
TABLE I .  Comparison of Observed and Calcu lated Kate Constants f o r  
P ro te i  n-Prote in  Reactions 

k 12  ,ObSd k 12 ,cal cda 
Oxidant Reductant [M-l s- ' ]  CM-1 s-11 

Cytochrome c Azuri n 1.6 x 103  3 x 104 
P1 astocyani  n Cytochrome c 1.0 x 106 5 1 0 5 ~  
S te l  1 acyani n Cytochrome c 3.5 x 102 4 x 103 

Plastocyanin Cytochrome c-551 7.5 x i o 5  5 x 105' 
Cytochrome c Cytochrome c-551 6.7 x 104 1 1 0 5 ~  

Azu r i  n Cytochrome c - 55 1 6.0 x 106 8 x l O S c  

Unless otherwise indicated, the ca lcu la ted  r a t e  constants do not con ta in  
the W,, co r rec t ion .  

The W,, c o r r e c t i o n  i s  considerably l a r g e r  f o r  t h i s  reac t ion  than f o r  t h e  
o ther  systems considered and was inc luded i n  the  c a l c u l a t i o n  o f  k12. 

Calcu lated us ing  1.2 x l o 7  M-' 5 - l  f o r  t he  self-exchange r a t e  
constant and t0.28 V f o r  the reduct ion p o t e n t i a l  o f  the cytochrome c-551 
couple us ing data c i t e d  i n  [l], where i t  i s  a l so  noted t h a t  the net 
charge on the  p r o t e i n  i s  -2/-3. 

a 

References f o r  the r e s u l t s  are given i n  [l]. 

C 

comes from several  sources: ( i )  the unusual time-dependence o f  reac t i on  
ra tes  when there  i s  a d i s t r i b u t i o n  o f  separat ion distances o f  the 
reactants  i n  frozen o r  other s o l i d  o r  h i y h l y  viscous media, e.y., C4,51, 
( i i )  the c o n d u c t i v i t y  o f  f a t t y  ac id  s a l t  layers  o f  vary ing chain l eny th  
between two e lect rodes,  e.g. [6,7], ( i i i )  in t ramolecu la r  e lec t ron - t rans fe r  
ra tes i n  model compounds conta in ing a p a i r  o f  f i x e d  s i t e s  separated by 
more o r  l ess  r i g i d  organic bridges, e.g., [8-11], and ( i v )  in t ramolecu la r  
t r a n s f e r s  between the  metal center o f  a me ta l l op ro te in  and an inoryan ic  
redox complex at tached t o  various s i t e s  i n  the  p r o t e i n  C12,131. O f  these 
sources, t he re  are f a i r l y  extensive publ ished data on ( i )  and ( i i ) ,  w h i l e  
data are beginning t o  appear on ( i i i )  and ( i v ) .  The publ ished data f o r  
the  l a t t e r  two are too  few t o  est imate a d is tance dependence, al thouyh 
t h i  s s i  t u a t i  on w i  11 undoubtedly be remedied soon . 

Experimental data f o r  the r a t e  constant or, i n  the case o f  method ( i i )  , 
f o r  the c o n d u c t i v i t y  are usual l y  represented by an exponent1 a1 dependence 
on the separat ion distance r, e.g., c4-71, 

k ( r ) a  exPC-8(r-ro)I  (5) 

Values o f  B are  g iven i n  Table 11. A t y p i c a l  value i s  seen t o  be i n  the  
range 1.0 t o  1.2 A- ' ,  and we sha l l  use a value of 1.2 A'' when, as i n  
Table I ,  t he  i n te rven ing  mater ia l  between t h e  two redox s i t e s  i s  
"saturated",  i .e., nonconjugated. When a p o r t i o n  o f  the i n te rven iny  
ma te r ia l  i s  conjugated (e.g., aromatic) t h e  value o f  f o r  t h a t  pa r t  of 
the separat ion d is tance i s  expected t o  be lower. 

p roper t i es  o f  t h e  e lec t ron i c  wave funct ions,  as we l l  as the 
three-dimensional geometry, i s  expected t o  be somewhat more complicated 

A func t i ona l  form f o r  k ( r )  which takes i n t o  account the var ious nodal 


