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Kinetics and Mechanism of Oxidation of D-Galactose
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RAFIA AZMAT*, RAHEELA NAZ, AMNA KHALIL and FAHIM UDDIN†
Department of Chemistry, Jinnah University for Women

5-C Nazimabad, 74600 Karachi, Pakistan
E-mail: rafiasaeed200@yahoo.com

Oxidation of D-galactose and D-maltose with permanga-
nate ion (MnO4

–) as oxidant was observed in acidic medium
by visible spectrophotometric method. The rate of reaction
was followed by the change in absorbance of oxidant at
λmax 545 nm. The influence of different experimental param-
eters, such as change in concentration of D-galactose and
D-maltose, MnO4

–, H+ and reaction temperature were inves-
tigated. The oxidation reaction was observed identical first
order kinetics with respect to substrate and permanganate ion.
A positive effect of H+ was found whereas change in ionic
strength (µ) has no effect on oxidation velocity. It was
observed that rate of oxidation of maltose was much slower
in absence of catalyst which was increased after the addition
of mercuric acetate while in case of galactose reaction
proceeds with out catalyst. The reaction were investigated
at different temperatures to evaluate various activation
parameters. A suitable mechanism consistent with experimen-
tal finding has been proposed.

Key Words: D-Galactose and D-Maltose, Permanganate
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INTRODUCTION

The oxidation of carbohydrates was widely studied by many research-
ers1-6. Sharma et al.7 reported oxidation of D-galactose, D-xylose and
L-arabinose exhibited a uniform increase in pseudo first constant with
increasing concentration of H2SO4 by chromium per oxy chromate. Kinet-
ics of dextrose and serbose in sulphuric acid medium follows first order
rate constant by Ce(IV) and zero order with glucose, fructose and galac-
tose by ammonium metavandate in sulphuric acid medium. Oxidation of
some reducing sugars and nonreducing sugars by hexacyanoferrate(III) in
alkaline medium were investigated by Nath and Singh5. They suggested
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that the rates of oxidation of aldo and ketosugars are their corresponding
rates of enolization. Kinetics and spectrophotometric measurements of base
catalyzed oxidation of carboxylmethyl cellulose polymer by potassium
permangnate revealed the base catalyzed formation of mangnate(VI) tran-
sient species6. The influence of oxygen flow rate and of agitation on reac-
tion follows first order kinetics. Kinetics of oxidation of reducing sugars
D-galactose and D-ribose by N-bromoacetamide (NBA) in the presence of
ruthenium(III) chloride as a homogenous catalyst and in perchloric acidic
medium follows first order kinetics both with respect to sugar and NBA8.
Change in ionic strength has no effect on rate of reaction9. The kinetics
of oxidation of some reducing sugars viz., glucose, galactose fructose,
maltose and lactose by osmium(VIII) in presence of sodium meta periodate
in alkaline medium have been investigated and showed zero order in
periodate10. The kinetics of arabinose, galactose, xylose, fructose lactose,
maltose by chloroamine T exhibit first order kinetics with respect to
substrate, [Chloroamine T] and [OH–]10.

The present investigation is concerned with the spectrophotometric
studies of kinetics and oxidation of D-galactose and D-maltose by potas-
sium permangnate in acidic medium and reaction will study at different
concentration of substrate, oxidant, ionic strength, H+ ion and temperature.
An attempt will also be made to propose a mechanism of the reaction based
on findings.

EXPERIMENTAL

The stock solutions for kinetics investigation were prepared in con-
ductivity water. D-Galactose, D-maltose, potassium permanganate,
sulphuric acid and potassium nitrate, used were of Merck and BDH, AR
quality. The reaction was studied on thermostat (± 1 ºC). The rate of reac-
tion was followed by recording the optical density of KMnO4 as a function
of time on visible spectrophotometer (WBA UK). The rate constants were
calculated from the slope of log [concentration] vs. time plots. The ionic
strength was maintained throughout the experiments at 0.3 mol dm-3 by
adding KNO3 solution.

RESULTS AND DISCUSSION

Kinetics study of oxidation of D(+) galactose and D-maltose with
KMnO4 has been carried out spectrophotometrically in acidic medium at
constant ionic strength of 0.3 mol dm-3 by KNO3. The reaction was
followed by change in optical density of KMnO4 in reaction mixture at
λmax 545 nm. The rate data of reaction was obtained in the form of pseudo
first order rate constant (kobs) under varying kinetics conditions. The order
of reaction with respect to D-galactose and D-maltose, oxidant and H+ has
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been found identical (Table-1 and Fig. 1). The effect of ionic strength
produced by KNO3 does not alter the rate constant11. This independence of
rate on ionic strength leads to the conclusion that at least one of the react-
ing species is a neutral molecule. The plot of ln k vs. √µ as a straight line
showed that rate of reaction was independent on ionic strength of the
medium11-15 (Fig. 2).

TABLE-1 
VARIATION OF RATE CONSTANT (k s-1) WITH KMnO4,  

D-GALACTOSE AND H2SO4 CONCENTRATION 

103 [KMnO4] 
(mol dm-3) 

102[D-galactose] 
(mol dm-3) 

10 [H2SO4] 
(mol dm-3) 

102 k (s-1) 

1.0 1.0 1.0 0.43 
1.0 2.0 1.0 0.88 
1.0 3.0 1.0 1.03 
1.0 4.0 1.0 1.28 
1.0 5.0 1.0 1.86 
1.0 2.0 1.0 0.70 
2.0 2.0 1.0 0.87 
3.0 2.0 1.0 0.91 
4.0 2.0 1.0 0.93 
5.0 2.0 1.0 1.06 
1.0 2.0 1.0 1.40 
1.0 2.0 2.0 1.47 
1.0 2.0 3.0 1.26 
1.0 
1.0 

2.0 
2.0 

4.0 
5.0 

1.65 
1.56 
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Fig. 1. Plot of ln (Ao-A∞)/(Ao-At) vs. time on rate of oxidation of galactose
     and maltose
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   Fig. 2. Plot of √µ vs. ln k for the oxidation of maltose and KMnO4

at different √µ

The oxidation reaction of aldoses with potassium permanganate has
been studied at various initial concentrations (1, 2, 3, 4 and 5) × 10-2 mol
dm-3 of oxidant, keeping the substrate as well as sulphuric acid concentra-
tion and temperature constant at 2 × 10-2 mol dm-3 galactose and maltose 4
× 10-2 mol dm-3. 1 × 10-1 mol dm-3 and 308 k, respectively which is
supported by earlier work11,12. The pseudo first order rate constant is inde-
pendent of the initial concentration of permanganate ion, indicating that
reaction is first order with respect to oxidant (Table-1, Fig. 3). The rate of
reaction with maltose was slower as compared with galactose, which get
enhanced by the addition of catalyst (HgCl2). It may be due to the hydroly-
sis of maltose in to simpler units of two monosaccharide.

0

1

2

3

4

5

6

0 200 400 600 800

Time (sec)

Galactose
Maltose

  Fig. 3. Effect of concentration of oxidant KMnO4 on rate of oxidation of
galactose and maltose
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The effect of changing substrate concentration has been investigated
at constant oxidant and acid concentration at 308 K. An increase of sub-
strate concentration enhances the rate of oxidation. A first order kinetics
was observed with respect to concentration of substrate (Fig. 1). The plot
of 1/k vs. 1/[conc.] (Fig. 4) has been found to be linear with positive inter-
cept on Y axis and evidence of a complex formation between reducing
sugars and permanganate ion [C6H12O6----MnO4

–]15-18. The following prob-
able reaction may observed in the oxidation of D-galactose and D-maltose
in acidic medium by permanganate ion.

[Complex]Substrate         +          Oxidant
k1

k2

Complex [Product]
k3
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  Fig. 4. Plot of 1/k vs. 1/ [conc.] for galactose and maltose

The reaction has been studied at different hydrogen ion concentration
varied by the addition of sulphuric acid but at constant ionic strength (µ =
0.3 mol dm-3), oxidant and substrate concentration (Tables 1 and 2). The
values of kobs against [H+] are linear passing through the origin indicating
that the order with respect to H+ is unity (Fig. 5). The rate increases with
increase in [H+], indicating that only one proton is involved in the reac-
tions13.

2KMnO4  +  3H2SO4 K2SO4  +  2MnSO4  +  8[O] + 3H2O

RCHO + [O] RCOOH

1/[conc.] (mol-1 dm3)
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  Fig. 5. Plot of kobs vs. [H+] shows the effect of H+ on oxidation of galactose
and maltose

TABLE-2 
VARIATION OF RATE CONSTANT (k s-1) WITH KMnO4,  

D-MALTOSE AND H2SO4 CONCENTRATION 

103 [KMnO4] 
(mol dm-3) 

102[D- maltose] 
(mol dm-3) 

10 [H2SO4] 
(mol dm-3) 

102 k (s-1) 

1.0 1.0 1.0 0.12 
1.0 2.0 1.0 0.13 
1.0 3.0 1.0 0.14 
1.0 4.0 1.0 0.24 
1.0 5.0 1.0 0.25 
1.0 4.0 1.0 0.15 
2.0 4.0 1.0 0.59 
3.0 4.0 1.0 0.54 
4.0 4.0 1.0 0.44 
5.0 4.0 1.0 0.53 
2.0 4.0 1.0 0.59 
2.0 4.0 2.0 0.28 
2.0 4.0 3.0 0.86 
2.0 4.0 4.0 0.94 
2.0 4.0 5.0 0.16 

 

The change in temperature on rate of reaction shows that rate of oxida-
tion increases with the increase in temperature and yielded the values of
activation parameters (Table-3 and Fig. 6). The value of activation param-
eters reflects that at least one of the reacting species in rate-determining
step involve a neutral molecule.

k o
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  Fig. 6. Effect of temperature on rate of oxidation of galactose and maltose

TABLE-3 
VALUES OF ACTIVATION PARAMETERS 

Temp. = 32 ºC, [KNO3] = 0.3 mol dm-3, [H+] = 0.2 mol dm-3,  
Substrate = 2.0 × 10-2 mol dm-3 galactose and 4.0 × 10-2 mol dm-3 maltose 

Substrate √µ 
(mol/dm3)  

Ea 
(KJ/mol) 

∆H* 
(KJ/mol) 

∆S* 
(J/mol) 

∆G * 
(KJ/mol) 

Galactose 0.3 43.50 40.98 -199.6 101.4 
Maltose 0.3 25.51 23.00 -227.0   91.8 
 

Thus, based on above experimental facts the proposed reaction mecha-
nism involves the formation [O] by the action of H2SO4 on KMnO4. The
permanganate ion reacts with galactose to form complex [C6H11O6---
MnO4

– ]11. This complex finally gives the aldonic acid in presence of
nucleophile19-21.

Reaction mechanism

On the basis of the results the following mechanism is proposed for
the above reaction9:

]MnO][RCHO[k
dt

]MnO[d
4

4 −
−

=
−

where RCHO represents the concentration of galactose and MnO4
– is of

Oxidant.

+− ++ HMnORCHO 4                                         [ RCHO----MnO4 ]
                                             Complex

k1

k2
        (I)

lo
g 

k  
(s

ec
-1
)

1/T (K-1)
0.00305     0.00310     0.00315      0.00320      0.00325      0.00330     0.00335
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[Complex]                          [Product]
slow

k3

(II)

where k1 and k2 represent the rate constant in the forward and reverse
direction and k3 is the rate constant of the formation of product. Rate of
formation of complex will be given as:

 d[Complex]

 dt
=  k1[RCHO] [O] - [k-2 - k3][Complex] (1)

At steady state, 
 d[Complex]

dt
=  0 (2)

From eqn. 1 and 2 concentration of complex comes out to be:

k1 [RCHO] [O] 

k2 +  k3
[Complex] = (3)

At steady state rate of disappearance of MnO4
– may be:

]Complex[k
dt

]MnO[d
3

4 =
−

(4)

or

)kk(

]O][RCHO[kk

dt

]MnO[d

32

314

+
=−

−

(5)

Now the total [MnO4
–] may be considered as:

[MnO4
–]T = [O] + [Complex] (6)

Now put the value of complex:

)kk(

]O][RCHO[k
]O[]MnO[

32

3
T4 +

+=−
(7)

from eqn. 7 the value of [MnO4
–] comes out:

]RCHO[k]kk[

]MnO)[kk(
]MnO[

332

T431
4 ++

+
=

−
−

(8)

The final rate law from 5 to 8:

]kk]}[RCHO][kkk{[

]MnO][kk][RCHO[kk

dt

]MnO[d

32132

T432314

+++
+

=−
−−

(9)

]RCHO[k]kk[

]MnO][RCHO[kk

232

T431

++
=

−

(10)

In present experimental
(k2 + k3) > k1 [RCHO]
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Hence above equation reduces to

T4
32

T4314 ]MnO][RCHO[k
kk

]MnO][RCHO[kk

dt

]MnO[d −
−−

=
+

= (11)

where, k = k1 k3/k2 + k3

The above equation indicates first order kinetics with respect to sugar
and permanganate ion concentration.
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