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ABSTRACT

The kinetics of oxidation of sugars by cerium (hgs been studied in aqueous sulfuric acid medidva.réaction
is first order with respect to the accident. Thet @f jobs against sugar concentration is lineardi the substrates.

The kinetic data have been analyzed to correl&eitosity and rate of oxidation of sugars inwwutfacid.

The probable mechanism has been suggested witmdepes of rate on the viscosity. The influenceis€asity
on rate of reaction was observed. The linear watvas found between viscosity and reaction rate Tinearity

coefficients were greater than 0.93 for all thessag
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INTRODUCTION

The viscosity data of aqueous concentrated hydooichacid have been utilized to investigate théuirice of
viscosity and viscosity parameters on the rateydfdiysis of methyl acetate [1]. In a sulfuric agidter system strong ion
solvent interactions have been proposed in theomistric study [2]. The survey of literature haswhdhat considerable
work has been done on the oxidation of various ammgs by cerium (V) in sulfate [3, 4, and 5], gdorate [6, 7] and
nitrate [8] acid medium. Kinetics of oxidation of Bructose by cerium (IV) has been reported botlthe absence and
presence of surfactant in sulphuric acid medium T8 involvement of HSQion with cerium (1V) has been considered

in the mechanism proposed for the study.

The same author has reported the oxidation of tbase [4], D- manose [10] and Arabians [3] by ceri(lV) in
aqueous acidic medium. In the oxidation of arat#nib$ias been proposed that the pyramid form ofasaocharide and

Ce (SQ) 5* are reactive species in the progress of the @acti

In the present work, we have taken study with gbegdructose and sucrose as substrates to detetinaireffect
of viscosity in aqueous sulfuric acid on the rafeoridation by Ce (IV) in the presence of sulfuacid. The major
constituents which contribute towards the viscosifythe reaction medium are sulfuric acid and ssigar aqueous
solutions in this study. There are reports on \dggcstudies of both these constituents in watek taey have tremendous
structure maker capacity [11, 12]. In the conceattaolutions (0.4 to 1.4 mil dfall features of the viscosity of reaction
solutions have the same viscosity/ solvent effecthe rate of oxidation of sugars. We assume theetwill be solvent
particles, anions, cations and non ionic partioglesuch solutions which will contribute to the tot&scosity of the medium

and structure making characteristics.
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EXPERIMENT

All the reagents used were of A.R. Grade chemiaats used without further purification. Double distl water
was used throughout this work. The strength ofitid of the each solution checked by titration aga standard solution

of sodium hydroxide using phenolphthalein as arfcator.

The viscosity measurements were taken in a catiirguspended-level Viscometer placed in a therrtsasta
water bath for constant temperature. The solutafreulfuric acid of knowing concentration was taksriscometer and
flow time of the solution was measured. Each measant was repeated thrice and average time of Waw used to
calculate the viscosity. The Viscometer used in shedy was purchased from Infusil India Pvt. Ltdavithg number
BG43500 size 2 and BG43499 size 1. The densiti¢gseo$olutions were measured with calibrated pyletemand single

pan electronic balance citizen make.

All kinetic measurements were performed under psdirdt order condition at a constant temperaturg@%sK
unless stated otherwise. The reaction was initiatedhixing previously thermo stated solution of atggand sulphuric and
which also continue the required amount of Ce ($ulfate. The progress of the reaction was follolsgdmeasuring
decrease in an observance of Ce (IV) at 353 NM fametion of time. The application of Beer’s law @ (IV) at this
wave length was verified. It was also verified ttfedre is negligible interference from other regeattthis wave length in
aqueous sulfuric acid. In the presence of a crlitsi oxidant and substrate in aqueous sulfurid dor all the sugars

formation of turbidity were observed after sevdmalrs.

RESULTS AND DISCUSSIONS

Dependence of Rate on Initial [Oxidant]

The effect of [Cerium (V)] on the reaction ratesastudied at a constant concentration of sulfurid,assugars at
constant temperature. The values of rate const@stip the concentration range 2.0 to 6.0 ¥ Mbl dm* of cerium (IV)
are summarized in Table 1. The rate constant jadre /mdependent of the initial [cerium (IV)]. Theseservations are in
agreement with a first order dependence on [ce(iiM)] t and the reaction follows a first order rate lawegi by the

equation.
-d [cerium (IV)] /dt = kqps [cerium (IV)] ¢
Dependence of Rate on Initial [Substrate]

The pseudo first order rate constagy; kvere calculated at constant [Ce (V)] and sulphagid but at different
substrate concentrations in the range 0.4 to 1.4dmd. The plots of ks against [Sugars] are linear in all the cases.
These plots give a straight line with a negativgsland positive slope depending upon the natuseigdr. The values of
rate constant are given in Table 1. The detailadystelated to variations of the reactant has metnbcarried out in the
studio, but we have tried to correlate the visgoaitd reaction rate in these oxidations of sugar€é (1V) in sulfuric

acid. The plot between [sugars] angslare linear with linearity coefficient 0.9626 fou€tose and 0.9051 for glucose.
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Table 1: Effect of [Reactants] on the Reaction Rati ,ps At 298K

[Substrate] | [H,SO,] 3 Value of 10 Ky (sec?)
S-No | "ole dni® | mole dmi® | [C8(IV)] mole dm™ =mr e e Fructose | Sucrose
1 0.02 2.0 0.0002 0.72 1.05 0.5
2 0.02 2.0 0.0003 0.70 0.99 0.52
3 0.02 2.0 0.0004 0.73 1.01 0.56
4 0.02 2.0 0.0005 0.69 1.04 0.51
5 0.02 2.0 0.0006 0.71 1.04 0.51
6 0.4 2.0 0.0002 4.08 19 3.09
7 0.6 2.0 0.0002 5.4 27.9 6.09
8 0.8 2.0 0.0002 6.2 33.2 7.39
9 1.0 2.0 0.0002 14.2 34.6 8.85
10 1.2 2.0 0.0002 21.3 43.4 13.2
11 1.4 2.0 0.0002 30.3 45.8 21.0
12 0.02 1.0 0.0002 1.89 2.05 2.0(
13 0.02 1.5 0.0002 1.78 1.57 1.95
14 0.02 2.0 0.0002 1.92 1.34 1.97
15 0.02 2.5 0.0002 1.61 1.14 0.73
16 0.02 3.0 0.0002 1.49 1.04 0.53

Dependence of Rate on Initial [HSO,]

The concentration range 1.0 to 3.0 mol HYrwas used for the variations in JB0; in the study.
The concentrations of oxidant and substrate wésentaonstant. The observed dependence of the mateeacconcentration
of sulphuric acid in case of all the substratesnshthat the rate decreases slightly with incre@seoincentration of

sulphuric acid. The reaction rates are represant&dble 1.

Various proton dependent equilibrias exist betwdba reactants [13]. The quantitative interpretatioh
the [H,SOy] dependence is very much complicated and uncenrtéénce due to this complexity no attempt was ntade
explain the observed PSQ, dependence in the mechanism proposed. However,qthalitative observation is in
agreement with the fact that Ce (IV) oxidation n§ars in aqueous sulphuric media is retarded bp@easing [HSQy].

The retardation in the rate with increasingsB)y, suggests the removal of reactive species of Ce[ll®].
MECHANISM AND DISCUSSIONS

A reducing sugar can exist in different form in aqus solutions [14]. It has been established tmatrate of
oxidation of sugars is the sum of rate contribldgdhea- andp- anomers, together with the free aldehydic / kietforms
[15, 16]. In the aqueous,HO, media complexation of sugars / organic substratie @e (IV) - sulphato species is a rare
possibility [17]. The various species of cerium XI\Ce(OHJ*, CeSQ*, Ce(SQ),, HCe(SQ)s;, HsCe(SQ), and
Ce(SQ)s~ are known to be present in,$0, media [18, 19]. The decrease in the rate of okdatith increasing
concentration of sulphuric acid confirms the presenf Ce- sulphato species with cerium (V) ionseiquilibrium
with solvent or substrate molecules. The followstgps given in scheme | are quiet reasonable inhwtwmplex formed
with Ce (IV) ion disproportionate in the rate detéring step to give Ce (lll) and a free radical.eTpresence of free

radical has been confirmed in the oxidation process
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Table 2
K
S + | Ce(IV) s ——— { Ce(IV)---S}
C*
k,
C* > s + | Ce(II)

free radical

Table 3

Fast

v

S +| Ce(lV) Product + Ce (Il

Where S is Sugar.
Scheme |
The derived rate law for scheme | can be giverhbyequation

Table 4

-d[Ce(IV)]

dt

= k. K [S] [ Ce(IV)]

The above proposed mechanism is in accordancetiétiobservations of first order dependence bothdar(IV)

and sugars and is also in agreement with the pegpeechanism [12, 20].
DEPENDENCE OF REACTION RATE ON VISCOSITY OF THE MED 1UM

In the previous section, we have proposed the inglation between viscosity angd,kof the substrate, on the
basis of experimental results obtained in the diddaof glucose, sucrose and fructose by vanadiuinif agueous
sulphuric acid. In this chapter we analyze the arpental data of rate constant again in the lightiscosity effect as we
have analyzed the results in the earlier chaptethis study the experimental conditions, substrateaction media are
similar as used in the previous study but only lece of vanadium (V) a different oxidant cerium YIkas been used.
Keeping in view the absorbance of the metal ioa,dbincentration of the oxidant Ce (V) is takenntyetimes less than
the concentration of the vanadium (V). In both stedies, the reaction was first order with resgedhe oxidant. The
obtained values of the rate constants for the tranaf viscosity have been used from Table 1. plo¢ between viscosity
and ks values are given in Fig 1, 2 and 3. These plotev@und to be linear having linearity coefficien0.92, showing

the dependence of rate on the viscosity of thetimamedium.
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A comparison of the effect of viscosity on rateogfdation of sugars in the study shows the orddokmwvs-
Fructose > Glucose > Sucrose

On the other hand, the linear relations betweecogifies are presented by equations 4.8, 4.9 & fdr each

substrate.
Table 5
K obs = 0.0034H - 0.0019 Fructose
K obe = 0.0027H - 0.003 Glucose
K obs = 0.0004H - 0.0002 Sucrose

It is clear that ks is directly proportional to viscosity.
CONCLUSIONS

The results of the present investigation have gttemed our earlier conclusion that, the viscositthe reaction
medium has an influence on rate of reaction. Itheen further established that this effect is medde by monitoring the

reacting species having structure maker properagreous solution.
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