
TABLE 111. Absolute Rates f o r  E lect ron Transfer Keactions i n  
Photosynthet ic Reaction Centers 

A G O  

Reacti ona [kcal  mol-'] T obsd 'cal cd 

c y t  cl' - BCh12+ -3.9 0.2 us 
BChl2 - BChl - BPh -5(?) 

BPh- - Q -12 100 t o  200 pse 

BPh- - QA, 0,- present 

BPh- - Q, 0 var ied  

* - 1 t o  4 psc 

increases 
f a c t o r  o f  2 

chanyes 
f a c t o r  o f  2 

'mi n 

- 0.2 eV 

- 0.2 evg * - 4 ps Porphyr in - Q - a  

0.02 11s 

>0.3 ps 

140 ps 

increases 
fac to r  o f  2 

chan yes 
f a c t o r  o f  2 

d 

- Y ps 'mi n 

- .  a Aster isks i n d i c a t e  e l e c t r o n i c a l l y  exc i ted states.  

The A G O  values are approximate. 

Assignment o f  t ime constants i s  uncertain. 

The value o f  Tcalcd i s  l a r g e r  than t h i s  value i f  smal ler  x ' s  are used, 
i.e., Tcalcd i s  about 1 ps when a = 1.2 kcal mol-'. 
Appendix I 1  o f  Ref. [l].) 

This i s  the approximate decrease i n  IAG'I due t o  the  presence o f  QB-. 

This i s  the approximate v a r i a t i o n  i n  ( A G O (  as Q i s  var ied.  

(See a lso 

e Value depends on temperature. 

t h e  change i n  C-0 bond length  accompanying the Q + Q' reac t i on  and p a r t l y  
because o f  the s m a l l e r - s i z e  o f  the Q molecule. 
i n f l uenc ing  reac t ion  rates,  e.g., (2) - (6)  there.) Calcu lated rates are 
given i n  Table 111. 

( C f  Ref. [l] f o r  f ac to rs  

Var ia t ion  o f  the  Q caused A G O  t o  vary by - 0.2 eV [17] and caused 
exper imental ly a v a r i a t i o n  i n  the  l i f e t i m e  f o r  t he  UPh- + Q reac t ion  o f  a 
fac to r  o f  two, w i t h  some randomness due t o  the somewhat d i f f e r e n t  
pos i t ions ,  shapes, o r  o r i e n t a t i o n s  of the d i f f e r e n t  0 ' s .  Ayain, when a 
second qui  none was present (presumably as U') , c r e a t i  ny a coulombic 
repu ls ion  w i th  the  o ther  0' newly formed i n  the  BPh- + Q react ion,  the 
r a t e  constant f o r  t he  l a t t e r  reac t ion  was smal ler  by almost a f a c t o r  o f  
two [18]. Theoret ica l  ca l cu la t i ons  f o r  t h i s  e f f e c t ,  taken from [l], are 
included i n  Table 111. 

The l i f e t i m e  f o r  t he  reduct ion of  the (UChl)2+ by fer r icy tochrome c-558 
i s  about 0.2 u s  a t  room temperature [lY]. The reduc t ion  o f  t h i s  (t3Chl)2+ 
i s  presumably by the  c loses t  ferrocytochrome c molecule. I n  the  
ca l cu la t i ons  i n  Table 111, an estimated edye-to-edye separat ion distance 
o f  (BChl)2+ t o  the c loses t  heme r i n g  o f  about 11 A was used, estimated 


