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Metformin
hydrochloride
(MET;
1,
1
dimethylbiguanide
hydrochloride) comprises the
biguanide group and is one of the most commonly used
oral antihyperglycemic medicament to treat type II
diabetes5. The chemistry of organic N-haloamines is of
great interest owing to their diverse behaviour6-7. Sodium
N-chloro-p-toluensulfonamide or chloromine-T and
sodium N-chlorobenzenesufonamide or chloromine-B are
the prominent members of this class of compounds. CAB
is a stable compound with slightly higher active chlorine
content than CAT8-11. Although sufficient reports are
available about the kinetic and mechanism of oxidation
of metformin hydrochloride by CAB 11-14 and other
oxidising agents. But very little work is found on
oxidation of metformin hydrochloride by potassium
permanganate that is why I decided to use potassium
permanganate as an oxidising agent.

Abstract-- The Kinetic of oxidation of Metformin
Hydrochloride by potassium permanganate has been
studied in the presence of acidic medium. The reaction is
first order with respect to KMnO4 as well as Metformin
Hydrochloride concentration. The reaction rate has been
determined at different temperature and different
thermodynamic parameters have been calculated which
shows that the reaction rate increase with increase in
temperature. With increase in the concentration of acid the
reaction rate increases. A suitable mechanism has been
proposed.
Keywords- Kinetics, Mechanism, Oxidation, Metformin
Hydrochloride, potassium permanganate, thermodynamic
parameters, etc.

I. INTRODUCTION
In organic synthesis conversion of alcohols to
aldehydes, ketones and carboxylic acids is widely used
reaction. This reaction is done using different oxidizing
agents. Among these chromium based oxidizing agents
are extensively used. The teramethyl ammonium
fluorochromate is one of the chromium based mild
oxidizing agent. This compound has additional
advantages over pyridine fluorochromate and pyridine
chlorochromate with reference to lower acidity, ability to
more selective oxidation under mild condition, higher
solubility in non-aqueous solvents, etc. Teramethyl
ammonium fluorochromate (TMAFC) is a complex of
chromium trioxide and teramethyl ammonium fluoride.
In this work we report the kinetic of oxidation of
Metformin Hydrochloride by potassium permanganate 1.
Bunton et al.2found that acid catalysed hydrolysis
occurs only when an electron attracting substituent is
present in the aryl moiety, as in nitrophenyl phosphate
monoester. 4-Chlorophenyl phosphate monoester3 and 2,
6 dimethylphenyl phosphate monoester4, showed only
feeble acid catalysis, while 4-bromo-2, 6-dimethylphenyl
phosphate monoester showed acid catalysis.
The change in the rate of chemical reaction in
presence of surfactant has provoked great interest during
three decades, since the study of micellar catalysed
reactions might provide a basic model for the
interpretation of some aspects of enzymatic catalysis1-4.

Metformin Hydrochloride

II. MATERIAL AND METHOD
Chemical which are used in this experiment are highly
purified and AR grade, the solutions were used in this
study were prepared by using distilled acetic acid15 and
double distilled water. Solution of metformin
hydrochloride were prepared by using double distilled
water and this solution was used for kinetic studies. The
reaction was carried out in glass stoppered Pyrex boiling
tube. The Kinetics of reaction was followed in the
temperature range 30°c to 50°c.
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Kinetic Measurement:The kinetic of reaction were measured by using double
beam spectrophotometer model No AU2100 of Systronic
Company which is having inbuilt software. The Kinetic
of reaction were measured at 520 nm wavelength up to
the 85% completion of reaction.

The order of reaction respect to [H2SO4] in first order.
Activation parameters have been evaluated. Oxidation
product is identified as metformin oxide17. Which is also
confirmed by comparing its melting point.

Stoichiometry of reaction:The Stoichiometry of the reaction were determined by
envying out several sets of experimental with varying
amount of oxidising agent potassium permanganate over
Metformin Hydrochloride in acetic acid using in H2SO4.
The remaining potassium permanganate was then
analysed spectrophotometrically the result indicates that
1 mole of Metformin Hydrochloride react with 1 mole of
potassium permanganate16.

The results of various parameters is given in tabular
form and presented with graphs.

III. RESULT AND D ISCUSSION

1) Effect of variation of concentration of Metformin
Hydrochloride :The oxidation of Metformin Hydrochloride with
potassium permanganate in acetic acid in presence of
sulphuric acid. By keeping constant concentration of
potassium permanganate and H2SO4 and by changing the
concentration of Metformin Hydrochloride increases the
rate of reaction (Table-1) the plot of log of kobs versus log
concentration of Metformin Hydrochloride for different
initial concentration of metal complex is linear with unit
slop, which shows that the first order dependence of rate
of reaction on Metformin Hydrochloride 18-20.

Product Analysis:
In the present study, the mechanism of metformin
hydrochloride & potassium permanganate system in
acidic medium has been kinetically studied. The reaction
exhibits a first order dependence of rate each on
[KMnO4] & [C4H11N5HCl].

Table-1:
Effect of variation of concentration of Metformin Hydrochloride . Substrate

Concentration

Rate Kobs

0.001

0.00024

0.002

0.00024

0.003

0.00026

0.004

0.0003

0.005

0.00031

0.006

0.00036

0.007

0.00038

2) Effect of varing oxidising agent potassium
permanganate:In this parameter studying the effect of variation of
oxidising agent potassium permanganate on oxidation
reaction of Metformin Hydrochloride by keeping
constant concentration of Metformin Hydrochloride and
concentration of H2SO4.

The Concentration of oxidising agent increases,
increase the rate of reaction Table – 2 the plot of 1/log
Kobs verses log [KMnO4] for different initial
concentration of [KMnO4] is linear with unit slop
presents the first order dependence of rate on [KMnO4].
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Table-2
Effect of variation of concentration of potassium permanganate.

Concentration

Rate Kobs

0.001

0.00015

0.002

0.00019

0.003

0.0002

0.004

0.00021

0.005

0.00021

0.006

0.00023

0.007

0.00027

3) Effect of variation of concentration of sulphuric
acid:In this factor there is study of variation of
concentration of sulphuric acid on oxidation of
Metformin Hydrochloride.

By keeping constant concentration of oxidising agent
and substrate changing the [H2SO4] we find that the rate
increases with increase in [H2SO4] Table – 3 and plot of
log k Vs log [H ] was linear with a unit slop indicating
first order reaction on [H ]. Fig – 3.

Table-3:
Effect of variation of concentration of sulphuric acid.

Concentration

Rate Kobs

0.001

0.00021

0.002

0.00022

0.003

0.00024

0.004

0.00027

0.005

0.00026

0.006

0.00032

0.007

0.00034
Table-4:
Effect of salts on reaction rate

4) Effect of salts on reaction rate:The effect of salts on the reaction rate was studied by
adding various concentration by salt. By keeping
constant concentration by oxidising agent substrate and
acid. It was observed that the rate of oxidation was not
altered by the addition of salts.
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Concentration

Rate Kobs

1
2
3
4
5
6
7

0.0003
0.00022
0.00018
0.00023
0.00021
0.00023
0.00027
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5) Effect of Temperature:The study of effect of temperature on rate of oxidation
of Metformin Hydrochloride by potassium permanganate
has been studied at different temperature by keeping all
other factors constant concentration with changing
temperature from 303K to 323K.

The rate constants are given in Table-5 as the
temperature increases the values by rate constant also
increases that shows rate of reaction depends of
temperature the Arhenious plot 10gk Vs. 1/T were found
to be linear fig – 4. The activation energy (Ea) were
calculated from the clop of the plots from this values the
#
#
#
thermodynamic parameters ΔH , ΔS ΔG was calculated
Table – 6.

Table-5:
Effect of Temperature

Sr.no

K

1
2
3
4
5
6
7
8
9

0.0064
0.0093
0.0109
0.0113
0.0148
0.0165
0.0176
0.0216
0.0272

0

C

T0K

1/T

logK

3+logK

20
25
30
35
40
45
50
55
60

295
298
303
308
313
318
323
328
332

3.389831
3.355705
3.30033
3.246753
3.194888
3.144654
3.095975
3.04878
3.012048

-2.1938
-2.0315
-1.9625
-1.9469
-1.8297
-1.7825
-1.7544
-1.6655
-1.5654

1.80618
1.968483
2.037426
2.053078
2.170262
2.217484
2.245513
2.334454
2.434569

Table – 6:
Thermodynamic Parameter

Ea
ΔH#
ΔS#
ΔG#

14569
11883
-244
90660
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Fig:

IV. CONCLUSION
The oxidation of Fe (II) metal increases in acetic acid
in acid medium shows that the oxidation of Metformin
Hydrochloride of potassium permanganate is in presence
of acidic medium with effect of oxidising agent, substrate
an acid and temperature the reaction is first order
dependence. The addition of salt does not alter the rate of
oxidation reaction. The mechanism of the reaction were
given with the activation parameters the negative value
of ΔS# provides support to the formation of rigid
transition state21-22. The overall mechanistic sequence
described here is constituent with product and
mechanistic study.
- Mechanism
of
oxidation
of
Metformin
Hydrochloride by potassium permanganate.

This point has been also confirmed by previous
researchers. Hence Mn (VII) could be considered as the
reactive specie and this probably exists to a certain extent
as HMnO4.
As the concentration is increased the formation of
HMnO4 is favoured and hence increases the oxidation
may be assumed to be taking place by Mn (VII) in the
form of either MnO4 or HMnO4 or both depending on the
acid concentration. The linear plot of log k Vs log
(H2SO4) and log k Vs. Ho indicates that the reactions are
acid catalysed, but none of the above plots gives an ideal
slope for unity23-24.

Derivation of Rate Law

[MnO4] = [MnO4 ] + [HMnO4]
= [MnO4 ] + k1 [MnO4 ] [H ]
= [MnO4 ] + [1+k1 [H ]]
k k2 [MnO4 ] [Metformin Hydrochloride]

Rate =

1+k1 [H ]
37
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Rate

K K2

=

[MnO4][Metformin Hydrochloride]

1+k1 [H ]
k k2

Kobs =
1

1+k1 [H ]
1

k1 [H ]

=
Kobs

k K2

Mechanism of oxidation of metal complexes:-
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Metformin Oxide
Compound (III) being highly unstable disproportionate
to give acid and the corresponding oxide.

-d[Mn(VII)]

The rate law can be expressed by equation (1).

= k [Metformin Hydrochloride] [MnO4] Total

dt
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