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Photochemical  Initiation of Polymerizat ion of 
Tetrafluoroethylene by Mercury Bromides  

_Although t e t r a f l u o r o e t h y l e n e  can  usua l ly  be  s to red  
indef in i te ly  in  glass vessels,  p o l y m e r i z a t i o n  o n  sur faces  
was o b s e r v e d  in some vessels  a t t a c h e d  to  m e r c u r y  m a n o -  
meters .  B r o m i n e  h a d  been  used  in p a r t  of t h e  a p p a r a t u s  
a n d  i t  was t h o u g h t  t h a t  t h e  p o l y m e r i z a t i o n  fol lowed 
s l ight  c o n t a m i n a t i o n  of t h e  m e r c u r y  w i t h  m e r c u r y  bro-  
mide.  P o l y m e r i z a t i o n  d id  n o t  occur  w h e n  t h e  vessels  were 
shie lded f rom l ight .  These  o b s e r v a t i o n s  i n d i c a t e d  t h a t  
m e r c u r y  b r o m i d e  m i g h t  i n i t i a t e  p h o t o c h e m i c a l l y  a poly-  
mer i za t i on  of t e t r a f l u o r o e t h y l e n e .  E x p e r i m e n t s  to  t e s t  
t h i s  t h e o r y  were pe r fo rmed .  

E q u a l  po r t i ons  of p u r e  t e t r a f l u o r o e t h y l e n O  were con-  
densed  in to  c l eaned  glass tubes ,  v o l u m e  a b o u t  6 cm 3, 
c o n t a i n i n g  va r ious  m a t e r i a l s  a n d  t he  t u b e s  were  sealed 
u n d e r  v a c u u m .  E x c e p t  w h e n  t h e  add i t i ve  i nc luded  mer -  
cury,  t he  t e t r a f l u o r o e t h y l e n e  was f reed f rom m e r c u r y  b y  
passage  t h r o u g h  a t r a p  a t  - -130°C.  T he  pressure  of t h e  
gas in  t h e  t u b e s  was  a b o u t  25 c m  a n d  t h e  a d d i t i v e s  used,  
separa te ly ,  were red is t i l l ed  mercu ry ,  m e r c u r y  t r e a t e d  
w i t h  b r o m i n e  v a p o u r  to  for ln  m e r c u r o u s  b r o m i d e  w i t h  
m e r c n i  3, in  excess,  mercu r i c  b r o m i d e  crys ta ls ,  a n d  di-  
b r o m o t e t r a f i u o r o e t h y l e n e .  One  set  of t u b e s  was  exposed  
in t he  l a b o r a t o r y  a n d  a dup l i ca t e  se t  was  k e p t  in  t h e  dark .  

No  p o l y m e r i z a t i o n  t ook  p lace  in  t u b e s  c o n t a i n i n g  p u r e  
t e t r a f l uo roe thy l ene ,  or  in  t h e  t u b e s  k e p t  in  t h e  da rk ,  
w i t h  t h e  e x c e p t i o n  of t h a t  c o n t a i n i n g  d i b r o m o t e t r a -  
f luo roe thy lene  w h i c h  s h o w e d  t races  of p o l y m e r  a f t e r  
some weeks. I n  t h e  l ight ,  obv ious  p o l y m e r i z a t i o n  was  
p roduced  b y  m e r c u r o u s  b r o m i d e  in t h r ee  days  a n d  b y  
mercur ic  b r o m i d e  in  a week.  P o l y m e r i z a t i o n  caused  b y  
d i b r o m o t e t r a f l u o r o e t h y l e n e  was  g r ea t e r  in  t h e  l igh t  t h a n  
in t he  d a r k  b u t  sti l l  v e r y  slow. M e r c u r y  in t h e  l igh t  pro-  
duced t races  of p o l y m e r  d u s t  a f t e r  exposure  for  some 
mon ths .  ]Further  o b s e r v a t i o n s  were m a d e  w i t h  f i l te red  
l igh t  f rom a n  M E / D  250 w a t t  m e r c u r y  lamp.  No poly-  
mer i za t ion  was p r o d u c e d  b y  4358 A l ight .  W i t h  3650 A 
l igh t  b o t h  mercu r i c  a n d  m e r c u r o u s  b r o m i d e  p r o d u c e d  
obvious  p o l y m e r i z a t i o n  in  24 h, m e r c u r o u s  b r o m i d e  be ing  
more  effective.  Mercurous  b r o m i d e  solid has  a n  o range  
f luorescence in  3650 ~k l ight .  P o l y m e r  fo rmed  in  t h e  
presence  of m e r c u r y  b r o m i d e s  was  a t t a c h e d  e i t h e r  to  t h e  
m e r c u r y  b r o m i d e  surfaces  or to  t i le  glass sur faces  a n d  was  
n o t  depos i t ed  as a d u s t  f rom t h e  gas  phase .  I t  was  
conc luded  t h a t  p o l y m e r i z a t i o n  i n i t i a t e d  b y  m e r c u r y  
b romides  in room l igh t  is caused  b y  t h e  n e a r  u l t r a - v i o l e t  
l i gh t  p resen t .  C o n t a m i n a t i o n  of t e t r a f l u o r o e t h y l e n e  w i t h  
d i b r o m o t e t r a f t u o r o e t h y l e n e  reduces  i t s  s t a b i l i t y  e v e n  
in t h e  absence  of l ight ,  b u t  t h e  ef fec t  is a p p a r e n t  on ly  o v e r  
a long per iod of t ime.  

DOYLE ~ ha s  obse rved  t h a t  t he  a b s o r p t i o n  t h r e s h o l d  of 
mercur ic  b romide  solid is in  t h e  n e a r  u l t r a - v i o l e t  a n d  the 
above  resu l t s  show t h a t  t h i s  is also t r u e  for  m e r c u r o u s  
b romide .  L i g h t  in  t h e  far  u l t r a - v i o l e t  causes  d i s soc ia t ion  
of mercur ic  b romide  v a p o u r  in to  H g B r  a n d  B r  w i t h  one 
of t he  p r o d u c t s  exci ted  3. T he  ene rgy  requ i red  for dissocia-  
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t i on  i n to  u n e x c i t e d  p r o d u c t s  is 62 kcal  pe r  mole,  which is 
less t h a n  t h e  e n e r g y  p r o v i d e d  b y  3650 A l ight ,  78 kcal, 
b u t  d i ssoc ia t ion  of t h e  exc i t ed  s t a t e  in  th i s  m a n n e r  may 
be  fo rb idden .  T h e  f luorescence o b s e r v e d  w i t h  mer- 
cu rous  b r o m i d e  solid is a t  longer  w a v e l e n g t h s  t h a n  t h a t  of 
H g B r  in t h e  v a p o u r  o b s e r v e d  b y  WIELAND 3. There  may 
be a n  exc i ted  s t a t e  of Hg2Br  2 a b o u t  50 kcal  above  the 
g r o u n d  s ta te .  Th i s  d iscuss ion  gives no  g rounds  for as- 
s u m i n g  t h a t  a b s o r p t i o n  b y  solid m e r c u r y  bromides  at 
3650 A leads  to  t he  f o r m a t i o n  of b r o m i n e  a toms .  Although 
a free r ad ica l  p o l y m e r i s a t i o n  of t e t r a f l u o r o e t h y l e n e  is pro- 
duced,  t h i s  aga in  does n o t  p rove  t h a t  free gaseous bro- 
mine  a t o m s  are  formed.  The  r eac t i on  is obv ious ly  hetero- 
geneous  a n d  d i rec t  t r a n s f e r  of b r o m i n e  a t o m s  f rom the 
solid to  a d s o r b e d  t e t r a f i u o r o e t h y l e n e  m a y  t a k e  place. 
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Zusammen/assung 

E i n e  h e t e r o g e n e  P o l y m e r i s a t i o n  y o n  Tetrafiuor/~thylen 
w u r d e  d u r c h  Merkur i -  u n d  M e r k u r o b r o m i d e  in natiifli- 
c h e m  L i c h t  ode r  so lchem y o n  3650 A Wellenl i inge,  nicht 
a b e r  in  b l a u e m  Lich t ,  ausgel6s t .  E s  is t  m6gl ich,  dass 
] 3 r o m a t o m e  v e t o  a n g e r e g t e n  Q u e c k s i l b e r b r o m i d  zum ad- 
s o r b i e r t e n  T e t r a f l u o r / i t h y t e n  f i be r t r agen  werden .  

Untersuchungen  fiber Aktinpolymerisat ion 

l ) e r  que rges t r e i f t e  Muske l  e n t h ~ l t  ungef / ih r  0,2-0,3% 
A T P ,  das  v ie l le ich t  bei  der  K o n t r a k t i o n  eine wichtige 
Rol le  spielt .  A u c h  is t  b e k a n n t ,  dass  die S t ruk tu r -P ro te ine  
des Muskels  A T P  e n t h a l t e n  oder  d u r c h  A T P  s t a rk  be- 
e inf luss t  werden .  

"Welter wissen wir, dass  da s  A k t i n  ungefS.hr 1% gebun- 
denes  A T P  enth~ilt.  Dieses A T P  wird w/ ih rend  der  Poly- 
m e r i s a t i o n  gespa l ten .  STRAUB 1 mein te ,  dass  Polymerisa-  
t i o n  u n d  S p a l t u n g  eng  z u s a m m e n h / i n g e n  u n d  dass die 
S p a l t u n g  ke in  e n z y m a t i s c h e r  Prozess  ist. Dieser  Zu- 
s a m m e n h a n g  w u r d e  y o n  m e h r e r e n  F o r s e h e r n  angenom- 
m e n  (LAKI et al., B~R6, TURBA et al., MOI~IMAERTS, 
B-~RkNY el aI.), Yon a n d e r e n  a b g e l e h n t  (DuBuIssoN, 
SNELLMAN a n d  GELOTTE). 

I m  A k t i n  zerf~ll t  w ~ h r e n d  de r  P o l y m e r i s a t i o n  das  ATP 
d u t c h  e inen  u n b e k a n n t e n  M e c h a n i s m u s  in  A D P  und  au- 
o r g a n i s c h e n  P h o s p h o r .  N a c h  de r  S p a l t u n g  wi rd  anorgani- 
scher  P h o s p h o r  a n  das  A k t i n  g c b u n d e n  (MORALES et al?), 
wXhrend  da s  A D P  an d e m s e l b e n  g e b u n d e n  b t e i b t  (FEuER 
et al)). W i r  wissen j edoch  bis  h e u t e  n o c h  n icht ,  welche 
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