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I N T R O D U C T I O N  

In t h e  c o n d u c t  o f  a n y  r a d i a t i o n  c h e m i s t r y  s tudy ,  i t  is i m p e r a t i v e  
t h a t  t h e  a m o u n t  o f  r a d i a t i o n  a b s o r b e d  by t h e  s y s t e m  b e  p r e c i s e l y  
k n o w n .  C h e m i c a l  d o s i m e t e r s ,  w h i c h  a b s o r b  e n e r g y  i n  a m a n n e r  
c l o s e l y  a p p r o a c h i n g  t h a t  o f  t h e  s y s t e m ,  a r e  prefer red  o v e r  i o n i z a -  
t ion  c h a m b e r s  o r  o t h e r  d e v i c e s .  T h e  most w i d e l y  u s e d  c h e m i c a l  
d o s i m e t e r  is t h e  F r i c k e  f e r r o u s - s u l f a t e  d o s i m e t e r ,  b u t  it is l i m i t e d  
to  a maximum d o s e  of a b o u t  50,000 rads.  F o r  t h e  powerfu l  radio-  
a c t i v e  gamma-ray s o u r c e s  now a v a i l a b l e ,  for  n u c l e a r  r e a c t o r s ,  a n d  
for  h i g h - i n t e n s i t y  a c c e l e r a t o r s , a  c h e m i c a l  d o s i m e t e r  of m u c h  h i g h e r  
d o s e  r a n g e  i s  required.  A r e a l l y  u s e f u l  d o s i m e t e r  i n  t h e  r a n g e  of 
106 th rough 108 r a d s  is n e c e s s a r y  f o r  many p h a s e s  o f  r a d i a t i o n  
work a n d  is of p a r t i c u l a r  a d v a n t a g e  when an i n t e g r a t e d  d o s e ,  r a t h e r  
t h a n  a n  i n s t a n t a n e o u s  d o s e  ra te ,  is n e e d e d  for  r a d i a t i o n  s o u r c e s  
wi th  t i m e - v a r i a b l e  i n t e n s i t i e s .  

Much s t u d y  of  r a d i a t i o n  m e a s u r e m e n t s  h a s  b e e n  made ,  1-5 b u t  
n o  fu l ly  s a t i s f a c t o r y  c h e m i c a l  d o s i m e t e r  h a s  b e e n  d e v e l o p e d  f o r  
t h e  h i g h  C e r i c  s u l f a t e ,  a l t h o u g h  s e n s i t i v e  t o  i m p u r i t i e s  
a n d  formerly u s e f u l  o n l y  i n  t h e  lo6 to lo '  range ,  h a s  r e c e n t l y  b e e n  
e x t e n d e d  to 1.4 x 10' r a d s ,  b u t  t h i s  a p p e a r s  t o  b e  a b o u t  t h e  l i m i t  
b e c a u  se o f  s o l u b i l i t y  pro  bl e m  s. N i t  ril es, e s p e c i  a1 1 y a c e t  roni  t ri 1 e, 
w e r e  c h o s e n  a s  s y s t e m s  f o r  e v a l u a t i o n .  T h e y  a r e  normal ly  q u i t e  
s t a b l e ,  c a n  b e  e a s i l y  p u r i f i e d ,  h a v e  l o w  c r o s s  s e c t i o n  for  n e u t r o n  
a c t i v a t i o n ,  a n d  s h o u l d  g i v e  CN c o m p o u n d s  on r a d i o l y s i s  w h i c h  
c a n  b e  d e t e c t e d  i n  l o w  c o n c e n t r a t i o n .  

T h e  s t u d y  of n i t r i l e s  a f f o r d s  t h e  o p p o r t u n i t y  to e x a m i n e  t h e  
r a d i o l y s i s  p r o d u c t s  a n d  g a i n  some u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m  
involved .  Also, it e n a b l e s  d e t e r m i n a t i o n  o f  w h e t h e r  r a d i a t i o n  from 
a n  a c c e l e r a t e d  e l e c t r o n  beam d i f f e r s  i n  its a c t i o n  from c o b a l t - 6 0  
gamma- rad ia t ion .  E n e r g y  d e p e n d e n c e  w o u l d  p r o b a b l y  n o t  b e  a 
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factor,a.-lz b u t  t h e  h i g h  i n s t a n t a n e o u s  d o s e  r a t e  from t h e  l i n e a r  
a c c e l e r a t o r ,  w h i c h  w a s  a p p r o x i m a t e l y  o n e - h a l f  m i l l i o n  t i m e s  t h a t  
from t h e  i s o t o p e  s o u r c e ,  m i g h t  c o n c e i v a b l y  a l t e r  t h e  r e a c t i o n  
y i e l d  G v a l u e  ( m o l e c u l e s  a f f e c t e d  p e r  100 e l e c t r o n  v o l t s  o f  e n e r g y  
absorbed) .  T h e  m o s t  d i r e c t  w a y  t o  m e a s u r e  t h e  a b s o r b e d  d o s e  from 
t h e  beam w o u l d  b e  to d e t e r m i n e  c a l o r i m e t r i c a l l y  t h e  h e a t  d e v e l o p e d  
p e r  u n i t  mass  at t h e  l o c a t i o n  of i n t e r e s t ,  b u t  Whyte” i n d i c a t e d  
t h a t  t h i s  a s  y e t  h a d  n o t  p r o v e d  e x p e r i m e n t a l l y  f e a s i b l e .  

E X P E R I M E N T A L  P R O C E D U R E  

E q  uipnient  

T h e  c o b a l t - 6 0  s o u r c e  h a d  a n o m i n a l  29,100 c u r i e s ,  a n d  i r r a d i a -  
t ion  d o s e  r a t e s  w e r e  g e n e r a l l y  from 0.4 t o  0.7 m e g a r a d s  p e r  hr. T h e  
l i n e a r  a c c e l e r a t o r  w a s  a n  A p p l i e d  R a d i a t i o n  C o r p o r a t i o n  Model  
1-F4. I t  w a s  o p e r a t e d  at  1.2 t o  2.1 k i l o w a t t s ,  w i t h  a beam c u r r e n t  
of  457 t o  560 m i c r o a m p e r e s ,  360 p u l s e s  p e r  sec., maximum e l e c t r o n  
e n e r g y  o f  6 mev,  a n d  a v e r a g e  e n e r g y  of 3.5 t o  4 mev.  A t  10  micro-  
s e c o n d  p u l s e  l e n g t h ,  t h e  i n s t a n t a n e o u s  d o s e  r a t e  w a s  a p p r o x i m a t e l y  
6.7 x lo’  r a d s  p e r  sec., o r  484,000 t i m e s  t h a t  from t h e  i s o t o p e  
s o u r c e .  

Analytical h! et hods 

R a d i o l y s i s  p r o d u c t  i d e n t i t i e s  a n d  y i e l d s  w e r e  d e t e r m i n e d  by a 
c o m b i n a t i o n  of inf ra - red ,  l o w  a n d  h i g h  mass ,  a n d  n u c l e a r  m a g n e t i c -  
r e s o n a n c e  s p e c t r o s c o p y ,  by gas  c h r o m a t o g r a p h y ,  a n d  by  C N  a n a l y -  
sis. T h e  l a t t e r ,  w h i c h  w a s  t h e  t e s t  u s e d  for  d o s i m e t r y ,  w a s  d o n e  
by t h e  m e t h o d  o f  Schilt.14 T h i s  is a c o l o r i m e t r i c  d e t e r m i n a t i o n  i n  
which  fe r ro in  * f o r m s  a v i o l e t  - c o l o r e d  c o m p l e x  w i t h  C N  a f t e r  s u i t -  
a b l y  b u f f e r i n g  a n d  h e a t i n g  t h e  s a m p l e  a n d  r e a g e n t  i n  a b o i l i n g  
w a t e r  b a t h  f o r  e x a c t l y  15 min. T h e  C N  c o n t e n t  is b a s e d  o n  c a l i b r a -  
t i o n  c u r v e s ,  p r e p a r e d  by  u s i n g  s t a n d a r d  KCN s o l u t i o n s .  

C a l o r i m  eier 

C a l o r i m e t e r s  w e r e  b u i l t  so t h a t  t h e  c o n t a i n e d  l i q u i d  a b s o r b e d  
a l l  of a c o l l i m a t e d  $4 in .  d i a m e t e r  e l e c t r o n  beam. T h e  e n e r g y  ab- 
s o r b e d  w a s  m e a s u r e d  a s  t e m p e r a t u r e  r i s e  of  t h e  c a l o r i m e t e r  l iqu id .  
C o r r e c t i o n s  w e r e  m a d e  for  e n e r g y  a b s o r b e d  i n  t h e  3.5 mil. t h i c k  
a luminum window (1.5 p e r  c e n t )  a n d  f o r  t h e  h e a t  o f  r e a c t i o n  of t h e  

*Ferroin i s  t r i s  (1, 10-phcnanthroline) - iron (11) ion. 
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r a d i o l y s i s  p r o d u c t s  (2.5 p e r  cent). T h e  c o n c u r r e n t  c h e m i c a l  c h a n g e  
o f  t h e  l i q u i d ,  m a t c 3 e d  a g a i n s t  t h e  e n e r g y  a b s o r p t i o n ,  g a v e  t h e  
a b s o l u t e  m e a s u r e  of t h e  r a d i a t i o n  G va lue .  H e a t  l o s s  from t h e  
c a l o r i m e t e r  w a s  minimized  a n d  k e p t  c o n s t a n t  a n d  reproducib le .  
C a l i b r a t i o n  w a s  d o n e  by m e a s u r i n g  t e m p e r a t u r e  r i s e  d a t a  w h e n  
a d d i n g  known a m o u n t s  of e l e c t r i c a l  e n e r g y  to r e s i s t a n c e  c o i l s  i n  
t h e  ca lor imeter .  C a l c u l a t i o n s  of e n e r g y  a b s o r b e d  w e r e  b a s e d  o n  
t h e  p r o d u c t  of w e i g h t  (El) a n d  s p e c i f i c  h e a t  (C,’ of t h e  a c e t o n i t r i l e ,  
a n d  t h e  a d j u s t e d  t e m p e r a t u r e  r i s e  (AT). The l a t t e r  w a s  d e t e r m i n e d  
by t h e  m e t h o d  o f  White.lstI6 T h e  same p r o c e d u r e  f o r  both c a l i b r a -  
t i o n s  a n d  a c t u a l  r u n s  e l i m i n a t e d  t h e  n e e d  t o  m e a s u r e  h e a t  loss. 

T h e  c a l o r i m e t e r  v e s s e l  a t t a c h e d  t o  t h e  c o l l i m a t o r  a n d  bottom 
e n d  of t h e  l i n e a r  a c c e l e r a t o r  i s  s h o w n  i n  F I G U R E  1 a n d  t h e  com- 
p l e t e  a s s e m b l y  is s h o w n  i n  F I G U R E  2. 

F I G  U R  E 1. Calorimeter v e s s e l  a t tached t o  co l l imator  and l inear  
a c c e l e r a t o r .  
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F I G U R E  2.  C o m p l e t e  c a l o r i m e t e r  a s s e m b l y .  

E X P E R I M E N T A L  R E S U L T S  

G am ma-f rradia t ion 

Dosimetry.  H i z h l y  pur i f ied  a c e t o n i t r i l e  s a m p l e s ,  e i t h e r  s e a l e d  
in t u b e s  a f t e r  c o m p l e t e  a i r  removal  o r  e n c l o s e d  i n  s c r e w - t o p  v i a l s  
u n d e r  a n i t r o g e n  a t m o s p h e r e ,  w e r e  i r r a d i a t e d  i n  t h e  CO-60 s o u r c e  
p r e v i o u s l y  c a l i b r a t e d  by t h e  f e r r o u s  s u l f a t e  dos imeter . "  C o r r e c t i o n s  
w e r e  m a d e  for  r e l a t i v e  e l e c t r o n  d e n s i t y  of a c e t o n i t r i l e  t o  s u l f a t e  
s o l u t i o n  (0.9686). The r a d i o l y s i s  r e a c t i o n  w a s  m e a s u r e d  by C N  
a n a l y s i s  and  e x a m i n a t i o n  of d i f f e r e n t i a l  in f ra - red  s p e c t r a .  I t  w a s  
o b s e r v e d  t h a t  t h e  CN y i e l d  w a s  n o t  d u e  to f r e e  H C N ,  a s  i n i t i a l l y  
e x p e c t e d ,  bu t  r a t h e r  to a n o n v o l a t i l e  c o m p o n e n t  o r  po lymer .  
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Variables. T h e  e f f e c t s  of a number  of v a r i a b l e s  w e r e  de te rmined .  
T h e  r e s u l t s  o f  t h e  a d d i t i o n  of  w a t e r ,  o x y g e n ,  a n d  m e t a l s  a r e  shown 
i n  F I G U R E  3, T A B L E  1, a n d  T A B L E  2, r e s p e c t i v e l y .  Water  c a u s e s  
a n  i n c r e a s i n g  a n d  t h e n  d e c r e a s i n g  y i e l d  of  CN a n d  s h o u l d  b e  com- 
p l e t e l y  a b s e n t  from t h e  d o s i m e t e r  l iqu id .  Al though a i r  d o e s  n o t  
a p p e a r  t o  h a v e  a m a j o r  e f f e c t ,  o x y g e n  i n c r e a s e s  t h e  a p p a r e n t  C N  
y i e l d ,  r e d u c e s  a c h a r a c t e r i s t i c  in f ra - red  a b s o r p t i o n  p e a k  a t  4.58 
m i c r o n s  a n d  g i v e s  i n d i c a t i o n  of c a r b o n y l  m a t e r i a l  b e i n g  formed. 

0 l o z o w w 5 o  
PER CENT WATER 

F I G U R E  3.  E f f e c t  o f  w a t e r  o n  r a d i o l y s i s  o f  a c e t o n i t r i l e .  

Both  o x y g e n  a n d  a i r  s h o u l d  b e  e x c l u d e d  d u r i n g  i r rad ia t ion .  T h e  
m e t a l s  o f  T A B L E  2 h a d  n o  a p p a r e n t  c a t a l y t i c  e f f e c t  a s  judger! by 
C N  a n d  i n f r a r e d  a n a l y s i s ,  a n d  therefore ,  s h o u l d  b e  p e r m i s s i b l e  i n  
r a d i a t i o n  t u b e s  o r  c a l o r i m e t e r  equipment .  C o p p e r ,  h o w e v e r ,  w a s  
very  b a d l y  a t t a c k e d  by  t h e  n i t r i l e  d u r i n g  i r r a d i a t i o n  ( p o s s i b l y  d u e  
to  NH, o r  a m i n e  p r o d u c t s )  a n d  c a n n o t  b e  u s e d .  A s e r i e s  of r u n s  a t  
t e m p e r a t u r e s  from 75' F. t o  140' F. s h o w e d  n o  thermal  i n f l u e n c e ,  
a s  i n d i c a t e d  by t h e  f o l l o w i n g  t a b u l a t i o n :  

R e l a t i v e  C N  y i e l d  p e r  
T e m p e r a t u r e ,  F. e q u i v a l e n t  d o s e  

75 6.67 
100 6.56 
120 6.38 
140 6.44 

A v e r a g e  6.51 
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T A B L E  1 

E F F E C T  O F  O X Y G E N  O N  R A D I O L Y S I S  O F  A C E T O N I T R I L E  

O x y g e n  

N o n e  
Ai?  saturated 
A i r  saturated 

N o n e  
0 ,  saturated 

N o n e  
0, saturated 

N,  saturated 

0, saturated 

D o s e  
rads  x lo7 

5.20 
5.20 
5.20 

7.61 
7.61 

15.94 
15.94 

5.38 

5.38 

C N  y i e l d  
wt.  per  c e n t  

0.11 
0.11 
0.12 

0.167 
0.211 

0.305 
0.321 

0.133 

0.150 

Infra-red absorpt ion 
a t  4 . 5 8 , ~ .  

0.258 
0.228, Carbonyl  

0.145 T r a c e  
carbonyl  

0.135 Carbonyl 

However,  irradiation of a s e a l e d  sample  at t h e  boi l ing  point  (180' 
F.) produced v i s i b l e  polymer which c a m e  out o f  so lut ion.  The 
phase separation rn a d e  sampl ing  diff icult  and re lat ive  v a l u e s  varied 
f r o m  9 . 3 8  to 11.7. B o i l i n g  a l o n e  g a v e  a zero CN y i e l d .  

T A B L E  2 
E F F E C T  O F  M E T A L S  O N  R A D I O L Y S I S  O F  A C E T O N I T R I L E  

Metal 

N o n e  

N o n e  

Plat inum 

Chrome1 A 

N i c k e l  

Nichrome 

Aluminum 

A v e r a g e  v a l u e  

Standard d e v i a t i o n  
from a v e r a g e  

CN y i e l d  
wt.  per c e n t  

0.410 

0.394 

0.399 
0.408 

0.402 

0.404 

0.418 

0.405 

0.0248 

Infra-re, 
2.98p 

0.080 

0.082 

0.080 

0.080 

a b s o r b e  
4 . 5 8 p  

0.056 

0.058 

0.058 

0.058 

:es* 
6.08 p 

0.163 

0.164 

0.162 

- 

0.162 

- 
D o s e .  1 4 . 4  X lo' rads;  s e a l e d  i n  tube. 

5 0 - m i c r o n  c e l l ,  no m u l t l p l i c a t l o n .  T h e s e  p e a k s  a r e  f o r m e d  p r o p o r t i o n a l  to 
r a d i a t i o n  d o s e .  
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D a t a  i n  a s i m i l a r  v e i n  s h o w e d  n o  e f f e c t  f o r  e x p o s u r e  o f  a c e t o -  
n i t r i l e  to u l t r a v i o l e t  l i g h t  e i t h e r  b e f o r e  o r  a f t e r  gamma- i r rad ia t ion .  
H o w e v e r ,  f o r  good h a n d l i n g  t e c h n i q u e ,  e x c e s s i v e  e x p o s u r e  t o  b r i g h t  
s u n l i g h t  s h o u l d  b e  a v o i d e d .  

D o s i m e t e r  Correlation - D o s e  v e r s u s  CN Y i e l d  for A c e t o n i t r i l e  

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  y i e l d  o f  C N  a n d  t h e  d o s e  a p p e a r s  
t o  b e  l i n e a r  o v e r  s h o r t  r a n g e s ,  bu t  w h e n  p l o t t e d  o v e r s e v e r a l d e c -  
a d e s ,  t h e  y i e l d  t e n d s  to fall off s l o w l y .  A p l o t  of t h e  logar i thm of  
C N  y i e l d  a s  w e i g h t  p e r  c e n t  v e r s u s  t h e  logar i thm of d o s e  i n  m e g a -  
r a d s  g i v e s  a s t r a i g h t  l i n e  o v e r  t h e  e n t i r e  e x t e n t  o f  t h e  da ta .  T h i s  
is s e e n  i n  F I G U R E  4. I n  o r d e r  to e s t a b l i s h  t h e  l i n e  wi th  p r e c i s i o n .  

I .o 
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0 
a * I  

.06 
6 3 .03 
d 
w .01 
2. EQUATION OF LINE 
0 CN = .0050 (DOSE)'8245 

.006 

.003 CEGEPlO 
0 TUBES 
A VIALS 

.oo I 
. I  .3 .6 I 3 6 10 30 60 100 300600 1000 

DOSE, MEGARADS 
F I G U R E  4. Radio lys i s  of acetonitri le .  Y ie ld  of CN a s  a function of 

d o s e .  Irradiation in tubes and v ia l s .  

t h e  d a t a  w e r e  p r o c e s s e d  o n  t h e  IBM 650 c o m p u t e r  u s i n g  a s t a n d a r d  
s t e p - w i s e  r e g r e s s i o n  program.'O T h e  c o m p u t a t i o n  s h o w e d  t h a t  t h e  
l o g a r i t h m i c  e q u a t i o n  o f  t h e  s t r a i g h t  l i n e  is: In C N  = -5.298 
+0.8245 I n d o s e .  T h i s  c a n  b e  c o n v e r t e d  t o  t h e  form Y = a(X)bor:  

C N  = 0.0050 ( D o s ~ ; ~ - ~ ~ ~ '  T h e  program i n d i c a t e d  a h i g h  d e g r e e  o f  
c o r r e l a t i o n  f i t  a n d  s h o w e d  t h a t  t h e  l o g - l o g  r e l a t i o n s h i p  w a s  real .  
T h e  i n d i v i d u a l  v a l u e s  of  C N  y i e l d  w e r e  c a l c u l a t e d  from t h e  e q u a -  
t ion  a n d  c o m p a r e d  to t h e  e x p e r i m e n t a l  C N  v a l u e s .  T h e  d i f f e r e n c e  
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b e t w e e n  t h e  t w o ,  d i v i d e d  by t h e  c a l c u l a t e d  v a l u e s  a n d  m u l t i p l i e d  
by 100, g a v e ,  in a s e n s e ,  t h e  p e r  c e n t  by w h i c h  t h e  e x p e r i m e n t a l  
C N  v a l u e s  d i f f e r e d  from t h e  c o r r e l a t i o n  f i t .  T h e  a v e r a g e  d i f f e r e n c e  
w a s  6.02 p e r  c e n t  wi th  a s t a n d a r d  d e v i a t i o n  of 7.78. 

D e t a i l e d  d a t a  a r e  n o t  shown h e r e ,  b u t  i t  w a s  f o u n d  t h a t  i r r a d -  
i a t i o n  i n  t h e  a t m o s p h e r e ,  r a t h e r  t h a n  b e l o w  w a t e r  i n  t h e  i s o t o p e  
s t o r a g e  w e l l ,  a n d  u s e  of s e a l e d  t u b e s ,  r a t h e r  t h a n  n i t r o g e n - b l a n k e t e d  
s c r e w - c a p p e d  v i a l s ,  p e r m i t t e d  i m p r o v e d  p r e c i s i o n .  

C a l o r i m e t e r  iiluns on t i le  Linear L 4 c c e l e r a t o r  

C a l i b r a t i o n .  A s  p r e v i o u s l y  d e s c r i b e d ,  t h e  c a l o r i m e t e r s  w e r e  
c a l i b r a t e d  u n d e r  c o n d i t i o n s  s i m u l a t i n g  a c t u a l  r u n s  a s  c l o s e l y  a s  
p o s s i b l e .  A summary  o f  e f f i c i e n c i e s  b a s e d  o n  l i n e a r  A T  a d j u s t -  
m e n t  i s  s h o w n  i n  T A B L E  3. 

T A B L E  3 
SUMMARY O F  C A L I i 3 R A T I O N  E F F I C I E N C I E S  - L I N E A R  A D J U S T M E N T  

C a  

A v e r a g e  

) r i m e t e r  no. 3 

A v e r a g e  

E f f i c i e n c y  
p e r  c e n t  

8 5.66 

86.95 

86.76 

85.47 

86.88 

86.34 

83.76 

83.66 

82.52 

83.43 

83.12 

82.40 

83.15 

D iff  e re n c  e 
from a v e r a e e  

-0.68 

f 0 . 6 1  

f O .  42 

-0.87 

+O. 54 

Std. error 0.718 

+0.61 

+0.51 

-0.63 

fQ.28 

-0.03 

+0.03 

S t d .  error 0.528 

Per c e n t  
d i f f e r e n c e  

-0.79 

+0.71 

+0.49 

-1.01 

+0.62 

+0.73 

+0.61 

-0.76 

+0.34 

-0.04 

+0.04 
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C'alorirneter r u n s .  T h e  a c c e l e r a t o r  w a s  a d j u s t e d  to g i v e  t h e  
d e s i r e d  beam,  a n d  w h e n  o p e r a t i o n  w a s  s t a b i l i z e d  i t  w a s  t u r n e d  
off so t h a t  t h e  f i l l e d  c a l o r i m e t e r  c o u l d  b e  a t t a c h e d  a n d  thermo-  
c o u p l e s  c o n n e c t e d .  T h e  m a c h i n e  w a s  a g a i n  t u r n e d  o n  a n d  q u i c k l y  
r e a d j u s t e d  t o  o p e r a t i n g  c o n d i t i o n s  , a n d  t h e r e a f t e r ,  h e l d  c o n s t a n t .  
Af te r  s h u t d o w n ,  t e m p e r a t u r e  m e a s u r e m e n t s  w e r e  c o n t i n u e d  f o r  a b o u t  
15 min. t o  g e t  a n  a d e q u a t e  c o o l i n g  curve .  C a l c u l a t i o n s  of d o s e  
w e r e  m a d e  by u s i n g  both l i n e a r  a n d  s e m i - l o g  p l o t  a d j u s t m e n t s  of 
A T .  R e s u l t s  by e a c h  m e t h o d  w e r e  c l o s e ,  a s  w a s  e x p e c t e d ,  a n d  
t h e  v a l u e s  w e r e  a v e r a g e d .  T y p i c a l  d a t a  for  t h e  l i n e a r  a d j u s t m e n t  
a r e  s h o w n  i n  T A B L E  4, a l o n g  with a summary  of s e m i - l o g  a n d  
a v e r a g e  d o s e s .  

A n a l y t i c a l  X e s u l t s ,  C a l o r i m e t e r  R u n s ,  a n d  C o r r e l a t i v e  CO-60 i: u n s  

T h e  e l e c t r o n  i r r a d i a t e d  c a l o r i m e t e r  p r o d u c t s  w e r e  a n a l y z e d  for  
g a s ,  l i q u i d ,  po lymer ,  a n d  C N  y i e l d s .  T w o  r u n s  w e r e  also m a d e  wi th  
t h e  c a l o r i m e t e r s  a r r a n g e d  i n  t h e  c e n t e r  o f  t h e  c o b a l t - 6 0  s o u r c e  
a r r a y  a n d  i r r a d i a t e d  t o  a d o s e  of 1.04 x lo '  r a d s .  P r o d u c t s  w e r e  
a n a l y z e d  i n  t h e  same m a n n e r  a s  t h e  a c c e l e r a t o r  runs .  T h e  rad io ly-  
sis o f  a l i m i t e d  number  o f  s e a l e d  r a d i a t i o n  t u b e s  o f  a c e t o n i t r i l e  
w e r e  a l s o  m a d e  o n  t h e  c o b a l t  s o u r c e  a t  d o s a g e s  c o m p a r a b l e  to t h e  
c a l o r i m e t e r  runs .  T h i s  w a s  d o n e  so t h a t  a n a l y s e s  of s a m p l e s  from 
t h e  t u b e s  c o u l d  b e  i n t e r s p e r s e d  w i t h  t h o s e  o f  t h e  c a l o r i m e t e r s  t o  
m i n i m i z e  t h e  e f f e c t  o f  p o s s i b l e  s y s t e m a t i c  e r rors .  T h e  CN y i e l d s  
a n d  G v a l u e s  a r e  s h o w n  i n  T A B L E  5 ,  a n d  t h e  C N  d a t a  a r e  p l o t t e d  
in  F I G U R E  5. I t  may be  s e e n  t h a t  t h e  i n t e r n a l  a g r e e m e n t  of t h e  
group is q u i t e  good.  B e c a u s e  of t h e  n o n l i n e a r  r e l a t i o n s h i p  b e t w e e n  
C N  y i e l d  a n d  d o s e ,  t h e  G v a l u e s  also v a r y  wi th  d o s e .  H o w e v e r ,  
o v e r  a narrow range ,  t h e  G v a l u e s  s h o u l d  b e  r e l a t i v e l y  c o n s t a n t ,  
a n d  t h e r e f o r e ,  t h o s e  for  t h e  c a l o r i m e t e r  r u n s  h a v e  b e e n  a v e r a g e d  
(GcN = 1.42) a n d  c o m p a r e d  t o  t h e  a v e r a g e  of t h e  c o r r e l a t i v e  co- 
b a l t - 6 0  d a t a  ( G c N  = 1.38) o v e r  t h e  s a m e  narrow d o s e  r a n e e  (6-15 
megarads) .  T h i s  u n c o r r e c t e d  d i f f e r e n c e  is 2.85 p e r  c e n t .  H o w e v e r ,  
a s  t h e  s u b s e q u e n t  s e c t i o n s  s h o w ,  t h e  r e q u i r e d  c o r r e c t i o n  t o  t h e  
c a l o r i m e t e r  i s  a four  p e r  c e n t  r e d u c t i o n  i n  dose. T h i s  i n c r e a s e s  
the G,, v a l u e  to 1.48 a n d  r e p r e s e n t s  a p o s s i b l e  d i f f e r e n c e  from 
c o b a l t - 6 0  of  7.0 p e r  cent .  T h i s  is n o t  c o n s i d e r e d  s i g n i f i c a n t .  

T h e  a b o v e  i n d i c a t e s  a n  a b s e n c e  of d o s e - r a t e  d e p e n d e n c e  up  
to t h e  6.7 x 10' r a d s  p e r  sec. u s e d  h e r e  a n d  is  c o n s i s t e n t  with 
t h e  r e s u l t s  of Sut ton  a n d  R0t tb1a t . l~  J lo T h e y  found wi th  a 15 mev 
a c c e l e r a t o r  t h a t  t h e r e  w a s  n o  c h a n g e  i n  G v a l u e  for  f e r r o u s  s u l f a t e  
b e l o w  7.6 x lo '  r a d s /  sec., a l t h o u g h  i t  d i d  d e c r e a s e  at h i g h e r  r a t e s .  
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Accelerator 
run no. 

7 

9 

11 

13  

A 

€3 

T A ~ L E  5 

COMPARISON O F  L I N E A R  A C C E L E R A T O R  A N D  COBALT-60 
R A D I O L Y S I S  Y I E L D S  O F  CN 

Product C N  yield Dose 
degassed wt. % rads x lo6 %N 

Y e s  0.0285 7.39 1.43 

Y e s  0.053 14.4 1.37 

Y e s  0.049 14.0 1.30 

Y e s  0.051 12.5 1.51 

Yes 0.044 11.0 1.48 

Y e s  0.045 11.8 1.42 

Vesse l  no. 

Cal. 1 

3 

Tube 25 

26 

Product 
degassed 

Yes 

Yes 

Yes 

N o  

27 

28 

35 

Dose 
ads  x lo6 

10.4 

10.4 

6.0 

6.0 

9.0 

9.0 

11.0 

11.0 

13.0 

13.0 

15.0 

0.93 

1.86 

3.71 

Y 4 s  

N o  

Yes  

GCN 

1.27 

1.30 

1.42 

1.61.. 

1.36 

1.48 

1.32 

1.45 

1.28 

1.34 

1.31 

1.60 

1.40 

1.50 

36 

70 

71 

34 

72 

52 

310 

resul ts  

CN yield 
wt .  % 

0.0355 

0.0365 

0.023 

0.026 

0.033 

0.036 

0.039 

0.043 

0.045 

0.047 

0.053 

0.004 

0.007 

0.015 

No 

Yes 

N o  

N o  

N o  

No 
N o  

C o r r e c t i o n  to C a l o r i m e t e r  D a t a  

H e a t  of reaction. A c o r r e c t i o n  would  h a v e  t o  b e  m a d e  for a n y  
h e a t  g i v e n  up  b y  t h e  a c e t o n i t r i l e  i n  forming its products .  B e c a u s e  
of low G v a l u e s ,  t h e  h e a t  e v o l v e d ,  compared  t o  t h a t  a b s o r b e d  from 
t h e  b e a m ,  w a s  e x p e c t e d  to b e  low. T h i s  w a s  also t r u e  s i n c e  many 
o f  t h e  “cracking’  r e a c t i o n s  w e r e  e n d o t h e r m i c  a n d  w o u l d  c o u n t e r -  
b a l a n c e  t h e  e x o t h e r m i c  “ p o l y m e r i z a t i o n ”  r e a c t i o n s .  T h e  o v e r - a l l  
h e a t  o f  r e a c t i o n  w a s  c a l c u l a t e d  o n  t h e  b a s i s  of t h e  y i e l d  of e a c h  
c o m p o n e n t  ( T A B L E  6) a n d  t h e  k n o w n  h e a t  o f  c o m b u s t i o n  o f  e a c h  
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/O'@ 0 B C O - 6 0  C O - 6 0  DEGASSED 

0 ACCEL. RUNS CALORIMETER P A C O - 6 0  C A L O R I M E T E R  

P 
I 2 4 7 10 20 

DOSE, R A D S X  lo6 
F I G U R E  5. A c c e l e r a t o r  runs and c o r r e l a t i v e  C o - 6 0  data .  CN 

y i e l d  v s .  d o s e .  

product .  T h i s  w a s  t r u e  for a l l  e x c e p t  t h e  a c e t o n i t r i l e  p o l y m e r , w h o s e  
v a l u e  w a s  e x p e r i m e n t a l l y  found t o  b e  7063 c a l o r i e s  p e r  gm. i n  
c o m p a r i s o n  to  7 4 6 7  f o r  a c e t o n i t r i l e .  T h e  o v e r - a l l  h e a t  of r e a c t i o n  
w a s  d e t e r m i n e d  t o  b e  168 c a l o r i e s  p e r  gm. C o n s i d e r i n g  t h e  f r a c t i o n  
of a c e t o n i t r i l e  p r e s e n t  w h i c h  r e a c t e d  ( r e l a t e d  t o  G C H , C N  = 8.55), 
t h i s  r e p r e s e n t s  a 2.54 p e r  c e n t  c o r r e c t i o n .  

E n e r g y  absorbed by c a l o r i m e t e r  window. T h e  t h i n  a luminum 
window of t h e  c a l o r i m e t e r  would  b e  e x p e c t e d  t o  h a v e  a m i n i m a l  
e f f e c t  o n  t h e  beam.  E l e c t r o n s  c o n v e r t e d  to b r e m s s t r a h l u n g  X - r a y s  
would  b r i n g  a b o u t  c h e m i c a l  c h a n g e  i n  t h e  l i q u i d  a n d  would  a l r e a d y  
b e  a c c o u n t e d  f o r  in  t h e  c a l o r i m e t e r  m e a s u r e m e n t s ,  bu t  t h e  beam 
e n e r g y  a b s o r b e d  in  t h e  window a n d  c o n v e r t e d  to  t h e r m a l  e n e r g y  
c o u l d  h e a t  t h e  c o n t a c t i n g  l i q u i d  w i t h o u t  a c o r r e s p o n d i n g  r a d i o l y s i s  
c h a n g e .  G r a p h i c a l  i n t e g r a t i o n  of d a t a  of T r u m p ,  Wright, a n d  Clarke"  
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T A E L E  6 
SUMMARY O F  A C E T O N I T R I L E  RADIOLYSIS P R O D U C T S  OBTAINED 

Compound 

G a s e s  

Hydrogen 
Methane 
Ammonia 
E t h a n e  
A c e t y l e n e  
Nitrogen 
Hydrogen cyanidc 
P r o p a n e  
B u t a n e  

T r a c e  G a s e s  

E t h y l e n e  
P r o p y l e n e  
Bu ty lene  
Methyl a c e t y l e n e  
E t h y l  a c e t y l e n e  

L i q u i d s  

P rop ion i t r i l e  
Butyroni t r i le  
Va le ron i t r i l e  

S o l i d s  

T o t a l  polymer 
( a s  CH,CN) 

Ace ton i t r i l e  dime 
Succ inon i t r i l e  
Malononi t r i le  

G Value 

0.578 
0.626 
0.051 
0.031 
0.024 
0.019 
0.012 
0.004 
0.004 

0.235 

7.99 

0.17 

Ace ton i t r i l e  trimer 
Ace ton i t r i l e  te t ramer 

Ace ton i t r i l e  d i s -  
a p p e a r a n c e  I 8.55 

P e r  c e n t  
of g a s  

42.8 
46.4 
3.8 
2.3 
1.8 
1.4 
0.9 
0.3 
0.3 

Class i f i ca t io i  

Major 
Major 
Mi i iv r  
Minor 
Minor 
Minor 
Minor 
Minor 
Minor 

T r a c e  
T r a c e  
T r a c e  
T r a c e  
T r a c e  

Major 
T r a c e  
Sl ight  t r ace  

Major 

Major 
Major 
T r a c e  

T r a c e  
T r a c e  

Method of 
a n a l y s i s *  

M . S .  
M . S .  
M . S .  
M . S .  
M . S .  
M .  s. 
M . S .  
M . S .  
M . S .  

M . S .  
M .  S .  
M . S .  
M . S .  
M . S .  

G. C. 
G. C. 
G. C. 

wt. 

IR, N M R , H M S  
!R, N M R ,  C C  
GC 

IR 
IR 

* M . S . ,  M a s s  S p e c t r o m e t e r ;  H M J ,  H l g h - M a s s  Spectrometer;  G.C., G a s  Chro- 
matography;  IR ,  Infra-red; N M R ,  N u c l e a r  M a g n e t l c  R e s o n a n c e :  wt.,  Welght 

s h o w s  t h a t  t h e  0.009 c m .  window c o u l d  a b s o r b  2.09 p e r  c e n t  of t h e  
beam a t  2 m e v ,  a n d  1.29 p e r  c e n t  a t  3 mev. A t  t h e  3.5 t o  4 a v e r a g e  
m e v  e n e r g y  o f  t h e  a c c e l e r a t o r  beam,  t h e  a b s o r b e n c y  would  b e  e x -  
p e c t e d  to be less t h a n  o n e  p e r  c e n t .  H o w e v e r ,  t h e  d a t a  from Trump 
et al., w e r e  for m o n o e n e r g e t i c  e l e c t r o n s ,  a n d  t h e  propor t ion  of low - 
energy  e l e c t r o n s  i n  t h e  p r e s e n t  beam i s  n o t  c u r r e n t l y  known.  To b e  
c o n s e r v a t i v e ,  1.5 p e r  c e n t  a b s o r p t i o n  w a s  a s s u m e d .  
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G a s  Y i e l d s  

T h e  r a d i o l y s i s  g a s e s  removed from r a d i a t i o n  t u b e s  a n d  c a l o r -  
i m e t e r s  w e r e  a n a l y z e d  by  mass s p e c t r o m e t e r .  T h e  y i e l d s  e x p r e s s e d  
a s  G v a l u e s  a r e  s h o w n  i n  T A B L E  6, a l o n g  wi th  some l i q u i d  a n d  
polymer y i e l d s .  Hydrogen  r e s u l t s  from both  gamma- a n d  e l e c t r o n -  
i r r a d i a t i o n  w e r e  s t a t i s t i c a l l y  e q u i v a l e n t .  O t h e r  p r o d u c t s ,  e x -  
c e p t  f o r  methane ,  c h e c k e d  c l o s e l y , a n d  t h e  v a l u e s  a r e  t h e  a v e r a g e  
from both  t y p e s  of i r rad ia t ion .  T h e  m e t h a n e  v a l u e  from t h e  a c c e l -  
e r a t o r  w a s  0.316 a n d  is s t a t i s t i c a l l y  d i f f e r e n t  from 0.626 from 
gamma i r rad ia t ion .  

A c e t o n i t r i l e  Polymer 

T h e  y i e l d  of polymer  a p p e a r s  t o  b e  l i n e a r  wi th  d o s e ,  a s  s h o w n  
i n  F I G U R E  6. E l e m e n t a l  a n a l y s e s  s h o w  a n  a v e r a g e  o f  C = 58.28, 
l i  = 6.26, N = 35.51. T h i s  is q u i t e  close t o  (CH,CN),, w h i c h  i s  
58.51, 7.37, a n d  34.12 for  t h e  t h r e e  e l e m e n t s .  T A B L E  7 c o m p a r e s  
v a l u e s  f o r  l o w - d o s e  v e r s u s  h i g h -  d o s e  p o l y m e r s .  T h e  G p o i y m e r  
v a l u e s  of 7.99 a n d  6.3 r e s p e c t i v e l y ,  a r e  n o t  b e l i e v e d  s i g n i f i c a n t l y  
d i f f e r e n t  i n  v i e w  o f  F I G U R E  6 a n d  t h e  o v e r l a p  i n  v a l u e s .  How-  
e v e r ,  t h e  d i f f e r e n c e  i n  G,, y i e l d  a t  t h e  two l e v e l s  is b e l i e v e d  to 
b e  rea l ,  a n d  G,, c a n  b e  s h o w n  to d e c r e a s e  a s  a f u n c t i o n  of  d o s e ,  
a s  i t  d o e s  i n  t h e  case o f  t h e  t o t a l  l i q u i d  a n a l y s i s .  T h e  m o l e c u l a r  
w e i g h t  d a t a  a r e  i n s u f f i c i e n t  to e s t a b l i s h  a n  o r d e r e d  func t ion  of 
d o s e ,  b u t  t h e y  both i n c r e a s e  toge ther .  
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F I G U R E  6 .  Y i e l d  of  acetonitri le  polymer a s  a function o f  d o s e .  
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t l i g h  m a s s  s p e c t r o m e t e r  d a t a ,  t a k e n  a t  l o w  v o l t a g e  (8V) to 
m i n i m i z e  f r a g m e n t a t i o n ,  a r e  g i v e n  i n  F I G  u R E 7. T h e  r e s u l t s  s h o w  
t h a t  t h e  p o l y m e r  is n o t  a l i m i t e d  number  of s p e c i f i c  c o m p o u n d s ,  
b u t  i s  a w i d e  a s s o r t m e n t  of m o l e c u l e s  havinp,  a r a n g e  of m o l e c u l a r  
w e i g h t s .  I t  i s  s t r i k i n g l y  a p p a r e n t ,  h o w e v e r ,  t h a t  t h e  t h r e e  s p e c t r a  
from w i d e l y  varyinp,  d o s e s  a l l  s h o w  maximum c o m p o n e n t  c o n c e n -  
t r a t i o n s  a t  t h e  same mass  n u m b e r s .  T h i s  is s t r o n g  e v i d e n c e  of 
an o r d e r e d  r e a c t i o n .  T h e  l a r g e  p e a k  a t  82 w a s  t h e d i m e r ,  3- imino-  
but  y roni  t ril e. 

10 
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4 ,  
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F I G  U R  E 7 .  P o l y m e r  dis tr ibut ion a s  a funct ion of m o l e c u l a r  w e i g h t ;  
h i g h - m a s s  s p e c t r o m e t e r  d a t a  a t  8 vol ts .  
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I n f r a - r e d  A n a l y s e s  of I r r a d i a t e d  N i f r i l e  

I n f r a r e d  w a s  u s e d  to d e t e r m i n e  t h e  e f f e c t  o f  d o s e  o n  s p e c t r a  
o f  i r r a d i a t e d  n i t r i l e  a n d  t o  o b t a i n  c l u e s  t o  t h e  polymer  s t r u c t u r e .  
T h e  s p e c t r a  w e r e  complex ,  b u t  p e a k s  a t  2.98, 4.58 ,  a n d  6.08 m i -  
c r o n s  w e r e  o b s e r v e d  to grow wi th  d o s e  a s  s h o w n  i n  F I G U R E  8. 

.7 - 
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w 

v) MICRONS 
m a 

. I  - 
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.O *04* 3 100 300 600 1000 

DOSE, RADS X lo6 
F I G U R E  8. Infra-red absorbence a s  a function of dose ;  50-micron 

c e l l ,  no multiplication. 

T h e s e  log- log  c u r v e s  c o v e r  t h e  h i g h e r  doses  (10' rad range) ,  a n d  
t h e  p a r a l l e l i s m  f o r  t h e  t h r e e  p e a k s  i n d i c a t e s  t h e  s t r u c t u r a l  char -  
a c t e r  of t h e  polymer  d o e s  n o t  c h a n g e  o v e r  w i d e  r a n g e s  of d o s e .  
I n f r a r e d  s h o w s  some p r o m i s e  a s  a q u i c k  m e t h o d  o f  a n a l y s i s  for  
d o s i m e t r y  i n  t h i s  region.  A t  l o w e r  l e v e l s ,  h o w e v e r ,  t h e  a b s o r b e n c y  
is less, a n d  i t  is n e c e s s a r y  to  u s e  5 X  m a c h i n e  m u l t i p l i c a t i o n  t o  
o b t a i n  s u f f i c i e n t  p e a k  he ight .  T h e  d a t a  s c a t t e r  b e c o m e s  l a r g e ,  a n d  
t h e  CN a n a l y s i s  is more p r e c i s e  a n d  of w i d e r  a p p l i c a b i l i t y .  
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F o r  t h e  t h r e e  p e a k s ,  t h e  2 .98  a n d  6.08 o n e s  a r e  i n  r e g i o n s  
a s s i g n e d  t o  i m i n e s  o r  a r n i n e s , a 2 r 2 3  a n d  t h e  4 .58  p e a k  i s  c l o s e  t o  
t h e  d o u b l e t  C = N p e a k  of a c e t o n i t r i l e  a t  4 . 3 7  a n d  4.44. A s a m p l e  
of a c e t o n i t r i l e  dirner w a s  p r e p a r e d ,  a n d  t h e  t h r e e  p e a k s  i n  q u e s t i o n  
w e r e  t y p i c a l  of t h e  dirner s p e c t r u m .  Methyl  i s o n i t r i l e ,  CN,NC, 
wi th  a p e a k  a t  4 .63 ,  c o u l d  b e  r e s o l v e d  i n  a m i x t u r e  w i t h  dirner  a n d  
w a s  s h o w n  n o t  t o  b e  p r e s e n t  i n  i r r a d i a t e d  s a m p l e s  i n  m o r e  t h a n  a 
t r a c e ,  i f  a t  a l l .  S u c c i n o n i t r i l e ,  N C C H  ,CH,CN, w i t h  a c h a r a c t e r i s t i c  
n i t r i l e  p e a k  a t  4 . 4 4 , a n d  p e a k s  m a t c h i n g  t h e  p o l y m e r  a t  9 . 9 8 ,  10.37, 
a n d  10.90, w a s  e s t a b l i s h e d  a s  be ing  p r e s e n t .  S p e c t r a  o f  a c e t o n i t r i l e  
t r i m e r  a n d  t e t r a m e r ,  s u b s t i t u t e d  a m i n o p y r i m i d i n e s ,  i n d i c a t e  t h e i r  
p o s s i b l e  p r e s e n c e  in  very  low c o n c e n t r a t i o n .  

N u c l e a r  hl ag n etic Zesonan c e 

C a t a  from NM"? s p e c t r a  i n d i c a t e  c h a r a c t e r i s t i c  p e a k  i n c r e a s e s  
with d o s e ,  a n d  t h e i r  o c c u r r e n c e  a n d  d i s t r i b u t i o n  a r e  n o t  a l t e r e d  a t  
h igh  d o s e .  T h e  s p e c t r a  a r e  c o m p l e x ,  bu t  = /ol. g r o u p s  a t  242 a n d  
223 c p s ,  * a n d  a m i n e  g r o u p s  (broad  a r o u n d  300 c p s )  w e r e  o b s e r v e d .  
T h e s e  w e r e  s h o w n  t o  b e  d u e  t o  a c e t o n i t r i l e  dirner. S u c c i n o n i t r i l e  
( 1 6 5  c p s )  a n d  m e t h a n e  (9 c p s )  w e r e  p r e s e n t ,  b u t  l ICN(263 c p s )  
a n d  CH,NC ( t r i p l e t  a t  190 c p s )  w e r e  u n d e t e c t e d .  T h e  dirner  w a s  
s h o w n  to h a v e  t h e  a rn ine  form, 

r a t h e r  t h a n  t h e  i m i n e  form, 

a n d  t o  u n d e r g o  c i s - t r a n s  i s o r n e r i z a t i o n  a b o u t  t h e  C = C bond,  pos -  
s i b l y  e x p l a i n i n g  t h e  t w o  m e l t i n E  p o i n t s  r e p o r t e d  by V o n  Meyer.24 

G a s  C h r o m a t o g r a p h y  

C.C. a n a l y s i s  of i r r a d i a t e d  a c e t o n i t r i l e  o n  a c o l u m n  u s i n g  
3 u a d r o l  s h o w e d  p e a k s  i d e n t i f i a b l e  a s  p r o p i o n i t r i l e ,  b u t y r o n i t r i l e ,  
and v a l e r o n i t r i l e .  A column u s i n c  10  p e r  c e n t  s i l i c o n e  n i t r i l e  XF 
1150 o n  C h r o m a s o r b  W s h o w e d  t h e  p r e s e n c e  of s u c c i n o n i t r i l e  a n d  
rna lononi t r i le .  T h e  a c e t o n i t r i l e  dirner ,  3- i rninobutyroni t r i le ,  k n o w n  

* C y c l e s  p e r  second shift  from tetramethyl silane reference. 
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to b e  p r e s e n t  from IR, h i g h  mass ,  a n d  N M X  d a t a  w a s  n o t  d e t e c t e d .  
E i t h e r  t h e  d i m e r  is too p o l a r  o r  i t  b r e a k s  down u n d e r  t h e  co lumn 
c o n d i t i o n s  (ZOOo C.). 

Possible R e a c t i o n  Mechanisn 

T h e  r a d i o l y s i s  o f  many s y s t e m s  h a s  b e e n  shown t o  p r o c e e d  
by  t h e  g e n e r a l  m e c h a n i s m  o f  r a d i a t i o n  bond s p l i t t i n g ,  h y d r o g e n  
a b s t r a c t i o n ,  a n d  random f r e e  r a d i c a l  recombinat ion.25,  1 6 ,  27 T h e  
format ion  of most of t h e  i d e n t i f i e d  p r o d u c t s  s h o w n  i n  T A B L E  6 
c a n  b e  s a t i s f a c t o r i l y  a c c o u n t e d  f o r  i n  t h i s  way.  3 e c a u s e  of t h e  
r e l a t i v e l y  s m a l l  s ize of t h e  CH,CN m o l e c u l e s ,  t h e r e  is a l i m i t e d  
n u m b e r  of b o n d s  which  c a n  b e  ruptured.  T h e  r e s u l t i n g  f r e e  r a d i c a l s  

i n c l u d e  CH,CN,  H, CH,,  d N ,  CH,C,  N ,  a n d  a p o s t u l a t e d  * di ra-  
d i c a l  CH,C = N. F r e e  r a d i c a l  r e c o m b i n a t i o n  o r  hydrogen a b s t r a c -  
t ion  from t h e  bulk Cl1,CN c a n  r e a d i l y  a c c o u n t  for  H,, CH,, N H , ,  
CJ,, N, ,  H C N ,  CH,CH,CN, a n d  NCCH,CH,CN. T h e  d i m e r  a p p e a r s  
t o  b e  formed bv r e a c t i o n  b e t w e e n  t h e  d i r a d i c a l  a n d  a c e t o n i t r i l e  28 

a n d  p r o p o s e d  m e c h a n i s m s  for  t h e  o t h e r  p r o d u c t s  c a n  b e  m a d e  i n  a 

s i m i l a r  manner .  

... ... 

CONCLUSIONS 

T h e  fo l lowing  c o n c l u s i o n s  a r e  made: ( a )  P u r i f i e d  a c e t o n i t r i l e  
m a k e s  a s a t i s f a c t o r y  d o s i m e t e r  o v e r  t h e  r a n g e  e x a m i n e d ,  1 x lo6  
t o  6.5  x l o 8  r a d s ;  (b) t h e  w e i g h t  p e r  c e n t  y i e l d  of CN i s a n  expon-  
e n t i a l  f u n c t i o n  of , t o t a l  d o s e  i n  m e g a r a d s ,  a s  g iven  by: C N = ( 0 . 0 0 5 )  
( D o s e )  o . a 2 4 s ;  (c)  t h e  p r i n c i p a l  g a s e o u s  p r o d u c t s  a r e  112 (G = 0.58) 
a n d  CH, (G = C.63) ,  with minor  y i e l d s  o f  NJ-I,, CIH6, C,H,,N,, HCN,  
CJH,, a n d  C4Hio; (d) i d e n t i f i e d  h e a v i e r  p r o d u c t s  a r e  C,, C,, a n d  
C 4  a l i p h a t i c  n i t r i l e s ,  s u c c i n o n i t r i l e ,  m a l o n o n i t r i l e  a n d  a c e t o n i t r i l e  
d i m e r  (3 - iminobutyroni t r i le ) ;  ( e )  a c o m o l e x  p o l y m e r  (G = 8) c o n t a i n s  
i m i n e  o r  a m i n e  a n d  n i t r i l e  g r o u p s ,  t h e  C-H-N p r o p o r t i o n s  a p p r o a c h  
(CH,CN),. a n d  t h e  m e a s u r e d  CN y i e l d  u s e d  i n  d o s i m e t r y  is l a r g e l y  
c o n t a i n e d  in  t h e  polymer ;  (f) a new c a l o r i m e t r i c  method for  a b s o l u t e  
d o s e  m e a s u r e m e n t  of t h e  e l e c t r o n  beam i s  s a t i s f a c t o r y ;  a n d  (g) t h e  
h i g h  i n s t a n t a n e o u s  d o s e  - r a t e  e l e c t r o n  beam i s  n o t  s i g n i f i c a n t l y  
d i f fe ren t  i n  i t s  a c t i o n  from gamma-radia t ion ,  a s  j u d g e d  by hydrogen  
a n d  CN yie ld .  
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