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Although  pho t oc he mi c a l l y  induced  rea r rangement s  o f  ke tones  have 
been the  focus o f  n u m e r o u s  studies [1 ] ,  f ew repor ts  have d o c u m e n t e d  
a t e m p e r a t u r e  d e p e n d e n c e  of  exc i ted  state reac t ion  rates or o f  q u a n t u m  
yields [2] .  We wish to  provide Arrhenius  parameters  for  reactive decay  of  
an exc i ted  enone .  Our  s tudy  of  the  kinetics of  valence isomerizat ion 
I -~ II is the  first deta i led  look  at an in t ramolecu la r  version o f  cyclo-  
p e n t e n o n e  pho toanne l a t i on  [ 3 ] ,  and is of  addi t ional  in teres t  since the  
I - II couple  is a p r o t o t y p e  p h o t o n  energy  storage sys t em [4] .  We no te  
par t icular ly  t ha t  the  high rate  of  reac t ion  of  t r iplet  I is mode ra t e ly  
t e m p e r a t u r e  d e p e n d e n t  while the  q u a n t u m  yield for  i somer iza t ion  is not .  

I somer iza t ion  I -* II is clean, quan tum-ef f i c ien t ,  highly endoergic,  
m o d e r a t e l y  p h o t o c h r o m i c ,  and reversible u p o n  t r e a t m e n t  a t  elevated 
t empera tu re s  wi th  Rh(I)  catalysts  [4 ] .  The reac t ion  m a y  be sensit ized as 
shown in Table 1. The effect iveness  of  a c e t o p h e n o n e  vs. a n t h r o n e  is 
cons is ten t  with a t r iplet  energy  for  I, E w = 72.9 kcal /mol ,  e s t imated  f rom 
its emission at 77 K in EPA glass (kmax 392 nm and  421 nm,  1680 cm -1 
vibrat ional  spacing) [6] .  The  results also po in t  to  a un i t  q u a n t u m  ef f ic iency  
for  in te r sys tem crossing which  precedes  p h o t o r e a r r a n g e m e n t  on direct  ir- 
radia t ion of  I. 

I somer iza t ion  was q u e n c h e d  by  2 ,5-d imethyl -2 ,4-hexadiene  ( E  w <: 58 
kcal /mol) ,  and plots of  ~b0/¢ vs. [Q] were  linear. The results of  S t e r n - V o l m e r  
analysis along with q u a n t u m  yields and rate  cons tan t s  for  d i f fus ion 
con t ro l l ed  quench ing  by  diene  (kq) for  d i f fe ren t  t empera tu re s  are shown 
in Table 2. 

Assuming a mechan i sm for  pho to i somer i za t ion  in which T1 parti- 
t ions with in t e r sys tem crossing di rec t ly  to II (k~) and to  I (kd), one  ap- 
plies the  relat ionships,  ¢0/~b = 1 + kq [ Q ] / k r  + kd  and ~o = k J k r  + kd and  
finds t h a t  (at  30 K), kr = 8.0 × 109 s -1 and kd = 1.4 × 101° s -1 .  The  
calcula ted k d is unaccep tab le  in view of  the  size of  radiat ionless decay  
cons tan ts  d e t e r m i n e d  for  o the r  enones  (kd = 107 -- 10 s s - i )  [3a ] .  Treat- 
m e n t  of  the  da ta  using the  Arrhenius  equa t ion  gives the  pre -exponent ia l  
factors,  log A ~ 1 3 ,  for  bo th  kr and kd. These values appear  improbab ly  
high for  i n t e rcombina t iona l  processes. 
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T A B L E  1 

Q u a n t u m  y i e l d s  f o r  s e n s i t i z e d  i s o m e r i z a t i o n  I -~ II  a 

S e n s i t i z e r  ( M )  b E T ( k c a l / m o l )  gb c 

- -  - -  0 . 3 7  ± 0 . 0 2  
a c e t o p h e n o n e  ( 0 . 3 )  7 3 . 6  0 . 3 3  ± 0 . 0 2  
a n t h r o n e  ( 0 . 0 7 )  7 1 . 9  0 . 0 6  ± 0 . 0 0 4  

a R a y o n e t  r e a c t o r ,  3 5 0 0  l a m p s  ( 3 2 5  - 3 8 5  n m ) ,  v a l e r o -  
p h e n o n e  a c t i n o m e t e r  [ 5 ] ,  0 . 0 7  M I in  b e n z e n e ,  b > 8 0 %  
l i g h t  a b s o r b e d  b y  s e n s i t i z e r .  C C o r r e c t e d  f o r  c o m p e t i t i v e  
a n d  d i f f e r e n t i a l  a b s o r p t i o n .  

T A B L E  2 

D i r e c t  i r r a d i a t i o n  q u a n t u m  y i e l d s  a n d  q u e n c h i n g  d a t a  f o r  i s o m e r i z a t i o n  I -* I I  

T(°C) a ¢ Slope (/1~-1) b kq )< 10 -9 (M ~-1 s-l) c k r × 10 -10 (s -1) 

4 - -  0 . 3 9 5  +- 0 . 0 2 5  4 . 1 5  1 . 0 5  ± 0 . 0 7  
1 8  0 . 3 8  ± 0 , 0 2  0 . 3 4 5  ± 0 . 0 1 5  5 . 3 8  1 . 5 6  -+ 0 . 0 7  
3 0  0 . 3 7  ± 0 . 0 2  0 . 3 1 0  ± 0 . 0 1 5  6 . 7 2  2 . 1 7  ± 0 . 1 1  
4 0  0 . 3 6  +- 0 . 0 2  0 . 2 7 5  ± 0 , 0 1 5  7 . 8 4  2 . 8 5  +- 0 . 1 5  
51 0 . 3 8  ± 0 . 0 2  0 . 2 6 5  ± 0 . 0 1 5  9 . 3 3  3 . 5 2  -+ 0 . 2 0  

a± 1 °C. b F r o m  p l o t s  o f  ~b0/q~ v s .  [ Q ]  ; i r r a d i a t i o n  a t  3 2 5  - 3 8 5  n m  in  c y c l o o c t a n e  
s o l u c t i o n .  C C a l c u l a t e d  u s i n g  t h e  D e b y e  e q u a t i o n  a n d  m e a s u r e d  v i s c o s i t i e s .  

In an al ternative scheme,  T1 does no t  lead d i rec t ly  to I or II bu t  
gives t r iplet  diradial III [7 ] ,  which  par t i t ions to  the  isomers. The relation- 
ship, ¢0/¢ = 1 + kq [Q]/k'r ,  then  applies, with which k'r m a y  be ob ta ined  
(results shown in Table 2). An Arrhenius  plot  of  the  rate  da ta  is shown in 
Fig. 1 along with  calculated paramete rs  for  k'r. 

..~ k r 
< T1 )' 

k d 

k c ~  kr i [ I I ]  

[ill] 
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Fig. 1. Arrhenius plot and parameters, indicating the temperature dependence for 
reactive decay of triplet I (k;). 

For the diradical mechanism, absolute quantum yields for photo- 
rearrangement are determined by the relative rates of closure (lzi) and 
cleavage (k,) of III, and (l/$0) -- 1 = k,/ki. A plot of (l/$0) - 1 us. l/T 
shows that E,(c) --E,(i) = 0.09 + 0.17 kcal/mol and A(c)/A(i) = 2.0 + 0.6. 
The quantum yield for photoisomerization is understood then in terms 
of frequency factor differences favoring diradical cleavage over closure. 

The diradical mechanism is economical, it leads to an informative 
treatment of the quantum yield and quenching data, but it is not uniquely 
consistent with the facts [8]. We will discuss in a full paper the possibilities 
that the thermal barrier to photoisomerization separates an initial enone 
triplet from a reactive (unquenchable) upper triplet of different configu- 
ration or from a conformation which is equivalent to the exciplex in 
intermolecular photoannelation [3a] (in which enone and olefin 
chromophores interact strongly) [lo] . 
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