
NOTES

The plot cPv-1'868 yc for sodium valerate passes
-through a minimum at a concentration of 0·5-0·6
moles litre". Desnoyers and Arel" have explained
-the occurrence of minimum in cPv for alkyl ammo-
nium salts in water on the basis of hydrophobic
'hydration (before minimum) and micellization (after
minimum). Seen in this light the cmc value for
sodium valerate is 0·5 mole litre"! which is in excellent
agreement with the value reported from osmotic
coefficient study of this salt2o.

From the viscosity behaviour of this salt, it can
be seen that viscosity B coefficient is very high.
'Subtracting the B coefficient value of sodium ion
(0·08)12 from the total, one can obtain the value for
valerate ion (0·72). When this value is compared
with the value for acetate ion (0·25)12, it can be said
-that valerate ion is a strong structure former than
acetate ion, which is expected since the hydrophobic
residue in valerate ion is more strong than acetate
ion. The comparison of ionic B coefficient with
molecular B coefficients shows that ions have very
hieh values (acetic acid = 0·12, valerie acid = 0·26).
The behaviour of acetate ion has been explained by
Gurney= on the basis that acetate ion is stabilized by
forming stronger hydrogen bonds than the acid mole-
-cule. The same explanation can be applied to ex-
-plain the behaviour of valerate ion. Thu~ strong
ion-solvent interactions should lead to higher B
coefficient for anion than that of the parent molecule
which is indeed the case.
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The kinetics of o.xidation of isobutyric acid (IBA)
and diglycolic acid (DIGA) have been carried out in
the temperature range 15-45° in aqueous sulphuric
acid medium. The reaction is overall second order-
first order with respect to each reactant. The absence
of spectral changes of manganese (III) acetate on
adding diglycolic acid and isobutyric acid confirms
the outer-sphere interaction of the substrate and the
oxidant. The energy of activation and other thermo-
dynamic parameters have been evaluated and dis-
cussed. A mechanism involving free radical inter-
mediate is proposed.

THE kinetics of oxidation of alcohols, carboxylic
acids, ketones and aldehydes by manganese(III)

have been widely studied. Manganes~(III) pyro-
phosphate', manganese(III) sulphate-, manganese(III)
perchlorates-! and manganese (III) acetates." have
been used as oxidants. Manganese(III) acetate has
been mostly used in non-aqueous medium. The
kinetics of reaction of manganese(III) perchlorate
with isobutyric acid has been studied by Wells
et al.3. But no detailed kinetic study has so far
been made for the oxidation of isobutyric acid (IBA)
and diglycolic acid (DGA) by manganese(III) acetate
in aqueous medium.

Manganese (III) acetate was prepared as per the
literature procedures. Isobutyric acid Was purified
by distillation under reduced pressure. Diglycolic
acid (Fluka), sulphuric acid (Basynth, AR, sp. gr.
1·8), sodium bisulphate (E. Merck) and manganese-
(II) acetate {LR, BDH) were used as such.

The reaction system consisted of manganese(III)
acetate (4 X 10-3M) , substrate (0·04 to 0'4M), [H+]
(2·5M) with a total volume of 50 ml and at an
ionic strength of 2·6M. All the components except
manganese(III) acetate Were placed in a reaction
flask which Was thermostated. At definite intervals,
after adding manganese(III) acetate, 2 ml aliquots
were taken and run into 2% potassium iodide
solution to arrest the reaction. The resulting solu-
tion of iodine was titrated against standard sodium
thiosulphate solution.

At constant [substrate], [H2S04] (2'5M), fl. (2'6M)
and temperature, a first order dependence with
respect to ~Mn3+] was observed. The plot of
-RMn versus [Mn3+] was linear with zero intercept
(Fig. 1). At constant [Mn3+] (0'004M), lH2S0

4
]

(2'5M), fl. (2'6M) and temperature variation of
excess of [substrate] gave increasing rates with
increasing [substratej.. From the linear plots of
log [Mn3+] versus time, the pseudo unimolecular

tPresented in the Symposium in Chemistry at Ll T,
Madras, 11 December 1977.
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Fig. 1- Rate plots for Mns+-isobutyric acid (IBA) and Mn3+-
diglycolic acid (DGA) systems [(A) -RMn versus [Mn'+]; [H+]
= 2'5M; fL = 2'6M; [IBA] = 0'4042M; temperature 40°.
(B) k' versus [lBA]; [H+] = 2'5M; fL = 2·6M; [MTA] =
0·004M; temperature = 45°. (C) k' versus [DGA]; [H+] =

2'5M; fL = 2·6M; [MTA] = 0·004M; temperature = 30°]

rate constants, k' were calculated. Plots of k'
vs [substrate], being linear and 'pass~g through the
origin indicated that the reaction with respect to
[substrate] followed first order kinetics (Fig. 1).
The pseudo uuimolecular constants (k') for the
system Mn3+-DGA at 20°, 25° and 30° are 12'37,
26·79 and 46·84 X 10-5 (sec'<) respectively and those
for Mn3+-IBA system at 35°, 40° and 45° are 9'19,
16·1 and 43·5 X 10-5 (sec'<) respectively.

The variations of [Mn3+], [H+] and (J. has. no
effect on the rates. Rapid initiation of polymenza-
tion indicates free radical mechanism for both the
systems.

M anganese (III) acetate + isobuty~ic acid systen:L-:-
The test for formic acid was negative, thereby elimi-
nating its formation in this system. The presence ~f
acetone was confirmed by co-TLC of the 2,4-dl-
nitrophenylhydrozone. N~ difference in rate was
observed under air or nitrogen atmosphere. No
change in the spectrum of. ~angan~se(III) ~ceta~e
immediately after the addition of isobutyric acid
was observed. The mechanism which suits well
for the above results is shown in Scheme 1.

Reactions (1) to (4) operate in aerobic conditions.
The stoichiometry (-MMn3+]/-il[IB~]) for. ~he
above mechanism is two. Under anaerobic condition
Wells et al» observed the product to be isop.roI?yl
alcohol instead of acetone. Here also the stoichio-
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(CHS)2CHCOOH+Mn3+ -->- (CH3)lH+C02+H++Mn2+
... (1 )

.. ,(2)

... (3)

... (4}

(CH3)i:H+02 -->- (CH3)2CHO;

2(CH3)2CHO; -->- 2(CH3)2CHO +02
(CH3).CH()+Mn3+-->- (CH3)2CO+MnII+H+

Scheme 1

CH2-COOH

/o -,
CH.-COOH

Slow
+MnS+ -->-

Scheme 2

metry is two and hence the rate should be
unaffected by 02' as observed.

M anganese (III) acetate + diglycolic acid system-
The product analysis showed the formation of
formaldehyde as one of the products. The stoichio-
metry calculated by taking excess [Mn3+] and
titrating the remaining [Mn3+] after the completion
of reaction shows -MMn3+J/-/llDGA] = 2. The
absence of any change in the spectrum of Mn3+-
after the addition of diglycolic acid indicates the
outersphere mechanism. The mechanism proposed
is shown in Scheme 2.

A similar mechanism was proposed in C03+-di-
glycolic acid system? and v5+-diglycolic acid systems.

The similar mechanism for both systems is further
supported by the same free energy of activation
value (L~O= 22·5 ± 1·0 kcal). The high positive
entropy of activation (ilSt = 22·9 e.u. for Mn3+-iso-
butyric acid and ilSt = 5·0 e.u. for Mn3+-diglycolic
acid system) also provides evidence for the outer-
sphere mechanism because most of the reactions
which follow innersphere interaction give negative
ilSt value. The energy of activation (Ea) values
for Mn3+-DGA and Mn3+-IBA systems are 24·0 and
31·0 kcaljmol respectively.

One of the authors (P.E.) wishes to acknowledge
the award of UGC junior research fellowship.
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