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 Remarkable effect of heavy metal ions was 

observed in the radiolysis of benzene in aqueous 

solution1) and other organic compounds2). In 

the systems hitherto studied, the interaction 

between metal ions and organic molecules is 

expected to be different from that in the com-

pounds containing metal ions. The effect of 
metal ions bound to organic molecules on the 

radiolysis has not yet been studied. 

 The present authors studied the effects of 

added ions on the decarboxylation of benzoic 

and salicylic acids, in order to clarify the dif-

ference in the effect between bound and non-

bound metal ions. Benzoic acid does not form 

any chelate compounds with metal ions, whereas 

salicylic acid gives stable complexes with Fe3+, 

Cu2+ and A13+.

(1)

 The difference in the effect of heavy metal 

ions on G(CO2) was found between benzoic and 

salicylic acid, and this can be attributed to the 

difference in the states of ions. 

 The oxygen free solution containing 0.2% 

of either acid and metal salts were irradiated by 
6•Žo r-rays in the test tube with side cell in 

which 0.1 N barium hydroxide solution was

Fig. 1. The effect of Fe3+ concentration 
 on G(CO2) of salicylic acid. 

 1) J. H. Baxendale and D. Smithies., J. Chem. Phys., 
23, 604 (1955); J. Chem. Soc., 1959, 779. 
 2) E. A. Cherniak, E. Collinson, F. S. Dainton and G. 

M. Meaburn, Proc. Chem. Soc., 1958, 54.
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TABLE I. EFFECTS OF SALTS ADDED ON G(CO2)

placed in order to absorb carbon dioxide formed.

Dose rate and total dose were 9.5×104 r./hr.

and 157×106 r., respectively. Carbon dioxide

formed was absorbed by barium hydroxide solu-
tion and G(CO2) was measured volumetrically. 

The effects of various metal ions are sum-
marized in Table I. In the case of benzoic 
acid, Fe 3+ added does not bring about the in-
crease in G(CO2), while in the case of salicylic 
acid, it makes G(CO2) remarkably high. This 
suggests that Fe3+, chelating organic molecules 
and attacking redicals cooperate in the decar-
boxylation of the complex. This is also sup-
ported by the following experiments. 

 a) Fig. 1 shows the plot of G (CO2) in the 
radiolysis of salicylic acid against the amount 
of Fe 3+ added. As is shown in the figure, a 
remarkable break is observed at [Fe 3+] / [Sali-
cylic acid]=1, where all of Feat ions and 
salicylic acid mulecules exist as complexes and 
neither of Fe3+ nor salicylic acid remains in 
excess.

 b) The addition of some masking reagents 
such as F-and H+ to the complex makes 
G(CO2) low. 
 Based on the above results, the mechanism 
of the decarboxylation of the complexes is con-
ceivably different from that of free acids. 
 Therefore the following sequence of reactions 

can be given for the decarboxylation of the 
complex.

(2)

(3)

(where R. represents free radical)

 The attacking radical (R. is not yet identified 
but this mechanism is supported by the following 
observations. 

 a) In this case Fe3+ is easily reduced to 
Fe2+, although it is reduced only to small 
extent in the absence of organic compounds. 
 b) Fe3+ and Cu2+ added bring about the 

increase in G(CO2) of salicylic acid, whereas 
added A13+ has only a slight effect. All of 
them are known as metal ions which give com-
plexes with salicylic acid. 
 These indicate that both the complex forma-

tion and easy reduction of metal ions are 
essential for this kind of metal catalyzed radia-
tion-induced decarboxylation. 
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