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Discussion 
The results presented in the preceding article’ 

indicated that benzoyl peroxide in benzene, fol- 
lowing a “preliminary period,” decomposed as if 
two parallel reactions were occurring, a first order 
and a second order. This decomposition was in- 
terpreted as an initial dissociation of the peroxide 
followed by the further dissociation of the hemi- 
mer and the parallel reaction of the hemimer as an 
oxidizer. The final products of the reaction were 
determined by the reactions of the hemimer. The 
almost constant order of reaction with changing 
environment (Tables I, IV  and V) and with halo- 
gen substitution on the benzene nucleus (Table 
VI) indicate a uniform mechanism of decomposi- 
tion. 

If the initial dissociation were ionic, (RO)z = 
RO+ + RO-, we would expect a large solvent ef- 
fect on the rate of reaction in relation to the dielec- 
tric cons1 ant.3 The increase in the rate of decom- 
position for a twelve-fold increase in the dielectric 
constant of the solvent is relatively small (Table 
V). The temperature coefficient for a reaction 
involving an ionized substance is usually relatively 

The large variation of the rate constant with 
temperature arid the comparative insensitivity to 
changes in dielectric constant may be further evi- 
dence that the decomposition proceeds via an 
uncharged radical mechanism, as was previously 
advanced4,’ and is now accepted by many workers 
in the field. 

The degree of the initial dissociation may be de- 
(3) Walden, Z. Qhysik Chcm , 54, 129 (1905), and later 
(4) H e y  and v a t c r s ,  Cheni Rpe , 21, 169 (1’337). 

termined in part by the relative “negativity” of 
the radicals R and K’ of the peroxide R-0-0-R’ 
exactly as found by Comber@ for the formation 
of trivalent carbon. The rate of reaction of the 
peroxide is determined by the degree of the dissoci- 
ation which precedes and thus controls the subse- 
quent rate determining reactions. Of those stud- 
ied o-chlorbenzoyl peroxide decomposes the most 
rapidly. The rate constants for the 0- and p -  
chlorobenzoyl peroxides have approximately the 
same ratio as the ionization constants of the two 
chlorobenzoic acids (Table VI), but no such sim- 
ple relationship is found among the correspond- 
ing constants in the unsubstituted, p-chloro 
and m-bromo derivatives. 

The data are correlated by the postulate that 
the initial reaction is a simple dissociation of the 
peroxide with the formation of radicals which 
contain monovalent oxygen as a constituent fol- 
lowed by two parallel reactions. The products of 
the decomposition are determined by these par- 
allel reactions. 

Summary 
The rates of decomposition of benzoyl peroxide 

in benzene and the order of reaction a t  two tem- 
peratures are reported. 

A study of the relation of the rate of reaction 
and order of reaction to the dielectric constant 
of the solvent was made. 

The effect of substitution on the benzene nu- 
cleus of the benzoyl peroxide was studied. 

( 5 )  Gomberg, ibid., 1, 91 (1924). 
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Hydrolysis of Fluoboric Acid in Aqueous Solution 
BY CHRISTIAN A. WAMSER 

Aqueous fluoboric acid, which is now commer- 
cially available in the form of a 40% concentrate, 
is prepared’ by treating aqueous hydrofluoric acid 
with the calculated amount of boric acid accord- 
ing to the equation 

4HF 4- Hag03 = HBF4 + 3H20 

It has been well known that aqueous solutions 
of fluoboric acid are more or less strongly hydro- 
lyzed depending on the dilution, temperature and 
length of time they have been standing after prep- 
aration. Such solutions always contain more H 
ion than can be accounted for by the fluoboric 
acid they are calculated to contain. 

Any successful explanation of the net changes 
occurring on hydrolysis must be capable of ac- 
counting for the following experimentally observ- 
able facts: 

(1) When four moles of hydrofluoric acid and one 
(1) F. Fischer and K. Thiele, Z. nnorg. Chcm., 61, 304 (1910). 

mole of boric acid are mixed in aqueous medium, an 
immediate sharp increase in conductance occurs 
and heat is evolved, yet the solution contains no 
fluoboric acid immediately after the preparation 
(no precipitate with nitron). The total titratable 
acidity (as measured by the volume of standard 
alkali consumed to the phenolphthalein end-point 
in the presence of mannitol) of such a mixture im- 
mediately after preparation corresponds to five 
equivalents of acid, the solution a t  the end-point 
containing only F- and BOz- anions. 

(2) After preparation, the fluoboric acid content 
gradually increases to a final (equilibrium) value, 
while the total acidity decreases to a definite 
value. The only anions present a t  the titration 
end-point are BR-, F- and BO,-. 

(3) When a fluoboric acid concentrate (which 
is itself appreciably hydrolyzed) is diluted with 
water, the total acidity gradually increases to a 
final (equilibrium) value. 

J. Amer. Chem. Soc., 70, 1209-1215 (1948) 
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Humanity’s Top Ten Problems 
for the next 50 years  

1.  ENERGY 
2.  WATER 
3.  FOOD 
4.  ENVIRONMENT  
5.  POVERTY 
6.  TERRORISM  &  WAR 
7.  DISEASE 
8.  EDUCATION 
9.  DEMOCRACY 
10.   POPULATION R. E. Smalley 

Rice University 
Partners in Science 
January 18, 2003 



O Grignard 

The carbonyl is polarized 
The carbon end is plus. 
The nucleophile will thus attack 
The carbon nucleus.  
The Grignard makes an alcohol, 
Of types there are but three. 
It makes a bond  
To correspond 
From C to shining C. 

          Lyrics by Frank Westheimer  (Harvard Univ) 
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