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The methyl affinities of the following phenylated ethylenes have been determined: styrene, a-methylstyrene, 1,1-di-
phenylethylene, stilbene, triphenylethylene and tetraphenylethylene. Discussion of the results demonstrates clearly the 
importance of the resonance stabilization of the radicals formed in accounting for the increasing reactivity of the olefins 
in the series styrene, a-methylstyrene and 1,1-diphenylethylene. On the other hand, inspection of the results obtained in 
the series styrene, stilbene, triphenylethylene and tetraphenylethylene reveals the importance of steric hindrance due to the 
presence of bulky phenyl groups. There is some indication that the first effect (resonance stabilization of the radical) 
affects mainly the activation energy of the addition process, while the steric hindrance manifests itself mainly in the entropy 
of activation. The effects played by steric hindrance in this series parallel the effects observed in the series of substituted 
quinones discussed in a previous communication. The reactivity of a-methylstyrene is contrasted with its reluctance to 
polymerize, this problem being discussed in a more detailed fashion. 

The addition of radicals to C = C double bonds 
represents an important class of organic reactions to 
which belong such processes as the initiation and 
propagation of vinyl polymerization. The nature 
of an olefinic compound has a profound effect on the 
rate of addition, and many factors, such as reso­
nance stabilization of the monomer and of the radi­
cal formed, the steric factors, and so forth, contrib­
ute to the ult imate reactivity of the monomer. 

To assess correctly the contribution of each of 
these factors to the reactivity of a monomer it is 
imperative to study, in a systematic way, series of 
reactions of the type 

R + monomer > R-monomer 

for various classes of monomers, and to vary in an 
intelligent way the structure of monomers in each 
class. I t is our intention to carry out such a s tudy 
for reactions involving methyl radicals, and in this 
communication we are reporting and discussing the 
first set of results dealing with the class of phenyl­
ated ethylenes. The s tudy of other classes of vinyl 
monomers and related compounds is now in prog­
ress. To investigate the reaction 

CH3 + monomer >- CH3-monomer 

the technique developed by Levy and Szwarc1 

has been applied. The essential features of this 
technique are as follows. A required amount of the 
investigated monomer is dissolved in a dilute solu­
tion (10~2 to 1O - 3 molar) of acetyl peroxide in iso-
octane. The deaerated mixture is heated for two 
hours in a sealed ampoule, and then the contents 
are analyzed for CH4 , C2H0 and CO2. The analyti­
cal technique and other experimental details are 
published elsewhere.1-2 

The decomposition of acetyl peroxide generates 
methyl radicals, and it has been shown previously1-2 

t ha t the lat ter react with the solvent and the mono­
mer according to the equations3 

CH3 + ISO-C8H18 *- CH4 + iso-CgH17 (1) 
CH3 + M >• CH3M- (2) 

The initial product of reaction (2) is of course a radi­
cal and, hence, it cannot be the final product of the 

(1) (a) M. Levy and M. Szwarc, J. Chem. Phys., 22, 1621 (1954); 
(b) T H I S JOURNAL, 77, 1949 (1955); (c) M. Szwarc, / . Polymer Set., 
16, 367 (1955). 

(2) M. Levy and M. Szwarc, THIS JOURNAL, 76, 5981 (1954). 
(3) I t was shown in references 1 and 2 that ethane is formed in a 

cage reaction (see also A. Rembaum and M. Szwarc, T H I S JOURNAL, 
77, 3486 (1955). Hence, the formation of ethane does not consume 

free" methyl radicals produced by the decomposition. 

over-all process. I t is believed, however, t ha t the 
radical CH3-M does not react further with methyl 
radicals, bu t it disappears in a reaction involving 
another radical of its own type or a solvent radical 
S-, i.e. 

2CH3M >• products (3) 

or 
or CH3M- + S > products (4) 

The products yielded by reactions (3) and (4) 
may result either from a recombination or a dispro-
portionation process. Fur ther evidence in favor of 
the mechanism proposed is given in references 1 and 
2.4 

The kinetic scheme represented by equations 1, 
2, 3 and 4 leads to the following results 

rate of formation of CH4 = /^1(CH3)Xs 
rate of formation of CH3M- = ^ 2 (CH 3 )ZM 

where Xs and X M denote the mole fractions of sol­
vent and monomer, respectively. The formation of 
CH3M- results in a decrease of methane formed, the 
lat ter can be determined by measuring the amount 
of methane formed in the absence and in the pres­
ence of monomer M. Hence 

(the amount of CH4 "lost") _ h y J_ 1 f> -, 
(the amount of CH4 formed) ki Xs tjo 

If XM remains reasonably constant during the 
whole course of reaction (i.e., when only a few per­
centage of a monomer is consumed in the reaction) 
the above equation is reduced to the expression 

ki _ (the amount of CH4 "lost") Xs 
k\ (the amount of CH4 formed) Xu 

However, if a substantial proportion of a monomer 
is consumed, which might be the case when the 
polymerization proceeds rapidly, then the above 
expression must be modified by introducing a cor­
rection factor / . The calculation of the correction 
factor / has been carried out for two distinct cases: 
I, when the polymerization is initiated by methyl 
radicals only, and I I , when all the radicals formed 
in the system, i.e., methyl radicals as well as sol­
vent radicals, initiate the polymerization. 

In case I we assume tha t on the average n mole­
cules of monomer are consumed for each methyl 
radical involved in reaction (2), the following ki­
netic equations should then be valid 

(4) In the presence of a reactive monomer M the radical CHaM 
may grow to a polymeric radical CHa(M)n- which in turn will he ter­
minated by reaction (3) or (4). 
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d(CH4) = 6,(CH3)Xs dt 
dy = fc(CH3)(.YM - n-y) dt 

where y = (CH4 "lost") denotes the amount of 
methyl radicals consumed at time t by reaction (2) 
in one mole of the mixed solvent. Integration of 
these equations leads to the expression 

J=J(CH1WlxJ3J x j l , n ( r i | 
ki / (CH 4 formed) Xa) (y S 

where 7 is the fraction of the monomer which re­
acted. The quotient in the last bracket represents 
the correction fac tor / . 

In case I I we assumed tha t n molecules of mono­
mer polymerize for every initiating radical. Denot­
ing by u the amount of methyl radicals which react 
according to equation 1 and by v the amount which 
initiates polymerization directly, we arrive at the 
following results. The rate of methane formation 
dn/dt is 

du/dt = A1(CH3)X8 

and the rate of addition of methyl radicals to the 
monomer dv/dt is 

dv/dt = A2(CH3)[(A'M) - nu — nv\ 

The solution of these equations leads to the expres­
sion 
(CH4 formed) = A - 1 
(CH4 "lost") + yA 

{1 - exp. - [-,Vl(CH4 formed)/(CH4 "lost")]} 

Where 7 as previously denotes the fraction of 
polymerized monomer, while A = (ki/ki) (XS/XM). 
As in case I, the evaluation of &2/&1 requires the 
determination of (CH4 "lost")Z(CH4 formed) 
( X S / X M ) and of 7, i.e., the fraction of polymerized 
monomer. 

From purely experimental considerations it is 
advantageous to use the ratio | (CH4ZCO2) s — 
( C H 4 Z C O 2 ) M I Z ( C H 4 Z C O 2 ) M instead of the ratio 
(CH4 "lost")Z(CH4 formed). In this expression 
(CH4ZCO2)S denotes the ratio of CH4ZCO2 formed 
in an experiment carried out in pure solvent, i.e., 
in the absence of a monomer, while (CH4ZCO2) M 
denotes the same ratio obtained from an experi­
ment in which a monomer is present. The benefit 
results from the fact tha t the ratio CH4ZCO2 is 
less susceptible to small changes in the conditions 
of experiment than the absolute amount of methane 
formed. 

Results 
The following phenylated ethylenes were investi­

gated: styrene, a-methylstyrene, 1,1-diphenyleth-
ylene, stilbene, triphenylethylene and tetraphenyl-
ethylene. All the monomers but 1,1-diphenylethyl-
ene and triphenylethylene were obtained commer­
cially, while the latter two were prepared according 
to the methods described in "Organic Syntheses."6 

The compounds were purified by s tandard tech­
niques, and the sharpness of melting point (or boil­
ing point) was considered as a criterion of purity. 
In the case of styrene, the purification was carried 
out in two ways: one sample was fractionated un­
der reduced pressure, while another one was dis­
tilled, the distillate was washed with dilute alkali, 

(5) H. Oilman, "Organic Syntheses," Coll. Vol. I, John Wiley and 
Sons. Inc., New York, N. Y., ]>. 221 ; Coll. Vol., II. p. OOfi. 

then with diluted sulfuric acid, water and finally 
dried and redistilled. The results obtained with 
these samples were identical, proving tha t the ex­
periments were not vitiated by the presence of 
some impurities. 

Most of the experiments were carried out in iso-
octane solution, while some of them were repeated 
in methyl ethyl ketone solution. The results were 
calculated on the basis of the simple formula for 
ki/ki, using for these calculations the following val­
ues for (CH4ZCO2)S {i.e., the ratio of CH4ZCO2 pro­
duced in a pure solvent in absence of a monomer) 

in isooctane at 65°, (CH 4 /C0 2 )s = 0.802 
in isooctane at 85°, (CH 4 /C0 3 )s = 0.805 

in methyl ethyl ketone at 65°, (CH 4 /C0 2 )s = 0.837 
in methyl ethyl ketone at 85°, (CH 4 /C0 2 )s = 0.857 

The lat ter values were obtained by averaging the 
results of a number of "b lank" experiments. 

The results obtained in isooctane solution are 
summarized in Table I, an inspection of which 
brings out the following observations: (a) the 
changes in the concentration of monomers, amount­
ing sometimes to as much as a factor of 9, do not 
affect the value of ki/ki. (b) The presence of a 
monomer does not affect the rate of the unimo-
lecular decomposition of acetyl peroxide (see the 
kn values listed in the last column of Table I) . 
The lat ter observation implies tha t acetyl peroxide 
does not react directly with the monomer. 

In all experiments listed in Table I the concen­
tration of acetyl peroxide was chosen in such a way 
tha t a few per cent, only of monomer were con­
sumed in the course of the reaction.6 This limita­
tion of the experimental conditions is essential for 
the application of the simple formula for h/ki (i.e., 
for neglecting the correction factors discussed previ­
ously). However, a number of experiments were 
carried out under conditions in which a substantial 
proportion of monomer was polymerized.7 In these 
experiments the weight of the polymeric material 
formed was determined by weighing the non-vola­
tile residue which remained in the ampoule after 
the solvent, the unreacted monomer, and the re­
maining peroxide were removed by vacuum distilla­
tion. This weight was used in calculating the ex­
tent of polymerization y (the notation introduced 
previously). Strangely enough, the correction 
factors derived on assumption I (i.e., assuming tha t 
methyl radicals only initiate the polymerization) 
and based on thus determined y lead to consistent 
values for k2/ki which agreed moreover with those 
obtained under conditions of low extent of polymer­
ization when the corrections are negligible and can 
therefore be omitted. On the other hand, the cor­
rections computed on assumption I I (all radicals 
formed in the system initiate the polymerization) 

(0) The experiments carried out at 05° lead to about ~)% of de­
composition of peroxide in 2 hours (which is the standard time for an 
experiment). Hence, a 5 X 10 ~2 M solution of peroxide gives sufficient 
amount of products and at the same time the consumption of mono­
mer is limited to a few per cent. only. In experiments carried out at 
85°, 50-00% of peroxide decomposes during the 2-hour period of heat­
ing. Hence, a 5 X 10 ~s M solution of peroxide is used to maintain the 
same conditions of the reaction. 

(7) In the case of readily polymerizable monomers, such as styrene, 
methyl methacrylate, acrylonitrile, or vinyl acetate, the polymerization 
often consumes a substantial fraction of monomer. For example, at 
85° and with 5 X 10 ~2 M concentration of peroxide, 0.25 mole % 
solution of styrene seems to polymerize to about 50% in two hours. 
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T, 
0C. 

65 
65 
65 
65 
65 
65 
85 
85 
85 

65 
65 
65 
65 
65 
65 
85 
85 
85 
85 
85 
85 

65 
65 
65 
65 
65 

86 

Oo 
65 
65 
65 
85 
85 
85 
85 
85 
85 
85 

65 
65 
65 
85 
85 
85 

Mole % 

0.125 
.125 
.25 
.25 
.25 
.50 
.125 
.25 
.50 

0.060 
.120 
.127 
.150 
.233 
.513 
.060 
.120 
.127 
.240 
.257 
.513 

TABLE I" 

Solvent, isooctane 

CH4/CO2 

Styrene 

0.398 
.406 
.270 
.275 
.278 
.157 
.441 
.302 
.193 

oj-Methylstyrene 

0.525 
.373 
.358 
.346 
.256 
.145 
.555 
.424 
.390 
.279 
.288 
.170 

817 
785 
796 
770 
758 
824 
655 
664 
634 

874 
958 
980 
876 
950 
890 
753 
750 
830 
777 
695 
725 

1,1-Diphenylethylene 

0.0625 
.125 
.25 
.25 
.50 
.125 
.25 
.50 

1.00 

0.50 
0.75 
1.00 
1.00 

0.32 
0.50 
0.64 
1.00 
1.00 
2.00 
2.50 

0.390 
.256 
.159 
.174 
.097 
.385 
.257 
.140 
.079 

/rattS-Stilbene 

0.513 
.450 
.392 
.390 
.626 
.572 
.504 
.432 
.488 
.318 
.309 

1700 
1710 
1620 
1460 
1450 
870 
850 
950 
905 

113 
104. 
104. 
106 

80 
92 
84 
64* 
74 
62* 

1,1,2-Triphenylethylene 

0.50 
1.00 
2.00 
0.50 
1.00 
2.00 

0.652 
.535 
.437 
.683 
.599 
.476 

46.9 
50.0 
41.3 
34.8 
33.6 
33.6 

ku X 105, 
sec . - 1 

0.89 
0.89 

0.89 
0.92 
0.92 

13.3 
13.0 
13.0 

0.95 
0.97 
1.00 
0.97 
1.00 
0.97 

17.2 
17.0 
17.0 
17.1 
16.5 
16.2 

0.95 
.95 
.95 
.95 
.95 
5 
5 
5 
5 

15 
15 
15 
15 

0.94 
.83 
.94 
.85 

12.0 
12.2 
12.5 
12.8 

12.2 

1.00 
1.03 
1.00 

12.8 
12.8 
12.8 

" Experimental values denoted by a star have been dis­
carded in calculating the average values. 

lead to too high and not self-consistent values for 
ki/ki. These observations were interpreted origi­
nally as an indication of the inertness of isooctyl 
radicals which, it was believed, should be unable to 

initiate polymerization8 because of the steric hin­
drance due to the presence of the bulky neopentyl 
group and two methyl groups in such a radical. 
However, a closer examination of the results showed 
that the polymeric substance is a mixture of dimers, 
trimers and tetramers, and if the isooctyl groups 
are present as the end groups, then the calculation 
of 7 from the weight is greatly in error. Conse­
quently, all the results obtained under conditions 
leading to high extent of polymerization were re­
jected and excluded from Table I. 

To substantiate further the experimental find­
ings summarized in Table I the reactivities of some 
monomers were redetermined in methyl ethyl ke­
tone solution. If the assumed mechanism is valid, 
then the change of the solvent should lead to a change 
in the rate constant k\, leaving essentially unaltered 
the rate constant of addition k% Hence, the values 
of k2/ki' should be proportional to the respective 
values of &2/&1 obtained for the same monomers in 
isooctane solution. Here, ki denotes the rate con­
stant for the abstraction of a hydrogen atom from 
methyl ethyl ketone, while ki refers to the rate 
constant of the analogous reaction involving iso­
octane. This relationship has been fully substanti­
ated by the data listed in Table II. It is striking 
that in spite of considerable variations in the values 
of the individual rate constants fo/^i's, which 
range within a factor of 50, i.e., from 31 to 1590 at 
65° and from 27 to 980 at 85°, the ratios {h/h)/ 
(k-i/ki) = &i'/&i listed in the last column of Table II 
remain essentially constant, namely, about 9.3 ± 2 
at 65° and 8 ± 1 at 85°. The constancy of h'/h 
is considered, therefore, as additional evidence 
favoring the postulated mechanism. Incidentally, 
determination of &i'/&i's yields a relative value for 
the chain transfer constants of solvents toward 
methyl radicals. Thus, the data reported in refer­
ence lb, and in the present paper, lead to the fol­
lowing relative values of chain transfer constants at 
85° 

isooctane: toluene:methyl ethyl ketone = 1:3:9 

TABLE II 

COMPARISON OF kt/ki IN ISOOCTANE AND hilW IN METHYL 

ETHYL KETONE 

Monomer 

1,1-Diphenylethylene 
Styrene 

Diethyl maleate 
Vinyl acetate 

ki/W in (A2/A1)/ 
ki/ki in methyl ethyl (ki/k\') = 

isooctane ketone ki /ki 

T = 65° 

1590 180 8.9 
792 88 9.0 
263 22.4 11.7 

31 3 .8 8.2 

T = 85° 
980° 
651 
162 
27.5 

0 A value intrapolated from T = 

1,1-Diphenylethylene 
Styrene 

Diethyl maleate 
Vinyl acetate 

180 
88 
22.4 

3.8 

130 
94 
16.8 
3.7 

86.5°. 

The average values of the &2/&i's listed in Table I 
are summarized in Table III. The third column of 

(8) These results induced us to investigate the character of poly­
merization in isooctane solution. Results, which will be reported later, 
seem to indicate that the polymerization is somehow inhibited by this 
solvent. 
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this table contains the differences of activation en­
ergies of the methyl radical addition reactions and 
the activation energy of the abstraction of a hydro­
gen atom from isooctane by a methyl radical. The 
values quoted for styrene and for stilbene were ob­
tained from Fig. 1. In view of the narrow tem-

5.000 — 

2 9 0 0 -

2 800 . 

2 700-

2 60C" 

^ 2 5COi 

o 2 4C0l 

2 3OUr -

2 2 0 0 | 

Fig. 1.—Each point represents an average of 3 or 4 ex­
periments carried out at 55, 65, 75, and 85°. The lines 
drawn correspond to E.% — Ei = 3.0 keal./mole for styrene 
and 2.4 kcal./mole for stilbene. 

perature range within which these reactions were 
studied, the accuracy of these activation energies is 
not better than ± 1-2 kcal./mole. The last col­
umn of Table I I I contains the values for the methyl 
affinities of the studied compounds, i.e., the values 
of the relative rate constants (&o) of methyl radicals 
addition reactions referred to the scale in which the 
rate constant of addition of methyl radicals to ben­
zene has been assumed to be unity. The uniform 
scale of methyl affinities has been introduced in 
order to facilitate the comparison of reactivities of 
various aromatic and olefinic compounds toward 
methyl radicals. 

TABLE III 

M o n o m e r 

S ty rene 
a - M e t h y l s t y r e n e 
1 ,1-Diphenyte thylene 
( rans -S t i lbene 

fe/fci 
a t r>.->° 

792 ± 20 
920 ± 47 

1590 = 3S 
1 04 . Ji = 4 

h/h 
a t 85° 

(551 d= 15 
755 =fc 40 
895 = 42" 

84 - 9 

AE, 
k c a l . / 
mole 

- 3 . 0 
— 2 5 
- 0 . 5 
- 2 . 4 

M e t h y l 
af­

finity 
1030 
ISS)O 
2240 

205 
1 ,1 ,2-Tr iphenyle thy lene 4(1 ± 4 5 34 -•: 1 - 3 . f i K 
Tetraphenylethylene <10 <I0 . . . <25 

" This value was obtained at 80.5°. 

Discussion 
Two procedures may be adopted in discussing 

the reactivities of the investigated phenylated 
ethylenes. In the first procedure the experimen­
tally determined values of E2 — Ei combined with 
the determined relative values of k2's are used for 
calculating the changes in the activation energies 
and the entropies of activation resulting from the 
variation of the structure of the olefin. This pro­
cedure is undoubtedly the most satisfactory and 
should be always recommended if the activation 
energies are determined with sufficient accuracy. 
However, we doubt whether this is the case in the 
present studies since the narrow range of tempera­
ture within which the reaction was studied,8a and 

(8a) The limitation in the temperature range resulted from the too 
slow rate of the decomposition of acetyl peroxide below 00° and too 
rapid above 90». 

perhaps the occurrence of some minor side reac­
tions, might lead to errors in activation energies as 
great as ± 2 kcal./mole. 

Wha t can be stated with certainty is this: (1) In all 
the cases investigated the activation energy of addi­
tion is lower than the activation energy of the hy­
drogen abstraction. In view of the high reactivity 
of these compounds, this conclusion seems to be 
plausible. (2) The activation energy for the addi­
tion is the lowest in the case of 1,1 diphenylethyl-
ene (i.e., AE is the most negative). This should be 
expected in view of the high resonance stabilization 
of the diphenylmethyl radical. 

The difficulties mentioned above force us to base 
the discussion of reactivities of the investigated 
phenylated olefins on the relative values of k-/s. 
Such procedure does not distinguish whether the 
change in the reactivity is caused by the change in 
activation energy or in entropy of activation; never­
theless, interesting conclusions can be drawn in 
spite of this limitation. 

I t was pointed out by Evans and his colleagues9 

tha t the reactivity of an olefin should increase with 
increasing resonance stabilization of the radical 
formed by the addition of another radical to the 
olefin. This behavior is illustrated by the series: 
styrene, a-methylstyrene and 1,1-diphenylethylene. 
The addition of methyl radicals to each of these ole­
fins probably takes place on the /3-carbon atom, and 
thus the following radicals are formed 

PhCHC5H5 

I 

PhC(CHOC2H5 

II 

Ph2CC2H5 

I I I 

I t is obvious tha t the resonance stabilization of 
these radicals increases in the above order. The 
increase in the resonance stabilization of I I as com­
pared with I is at tr ibuted to the hyperconjugation 
effect due to the presence of a methyl group, while a 
much more powerful effect, a t t r ibuted to the pres­
ence of an additional phenyl group, is expected in 
radical I I I . (Compare the resonance energy of 
benzyl radical with tha t of a diphenylmethyl radi­
cal.) These expectations are reflected in the deter­
mined methyl affinities which are 1630, 1890 and 
2240, respectively. 

I t is worth stressing tha t the above explanation 
attr ibutes the increase of methyl affinities to the 
decrease in activation energies of the respective 
reactions, and the experimental findings certainly 
do not contradict the theory. 

Let us now consider the reactivity of stilbene. 
The methyl affinity of this compound is appreciably 
lower than tha t of styrene, the decrease amounting to 
about one power of ten. The resonance stabiliza­
tion of the radical derived from stilbene, i.e. 

Ph -CH -CH(CH3) -Ph 

IV 
is approximately equal to the resonance stabiliza­
tion of radical I. On the other hand, the resonance 
energy of stilbene seems to be slightly higher than 
tha t of styrene (see Wheland1 0); and consequently, 
one would expect stilbene to be slightly less reactive 

(9) M. G. Evans, J. Gergely and K. C. Seaman, J. Polymer Sri.. 3, 
800 (1948). 

(10) G. W. Wheland, "The Theory of Resonance," John Wiley ami 
Sons, Tnc, New York, N. Y., 1944. 

-3.fi
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than styrene. However, the observed decrease in 
methyl affinity of stilbene seems to be much too 
great to be accounted for by this effect only.11 We 
suggest tentatively that another factor plays an 
important role in decreasing the reactivity of stil­
bene, namely, the steric hindrance. The investiga­
tion of methyl affinities of quinones12 demonstrated 
strikingly the importance of steric hindrance in the 
addition reactions of methyl radicals to C = C 
double bonds. These results suggest that the pres­
ence of a bulky phenyl group on the carbon atom 
which is attacked by a methyl radical decreases the 
probability of a reaction, and if this hypothesis is 
correct, we would expect a further considerable de­
crease in the reactivity, if two phenyl groups are 
substituted on each carbon atom of ethylene. The 
determination of the methyl affinity of tetraphenyl-
ethylene confirms this view entirely. The reactiv­
ity of this compound is so low that its methyl af­
finity could not be determined accurately, the up­
per limit, however, does not exceed 25. A further 
check of this hypothesis is provided by the investi­
gation of the reactivity of triphenylethylene. It 
would appear that the methyl affinity of this com­
pound should be one half of that of stilbene, since 
only one C atom of triphenylethylene would be 
available for the reaction (while two C atoms may 
participate in the reaction involving stilbene). How­
ever, one should take into account the increasing 
resonance stability of radical (V) which would en­
hance the reactivity of triphenylethylene, and the 

Ph2-C-C(CHs)-Ph 
V 

steric repulsion effect due to the presence of two 
phenyl groups in cis-configuration13 which would 
have an opposite effect on the reactivity. I t seems 
that the two opposing effects cancel each other, 
since the methyl affinity of triphenylethylene is 
approximately one-half of that of stilbene. 

The shielding effect of bulky groups should mani­
fest itself primarily in the pre-exponential factor, 
i.e., in the entropy of activation. Indeed inspection 
of Fig. 1 shows that the activation energies of these 
reactions are essentially the same for styrene and 
for stilbene. 

(11) To appreciate this point, let us compare the methyl affinities of 
styrene and 1,1-diphenylethylenc on one hand and of styrene and stil­
bene, keeping in mind that the increase in the resonance energy of di-
phenyl methyl radical as compared with benzyl radical is undoubtedly 
much greater than that in stilbene as compared with styrene. 

(12) A. Rembaum and M. Szwarc, T H I S JOURNAL, 77, 4468 (1955). 
(13) The studies of copolymerization indicate that the aVisomers 

are less reactive than the trans-isomers (see e.g., ref. 7). The results 
obtained in our laboratories confirm this observation. For example, 
the methyl affinities of diethyl fumarate and diethyl maleate were 
determined at 1950 and 400, respectively. This work will be dis­
cussed in detail in the second paper of this series. 

The last point which needs further discussion is 
the apparent inconsistency in the behavior of a-meth-
ylstyrene, which seems to be very reactive bu t a t 
the same time is reluctant to polymerize. One may 
suspect tha t the reactive methyl group terminates 
the polymerization by chain transfer reaction which 
would lead to an unreactive allyl type radical.14 If 
this were the case, then in our system additional 
methane would be formed by the reaction 

PhCH=CH2 + CH3 — > PhCH=CH2 + CH4 

CH3 CH2-

and the occurrence of this process would introduce 
an error in our calculation of methyl affinity. I t is 
reasonable to assume tha t the rate constant of the 
above reaction would be similar to the rate constant 
of reaction 

C6H5CH3 + CH3 — > C6H6CH2- + CH4 

and the latter was found to be about six times 
greater than the rate of addition of methyl radicals 
to toluene.16 Assuming further tha t the methyl 
affinity of toluene is about uni ty (i.e., similar to 
tha t of benzene), we conclude tha t the rate of addi­
tion of methyl radicals to a-methylstyrene is 600 
times faster than the rate of abstraction of hydro­
gen atoms. Consequently, the occurrence of the 
latter reaction can be safely neglected. 

The reluctance of a-methylstyrene to polymerize 
should be at t r ibuted to the difficulty with which the 
a-methylstyryl radical at tacks a-methylstyrene.14 

However, this monomer seems to be as reactive as 
styrene if it is at tacked by other radicals, e.g., the 
reactivity ratios r2 for the pairs methyl methacrylate 
radical-styrene and methyl methacrylate radical-
a-methylstyrene are both 0.5 (see ref. 17), and in 
the case of methacrylonitrile radicals, the values 
are 0.25 and 0.35, respectively. On the other hand, 
the corresponding values for r\ are much lower for 
a-methylstyrene, indicating tha t it is the reaction 
a-methylstyryl radical + a-methylstyrene which is 
slow. 
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(14) Similar situation arises in the polymerization of allyl acetate 
(see Bartlett, ref. 15). 

(15) P. D. Bartlett and R. Altshul, Tins JOURNAL, 67, 812, 810 
(1945). 

(16) Unpublished data from our laboratories. 
(17) See e.g., T. Alfrey, J. J. Bohrer and H. Mark, "Copolymeriza­

tion," Interscience Publishers, Inc., New York, N. Y., 1952. 


