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2- Propylazodiphenylmethane (PAD), cyclohexylazodiphenylmethane (CAD), 
benzylazodiphenylmethane (BAD) and 1-phenylethylazodiphenylmethane (PEAD) were prepared. 
These materials decomposed through first order reactions. The ease of decomposition increased in the 
order: CAD < PAD < BAD < PEAD, the rate being insensitive to the change in solvent. The rate constant 
of decomposition of PEAD was about twice that for 2,2'-azobisisobutyronitrile and that for CAD was 
nearly equal to that of benzoylperoxide. The initiation efficiencies were about 0.1 for CAD and PAD, 0.2 
for BAD and 0.45 for PEAD. Transfer of polymer radical to the above unsymmetrical azo compounds was 
not negligibly small. 
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INTRODUCTION 

It is well known that azobisalkylnitiriles initiate the 
polymerization of vinyl monomers. A typical azo 
compound is 2,2'-azobisisobutyronitrile (AIBN), which 
has been the most commonly used azo initiator. This 
decomposes effectively under conditions where the 
polymerization can be initiated, and its rate depends little 
on the kind of solvent L2. However, in vivo, AIBN gives 
HCN, and heating the polymers prepared using AIBN 
also liberates HCN 3. This shows that AIBN is toxic due, 
apparently, to cyano groups. Azo compounds which do 
not have cyano group have also been prepared by several 
workers 4-s. The rates of decomposition of 1-azobis-1- 
phenylethane 5 and 1,1'-diphenylmethylazomethane v 
were so small that they could not be conveniently 
compared with that of AIBN. However, the rates of 
decomposition of azobisdiphenylmethane 4 and 
phenylazotriphenylmethane 6 were about twenty times 
greater than that of AIBN. The above facts show that 
these azo compounds, which do not have a cyano group, 
do not decompose at a convenient rate under the normal 
polymerization conditions. However, they also suggest 
that unsymmetrical azo compounds, having a 
diphenylmethyl group and an alkyl or a 
monophenylmethyl group, may decompose at a rate 
similar to that of AIBN. 

In this report, 2-propylazodiphenylmethane (PAD), 
cyclohexylazodiphenylmethane (CAD), 
benzylazodiphenylmethane (BAD) and 1- 
phenylethylazodiphenylmethane (PEAD) were prepared 
by the following reaction process. 

Ph2C=O + H2NNH 2 ~ Ph2C=NNH 2 

or (CH2L_~__j~=O I - - I  R R' C=O 
Ph2C=NN=CRR' or Ph2CHNHNHCIH (CIH2) 5 

2H2' PtO2 r- Ph2CHNHNHCHRR' or Ph2CHNHNHC:H (CI H2) 5 

H202 { I 

--~ (CH3)2CHN=NCHPh 2(PAD), (CH2)sCHN=NCHPh 2 (CAD) 

PhCH2N=NCHPh 2 (BAD), PhCH{CH3}N=NCHPh 2 (PEAD) 
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where R is either H or CH 3 and R' is either CH 3 or Ph. 
The rates of their decompositions and their effectiveness 
as initiators in the polymerization of styrene are discussed 
and compared with those of AIBN and benzoylperoxide 
(BPO). 

EXPERIMENTAL 

Benzophenone hydrazone was obtained from equimolar 
amounts of hydrazine hydrate and benzophenone by 
heating in ethanol under reflux 4. Unsymmetrical ketone- 
azines were prepared by refluxing equimolar amounts of 
the benzophenone hydrazone and respective ketones 
(acetone, cyclohexane, benzaldehyde and acetophenone) 
in ethanol 9. Unsymmetrical hydrazone was prepared by 
the hydrogenation of 0.1 mol ketone-azine in acetic acid 
(70 ml) in the presence of an Adams catalyst at a pressure 
slightly above atmospheric at room temperature. As was 
reported for the preparation of azobisdiphenylmethane 5, 
it was convenient to remove the catalyst, neutralize the 
residual acetic acid with aqueous sodium bicarbonate, 
extract with ether, wash with water and boil off the ether. 
The oily product was oxidized in ethanol (70 ml) by a 
slight excess of 30% hydrogen peroxide for one day at 
room temperature. The resulting azo compounds were 
precipitated by adding water, extracted with ether, 
washed with water, dried over magnesium sulphate and 
concentrated. When the contaminants were removed by 
liquid chromatography, PEAD solidified (PEAD could 
be recrystallized from ethanol on standing at -25°C, 
without the chromatographic method). The other azo 
compounds were also purified by the chromatography. 
CAD and BAD solidified slowly, but PAD remained as an 
oil. The data are given in Table 1. 

The rate constants of decomposition were measured as 
described previously 1'2'4-8. Commercial styrene was 
purified and polymerized in the presence of the above 
unsymmetrical azo compounds, as described 
previously 1°. The conversion was below 10%. The chain 
length of the polymer was estimated from the intrinsic 
viscosity' 1. 

RESULTS AND DISCUSSION 

The rate constant, ka, of decomposition is shown in Table 
2. ka at 60°C increases in the order: 
PEAD > BAD > PED > CAD. The kd of PEAD is about 



Table I Data on unsymmetrical azo compounds 
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Analysis (%) 
Corn- Yield M. pt. 
pound (%)* (°C) C H N 

N.m.r. (ppm**)  

C6H 5 Ph2CH RR'CH CH 2 CH 3 

PAD 36 -- 81.2 7.2 11.5 a 
(80.7 7.6 11.8) b 

CAD 12 ~25 81.6 8.2 10.2 a 
(82.0 7.9 9.6) b 

BAD 60 ~20 84.7 6.6 9.6 a 
(84.0 6.3 9.8) b 

PEAD 72 37 83.9 6.7 9.2 a 
(84.0 6.7 9.3) b 

7.1--7.5(10H) 5.72(1H) 3.6-4.1 (1H) -- 1.2--1.35(6H) 

7.1--7.5 (10H) 5.75 (1H) 4.0--4.5 (1H) 1.2--2.0 (10H) - 

7.1--7.5 (10H) 5.76 (1H) -- 5 .2(10H) -- 

7 .0-7.5 (15H) 5.76 (1 H) 4.7--5.0 (1 H) -- 1.52--1.60 (3H) 

* From the unsymmetrical hydrazine 
* *  TMS standard 

a Found 
b Calculated 

Table 2 Rate constants of decomposition of the unsymmetrical 
azo compounds 

Temperature 
Compound (°C) Solvent 106 k d (s -1 )  

PAD 60.0 Ethylbenzene 5.4 
CAD 60.0 Ethylbenzene 3.8 
BAD 60.0 Ethylbenzene 6.7 
PEA D 50.0 Ethylbenzene 6.7 
P EA D 60.0 Ethy Ibenzene 25.6 
PEAD 65.0 Ethylbenzene 43.2 
PEAD 80.0 Ethylbenzene 310 
PEAD 80.0 Cyclohexanol 270 
PEAD 80.0 Dimethylformamide 433 
PEAD 99.0 Ethylbenzene 2500 

twice that of AIBN 2: ka = 9.9 x 10 6 s-  l at 60°C. The k d of 
CAD is nearly equal to kaBpo=2.76x10 -6 s -1 in 
benzene ~ 2. The dielectric constants of 
dimethylformamide, cyclohexanol and ethylbenzene are 
28.8, 9.39 and 2.26 at 80°C, respectively 13. However, the 
effect of the dielectric constant is not clearly seen in the 
rate constant of PEAD. Thus, as in the symmetrical azo 
compounds ~a, the rate of the decomposition of the 
unsymmetrical azo compound is not affected appreciably 
by the change in solvent. Application of the Arrhenius 
equation to the data for PEAD gives: 
k~ = 2.0 x 10~%xp( - 28800/RT) where R is a gas constant 
and T is absolute temperature. 

The data of the bulk polymerization of styrene are 
treated by~'~: 

[ M ] ( 1  __ CtrM ) ~- Ctr, +fkd EM] 
[ C ]  \ f i  ' R~ (1) 

where [M] and [C] are the concentrations of monomer 
and initiator, respectively; fi is chain length; f is the 
initiator efficiency; C,r M and Ctr  I a r e  the relative transfer 
constants to monomer and initiator, respectively, where 
CtrM= 6.0 x i0 5 is used 14 (Figure 1). From the intercepts 
of the lines, C,rl is estimated to be 0.04 (PAD), 0.04 (CAD), 
0.07 (BAD) and about 0.1 (PEAD). These values are 
nearly equal to the transfer constant for BPO 8"14. From 
the slopes and the ka values in Table 2, the f values are 
calculated to be 0.10 (PAD), 0.12 (CAD), 0.20 (BAD) and 
0.45 (PEAD). The f of PEAD is comparable with f~-0.5 
for AIBN and BPO 1<~5. However, the f values of PAD, 
CAD and BAD are considerably less than 0.5. 

It is therefore concluded that PEAD is recognized as 
one of the better initiators, because the yield in its 
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Figure I Kinetic analysis of  the data obtained in the polymerization 
of styrene initiated by PAD (0), CAD (El), BAD (O} and PEAD (O) 

preparation is high, f is nearly equal to that of AIBN and 
BPO and it does not have a cyano group and decomposes 
effectively under the usual polymerization conditions. 

A C K N O W L E D G E M E N T  

We wish to thank Y. Yamada in this Institute and M. Omi 
and T. Ito in Aichi Institute of Technology for their 
competent help in carrying out the present experiments. 

REFERENCES 

1 Overberger, C. G., O'Shaughnessy, M. T. and Shalit, H. J. Am. 
Chem. Soc. 1949, 71, 2661 

2 VanHook,  J.P. andTobolsky, A.J.  Am. Chem. Soc. 1958,80,779 
3 Rusin, V. Ya. Trudy Nauch. Srssii ieninggrad Nach.-Issle-dovatel. 

Inst. Gigieny Truda i Proszabolev 1958, 247; ibid 1962, 56, 2682f 
4 Cohen, S. G. and Wang, C. H. J. Am. Chem. Soc. 1955, 77, 2457 
5 Cohen, S. G., Groszos, S. J. and Sparrow, D. B. d. Am. Chem. Soc. 

1950, 72, 3937 
6 Cohen, S. G. and Wang, C. H. J. Am. Chem. Soc. 1953, 75, 5504 
7 Kopecky, K. R. and Gillan, T. Can. J. Chem. 1969, 47, 2371 
8 Brandrup, J. and Immergut, E. H. 'Polymer Handbook', John 

Wiley and Sons, Inc,, New York, Ch. II, 1966 
9 Elguero, J., Jacquero, R. and Marzin, C. Bull. Soc. Chim. France 

1957, 24, 713 
10 Ito, K. J. Polym. Sci., Polym. Chem. Edn. 1975, 13, 401 
11 Danusso, F. and Moraglio, G. J. Polym. Sci. 161, 24, 1957 
12 Barnett, B. and Vaughan, W. J. J. Phys. Chem. 1947, 51, 942 
13 Bass, S. G., Nathan, W. I., Meighan, R. M. and Cole, R. H. J. 

Phys. Chem. 1964, 68, 509; Kuwata, I. 'Kagaku Binran (Chemical 
Data Handbook)', Maruzen, Tokyo, 1966 

14 Mayo, F.R.,Gregg, R.A.  andMatheson, M.S .J .  Am. Chem. Soc. 
1951, 73, 1691 

15 Berger, K. C. Makromol. Chem. 1975, 176, 3575 

POLYMER, 1982, Vol 23, April 631 


