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ABSTRACT 

Based on a previously reported, integral reaction-scheme for the homogeneous 
oxidation of D-glucose and D-fructose with oxygen in aqueous, alkaline solutions, 
a kinetic model covering the product distribution has been developed. The model 
consists of a repeated set of reactions with constant rate coefficients, starting from 
each enolate ion. The product distribution can be understood as a function of the 

temperature, the hydroxyl-ion concentration, and the oxygen concentration in the 
liquid phase. 

INTRODUCTION 

In a previous paper’*, an integral reaction scheme for the oxidation of D-glucose 
and D-fructose with oxygen in aqueous, alkaline solutions was developed. The pre- 
ceding paper’ deals with the overall kinetics of the reaction and describes the influence 
of the type and concentration of the hexose, the hydroxyl-ion concentration, the 
oxygen concentration in the liquid phase, and the temperature on the rate of the total 
acid production. The influence of these parameters on the product distribution is the 
subject of the present paper. 

From the integral scheme, it follows that the product distribution depends on 

the subdivision within the total number of enolate ions. Basically, each type of 
enolate ion can give both a peroxide and other enolate ions, which can be schemati- 
cally represented by means of a division of the enolate ions into classes. In this division, 
E, includes all the enolate ions and equivalent aldehydes which are formed by way of 
(n- 1) steps starting from Ezl (where the subscripts 6 and 1 refer to the length of 
the carbon chain and the position of the double bond, respectively): -+ E;_ i + E; + 

E,, 1 + etc. Thus, class E, includes Egl, ET includes Ei2 f Eyl f GyA, E; includes 
E& + E& + GoA, E; includes E& + FoA -I- E.& , etc. 

Part II: precedipo paper*. 
*This paper includes a description of the apparatus, experimental and analytical procedures, and 
process parameters, and an explanation of symbols. 
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Fig. 2. The determination of IX for a given experiment by minimalisation of the difference between 
the measured and theoretical product distribution. For oxidation of D-glucose: [G], = 215, [OW = 26, 
and [O*] = 0.85 mmoles/l. T = SO”. 

Determination of k,/k_, and k,/k,* 
For each experiment, the hydroxyl-ion concentration, the oxygen concentration 

in the liquid phase, the value of TV as determined by the above procedure, and the 
estimated vaIue of a//3 = k,*[kc at the desired temperature were substituted into equa- 
tion 5. This provided a number of independent equations with 2 variables, namely 
k_, - kz/k*- k, and k,*lk,. By means of the method of least squares, the set of equations 
was solved. The results were as follows. 

Temperature (degrees) kc/k: k’& (mmolesjl) k-,/k, (mmoZes/l) 

50 0.24 zkO.02 0.40 f0.08 16 f5 
60 0.33 f0.06 0.5 fO.l 25 f10 

A fiual check was carried out by the following procedure. For a number of 
experiments with different process conditions, a was determined by means of equation 
5 aud the data in the above table. By substituting the resulting values of c1 in the equa- 
tions in Table I, product distributions were calculated, which could be compared with 
the experimental data. This comparison is shown in Table II. 

CONCLUSION 

The product distribution can be explained by a simplil?ed reaction scheme, 
consisting of a repeated set of reactions with constant rate coefficients, starting from 
each enolate ion, By means of the ratios of the reaction rate constants for peroxide 
formation, cleavage of the enolate ion, and double-bond shift within an enolate ion 
as given in the above table, the product distribution as a function of the temperature, 
the hydroxyi-ion concentration, and the oxygen concentration in the liquid phase can 
be predicted. 
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