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It is well established that deficiency and excess of sugar in the human body and liv-
ing system pose a challenging problem to the extent of survival of living systems.
This paper presents a study of the oxidation of some reducing sugars so that some
helpful information may become available from these studies for the elimination of
the deadly diseases e.g., diabetes etc.

The kinetics of reaction between reducing sugars (Lactose and Maltose) and
Cu(Bip) 22* in alkaline medium have been studied. Kinetic data demonstrate that the
rates of oxidation are independent of [Cu(I1)] and first order with respect to [OH"]
and [sugar]. The effect of variation of dielectric constant has also been studied, which
shows that there is a small increase in average zero order rate constant with the decreas-
ing dielectric constant of the medium and there is no change in reaction rate by vary-
ing ionic strength of medium. The reaction has an induction period and after that
zero order rate constant assumes a constant value throughout the course of reaction.
A general mechanism involving the intermediate enediol anion has been proposed
for the oxidation of these reducing sugars. The results suggest that the rates of oxida-
tion of these reducing sugars are their corresponding rates of enolization.
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INTRODUCTION

PARROD, J! while studying the kinetic oxidation of a-hydroxy aldehyde by Cu(Il),
observed that the rate of reaction is independent of Cu(II) concentration. Later on
Singh er al.2? studied the oxidation kinetics of some aldehydes and keto sugars by
alkaline Cu(Il) and abserved that the rate of reaction is independent of Cu(II) con-
centration. They further reported that the reaction has an induction period and shows
autocatalysis due to Cu,O produced in the system. Their results have been supported
by Marshall and Water?4, Singh et al.>¢ have also studied the kinetic oxidation of
reducing sugars by Cu(II) complexed with ammonia. Due to soluble Cu(Il) and Cu(l)
ammonia complex, system remains homogeneous throughout the course of reaction.
In this paper, the results of the kinetic oxidation of Lactose and Maltose by
Cu(Bip)3* in alkaline medium are reported. The system remains homogeneous due
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to formation of Cu(lI) and Cu(l) Bipridyl complex. Autocatalysis in the later part
of the reaction has not been observed, due to soluble Cu(l) Bipyridyl complex.

MATERIALS AND METHODS

The standard solution of Lactose (AR, BDH) and Maltose (E Merck)”were always
prepared fresh. The other chemicals used were cupric sulphate, 2—2 Bipyridyl in
25% ethyl alcohol, potassium chloride, all of AR (BDH) quality.

The study of the reaction rate has been accomplished with the help of Beckman
UV-visible spectrophotometer model 26.

The method is based on the difference in the light absorbing property of reac-
tants and products. Initially for measuing maximum absorbance of products the spec-
tra was scanned over the range of 700nm to 350nm. Thus, we obtain the wavelength
450nm at which the product Cu(Bip)2 3+ absorbs maximum and reactant Cu(Bip) i+
absorbs minimum radiation. The reaction mixture was prepared by mixing the re-
quisite volumes of Cu(II), 2 -2 Bipyridyl and alkali solution (sodium carbonate).
The initiation of the reaction was carried out by mixing the requisite volume of the
sugars solution to the reaction mixture and zero time was noted. Then this reaction
mixture was taken in a cell and was kept in the sample compartment. An increasing
trend of absorbance was recorded by the automatic recorder with respect of time
and was also noted down simultaneously. The increasing trend of absorbance clearly
indicates the change of Cu(Bip)3*to Cu(Bip) 3.

RESULTS AND DISCUSSION

The rate law and mechanism for the oxidation of sugars by Cu(Bip)%* in alkaline
medium have been derived by studying the effect of varying concentration of reac-
tants on the reaction rate.

The order of reaction with respect of Cu(Il) is determined by keeping reducing
sugar concentration in large excess. Under such condition the velocity of reaction
will mainly be determined by the change in concentration of Cu(II) ion. Table I shows
the effect of variation of Cu(lI) concentration on the reaction rate. There is approxi-
mately no change in A 4/ At values, which is proportional to zero order rate cons-
tant (k;), with increasing [Cu(lI)]. This indicates that reaction rate is independent
of [Cu(ID}.

Experiments were performed to determine the order of reaction with respect to
[Lactose] and [Maltose]. A A/ A ¢ values proportional to zero order rate constant are
increasing in direct proportion with the increase in concentration of Lactose and
Maltose, which is evident from the summarized Table I. This proves that the reac-
tion is of the first order with respect to {Lactose] and [Maltose].
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Table IT (A&B) shows the effect of, variation of [Sodium bicarbonate] on the
reaction rate. There is a gradual decrease in a A/ a ¢t values at increasing concentra-
tion of sodium bicarbonate. This decrease in a A/ a ¢ values is due to the fact that
the dissociation of sodium carbonate is gradually suppressed with the increase in
sodium bicarbonate concentration. The concentration of free OH™ has been calculated
by the equation pH + POH = 14 in each run. From column 3rd and 4th of Table II
(A/B), it is quite evident that a A/ a t values are increasing in the same proportion
in which concentration of OH™ is increased. When a A/ a ¢ values are divided by
OH~ is increased. When a A/ a f values are divided by OH™, concentration, more
or less a constant values are obtained. On the basis of above result and Fig. 1 (A&B)
it can be concluded that order of reaction with respect to OH™ is unity.

Effect of variation of dielectric constant on the rate of reaction has also been
studied. Results are presented in Table III (A&B) which indicates that there is small
increase in mean zero order rate constant values with the decrease in dielectric cons-
tant of the medium. This demonstrates that reaction is occurring between a positive
ion and a dipolar molecule. This is further confirmed by the plot of log 44/ at
vs 1/D which gave a straight line, having a positive intercept on Y-axis.

There is approximately no change in reaction rate by varying ionic strenfith of
the medium.

The values of a A/ at has been collected at two different temperature and with
the help of these values energy of activation has been calculated, which are 80.89
kJ mol~ for Lactose and 46.96 kJ mol-! for Maltose.

It is also observed that initially there is some induction period and then a 4/ a ¢
assumed uniform values throughout the course of reaction. The decreasein a A/ at
values in the later part of the reaction is due to interference of reaction products (Table
V).

From the above result it,can be concluded that the reacting species is Cu(Bip)Z*
instead of free Cu(Il). A careful study of the oxidation of Lactose and Maltose shows
that in absence of autocatalysis, the rate expression is of the form

-d [Cu (ID]*
dt
where [S] = [Maltose] or [Lactose]
[Cu(ID)] = [Cu (Bip),J**

For any given concentration of alkali if the concentration of substrate is very
large as compared to [Cu(II)] the rate expression will become —

- d [Cu(il)*]
ds
where kg = k [OH"] [S] known as mean zero order rate constant.

= k [OH] [S],

= kg

This k; which is mean zero order rate constant is approximately the same as
aAA/at.



KNIETICS AND MECHANISM OF OXIDATION OF LACTOSE AND MALTOSE

TasLE 1]
Effect of varying [NaHCO,] on rate constant of oxidation of lactose and maltose
(A4} For Lactose Oxidation
{CuSO,] = 1.25 X 1073M, [Lactose] = 8.0 X 1072M

(Free Bip]=4.1 X 107*M, Temp = 86.3 °C

75

Si. [NaHCO,] pH [oH) x 10 aAIAT AA/AT
No. X 103M M X 107! Sec! OH~
mol™! Lit Sec™!

1. 4.0 10.70 5.01 3.75 7.48
2. 8.0 10.65 4.46 3.52 7.88
3. 10.0 10.60 3.98 2.88 7.2%
4, 14.0 10.55 3.54 2.60 7.88
5. 16.0 10.45 2.81 2.10 7.45

(B) For Maltose Oxidation
[CuSO,] = 1.25 X 1073M, [Maltose] =5 X 107M,
[Free Bip] = 2.5 X 107*M, Temp. = 35 °C

Sl. NaHCO, tH fOH™}x 10* AA/sT AAAT
No. X 10°M M X 10® Sec™! [OH™!]
. mol™} Lit Sec™

1. 2 10.8 6.31 8.81 6.03

2. 4 10.7 5.01 3.13 6.2

8. 14 10.60 3.98 2.3 5.9

4. 20 10.35 2.23 1.47 6.6

TasLE [11

Effect of varying dielectric constant (D) on rate constant of oxidation of lactose & maltose

(A) For Lactose Oxidation
{CuSO,] = 1.25 X 1073M, [Lactose] =8.0 X 107IM
{Free Bip] =2.5 X 1073M, Temp. = 36.2 °C

Percentage of D 1/D X 10% 2A 100 34 log
of Ethanol
by Vol. ar AT
Sec™! Sec™!
5 74.15 1.34 . 4.66 0.67
10 71.67 1.39 4.90 0.69
15 69.36 1.44 6.55 0.82
20 67.82 1.48 7.93 0.89

(Table [1] Contd...)
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{B) For Maltose Oxidation
{CuSO,] = 1.25 X 107°M, {Maltose] =5 X 16™2M
[Free Bip] = 2.5 % 1073M, Temp. = 85.1 °C

Percentage D 1/D % 103 B4 108 AA
of Ethanol AT g +log Y
by Vol. T
scc—l
5 74.15 18.48 3.68 0.56
10 71.67 13.95 4.31 0.63
15 69.36 14.41 5.78 0.76
20 67.832 14.85 7.20 0.85
- 4
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FiG 1 Effect of Varying [OH™] on the rate of reacion
{A4) - [Lactose = 8.10 X 1072M, [CuSO,] = 1.25 X 1073,
{Bipyridyl|= 6.6 X 1073M, [Nay,CO4] = 0.5 X 107'M.
Temp. = 36.3 °C.
(B) — [Maltose] = 5.0 X 1072M, [CuSO,] = 1.25 X 1075M,
[Bipyridyl] = 5.0 X 1073M, [Na,CO4] =0.2 M.
Temp. =35 °C.
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Fic 2 Effect of Varying Dielectric Constant on the rate of reaction
(A) [Lactose] = 8.0 X 1072M, [CuSO,] = 1.25 X 10~3M,
{Bipyridyl] = 5.0 X 10~*M, |[Na,CO4] = 0.4 X 10~'M.
Temp. 386.2 °C.
(B) {Maltose] = 5.0 X 1072M, [CuSO,] = 1.25 X 1073M,
{Bipyridyl] = 5.0 X 107M, [Na,CO,} = 0.2 M.
35.1 °C.
TABLE IV
[Lactose] = 8.0 X 1072M [CuSO,] = 1.25 X 1073M
[Free Bip} = 2.5 X 10™*M Temp. = 84.7 °C
Time (min). Absorbance AA/AT min™!
0.50 0.071 —
5.00 0.075 0.000*
8.00 0.095 0.007*
9.00 0.114 0.019*°
10.00 0.226 0.112°
11.00 0.426 0.200
12.00 0.635 0.209
18.00 0.844 0.209
15.00 1.259 0.207
17.00 1.681 0.211
18.00 1.007 0.226
24.00 3.414 0.251

28.00 4.190 0.194°
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It is well known that, in the presence of alkali, reducing sugars undergo a
tautomeric change through the formation of an intermediate enediol.

The base catalysed formation of enediol might be written as—

{a) Aldehydo Sugars H—C=0
!

k4
H— ?—OH + OH‘-—k—\_——: H—ﬁ—O—
-1
R C— OH + H30
|
R
enediol anion
H—C—O0
I k>
C—OH+ Hp0 == H~-C—0H
R —2 ?—OH+OH—
R
{1,2 enediol)
(b) Keto Sugars
H
! _ Kk
H~C—O0H + OH —“tk H—ﬁ—OH
f _
C=0 . C[_O +H20
,; R
enediol anion
H—C—0H
o k2
C—0 +H20 —_A\T_ H—ﬁ-—OH
;'-\, - C~OH+ OH

l
R

(1,2 enediol )

Oxidation of reducing sugars will take place through enodiol or enediol anion,
it has been decided on the basis of the order with respect to hydroxyl ion. In our
present study, since reaction rate is directly proportional to the concentration of
hydroxyl ion, hence it is the enediol anion which is being fast oxidized by Cu(Bip)3*,
resulting in a free radical species and Cu(Bip) 3. This free radical species is further
oxidised by other Cu(Bip) 4* giving the final products. The induction period observed
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initially is due to the oxidation of Cu(I)* to Cu(II)* by the dissolved oxygen. The
reaction scheme for the oxidation of substrate might be proposed as follows: —

H H _
F e
H——?—OH +OH —— C—OH + Ha0
R TR
(s) enediol anion
H
i = \./
c—0 x k3 C *
Il + Culll) - + Cull)
C-OH fast = ¢_on
R A
free radical
tast Cu(II)*
Final product
Cu(l)*+0, — Cu(D*
where S = Lactose/maltose
Cu(ID* = Cu (Bip)%+
Cu (I)* = Cu(Bip)3

Since Cu(Bip)3*

throughout the study.

=+ (1]

.. (2)

complex is soluble, hence system remains homogeneous

Considering these steps and applying steady state approximation to the concen-
tration of enediol anion, the rate law in terms of decrease in Cu(Il) concentration

might be written as

- d [Cu(11)*]

ky ky [S] [OH7] [Cudl)*]

dr

K H0| + k3| Cu(Il)*)

...(4)
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Since enediol anion is step (2) is rapidly oxidised by Cu(II)' complex, so it is
proper to assume that k, > > k,; Thus inequality k, [Cu(I)*] > > k_, [H,0]%7
might be assumed valid, hence the rate law becomes

d [Cu (I1)*]
dr

The derived rate expression (5) is in accordance with our experimental findings.

The above rate law is also in complete agreement with the observations of Marshall
and Waters? and Singh et al.*’

= k,; [S] [OH]. ...(5)
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