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THE ELECTRON RADlOLYSlS OF BENZENE-M-TERPHENYL 

ANDPERDEUTEROBENZENE-M-TERPHENYLMIXTURES 

SUMMARY 

Mixtures of benzene (also perdeuterobenzene) and m-terphenyl were ir- 

radiated with 6-Mev electrons. The primary polyphenyls products were biphenyl; 

o,m-, m,m-, and m,p-quaterphenyls; 1,2,3-, 1,2,4-, and 1,3,5-triphenylbenzenes; 

and approximately 21 of the possible hexaphenyls. The partial reactivities of 

the six distinguishable m-terphenyl positions were estimated from product 

distributions. Initial ' hexaphenyl product distributions were estimated for the 

radiolysis of m-terphenyl at  80°C. 
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THE ELECTRON RADlOLYSlS OF BENZENE-M-TERPHENYL 

AND PERDEUTEROBENZENE-M-TERPHENYLMIXTURES 

I. INTRODUCTION 

A model was proposed by Hutchinson et  a1 for separating the relative re- 

activities of the three distinguishable positions of'biphenyl. The relative positional 

reactivities were determined both for activated species formation and for 

scavenging reactions. A similar approach was used by the author which involved 
[ 11 studying benzene-biphenyl mixtures . 

The purpose of this research was to determine the relative reactivities 

of the six m-terphenyl positions with respect to activated species formation 

and scavenging reactions. 

11. EXPERIMENTAL 

The benzene (also perdeuterobenzene)-m-terphenyl mixtures were irradiated 

under the Linac at 80°C using 6-Mev (average) electrons. The irradiation time 

varied from two to three hours. Approximately one to two percent of the reactants 

were converted to product. 

The m-terphenyl was purified a s  described previously 12]. Perdeutero- 

benzene of 99.5 percent isotopic purity was obtained from Volk Radio Chemical 

Co. 

Benzene-m-terphenyl mixtures were placed in glass ampoules and degassed 

by a series of melt, freeze, and evacuation steps at 0.05 rnrn. The resultant 

samples were sealed and irradiated a s  described above. 

The analyses were completed using gas-solid chromatography 139 41 

Each irradiated sample of unknown composition was compared with known samples 

to obtain appropriate peak area correction factors. Two different types of columns 

were used. A five-foot, 20 percent LiCl (on firebrick) column was used to obtain 

total polyphenyl product yields and to separate 1,2,3-triphenylbenzene from p- 

terphenyl impurity. Five-foot columns packed with 35 to 50 percent CaC12 on 

firebrick were necessary ' to resolve the 1,3,5-triphenylbenzene and m,m- 

qilrt.terpheny1 pertka. 



Ill. RESULTS AND DISCUSSION 

The irradiation of pure m-terphenyl would be expected to produce a s  principal 

polyphenyl products 21 possible hexaphenyls. The first  expected event should 

be the generation of a reactive species: 

Each of the reactive species, a* for example, reacts with o r  is scavenged by - 
m-terphenyl to produce .hexaphenyls .of the type noted in Equation (2). 



Let a ,  b, c ,  d, e,  and f be the mole fraction yields of the a*, b*, etc, reactive - - - - -  -. 

species in Equation (1) such that: 

A reactive species may be scavenged by any of the six distinguishable positions 

on m-terphenyl. Let - A, - B, - C, -- D, E, and - F be the average probability that a giveh 

reactive species will be scavenged by.each of the positions (respectively) noted 

in F ~ I . ~ R R ~ .  (2). ~ h u s ,  

A series of equations can be set up to describe the relative yields of each of the 

21 hexaphenyl products in terms of reactive species and scavenging probabilities. 

For example, the mole fraction yield of m,o,m,m-hexaphenyl should be 

To .evaluate these reactive species and scavenging probabilities, the relative 

yields of at least 11 of the hexaphenyl products must be determined. This is 

not analytically possible at this time. 

However, the relative reactivities of the six m-terphenyl positions can be 

determined by studying the radiolysis of benzene-m-terphenyl and perdeutero- 

benzene-m- terphenyl mixtures. The basic mechanism appears to be 

* 
$1- (dl m-QI? - 

(benzene) 

where - A,-B, - - - -  C, D, E, and - F should be equivalent to those listed in Equations (2) 
and (4). Similarly, 



Experimentally, using GSC analyses, the biphenyl yield, the individual 

quaterphenyl yields, and the total hexaphenyl yield can be measured and expressed 

on a mole fraction basis: 

For the perdeuterobenzene and m-terphenyl mixtures, the initial polyphenyl 

product yields may be expressed as: 

Following a procedure described recently[51, the reactive species and scavenging 

probabilities were related to initial polyphenyl product yields from irradiated 

benzene-m-terphenyl rrlixtures by: 

Similarly, Equations (13), (14), and (15) were derived for the perdeuterobenzene- 
m-terphenyl system. 



* 
Where - n and - m refer to the probability of forming a g species from benzene 1 
and perdeuterobenzene,'respectively. - N and - M refer to the scavenging probabilities 

of benzene and perdeuterobenzene, respectively. 

Using the relationships noted in Equations (3), (4); (6), (7), (lo), (ll), and 

(12), the yield of o,m-quaterphenyl from' the benzene-m-terphenyl system should 

be: 

The two terms in Equation (16) arise from the two ways in which o,m-g4 can 

be formed. The first  term gives the mole fraction yield of o,m-quaterphenyl 

which should result from benzene activated species attackingor being scavenged 

by the ortho position of m-terphenyl: 

probability probability that probability that 
of forming the reactive ) ( the reactive ) 
a gl* reactive species chooses species reacts at 
species to react with m-El3 the ortho position 

of m-$f3 - - 
n (1-N) A 

The second term in ~ ~ u a t i o n  (16) gives the mole fraction yield of o,m-g4 which 

should result from m-terphenyl molecules activated in the ortho position (a*) 

attacking o r  being scavenged by benzene: 

probability probability that 
the m-g* reactive 
species is activated species will react 
in the ortho position 

. . 

(1-n) a N 



Similarly, the o,m-quaterphenyl yield from the perdeuterobenzene-m-terphenyl 

system should be: 

By substituting the values of n, N,  m, andM [,calculated from Equations (10) to - - -  - 
(15)] into Equations (16) and (17), - a andA - can be evaluated. Similarly, the follbw- 

ing sets of simultaneous equations may be solved to yield:, b, B, c ,  C, d, D, e, 

E, f, a.nd P, 

Since each of the systems studied had somewhat' different benzene/m- 

terphenyl and perdeuterobenzene/m-terphenyl mole ratios, the following re- 

lationships [51 were used to convert n 1.0' NlaO and also m and Mlm0 to the 1.0 
appropriate activated species and scavenging probabilities. 

n N1..O' 1.0' M1.O' and m refer to equal molar benzene and m-terphenyl 1.0 
mixtures. 

Table I lists duplicate analyses which were made to determine average 

m and M - values. Average values for nlmO and NlaO were obtained from a 1.0 1.0 
151 previous report by the author . 

Using the mole fraction quaterphenyl yields in Table I1 and the average 

n , .*, Nl,ao , mIa0, and MI values listed in Table I, the reactive species and 

, scavenging probabilities for each of the sixdistinguishable m-terphenyl positions 



TOTAL POLYPHENYL YIELDS FROM PERDEUTEROEEN~NE POLYPHENYL MIXTURES 

The values of m1.0 and Mloo which were used in all the calculations are ,, 

0.263 and 0.151,, respectively. The average nloo and N1.0 values which 
were used are 0,.&6 and 0.136, respectively, 

QUATERPHENYL YIELDS FROM THE RADIOLYSIS OF BENZENE-M-TERPHENYL 
AND PERDEUTEROEENZENE-M-TERPHENYL MIXTURES 



were determined. These results, listed in Table 111, were determined by compar- 

ing each of the perdeuterobenzene samples with each of the three benzene 

samples. 

TABLE I11 

REACTIVE .SPECIES AND SCAVENGING PROBABILITIES . 

OF IRRADIATED M-TERPHENYL; PARTIAL REACTION RATES 

*Standard deviation. 

Partial reaction rates were computed using the following 

Thus, each of the individual positions may be compared to the meta position with 

regard to reactive species formation and scavenging reaction. These partial 

reaction rates a r e  listed in Table 111. 



The values calculated for A, B, C, etc, represent the probability that an 

activated benzene species will be scavenged by each of the positions; o r  these 

values measure the relative reactivity of each of the m-terphenyl positions with 

respect to attack by an activated benzene species. If one assumes that other 

activated species such as  a*, b*, etc, attack the m-terphenyl molecule with the 

same relative frequency a s  the benzene reactive species, then the data in Table Ill 

can be used to predict the initial hexaphenyl product distribution obtained from 

the irradiation of pure m-terphenyl. 

Using Equation (5) and similar equations such as: 

Y m , ~ , p , m - 8 ~  = cC etc (36) 

The relative hexaphenyl yields from pure m-terphenyl were calculated and a r e  

listed in Table IV. 

The second colurxin in Table IV represents Hutchinson's predicted hexaphenyl 

distribution (for m-terphenyl radiolysis at 80°C). These predictions were based 
[ 61 upon biphenyl partial rate factors (lJ and the principle of additivity . 

For example, it was assumed that: 

where kA, kg, and kc refer to the scavenging partial rate factors of the ortho, 

meta, and para position of biphenyl, respectively; and kD, kg, and kF a re  the 

predicted partial rate factors for the three distinguishable positions on the 

center ring of m-terphenyl. The kA, kg, and k biphenyl values a r e  assumed C 
to be the same for m-terphenyl. The agreement between the two predicted 

hexaphenyl distributions in Table IV indicates that the additivity principle may 

be reasonably accurate for product predictions in complicated polyphenyl 

radiolytic studies. 



P m D I C T E D  I N I T I A L  HEXAPHENYL PRODUCT YIELDS 
FROM THE IRRADIATION O F  M-TERPHENYL 

m,p,m,m-hexaphenyl 
m,o,m,m-hexaphenyl 
2,4-diphenyl-3 1 -(3-xeny1)-biphenyl 
m;o,p,m- hexaphenyl 
2,4-diphenyl-4 -(3-xeny1)-biphenyl 
2,4-diphenyl-2 - (3-xeny1)-biphenyl 
m,m,m,m-hexaphenyl 
m, P, p,m-hexaphenyl 
m,o,o,m-hexaphenyl 
2,2 1 ,4,4 '-t etraphenyl-biphenyl 
2,6diphenyl-3 1 - (3 -xenyl) -biphenyl 
2,6-diphenyl-4 - (3 -xenyl) -biphenyl 
2,6-diphenyl-2 1 -(3-xeny1)-biphenyl 
2,6,2 1,4 1 -t etraphenyl-biphenyl 
3,5-diphenyl-3 -(3-xenyl) -biphenyl 
3,5-diphenyl-4 - (3 - x e d  -biphenyl 
3,5-diphenyl-2 1-(3-xenyl)-biphenyl 
2,4,3 1, 5 -tetraphenyl-biphenyl 
2,6,3 ' ,5 1-t etraphenyl-biphenyl 
2,6,2Q, 6 1-tetraphenyl-biphenyl 
3,5,3 ',5 1-tetraphenfl-biphenyl 

From m-pl? data 

11 0 4 
10.7 
10.2 
9 0 9 
8.5 
8.4 
5.8 
501 
4.6 
3 04 
3 03 
3 01 
3 00 
2.7 
2 03 
2.2 
2.1 
2.0 
0.6 
0.5 . 

o e 2  

From $2 da$a 

9.1 
lo. 9 
u.7 
9 00 
701 
11.0 
4.8 
3 01 
5.8 
3 08 
3 03 
2 0 4 
3 03 
20 7 
2 0 4 
2.3 
2b7 
2* 9 
0.8 
Oat$. 
003 . 

Improved analytical procedure and known hexaphenyls for reference"com- 

pounds would allow a direct and complete solution of the m-terphenyi problem. 

This work covers just one aspect of the extremely complicated radiation 

chemistry of polyphenyls. However, the approach can be expanded to include the 

formation and fate of hydroaromatics, the production of hydrogen and gaseous 

hydrocarbons, and secondary product formation when the data become available. 
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