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The semiquinone free radical which appears 

during course of the oxidation-reduction 

reaction between quinone and hydroquine has 

been widely studied to ascertain the relation 

between the formation of the free radical and 

the condition of the reacting solution1), as 

well as its electronic structure. However,

there is little conclusive information about the 

nature of these reactions because they are 

confused with fairly complicated side reactions. 

The measurement of the magnetic susceptibil-

ity of the solution during the course of reac-

tion was carried out with systems having 

duroquinone and various monosaccharides 

applied as reducing agents, considering that in 

these systems the side reactions need not be 

taken into account2). The results have already 

been reported but are now dealt with from 

the view-point of chemical kinetics. The rates 

of the formation and decomposition of the tetra-

methyl-p-benzosemiquinone radical are empiri-

cally found to follow such simultaneous 

differential equations as :

where x, y and z are the concentrations of 

tetramethyl-p-benzoquinone, tetramethyl p-ben-

zosemiquinone and tetramethyl-p-hydroquinone, 

respectively, after time t. k1, k2 and k3 are 

rate constants. Figure 1 shows the relation 

between the experimental and calculated values 

using the equation as representative. The 

dependency of the rate constants k1, k2 and k3 

on the temperature at which the measurement 

was performed is represented in Fig. 2, which 

shows a good linearity. k1 and k3 are found 

to be proportional to the concentrations of 

such monosaccharide used as glucose, mannose 

or fructose, while k2 is in parabolic proportion 

to those of every monosaccharide. The acti-

vation energy necessary for the formation of 

the free radical by the reaction of tetramethyl-

p-benzoquinone with monosaccharide, that for 
the formation of the free radical by a reaction 

like the auto-reduction reaction between the

Fig. 1. Relation between experimental values and those calculated from equation.

-calcd.;○,●and△ experimental

1 65 mg. of glucose, at 25.2•Ž 2 10 mg. of fructose, at 25.4•Ž 

3 100 mg. of mannose, at 24.0•Ž 4 10 mg. of glucose, at 25.2•Ž
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Fig. 2. Dependency of rate constants k1, 

kz and ka upon temperature.
for k1; --- for h2; ------ for k3

○  80mg. of glucose

○  100mg. of mannose

△  10mg. of fructose

free radical and tetramethyl-p-benzoquinone, 
and that for the decomposition of the free 
radical producing tetramethyl-p-benzohydro-
quinone are 40, 8 and 41 kcal./mol., respecti-
vely. 

The details of this report will be published 
in the Technology Reports of Osaka University. 
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