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f i f th  h o u r  a f t e r  t h e  i n j e c t i o n  is i n d e p e n d e n t  of t h e  ad-  
m i n i s t r a t i o n  rou te .  W e  reg i s t e red  450 c o u n t s - p e r - m i n u t e  
pe r  /tc of i n j e c t e d  ps~ w i t h  a s t a n d a r d  d e v i a t i o n  of 

33 %. T h e  " b u i l d  u p "  c u r v e s  c a n  t h e r e f o r e  be  n o r m a l -  
ized b y  equa l i z ing  to  1000 t h e  m e a n  v a l u e  of  t h e  c o u n t i n g -  
r a t e  a t  t h e  f i f th  hour .  F i g u r e  2 shows  e x a m p l e s  of t he  
n o r m a l i z e d  curves .  

T h e  o b s e r v a t i o n  of t he se  c u r v e s  p e r m i t s  us to  a f f i rm 
t h a t  t h e  g e o m e t r i c a l  a n d  b io log ica l  v a r i a b i l i t i e s  do  n o t  
p r e v e n t  t h e  s t u d y  of o t h e r  v a r i a b l e s  i n t r o d u c e d  a t  wi l t :  
one  m a y  s t u d y  p a r t i c u l a r l y  t h e  a d m i n i s t r a t i o n  r o u t e  (as 
we h a v e  done) ,  t h e  r o o m  t e m p e r a t u r e ,  t h e  effects  of t he  
p h a r m a c o l o g i c a l  s u b s t a n c e s  a d m i n i s t r a t e d ,  

T h e  d i scuss ion  of t h e  s ign i f i cance  of ou r  m e a s u r e m e n t s  
is o u t  of t h e  scope  of t h e  p r e s e n t  no te .  H o w e v e r ,  f r om 
t h e  ana ly s i s  (to be  p u b l i s h e d )  of t he se  curves ,  a n d  con-  
s i de r ing  t h e  r e su l t s  of ou r  o t h e r  researches ,  we can  s ay  

t h a t  w h a t  is m e a s u r e d  is t he  a c t i v i t y  of t h e  e x t r a c e l l u l a r  
a n d  ce l lu la r  spaces ,  whi le  t h e  b lood  a c t i v i t y  is n o t  
s i g n i f i c a n t l y  m e a s u r e d .  
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Riassunlo 

Gli a u t o r i  d e s c r i v o n o  u n a  t e c n i c a  che  c o n s e n t e  di a t -  
t u a r e  d e t e r m i n a z i o n i  e s t e rne  di r ad ioa t t i v i t~ t  fl su t e s su t i  
super f i c ia l i  nel  topo ,  m a n t e n e n d o  c o s t a n t e  il r e n d i m e n t o  
di  m i s u r a  p e r  u n a  d u r a t a  di a l c u n e  ore.  V e n g o n o  p re sen -  
t a f t  e b r e v e m e n t e  c o m m e n t a t i  a l c u n i  e s e m p i  di  c u r v e  
o t t e n u t e  con  q u e s t a  t e c n i c a  in s egu i to  ad  in iez ion i  di p3~. 
pe r  v ia  e n d o v e n o s a ,  e n d o p e r i t o n e a l e  e s o t t o c u t a n e a .  

I n  f o r m a t i o n s  - 

T H E O 1 R I A  

An Electronic Theory of Transition Metal 
Enzymes and Catalysts 

I t  is w e l l - k n o w n  t h a t  t he  t r a n s i t i o n  m e t a l  is a good  
c a t a l y s t  for  o x i d a t i o n  a n d  r e d u c t i o n .  W e  h a v e  as  i n d u s -  
t r i a l  c a t a l y s t s :  p l a t i n u m  b lack ,  R a n e y ' s  n ickel ,  c o b a l t  
for h y d r o c a r b o n  s y n t h e s i s ,  a n d  i ron  for  a m m o n i a  
s y n t h e s i s  ; a n d  as b i o c a t a l y s t s :  h e m e - p r o t e i n  ( c y t o c h r o m e ,  
c y t o c h r o m e - o x i d a s e ,  pe rox idase ,  ca t a l a se ,  h e m o g l o b i n ) ,  
a n d  c o p p e r - p r o t e i n  (phenol -  a n d  a sco rb i c - ac id -ox idase ,  
h e m o c y a n i n ) .  

In  t h e  h e i n e - p r o t e i n ,  a n  i ron  p o r p h y r i n  a n d  two  
h i s t i d i n e s  of p r o t e i n  s o m e t i m e s  fo rm t h e  d2sp 3 o c t a h e d r a l  
s ix c o v a l e n t  i ron  c o m p l e x  s a l t L  As t h e  3 d - o r b i t a l s  of 
i ron  a t o m  in  t h e  c o m p l e x  a re  s a t u r a t e d  b y  t h e  e l e c t r o n s  
of l igands ,  t h e  3 d - e l e c t r o n s  c a n  be  a s s u m e d  to  fo rm a 
c losed  shel l  s imi l a r  to  t he  3 d - e l e c t r o n s  of m e t a l  copper .  
I t  h a s  b e e n  f o u n d  t h a t  a b o n d  r a d i u s  of i ron  in t h e  
c o m p l e x  is a b o u t  1.23 A 2, a n d  an  a t o m i c  r a d i u s  of m e t a l  
c o p p e r  is a b o u t  1.27 A a. T h e  ~ - e l ee t r ons  of  c o n j u g a t e d  
d o u b l e  b o n d  in t he  i ron  p o r p h y r i n  will  be  ab le  to  m o v e  
f ree ly  a m o n g  a t o m s  j u s t  as do  t h e  4 s - e l e c t r o n s  of m e t a l  
copper .  B y  t a k i n g  i t  for  g r a n t e d  t h a t  e ach  of s ix n i t r o g e n  
a t o m s  of p o r p h y r i n  a n d  t w o  h i s t i d i n e s  h a s  t h e  s a m e  
r e l a t i o n  t o  t h e  c e n t r a l  i ron  a t o m s  a n d  f o r m s  a s y m -  
m e t r i c a l  s t r u c t u r e  to  t h e  l a t t e r ,  a n  a n a l o g y  to  t h e  
m e t a l l i c  m o d e l  t h a t  is, a p o l y h e d r o n  of m e t a l  c o p p e r  
c a l c u l a t e d  q u a n t u m - m e c h a n i c a l l y  b y  WmNER-SEITZ'S 
m e t h o d  m a y  ex i s t  as  a n  i so l a t ed  f o r m  in  t h e  p r o s t h e t i c  
g r o u p  of h e i n e - p r o t e i n .  T h e  c o p p e r - p r o t e i n  ac t s  in t h e  
s a m e  w a y  as  does  t h e  h e i n e - p r o t e i n .  S ince  t h e  3d -o rb i -  
t a l s  of c o p p e r  a t o m  are  a l m o s t  filled, t h e  c o p p e r - p r o t e i n  
will h a v e  no  need  to  m a k e  a c o m p l e x  sa l t  w i t h  t h e  a id  of 
p o r p h y r i n .  T h e  s t a t e  c o n t a i n i n g  9 e l e c t r o n s  in  d - o r b i t a l s  
will  be  ca l led  h e r e a f t e r  " p l a t i n u m - l i k e  s t a t e " ,  s ince  P t  
is t h e  m o s t  power fu l  c a t a l y s t  for  o x i d a t i o n - r e d u c t i o n .  
One  e l ec t ron  c o m i n g  in a n d  o u t  of t he  p l a t i n u m - l i k e  s t a t e  
m a y  p l a y  a dec is ive  role in  t h e  o x i d a t i o n - r e d u c t i o n  
p rocess  for  t h e  m e t a l  e n z y m e s ,  as  s h o w n  in t h e  F i g u r e  4. 
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T r a n s i t i o n  m e t a l  a t o m s  are  o r d i n a r i l y  a r r a n g e d  
a c c o r d i n g  to  t h e  w e l l - k n o w n  o r d e r  of t h e  per iod ic  t a b l e  
b y  t h e i r  p h y s i c a l  a n d  c h e m i c a l  p rope r t i e s .  H o w e v e r ,  i t  
h a s  b e e n  f o u n d  to  be  c o n v e n i e n t  for a s u r v e y  of c a t a l y t i c  
a c t i v i t i e s  to  r e a r r a n g e  t h e m  a c c o r d i n g  to  t h e  n u m b e r  
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A Model of Metal Enzymes. 

of t h e i r  d - e l ec t rons  ~. One  of i t s  r e p r e s e n t a t i o n s  is s h o w n  
in T a b l e  whe re  t h e  n u m b e r  of d - e l e c t r o n s  a re  t a k e n  f rom 
t h e  SLA'rV;R'S t r e a t i s e  2. H y d r o g e n a t i o n  b y  h y d r o g e n  
molecu le  has  t a k e n  p lace  t h r o u g h  t h e  p re sence  of 2 na 
class  m e t a l s  wh ich  i nc lude  t h e  3rd class  me ta l s .  B o t h  P t  
a n d  P d  are  t h e  be s t  c a t a l y s t s  for  h y d r o g e n a t i o n .  Cu a n d  
Ni u sua l l y  r equ i r e  some  t r e a t m e n t s  in  o r d e r  to  m a k e  
t h e s e  m e t a l s  as m u c h  e f fec t ive  as c a t a l y s t s  as P t ,  e.g. 
m i x i n g  CuO w i t h  Cr20 z as in  t he  case of ADKINS' 
c a t a l y s t ,  or  d i s so lv ing  o u t  A1 b y  a lka l i  f r o m  AI-Ni a l loy  
to  l eave  p o r o u s  Ni as in  t h e  RANEY'S c a t a l y s t .  I n  t h e  
d - e l e c t r o n  de f i c i en t  s t a t e ,  t he  m e t a l s  will a c c e p t  elec- 
t r o n s  f rom s u b s t r a t e s  a n d  fo rm a t  t h e i r  su r face  some  
i n t e r m e d i a t e  c o m p l e x  c o m p o u n d s  w i t h  s u b s t r a t e s  w h i c h  
will  l a t e r  be  d e c o m p o s e d  a n d  r educed ,  l ike  Co in  t h e  
FISCHER'S s y n t h e s i s  a n d  Fe  in t h e  HABER'S s y n t h e s i s .  
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Table.-The Classification of Transition Metal Catalysts 

No. of 
d-elec- 
trons 

10 

10 

Transition metal catalyst 

g period 5 period 4 period 

J 

Hg{10) C d ( 1 0 ~ ( 1 0 " ~ )  ox. 

Au(10) ? A g ( 1 0 ~  ox. 

t 
Pt(9) (platinum-like s ta te )  

(2hal 

F 
I Ir(7) (3 rd) Ru(7) Co(7) ox. i 

l 

O s ( 6 ) o x . ~ ~ ~ ( 6 )  ox. 

Tc (6) ? 
l J 

Re(5)ox. Mn(5) ox. 

Mo(5)o.x,.f._~, Cr (5) ox. 
OX. 

W (4)sulf. 

14 

Types of oxidation-reduction 

addition reaction hydrogenation by H 2 oxidation by Oz 

using 3 rd class using 2 nd class substrate using I st class 

(copper-protein) 
methanol syn. (hp.) C = O  formalin syn. 
ADKINS' cat. (hp.) copper-protein 

Pd] "NC= ( _  ~ NH a oxidation 
are the best cat. / sulfuric acid s y n .  

Pt 

REPeE'S reaction Raney's Ni cat. use of natural gas 
fat hardening 

C = O  
Oxo-process (hp,) FISCHER'S syn. decomp, drier of oil 
Co-complex salt fatty acid syn. 

N=--N 
heine-protein HABER'S NH s syn. decomp. NHs oxidation 

(hp.) heme-protein 
BERGIUS method dest. 
(hp.) 

dehydrogenation 

phthalic acid syn. 
sulfuric acid syn. 

(1st class includes 2 na and 3 ra 
classes, and 2 na class includes 3 ra class) (Abbreviations: ox. : oxide; sulf. : sulfide; syn. : synthesis; cat. : catalyst; hp. : 

high pressure; decomp.: decomposition ; dest.: "destructive hydrogenation). 

O x i d a t i o n  by  o x y g e n  molecu le  can  be car r ied  ou t  in t he  
presence  of t he  i st class m e t a l  oxides  or sulfides which 
inc lude  t h e  2 na and  t h e  3 ra classes. The  in t e r e s t i ng  
reac t ion  is t he  CO-add i t ion  where  o r g a n i c  c o m p o u n d s  
h a v i n g  one more  ca rbon  a t o m s  are  syn the t i zed .  This  
reac t ion  can  be car r ied  ou t  by  on ly  the  3 rd class metals ,  
par t icu la r ly ,  Ni,  Co and  the i r  carbonyls ,  the  e x a m p l e  
being one of R~PPE's  reac t ion  and  Oxo-process  1. 

The  subs t ra tes  r educed  b y  H~ are  m o s t l y  d i a tomic  
molecules  l ike C = O ,  N----N, O = O ,  fu r the rmore ,  
> C = C  < , - - C - - - C - - ,  - - N = N - - ,  C----N, N - - O ,  which 
consist  of t he  2 na per iod  a toms  and  would  be  able  
to  assume the  t r ip l e t  s t a te  of O v The  ox ida t ion - r educ -  
t i on  of subs t ra tes  w o u l d  be  ca r r i ed  o u t  t h r o u g h  t h e  
t r ip le t  s ta te .  S, Se, Te  s i t ua t ed  in t h e  same  c o l u m n  of 
the  per iodic  t ab le  w i t h  O, as well  as P, As w i t h  N, are  
s t rong  inhib i tors  for the  t r ans i t i on  me ta l  ca ta lys t .  The  
fact  m a y  be exp la ined  b y  a s suming  t h a t  t h e y  will  behave  

1 Refer to the recent studies of catalysis as A. CouP~R and D. D. 
EL~V, Heterogeneous Catalysis, Discuss. of Farad. Soe. 8, 172 (1950). - 
D. A. DOWDEN and P. W. REYt~O~DS, Heterogeneous Catalysis, 
Discuss. of Farad. Soe. 8, 184 (1950). - O. BEECK, Heterogeneous 
Catalysis, Discuss. of Farad. Soc. 8, 118 (1950). - G. M. SCItWAn, 
Heterogeneous Catalysis, Discuss. of Farad. 8, 166 (1950). 

in t he  same m a n n e r  as O or N and compe te  wi th  the  
subs t r a t e s l .  

Consequen t ly ,  i t  m a y  be  conc luded  t h a t  t h e  ox ida t ion -  
r educ t ion  process be mos t  eas i ly  ca r r i ed  o u t  by  t h e  
closed shell  s t ruc tu res  h a v i n g  the  large o rb i t a l  angu la r  
m o m e n t u m  l ike t he  d-closed shell  in a toms  or  the  ~-clos- 
ed  shell  in molecules .  I n  t he  we l l -known L E w i s  oc te t  
theory ,  he no t i ced  the  s t ab i l i t y  of  t h e  p-c losed shell  in 
a toms  and  t h e  a-closed shell  in molecules .  The  p re sen t  
idea  m i g h t  be cons idered  to  be  an  ex t ens ion  of t he  
L E w i s '  t h e o r y  to the  d- and  x-closed shells. 
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Zusammen/assung 
Zur  D e u t u n g  der  ka t a ly t i s chen  W i r k u n g  yon  0 b e r -  

gangsme ta l l en  und  E n z y m e n  werden  diese lben gem~iss 
i h r e m  E l e k t r o n e n a u f b a u  der  Aussenscha len  klassif iziert ,  
u n d e s  wi rd  fes tges te l l t ,  dass  O x y d a t i o n s - R e d u k t i o n s -  
Prozesse  fiber abgeschlossene  d -Scha len  in A t o m e n  und  
abgeschlossene  .~-Schalen in Molekfi len le icht  s t a t t -  
f inden.  

1 E. B. MAXTED, Advances in Catalysis, Akad. Press 3,129 (1951). 


