
PHOTOCHEMISTRY O F  3 , 3 , 3 - T R I F L U O R O P R O P Y N E  

DAVID FARNHAM HOWARTH 

B . S c  . , S i m o n  Fraser U n i v e r s i t y ,  1969 

A T H E S I S  SUBMITTED I N  P A R T I A L  F U L F I L M E N T  

O F  T H E  REQUIREMENTS FOR THE DEGREE O F  

MASTER O F  S C I E N C E  

i n  t h e  D e p a r t m e n t  

of 

C h e m i s t r y  

@ DAVID FARNHAM HOWARTH 1971 

SIMON FRASER U N I V E R S I T Y  

J u l y  1971 



APPROVAL 

Name : David F . Howarth 

Degree: Master  of Science 

T i t l e  of Thes i s  : Photochemist ry  of 3,3,3, - t r i f l uo rop ropyne  

Examining Cornmitt e e  : 

- - - 
3r.  A .  G .  Sherwood) 

, Senior  Superv i sor  

xamining Co 

( D r .  T .  N .  B e l l )  
Examining committee 

( ~ r .  E .  ~ i e h l m a n n )  
Examining Committee 

Date Approved: J u l y  7, 1971. 



0 
The 1849 A photolysis of 3,3,3,-trifluoropropyne 

produces trifluoromethyl and ethynyl radicals in the 

primary process. No evidence of a long-lived excited 

i = + e r ! ~ p 4 i ~ t p  s t s i t e  WRS n h s ~ r v e d  . 
The only volatile product formed in the photolysis 

of neat CF,CaR is 1 , 3,5, -tris (trifluoromethyl) benzene. 
A brown polymeric material is also formed during the 

photolysis. 

Secondary reactions of the CF, and CaR radicals 

were investigated by the addition of propane and nitric 

oxide to the reaction system, 
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Photochemis t ry  of Unsatura ted  Compounds. 

Over the p a s t  few decades  t h e  pho tochemis t ry  of  s imple  

a l k e n e s  has been e x t e n s i v e l y  r e sea r ched  but o n l y  r e c e n t l y  

have t h e  major  p r imary  p roce s se s  been w e l l  unders tood .  I n  
1 7  

the c a s e  of e t h y l e n e  * • ÷  - f i v e  modes of decornpositivw heva 

been i d e n t f f  l e d .  

CH2=CH2 + hv  

P roces s  5 i s  not very  impor tan t  compared t o  t h e  o t h e r s .  

The vacuum u l t r a v i o l e t  p h o t o l y s i s  o f  p ropy lene3  produces  

methyl  and v i b r a t i o n a l l y  e x c i t e d  v i n y l  r a d i c a l s  by t h e  

f o l l o w i n g  r e a c t i o n s :  

CH CH=CK2 + hv - 3- CH3 + *CH=CH; 6 )  
-3 

*CH=CH2 = H - C X X  + H* 7 ) 

Molecular  e l i m i n a t i o n  of  hydrogen by r e a c t i o n  ( 8 )  i s  a l s o  

r s l a t i v e l g  Impor tan t .  



O t h e r  l e s s  i m p o r t a n t  p r o c e s s e s  a l s o  occur .  

A n  e a r l y  s t u d y  o f  t h e  p h o t o l g s i s  o f  i s o b u t e n e 4  gave 

e v i d e n c e  f o r  two modes of decomposi t ion:  

0 t h ~ ~ -  n l k ~ n e s  have b e e n  gho to lpzed  by Poole and 

-4nderson5 w i t h  t h e  r a d i c a l  p r o d u c t s  i d e n t i f i e d  i n  s i t u  b y  

e l e c t r o n  s p i n  r e s o n a n c e .  These s t u d i e s  were per formed i n  

the s o l i d  phase  a t  77OK and t h e  r e a c t i o n s  may o r  m y  n o t  be 

v a l i d  f o r  g a s  phase  p r o c e s s e s .  It was found t h a t  most  o f  

t h e  a l k e n e s  s t u d i e d  e x h i b i t  C-H and C-R bon? b reakage  o n l y  

a t  t he  c a r b o n  a toms  one removed f rom t h e  doub le  bond, where 

R i s  a n  a l k y l  group.  

I n  compar i son  t o  t h e  a l k e n e s ,  l i t t l e  p h o t o c h e m i c a l  

r e s e a r c h  h a s  b e e n  done on  t h e  a lkgneg  and i n  t h e  c a s e  o f  



a c e t y l e n e ,  t h e  l i t t l e  t h a t  h a s  been- . r epor ted  p r o v e s  t o  be 

c o n t r a d i c t o r y  a t  b e s t ,  
6 

Le Roy and S t e a c i e  s t u d i e d  t h e  mercury p h o t o s e n s l t i z -  

ation of' a c e t y l e n e  and from t h e i r  r e s u l t s  i t  was p o s t u l a t e d  

t h a t  t h e  p r i m a r y  p r o c e s s  was freo r z d l c a l  i n  n a t n r e ,  L a t e r  

work by 2 e l l k o f f 7  ap?eared  t o  i n d i c a t e  t h a t  b o t h  a f r e e  

r a d i c a l  mechanism and a n  e x c i t e d  molecule  r e a c t i o n  were 

o p e r a t i v e  i n  t h e  p h o t o l y s i s  of  a c e t y l e n e  with 1849 2 r a d i a t i o n .  

H-(2%-H + h v ( l E 4 9  2)  P *C2H + H e  13 ) 

i i e a c t i o n  (14) w a s  t h o u g h t  t o  l e a d  t o  p o l y m e r i z a t i o n ,  

Chain t e r rn ina tkon  cou ld  o c c u r  by r e a c t i o n s  s i m i l a r  t o  t h e  

f o l l o w i n g :  

Such a mechanism cou ld  accoun t  f o r  t h e  benzene observed a s  

a p r o d u c t .  

It was further p o s t u l a t e d  t h a t  t h e  e t h y n y l  r a d i c a l s  

produced i n  r e a c t i o n  (13) combined t o  form b u t a d i y n e ,  

The need f o r  a t h i r d  body i n  r e a c t l o n  (17) was n o t  

c o n s i d e r e d .  

F u r t t e r  e v i d e n c e  f o r  t h e  f r e e  r a d i c a l  mechanism i n  t h e  

mercury p h o t o s e n s i t i z e d  r e a c t i o n  o f  a c e t y l e n e  was found by 

6 Sherwood and Gunning . It was f e l t  t h a t  most of the r e s u l t s  



cou ld  be e x p l a i n e d  by c o l l i s i o n  o f  a t r i p l e t  mercury  atom 

w i t h  a n  a c e t y l e n e  n o l o c u l e  t o  f o r m  a hydrogen atom and an 

e t h y n y l  r a d i c a l ,  

3 Hg6( P1) + C2X2 
1 

-> Hg5( S,) + He + .C$I 1% 

8. Shida e t  a1 .9  a t t e m p t e d  t o  r e s o l v e  t h e  mechanism of 

a c e t y l e n e  and studyin&? - t h e  d e u t e r i u n  d l s t r i S u t i o n  o f  t h e  

benzene p r o d u c t s .  Both an  e x c i t e d  s t a t e  and a f r e e  r a d i c a l  

m e c h a n i s ~  were a c a i n  p roposed .  The f r e e  r a d i c a l  mechanisn  

was t h a t  g roposed  by Mains .  
10 

li* + C2H2 3 - c 2 ~ i j  19 j 

rC H + C H ----- 
2 3 2 2 "H5 2 0 )  

' C 4 H ~  + C P ~  ------- > ' C ~ I I ~  3%) 

'C6H7 - C6E6 + X* LL- 22\ / 

The above mechanism i s  ana logous  t o  t h e  f o r m a t i o n  o f  

be2zene  i n  t h e  m e t h y l  r a d i c a l  ( 1 1 )  and t h e  c h l o r i n e  atom (1 2 )  

i n i t i a t e d  p o l y m e r i z a t i o n  o f  a c e t y l e n e ,  

S h i d a ' s  a t t e m p t  a t  d i s t i n g u i s h i n g  be tween t h e  f r e e  

r a d i c a l  p r o c e s s e s  and the  e x c i t e d  molecu le  r e a c t i o n s  was 

shown t o  be i n v a l i d .  Le Roy 13' demons t ra t ed  t h a t  a l l  t h e  

r e s u l t s  o b t a i n e d  by  S h i d a  cou ld  be  e x p l a i n e d  s o l e l y  o n  t h e  

b a s i s  of  a  f r e e  r a d i c a l  niechanisn. I n  a s u b s e q u e n t  p a p e r  

by Sh ida  l4 i t  was conceded t h a t  the  o r i e i n a l  d a t a  c o u l d  

n o t  d i s t i n g u i s h  be tween a f r e e  r a d i c a l  and a n  e x c i t e d  molecu le  

p r o c e s s  and t h a t  b o t h  Gers possible. 



A t  t h e  p r e s e n t  t i n e  t h e r e  remain unznswered q u e s t i o n s  

a s  t o  t he  pr imary p roce s s  o f  a c e t y l e n e  p h o t o l y s i s  and 

p h o t o s e n s i t i z a t i o n .  Xuch of t he  c o n f u s i o n  p roba5 lg  d e r i v e s  

from t h e  f z c t  t h a t  t h e  v z r i o u s  s t u d i e s  o f t e n  u t i l i z e  d i f f -  

e r e n t  l i g h t  s o u r c e s  and t h e  photochemical  p r o c e s s e s  observed 

may i n  f a c t  n o t  be t h e  sane.  

The o n l y  o t h e r  a lkyne of any s i e n i f i c a n c e  t o  be s t u d i e d  

pho tochemica l ly  i s  propyne.  Two s t u d i e s  have been done, 

bo th  employing E.S.R. t e chn iques  t o  i d e n t i f y  t h e  r a d i c a l  

p roduc t s  i n  t h e  f r o z e n  s t a t e .  ~ o l r n a n ' e t  a1.15 photo-  

s e n s i t i z i n g  2537 2 l i g h t  and poole5 i r r a d i a t i o n  w i th  l i g h t  

i n  t he  range  2500 - 3800 8 i d e n t i f i e d  t h e  p ropa rgy l  r a d i c a l .  

It was found t o  have two resonance  s t r u c t u r e s :  

*cH~-c.ZC-H ~----s cz -C=&j 
2- 23 1 

E v i d e n t l y  t h e  p r imary  g r o c e s s  i n  t h e  p h o t o l y s i s  of propyne 

i s  c l eavage  o f  t he  C-I! bond, s imi lar  t o  most a l kenes .  

By r e p l a c i n g  t h e  g hydroyens  w i t h  l e s s - l a b i l e  f l u o r i n e  

atoms i t  i s  hoped t h a t  breakage of t h e  C-r '  bonds w i l l  be 

r e s t r i c t e d  and t h a t  o t h e r  modes of decompos i t ion  can  be 

observed.  Accord ing ly  t he  photochemical  cha r ac  t e r i s t l c s  

of 3 , 3 , 3 , - t r i f l uo rop ropyne  were s t u d i e d .  . 
Reac t i ons  of Unsa tu r a t ed  Free R a d i c a l s :  

S ince  t h e  p r imary  p r o d u c t s  from the photochemical 

r e a c t i o n s  o f  u n s a t u r a t e d  compounds a r e  o f t e n  u n s a t u r a t e d  

r a d i c a l s ,  a  s h o r t  d e s c r i p t i o n  of  v i n y l  and e t h y n y l  r a d i c a l  

r e a c t i o n s  i s  p r e s e n t e d  below. 



a n t  of ql 

a v a i l a b l e  c o n c e r n i n g  t h e  r e a c t i o n s  o f  

I n  compar i son  t o  t h e  amoi l a n t i t a t i v e  data 

a l k y l  r a d i c a l s ,  v e r y  

l i t t l e  i s  known a b o u t  t h e  r e a c t i o n s  of v i n y l  and e t h y n y l  

r a d i c a l s .  me prob lems  t h a t  a r i s e  i n  t h e  i n v e s t i g a t i o n  o f  

u n s a t u r a t e d  r a d l c a l  r e a c t i o n s  can  g e n e r a l l y  be a t t r i b u t e d  

t o  t he  d i f f i c u l t y  i n  o b t a i n i n g  c l e a n  r a d i c a l  s o u r c e s  and a l s o  

t o  t h e  p r o b l e m  assoc  i a i e 4  w L t %  acpzrztia- c t h e  n lkene -a lkpne  

p r o d u c t  m i x t u r e s .  Xowever, developr?ent  of  compomds w i t h  n o r e  

e f f i c i e n t  s e p a r a t i n g  q u a l i t i e s  f o r  g a s - l i q u i d  chromatography 15 

h a s  eased t h e  l a t t e r  problem somewhat. From t h e  few s t u d i e s  

performed on t h e  r e a c t i o n s  o f  v i n y l  and e t h y n y l  r a d i c a l s ,  i t  

a p p e a r s  t h a t  t h e s e  r a d i c a l s  undergo e s s e n t i a l l y  t h e  same 

r e a c t i o n s  a s  a l k y l  r a d i c a l s ;  n a m l y  d i s p r o p o r t i o n a t i o n ,  

a b s t r a c t i o n ,  and a d d i t i o n .  I n  t h e  c a s e  o f  u n s u b s t i t g t e d  
1 7 , 1 8 .  

v i n y l  r a d i c a l s  t h e  f o l l o w i n g  r e a c t i o n s  h a v e  been o b s e r v c 2 ,  

2bC2H3 - C H c o m b i n a t i o n  
% 4 6  24.) - C H + C B d i s p r o p o r t i o n a t i o n  25) 

2 . 2  24 
H + C2E4 . .C4H7 a d d i t i o n  25) 

O s w a l d  e t  al.lq obse rved  t h a t  s u b s t i t u t e d  v i n y l  r a d i c a l s  

a b s t r a c t e d  hydrogen  f rom t h i o l s .  

H Ph\ 0 H 
+ RSH .-> C=C, + RS- 

'SR H ' SR 
4 20) 

Sherwood ' ' r e a c t e d  v i n y l  r a d i c a l s ,  produced f r o m  t h e  

p h o t o l y s i s  of  d i v i n y l m e r c u r y ,  w i t h  h y d r o c a r b o n s  and o b t a i n e d  

e t h y l e n e  , 



A t  t h e  same t i m e ,  t h e  y i e l d  of' C4H6 d e c r e a s e d  as  t h e  

combina t ion  r e a c t i o n s  were suppressed .  

R e a c t i o n s  o f  v a r i o u s  v i n y l  r a d i c a l s  w i t h  n i t r i c  o x i d e  

have been  s t u d i e d  by Sherwood an6 ~ u n n i n ~ ~ l  and i t  was 

p o s t u l a t e d  t h a t  t h e  f o l l o w i n g  mechanism could  a c c o u n t  f o r  

t h e  r e s u l t s ,  
I- -n 8- 1 

x, 
C=3 + ZCN 

y'l t r  Y' 
0-& 

X,Y,Z, a r e  . the  s u b s t i t u e n t s  of  t h e  v i n y l  r a d i c a l .  

Gunningts group  22923 h a s  e x t e n s i v e l y  s t u d i e d  t h e  

r e a c t i o n s  of e t h y n y l  r a d i c a l s  and i t  a p p e a r s  i t  undergoes  

many of  t h e  same r a d i c a l  r e a c t i o n s  a s  a l k y l  r a d i c a l s  a s  w e l l  

as a number of c h a r a c t e r i s t i c  ones .  F o r  i n s t a n c e  t h e  e t h y n y l  

r a d i c a i  a b s t r a c t s  p r imary ,  secondary  and t e r t i a r y  hydrogen 

f rom a l k a n e s  much l i k e  a l k y l  r a d i c a l s  d o  but wi-th g e n e r a l l y  

l e a s  s e l e c t i v i t y .  A p p a r e n t l y - t h e  a c t i v a t i o n  energy  f o r  

hydrogen a b s t r a c t i o n  by e t h y n y l  r a d i c a l s  i s  lower  t h a n  f o r  

a l k y l  r a d i c a l s ,  

h 'hereas a l k y l  r a d i c a l s  t e n d  t o  combine r e l a t i v e l y  e a s i l y ,  

c o m b i n a t i o n  of' ethynyl r a d i c a l s  does  n o t  a p p e a r  t o  be a  ve ry  

i m 2 o r t a n t  p r o c e s s  e x c e p t  a t  h i g h  ' r a d i c a l  c o n c e n t r a t i o n s ,  



Unlike many o t h e r  r a d i c a l s , e t h y n y l  r a d i c a l s  were found 

t o  be >non r e a c t i v e  towards n i t r i c  oxide .  

A c h a r a c t e r i s t i c  r e a c t i o n  of  e t h y n y l  r a d i c a l s  i s  t h e  
20 

disp lacement  o f  s u b s t i t u e n t s  from a c e t y l e n e  compound S 

F o r  example 

*C2H + C P B r  - C H  +Bra 4 2 30 )  

A d d i t i o n s  of e t h y n y l  r a d i c a l  t o  v a r i o u s  a l k e n e s  (23 ) 

have shown t h a t  t h e  e t h y n y l  r a d i c a l  a t t a c k s  t h e  o l e f i n i c  

bond t o  g ive  a n  e t h y n y l - s u b s t i t u t e d  a l k y l  r a d i c a l ,  which 

c l e a v e s  a t  t h e  ca rbon  atom a d j a c e n t  t o  t h e  r a d i c a l  s i t e .  
B 

. 
C=G-CH R +*C2H + I-IC-$-CH2R 

TT' T; 2 n n ; B 

Ni th  a knowledge o f  the  t ypes  of photochemical  r e a c t i o n s  

c h a r a c t e r i s t i c  o f  u n s a t u r a t e d  compounds, t he  r e a c t i o n  mechan- 

i s m s  o p e r a t i v e  i n  t h e  p h o t o l y s i s  o f  3 , 3 , 3 , - t r i f l uo rop ropgne  

were more e a s i l y  unders tood.  



A p p a r a t u s  and P rocedure :  ----- 
The a p p a r a t u s  used i n  all e x p e r i m e n t s  was a vacuum l i n e  

e n t i r e l y  c o n s t r u c t e d  of  Pyrex  e x c e p t  f o r  t h e  r e a c t i o n  s y s t e m  

which was q u a r t z .  T h i s  a p g a r a t u s  had f a c i l i t i e s  f o r  gas 

s t o r a s e ,  r e s c t a n t  m e a s u r e n e n t ,  vapor  phase  p h o t o l y s i s ,  

p r o d u c t  d i s t i l l a t i o q ,  p r o d u c t  m e s u r - e n e n t ,  pas G ~ ~ G Z Z ~ Z -  

a r a p b i c  a n a l y s i s ,  a n d  p r o d u c t  c o l l e c t i o n .  Tbese s p e c i a l i z e . ?  
ir 

f a c i l i t i e s  were i n t e r c o n ~ e c t e d  t o  a l l o w  q u a n t i t a t i v e  and 

efficient h a n d l i n g  of t h e  v o l a t i l e  m a t e r i a l s .  

h v e c u a t i o n  of t t e  a2paratus t o  a  p r e s s u r e  of a b o u t  

t o r r  was a c h i c v e d  by  a  l a r p e  s i n g l e - s t a g e  n e r c u r y  d i f f u s i o n  

pump backed by a m e c h a n i c a l  o i l  pxrnp ( P r e c i s i o n  S c i e n t i f i c  Co. ,  

Hode l  Xuxber 2 5 ) .  S i t u a t e d  be tween the d i f f u s i o n  pump a n d  

t h e  m e c h a n i c a l  ?ump was a removable t r a p  i n n e r s e d  i n  l i qu lc !  

n i t r o g e n  t o  p r o t e c t  t h e  l a t t e r  pump f r o n  evacua ted  contsrnin- 

a n t s .  I n  a d d i t i o n  a n o t h e r  n e c h a n l c a l  pump ( P r e c i s i o n  S c i e n t -  

ific Co,,  Model Ijurnber 3-35) was connec ted  t o  s e l e c t e d  p a r t s  

of the a p p a r a t u s ,  i n c l u d l n e  a p o r t a b l e  haze a t t z c h c e n t ,  s o  

t h a t  v s r i o u s  o p e r a t i o n s  r e q u i r i n g  o n l y  p a r t i a l  e v a c u a t i o n  

c o u l d  be  perforned, 

A f o u r - s t a p e  p i r a n i  vacuum gauge (Edwards, Model kiumber 9 )  

w a s  used t o  m o n i t o r  t h e  p r e s s u r e  a t  v a r i o u s  ? o i n t s  i n  t h e  

a p p a r a t x s  , 

F o u r  g a s  s t o r a g e  f l a s k s  ws re  connec ted  t o  tPLe m a i n  
a 

vacuum l i n e  by  Veeco m e t a l  v a l v e s .  The v a l v e  i n p u t  and 



output  p o r t s  were connected t o  the  pgrex l i n e  with g lass-  

Bovar j o i n t s ,  Each f l a s k  was equipped wlth a  mercury 

manoneter and a  cold'  t r ap .  

To keep t o  a minimum the amount of r e a c t a n t  requi red ,  

the r e a c t a n t  measurement f a c i l i t e s  were s i t u a t e d  adjacent  

t o  the s to rage  f l a s k s  and consis ted of a  manometer and a 

modif i sd  gas b u r e t  (G.B). A t y p i c a l  measuring procedure 

was as follows. The vacuum l i n e  connecting the s torage  

f la sks ,  gas b u r e t ,  manometer, and r e a c t i o n  c e l i  wau avaeuat~d, 

f l o a t  valves were closed,  mercury was r a i s e d  t o  l e v e l  ( A ) 

just below the r i g h t  p o r t  of the bure t  and the mercury l e v e l  

was ra i sed  i n  the  l e f t  s ide  of the bure t  t o  the des i red  

volume mark. The te lescope of the cathetometer (P rec i s ion  

Opt ica l  Co.) was s i t u a t e d  a t  a p o s i t i o n  f o r  the des i red  

pressure reading. The s torage f l a s k  va lve  was slowly opened 

u n t i l  the gas  f i l l e d  the bure t  t o  the des i red  pressure ,  a s  

seen through the  te lescope ,  a t  which time the valve was 

closed.  The pressure  was then recorded along with the  volume 

of the buret .  The r i g h t  p o r t  of the bure t  was then  sealed 

by allowing the  mercury l e v e l  t o  r i s e  i n  t h i s  s i d e  t o  the 

h o r i z o n t a l  s e c t i o n  ( B ). A t  t h i s  s tage  of the opera t ion  

a known volume and. pressure  of r e a c t a n t  has  been i s o l a t e d  

from the o r i g i n a l  s to red  sample. The r e a c t a n t  l e f t  i n  the 

line was condensed back i n t o  the s torage f l a s k .  The valve 

on the f l a s k  w a s  then  closed and valve (C) was opened. The 

mercury on the  l e f t  s i d e  of the gas bure t  was pul led down 

by the roughing pump, allowing the measured r e a c t a n t  t o  







d i f f u s e  t h r o u g h  t h e  Corn ing  mediurrl grade g l a s s  s i n t e r  ( 3 ) .  

T h i s  s i n t e r  r e a d i l y  allowec? gas  t o  4 i f f u s e  th rough  i t  b u t  

p r e v e n t e d  passace of mercury ,  Tne a r rangement  of t h e  f l o a t  

v a l v e s  E and F a l o n g  w i t h  t h e  s i n t e r  was  n e c s s s a r y  t o  r e n o v e  

t h e  g a s  f rom t h e  b u r e t  w i t h o u t  hav ing  mercury fo l>ced  i n t o  

t h e  m a i n  l i n e ,  The r e a c t a n t  was t h e n  condensed i n  t h e  

r e a c t i o n  c e l l  and v a l v e  G c l o s e ? .  O t h e r  r e a c t a n t s  c o u l d  o e  

measured and a.dded t o  t h e  r e a c t i o n  c e l l  by t h e  same method 

making p o s s i b l e  any d e s i r e d  combina t ion  of gas  mixtures. 

The p r o c e d u r e  f a r  ~ e a s u r i n g  n i t r l c  o x i d e  was s l i g h t l y  

d i f f e r e n t  than t h a t  d e s c r i b e d  above because  of i t s  vapor  

p r e s s u r e  of ~O,L+ a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e s .  A f t e r  

i s o l a t i o n  o f  t h e  NO i n  t h e  ga s  S u r e t  the  r e m a i n i n g  XO c o u l d  

n o t  be c o m p l e t e l y  condensed i n t o  t h e  s t o r a g e  f l a s k ,  Hence 

the  r e s i d u a l  7 0  ( was a l lowed  t o  r e m a i n  i n  t he  l i n e  a s  t h e  /C 
m e a s u r a e d  NO was b e i n g  t r a n s f e r r e d  t o  the  c e l l .  A s m a l l  

e r r o r  i n  t h e  amount of  NO a c t u a l l y  e n t e r i n g  t h e  c e l l  c o u l d  

be produced by this p r o c e d u r e  b u t  i t  was n o t  m e a s u r e a b l e .  

For q u a n t i t a e i v e  t r a n s f e r  a l l  o t h e r  reactants had t o  

be i n t r o d u c e d  i n t o  t h e  c e l l  b e f o r e  t he  n i t r i c  o x i d e .  

M i x t u r e s  of r e a c t a n t s  were a l lowed t o  s t a n d  i n  t h e  c e l l  

f o r  a p p r o x i m a t e l y  20 m i n u t e s  b e f o r e  irradiation was s t a r t e d  

t o  e n s u r e  c o m p l e t e  g a s  mixing.  

Two q u a r t z  r e a c t i o n  c e l l s  were employed i n  t h e s e  e x p e r i -  

ments. Each c e l l  was l O c m  i n  l e n g t h ,  Scm in d i a m e t e r ,  a n d  



r e s p e c t i v e  volumes of 163.9m1 and 173.21~11. The -volumes of  

t h e  r e a c t i o n  chamber i n c l u d e d  t h e  r e a c t i o n  c e l l  a s  w e l l  a s  

t h e  space  i n  t h e  l i n e  t o  v a l v e  G. 

A & i n c h  "0" r i n g  Cajon f i t t i n g  was used t o  a t t a c h  t h e  

c e l l s  t o  t h e  vacuum l i n e .  The t r a n s m i s s i o n  p r o p e r t i e s  o f  

each  c e l l  were t e s t e d  by  comparing t h e  y i e l d s  o b t a i n e d  f rom 

b o t h  c e l l s  under  i d e n t i c a l  c o n d i t i o n s .  There was no n o t i c e -  

a b l e  d i f f e r e n c e  i n  t h e  y i e l d s .  

I r r a d i a t i o n s  were performed w i t h  a n  u n f i l t e r e d  Hanovia 

U t i l i t y  U l t r a v i o l e t  Q u r r t z  Lamp 30620 connected  t o  a  S o l a  

C o n s t a n t  Transformer  CVS. The lamp was al lowed t o  s t s b i l i z e  

f o r  a p p r o x i m a t e l y  20 m i n u t e s  b e f o r e  i r r a d i a t i o n  of t h e  sample. 

The t e m p e r a t u r e  i n  t h e  r e a c t i o n  chamber was 25 t EOC f o r  a l l  

i r r a d i a t i o n s .  A s e r i e s  of t h r e e  U-shaped c o l d  t r a p s  f o r  low 
\ 

t e m p e r a t m e  d i s t i l l a t i o n  were s i t u a t e d  be tween t h e  r e a c t i o n  

c e l l - a n d  t h e  a n a l y t i c a l  system. These t r a p s  cou ld  be i s o l a t e d  

f rom each o t h e r  by c l o s i n g  t h e  mercury f l o a t  v a l v e s  p l a c e d  

between t h e  t r a p s .  

The a n a l y t i c a l  sys tem c o n s i s t e d  of' a gas b u r e t  and 

T o e p l e r  pump a p p a r a t u s ,  and i n j e c t i o n  sys tem and a  g a s  chroma- 

t o g r a p h  as  shown i n  F i g .  1 ( b ) .  A f t e r  the p r o d u c t  m i x t u r e  

had been  measured i n  the  g a s  b u r e t  i t  was condensed i n  t h e  

i n j e c t i o n  t u b e  ( T )  r e a d y  f o r  a n a l y s i s .  P r i o r  t o  i n j e c t i o n  

t h e  mercury  l e v e l s  were r a i s e d  t o  t h e  p o s i t i o n s  marked (u) 

and (U) i n  t h e  diagram. Vapor iz ing  t h e  gas and r e v e r s i n g  t h e  

3-way s t o p c o c k s  L and M, t h e  he l ium c a r r i e r  g a s  g u a n t i t a t -  



i v ~ l y  f l u s h e d  t h e  c o n t e n t s  of  t h e  tube  i n t o  t h e  s e 2 a r a t l n g  

col!~n;n.  

A 6' by 3/16'' Pyrex  column packed w i t h  50-80 mesh 

Pornpzk Q Mas v s c d  f o r  a l l  s a p a r a t t o n s .  Tempellature prDgrax- 

0 
mine t h o  c o l m i n  f rom OOC t o  200 C proved t o  be v e r y  e f f e c t i v e  

f o r  a c h i e v i n g  separation of' a l l  t h e  p r o d u c t s .  The r e t e n t i o n  

ti::es a n d  t h e  e l v t i o n  t e n p e r a t u r e  of t h e  p r o d u c t s  a rc  l i s t e d  

i n  Tab le  (I). 

An i c e - w a t e r  b a t h  was u s e d  f o r  t h e  s e p a r a t i o n s  a t  3 ' ~  

and a f u r n a c c  c o n : ~ e c t e d  t o  a n  .Armaco V o l t a r e  Re~ulator was 

u s e 6  i n  raisin? t h e  column t e m p e r a t u r e  t o  2 0 0 ' ~ .  

Upon e l u t i o n  f r o m  t??e co lumn t h e  2 r o d u c t s  were d i r e c t e d  

th rough  a G o w  Mac Model  24 c 3 t h a r o ~ e t e r  connec ted  t o  3 G3w 

Kac Kodel  9999 31 power s u p ? l y .  Thc c a t h a r o m e t e r  w:~s main- 

t a i n e d  a t  ~ O O C  a n d  t h e  c u r r e n t  o u t p u t  o f  t h e  power su?? ly  

a t  7.5 m amps. S i g n a l s  from the  c a t h a r o m e t e r  were f e d  i n t o  

a Texas I n s t r u m e n t  Co. S e r v o / r i t e r  II Model FSOf hD c h a r t  

r e c o r d e r  e q u i p p e d  w i t h  an  attenuator to reduce  t h e  s i g n a l  

by  f a c t o r s  of' 1 t o  1000. 

Helium used  a s  t h e  c a r r i e r  g a s  was d r i e d  by p a s s i n g  it 

t h r o u g h  a m o l e c u l a r  sieve. column. The d i v i d e d  f low was main- 

t a i n e d  at 50 r n l  p e r  minu te  th rough  the  r e f e r e n c e  s i d e  o f  

the detector, 

C o l l e c t i o n  o f  sacple s f o r  mass spec  troscopf c or s p e c t r o -  

p h o t o m e t r i c  identification was a c h i e v e d  by the t h r e e  t r a p s  



T e ~ a e r a t u r e  Propranzed  Gas Chrornatographx 

Temperature P r o d u c t  klution T i m  
n in .  



connected  t o  t h e  he l ium f l o w  downstream f rom t h e  d e t e c t o r .  

The p r o d u c t s  c o u l d  t h e n  be t r a n s f e r r e d  f rom t h e  t r a p s  t o  

b r e a k s e a l  t u b e s  o r  spec  trophotome t e r  c e l l s .  

The GC was c a l i b r a t e d  by d e t e r m i n i n g  t h e  peak a r e a s  o f  

measured samples  of  t h e  compound o v e r  a  r ange  r o u g h l y  

c o r r e s p o n d i n g  t o  t h e  range  of  y i e l d s  o b t a i n e d  i n  t h e s e  

exper iments .  Over t h i s  r a n g e  t h e  molar  r e s p o n s e  v a l u e s  were 

found t o  be independen t  of  sample s i z e .  Areas  were measured 

w i t h  a  Gelcan 39321 p l a n i m e t e r .  R e l a t i v e  r e s p o n s e  v a l u e s  

were c a l c u l a t e d  u s i n g  carSon d i o x i d e  a s  a r e f e r e n c e  so  t h a t  

c o r r e c t i o n s  cou ld  be made f o r  day t o  day d e v i a t i o n s  i n  t h e  

c a t h a r o n e t e r  s e n s i t i v i t y .  By measur ing  t h e  d a i l y  molar  

r e sponse  v a l u e  of ca rbon  d i o x i d e  t h e  r e s p o n s e  v a l u e s  of  t h e  

o t h e r  compounds cou ld  be c a l c u l a t e d  f r o n  t h e i r  r e l a t i v e  

response  v a l u e s .  The d a i l y  v a r i a t i o n  i n , t h e  r e s p o n s e  v a l u e  

was l e s s  t h a n  5jL. 

Examina t ion  o f  t h e  u l t r a v i o l e t  a b s o r p t i o n  spect rum o f  

3 , 3 , 3 , - t r i f l u o r o p r o p y n e  showed a p p r e c i a b l e  a b s o r p t i o n  a t  
0 

wavelengths  s h o r t e r  than 1950 A .  The o n l y  e m i s s i o n  produced 

by t h e  medium p r e s s u r e  mercury a r c  lamp i n  t h i s  r e g i o n  i s  

t h e  1849 l i n e .  

S i n c e  n i t r i c  ox ide  h a s  q u i t e  a  l a r g e  a S s o r p t i o n  i n  

t h e  u l t r a v i o l e t  t h e r e ,  i s  a  p o s s i b i l i t y  t h a t  p h o t o l y s i s  

of NO by t h e  1849 2 l i n e  was i n i t i a t i n g  a  s i g n i f i c a n t  p a r t  

of  t h e  r e a c t i o n  f o r  t h e  sys tems  w i t h  39 added. To e l i m i n a t e  

o r  g r e a t l y  r e d u c e  any  n i t r f c  oxide  a b s o r p t i o n  i n  t h e  r e a c t i o n  



dffect of nitric oxide filter on yields in the photolysis 

of 3,3,3,-trifluoropropyne i n  t h e  presence of nitric oxide. 

Compound Yields (mo les  x lo-?) 

filter with i4O filter without 110 

The 

p r e s s u r e  

f i l t e r  cell had a path 

was 20 torr. 

length of 2.0 cm. The iqO 



c e l l  a n  a u x i l l i a r y  c e l l  c o n t a i n i n g  NO a t  2,O t o r r  was p l a c e d  

between t h e  lamp and t h e  r e a c t i o n  c e l l .  60  minute  i r r a d i a t -  

i o n s  were performed on i d e n t i c a l  m i x t u r e s  of n i t r i c  ox ide  

and 3 , 3 , 3 , - t r i f l u o r o p r o p y n e  when t h e  NO i n  t h e  f i l t e r  was 

condensed and when i t  was vapor ized .  l?le y i e l d s  of  t h e  

p r o d u c t s  of t h e  f i l t e r e d  r e a c t i o n  were  s l i g h t l y  lower  as  

c a n  be s e e n  i n  Table ( 2 ) .  T h i s  e f f e c t  coilld be a  r e s u l t  of  

a  r e d u c t i o n  i n  l i g h t  i n t e n s i t y  a s  w e l l  a s  t o  a  d e c r e a s e  i n  

NO p h o t o s e n s i t i z a t i o n .  

M a t e r i a l s :  - 
3,3,3,-tr if  luoropropyne was o b t a i n e d  f rom t h e  Pen ins -  

u l a r  Chemresearch Co. The major  i m p u r i t y ,  c a r b o n  d i o x i d e ,  

was reduced t o  a b o u t  0.1% by g a s  chrorcatographic s e p a r a t i o n .  

Another  s m a l l  i m p u r i t y  ( a b o u t  0.5%) cou ld  n o t  be e a s i l y  

removed b y  t h e  GC o r  by  d i s t i l l a t i o n ,  

N i t r i c  o x i d e  o b t a i n e d  from Matheson o f  Canada Ltd.  was 

d i s t i l l e d  th rough  a  2-methyl bu tane  s l u s h  t o  remove some of  

t h e  h i g h e r  o x i d e s  o f  n i t rogen .  B e s i d e s  t h e  above d i s t i l l -  

a t i o n ,  c a r e  was t a k e n  i n  removing t h e  NO f rom t h e  s t o r a g e  

f l a s k  by t h e  f o l l o w i n g  method. P r i o r  t o  use  t h e  NO was 

coadenssd i n  t h e  f l a s k  and the  va lve  opened. The NO was 

t h e n  al lowed t o  p a r t i a l l y  v a p o r i z e  u n t i l  t h e  d e s i r e d  p r e s s u r e  

i n  the gas b u r e t  was reached,  I n  t h i s  way t h e  h i g h e r  o x i d e s  

of n i t r o g e n  remained condensed i n  t h e  s t o r a g e  f l a s k .  

Carbon d i o x i d e  and propane were obtainecl  f r o m  Natheson 



of Canada L td .  and were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Bu tad iyne  was p r e p a r e d  a c c o r d i n g  t o  t h e  method o f  

24 G e o r g i e f f  and R icha rd  . -4 c o n c e n t r a t e d  sodium h y d r o x i d e  

s o l u t i o n  was r e a c t e d  w i t h  a s o l u t i o n  o f  1 , 4 - d i c h l o r o - 2 -  

butyne  and e t h y l  a l c o h o l  under  a f l o w  of  he l ium.  The 

p r o d u c t  was swept  o u t  of t h e  r e a c t i o n  v e s s e l  and condensed 

1 - 3  - L 7  --- 7 L... i n  a l i q u i d  n i t r o g e n  t r a p .  Tne 1 ,4 -uLc ;L l rv r  ~ - ~ - . , ~ t j . z c  :-:zE 

o b t a i n e d  f rom K and K L a b o r - a t o r l e s  Inc .  

The o t h e r  n a t e r i a l s  r e q u i r e d  f o r  c a l i b r a t i o n  o f  t h e  GC 

were o b t a i n e d  f r o m  c o m i e r c i a l  s u p p l i e r s ,  

Data  P r e s e n t a t i o n :  

A 1 1  t h e  s p e c t r a  used f o r  p r o d u c t  i d e n t i f i c a t i o n s  have 

I 
I b e e n  grouped t o g e t h e r  a t  t h e  end o f  t h e  R e s u l t s  s e c t i o n .  The 

i 
I 

mass s p e c t r a  have  been  p r e s e n t e d  i n  t a b u l a r  form i n d i c a t i n g  
b 
i 

! t h e  r e l a t i v e  abundance  of  t h e  m/e peaks  a l o n g  w i t h  t h e i r  i o n  
t 
! a s s i g n m e n t s ,  
1 .  

I Y i e l d  d a t a  f o r  each  sys t em o f  r e s c t i o n s  have  i n  most  

c a s e s  been  p r e s e n t e d  i n  t a b u l a r  a s  w e l l  as  i n  g r a p h i c a l  form, 



P h o t o l y s i s  of  3,3,3,-Trif'luoropropyne. 

The o n l y  v o l a t i l e  p r o d u c t  formed i n  t h e  p h o t o l y s i s  

of 3 , 3 , 3 , - t r i f l u o r o p r o p y n e  h a s  been i n d e n t i f i e d  by i t s  

mass + s p e c t r a  and % s  n u c l e a r  m a p e t i c  r e sonance  s p e c t r a  

as l,j,s;-tris ftrifluoromethpl) benzene 

(Tab le  10 , f i .g .  1 9  ) .  B e s i d e s  t h e  benzene d e r i v a t i v e  a  

n o n - v o l a t i l e  b r o w n d e p o s i t  i s  observed i n  t h e  r e a c t i o n  

c e l l  a f t e r  i r r a d i a t i o n ,  

The y i e l d  of i , 3 , S , - t ~ i s  ( t r i f l u o r o n e t h g l )  b s n z e n e  

as  a  f u n c t i o n  of i r r a d i a t i o n  t i y e  Is p r e s e n t e d  i n  Table 

( 3 ) .  The v a l u e s  a r e  o n l y  p r o p o r t i o n a l  t o  t h e  n o l a r  y i e l d  

because  t h e  r e s p o n s e  v a l u e  f o r  t h e  s u b s t i t u t e d  benzene 

cou ld  n o t  be de termined.  I t s  low vapor  p r e s s u r e  r e s t r i c -  

t e d  t h e  molar  q u a n t i t i e s  t h a t  c o u l d  be measured i n  t h e  

g a s  b u r e t ,  

D e p o s i t i o n  of' t h e  brown s u b s t a n c e  seemed t o  be more 

s e v e r e  a t  l o n g e r  i r r a d i a t i o n  t i m e s  i n d i c a t i n g  polymer 

f o r m a t i o n .  T h i s  m a t e r i a l  could  n o t  be removed w i t h  w a t e r  

and o n l y  p a r t i a l l y  w i t h  o r b a n i c  s o l v e n t s .  The c e l l  had 



E f f e c t  o f  exposure  t ime on t h e  y i e l d  of 1,3,5,- tr is  

( t r i f l u o r o m e t h y l )  benzene i n  t h e  p h o t o l y s i s  o f  3,3,3,- 

trif l uo ropropyne .  

- - - 
Eie P a t i v e  Approximate 

Sxposure  t ime  ( m i n s .  ) 
Y i e l d  Molar  Y i e l d s  

The y i e l d s  a r e  o n l y  p r o p o r t i o n a l  t o  mola r  v a l u e s  because  

the  r e l a t i v e  r e s p o n s e  v a l u e  was n o t  o b t a i n e d .  From c o n s i d e r -  

ation of  r e l a t i v e  r e s p o n s e  v a l u e s  as  a f u n c t i o n  o f  m o l e c u l a r  

weight t he  m o l a r  q u a n t i t i e s  a r e  approx i rca te ly  a s  shown. 



t o  be c leaned  a f t e r  e v e r y  r e a c t i o n  by washing wi th  a  h o t  

m ix tu r e  o f  concen t r a t ed  su lphwr i c  and n i t r i c  a c i d .  

B. P h o t o l g s i s  of 3 ,3 ,3 , -Tr i f luoropropgne  i n  t h e  Presence  

Propane was added t o  t h e  r e a c t i o n  system a s  a  source  

of  a b s t r a c t a b l e  hydrogen atoms i n  o r d e r  t o  e l u c i d a t e  t h e  

r e a c t i o n  mechanlsn. The main p r o d u c t s  of  t h e  ? h o t o l y s i s  

of CF C H i n  t h e  presence  o f  propane a r e  f l uo ro fo rm,  3 2 
a c e t y l e n e ,  trans-1,1,1,4,4,4,-hexafluoro-2-butene, and 

1,3,5, -tris ( t r i f  luorome t h y l )  benzene. 

CF3\ , H 
C =C 

/ \ 
H CF3 

A t r e c e  amount of f l u o r o a c e t y l e n e  i s  a l s o  formed. 

Y i e l d s  of t h e  p r o d u c t s  a s  a f u n c t i o n  o f  progane 

p r e s s u r e  a t  a  c o n s t a n t  s u b s t r a t e  p r e s s u r e  and a  c o n s t a n t  

i r r a d i a t i o n  t ime a r e  d i sp l ayed  g r a p h i c a l l y  i n  F i g s .  2 t o  5 

as w e l l  a s  i n  t a b u l a r  form (TaSle 4). 
The n o n - v o l a t i l e  d e p o s i t  was c o n s i d e r a b l y  reduced i n  

t h e  r e a c t i o n s  done wi th  added Fropane b u t  was s t i l l  i n  

ev idence  a f t e r  long exposure  t imes .  

P h o t o l g s i s  o f  3 ,3 ,3 , -Tr i f  l u o r o p r o p ~ n e  i n  the  Presence  of 

N i t r i c  Oxide,  

f i i t r i c  ox ide  was added t o  t h e  s u b s t r a t e  t o  a c t  a s  a 

f r e e  r a d i c a l  scavenger  du r ing  t h e  p h o t o l y s i s  of CF C K. 3 2 
The main p r o d u c t s  of . t h i s  r e a c t i o n  a r e  ca rbon  d i o x i d e ,  



n i t r o u s  o x i d e ,  t r i f l u o r o n i t r o s o m e t h a n e ,  t r i f l ~ o r o a c e t o -  

n i t r i l e ,  b u t a d i y n e ,  1 ,3,5,- tr is  ( t r i f l u o r o r n e t h g l )  benzene,  

I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  a n  i n e r t  gas o n  

t h e  p r o d u c t  y i e l d s  I n  t h e  p r o p y n e - n i t r i c  ox ide  r e a c t i o n ,  

i r r a d i a t i o n s  were performed w i t h  v a r y i n g  c a r b o n  d i o x i d e  

and a n  u n i d e n t i f i e d  p r o d u c t  d e s i g n a t e d  a s  PA. A d i s c u s s i o n  

on t h e  i d e n t i f i c a t i o n  of  PA i s  p r e s e n t e d  on page 55. Trace  

amounts o f  f l u o r o a . c e t y l e n e  and a c e t y l e n e  a r e  a l s o  f o r n e d ,  

Y i e l d s  of t h e s e  p r o d u c t s  a s  a f u n c t i o n  of  exposure  

t ime a r e  g i v e n  i n  Table  5. The s a s e  r e s u l t s  a r e  a l s o  sTown 

g r a p h i c a l l y  i n  F i g s ,  6 t o  9 an2 c l e a r l y  show a l i n e a r  

dependence a t  s h o r t e r  t i m e s  w i t h  a g r a d u a l  l e v e l l i n g  a t  

l o n g e r  exposures .  

Tab le  6 and F i g s ,  10 and 11 show t h e  e f f e c t  of n i t r i c  

ox ide  c o n c e n t r a t i o n  on t h e  y i e l d  of p r o d u c t s  f o r  r u n s  of  

t h i r t y  m i n u t e s  e x c e p t  where i n d i c a t e d .  I n  c a s e s  where t h e  

exposure  t ime was n o t  t h i r t y  minu tes  t h e  y i e l d s  were rnu l t i -  

p l i e d  by t h e  a p p r o p r i a t e  f a c t o r ,  Such a  c o r r e c t i o n  i s  

o n l y  f e a s i b l e  f o r  t imes  o f  l e s s  t h a n  f o r t y  minu tes  because  

the y i e l d s  a s  a f u n c t i o n  of exposure  t ime a r e  l i n e a r  o n l y  

i n  t h i s  r a n g e ,  

P h o t o l y s i s  of 3 A 3 , - T r i f  luoropropgne i n  t h e  Presence  of 

CC), and H0. 



- 2 5  - 
Table 4 

P h o t o l y s i s  of  3 , 3 , 3 , - t r i f l u o r o p r o p y n e  w i t h  a d d e d  propane.  

P r o d u c t  y i e l d s  a s  a f u n c t i o n  o f  

propane  p r e s s u r e .  

C H p r e s s u r e  
3 8 2% 

( t o r r  C?* 

-7 XI'. ,. ,. 
P r o d u c t  Y i e l d s  (moles  x 10 ) 

CF3H C2H2 ( CF3 2C2Z2 

X- 3 y i e l d s  a r e  p r o p o r t i o n a l  t o  10'' moles and a r e  

a p p r o x i m a t e l y  t w i c e  t h e  mola r  v a l u e s .  

<:yields are approximate t o  t h e  a c t u a l  $ i e l d s .  

S t a r t i n g  p r e s s u r e  of  CF C ?I, 2.51 t o r r ;  i r r a d i a t i o n  t ime ,  50 min. 
3 2' 



1 I I 

5.0 1O.C 15.0 
C H p r e s s u r e  (torr) 3 8 

Starting p r e s s u r e  of CP3C2Z!, 2.61 t o m ;  i r r a d i - a t i o n  tiae, 60 min. 

F i g .  2 



5.0 10.Q 15.0 
C 3 p r e s s u r e  (torr) 

3 8 
S t a r t i n g  p r e s s u r e  o f  Cfi C 2 H ,  2.51 t o r r ;  irradiation time, 

3 
40 rnin, 



l,2,5,-tris (trif l u o r o m e t n y l )  benzene 

2.0 4.0 6.0 
C3A8 pressure ( torr ) 

Starting pressure of CF C H, 2.61 torr; irradiation time 
. 3 2  

of 60 minutes, 

Fig* 4, 
- -  

- - - -  - - 3 -.' . 



C Y pressure ( t o r r )  3' 8 
S t a r t i n g  p r e s s u r e  of CJ3C2B, 2.61 t o r r ;  i r r a t i o n  t i m e ,  40 min. 

F i g &  



Photolys is  of 3,3,3-trif luoropropyne with addec7 n i t r i c  oxide 

Exposure 

t irre 

(rnins. 1 

10 

10 

15 

20 

20 

25 

30 

40 
45 

45 
50 
60 

65 

P r o d u c t  y i e l d s  as f u n c t i o n  of' 

exposu re -  t h e .  - 

Product Yields (moles X lo-?)  

+* Y e i l d s  are approximate to molar quantities. 

Starting pressure torr; 

Starting p r e s s u r e  of KO,  1.05 torr, 

7 



7" 20 40 1 50 I I 

Exposure Time ( m i n u t e s )  

S t a r t i n g  p r e s s u r e  of CF C FJ 5.22 torr; starting oressure 
3 2A19 

of ~ $ 0 ,  1.05 t o r r .  



20 40 
iixposure T i m e  (minutes )  

S t a r t i n g  p re s su re  of C" CH,  5.22 t o r r ;  s t a r t i n c  p re s su re  
3 2 

of h0, 1.05 torr. Pig.  7 



20 LO 60 
Exposu re  Time ( m i n u t e s )  

S t a r t i n g  h a  prEssure  of C? C H-, 5.22 t o m ;  s t a r t i n g  p r e r s u r e  3 2 
o f  G O ,  1.05 t o r r .  



20 40 
Exposure Time (minutes) 

S t c r t i n r  pressure of' CI? C [i, 5.22 torr; starting pressure 
3 2 

of NO, 1.05 torr. 



p r e s s u r e .  The y i e l e s  p r e s e n t e d  i n  Table  7 do n o t  

depend on  C 0 2  p r e s s u r e .  

E. P h o t o l y s i s  of CF C H i n  Presence  of  NO and Propane.  3-2 
Propane was added t o  t h e  n i t r i c  oxide-propyne sys tem 

t o  d e m o n s t r a t e  cornpe t i t i o n  between t h e  propane and n i t r i c  

ox ide  f o r  t h e  f r e e  r a d i c a l s .  To t h i s  e n d ,  t h e  y i e l d s  of 

t h e  p r o d u c t s  a s  a  f u n c t i o n  of gropane p r e s s u r e  a t  c o n s t a n t  

n i t r i c  o x i d e  and propyne p r e s s u r e  and a t  c o n s t a n t  i r r a d i a t -  

i o n  t i m e s  were de te rmined .  The r e s u l t s  a r e  p r e s e n t e d  i n  

Table  8 and i n  F i g s .  1 2  t o  15. 

Table  9 suminarizes t h e  r e a c t i o n  sys tems s t u d i e d  and 

t a b u l a t e s  t h e  p r e s e n t a t i o n  of  d a t a .  Table 1 0  l i s t s  t h e  

r e l a t i v e  abundances  of  t h e  i o n  peaks  o b t a i n e d  f r o m  t h e  

mass s p e c t r a  of t h e  i d e n t i f i e d  p r o d u c t s .  F ig .  15 ( a )  

and (b) shows t h e  i n f r a r e d  s p e c t r a  of  1 ,1 ,1 ,4 ,4 ,4 , -hexa-  

f luoro-2-butene  and t h e  u n i d e n t i f i e d  p roduc t  PA. These 

s p e c t r a  were o b t a i n e d  from gaseous  samples i n  a Scrn c e l l  

u s i n g  Beckman IR 12 s p e c t r o m e t e r .  Figs. 17, 18, and 20 

r e p r e s e n t  t h e  n u c l e a r  magnet ic  resonance  s p e c t r a  of  
. . 

1,1 ,1 ,4 ,4 ,4 , -hexaf  luoro-2-butene ,  compound PA, and 1,3,5, - 
tris ( t r i f  l u o r o m e t h y l )  benzene. The p r o t o n  s i g n a l s  from 

t h e  f i r s t  two compounds were not observed because  of t h e  

small sample q u a n t i t i e s .  



Table  5 
p- 

P h o t o l y s i s  of  3 , 3 , 3 , - t r i f l u o r o p r o p y n e  w i t h  added n i t r i c  ox ide .  

P r o d u c t  y i e l d s  as a f u n c t i o n  o f  - 
n i t r i c  ox ide  p r e s s u r e .  

NO p r e s s u r e  P r o d u c t  Y i e l d s  ( moles  X 10-7) 

min. f o r  t h e s e  r u n s :  t h e  y i e l d s  have  -x- Exposurs  t i m e  n o t  30 
b e e n  c o r r e c t e d  a c c o r d i n g l y ,  

Y i e l d s  c i t e d  f o r  t h e  benzene d e r i v a t i v e  a r e  p r o p o r t i o n a l  
t o  t h e  mola r  v a l u e s .  



0.4. 0.e 1.2 
I i O  pressure ( t o m )  

Starting p r e s s u r e  of CP3C2H, 2.61 t o m ;  irradiation time, 30 min. 

Pig. 10 



a co, 4 
O N20 ? a 

I 1 1 

0.4 O. e 1.2 
h O  ;>ressure (torr) 

dtartine pressure of 2F i H;E.hl t o r r ;  irradiation time, 30 min, 3 2 

Fig. 11 



Table 7 

P h o t o l y s i s  with added 

and carbon d iox ide .  

Produc t  y i e l d s  as  a f u n c t i o n  of  

carbon d iox ide  p r e s s u r e .  

GO2 p r e s s u r e  

( t o r r  ) 

0.0 

1.36 

1.27 

2.50 

2.66 

5.31 

5.34 

Product  Y i e l d s  (moles X 

oxide 



Table  8. 
P h o t o l y s i s  of d , 3 , 1 - t r i f l uo rop ropyne  i n  t h e  p resence  o f  

n i t r i c  ox ide  and propane,  

P roduc t  y i e l d s  a s  a f u n c t i o n  o f  

propane  pressure, 

C~HG, Produc t  Yields (moles x low7) 
p6ebsure 
( t o r r )  CO2 N20 C2HF C2H2 C F 3 C N  C4t12  CP3H PA 





2.0 4.0 6.0 
C-388 pressure ( t o m  

Starting pressure of CF3C2H, 2.61 t o m ;  starting pressure 

of NO, 0.52 torr; irradiation time of' 60 minutes. 



C2HF y i e l d  

4.Q 6.0 
C H pressure (torr) 

3 6 
Starting pressure of CF C 3,2,61 torr; starting pressure 

3 2 
of NO, 0.52 torr; irradiation time 60 mins. 

Fie .  14 



I t I i 

2.0 4.0 6.0 8.0 
C H pressure (torr) 3 8 

Starting pressure of CF C H, 2.61 torr; starting pressure 
op m, 0.52 ttrr; irrad?aZion time of 60 minutes. 

Pig* 15 



Table- 9 
Y- 

Reaction c o n d i t i o n s f o r t h e  var ious systems s tudied.  

Reaction system 

CF3C2H neat  

Reactant 
pressure  

( t o r r  1 

Exposure Data p r e s e n t a t i o n  
time , 
(min. 1 

0 - 6 1  Table 3,  

- 
60 Table 4, Fig.2 to55 

0 - 55 Table 5 ,  Fig.6 to 9 

60 Table 7 

60 Table 8, Fig.12 t o  15 



- 46 - 

Table 

Product  a n a l y s i s  by .mass spec t roscopy  

Compound m/e I 3 e l a t i v e  Abundance 
I 

Assignment 

E l e c t r o n  Voltage 
8Oev 20ev lSev 

1,3,5,-tris ( t r i f l u ~ r o m e t h ~ l )  benzene (CC H F ) 
9 3 9  



- 4 7 ~  
Table 10 cont. 

1,3,5,-tris '(trifl~orometh~l) benzene 



Table 10 Cant. 

Compound m/e I R e l a t i v e  Abundance I 
E l e c t r o n  Voltage 

BOev 20ev 15;e v 

24 11.5 C2+ 

butadiyne ( C41i2) 

51 28.0 Q.O C4H3+ 



- 49 - 

Table 10 Cont. 

Compound m/e R e  l a  t i v e  Abundance 

100.0 100.0 c2m+ 
t !  2 
-I-& 7 0 - 7  c - ,pC 

C P  

trif l u o r o a c e t o n i t r i l e  (C2F3N ) 

C F &' t 
2 3 

I 

CF + 
// 

3 
1 

1 

C ~ N  , F ~ +  

CF+ 

- CB+ - - - - - - -- -- 

carbon dioxide ( C 0 2 )  

nitrous oxide (N20) 

-- - -- - - _ _ _ _ _ _  _ _ __-.._5--- 



Table 10 cont .  

trans , 4 , 4 4 ,  hexaf l uo ro -2 -bu tene  ( C4E2F6 ) 

165 1.3 

R e l a t i v e  Abundance 

Compound m/e E l e c t r o n  Vol t age  
8Oev 2Sev 20ev 

Assignment 



Table 1 0  cont .  

compound m/e R e l a t i v e  Abundance Assignment 

E l e c t r o n  Voltage 
' 80  ev  

trif luoroni trosom t h a n e  (CFJ&O ) 

trif luoromethane ( CF~Y) 

70 1.3 

69 100.0 









( 8 )  2X:i s p e c  trun of 1,3,5,- t r is  ( t r i f  l u o ~ o r n e t h y l )  benzene, 

54.4 Pic, CFCl :fs a s o l v e n t  and a r e f e r e n c e .  3 
1 (b) H NMR spectrum, 50.0 Nc, TMS a s  a r e f e r e n c e .  



Discussion of t h e  i d e n t i f i c a t i o n  of a product forncd i n  t h e  ---- -- - 
CF,C2=otolpsis wi th  added NO. 

Attempts a t  i d e n t i f y i n g  t h e  product designatecias PA have 

not r e s u l t e d  i n  a conclus ive  assigrment ,  even t h o u ~ h  an excel-  

lent i n f r a r e d  s p e c t r m  has been obtained.  The nass s p ~ c t r m  

and t h e  N2G3 spectrum d i d  n o t  y i e l d  a e r e a t  d e a l  of i n f o m -  

a t i o n .  

A peak ac 6y m/'e i r l  tiis iiizss a;ectrvx has becvl assigned 

to CF: . The i o n  wi th  t h e  h ighes t  m/e value (163) has been 

ass igned  t o  t h e  ion  (cP,)~c,F~'. Often t h e  h ighes t  mass of 

n i t r o s o  compounds i s  n o t  t h e  pa ren t  ion  b u t  r a t h e r  a fragment 

i o n  r e s u l t i n g  from l o s s  of t h e  NO group dur ing  t h e  spec t ro -  

s c o p i c  a n a l y s i s .  It is p o s s i b l e  t h a t  a similar fragmentat ion 

occurred  I n  t h i s  case wi th  t h e  parent i o n  of ( c F , ) ~ c ~ R ; ? o  ( 1 9 3 )  

n o t  be ing  observed. 25 

-1 The s t r o n g  a b s o r p t i o n  band a t  1564 c m  i n  t h e  infrarcd 

spectrum (Fig .  16 a ) has been assigned t o  a n i t r o s o  group. 

The e f f e c t  of the e l e c t r o n  withdrawing CF, groups may be 

weakening t h e  I k O  s t r e t c h i n g  mode , s h i f t i n g  its a b s o r p t i o n  

t o  lower energy than  t h a t  observed f o r  t r i f l u o r o n i t r o s o e t h y l e n e  

The F~~ N X 3  spectrum of t h e  m i d e n t i f l e d  product  d i sp lays  

an u n s p l i t  a b s o r p t i o n  at  -3.642 K c  and a t r i p l y  s p l i t  absorp- 

t f o n  cen te red  at -3.806 Kc which have been ass igned  t o  two 

I s o l a t e d  CF3 groups. Since  only one peak is  s t r o n g l y  s p l i t  i t  

i s  ev iden t  t h a t  t h e  CF, groups are not  s t r o n g l y  coupled t o  one 

a n o t h e r .  Therefore, t h e  s p l i t t i n g  must be caused by some add- 



i t i o n a l  nucleus such as hydrogen. The t r i p l e t  n a t u r e  of -3.805 Kc 

absorp t ion  i s  unexpected, as one coupled hydrogen would be 

expected t o  produce a doublet  and n o t  a t r i p l e t  on a f irst-  

o r d e r  b a s i s .  

However,coupling t o  a s i n g l e  hydrogen can produce a t r i p l e t  

l i k e  s p l i t t i n g  i n  c e r t a i n  cases .  When t h e  molecule conta ins  

magnetic non-equivalent groups t h a t  a r e  s t r u c t u r a l l y  equiv- 

alent, r ; e r i ~ i u  ~lri&yactai-:atk z"uoc;r~ticn pc t te r rzs  car? F ~ T L ~ P  

a t r i p l e t  be ing  one2?. The NIQ3 spectrum of t r a n s  1,1,1,4,4,4,  - 
hexafluoro-2-butene ( type  x,A&;) d i sp lays  a t r i p l e t  absorpt ion  

which may be an examgle of such an e f f e c t .  On t h e  o t h e r  hand 

t h e  t r i p l e t  d isp layed by PA is d i f f i c u l t  t o  r a t i o n a l i z e  as aris- 

i n g  from magnetic non-equivalence because only one CF, group 

is s t rong ly  s p l i t .  

From a mechanist ic  s tandpoint  a reasonable compound would 

be some i s o n e r i c  form of t h i s  n i t rosobutene .  

m3. H 

OR PC: CF 3 

Wwever, a t t empts  at  rationalizing t h e  NXR spectrum, 

on a f i r s t - o r d e r  basis, to this compouvld a r e  n o t  convincing. 



A ,  Absorpt ion Process :  

To e l u c i d a t e  t h e  pr imary chemfcal p roces s  two main 

questions had t o  Se answered: i s  the re  a  long- l ived 

e x c i t e d  i n t e r m e d i a t e ,  and do f r e e  r a d i c a l s  e x i s t  i n  

t h e  system? 

To determine whether a  long-l ived e x c i t e d  i n t e r -  

mediate  s t a t e  of' the s u b s t r a t e  was produced i n  t he  

a b s o r p t i o n  p r o c e s s  carbon dioxide  was adc?ed t o  a c t  a s  
I 

a quencher,  A s  can be s een  f'ron TaSle 6 no a p p r e c i a b l e  

e f f e c t  on t h e  y i e l d  i s  observed, It was concluded t h a t  

an e x c i t e d  s u b s t r a t e  molecule o r  an exc i t ed  r a d i c a l  

s p e c i e s  w i t h  l i f e t i m e s  longer  t han  sec .  were no t  

l n t e r rned i a t e s  i n  t he  reac tzon. 

Evidence f o r  f r e e  r a d i c a l  fo rmat ion  was obta ined  

f rom the pho t o l y s i s  of t he  propyne-propane a n d  propyne- 

n i t r i c  oxide r e a c t i o n  systems. I d e n t i f i c a t i o n  of CF3Y 

and C S 2  a s  p roduc t s  i n  t h e  f irst  mixture  i n d i c a t e d  

presence  of CF and C2E r a d i c a l s .  S i m i l a r  conc lus ions  
3 

were drawn from the  fo rma t i03  of CF3M0 and C A i n  t he  . 4 2  
n i t r i c  ox ide  system, The fo l lowing  r e a c t i o n s  account  

f o r  t h e s e  p roduc ts :  



H e a c t i o n s  34 and 35 a r e  hydrogen a b s t r a c t i o n  r e a c t i o n s ,  

R e a c t i o n  36 i s  a t y p i d a l  r e a c t i o n  of n i t r i c  o x i d e  w i t h  
I 

f r e e  r a d i c a l s .  

A more d e t a i l e d  mechanisa  for r e a c t i o n  37 i s  

p r e s e n t e d  below i n  r e a c t i o n s  50 and 51. $herwood 
20 

h a s  obse rved  t h a t  t h e  c h a r a c t e r i s t i c  r e a c t i o n  o f  e t h y n y l  

r a d i c a l 3  w i t h  s u 3 s t i t u t e d  a l k y n e s  was s i m i l a r  t o  

r e a c t i o n  37. 

It t h e r e f o r e  a p p e a r s  f r o 3  t h e  e v i d e n c e  d i s c u s s e d  

above t h a t  t h e  p r i r a r y  p y o t o l y t i c  r e : c t i o n  o f  3 ,3,3,-  

t r i f  l u o r o p r o p y n e  i s  d i r e c t  breakdoxn i n t o  t h e  trif l u o r o -  

m e t h y l  and e t h y n y l  r a d i c a l s .  

s e c o n d a r y  R e a c t i o n s  of  Trif l u o r o m e t h y l  and E t h y n y l  
1 

R a d i c a l s ,  

The r e a c t i o n  mechanism of  a  p h o t o c h e m i c a l  p r o c e s s  

must  i n c l u d e  r e a c t i o n s  t h a t  expla in  t h e  f a t e  o f  t h e  

r a d i c a l s  and o t h e r  i n t e r m e d i a t e s  and t h a t  a l s o  a c c o u n t  

f o r  a l l  the  p r o d u c t s  o b s e r v e d ,  The s e c o n d a r y  r e a c t i o n s  

of each s y s  tern s t u d i e d  above w i l l  be d i s c u s s e d  s e p a r a t e l y .  

P h o t o l y s i s  of CF3C2z: 

I n  the p h o t o l y s i s  o f  neat 3 , 3 , 3 , - t r i f l u o r o p r o p y n e  



the  o n l y  v o l a t i l e  p r o 4 u c t  i d e n t i f i e d  was 1,3,5,-tris ( tr i-  

f l u o r o m e t h y l )  b z n z e n e  . T h i s  p r o d u c t  and t h e  non-vo la  t i l e  

d e p o s i t  i n  the c e l l  have b e e n  p o s t u l a t e d  t r ?  be f o r m e d  by  a 

c h a i n  mechanisn,  i n i t i a t e d  by  t h e  t r i f l u o r o ~ ~ e t h y l  a n d  

e t h y n y l  r a d i c a l s .  The p o s s i b l e  i n i t i a t i n g  r e a c t ' o r s  a r e :  

and i n  gene ra l  by: 

where Re i s  e i t h e r  'CF. or -C2X and S is CF3-CZC-E. 
3 ' 

Chain p r o p a ~ a t i o n  s t e p s  t h e n  occur  by 

R S s  , +  s - RSSf 
3 S S t  + S RSSS: 

l e a d i n g  t o  a p o l y n e r i c  p r o d u c t  which could be the 

d e p o s i t  observed i n  the r e a c t i o n  c e l l .  



A c y c l i z a t i o n  r e a c t i o n  wss p o s t u l a t e d  t o  a c c o u n t  f o r  

1 , 3 , 5 , - t r i s  ( t r i f l l ~ o r o r z e t l : ~ y l )  benzene f o r n a t i o . ?  and i s  

r e p r e s e l t e d  a s  f o l l o w s :  

A s i x i l a r  f r e e  r a d i c a l  p r o c e s s  h a s  been  c o v > s i d e r e d  t o  o c c u r  

f o r  t h e  f o r s a t i o n  of  benzene d u r i n g  t h e  p h o t o l y s i s  of  a c c t -  
' 5 , 8  

y l e n e .  

A t t s c k  on t h e  t r i p l e  bo-d w i l l  ?reduce t h e  1,3,5 i s o r e r  

:: s e q u e n t  a t t a c k s  i n  t he  p o l y n e r i z a t i o n  s t e p s  a r e  i d e n t i c a l .  
I 

P h o t o l g s i s  of  CF C?B w i t h  a d d e d c 3 R g .  
I 3-- 

I n  t h e  p r e s e n c e  o f  added propane  t h e  p r i m a r y  r a d i c a l s  

may s t i l l  add t o  t h e  s u b s t r a t e  a s  d e p i c t e d  by r e a c t i o n s  39 

and  40, b u t  hydrogen  a b s t r a c t i o n  r e a c t i o n s  c a n  a l s o  o c c u r .  

With r e f e r e n c e  t o  t h e  a d d i t i o n  'CF . t o  t r i f ' l u o r o p r o p y n e ,  3 
r i t  appea r s  t h a t  r e a c t i o n  39 (a )  i s  t h e  o n l y  one o f  i m p o r t a n c e .  



A b s t r a c t i o n  o f  hydrogen by I would produce t r a n s  1,1,1,- 

4,4,4,-hexafluoro-2-Sutene, t h e  o n l y  one o f  t h e  f o u r  p o s s i b l e  

i s o ~ ~ e r s  which i s  a c t u a l l y  observed.  

PresumaSly a t t a c k  a t  t h e  hy?ropen s u b s t i t u t e d  c a r b o n  

a l l o w s  t h e  f r e e  e l e c t r o n  t o  be s t a b i l i z e d  by t h e  e l e c t r o -  

n e g a t i v e  CF group.  The t r a n s  isomer produces  l e s s  s t e r i c  
3 

i n t e r a c t i o n  between t h e  CF groups  t h a n  does  t he  c i s  form. 3 
The f a c t  t h a t  no e t h y n y l  a d d i t i o n  p r o d u c t s  ana logous  t o  t h e  

bu tene  formed i n  r e a c t i o n  (45) a r e  observed s u g g e s t s  t h a t  

hydrogen a 6 s t r a c t i o n  by e  t h y n y l  r a d i c a l s  i s  more f a v o r a b l e  

t h a n  a d d i t i o n  t o  s u b s t r a t e .  

Such c Q n p e t i t i c n  between a 3 s t r a c t i ~ n  and a d d i t i o n  is 

r e f l e c t e d  i n  t h e  y i e l d s  of CF H ,  C H and l,3,3,-tris 3 2 2' 
(trif luorome t h y l )  benzene a s  a f u n c t i o n  o f  i n c r e a s i n ~  

propane c o n c e o t r a t i o n .  CF Y and Cp2 i n c r e a s e  i n  y i e l d  i n  
3' 

accordance  w i t h  t h e  i n c r e a s e d  a b s t r a c t i o n  r a t e s .  A t  t h e  same 

t ime t h e  benzene y i e l d  d r o p s  because  of t h e  fewer  r a d i c a l s  

a v a i l a b l e  f o r  t h e  c h a i n  i n i t i a t i o n  r e a c t i o n .  The y i e l d  of  

t h e  t r a n s  1,1,1.4,4,4,-hexafluoro-2-butene is  low f o r  low 

propane c o n c e n t r a t i o n s  because  r e a c t i o n  (4159 canno t  o c c u r .  

A f t e r  r i s i n g  q u i c k l y  t h e  y i e l d  d e c r e a s e s  f o r  t h e  same r e a s o n  

that  t h e  benzene y i e l d  d rops .  The y i e l d s  have  been d i s p l a y e d  

g r a p h i c a l l y  i n  F i g s .  ( 2 )  t o  (5)  and i n  t a b u l a r  form i n  Table ( 3 ) .  



Table 11 

P h o t o l y s i s  o f  3 , 3 , 3 . - t r i f l u o r o p r o p y n e  w i t h  a d d e d  propane .  

P r o d u c t  b a l a n c e  f o r  CF3 and 

C H radicals. 
-2 

C H p r e s s u r e  3 8 
( torr 1 

u. jl 

1.01 

1.98 

3.03 

3.06 

5.37 

. 7.95 

10.0 

13.0 

15.0 

Sum o f  CF H and , 3  
(CP ) C H2 y i e l d s  

3 2 2  
65.6 

C2H2. y i e l d  



0 Sum of CF3H and ( c F ~ ) ~ c ~ H ~  

C2H2 yields 

5.0 10.0 15.0 
C 3 p r e s s u r e  ( t o m )  3 e 

F i g .  20 



S i n c e  ' t he  CF3 and C2H r a d i c a l s  a r e  produced i n  a one t o  
*Ijr 

&. one r a t i o  i n  the p h o t o l y t i c  p r o c e s s  t h e  y i e l d  or Z? i n l t i g t c d  3 
p r o d u c t s  s h o u l d  e q u a l  the  y i e l d  of the C2E i n i t i a t e d  p r o d u c t s .  

C a l c u l a t i o n  o f  t he  sum o f  y i e l d s  o f  f l u o r o f o m  and t r a n s  
I 1,1,1,4,h.,1;, -hsxaf luo ro -2 -bu tene  f o r  al l .  propane c o n c e n t r a -  

L-: .,,,,, A,..m s t s a t e d  r e v e a l s  t h a t  t h i s  v a l u e  d o e s  n o t  a g r e e  w i t h  t h e  

y i e l d  of  C H but t h e  two v a l u e s  do converge  a t  h i ~ h  p r o 2 x : e  
2 2 

c o n c e n t r a t i o n s ,  Thf s c a l c u l a t i o n  i s  p r e s e n t e d  g r a p h i c a l l y  i n  

F i g .  ( 2 0 )  and i n  t a b u l a r  form i n  Tab le  (11). An e x p l a n a t i o n  

of t h e  lower C 2 2  y i e l d s  nay be t h a t  e t h g n y l  r a d i c a l s  i n i t i a t e  

more p o l y a e r i z s t i o n  r e a c t i o n s  t h a n  d o  CFj r a d i c a l s .  

The t r a c e  a n o ~ n t  of f l o o r o a c e t y l c n c  i n  t h e s e  r e l s t i o n s  

i s  t h o u g h t  t o  a r i s e  f r o m  txo  p o s s i b l e  r e a c t i o n s ;  a 5 s t r a c t i o n  

of f l u o r i n e  by C2M, an6 p r o d u c t i o n  of  CzEir' i n  a prinayy p r o c e s s .  

F l u o r i n e  a b s t r a c t i o n  nay o c c u r  as f o l l o w s ;  

S i n c e  t h e  C-F bond e n e r g y  of  t h e  substrate i s  a b o u t  1 0 9  

kcal/mole 
(28)  

t h i s  p r o c e s s  would b? e x p e c t e d  t o  have a high 

a c t i v a t i o n  energy which may a c c o u n t  f o r  the small  y i e l d .  

E v i d e n c e  a g a i n s t  such  a mechanism comes f rom t h e  r e l a t t v e l y  

slight e f f e c t  of added gropane on the yields of f l u o r o -  

a c e t y l e n e .  A pronounced d e c r e a s e  with i n c r e a s i n g  propene  

c o n c e n t r a t i o n  would be e x p e c t e d  f o r  the  f r e e  r a d i c a l  r e a c t i o n .  

The f o l l o w i n g  p r i m a r y  p r o c e s s  was c o n s i d e r e d :  

CF G 9 4 hv - :CF2 + F - C x - R  3 2  47 
However no e v i d e n c e  f o r  t h e  presence of' d i f l u o r o m e t h y l e n e  



was f o u n d  when e t h y l e n e  was added as  a t r a p p i n g  a g e n t .  ;to 

o t h e r  a t t e m ? t  wzs made t o  de te rmine  t h e  mechanism f o r  f l u o r o -  

acetylene formation. 3 h a t e v e r .  mechanism i s  operative i t  w o u l d  

only r e p r e s e n t  a S o u t  5% of t h e  t o t a l  r e a c t i o n ,  

P 'no to lys i s  of  CF C H w i t h  added l i O :  
3-2 -- 

'&e? 2 f t r i n  oxide  i s  added t o  the s u b s t r a t e  t h e  f a t e s  

of the CF, a n <  C2H r a d i c a l s  -are somewhat s i m i l a r  t o  t h e i r  
i 

f a t e s  i n  t h e  r e a c t i o n s  w i t h  a d d e d  pro?ane.  
( 2 9 )  

CF3 r a d i c a l s  -are scavenged by n i t r i c  o x i d e .  
2 

A s  w e l l  a s  b e i n c  scavenged bg i iO, t h e  t r i f l uo rome t ' t . l g1  

r a d i c a l s  can  r e a c t  w i t 5  s u b s t r a t e  bg r e a c t i o n  3 9 ( a )  a s  h a s  

a l r e a d y  been s u e g e s t e d ,  The r n d l c a l  i n t e r m e d i a t e  I can 

e i t h e r  c o n t i n u e  t$-e  c h a i n  r e a c t i o n  to form t h e  benzene 

d e r i v a t i v e  o r  i t  csn r e z c t  x i t h  n i t r i c  ox ide  t o  form t r s n s  

A d i s c u s s i o n  of t h e  i d e n t i f i c a t i o n  o f  11 has been p r e s e n t e d  

above. 

Decomposi t ion  of I1 czn occur  v i a  a c y c l i c  i n t e r m e d i a t e  
21 

t o  form t r i f l u o r o a c e t o n i t r i l e .  



R e a c t i o n  l.4-9 h a s  b e e n  p o ' s t u l a t e d  t o  accoun t  f o r  t h e  

p r e s e n c e  of CF G N  i n  t h e  p r o d u c t  mix tu re .  However CF3CH0 
3 

h a s  n o t  been observed under  t h e  same c o n d i t i o n s .  An a u t h e n t i c  

sample of f l u o r a l  was i n t r o d u c e d  i n t o  t h e  vacuum l i n e  and 

i n j e c t e d  i n t o  t h e  g a s  chromatograph.  Q u a n t i t a t i v e  r e c o v e r y  

cf t h e  s2r?ple w_s nnt:  nnhieved, a l t h o u g h  a  s m a l l  amount d i d  

e l u t e  from t h e  column w i t h  a  r e t e n t i o n  t ime s i m i l a r  t o  t h a t  

of t h e  s u b s t r a t e .  A f i l m  was observed on t h e  i n n e r  s u r f a c e s  

of t h e  vacuum l i n e  a t  t h e  p o i n t s  where f l u o r a l  was condensed 

d u r i n g  t h e  normal t r a n s f e r r i n g  o p e r a t i o n s .  It i s  p o s s i b l e  

t h a t  h y d r a t i o n  of t h e  f l u o r a l  was o c c u r r i n g  upon c o n t a c t  

w i t h  t r a c e  amounts o f  wa te r  adsorbed on  t h e  s u r f a c e  of  t h e  

vacuum l i n e .  30 Another  e x p l a n a t i o n  could  be t h e  polgmer i -  

z a t i o n  of  f i u o r a i .  

E t h y n y l  r a d i c a l s  c a n  a l s o  r e a c t  w i t h  t h e  s u b s t r a t e  a s  

p r e v i o u s l y  p o s t u l a t e d  by r e a c t i o n s  39 and 40. Subsequent  

r e a c t i o n s  of  t h e  r a d i c a l  formed i n  t h i s  a d d i t i o n  p r o c e s s  

have  been  p o s t u l a t e d  t o  a c c o u n t  for t h e  p r o d u c t i o n  of  

b u t a d i y n e .  The proposed r e a c t i o n  mechanism i s  a s  f o l l o w s :  



The aSove r e a c t i o n  sequence  p r o d u c e s  the  same overall 

e f f e c t  a s  r e a c t i o n  37 e x c e p t  t h a t  C4H2 f o r m a t i o n  i s  now n o t  

p o s s i b l e  i n  t h e  a b s s n c e  of biO i n  agreement  w i t h  t h e  e x p e r i -  

m ~ n t e l  o v i d e ~ c e .  

The p o s s i b i l i t y  t h a t  C4H2 i s  b e i n g  pho to lyzed  a s  b t  i s  

formed h a s  n o t  S e e n  e l i m i n a t e d .  A s m a l l  sample of  b u t a d i y n e  

was i n t r o d u c e d  t o  t h e  r e a c t i o n  f l a s k  a l o n g  w i t h  3 ,3 ,3 , - t r i -  

f l u o r o p r o p y n e  and was i r r a d i a t e d  i n  t h e  u s u a l  manner. Gas 

a n a l y s i s  of t h e  p r o d u c t s  r e v e a l e d  t h a t  a l l  t h e  C4H2 had been  

consumed. I h o t o l y s i s  of  b u t a d i y n e  i s  e v i d e n t l y  a n  i m p o r t a n t  

p roce s s .  
0 

C ~ E ~  + h ~ ( 3 0 0 3  - 2 5 ~ 0  A )  2*c2 i i  52 
31 R e a c t i o n  52 h a s  been  proposed  by  P i t t s  . I n  t h e  p r e s e n c e  

of 50, p h o t o l y s i s  of  b u t a d i y n e  s t i l l  o c c u r s  b u t  t h e  e t h y n y l  

r a d i c a l  produced r e a c t s  w i t h  t h e  s u b s t r a t e  and HO by r e a c t i o n  

40 and 50 t o  r e g e n e r a t e  t h e  b u t a d i y n e .  

The s m a l l  y i e l d  o f  a c e t y l e n e  formed i n  t h e  n i t r i c  

o x i d e  system may be  the r e s u l t  o f  a hydrogen  a b s t r a c t i o n  

r e a c t i o n  o f  e t h g n y l  r a d i c a l s .  

E t h y n y l  r a d i c a l s  have  been obse rved  t o  a b s t r a c t  other 
22 

a c e t y l e n i c  h y d r o g s n s .  



~ g e  t r a c e  a x o u n t s  of f l u o r o a c e t y l e n e  may a g a i n  be t h e  

r e s u l t  of f l u o r i n e  a b s t r a c t i o n  o r  of  a  p r imary  p h o t o l y s l s  

r e a c t i o n  a s  d i s c u s s e d  p r e v i o u s l y .  

The y i e l d s  of all the  p r o d u c t s  from t h e  p r o p y n e - n i t r i c  

o x i d e  s y s t e m  a r e  l i n e a r l y  d e p e n d e n t  on t h e  exposure  t ime a s  

shown i n  F ig .  5 t o  9. T h i s  i n d i c a t e s  t h a t  a l l  t h e  p r o d u c t s  

a r e  produced from p h o t o l y s i s  of  t h e  s u b s t r a t e  and n o t  f rom 

p h o t o l y s i s  of p r o d u c t s .  The s l i g h t  l e v e l l i n g  o c c u r r i n g  f o r  

exposure  t i m e s  g r e a t e r  t h a n  abou t  45 minutes  h a s  been  a t t r f b u t e d  

t o  t h e  r e d u c t i o n  of t h e  t r a n s m i t t e d  l i g h t  i n t e n s i t y  by t h e  

polyrnoric d e p o s i t .  

The y i e l d  of  CF 50 was n o t  de termined because  a  l i n e a r  
3 

response  v a l u e  cou ld  n o t  be o b t a i n e d .  I n c o n s i s t e n c y  i n  t h e  

y i e l d  of ' t h e  imicier,tified- p r n d t ~ c t  designated as PA 

was a t t r i b u t e d  t o  i t s  p a r t i a l  decompos i t ion  on t h e  GC column. 

F o r  a l l  p r o d u c t s  e x c e p t  1,3,S,-tris ( t r i f l u o r o n e t h y l )  

benzene a n  i n c r e a s e  i n  y i e l d  with i n c r e a s i n g  n i t r i c  o x i d e  

c a n c e n t r a t i o n  i s  obse rved .  The i n c r e a s e  i n  CO and N O g i e l d s  i s  
2 2 

e x p l a i n e d  b y  t h e  i n c r e a s e d  scaveng ing  of  CF r a d i c a l s  and 3 
the subsequen t  i n c r e a s e  i n  t h e  amount of  CF NO decomposi t ion .  3 
S i m i l a r l y  t h e  i n c r e a s e  i n  y i e l d  o f  t h e  decompos i t ion  p r o d u c t  

CF C8 i s  accoun ted  f o r  by the enhancement of r e a c t i o n  49 a t  3 
h i g h e r  n i t r i c  o x i d e  c o n c e n t r a t i o n s .  S u t a d i y n e  Lncreased i n  

yield because  o f  t h e  i n c r e a s e d  rate of r e a c t i o n s  50 and 51. 

T r i f l u o r o n i  t rosome thane  i s  knawn t o  undergo r e a c t i o n  



32  
w i t h  n i t r i c  o x i d e  t o  produce  n i t r o g e n ,  n i t r o g e n  d i o x i d e ,  

and t r l f  l u o r o m e t k y l  r a d i c c l s ,  

CP Ni )  4- 2iJ;i0 3 P CPJ + lkii + ivo3 54 
110 + 140 

3 
> 2e02 55 

EIeic'r,len a l s o  obse rved  c a r b 3 n  d i o x i d e  and n i t r o u s  o x i d e  

which h e  a t t r i b u t e d  t o  t h e  d e c o m p o s i t i o n  of CF NO d u r i n g  t h e  3 
gas chromatograph ic  a n a l y s i s ,  2ro"ct ion o f  C 0 2  an6 Lk2J i n  

t h e  p r e s e n t  s y s t e n  Kay be due t o  t h e  same t y p e  of decom- 

p o s i t i o n .  Al though Cd2 snd  H20 a r e  n o t  obse rved  when n e a t  

P 
l CF3ii0 i s  i n j e c t e d  th rough  t h e  GC, q u a n t i t a t i v e  r e c o v e r y  of  
t 
i A i s  cot e c i i e v e d .  
r 
, 

Anot; e r  x s i a n i s ; ?  of C 3  a n d  N C I  ;?reduction c o u l d  50 2 2 

i'or:r,atior! o f  t h e  t r i f ' l u o r o n i  t rosome thane  d i ~ e r .  a s  obse rved  

by 3 a s z ~ l d i n e ~ ~  and its s u b s e q u e n t  d e c o ~ p o s i t i o n . ~ ~  Forna- 

t i o n  of  t h e  d i n e r  r e s u l t s  f r o n  a t t a c k  o f  * C F 3  o n  t h e  n i t r o g e n  

of  t h e  n i t r o s o  g roup  fo l lowed  by r e a c t i o n  w i t h  WG. 

*CF3 + CF *VCO - (CF ) i k . 0 .  
3 3 2 

56 
(CF3)2~*00 + nO ------3 ( c F ~ ) ~ A I * O * ~ O  57 

Al tbough  t h e  mechanism i s  n o t  u n d e r s t o o d ,  Mason has  

a t t r i b u t e d  ~ r o d u c t i o n  o f  c a r b o n  d i o x i d e  and n i t r o u s  o x i d e  

a s  w e l l  a s  o t h e r  s i d e  p r o d u c t s  t o  t h e  d e c o m p o s i t i o n  o f  

t r i f l u o r o n i t r o s o m e t h a n e  d imer .  

(CF ) Ii*0*2,J 
3 2 

GO2, h20, CF nog, o t h e r  ~ r o d u c t s  
3 58 

Yne n i t r o  con:~ound has not been obse rved  i n  t h e  p r e s e n t  s t u d y .  

A t  t h e  p r e s e n t  t i m e ,  no f i n a l  conclusion can be drawn concerning 



t h e  s o u r c e  o f  ca rbon  d i o x i d e  and n i t r o u s  ox ide .  

F r e e  r a d i c a l  a d d i t i o n s  t o  acet :r lenes:  

To e x p l a i n  t h e  s t e r e o s p e c i f i c  p r o d u c t i o n  o f  t r a n s  

1,1,1,4,4,4,-hexafluoro-2-butene i n  t h e  a t t a c k  of  tri- 

f luorornetkyl  r a d i c a l s  on  3,3,3,-trif lu ropropyne ,  a s h o r t  

r ev iew of t h e  c u r r e n t  s c h o o l s  of  though t  a b o u t  such a d d i t i o n s ,  

the s t a b i l i t y  of  t h e  r e s u l t i n g  v i n y l  r a d i c a l s ,  a s  w e l l  a s  

t h e  s t e r e o c h e r n i s t y  of  t h e  p r o d u c t s  f r o n  v i n y l  r a d i c a l  

r e a c t i o n s  i s  p r e s e n t e d .  I n  a n  a t t e m p t  t o  c l a r i f y  some of  

t h e  above a r e a s  of  concern ,  L.A.' h a s  c l a s s i f i e d  

v i n y l  r a d i c a l s  i n t o  t h r e e  g roups  a c c o r d i n g  t o  t h e i r  e l e c t r o n i c  

c o n f i g u r a t i o n  and t o  t h e i r  r e l a t i v e  s t a b i l i t i e s ,  

Case I 
R\ 

,C=C-R 
3 

sp h g S r i d i z a t i o n  
R 2  I 

Case I1 
R1. , c =c; 

R2 III R3 

sp2 h y b r i d i z a t i o n ,  f a s t  i n v e r s i o n  

R1h ,R3 R Case 111 c =C ~'c=c: f l  - 
R2 R3 

sp2 h y b r i d i z a t i o n ,  s low i n v e r s i o n  

Both c i s -  and t r a n s - o l e f i n s  c a n  be formed from t h e  
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CH3\ r, Brz CH B r  c zc + HEr - 3'c =c: + B r *  
'H H' H 

Although t h e  r e s u l t s  o b t a i n e d  can be accounted  f o r  by the 

above mechanism, no d i s c u s s i o n  a s  t o  t h e  impor tance  of c i s  

a d d i t i o n  i n  t h e  p r imary  s t e p  was p r e s e n t e d .  It a p p e a r s  

p o s s i b l e  t h a t  b o t h  c i s  and t r a n s  a d d i t i o n  can o c c u r ,  fo l lowed 

by hydrogen a b s t r a c t i o n  a s  i n  r e a c t i o n  60 and t h e n  subsequen t  

secondary  r e a c t i o n s  w i t h  bromine r a d i c a l .  Such a p r o c e s s  

would be s i m i l a r  t o  Case I11 a s  d e s c r i b e d  by S l n g e r .  

F ree  r a d f  @a1 a d d i t i o n  of  ch lo ro fo rm t o  a l k y l a c e t y l e n e s  37 

a p p e a r s  t o  be r m n - s t e r e o s p e c i f i c  i n  t h e  pr imary  p r o c e s s  

w i t h  t h e  c f s l t r a n s  r a t i o  b e i n g  determined by t h e  r e l a t i v e  

s t a b i l i t y  of the two v i n y l t r a d i c a l s  and by  t h e  s t e r e o -  

s e l e c t i v i t y  of t h e  scaveng ing  r e . a c t i o n s .  The r e a c t i o n  c a n  

be c a t e g o r i z e d  as Case 11. 

S i m i l a r  r e s u l t s  are o b t a i n e d  f o r  o t h e r  f r e e  r a d i c a l  

a d d i t i o n s  t o  ace t g l e n e s  w i t h  the  c i s / t r a n s  r a t i o s  

. b e i n g  e x p l a i n e d  i n  t e r m s  of v i n y l  r a d i c a l .  s t a b i l i t y  and t h e  

r e l a t i v e  r a t e s  of i n v e r s i o n  and scavenging r e a c t i o n s .  

The main r e s ~ l t  of t h e  above s t u d i e s  h a s  been t o  



denions t ra te  t h a t  a l t h o u g h  p l a u s i  

advanced f o r  t h e  observed d i s t r i b u t i o n  of c i s  and t r a n s  

i somers  a r i s i n g  from r a d i c a l  a d d i t i o n s  t o  c a r b o n  t r i p l e  

bonds ,  the s t e r e o s p e c i f i c i t y  of t h e  pr imary  r a d i c a l  a t t a c k  

i s  n o t  known. With t h i s  i n  mind t h e r e  a r e  a number of  

, p o s s i b l e  mechanisms t h a t  can be proposed f o r  the  e x c l u s i v e  

f o r m a t i o n  of t r a n s  1,1,l,!~,4,~,-hexafluoro-2-butene. 

( A )  C i s  a d d i t i o n  of CP3 

CF3, . H 
C =C 

8 \ cP3 - CP; b =C ' C F ~  -' no i n v e r s i o n  

I 
k a b s  ( RH 

t r a n s  p r o d u c t  

( B )  Trans  a d d i t i o n  o f  CF 3 
CF ,CF3 

*CF + CF C A - 3 \ C = ~  
3 3 2 

t r ans  a d d i t i o n  
'EI 

CF 0CF3 kt , 
3 )  =c, P3 

C=C f a s t  i n v e r s i o n  
H 

,CF3 
MB trans p roduc t  

CF 3 

k k ,  kabs 



- 75 - 
. ( C )  C i s  and t r a n s  a d d i t i o n  

CF H k - ~ A  C F  CF' 
PC =c' -__- 3bzc' 3 

kabs I RE kabs / Ril 

H '  'CF IS,' '- 3 
3 

ki>> kmi , kabs  

(D) L i n e a r  v i n y l  r a 2 i c a l  i n t e r m e d i a t e  

In  t h e  p r e s e n t  s t u d y  no a t t e m p t  was made t o  d i s t i n g u i s h  

which o f  t h e  above mechanisms was o p e r a t i v e  i n  t h e  f o r m a t i o n  



- Sumrnarg:: 

The 1849 2 l i n e  f rom a  medium p r e s s u r e  ,mercury a r c  lamp 

h a s  been  assumed t o  be t h e  a c t i v e  r a d i a t i o n  i n  t h e  p h o t o l y t l c  

decompos i t ion  of 3,3,3,-trif'luoropropyne. The pr imary  p r o c e s s  

involves formation of t r i f l u o r o m e t h y l  and e t h y n y l  r a d i c a l s .  

Subsequent  r e a c t i o n s  of  t h e  r a d i c a l s  w i t h  t he  s u b s t r a t e  l e a d  

t o  f o r m a t i o n  of  a polymeric  m a t e r i a l  and 1 ,3,S,- t r is  ( t r i -  

f l uo rome thy l )  bcnzene.  S t u d i e s  wi th  added propane and n i t r i c  

ox ide  have r e v e a l e d  t h e  n a t u r e  of. the r a d i c a l - a t t a c k  and 

subsequen t  r e a d t i o n s  of t h e  v i n y l  r a d i c a l s  w i t h  b o t h  propane 

and n i t r i c  ox ide ,  

CF3, , H c i s  or trans 
I 

CF3C=-B + * C F  - 
3 c s ,  

0 CF, gem o r  term 
J 

CF3CZ-B + *C2H .-) CF3, K cis o r  t r a n s  
c=c' - \ 

C2H gem or term 

Y 
= CF3Cfl 

CF3C2H 
3 polymer and/or 

3\ c~ 3:~=C: H I 

H 



polymer and/or 0 
I n  a d d i t i o n  p h o t o l y s i s  of C H p r o b a b l y  o c c u r s  by  

IL 
C4H2 + h v  , 2*C2H 

R e a c t i o n s  of  *CF3 and sC2H w i t h  propane have a l s o  b e e n  

obse rved .  

*CF3 r a d i c a l s  a l s o  r e a c t  w i t h  n i t r i c  oxide  t o  fo rm CP NO, which 3 
has  been p o s t u l a t e d  to.decompose by a n  unknown mechanism t o  

produce C O  and Z20. 
2 
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