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rather lower frequency factor giving a large negative
value of entropy
of activation.
The different
energy parameters
are:
AE=11·16± 0·04 kcal
mol! A=5·12+ 0·03 xl03 see+ ASt=-43·67+0·06
e.u. AF1=24·33 ± 0·44 kcal m;l-l.
The presence of allyl acetate considerably retards
the reaction rate suggesting that reaction follows a
radical chain mechanism.
The above kinetic data
clearly demonstrate
that the Ag' -catalysed oxidation of aspartic acid
by peroxydisulphate
ion and its Ag+-catalysed
decomposition follow similar kinetics, which is
suggestive of the fact that similar mechanism is
being followed in the two processes involving similar
radicals. Further, since the inhibitory effect of
allyl acetate is far greater in the case of oxidation
of aspartic acid, it suggests that allyl acetate removes
the radical produced from aspartic acid also and
that this radical is also involved in interaction with
S20~-. Since the uncatalysed
oxidation process
also occurs at a measurable rate at the temperature
of experiment, the total oxidation reaction is a
simultaneous reaction consisting of side reactions
i.e. the uncatalysed and Ag+-catalyscd decomposition
of K2S20S' Incidentally all the four reactions are
first order in behaviour. Here again it is found
that uncatalysed
reaction shows similar kinetic
characteristics as the Ag+-catalysed reaction, pointing to the possibility of similar radical being involved
in the two cases.
On the basis of the kinetic results and other
evidences the mechanism shown in Scheme 1 is
proposed for the Ag+-catalysed oxidation of aspartic
acid.
The steps (i) and (ii) have been proposed by a
number of workers'P-P, for the Ag+catalysed
redox
reactions of S20~-. The existence of OR and SO'~
radicals in peroxydisulphate
oxidation reactions
have been confirmed by ESR studies'>. Steps
(iii) and (iv) represent R abstraction reaction from
amino acid molecule to give amino acid radical.
R abstraction has been shown to take place in the
case of other organic substrates
also13,14. The
radical ROOC.CR2 CR(NRa)COO' (herein designated
as R-) then undergoes decarboxylation and deamination in the presence of S20~- in step (v) and in
presence of SO'4 in step (vi) to give the product
(aldehyde).
k,

(i) S20~-+ Ag-

-->-

k,

(ii) S04- + H20

-->-

Ag'+ + SO~- + SO:.

OH + HSO;;
.

(iii) HOOC.CH2.CH(NH2)COOH
HOOC.CH
(iv) HOOC.CH.CH(NH.)COOH

+ OH

k,
-->-

s- CH(NH.)COO

».

+ AgO. -->-

HOOC.CH.CH(NH.)COO
.

(v) HOOC.CH.CH(NH2)COO
+ S.OilIOOC. CH.CHO
SO.- + HSO.
•

(vi) HOOC.CH2CH(NH.)COO
+ SO~HOOC.CH.CHO
HSO.
Scheme 1
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Applying the steady state
treatment
for the
radicals Ag2+, 50'4' OH, R', the rate expression
comes out to be
-d/dt[S20~-]=kl[S20~-][Ag+]
Since k6 is very large
ks, as it corresponds to
last term is kinetically
the reaction is first order

+[S20~-] yklk2kS[Ag+]jk6
in comparison to kl' k2 or
radical-radical process, the
not distinguishable. Renee
in [S20~-] and in [Ag+J.
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Kinetics of the reaction between bexamathylenetetr-amine and hydrogen peroxide have been studied in the
presence of sodium tungstate as catalyst. The total
order of reaction is found to be two, one each with
respect to hexamethylenetetramtne and hydrogen peroxide. The effect of varying concentration of catalyst,
oxidant and reductant has been studied. The salt
effect has also been studied. The activation energy and
entropy of activation has been calculated. The probable mechanism has been suggested.

continuation
of our earlier studyINsodium
tungstate catalysed oxidation
lenediamine,
investigation

on the
of ethywe report in this paper the results of
on the sodium tungstate
catalysed

* Present address: Hooker Chemical
Niagra Falls, New York, U.S.A.

Research

Centre,

NoTBS
oxid!lti.on of he~amethylenetetramine
by H202.
Preliminary
experiments
showed that the reaction
in the absence of catalyst is very slow.
All t~e reag~nts used were of extra-pure quality
and their solutions were prepared in doubly distilled
water.
. Calculated amounts of the reactants were equih~rated
at the desired temperature,
mixed and
ahquots withdrawn
at suitable time intervals and
analy~ed f~r the amount of un reacted hydrogen
peroxide usmg the method described by ROSS2.
Ostwald's
isolation
method
has been used to
determine the total order of the reaction which is
tw~, i.e. unity each with respect to [substrate] and
[OXIdant] (Table 1).
In order to decide the role of sodium tungstate
as catalyst on the reaction rate, the reaction was
carried out at different concentrations of the catalyst.
A plot of k yer.sus [Na2W04] was linear indicating
that the rate IS hnearly related to [sodium tungstate].
It may be noted that kl/[WO~-J =F 1. This might
be due to the slight self decomposition of hydrogen
peroxide in aqueous solution.
o
It has been observed that the introduction
of
acids in the reaction mixture causes decomposition
of hexamethylenetetramine.
As a result the constancy in the rate value is not observed.
HCl
reacts with the hexamethylenetetramine
in the
following manner as observed by Tada".

TABLE 1 - FIRST ORDER RATE CONSTANT IN THE
OXIDATION OF HEXAMETHYLENETETRAMINE BY H202
[Hexamethylenetetramine]
X 101M

[NaaWO.]
X

TEMP.

2'50
2'50

1'25
2'50

2'50
2'50

1'25
2'50
5'00
2'50 "
2'50
2'50
2'50
2'50

=

n

(mirr+]

20°
2·528
4·386

0·79

4'200
7·893

0·91

6·980
12·96
27'23
6'80
13'00
24'10
26·96
34·82

0·89

25°
1·0
1·0

TEMP.

30°
1'0
1'0
1'0
1·0
1'0
1·0
2·5
5'0

The reaction was carried out in the presence of
potassium sulphate, sodium sulphate and manganous
sulphate in order to see the effect of ionic strength
on the reaction.
The results, recorded in Table 2,
show that an increase in ionic strength by K2SO,
and Na2S04 has virtually an insignificant effect on
the rate constant.
However the introduction
of a
very small amount of manganous sulphate increases
the fate to a marked extent.
The value of A with E = 20·37 kcal mole! at
20° was found to be 2·72 X 1014• The value of
entropy of activation with E = 20·37 kcal mole ?
at 20° was -10·14 e.u.
The total order of reaction between hydrogen
peroxide and hexamethylenetetramine
in presence
of tungstate ion as catalyst is very nearly two. The
observed rate is given by Eq. (1).
202J
- d[Hdt

= K[H2

°

2][(CH2),N4][W04]

2-

•••

(1)

Since the rate constant is independent
of the
ionic strength of the medium, the rate determining
step should be between a neutral molecule and an
ion, i.e. H202 and WO:-.
It has been observed that bivalent manganese
affects the rate of oxidation
of several organic
compounds by Cr(VI)4 and heptavalent manganese".
It seems that the catalytic activity of sodium tungstate is increased by the presence of Mn(I1) thereby
increasing the rate constant value. This can be
explained by Eqs. (2)-(4).
Mn2++HW06~Mn++HW06

(2)

HW06+H202-+02+H20+HWOs

(3)

HWOs+H202-+H20+HW06

(4)

Since H2W06 is much stronger than H202, the
higher concentration of HW0ti compared to hydrogen
peroxide will favour a faster reaction with manganous ion. Similar observations
have been made
earlier with the metal ion".
It has been observed that with monotungstate,
at low [H202J, colour less monobasic ions with two
atoms of active oxygen are formed (Eqs. 5 and 6).
WO:-+2H202~[HW06]+OH-+H20

(5)

[HWOji]-+WO:-+02+H+

6)

Thus the hexamethylenetetramine
reacts with
the available oxygen destroying
the innerbridge
system as a result of oxidation (Eq. 7).

EFFECT OF VARYING IONIC STRENGTH ON THE
REACTION RATE

{[Hexamethylenetetramine]
[Na.WO.J

=

= 0'0250M; [HaOa] = 0·0025M;
0·0001.M; temp. = 30°}

kl X 102
(min-l)

[Na.SO.]

M
0·000
0·010
0'020

1·671
1·859
1·747

0'000
0'005
0·010

[K.SO.]

=

1·25
2'50

2'50
2·50
2'50
1'25
2·50
5'00
2'50
2'50

kl X 108

1'0
1·0
TEMP.

TABLE 2 -

=

104M

(CH2)6N4+HCl-+(CH2)6N,.HCl
(CH2)6N4·HCI+3HCI+6H2°-+4NH4CI+6HCHO

M

kl X 10'
(min'<)

1·671
1·809
1'755

[MnS04]

M

0'000
0'002
0·005

kl X 10.
(min-l)

1'671
3·074
5'156

The presence of oxime, the end product, in the
reaction mixture after the completion of the reaction
has been tested by the method reported in litera-

ture".
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The spinel, ZnV.O., has been prepared by the reduction of Zn(V03h at 600°. The reduction proceeds
through the formation of component oxides and their
interaction in situ to form the spinel. The X-ray
powder photograph and IR spectrum have been recorded. The energy of activation for conduction and
P.elf have been determined.

THE

preparation
of ceramic
ternary
oxides
generally involves heating of component oxides
in air at elevated temperatures
for several hours
due to the low reactivity of the component oxides.
However, the same ternary oxide'S can be prepared
at relatively low temperatures
by the decomposition
of mixed-metal complexes of low thermal stability.
Thus. lanthanide
cobaltitcs
have been prepared'
by the thermal decomposition of rare earth cobalticyanides in air at 950° and BaTi03 by the decomposition of barium titanyl oxalate- in the temperature
range 450-700°. In this paper, we report the
preparation
of Zn(V03)2 by the thermal decomposition of an intimate
mixture
of zinc acetate
dihydrate
and vanadyl acetate.
Zn(VOah on reduction with hydrogen yields zinc vanaditc, Zn V20\.
which has been characterized by chemical analysis,
X-ray
powder
photography.
infrared.
magnetic
susceptibility
and electrical conductivity
measurements.
Thermogravimetric
analysis of 100 mg of an
intimate
mixture of 2:1 molar ratio of vanadyl
acetate (prepared by the method due to paul and
Kumars) and zinc acetate dihydrate suggests that
the mixture starts decomposing around 60° due
to dehydration
which is completed by 100°. The
weight loss around 100° is found to be 7%, which
corresponds to the loss of water molecules from
902
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the hydrated zinc acetate (calculated loss is 6·1%).
On increasing the temperature,
there is a continuous
loss in weight
in the region
150-250°. The
maximum less in weight is observed (from 19%
to 54%) around 240°. The weight loss at 300° is
55% corresponding
to the formation of Zn(V03)2
from the mixture of acetates
(calculated
weight
loss is 55·3%).
The X-ray powder pattern of the residue gave
dMI values 4·32 (w), 3·26 (m), 3·12 (s), 3·06 (s),
2·74 (s), 2·32 (w). 2·05 (m) A which agreed with the
reported+ d-spacings of Zn(V03hNo extra lines
were observed.
Zn(V03)2 so obtained was heated at 600° in an
atmosphere
of flowing hydrogen for about 30 hr.
The product obtained was analysed for zinc and
vanadium and the analysis showed 2 equivalents
for reducing power confirming
the presence
of
vanadium in the +3 oxidation state.
Manganese
vanadite has been prepared- by heating Mn(V03)2
in hydrogen at 800°. However, Zn(II) was found
to get reduced to zinc metal when the preparation
of ZnV204 was attempted
at 8000• The X-ray
powder pattern of the product obtained at 600°
exhibited d"kl values 2·93 (5). 2·50 (s). 2·08 (m). 1·71
(m), 1'61 (s), 1'49 (s). 1·33 (w), 1·28 (rn) A which
agreed with literatures:" values of Zn V204. At 800°,
the products were zinc metal (deposited on the
cooler part of the silica tube of the furnace) and
V203 (as shown hy X-ray powder pattern).
The
reduction
of Zn(VOJ)2 proceeds by a mechanism
shown in Scheme 1.
H2
Zn(V03)2

-+

800°
ZIIO+ V203

Zn-} V20a

--+

~H2

u,

(600°)

ZnV.O.

Scheme

t

The X-ray analysis of the intermediate
showed
faint lines corresponding
to ZnO thus confirming
the above mechanism.
The IR spectrum
(nujol) of ZnV204
showed
absorptions at 594 (s). 450 (s, b) and 330 (w) em'?
characteristic of AB204 type spinel", The absorption
at 594 is assigned to \/v-o and that at 450 ern? to
\/Zn-O vibrations.
The magnetic susceptibility,
"/.g, was measured
in a Faraday
balance at room temperature
at
different field strengths
up to 4000 gauss.
The
effective magnetic moment calculated (from Xg value
at I! H = 0) was found to be 1·83 BM as against
the spin only value of 2'83 BM. This abnormal
magnetic moment is probably due to the overlap of
t2g orbitals of V3+ ions, since in ZnV204 the V3+-V3+
separation is almost equal to the critical values of
2'97 A.
To determine the energy of activation,
Ea, for
conduction, the resistance of a pellet of the sample
at different
temperatures
was measured
under
vacuum and the value was calculated, from a plot
of log (resistance) against 1fT, to be 0·2 eV which
corresponds closely to the reported" value of 0·16
eV. It is reported" that when the V3+_V3+ separation
approaches the critical value there exists a transition
from collective electron to localized electron be-

