [B] but different [(NH4)20204] values at

35°C and at pH 4.0, we found that the curves obtained by
d, - d

. o 0

p]_ottlng log T—

d dt

c204] coincided with each other; this definitely indicated

vse t for all concentrations of [(NH4)2

that both the steps B—>C and C—D in the reaction series

B—>C—3D were oxalate independent and the rate constants kB

and kC were of the first order with respect to B and C res-

pectively.

Since the value of kC was known from the limiting slopes
d =d

of the final straight line portions of log 32_—-39
t

we could evaluate kB by a trial and error method using the

value of kC obtained as above and also the two step first

vs t plots,

order consecutive reaction equation (1) for the first order

reaction series B—C—>D.

ee. (1)



The value of Dt/Bo at any time t was found spectrophotome~

trically using the equation (2)

D d, - d '
—-E poend —-——-———t 0 * 00 (2)
By de = 9

k k k

The reaction scheme A A> B B>‘C C} D was further

confirmed by calculating out the values of Dt at different
time t’ by a new method of calculation, using the values

of k k. and kC obtained above. These calculated Dt values-

A’ "B

at different times t were compared with experimental Dt
values at the corresponding times t found by using equation
(2). The agreement between calculated and experimental values
of Dt for each time t was good enough to justify the Reactien

Scheme proposed.

In Part III, studies were made on the anation reaction
B—»C and on the ring closure reaction C—>D, in order to
decipher the detailed mechanism of both reactions. In the
reactiqn B~—§C, the rate constant kB was found to increase
with the increase in pH for a reaction mixture of 0.005 mol

-3 ~3 0
dm > of B and 0.05 mol dm ~ of (NH4)2C2O4 at 35°C.

. -3 :
In a solution of 0.05 mol dm ~ of (NH4)20204, it was
found by using the Henderson equation and the values of the
first and second acid dissociation constants Kl and K2 of

oxalic acid, that [H2C204] was small, but [HC204-] was very
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large and [C O4 ~] was also appreciable. We therefore

presumed that the two ion-pairs [Col NH3) (H 0) ] HC2 4
3+

and CCo NH3)4(H2 )2] .C2042- existed in the aforementioned
solution, and we could prove that since large excess of
(NH,) ,C,0, was used in the reaction mixture, the whole of
4727274 3+
the entity [Co(NH3)4(H 0)2] existed ‘in form of the [Co
3+

2- .
(NH3)4(H2 2] .HC,0,” and [Co(NH3)4 H o) ] 02 4~ Taking
this type of ion-pair formation into account, we could
establish from the results of the pH variation experiments,
that both ion-pairs were converted to the same complex C,

2+

[Co(NH3)4(H20)(HC2O4)] at the pH values of our study mainly
through specific (OH ) catalysed SNlCB mechanism; however
it was also found that a pH independent pure SNl path ran
parall to the SNlCB path in the reaction, B—>C. The rate

equation was found to be

K.k
ky = k; + 2—L  at each [H']
[H']

where KB is the acid dissociation constant of [Co(NH3)4

(H20)2]3+ and kCB is the rate constant for the slowest step

of the SNlCB reaction series i.e.

2+

2+ k
[Co(NH,) ,(H,0) (OH) ] —B > [Co(NH,) 4 (OH)]  + H,,0

Conjugate base of B Penta~coordinate

[k, at 35°C = 3.3 x 10" Ysec™! 3 Kg at 35% = 4.46 x 10~ 8m°
l - L]
mol™l ; kep at 35°C = 2.37 x 107% s

C of C—>D also increases with increase of pH and this

ec1]. The rate constant

k
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reaction also has been shown to follow two parallel paths,
one being pH independent SNl path and other being an SNlCB

path represented by the following reaction scheme

Reaction Scheme

o+ 1+
[Co(NH3) 4(H,0) (HC50,) 1 +0H™ —=> [Co(NH3) 5(NH,) (Hy0) (HC,0,4) ] +H,0
C CB'(conjugate base of C)
+
- H30 k2(slow) kCB' slow
ring closure
v 1+ fast V 1+
<«
[Co(NH3)4C2O4] < [cO(NH3)3(NH2)(H0204)] +H,0

ring closure
Penta-coordinate intermediate

k2 is the hydrogen ion independent rate constant and kCB' is
the rate constant for the SN'CB path [k, at 35°C = 8.0 x 107

sec”! 1.

Chapter-II deals with the kinetics and mechanism of
reaction between diaquo~tetrammine Co(III) ion and malonic
acid. It is shown that the stoichiometric mechanism of the
reaction B [cis-diaquotetrammine cobalt(III)]——éF[ring closed
cis-malonatotetrammine cobalt(III)] at a certain pH consists

of two consecutive first order steps involving the formation

COOH
/ ) ]2,+

of the intermediate E [cis-Co(NHy) 4(H,0) (CH, e.g.

™~ coo
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3+ -HéO _ 2+
cis=[Co(NH5) ,(H,0),] -g-j> cis-[Co(NH4) ,(H)0) (Hm™) ]
+Hm
B kb(slow) E —H3O+
k,(slow)
1+

cis—[Co(NH3)4(m2-)]

ring closed compound F.

The same method gs used in the case of the reaction between
+

[Co(NH3)4(H20)2] and [(NH4)2C204], was used in this case

too. ke was determined from the limiting slope of the plot of

da - 4,

d, - d¢

owing the same procedure as adopted for the reaction between

log vs t and kb » by the trial and error method foll-

B and (NH4)2CQO4. The rate constant k. and k, were both found

b
to be pH dependent. The pH dependence of these constants exp-
lained by adopting an ion—pair-cum~SNlCB mechanism. [For values

of kb and ke at different pH values and at 35°C, see Table-4,

page~ 129 ].

Malonic acid is a weaker acid.than oxalic acid and hence
in a 0.10 mol dm™> solution of malonic acid at the pH range
of our study (pH = 4.0 to. 3.0), the concentration of the ion
m2~ (= C3H2042- ) was negligible, but Hm (C3H3O4l") was
predominant and that of the molecule H2mo(= C3H4O4) was -
comparatively ..largé. But csincé~ [malonic acid] was present
in large exceés over [B], we could prove that the entire of B
in the solution was present in form of two ion-pairs only

3+ 3+
0 -
namely [Co(NHg),(H,0b] .Hom™ and [Co(NH;),(H,0),] .Hm™ .
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Both ion~pairs were shown to form the same intermediate E

through two parallel paths - one SNlCB path (rate constant =

-1

2.89 x 10 %sec™! at 35°C . ) and another pH inde-

pendent simple syt interchange path (rate constant = 2.0 x 104

sec™t at 35°C). The ring closure reaction E—>F also follows
two parallel paths one pH independent simple unimolecular in

ring closure path

24 k' 1+
[Co(NHy) ,(H,0) (Hm)]  ———3> [Co(NHz)m 1 + HyO"

-1

[k'' = 2.0 x 1072 sec™! at 35°¢]

and another SNlCB path. The complete reaction E—>F has been

depicted in the following reaction scheme.

Reaction Scheme

2+ fast I+
[Co(NH3) 4 (H,0)Hm] p— [Co(NH3)3(NH2)(Hm)<mpﬂ+ H,0
E OH conjugate base CB(E)
slow uni- k'!? slow disso-
molecular + ciation of k
ring closure ~H30 H,0 CB(E)
\V 1+ fast ' 1+
[Co(NH3)4(m)] '4-?].35— [CO(NH3)3(NH2)(Hm)] + H20
closure

Complex F

In Chapter-III, the kinetics and mechanism of the reaction
3+
between [Co(NH3)4(H2O)2] ion (depicted as A) and glycine have
been studied; this reaction has not been so far studied from the

mechanistic point of view.



It has been found by varying [glycine] but keeping [A]

const. at 35°C and pH 4.0 that the rate constant k, of the

2
reaction

k
A+ GH —2>B + H,0 (GH = glycine zwitterion and

3+
B = [Co(NHj) 4(GH) (H)0)] )

is one of the second order (k2 = 2.4 x 1072 dmamol—lsec_l)

at 35°C and at pH 4.0).

The rate of the reaction was found to increase with the
increase of pH at 35°Cc. Two reaction paths - path~-I and path-II
were found to be consistent with experimental results of the
pH variation eXperimenté. In path~I, the conjugate base of A
undergoes a bimolecular reaction with GH in the slowest step
[SNZCB (complex) mechanism]; in path-II, G the conjugate base
of the ligand GH, reacts bimolecularly with A in the slowest
step [SNQCB (ligand) mechanism]. It has also been shown the
rates by path~I and path~II are equal to each other and the
conclusion, that the total reaction proceeds in two parallel
paths - path-I and path-II at exactly equal rates was drawn,
half of A being converted to B by path-I and other half by

path-II. From the experiments done at pH 4.0 but at different
temperatures, the variation of k2 values with temperature was
determined and the activation parameters Z&H*'and Zl§*=were
found out to be 109.89 KJ mol™t and 59.64 JK mol™! respectively
from the slope and the intercept of log k, vs 1/T plot.



