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The kinetics of oxidation of D(+) glucose by potassium permanganate has been studied in
aqueous phosphoric acid solution. The reaction has been found to obey first order kinetics in substrate -
and in oxidant, both. Various hypotheses for the mechanism of acid catalysis have been tested. .
The energy and entropy of activation have been determined as 11.4 and 13.4 kcal/mole and —29.3
and —24.1 e.u. for the two stages of the reaction, respectively. A-mechanism consistent with the
experimental data has been proposed.

Potassium permanganate has been known as a versatile oxidising agent and the
kinetics of oxidation of various organic substrates have been studied by earlier
workers [1—4]. However, careful survey of the literature reveals that oxidation of
aldohexoses by potassium permanganate has received little attention [5). The present
paper deals with the kinetic study of the oxidation of D(+) glucose by permanganate.

- Experimental
Reagents

D(+) glucose, potassium permanganate and other chemicals used were of
S.M. ‘GR’ grade. Doubly distilled water was used to prepare all solutions. The
reaction vessels were coated with black paint to exclude any photochemical effect.
Potassium permanganate solution was prepared by the method of Vogel [6].

Kinetic Measurements

The requisite amount of D(+) glucose and phosphoric acid were taken in the
reaction flask and kept in a thermostat at the desired temperature within the range
of +0.1°C. The flask of potassium permanganate was also kept in the thermostat.
Requisite volume of permanganate was then rapidly mixed. The kinetics of the reac-
tion was followed by estimating unreacted permanganate iodometrically.
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Results and discussion
Dependence on oxidant concentration

The reaction was studied at different temperatures and concentrations of sub-
strate, oxidant and phosphoric acid. It was observed that at constant concentration
of substrate and phosphoric acid, the value of pseudo-first order rate constant is
not affected by the change in concentration of the oxidant, hence, the order with
respect to oxidant is unity.

Dependence on substrate concentration

The plot of rate constant against concentration of D(+) glucose gives a straight
line not passing through origin, thus showing that the order of reaction with respect
to substrate is one and also that, there is a kinetic evidence for the intermediate
complex formation between substrate and permanganate [7]. The results are summa-
rised below in Table L

Table 1 '
Variation of rate with concentration of D(+) glucose

[KMnQ,;]=6.66xX10"‘M [Phosphoric Acid]=2.50 M
Temperature =30 °C

[D(+) glucose] X103 M ky X 102 min.—t ke X 10% min, -1
4.00 1.37 0.67
5.00 1.52 0.85
6.66 . 2.05 1.08
10.00 2.85 1.50

20.00 5.12 2.66

Dependence on acid concentration

Increase in phosphoric acid concentration also increase the rate of oxidation
of D(+) glucose. HMnO, is considered as the active oxidising species in this case
based on the fact that the rate of oxidation is directly proportional to the substrate
concentration indicating that HMnO, oxidises the substrate directly [8].

Further in an attempt to correlate the rate of oxidation with acid concentration,
various hypotheses for the mechanism of acid catalysis were tested. In this case,
either of two Zucker — Hammett plots [9], are linear, indicating that reaction is
acid catalysed, but however, no straight line of these plots in the present case, pro-
duces the ideal slope of unity. In view of these departure of ideal slope values from
unity, applicability of Bunnett’s hypothesis [10] and Bunnett Olsen l.f.e.r. [11] were
tested. The values of —H, and log a,, corresponding to given acid concentration
have been taken from PAUL and LoNG [12] and BuNNETT [13], respectively.

The values of Bunnett parameters w and ¢ were found to be —2.08 and —0.22
for first stage and +5.36 and +0.57 for second stage, respectively.
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Activation parameters

The reaction was studied at different temperatures to evaluate activation para-
meters. The results are summarised in Table II.

Table II

Activation paramelers
[D(+) glucose] =6.66 X107 M [Phosphoric Acid]=2.5 M
[KMnO,]=6.66X10"* M

AE* 48% Z
Stage Temp. coeff. kcal/mole cal mole 1K ! litres mol‘:: ~min.~-!
First 2.00 11.4 —-29.3 3.93x 108 ’
Second : 2.00 13.4 —-24.1 5.38x107

Primary salt effect-was not observed, but a linear plot of log k against ionic
strength was obtained at higher concentration of added neutral salts. This indicates
that the reaction involves both the neutral species or-a neutral molecule and an ion
in the rate determining step.

Stoichiometry of the reaction was also studied. It was observed that two equi-
valents of permanganate were consumed by one equivalent of D(+) glucose. Carbon
dioxide has been detected by usual lime water method. Formic acid and formal-
dehyde were detected as the reaction products [14]. The induced reduction of mer-
curic chloride by the reaction mixture indicates the participation of free radicals [15].

The information gained from the experimental data leads to the following
probable mechanism, which explains the observed results very well. In the following
treatment ‘S’ stands for the substrate.

S+H+ =t SH* - o

H*+MnOj J‘”_ HMnO, )

SH* + HMnO4 [Complex] ?3)
[Complex] —p=— RCHOH + HCHO+ HMnOj; C))
RCHOH +H+ =% RCHO"H, ' (5)

RCHO+H2+HMnO4+H20 —=—~ RCH = O*H+HMnO; +HyO (6)
RCH = O*H —~ products

Rate expression for this mechanism has been developed as

- AMNO) _ k,[81(MnOF ]+ K7 18] [MnO; ] ®
o K o Ko [H oy K K [0 [T

and k! =

whete b = TP RH Y AT
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KUHETUKA ¥ MEXAHU3M OKHCJIEHUSA D(+) I'JIFOKO3bI
IIEPMAHIAHATOM KAJIUS

M. H. Danoe, X. J. I'vnma, Ulypew II. Amema u T. I[. Ulapma

Usyyeno okuciedne D(+) riIroko3sl IepMaHTaHATOM KaJdsAd B BOOHBIX pacTBopax ¢ocdop-
vofi kucrmoTsl. HaiineHO, YTO peakuusa OEpBOro MOPsANKA KaK OTHOCHTENLHO CyOCTparta, Tak H
okrcymTeNns. PaccMOTpeHs! pa3iM4Able TANIOTE3b! A MeXaHM3Ma KHCIOTHOrO karanusa. Paccum-
TaHB! 3HEPTAA H OSHTPONHA AaKTHBAaLMA, COOTBETCTBEHHO HNsA MOBYX CTagdil pasHBL 11,4,
13,4 xkan/mons 1 —29,3, —24,1 3HTpONMUHLIX eaMANL. TIpe/UIOKeH MEXaHHW3M, COTJIACYIOIMHIACS
C 3KCIEPHMEHTAJILHBIMH JAHHBIMH.



