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We hers report the rates of the unimoleCUlEr and the induced 

decomposition of aliphatic penddes, 2'3 and a compwison of these data 

withourpreviouslypublisheddf&a' on the analogous disulfides. In 

contrast with disulfides, which radicals attack minly at the sulfur 

atom, 2b?b,5 the e.lJphatic peroxides appear to be largely attacked at 

M’ + RSSR __) M-SR + FE. 

M. + R)OR __j) M-H + IDOR( 

Peroxides undergo a unimolecutir decomposition in styrene at 60', 

as well as the bimolecular induced deocmposition. s" All the peroxides 

studied (prqyl, butyl, isopropyl and ;-butyl peroxide) were found to 

have very similar mte constants for unimolecular dissociation (7 = 

1 x 10-seec.-'), reflecting their similar O-O bond strengths (34-37 

kcal). e The disulfides do not undergo a unimo1ecul.w decomposition 
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1202 Reactions of radicals No. 18 

at 60’; as expected from their larger bond energy (TO-72 kcsl). " 

Table I compares the transfer constants for these peroxides with 

data for the distiides, 4 and in parentheses gives the main site of 

attack on the compound by the polystyryl radical. 

Table I 

Transfer Constants in Sty-rem at 60" 

c x 104 

R FXIR RSSR 

BenZ0yl 550(O) a 
p=w1 '"21. I2 
Isopmpyl %I? 6:6(3H) 
&-Butyl 10(A) 1.4(&S) 

(a) Ref. 9 

When R is benzoyl, the peroxide is attacked laster than the 

disulfide. Benzoyl peroxide is attacked at the O-O bond by radicals, 2b 

and benzoyl disulfide is probably attacked at sul"ur. Tiis pair, 

therefore, might be considered "normal"; i.e., the O-O bond is cleaved 

faster than the S-S bond because it is weaker. 

Isopropyl peroxide can be concluded to be attacked on bJdm&en 

by the following argument. The same value of %L is obtained for this 

peroxide 7 (as well as for t-butyl peroxide s) by either the classical 

method s or by the new Bevington lo tracer technique. This implies that 

that the alkoxy radical RO' adds to styrene faster than it fm&ments 

to lose its C-14 label. However, the transfer constant of isopropyl 

peroxide measured by the tracer technique is only l/o' the value measured 

by the classical method. (In the case of L-butyl peroxide, both techniques 
-- 

7 W. A. Pryor and T. L. Pickering, to be published. 

' Ref. 2bj W. A. Pry-or, J. Phys. Chem., 6i', 519 (1963). - 
' F. R. Mayo, R. A. Gre&g and M. S. Matheson, J. Am. Chem. 3c., p, 

1691 (1951). 

lo J. C. Bevin&tm and T. D. Lewis, Polymer, & 1 (lyp). 



No.18 Reactions of radicals 1203 

give appmximit.fAythe eamevalue 0fthetMsfarcoxwtant.) This was 

that an unstable radical is formed In the txanefcr reaction which maea 

to lose its C-14 label faster thna It edda to Me, and itI8 

reasonable to identify this nrdical as C&O-OC&:. These data l@y 

that the dcal resulting from by&rogen abstnrction from isopropyl 

peroxide decomposes rapidlywhereas tktfromt-butylpe~tideis stable 

enough to add styrene before fragmentation. Isopropylperoxlae givw 

(c&&x~,, alla B_scission of the o-o bona can occurt &-butyl 

peroxide gives *C&-(C&)$-00-C& andthe radical center is insulated 

from the O-O bond. 

The n%te of wgen abstrsction from all of the alLplrklc peroridee 

is similar; the reaction is exotbermic, the transItion state Is not far 

along the reaction coordinate,c+ndtbe stndxre oftheperoxide is not 

crlticsl indetelmining rstes. It is Eurpl%3ing, however,thatt_butq1 

pezvxide, wbichss noa-mgens, reacts fastertben isopxwpyl 

peIwKiae. A possible explanation IS that t-butyl peroxide is stnrined 

and that this causes a steric acceleration. (The actual heat of 

folmrtion of &butyl perpldae is -84.6 kcal., whereas a &ptheticd 

&rainless ndel would have -87.0 ~ccal) therefore, roughly 2 kcal. of 

strainis present.) s-Butylsulfide, whichiealso stndned,hasan 

umww3Uy large tmsfer constant. 4 
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Pond energies l2 rationalize different mechanisms for reaction of 

pemAdes and dlsulfldes with polystyvyl radicals. Eqs. l-6 give the 

calculated heats of reaction for a simplified wdel. The wst 

exothermic process for pswxldes is H-abstraction with syachronous 

S-scission to form the strong &O bond (reaction 2). Sulfur does wt 

form a stmnS C=S bond, and disulfldes are predicted to react by attack 

on the sulfur atom (reaction 6). 

APPIDX. AH 

16%l+C&W=2- 0 

BQk.+m=o+cR30- -108 

Ibcx;?o~+ca30* -93 

@@.+SWGSS& 0 

$c&+cx&3+cH& 0 

Idm=b + c&s. -10 

Cowents on the relative stability of the aliphatic peroxides w 

should hot be understood as imply& an unusual stability of &-butyl 

peroxide toward howlytic reactions. We have not been able to detonate 

any aliphatlc peroxide in the liquid state, but we have bad an accidental 

explosion of Isopropyl peroxide in the &as phase (during an elemental 

analy~ais) at about ZCW in an oxygen stream. Apgerently the explosion 

of the aliphatic peroxides is either a wlecular reaction 14a or is a 

radical reaction of different mechanism lrb fromthatwhich operates 

at 60'. We conclude that at wderate temperatures in the liquid phase 

a&l Uf the pure aliphatic peroxides are of similar stability toward 

homolytic reactions. 
-- 
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