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Kinetics of acid hydrolysis of resacetophenone isoniazid hydrazone alone and in presence of mdybdenum(vp
in 10% (v/v) N,N-dimethylformamide have been studied at 30°C. The rate of hydrolysis increases with increas.e.m
[nitric acid], ionic strength and dielectric constant. The reaction is classified as A4c2 type involving two positive
jons. The decrease in rate in the presence of molybdenum(VI) is attributed to the formation of metal complex

having a bichelate ring structure.

ESACETOPHENONE isoniazid hydrazone
R (RPINH) has been extensively employed in

our laboratories as a colorimetric reagent for
many metal ions in acid media. RPINH in the
absence and presence of Mo(VI) gives yellow colour
in dil. nitric acid. While the yellow colour due to
free reagent alone disappears rapidly, that in presence
of Mo(VI) takes sometime to disappear. The colour
change might be due to acid hydrolysis of the reagent
in the free form or in the complexed form with the
metal, the latter being hydrolysed at a lower rate.
The role of metal ions in the hydrolysis of schiff
bases has been investigated by different workers'’2.
Eichhorn er al.3 reports that the ease of hydrolysis
is determined by the stability of the schiff base metal
complex. With this background, RPINH-Mo(VI)
system appeared attractive. The present paper des-
cribes the kinetics of the acid hydrolysis of RPINH
in the presence and absence of Mo(VI) in dil. nitric
acid medium.

Materials and Methods

All the chemicals used were of AR (BDH ) or GR
(E. Merck) quality. RPINH prepared by the litera-
ture procedure?, was dissolved in N,N-dimethyl-
formamide (E. Merck) and this stock solution was
used after appropriate dilution. The reaction studied
under pseudo-first order conditions with [reagent]< <
[acid] was monitored spectrophotometrically follow-
ing the decrease in absorbance of the substrate with
time at 425 nm. At this wavelength absorbance of
the reaction mixture is maximum and that of products
negligible (Fig. 1).

Rate constants reported are average values from
the replicate runs and are reproducible within +- 4%;.

Results and Discussion
Hydrolysis of RPINH in the absence of Mo(VI)—

tPresented at the All India Symposium on Recent Develop-
ments in Chemical Kinetics held at Waltair during March 1981.
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Fig. 1 — Absorption spectra of reagent in the absence and
presence of molybdenum(VI) {1, after 3 hr in presence of
Mo(VI); 2, immediately in presence of Mo(VI); 3, after 3 hr in

absence of Mo(VI); 4, immediately in absence of Mo(VI)].

The plot of log k versus pH was linear with a nega-
tive slope showing that the protonation of the subs-
trate plays a significant role. The plot of log &

versus 4/ was also linear (Fig. 2) but with a positive
slope, suggesting that the reaction is an ion-ion type
involving ions of same sign. It was noticed that the
rate decreased with increase of DMF percentage.
The plot of log k versus 1/D was linear with a negative
slope (Fig. 3) indicating that the reaction is between
two positive ionsS.

The rate decreased with increase in [substrate] in
the range 0.2 x 1073 to 3.0 x 10—3 M.

Activation parameters AST and E, were calculated
from the rates determined at different temperatures
and the values are AST = —177.4 J mol~* K1,
and E, = 35 kJ mol.

From the above observations it is concluded that
the hydrolysis of RPINH in the absence of Mo(VI)
proceeds by Aac2 (positive ion-positive ion type)
mechanism® involving positively charged protonated
substrate and the hydronium ion.

According to Bruyneel ez al.7 the schiff basesundergo

hydrolysis upto neutral pH as per reaction sequence
shown in Scheme 1.
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Fig. 3 — Plot of log k versus 1/D
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Scheme 1

where S, SH+ and X refer to substrate, protonated
substrate and carbinolamine intermediate. Assuming
a steady state approximation for the carbinolamine
intermediate, the rate law takes the form

Kons _ (Kiky[HY] + (Kok o Kw) K [HY] + K, + k)
((H*] + (Ksu™)) a

In the acid range of study K_, is negligible and

k, and Ksm, will be considerably less than [H*].
Hence Eq. (1) takes the form
kove = K; [H*] + K:Kw ..(2
or
log kovs = log K;Kw + log K;—pH 3
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Fig. 4 — Plot of log (absorbance) versus time.

TABLE | — EFFECT OF [SUBSTRATE] ON THE RATE OF
HyYDRoOLYSIS

[HNO,] = 0.05 M; solvent == 10 V(V/v) aq. dimethylformamide;

temp. = 30°C
[RPINH] k x 10 [RPINH] k x 10?
x 108M min~! x 108M min~1
0.2 16.4 2.0 8.6
0.5 14.9 3.0 7.9
0.8 11.3

TABLE 2 — EFrFect OF [MOLYBDENUM] ON THE RATE OF
HyDROLYSIS

[HNOQ,] = 0.05 M; [RPINH] = 1x10~3M; solvent ==

10%
(v/v) aq. dimethylformamide; temp. = 30°C

[Mo(VD)] k x 10% [Mo(VD)] k x 10%
10:M min™! 10°M min~!
0 106.6 6 1.4
2 2.5 8 1.1
4 1.9

Thus the observed pH dependence on rate is justi-
fied by the mechanism proposed.

Hydrolysis of RPINH in the presence of Mo(VI) —
It is observed that an initial rapid decrease of yellow
colour of the reaction mixture is followed by the siow
discharge of the yellow colour in presence of molyb-
denum. Log (absorbance) versus time plot (Fig. 4)
shows two linear portions with different slopes. The
first portion is due to the faster hydrolysis of the free
RPINH and the second portion is attributed to the
hydrolysis of the Mo(VI)—RPINH complex. The
rates of hydrolysis of the complex at different
[Mo(VI)] were computed from the slopes of the
second linear portions and the values are given in
Table 2.

It is seen from Table 2 that the rate decreases with
increase in [Mo(VI)] indicating that the hydrolysis
of the metal complexed substrate is inversely related
to its concentration. Similar inverse relation bet-
ween the rate and substrate concentration is observed
in the hydrolysis of uncomplexed RPINH (cf. Table
1) also. This observation is attributed to a decrease
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TaBLE 3 — EFFect oF [RPINH] oN RaTE OF HYDROLYSIS

Temp. = 30°C; [HNO,] = 0.05 M; solvent = 10% (v/v)
aq dimethylformamide .

[RPINH] k x 102 [RPINH] k x 10

- 103M min~! 103M min™1

[Mo(VD)] = 8 x 10 M [Mo(VD)] = 6 x 10-5M
1.0 1.1 1.00 1.4
0.8 1.0 0.75 1.3
0.6 1.0 0.50 1.3
0.4 0.9 0.25 1.3

in the concentration of the active protonated species
with increase in [substrate] in view of the limited
availability of hydrogen ions.

The rates of hydrolysis in presence of different
concentrations of RPINH and 0.05 M HNO, was
carried out keeping the concentration of molybdenum
at8 x 107M or 6 x 1075 M. The results, presented
in Table 3 show that the rate is independent of free
[RPINH] at any [Mo(VI)] confirming that the second
linear portion conforms to the hydrolysis of complexed
RPINH.

The dependence of the rate on the [acid] was
studied at fixed [RPINH]} (=1 x 10-3 M) and
[molybdenum]=1:< 10-* M). Plot of log k versus
pH is linear with a negative slope, suggesting the
participation of protonated species.

The activation parameters for the hydrolytic reac-
tions in the presence of Mo(VI) have been calculated
from the rates measured at different temperatures.
AS} and E, are —98.7 J mol~* K-! and 58 kJ mol-!
respectively. The higher activation energy accounts
for the lower rate.

The observations made indicate that the mecha-
nism suggested by Bruyneel ez al.” for the hydrolysis
of schiff bases in the presence of metal ions holds
good for the present system also (see Scheme 2).

Kepfn—2t

S - M+n = SM-D+ 1 [+

K,
SMi=+ L H+ 4+ H,0 & XM=+ L Ht
-1
K’y
SMi-1+ L HO & XMo-b+
K_,
K
~» Products
Scheme 2

XM+

The rate law based on Scheme 2 is given by Eq. (4)
K1k’ [H*] + K'ok'y “)
K, [HTT K= + ks -

kapp =

Equation (4) reduces to Eq. (5)
kapp = K’y [HY] ..(5)

assuming K;'k’, [H*] >> K'3k'yand &'y >>
K-, [HY] + K-,
The experimental results obtained on the effect of
pH, thus confirm the mechanism proposed.

The decrease in the rate of hydrolysis of the Mo(VI)
—RPINH complex is attributed to the bichelate ring
structure (I) of the complex. The structure (I) has
been arrived at on the basis of 1:2 (metal-ligand)
stoichiometry of the complex determined by Job’s
method.
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