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KINETIC ANALYSIS OF CONSECUTIVE FIRST ORDER
REACTION: OXIDATION OF MALONIC ACID
DIHYDRAZIDE

M.B. HOGALE* and P.K. PAWAR
Department of Chemistry
Shivaji University
Kolhapur-416 004, India

The kinetic analysis of oxidation of malonic acid dihydrazide in mild alkaline
medium by hexacyanoferrate (III) have been studied. The analysis suggests that the
oxidation of studied dihydrazide follows consecutive first order irreversible path.
The oxidation products of preceding and slow steps of reaction were complex of

*enolate of dihydrazide with hexacyanoferrate (III), malonic acid monohydrazide
and nitrogen respectively. The rate constants k, and k; for second and third steps of
the reaction calculated by Swain’s method were found. to be identical with those
‘calculated by Powell’s graphical method. The reaction is studied at various temper-
atures to evaluate the activation parameters.

INTRODUCTION

A number of oxidants have been employed in the kinetic studies of the oxidation
.of hydtazid&l’ No attempts have been made so far to study the oxidation of
aliphatic dihydrazides by alkaline hexacyanoferrate. Hydrazides being pharmaceu-
tically important compounds, prompted us to understand their mode of oxidation.
Here, we report the kinetic analysis of the oxidation of malonic acid dlhydrazxde
by mild alkaline hexacyanoferrate (IIT).

EXPERIMENTAL

Malonic acid dihydrazide was prcbared by known method® and crystalhzed .
from ethanol and used us such. Potassium hexacyanoferrate and other chemicals
used were of A.R. grade. Double distilled water was used. All the kinetic runs'were
carried out in a thermostated water bath controlled at + 0.05°C. Reaction rates were
determined spectrophotometrically. DDR Carlezeiss spectrophotometer set at 420
nm was used to measure the remaining amount of hexacyanoferrate (III) The
absorphon due to hexacyanoferrate (II) formed in the reaction mixture is negligi-
ble’. Pseudo-first order rate constants (k) were computed by Least Square
Method and properly converted to 2-3 digital values.

RESULTS AND DISCUSSION

The rate constants &, and k3 of second and thlrd step of the reaction were
accurately determined by Swain’s time ratio method® and listed in Table 1 along
with ks’ Observed experimentally. ’I'he values of k, and k3 for standard run for
35% reaction were 9.192 x 107> min™* amd 4.596 x 10~ min™ respectively. It can
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very easily be seen that, for a standard run, the value of k; is 4.596 x 10 min™!
which is nearly equal to k) (4.606 x 107> min™) observed experimentally. This
shows that third step of reaction is slow and rate determining. The slightly greater
values of k3 (4.781 x102 min™*) for 70% reaction may be attributed to accumulation
of more concentration of complex (B) after an interval of time.

: . TABLE 1 \
RATE DATA FOR THE OXIDATION OF MALONIC ACID HYDRAZIDE BY
HEXACYANOFERRATE (III) AT 35°C

h[M:E'E: (KoFe(CN) | (NaOH] | .o .y | k, Xslsq; ;Ein'l ky X gg’ l{nin‘l
Kmml x10°M | x10°M | "obs xR, L
1.0 1.0 1.0 461 (ggg) ) ::758)'
15 10 1.0 5.07 (}8%;) (55-?25‘?)
20 10 1.0 5.60 (}hls?) 4 (gzg%
25 1.0 1.0 629 (}gﬁ) _(g%g)
3.0 1.0 1.0 716 dj:g,’;) (‘;:‘l‘g)
1.0 08 10 - 4.59 (3'5) (2:;':72)
1.0 0.85 1.0 4.42 (g:tl%) (zgg)
10 090 10 4.49 03 {468)
1.0 1.00 1.0 4.49 (g:gg) (2.22)
10| 105 10 4.35 (gﬁgg) («;‘.'53{44)
10 10 1.0 4.60 (32%2) (3-};2)
1.0 1.0 2.50 555 (ﬁg’l’) 82,5,2)
1.0 1.0 50 7.45 (}ggg) (?,::113)
1.0 10 750 8.42 d?ﬁ?» (gg‘l‘)
1.0 1.0 10.00 9.62 (}g:ég) (g:gg)

The concentration of malonic acid dihydrazide, malonic acid dihydrazide
complex and malonic acid monohydrazide at any time ‘¢’ are A, B and C respec-
tively were calculated by Esson’s method®. The concentrations A, B and C are
plotted against time and are shown in Fig. 1. The concentrations A, B and C can be
put in another form by introducing dimensionless parameters o, B, Y, Tand K (Table
2) which are defined by o = A/Ag, f = B/Ag, Y = C/A¢, T = kot and K = ka/k,. Thus,
a, P and y are essentially concentrations relative Lo initial value of A and can vary
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in the range O to 1. To visualise the concentration time relations most effectively,
‘the plots o, B, y and 8 as a function of t for a particular value of K (0.5) were
obtained as shown in Fig. 2. Insteatd of using a linear scale for <, (1 — a) is plotted
linearly. This has an advantage of showing the whole range of time 0 to.o.as 1 — o.
varies from 0.to 1 and it also causes certain relations to be linear. It is also interesting
to note that the concentration of intermediate ‘B’ as measured by ‘B’ passes through a
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maximum, the position of which depends on relative value of rate constant K. The
maximum value of ¢ in terms of (1 — o) is 0.9237, f(max) = 0.4991 and B(max) =
0.48 x 107> mol lit™*. The induction period for malonic acid dihydrazide complex

is 140 minutes.
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The consecutive nature of the reaction has been confirmed by applying standard
method. Powell'® has shown that for a simple as well as complex reaction a plot of %
reaction against log ‘t> produces a curve (Fig. 3) the form of which essentially depends
upon the type of reaction and possibly on some dimensionless parameters. On plotting
percentage reaction (S0 8) where & = a + 2y against log t gives a curve of the type
shown in Fig. 4. A plot of percentage reaction (50 8) against log T exhibits the identical
nature of the curve but shifted horizontally by an amount — log k. For malonic acid
dihydrazide the curve is shifted by 2.04 for 40% reaction. The shift corresponds to
= 9.120 x 107> min! which has been found to be similar to that of k, (9.192 x 10
min) obtained by Swain’s time ratio method. This technique, besides determining
rate constant, indicates that the reaction studied is consecutive reaction.

Activation Parameters

The reaction between malonic acid dihydrazide and hexacyanoferrate (IIT) has
been investigated in the temperature range 30°-50°C. The values of energy
parameters such as energy of activation (E,), enthalpy of activation (AH" "), entropy
of activation (AS**) and frequency factor (A) were found to be 21.40 ki/mol, 18.80
kJ mol™},~54.68 e.u. and 19.18 sec* respectively. Moreover, the relation E ;= AH**
+ RT holds good in this case.

Effect of Ionic Strength

The variation of concentration of potassium sulphate showed a +ve salt effect
indicating that the reaction may involve the species of the same charge or a charged
species and neutral molecule.

Stoichiometry and Product Analysis

Different sets of the reaction mixtures containing known excess of
hexacyanoferrate (III) over malonic acid dihydrazide were kept at 35°C in presence
of 1 x 10* NaOH for 48 hrs. The amount of hexacyanoferrate left in all the cases
were consistent with the stoichiometric equation. It is observed that one mole of
substrate required four moles of oxidant. The molanic acid, nitrogen and the
hydrogen are the main product of the reaction. The acid is detected by TLC while
the nitrogen by Dumas method.

CONHNH, COOH
H2C<CONHNH2 + 4[Fe(CN)G + 20H" — H,C((,0 oy + 4[Fe(CN)g]*

+2H" + Ny + 2H,

At constant [OH"] the plot of initial rate — d[Fe(CN)z")/dt against [substrate]
gave a straight line satisfying Michaelis-Menten type'! reciprocal relationship
indicating that the complex formation between oxidant and substrate prior to the
rate determining step.

The reaction was found to be alkali dependent. It was observed that the rate
increases significantly with the increase in alkali concentration.
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General Mechanism

Consideting all the foregoing evidences, here ascheme for the oxidation of malonic
acid dihydrazide by alkaline hexacyanoferrate(TIT) has been proposed (Scheme 1). The
first order dependence of rate on hexacyanoferrate concentration to form the complex
followed by its decompositon in slow steps of reaction is shown in Scheme 1, and the
final rate expression based on the experimental observations is given by:

_ @6’1 = 3(K; * Ko [A] [OH] [F(CN)>)

Mechanism of Reaction

SCHEME-1 .
o

. : |
ONHNH, _ & = N-NH,
H,C +OH — H,C +H0 (1)

NHNH, k-1 - NHNH,
I
(o]
o
o
= N-NH, k, A :
H,C + [Fe(CN)g]>— Complex ‘C’ ?)
- NHNH,
I
0
ky NHNH
Complex ‘C'— H,C ‘ + [Fe(CN)¢]* 3)
Slow >
NHNH . ke N&N-H
H,C + [Fe(CN)s— HzC<z: + [Fe(CN)g]* + HY
NHNH, Fast NHNH, “@
o
I :
O-N=N-H ks H
H2C + Hz%» H2C<Z’OO + sz + HZ' (5)
ONHNH, Fast NHNH,

AsianJ. Chem.



M.B. HOGALE AND P. K. PAWAR 247

o] 0
i I
H k —OH
Hy +OH— H,C +H,0 (6)
-NHNH, Fast =N-NH,
i I
0 o
0 0

H ky ~OH '
Hz'c<:0 + 2[Fe(CN)s— H,C + 2[Fe(CN)¢]* + H*
N-NH, Fast N=N-H (7
I '

I
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) 0
I I

—-OH kg —OH ‘
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~N=N-H Fast -OH
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