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1. Introduction 

The p u r p o s e  of t h i s  a r t i c le  is to  e x a m i n e  t h e  s t r u c t u r e  
of a few s i m p l e  o r g a n i c m o l e c u l e s  f rom t h e  e n e r g e t i c  aspec t ,  
pa r t i cu la r  r e fe rence  b e i n g  m a d e  to  t h e  q u e s t i o n  of t h e  
energy of t h e  v a l e n c e  s t a t e  of t e t r a v a l e n t  c a r b o n  a n d  i ts  
de r iva t ion  f r o m  k n o w n  t h e r m o c h e m i c a l  d a t a .  A s y s t e m a t -  
ic t r e a t m e n t  of t h i s  p r o b l e m  f rom t h e  t h e r m o c h e m i c a l  
point  of v i ew  seems  n e v e r  to  h a v e  b e e n  u n d e r t a k e n ,  
perhaps  b e c a u s e  t h e  t r u e  s i t u a t i o n  h a s  for  long  b e e n  
obscured b y  u n c e r t a i n t y  r e g a r d i n g  t h e  va lues  to  be  as- 
signed to  a n u m b e r  of t h e r m o c h e m i c a l l y  i m p o r t a n t  
quant i t i es ,  a n d  p a r t l y  b e c a u s e  t h e  t y p e  of r e a s o n i n g  
involved  is one  n o t  n o r m a l l y  e n c o u n t e r e d  in  t h e r m o -  
chemis t ry .  T h e  p r e s e n t  p a p e r  does  n o t  c l a i m  to  be m o r e  
than a s t e p  t o w a r d s  t h e  s o l u t i o n  of t h i s  p r o b l e m ,  b u t  
cer tain conc lus ions  w h i c h  i t  is poss ib le  t o  d r a w  f r o m  
o b s e r v a t i o n a l  d a t a  m a y  p r o v e  of v a l u e  in c h e c k i n g  
physical  theor i e s .  

In  c o n f o r m i t y  w i t h  t h e  w a v e - m e c h a n i c a l  p i c t u r e  of 
the c h e m i c a l  b o n d ,  t h e  t r u e  or  n a t u r a l  e n e r g y  of a b o n d  
may be r e g a r d e d  as a specif ic  p r o p e r t y  of t h e  b o n d  in 
the unperturbed molecule, l ike,  for  e x a m p l e ,  t h e  b o n d  
length  or  t h e  s t r e t c h i n g  force c o n s t a n t .  T h i s  e n e r g y  we 
will t e r m ,  a f t e r  R.  S. MULLIKEN, t h e  intrinsic bond 
energy. I t  is t h e  e n e r g y  l i b e r a t e d  w h e n  t w o  a t o m s  in their 
appropriate valence states u n i t e  to  f o r m  a b o n d .  T h e  
valence s t a t e  of a n  a t o m  in c o m b i n a t i o n  m a y  be  de f ined  
as the  h y p o t h e t i c a l  s t a t e  in  w h i c h  t h e  free a t o m  w o u l d  
find i tsel f  if i t s  c h e m i c a l  b o n d s  cou ld  be  r u p t u r e d  w i t h o u t  
change in  t h e  e l ec t ron i c  c o n f i g u r a t i o n .  I n  as m u c h  as t h e  
r e su l t an t  e l e c t r o n i c  c o n f i g u r a t i o n  is n o t  t h a t  of t he  
ground s t a t e ,  a t o m s  in t h e i r  v a l e n c e  s t a t e s  possess  sur -  
plus ene rgy ,  t h a t  is t h e y  are  excited. T h e  f u n d a m e n t a l  
s i tua t ion  is n o t  in  t h e  l e a s t  a f f e c t e d  b y  t h e  f ac t  t h a t  
valence s t a t e s  a re  n o t  s p e c t r o s c o p i c a l l y  o b s e r v a b l e  w i t h  
the free a t o m s .  F o r  t h e o r e t i c a l  t r e a t m e n t  i t  is f r e q u e n t l y  
conven ien t  to  r e g a r d  v a l e n c e  s t a t e s  as m i x t u r e s  of ob-  
served a t o m i c  s t a t e s .  

In o rder  to  a v o i d  confus ion ,  i t  is n e c e s s a r y  f r o m  t h e  
outset  to  be  c l ea r  a b o u t  t h e  f a c t  t h a t  intrinsic b o n d  
energies are  n o t  t h e  s a m e  as t h e  b o n d  ene rg ies  o r d i n a r i l y  
spoken of. T h e  l a t t e r  a re  t h e r m o c h e m i c a l l y  de f i ned  so as 
to make  t h e  s u m  of t h e  b o n d  energ ies  of a molecu le  e q u a l  
to the  a t o m i c  h e a t  of f o r m a t i o n  of t h e  molecu le ,  t h a t  is, 
the h e a t  l i b e r a t e d  on  i t s  f o r m a t i o n  f r o m  free a t o m s  in  
thei r  g r o u n d  s t a t e s .  S ince  t h e  a t o m i c  h e a t  of f o r m a t i o n  
is also e q u a l  t o  t h e  s u m  of t h e  i n t r i n s i c  b o n d  energ ies  
less t he  s u m  of t h e  e n e r g y  of t h e  v a l e n c e  s t a t e s  of all  t h e  
a toms i n v o l v e d ,  t h a t  is, t o  

XE -- Z V  
(where E r e p r e s e n t s  t h e  i n t r i n s i c  e n e r g y  of a b o n d  a n d  
V the  i n t e r n a l  e n e r g y  of a n  a t o m  in  i t s  v a l e n c e  s t a t e ) ,  i t  
is seen t h a t  t h e  i n t r i n s i c  b o n d  energ ies  a re  in  gene ra l  
larger t h a n  t h e r m o c h e m i c a l  b o n d  energ ies .  T h e  inter- 
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atomic e n e r g y  is t h u s  l a r g e r  t h a n  c o m m o n l y  s u p p o s e d ,  
b u t  t h e  i nc rease  is c o m p e n s a t e d  for b y  a loss in  intra- 
atomic ene rgy .  Logica l ly ,  i t  is t h e  i n t r i n s i c  b o n d  e n e r g y  
r a t h e r  t h a n  t h e  t h e r m o c h e m i c a l  b o n d  e n e r g y  w h i c h  
is r e l a t e d  to  o t h e r b o n d p r o p e r t i e s  s u c h  as t h e  b o n d  l e n g t h  
a n d  force c o n s t a n t  a, a n d  i t  is t h e  i n t r i n s i c  b o n d  e n e r g y  
w h i c h  c o n c e r n s  us  here .  

T u r n i n g  ou r  a t t e n t i o n  to  d i a t o m i c  molecu les ,  i t  is seen  
t h a t  w i t h  t h e  r u p t u r e  of t h e  b o n d  j o i n i n g  t i le  a t o m s ,  t h e  
l a t t e r  are  ab le  to  fal l  to  t h e i r  g r o u n d  s t a t e s .  C o n s e q u e n t l y ,  
for  a mo lecu le  AB,  t h e  m e a s u r e d  d i s s o c i a t i o n  ene rgy ,  
D ( A B ) ,  is a n e t  e f fec t  only ,  a n d  does  n o t  p r o v i d e  t h e  
v a l u e  of E ( A - - B ) ,  t h e  i n t r i n s i c  e n e r g y  of t h e  b o n d .  T h e  
a c t u a l  r e l a t i o n s h i p  is g i v e n  b y  

D ( A B )  = E ( A - - B ) -  V ( A ) -  V(B) .  

S ince  t h e  i n t r a - a t o m i c  e n e r g y  is e n t i r e l y  r e g a i n e d  d u r i n g  
t h e  p rocess  of d i s soc ia t ion ,  t h e  d i s soc i a t i on  ene rg ies  
a lone  te l l  us  n o t h i n g  c o n c e r n i n g  t h e  v a l e n c e  s t a t e s  of 
t h e  a t o m s  in t h e  case  of d i a t o m i c  molecu les .  

W i t h  p o l y a t o m i c  molecules ,  howeve r ,  t he  s i t u a t i o n  is 
d i f f e ren t .  Here ,  w i t h  t h e  r u p t u r e  of a n  e l e c t r o n - p a i r  
b o n d  b e t w e e n  t w o  a t o m s ,  one  a t  l e a s t  of t h e  two  a t o m s  
is ob l iged  to  r e m a i n  in  t h e  a p p r o p r i a t e  v a l e n c e  s t a t e ,  
s ince  i t  r e m a i n s  c h e m i c a l l y  l i n k e d  w i t h  o t h e r  a t o m s .  I n  
p r inc ip le ,  t h e r e f o r e ,  i t  is poss ib le  to  ga in  i n f o r m a t i o n  
r e g a r d i n g  v a l e n c e  s t a t e s  f r o m  t h e  d i s soc i a t i on  energ ies  
of polyatomic molecules ,  p r o v i d e d  t h e  e x p e r i m e n t a l  d a t a  
is c o r r e c t l y  i n t e r p r e t e d .  T h e  pos i t i on  is h o w e v e r  r e n d e r e d  
m o r e  c o m p l i c a t e d  b y  t h e  f ac t  t h a t ,  w h e n  one  b o n d  in  a 
molecu le  is r u p t u r e d ,  t h e  n e i g h b o u r i n g  b o n d s  a re  i nev -  
i t a b l y  a f fec ted ,  e v e n  if on ly  s l igh t ly .  I t  is t h u s  in  gene ra l  
n e c e s s a r y  to  m a k e  a l l o w a n c e  for  a n u m b e r  of s m a l l  
e n e r g e t i c  effects ,  a n d  th is ,  w i t h  o u r  p r e s e n t  s t a t e  of 
knowledge ,  t e n d s  to  b e c o m e  t h e  m o s t  d i f f i cu l t  a n d  l ea s t  
s a t i s f a c t o r y  a s p e c t  of t h e  m a t t e r .  I t  c o n s t i t u t e s  a m a j o r  
f a c t o r  in  d e t e r m i n i n g  t h e  a c c u r a c y  of e s t in3a t ions  of 
t h i s  k ind ,  a n d  a s t r o n g  r e a s o n  for  c o n f i n i n g  a t t e n t i o n  to  
s imp le  p o l y a t o m i c  molecu les .  

Our  k n o w l e d g e  of d i s s o c i a t i o n  ene rg i e s  ~or p o l y a t o m i c  
molecu les  is s t i l l  in  a n  e x c e e d i n g l y  i n c o m p l e t e  s t a t e ,  a n d  
m u c h  i n f o r m a t i o n  w h i c h  w o u l d  be v e r y  usefu l  in  t h r o w -  
ing  l i g h t  on  t h e  p o s i t i o n s  of v a l e n c e  s t a t e s  is u n f o r t u n a t e l y  
s t i l l  l ack ing .  H o w e v e r ,  e n o u g h  d a t a  for  c e r t a i n  o rgan i c  
c o m p o u n d s  ex i s t  t o  p r o v i d e  a t  l eas t  a n  i n t e l l i g e n t  i dea  
of t h e  e n e r g y  level  of t h e  v a l e n c e  s t a t e  of c a r b o n  f r o m  
seve ra l  d i f f e r e n t  l ines  of r ea son ing .  Befo re  p r o c e e d i n g  to  
i l l u s t r a t e  t h i s  w i t h  e x a m p l e s ,  i t  w o u l d  be  b o t h  usefu l  a n d  
i n s t r u c t i v e  to  m a k e  a b r i e f  h i s t o r i c a l  s u r v e y  of t h e  v iew-  
p o i n t s  w h i c h  h a v e  b e e n  he ld  c o n c e r n i n g  t h e  t r u e  n a t u r e  
of t h e  v a l e n c e  s t a t e .  

2. Past Ideas concerning the Nature o/ the Valence State 

I t  a p p e a r s  f i r s t  t o  h a v e  b e e n  r e c o g n i z e d  20 yea r s  ago  
b y  MECKE 2 t h a t  t h e  e n e r g y  r e q u i r e d  to  p r o m o t e  a c a r b o n  
a t o m  to  i t s  t e t r a v a l e n t  s t a t e  m u s t  a f fec t  t h e  b o n d  
energ ies  in  o r g a n i c  c o m p o u n d s .  U s i n g  v a l u e s  t h e n  c u r r e n t  
for  d i s s o c i a t i o n  energ ies ,  he  a r g u e d  t h a t  b e c a u s e  t h e  
p rocess  

1 For a perfect treatment of intrinsic bond energies, it would be 
necessary to separate out the much smaller forces between non-bonded 
atoms. For interrelating bond properties, however, it is very question- 
able whether this would be worth while, since not only will these 
forces affect the energies of neighbouring bonds somewhat, but also 
their lengths and force coiistants in comparable manner. 

2 R. M~CKE, Nature 1'2~, 526 (1980). 
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H C O  --~ CO + H 

l i b e r a t e s  4 kca l  i n s t e a d  of a b s o r b i n g  107 kca l  in  c o n f o r m -  
i t y  w i t h  t h e  p roces s  

H~CO --~ t I C O +  H ,  

t h e  e x c i t a t i o n  of t h e  C =  O molecu le  t o  = C =  O ( c o n t a i n i n g  
t e t r a v a l e n t  c a r b o n )  a b s o r b s  111 kcal .  A l ike a r g u m e n t  
i n v o l v i n g  D ( O C = O )  p r o v i d e d  a s i m i l a r  f igure .  MECKE 
also fo r eca s t  t h a t  t h e  e n e r g y  r e q u i r e d  to  r u p t u r e  t h e  
s econd  C - - H  b o n d  in  m e t h a n e  wou ld  be  m u c h  less t h a n  
t h a t  r e q u i r e d  t o  r u p t u r e  t h e  f i r s t  ~, o n  t h e  g r o u n d s  t h a t  
in  m e t h y l e n e ,  f ree  CH, ,  t h e  c a r b o n  is d i v a l e n t .  

T h e s e  i deas  were  d e v e l o p e d  o n  t h e  p h y s i c a l  s ide b y  
HEITLER a n d  RUMER ~ a n d  o~ t h e  c h e m i c a l  b y  NORRISH 3, 
w h o  r e c o g n i z e d  t h a t  t h e  a p  s t a t e  of c a r b o n  is a n  s*p -~ 
s t a t e ,  a n d  possesses  o n l y  t w o  u n p a i r e d  e l ec t rons  for  b o n d -  
f o r m a t i o n ,  w h e r e a s  for  c a r b o n  t o  a p p e a r  t e t r a v a l e n t  one  
of  t h e  s e l e c t r o n s  m u s t  b e  p r o m o t e d  t o  t h e  v a c a n t  p 
o r b i t a l  t o  g ive  a n  sp  s s t a t e .  T h e  lowes t  a t o m i c  s t a t e  
a n s w e r i n g  t h i s  d e s c r i p t i o n  is t h e  ~S s t a t e ,  a n d  t h e  
e m p l o y m e n t  of t h i s  s t a t e  i n s t e a d  of t h e  g r o u n d  s t a t e  as 
t h e  bas i s  of t h e  r e s p e c t i v e  c a l c u l a t i o n s  c o n s t i t u t e d  a 
d e f i n i t e  a d v a n c e .  A t  t h e  t ime ,  t h e  p o s i t i o n  of t h e  ~S 
s t a t e  was  g e n e r a l l y  b e l i e v e d  t o  be  n e a r e r  to  t h e  g r o u n d  
s t a t e  t h a n  is n o w  k n o w n  t o  be  t h e  case,  

Of  t h e  v a r i o u s  s u b s e q u e n t  t h e o r e t i c a l  t r e a t m e n t s  of 
p o l y a t o m i c  molecu les ,  t h o s e  b y  VANVLECK * (to w h o m  
t h e  t e r m  valence state is due)  a n d  b y  MULLIKEN 5, w h o  
e x t e n d e d  t h e  t r e a t m e n t  t o  a l a rge  n u m b e r  of  a t o m s  
o t h e r  t h a n  c a r b o n ,  d e s e r v e  special ,  m e n t i o n .  I n  t h e  V a n  
Vleck  t r e a t m e n t ,  t h e  i m p o r t a n c e  of  e l e c t r o n  s p i n  a n d  
b o n d  d i r e c t i o n  is e m p h a s i z e d .  A c c o r d i n g  t o  t h i s  v iew-  
p o i n t ,  t h e  c o r r e c t  r e f e r ence  s t a t e  for  c a r b o n  in  m e t h a n e  
is n o t  t h e  ~S s t a t e  a lone,  b u t  a m i x t u r e  of al l  t h e  sp  a 
s t a t e s  (six in  n u m b e r ) ,  s ince ,  a p a r t  f r o m  t h e  f a c t  t h a t  t h e  
sS a t o m  does  n o t  d i r e c t  i t s  f ou r  v a l e n c e  e l e c t r o n s  t e t r a -  
hed ra l ly ,  t h e  sp in s  of t h e  l a t t e r  a re  a l l  pa ra l l e l ,  a r e s t r i c -  
t i o n  w h i c h  is n o t  to  be  p r e s u m e d  o p e r a t i v e  in  c h e m i c a l l y  
b o u n d  c a r b o n .  I n  t h i s  t r e a t m e n t ,  t h e  sp ins  a re  i n s t e a d  
p r e s u m e d  t o  be  s y m m e t r i c .  A c o r r e s p o n d i n g  l i n e a r  
c o m b i n a t i o n  of a l l  t h e  s ix  sp  3 s t a t e s  l eads  to  a p r o m o t i o n a !  
e n e r g y  of 7 -8  e V  for  t h e  c a r b o n  a t o m  in  i t s  v a l e n c e  
s t a t e .  T h e  r e s u l t  is s u r p r i s i n g l y  h i g h  w h e n  i t  i s  r e m e m -  
be red ,  for  e x a m p l e ,  t h a t  t h e  i o n i z a t i o n  p o t e n t i a l  of c a r b o n  
is on ly  11.265 eV a n d  t h a t ,  e x p e r i m e n t a l l y ,  t h e  e n e r g y  of 
t h e  C - - H  b o n d  is of t h e  o rde r  of 4 eV. 

A r ev i s ion  of VANVLECK'S t r e a t m e n t  h a s  b e e n  u n d e r -  
t a k e n  b y  VOGE 6, w h o  a t t e m p t e d  t o  r e m o v e  c e r t a i n  
i m p e r f e c t i o n s  b y  e m p l o y i n g  a d i f f e r e n t  c o m b i n a t i o n  of  
s~p 2, sp  a, a n d  p4 a t o m i c  t e r m s .  T h i s  a g a i n  y i e l ded  t h e  
v a l u e  7 eV for  t h e  v a l e n c e  s t a t e  in  m e t h a n e ,  b u t  t h e  
q u e s t i o n  of a poss ib le  r e d u c t i o n  t h r o u g h  r e s o n a n c e  was  
ra i sed .  H o w e v e r ,  i t  is d o u b t f u l  if  t he  l eve l  cou ld  b e  de-  
p r e s sed  a p p r e c i a b l y  in t h i s  way .  A p a r t  f r o m  t h e  e v i d e n c e  
w h i c h  h a s  b e e n  a c c u m u l a t i n g  in r e c e n t  yea r s  a g a i n s t  res-  
o n a n c e  of t h i s  k ind ,  COULSON ~ h a s  c a l c u l a t e d  t h a t  de-  
l oca l i z a t i on  of t h e  b o n d i n g  e l e c t r o n s  in  m e t h a n e  is v e r y  
smal l .  

I n  o r d e r  t o  sugges t  a poss ib le  e x p l a n a t i o n  for  t h e  
d i f f i cu l ty  c r e a t e d  b y  t h e  t h e o r e t i c a l  v a l u e  7 e V - - i t  is  
q u i t e  twice  as  l a rge  as t h a t  p e r m i s s i b l e  a c c o r d i n g  t o  
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o b s e r v a t i o n a l  d a t a l - - i t  m i g h t  be  r e m a r k e d  he re  that,  
e n e r g e t i c a l l y  speak ing ,  once  a c a r b o n  a t o m  h a s  become 
e x c i t e d  to  t h e  5S s t a t e  b y  t h e  p r o m o t i o n  of a n  s electron 
to  a p o r b i t a l  (to m a k e  t h e  f o r m a t i o n  of f ou r  e lectron-pair  
b o n d s  poss ib le) ,  f u r t h e r  exc i t a t iOn  is o n l y  to  be  expected 
as  l ong  as  t h e  ga in  in i n t r i n s i c  b o n d  e n e r g y  more  than 
c o m p e n s a t e s  for  t h e  e n e r g y  a b s o r b e d  b y  e x c i t a t i o n .  This 
is in  a c c o r d a n c e  w i t h  t h e  i n v i o l a b l e  p r inc ip l e  t h a t  a 
molecu le  will  a d j u s t  i t se l f  so as to  m a k e  i t s  t o t a l  energy 
a m i n i m u m .  I t  n e e d  n o t  be  su rp r i s ing ,  t he re fo re ,  if this 
p o i n t  is r e a c h e d  a l ong  w a y  b e l o w  t h a t  d e m a n d e d  by 
t h e  s y m m e t r i c  e l e c t r o n - s p i n  c o n f i g u r a t i o n .  A t r e a t m e n t  
w h i c h  s u b o r d i n a t e d  e n e r g e t i c  c o n s i d e r a t i o n s  to  those  of 
e l e c t r o n  sp in  a n d  b o n d  d i rec t ion ,  i m p o r t a n t  as these  are, 
cou ld  t h u s  n e v e r  be  pe r fec t .  T h i s  f ac t  h a s  apparen t ly  
b e e n  r ecogn ized  b y  NORDHEIM-POSCHL ~, who,  in a 
c o m p l e t e l y  d i f f e r e n t  t h e o r e t i c a l  a p p r o a c h  t o  simple 
o rgan ic  molecu les ,  exc ludes  a t  t h e  o u t s e t  all  s t a t e s  higher 
t h a n  t h e  5s as  e n e r g e t i c a l l y  t o o  h i g h  to  p l a y  a s ignif icant  
r61e in  c h e m i c a l  b o n d i n g ,  a n d  a t t e m p t s  to  a c c o u n t  for 
t h e  d i r e c t i o n a l  p r o p e r t i e s  of t h e  t e t r a v a l e n t  c a r b o n  atom 
in  t e r m s  of a c o m b i n a t i o n  of t h e  ~P a n d  6S s ta tes .  No 
e s t i m a t e  of t h e  e n e r g y  of t h e  v a l e n c e  s t a t e  is g iven ,  but, 
in  v i ew  of w h a t  follows, i t  w o u l d  be  wel l  w o r t h  inves t iga t -  
ing  w h e t h e r  t h i s  k i n d  of t r e a t m e n t  cou ld  b e  developed 
to  g ive  a p i c t u r e  c o n f o r m a b l e  to  e x p e r i m e n t .  

D u r i n g  t h e  decade  fo l lowing  1936, t h e  m a t t e r  was not 
c a r r i ed  m u c h  f u r t h e r .  One  of t h e  m a i n  r ea sons  for this 
was  d o u b t l e s s  t h e  i n s u f f i c i e n c y  of r e l i ab l e  expe r imen ta l  
d a t a  b y  m e a n s  of w h i c h  p h y s i c i s t s  cou ld  c h e c k  a n d  build 
u p o n  t h e i r  theor i e s .  T h e  q u e s t i o n  of  t h e  v a l e n c e  s t a t e  of 
c a r b o n  was  r e - e x a m i n e d  in  1946 f r o m  t h e  expe r imen ta l  
ang le  b y  LONG a n d  NORRISH a, w h o  f o u n d  t h a t  the 
e v i d e n c e  p o i n t e d  u n e q u i v o c a l l y  to  a n  e n e r g y  level  of 
~ 6 5  kca l  ( N 2 - 8  eV).  T h i s  i t  was  i m p o s s i b l e  t o  l ink  up 
w i t h  t h e  7 e V  p r o v i d e d  b y  t h e  \rAN VL]gCK-~?'OGI~ treat-  
m e n t ,  b u t  was  in  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  es t imate  
~ 3 . 1 6  eV for  t h e  t h e n  u n o b s e r v e d  ~S level  b y  TJFFOR3 t. 
The  e x p e r i m e n t a l  f ac t s  a c c o r d i n g l y  p o i n t e d  a t  t h e  time 
to  t h e  o lde r  v i e w p o i n t ,  a c c o r d i n g  to  w h i c h  t h e  valence 
s t a t e  was  i d e n t i f i e d  w i t h  t h e  ~S s t a t e ,  as  b e i n g  t h e  correct 
one.  H o w e v e r ,  t h e  s u b s e q u e n t  o b s e r v a t i o n  of  t he  bS 
level  a t  4 .16 e V  or  96.4 kca l  b y  S~IENSTONV: 5 showed 
UFFORD'S e s t i m a t e  to  be  mi s l ead ing .  T h e  t r u e  position 
t h u s  t u r n s  o u t  to  be  less s imp le  t h a n  was  f o r m e r l y  sup- 
posed,  a n d  i t  is n o w  poss ib le  t o  s t a t e  w i t h  some  confi- 
d e n c e  t h a t  t h e  v a l e n c e  s t a t e  of t e t r a v a l e n t  c a r b o n  is 
s i t u a t e d  n o t  a b o v e  t h e  sS level ,  b u t  below s i t .  T h e  recog- 
n i t i o n  of  t h i s  f ac t  is a s t e p  f o r w a r d  t o w a r d s  p lac ing  the 
whole  s u b j e c t  on  a n  e n e r g e t i c a l l y  s o u n d  foot ing ,  and 
s h o u l d  be  of a s s i s t a n c e  to  t h e  t h e o r e t i c a l  phys ic i s t .  

One  o t h e r  c o m p l e t e l y  d i f f e r e n t  a p p r o a c h  m u s t  be 
m e n t i o n e d  w h i c h  h a s  p a r t i c u l a r  r e f e r ence  t o  dia tomic 
molecu les .  I t  h a s  l ong  b e e n  r e c o g n i z e d  t h a t  l i n e a r  BIRGE- 
SPONER e x t r a p o l a t i o n s - - w h i c h  d e p e n d  u p o n  t h e  molec- 
u l a r  c o n s t a n t s  a t  t h e  p o t e n t i a l  m i n i m u m - - l e a d  to  dis- 

1 That the figure 7 eV is much too high, may be readily seen 
from a consideration of acetylene and its halogen derivatives. The 
ground state of these moIecules is unquestionably X--C~_C--X, but 
this would be stable relative to X--G--C---X only as long as the 
difference in the bond-energy sum for the two structures exceeded 
the sum of the promotional energies of the two carbon atoms. A 
figure even approaching 7 eV for each atom is accordingly seen 
to be excluded. See L. H. LONG, Z. Elektrochem. 54, 79 ft. (1950). 

G. NORDHEBt-PGscHL, Ann. Physik [v], 26, 258,281 (1936). 
a L. H. LONG and R. G. W. NORRISH, Proc. Roy. Soc. A I87, 

337 (1946). 
4 C. W. UFFORD, Phys. Rev. [if], 53, 568 (1938). 
°r A. G. SItENSTONE, Phys. Rev. [ii], 72, 411 (1947). 

L. H. LONG Z. Elektrochem. a4, 77 (1950). 
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s0ciation ene rg ies  w h i c h  are  n o r m a l l y  c o n s i d e r a b l y  in  
excess of t h e  t r u e  va lue .  PAULING 1 h a s  m a d e  t h e  r ea s on -  
able a s s u m p t i o n  t h a t  t h e  e x t r a p o l a t e d  va lues  cor re -  
spond to  t h e  ene rg ies  r e q u i r e d  to  d i s soc ia t e  t h e  r e s p e c t i v e  
molecules i n t o  a t o m s  gn the valence states r e l e v a n t  to  t h e  
molecule u n d e r  c o n s i d e r a t i o n .  ( I n  t h e  l a n g u a g e  e m p l o y e d  
in the  i n t r o d u c t i o n ,  t h i s  is t a n t a m o u n t  to  s a y i n g  t h a t  
the e x t r a p o l a t e d  v a l u e  for  t h e  d i s s o c i a t i o n  e n e r g y  
cons t i tu tes  a n  e s t i m a t e  of t h e  i n t r i n s i c  b o n d  e n e r g y  of 
the molecule . )  A n  a l t e r n a t i v e  p r o c e d u r e  is to  c a r r y  o u t  a 
linear e x t r a p o l a t i o n  of  t h e  lowest, v i b r a t i o n a l  leve ls  (zero 
lines). T h e  t w o  m e t h o d s  n o r m a l l y  g ive  s imi la r ,  b u t  n o t  
identical,  va lues .  As  t h e  a s s u m p t i o n s  i n v o l v e d  h o l d  to  a 
first a p p r o x i m a t i o n  only ,  t h e  a c c u r a c y  of  t h e  f igures  ob-  
tained for  t h e  y a l e n c e  s t a t e s  will  a g a i n  be  s o m e w h a t  
limited. T h i s  l ine  of a p p r o a c h  h a s  n o t  so far  b e e n  ap -  
plied to  t e t r a v a l e n t  c a rbon ,  b u t  h a s  b e e n  e m p l o y e d  for  
es t imat ing  t h e  level  of t h e  d i v a l e n t  s t a t e  a n d  t h e  leve ls  
of the v a l e n c e  s t a t e s  of o x y g e n  a n d  n i t r o g e n %  

3. Valence States and Dissociation Energies 

The s ign i f i cance  of t h e  i n t r a - a t o m i c  energ ies  possessed  
by a t o m s  w h e n  in  t h e i r  v a l e n c e  s t a t e s  is wel l  i l l u s t r a t e d  
by a s t u d y  of t h e  e x p e r i m e n t a l  va lues  for  t h e  d i s s o c i a t i o n  
energies of i n d i v i d u a l  c h e m i c a l  b o n d s  in t h e  case  of  
polyatomic molecules .  T h e s e  d i s s o c i a t i o n  energ ies  re f lec t  
the necess i ty  for t a k i n g  t h e  i n t r a - a t o m i c  energ ies  i n t o  
account  w h e n  e s t i m a t i n g  t r u e  or  i n t r i n s i c  b o n d  energ ies ,  
as is p a r t i c u l a r l y  well  i l l u s t r a t e d  in t h e  case  of  C - H  a n d  
C - C  b o n d s .  

I t  will b e  c o n v e n i e n t  in t h e  fo l lowing  to  r e p r e s e n t  t h e  
energy of  a v a l e n c e  s t a t e  b y  t h e  s y m b o l  V. T h u s  V(C Iv) 
represents  t h e  e n e r g y  of a c a r b o n  a t o m  in  i t s  t e t r a v a l e n t  
state. To  b e  s t r i c t l y  a c c u r a t e ,  t h e  t y p e  of h y b r i d i z a t i o n  
s h o u l d b e  i n d i c a t e d ,  as, for  e x a m p l e ,  in  t h e  s y m b o l  
F(sp 3 CIV), s ince  s l i g h t  d i f f e rences  in  e n e r g y  wil l  ex i s t ,  
according t o  w h e t h e r  t h e  h y b r i d i z a t i o n  is sp 3 ( t e t r a -  
hedral),  as  in  CH~ a n d  CC14, or  sp ~ ( t r igonal )  as  in  CzH 4 
and Call  ~, or  sp  (d igonal)  as  in  C~H 2 a n d  COy T h e o r e t -  
ically, a t  leas t ,  t h e  d i f f e rence  in e n e r g y  levels  for  t h e s e  
hybr idized s t a t e s  is q u i t e  smal l .  E x p e r i m e n t a l l y ,  i t  is  
doubtful  w h e t h e r  i t  is y e t  poss ib le  to  d i s t i n g u i s h  b e t w e e n  
them. 

The h e a t  of a t o m i z a t i o n  of g r a p h i t e  will  he re  be  t a k e n  
as 125.0 kca l  a t  0°K.  Th i s  is a n  a c c u r a t e  f igure  d e r i v e d  
from a s p e c t r o s c o p i c  s t u d y  of c a r b o n  m o n o x i d e ,  a n d  a 
s tudy of t h e  e v i d e n c e  f r o m  o t h e r  sources  i n d i c a t e s  t h a t  
it is t he  m o s t  p r o b a b l e  v a l u e  3. I n  a n y  case,  t h e  c o r r e c t  
value is a l m o s t  ~ e r t a i n l y  w i t h i n  a b o u t  10 kca l  of t h i s  
figure 4. T h e  h e a t  of a t o m i z a t i o n  of h y d r o g e n  is k n o w n  
with a c c u r a c y  t o  be  51,6 kca l  a t  0 ° K. T h e  v a l e n c e  s t a t e  
and the  g r o u n d  s t a t e  of h y d r o g e n  will  he r e  be  a s s u m e d  
to be v i r t u a l l y  t h e  s ame .  T h e r e  a re  he r e  n o  low- ly ing  
atomic s t a t e s  w h i c h  one  wou ld  e x p e c t  to  c o n t r i b u t e  t o  
the b o n d i n g  a n d . a  B i r g e - S p o n e r  e x t r a p o l a t i o n  c a l c u l a t e d  
from t h e  m o l e c u l a r  c o n s t a n t s  a) e a n d  % x,  for  H~ 
indicates  t h a t  t i le  d i f f e rence  b e t w e e n  t h e  s t a t e s  in  

x L. PAULING, Z. Naturforseh. 3a, 438 (1948). 
2 L. PAULING, Proc. Nat. Acad. Sci., U.S. 36, ~29 (1949). - 

L. PAULL~G and W. F. SZtEEUA~ (Jr.}, ibid., p. 359. 
3 L. H. LOSG, Proc. Roy. Soe. A 198, 62 (1949). 
4 A mucn higher value around 170 kcal has frequently been 

proposed, but there is no objection-free evidence in support of it, 
and the weight of the evidence indicates that  it can be excluded. 
Flora independent considerations, PAVLItCG and SHEEnAn (loc. Cir.) 
al~o exclude this value. That PAULING and SnEEHAN favour a value 
somewhat higher than 125 kcal is due to their assumption that the 
carbon in the ground state of CN and the lowest triplet state of CO 
is in the divalent (and not tetravalent) state. See later and L.H. 
Lose, Research, London 3,291 (1950). 

q u e s t i o n  is negl ig ib le .  On a c c o u n t  of t h e  n o n - l i n e a r i t y  
of t h e  A G - - v  c u r v e  for  H , ,  howeve r ,  e x t r a p o l a t i o n  of 
t h e  lowes t  v i b r a t i o n a l  levels  l eads  to  a def in i te ,  t h o u g h  
r e l a t i v e l y  smal l ,  v a l e n c e  ene rgy .  T h e  p o i n t  is w o r t h y  of 
m e n t i o n ,  as t h e  d i s c r e p a n c y  b e t w e e n  t h e  t w o  e x t r a p o l a -  
t i o n  p r o c e d u r e s  is i n d i c a t i v e  of t h e i r  l i m i t e d  re l i ab i l i ty .  

F r o m  a f a r - r e a c h i n g  r e g u l a r i t y  in  t h e  a c c u r a t e l y  k n o w n  
h e a t s  of f o r m a t i o n  of t h e  s t r a i g h t - c h a i n e d  p a r a f f i n s  a t  
0 ° K x, i t  c a n  be  d e m o n s t r a t e d  t h a t  t h e  e n e r g y  of t h e  C- -C  
b o n d s  is c o n s t a n t  t o  w i t h i n  0.1 kcal .  T h e  C - - H  b o n d  
va r i e s  o n l y  c o m p a r a t i v e l y  s l i g h t l y  in  s t r e n g t h ,  t h a t  in  
m e t h a n e  b e i n g  s l i gh t l y  s t r o n g e r  t h a n  t h e  a v e r a g e  v a l u e s  
for  t h e  h i g h e r  pa ra f f in s .  T h e  v a l u e s  for  t h e  i n t r i n s i c  b o n d  
energ ies  (E  va lues)  a re  g i v e n  be low (in kcal)  for  t h e  C - - H  
b o n d  in  m e t h a n e  a n d  t h e  C- -C  b o n d  in e t h a n e :  

E ( C H  a -  H)  = 86 ,85  + { V(CW); 
D ( C H ~ -  H) = 101-5  4- 1. 

E ( C H 3 - -  CH3) = 59 .9  + ½ V(CtV); 
D~CH s -  CHa) = 84 .3  4- 2. 

The  e x p e r i m e n t a l  d i s soc i a t i on  energ ies  z of t h e  c o r r e s p o n d -  
ing  b o n d s  a t  O°K (D va lues)  are  p l a c e d  a longs ide  for  
c o m p a r i s o n .  F o r  a l i p h a t i c  h y d r o c a r b o n s ,  o t h e r  m e a s u r e d  
d i s soc i a t i on  energ ies  are  s imi la r ,  n a m e l y  a b o u t  100 kca l  
for D ( C - - H )  a n d  a b o u t  80 kca l  for  D(C- -C) .  I t  is im-  
m e d i a t e l y  o b v i o u s  t h a t  t h e  e n e r g y  of t he  v a l e n c e  s t a t e  
of c a r b o n  m u s t  be  c o n s i d e r a b l e  if t h e  f igures  a re  to  b e a r  
r e l a t i o n s h i p .  If,  as a first approximat ion,  one  e q u a t e s  t h e  
D v a l u e s  w i th  t h e  i n t r i n s i c  b o n d  energ ies ,  t h e  va lues  
d e r i v e d  for  V(C TM) a re  58-6 a n d  48-8 kca l  r e spec t ive ly .  
T h e  m a t t e r  is n o t  so s imple ,  h o w e v e r ,  as  t h i s  p r o c e d u r e  
neg l ec t s  t h e  energy o] reorganization of t h e  m e t h y l  r a d i c a l  
o n  i t s  f o r m a t i o n  f r o m  m e t h a n e  o r  e t h a n e .  

T h e  f ac to r s  e n t e r i n g  i n t o  t h i s  e n e r g y  of r e o r g a n i z a t i o n  
a re  c h a n g e  in  e n e r g y  of t h e  t h r e e  u n r u p t u r e d  C - - H  b o n d s  
a n d  c h a n g e  in t h e  i n t e r n a l  e n e r g y  of  t h e  c a r b o n  a t o m .  
T h e  l a t t e r  wil l  a t  all  e v e n t s  be  smal l ,  e v e n  if t h e  h y b r i d -  
i z a t i o n  c h a n g e s  al l  t h e  w a y  f r o m  sp 3 t o  spL  a n d  will  be  
a s s o c i a t e d  w i t h  a s m a l l  b u t  n o t  neg l ig ib le  i nc rease  in  
t h e  e n e r g y  oi t h e  t h r e e  r e m a i n i n g  b o n d s  due  to  i nc r ea se  
in  t h e i r  s c h a r a c t e r .  T h a t  e n e r g y  will  be  l i b e r a t e d  b u t  
will  n o t  be  more  t h a n  a few ki locMories ,  is i n d i c a t e d  b y  
t h e  f ac t  t h a t  t h e  C - - H  b o n d  in e t h y l e n e ,  w h e r e  t h e  
b o n d i n g  is sp 2, h a s  p r o p e r t i e s  w h i c h  d i f fe r  on ly  s l i g h t l y  
f r o m  t h o s e  of t h e  C - - H  b o n d  in m e t h a n e .  A s t u d y  of 
b o n d  p r o p e r t i e s  b y  WALStI 3, n a m e l y  b o n d  energ ies ,  b o n d  
l e n g t h s  a n d  force c o n s t a n t s ,  h a s  i n d i c a t e d  t h a t  t h e  C -  H 
b o n d  in  e t h y l e n e  is t h e  s t r o n g e r  b y  o n l y  a b o u t  2 kcal .  
I t  fol lows t h a t  t h e  a b o v e  e s t i m a t e  for  t h e  v a l e n c e  s t a t e s ,  
a l t h o u g h  o n l y  a p p r o x i m a t e ,  will  be  of t h e  r i g h t  o r d e r  of 
m a g n i t u d e .  I n  p o i n t  of fac t ,  t h e  C - - H  b o n d  in  t h e  free 
m e t h y l  r ad i ca l  m a y  well  be  i n t e r m e d i a t e  in  c h a r a c t e r  
b e t w e e n  t h o s e  in  m e t h a n e  a n d  e t h y l e n e .  

A n y  l i b e r a t i o n  of  e n e r g y  t h r o u g h  r e o r g a n i z a t i o n  of 
t h e  m e t h y l  r ad i ca l s  on  t h e i r  f o r m a t i o n  w o u l d  m e a n  t h a t  
t h e  o b s e r v e d  d i s soc i a t i on  ene rg i e s  a re  lower  t h a n  t h e  
a c t u a l  i n t r i n s i c  b o n d  energ ies .  C o n s e q u e n t l y  t h e  f igures  
58-6 a n d  48.8 kca l  a l r e a d y  d e r i v e d  r e p r e s e n t  lower  l i m i t s  
for  t h e  v a l e n c e  e n e r g y  of  t e t r a v a l e n t  c a r b o n .  (The  

I E. J.  PROSEN, K. S. PITZER, and F. D. ROSSXNI, J .  Research 
National Bur. Standards, U. S. 34, 403 (1945~. 

The figure for D(CH~--H) is that given by G. B. KISTIAKOWSKY 
and E. R. VAN ARTSDALEN, J. Chem. Phys. 12, 469 (1944), after 
correcting for an improved value of D(HBr) involved in the calcula- 
tion [cf. L. H. LON6, Proc. Roy. Soc. A 198, 65 (1949)]. The figure 
for D(CH~---CHa) follows from this, 

a A. D. WALSH, e. g., j ,  Chem. Soc., 1948, p. 398; Discussions 
Faraday Soc. 2, 18 (1947). The bonding in free CH 3 is specifically 
considered on p. 21 of the latter article. 
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di f fe rence  in t h e  f i g u r e s . i m p l i e s  t h a t  t h e  e n e r g y  of re-  
o r g a n i z a t i o n  is 2-45 kca l  g r e a t e r  w h e n  i t  is f o r m e d  f r o m  
e t h a n e  t h a n  w h e n  i t  is f o r m e d  f r o m  m e t h a n e .  T h i s  c a n  
b e  r e a d i l y  a c c o u n t e d  for  w h e n  i t  is r e f l ec t ed  t h a t  t h e  
C - - H  b o n d  e n e r g y  in  m e t h a n e  is 0.8 kca l  s t r o n g e r  t h a n  
in  e t h a n e ,  as  m a y  b e  s h o w n  d i r e c t l y  f r o m  t h e  h e a t s  of 
f o r m a t i o n  of t h e s e  t w o  c o m p o u n d s . )  

H a v i n g  n o w  a lower  l i m i t  for  t h e  e n e r g y  of t h e  v a l e n c e  
s t a t e ,  a n  u p p e r  l i m i t  m u s t  be  s o u g h t .  T h i s  is providecl  b y  
t h e  p o s i t i o n  of  a t r i p l e t  s t a t e  of e t h y l e n e  w h i c h  h a s  b e e n  
e x p e r i m e n t a l l y  f ixed  a t  72 -74  kca l  a b o v e  t h e  g r o u n d  
s t a t e  b y  LEWIS a n d  I~ASHA 1, "¢¢bO also i d e n t i f y  t h i s  
t r i p l e t  s t a t e  w i t h  t h e  s y m m e t r i c a l  b i r a d i c a l  

- - C H 2 - - C H  2 -  
o b t a i n e d  b y  r e m o v i n g  t w o  h y d r o g e n  a t o m s  f rom e t h a n e .  
If,  i n  f i r s t  a p p r o x i m a t i o n ,  i t  is a s s u m e d  t h a t  t h e  i n t r i n s i c  
ene rg ies  of t h e  b o n d s  i t  c o n t a i n s  a re  i d e n t i c a l  w i t h  t h o s e  
in t h e  e t h a n e  molecule ,  i t  c a n  be  s h o w n  t h a t  t h e  s u m  of 
t h e  i n t r i n s i c  energ ies  of t h e  t w o  b o n d s  of t h e  e t h a n e  
molecu le  w h i c h  are  r e g a r d e d  as r u p t u r e d  on  t h e  pro-  
d u c t i o n  of t h e  b i r a d i c a l  is r e l a t e d  to  t h e  f o r e m e n t i o n e d  
e x p e r i m e n t a l  f igure,  73 ! 1 kcal ,  b y  a n  a lgeb ra i c  s u m  
i n v o l v i n g  o n l y  t h e  h e a t s  of f o r m a t i o n  of e t h a n e  a n d  
e t h y l e n e  a n d  t h e  d i s s o c i a t i o n  e n e r g y  of t h e  h y d r o g e n  
molecule ,  all  of w h i c h  a re  a c c u r a t e l y  k n o w n .  T h e  de t a i l s  
of t h i s  c a l c u l a t i o n  a re  g i v e n  e l sewhere  ~, a n d  will  n o t  b e  
r e p e a t e d  here .  T h e  p r o c e d u r e  leads  to  70-2 kca l  as  a n  
e s t i m a t e  for  V(CW), t h e  v a l e n c e  e n e r g y  of c a r b o n .  

A g a i n  t h e  m e t h o d  is on ly  a p p r o x i m a t e .  I n  p a r t i c u l a r ,  
t h e  a s s u m p t i o n  t h a t  al l  t h e  b o n d s  in  t h e  b i r a d i c a l  
- - C H ~ - - C H  2 -  a re  i d e n t i c a l w i t h  t h e  c o r r e s p o n d i n g  b o n d s  
in  e t h a n e  n e g l e c t s  t h e  pos s ib ly  i m p o r t a n t  m u t u a l l y  
r e p u l s i v e  e f fec t  of t h e  t w o  u n p a i r e d  e l ec t rons .  S u c h  
w o u l d  c o n s i d e r a b l y  w e a k e n  t h e  C--  C l ink ,  t h u s  de s t ab i l i z -  
i ng  t h e  b i r a d i c a l  a n d  r e d u c i n g  t h e  e s t i m a t e  of V(CIV). 
T h a t  t h i s  f a c t o r  is i n d e e d  i m p o r t a n t  a n d  exceeds  a n y  
s t ab i l i z i ng  e f fec ts  due  to  r e o r g a n i z a t i o n  of t h e  b i r ad i ca l ,  
is i n d i c a t e d  b y  t h e  f ac t  t h a t  t h e  e n e r g y  r e q u i r e d  for  t h e  
p rocess  

C~H~ --~ - - C H 2 - - C H  ~ -  + H ,  

n a m e l y  109 kcal ,  is s eve ra l  k i loca lor ies  m o r e  t h a n  t h e  v a l u e  
for  D(C2H~--H) ,  n a m e l y  98 kcal .  T h e  v a l u e  of V(C Iv) 
p r o v i d e d  b y  t h i s  p r o c e d u r e ,  n a m e l y  70.2 kcal ,  m a y  t h u s  
be  r e g a r d e d  as a n  u p p e r  l i m i t  for  t h e  e n e r g y  of t h e  va -  
lence s t a t e .  

T h e  t r u e  v a l u e  m a y  t h e r e f o r e  be  s u p p o s e d  to  lie some-  
w h e r e  b e t w e e n  58.6 a n d  70.2 kcal .  O t h e r  c a l c u l a t i o n s  of 
t h i s  so r t  b a s e d  on  e x p e r i m e n t a l  d i s soc i a t i on  energ ies  pro-  
v ide  v e r y  s i m i l a r  va lues .  All  su f fe r  f r o m  t h e  n e c e s s i t y  of 
m a k i n g  a p p r o x i m a t i n g  a s s u m p t i o n s  a t  some  p o i n t  or 
o t h e r ,  a n d  i t  is n o t  a t  p r e s e n t  poss ib le  to  exp r e s s  t h e  e n e r g y  
of  t h e  v a l e n c e  s t a t e  w i t h  g r e a t e r  p rec i s ion .  I t  is  t o  b e  n o t e d  
t h a t  t h e s e  e s t i m a t e s  a re  al l  l i n k e d  w i t h  t h e  h e a t  of  a t o m -  
i z a t i o n  of g r a p h i t e  in  s u c h  a w a y  t h a t  a n y  i nc r ea se  in  t h e  
v a l u e  of t h e  l a t t e r  i n v o l v e s  a c o r r e s p o n d i n g  dec rease  i n  
t h e  e n e r g y  of t h e  v a l e n c e  s t a t e ,  t h a t  is to  say ,  t h e  h e a t  of  
a t o m i z a t i o n  of  g r a p h i t e  to  f ree  a t o m s  in  t h e  t e t r a v a l e n t  
s t a t e  r e m a i n s  c o n s t a n t  a t  ,--.190 kca l  p e r  g r a m - a t o m ,  
w h a t e v e r  t h e  t r u e  v a l u e  for  t h e  h e a t  of a t o m i z a t i o n  t o  
a t o m s  in  t h e i r  g r o u n d  s t a t e .  

4. Change in Valency 
T h e  fo rego ing  e x a m p l e s  a re  c o n f i n e d  to  cases in  w h i c h  

no  c h a n g e s  of v a l e n c y  are  i n v o l v e d .  On  t h e  r u p t u r e  of a 
d o u b l e  b o n d ,  t h e  a d d i t i o n a l  pos s i b i l i t y  of c h a n g e  in 

1 G. N. LEwm and M. I{ASHA, J. Amer. Chem. Soc. 66, o100 
(19~). 

2 L. H. LONG, Z. Elektrochem. ~1, 79 (1950). 

v a l e n c y  m u s t  be  cons ide red ,  if b y  p a i r i n g  off t h e  two odd 
e l ec t rons  one  (or b o t h )  of t h e  a t o m s  is ab le  to  reduce its 
v a l e n c y  b y  two .  T h i s  a r t i c l e  wou ld  n o t  b e  complete 
w i t h o u t  t h e  d i s cus s ion  of a t  l e a s t  one  s u c h  case.  Carbon 
d iox ide  p r o v i d e s  a c o n v e n i e n t  e x a m p l e .  

T h e  e n e r g y  r e q u i r e d  t o  d i s soc i a t e  one  of t h e  bonds  in 
c a r b o n  d iox ide  c a n  be  v e r y  a c c u r a t e l y  c a l c u l a t e d  from 
t h e  d i f f e rence  in  t h e  h e a t s  of  f o r m a t i o n  of c a r b o n  dioxide 
a n d  c a r b o n  m o n o x i d e  a t  0 Q K.  T h e  v a l u e  t h u s  obtained 
for  D ( O = C O )  is 125-35 kcal .  T h i s  f igu re  is v e r y  much 
less t h a n  t h e  i n t r i n s i c  e n e r g y  of t h e  b o n d  b e c a u s e  of the 
v a l e n c e  e n e r g y  of t h e  o x y g e n  a t o m ,  w h i c h  is of t h e  order 
of 0-74 eV or  17 kca l  1, a n d  t h e  e n e r g y  of reorganizat ion 
of  t h e  CO r a d i c a l  on  p a s s i n g  to  t h e  g r o u n d  s t a t e  of carbon 
m o n o x i d e .  Two  f a c t o r s - c o n t r i b u t e  to  m a k e  t h e  latter 
q u a n t i t y  v e r y  cons ide rab l e ,  n a m e l y  m a r k e d  increase in 
s t r e n g t h  of t h e  u n r u p t u r e d  C = O  b o n d ,  as wi tnessed  by 
t h e  dec rease  in  l e n g t h  a n d  inc rease  in  force constant, 
a n d  a d r o p  in  t h e  i n t e r n a l  e n e r g y  of t h e  c a r b o n  a tom as 
i t  passes  f r o m  t h e  t e t r a v a l e n t  to  t h e  d i v a l e n t  s t a te ,  there 
b e i n g  n o  q u e s t i o n  t h a t  t h e  122 g r o u n d  s t a t e  of carbon 
m o n o x i d e  c o n t a i n s  no  u n p a i r e d  e l ec t rons .  T h e  intrinsic 
e n e r g y  of t h e  C = O  b o n d  in  c a r b o n  d iox ide  is therefore 

125-35 + V(O II) + A E +  V(C Iv) -- V(CII), 

w h e r e  zJE r e p r e s e n t s  t h e  d i f f e rence  in  i n t r i n s i c  bond 
e n e r g y  of t h e  C = O  b o n d  in  c a r b o n  d iox ide  a n d  carbon 
m o n o x i d e .  S ince  t h e  ~ t o m i c  h e a t  of f o r m a t i o n  of carbon 
d iox ide  is 336.1 kcal ,  t h e  i n t r i n s i c  b o n d  e n e r g y  is als0 
e q u a l  t o  

1 
(336. I) + ~ V(CXV) + V(O~), 

so t h a t ,  b y  e q u a t i n g  t h e  t w o  e x p r e s s i o n s  a n d  subs t i tu t ing  
t h e  e x p e r i m e n t a l  v a l u e  1.73 eV or  40 kca l  for  V(CII) *, 

½ V(C Iv) =~ 8 2 . 7  kcal  -- A E .  (I} 

I n  o rde r  to  d e t e r m i n e  t h e  v a l u e  of  AE,  a knowledge 
of t he  i n t r i n s i c  b o n d  energ ies  in  CO a n d  CO., is required. 
T h a t  in  CO can  be  c a l c u l a t e d  b y  a d d i n g t h e  forement ioned 
va l ence  energ ies  for  d i v a l e n t  c a r b o n  a n d  oxygen  to 
t h e  d i s soc i a t i on  e n e r g y  of CO, n a m e l y  9.14 eV. The  result 
11-61 eV, is in on ly  fa i r  a g r e e m e n t  w i t h  t h e  va lue  ob- 
t a i n e d  b y  PAULING a n d  SHEEHAN 3 b y  e x t r a p o l a t i o n  of 
t h e  lower  v i b r a t i o n a l  levels  of CO, n a m e l y  l l .23eV.  
w h i c h  is l ikewise  a n  a p p r o x i m a t e  f igure .  [The value 
a d o p t e d  for  D(CO) is n o t  q u i t e  c e r t a in ,  b u t  h a d  one of 
t h e  a l t e r n a t i v e  h i g h e r  v a l u e s  b e e n  se lec ted ,  t h e  discrep- 
a n c y  in  t h e  t w o  e s t i m a t e s  oI t h e  i n t r i n s i c  b o n d  energy 
wou ld  h a v e  b e e n  m a r k e d l y  g rea t e r .  ] The  b e s t  we can do 
is to  t a k e  t h e  m e a n  of t h e  t w o  f igures ,  n a m e l y  11.42 eV 
or  263 kcal .  

T h e  i n t r i n s i c  b o n d  e n e r g y  in  CO~ c a n  b e  e s t i m a t e d  by 
c o n s i d e r i n g  t h e  d i s soc i a t i on  e n e r g y  of one  of t h e  bonds 
for  a p roces s  in  w h i c h  t h e  c a r b o n  r e m a i n e d  in  t h e  tetra- 
v a l e n t  s t a t e .  T h e  u n r u p t u r e d  b o n d  in  t h e  ) C = O  radical 
w o u l d  s i m u l t a n e o u s l y  r e a d j u s t  i t se l f  w i t h  t h e  appearance 
of t h e  t w o  u n p a i r e d  e l ec t rons ,  a n d  t h e  f i na l  r e su l t  (with 
m a i n t e n a n c e  of t e t r a v a l e n c e  for  t h e  c a r b o n )  would  be a 
c a r b o n  m o n o x i d e  m o l e c u l e  n o t  in  t h e  ~" g r o u n d  state, 
b u t  in  a n  exc i t e  H s t a t e .  T h e  lowes t  of t h e s e  is t he  a 3// 
s t a t e ,  w h i c h  a n s w e r s  t h e  d e s c r i p t i o n  pe r fec t ly .  In  this 
case,  i nc r ea se  in  t h e  b o n d  l e n g t h  a n d  dec rease  in the 
force c o n s t a n t  i n d i c a t e  a c o n s i d e r a b l e  decrease  in 
s t r e n g t h  of t h e  n n r u p t u r e d  C = O  l ink .  

1 L. PAULING, Proc. Nat. Acad. Sci., U. S. 35, ~29 (1949). 
2 L. PAULING and W. F. SHEEHAN (Jr.}, Proc. Nat. Acad. Sci., 

U. S: 35, 359 (1949). 
a L. PAULING and "W. F. SHEEIIAN, loc. tit. 
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The e x c i t a t i o n  e n e r g y  of t he  a 3 / / s t a t e  be ing  a c c u r a t e l y  
known f rom spec t ro scop i c  da t a ,  t he  e n e r g y  r equ i r ed  for  
the process  CO s -->- O(3P) + CO(a 3H) 

can be ca l cu l a t ed  t h e r m o c h e m i c a l l y  t o  be 264 kcal.  The  
ext rapola t ion  p r o c e d u r e  of  PAULING a n d  SI~EE~AN 
indicates an in t r ins i c  b o n d  e n e r g y  of  146 kcal  for  t h e  
a3H s t a t e  of  CO, so t h a t  (146 --  x) kcM m u s t  he re  be  
allowed for  t h e  r e o r g a n i z a t i o n  e n e r g y  of  t h e  CO radical ,  
where x is t h e  in t r ins i c  ene rgy  of t h e  C=  O b o n d  in c a r b o n  
dioxide. Accord ing ly ,  s ince  t h e  d i s soc ia t ion  ene rgy  will  
differ f rom t h e  in t r ins i c  e n e r g y  by  an  a m o u n t  e q u a l  t o  
the change  in i n t e r n a l  e n e r g y  of t h e  f r a g m e n t s ,  

2 6 4 =  x - -  V(O II) -- ( 1 4 6 - -  x) ,  
from which  equa t i on ,  a f t e r  s u b s t i t u t i o n  of t he  p rev ious ly  
mentioned va lue  17 kcal  for V(OtI), x is seen to  be  
213.5 kcal. This  va lue  for  t h e  in t r ins i c  b o n d  e n e r g y  in 
C0~ is p e r f e c t l y  r ea sonab l e  f r o m  the  p o i n t  of v iew of 
bond p rope r t i e s .  I t  is seen  to  be 49.5 kcal  less t h a n  t h a t  
in the g r o u n d  s t a t e  of c a r b o n  m o n o x i d e .  Th is  p rov id e s  
the figure for  A E  r e q u i r ed  in e q u a t i o n  (1), f rom w h i c h  
V(C! v) is seen  to  be a p p r o x i m a t e l y  66 kcal,  in good  
agreement  w i t h  t h e  p r ev ious  e s t ima te s .  

Al te rna t ive ly ,  V(C TM) can  be e s t i m a t e d  d i r ec t ly  f rom 
the in t r ins ic  b o n d  e n e rgy  in CO v for  w h i c h  we h a v e  
derived t h e  a p p r o x i m a t e  f igure 213.5 kca l .Th i s  is n u m e r i -  
cally e q u i v a l e n t  to  one -ha l f  t he  a t o m i c  h e a t  of f o r m a t i o n  
of CO, p lus  t h e  va lence  e n e r g y  of  o x y g e n  p lus  one -ha l f  
the valence  e n e r g y o I  ca rbon ,  t h a t  is, t o  ( Yz × 336-1) + 17 
+ ~V(CIV).  This  p r o c e d u r e  p rov ide s  t h e  f igure  57 kcat  
for V(CIV). 
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Fig. 1. - Extrapolated potential-energy curves (schematic) of the 
ground state and lowest excited state of CO. The dissociation limits 
axe linear convergences of the lowest few vibrational terms. These 
curves differ from those usually given. For low vibrationaI energy, 
they will coincide with the observed curves, but near the dissociation 
limits will deviate considerably from the "true" curves (which are 
not in any case observabIe in this region), as interaction with discrete 
atomic terms of the dissocation products is intentionally neglected. 
The dissociation limits obtained in this way do not correspond to 
combinations of atomic terms, but to combinations of atoms in 
hypothetical valence states. The method provides direct--though 
approximate-- estimates of the intrinsic bond energies for the ground 
states of the molecule, which energies are here indicated as E I and 
E~ respectively. The energy level of the separated atoms in their 
ground states, that is, the dissociation energy, D, is here shown at 
9.14 eV. These quantities are related to the valence energies as follows: 

E~-- D ~ V(C H) + V(On); 
E~ + 6-01 eV--  D ~, V(C TM) + V(On). 

Y e t  a n o t h e r  m e t h o d  of e s t i m a t i n g  V(C TM) is by  m e a n s  
of l inear  e x t r a p o l a t i o n s  of t h e  lower  v i b r a t i o n a l  levels  
of t h e  X 1 2  ' and  as~~ s t a t e s  of CO. If, as t h e r e  is good 
reason  to  bel ieve,  t he se  are  r e s p e c t i v e l y  de r ived  f rom 
d i v a l e n t  (s2p ~) a n d  t e t r a v a l e n t  (sp s) ca rbon ,  t h e  l a t t e r  
s t a t e  shou ld  give  a l inear  c o n v e r g e n c e  a t  a p o i n t  some  
d i s t a n c e  a b o v e  t h a t  of  t h e  f o r m e r . T h i s  is in fac t  obse rved ,  
(see fig. 1), t he  va lues  be ing  11.23 a n d  12-33 eV respec-  
t i v e l y  a b o v e  t h e  g r o u n d  level I. The  d i f ference ,  1-10 eV,  
g ives  t h e  d i f fe rence  in  level  b e t w e e n  t h e  t e t r a v a l e n t  
s t a t e  a n d  t h e  d i v a l e n t  s t a t e .  T a k i n g  t h e  level  of t h e  
l a t t e r  as 1-73 eV ~, t h a t  of t h e  f o r me r  b e c o me s  2-83 eV 
or  65 kcal.  
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CN 
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Fig. 2. - Extrapolated potential-energy curves (schematic} of the 
ground state and lowest excited state of CN. The extrapolations are 
of the same type as those for the states of CO in figure I. The energy 
level of the separated atoms in their ground states is here shown at 
5.11 eV 3. (The origin of the A~/ / s ta te  is the revised leveI given by 
Herzberg and Phillips4.) The extrapolated curves cross, and in this 
instance--in contrast to the case of CO--it is the ground state which 
is derived from tetravalent carbon and the excited state from di- 
valent carbon. E 1 and E, are the respective intrinsic bond energies 
of the two states, and are related with the valence energies as follows: 

E t - - D ' ~  V(C TM} + V(NnI); 
E 2 + 1.36 eV--  D ~ V(C n) + IZ(NnI). 

The  r ea sonab le  a g r e e m e n t  b e t w e e n  t h e  var ious  e s t im-  
a t e s  is f u r t h e r  c o n f i r m a t i o n  t h a t  t h e  c a r b o n  in t h e  
a 31i s t a t e  of CO is i n d e e d  t e t r a v a l e n t .  Th i s  fac t  has  an  
i m p o r t a n t  b e a r i n g  on t h e  se lec t ion  of t h e  co r r ec t  va lue  
for  D(CO). On d e d u c t i n g  t h e  r e spec t i ve  va lence  energ ies  
f rom t h e  p o i n t s  of l inear  c o n v e r g e n c e  of t h e  X 11 a n d  
a 3 / / s t a t e s ,  b o t h  s t a t e s  agree  in i nd i ca t i ng  a va lue  for 
D(CO) in  t h e  n e i g h b o u r h o o d  of 8.8 eV. Th is  g ives  b e t t e r  
s u p p o r t  to  t h e  spec t ro scop i c  va lue  9.144 eV t h a n  to  t h e  
e l e c t r o n - i m p a c t  va lue  9-6 eV or a n y  h i g h e r  f igure ;  t h a t  
is t o  s a y ; i t  i n d i c a t e s  t h a t  t h e  h e a t  of  a t o m i z a t i o n  of car-  
b o n  is 125.0 keal  r a t h e r  t h a n  136 kcal  o r  more .  T h e s e  
conc lus ions  c o n f i r m  those  d e r i v e d  f rom i n d e p e n d e n t  d a t a  
e l sewhere  2. I t  is n o t  h o w e v e r  c l a imed  t h a t  t h e s e  de-  
d u c t i o n s  b a s e d  on e x t r a p o l a t i o n  p r o c e d u r e s  are  suf-  
f i c i en t ly  conc lus ive  to  exc lude  t h e  e l e c t r o n - i m p a c t  f igure 
for D(CO). A p a r t  f rom the  a p p r o x i m a t e  n a t u r e  of  t he  
m e t h o d ,  i t  has  n o t  y e t  been  t r i ed  o u t  in a su f f i c i en t  
n u m b e r  of cases  for j u d g m e n t  to  be p a s s e d  conce rn ing  
i ts  genera l  re l iab i l i ty .  F o r  t h e  m o m e n t ,  a t t e n t i o n  shou ld  
be pa id  to  i t s  i n d i c a t i v e  value .  

1 L. PAULING and W. F. Sn~EttAN, loc. Cir. 
L. H. Lor~G, Proc. Roy. Soc. A 198, 62 (1949). 

3 L. H. LONG, Research, London a, 291 (1950). 
¢ G. HERZBERG and .]. G. PItILL1PS, Astrophys. J. 208, 163 (1948). 
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T h e  case  of CN is also v e r y  i n s t r u c t i v e .  I t  h a s  l ong  
b e e n  k n o w n  t h a t  t h e  e x c i t e d  A ~ / - / s t a t e  e x t r a p o l a t e s  to  
a c o n v e r g e n c e  l i m i t  w h i c h  is a p p r e c i a b l y  be low t h a t  of  
t h e  g r o u n d  s t a t e ,  a r a t h e r  u n u s u a l  s t a t e  of a f fa i rs  w h i c h  
h a s  e v o k e d  c o m m e n t  f r o m  o t h e r  i n v e s t i g a t o r s .  T h e  
e x t r a p o l a t e d  c u r v e s  t h e r e f o r e  cross  (see fig. 2). T h i s  is 
h o w e v e r  e x a c t l y  w h a t  w o u l d  be  e x p e c t e d  if  t h e  c a r b o n  
in  t h e  g r o u n d  X 22: s t a t e  is t e t r a v a l e n t ,  b u t  d i v a l e n t  in  
t h e  u p p e r  s t a t e .  T h i s  i n t e r p r e t a t i o n  is s u p p o r t e d  b y  t h e  
i n t e r a t o m i c  d i s t a n c e s  a n d  c h e m i c a l  b e h a v i o u r  o f  C NL 
T h e  g r o u n d  s t a t e  e x t r a p o l a t e s  t o  9.85 eV. D e d u c t i n g  
5.11 eV for  t h e  d i s soc i a t i on  e n e r g y  of CN 2 a n d  1.84 eV 
for  t h e  v a l e n c e  e n e r g y  of n i t r o g e n  3 y ie lds  2-90 eV or  
67 kca l  for  t h e  v a l e n c e  e n e r g y  of t e t r a v a l e n t  c a r b o n ,  in  
e x c e l l e n t  a g r e e m e n t  w i t h  t h e  p r e v i o u s  e s t i m a t e s .  

T h e  e s t i m a t e s  in  t h i s  sec t ion ,  l ike t h o s e  in t h e  las t ,  a re  
of course  o n l y  a p p r o x i m a t e .  T h e  d i s c r e p a n c y  b e t w e e n  
t h e  r e s p e c t i v e  f igures,  n a m e l y  66, 57, 65, a n d  67 kcal ,  c a n  
be  r e a d i l y  e x p l a i n e d  w h e n  i t  is r e m e m b e r e d  t h a t  t h e  
l a t t e r  c o n t a i n  u n c e r t a i n t i e s  in  i n t r i n s i c  b o n d  ene rg ies  
d e r i v e d  b y  t h e  e x t r a p o l a t i o n  m e t h o d ,  a n d  t h a t  v a l u e s  
w h i c h  a re  n o t  h i g h l y  a c c u r a t e  h a v e  b e e n  e m p l o y e d  for  
t h e  energ ies  of t h e  d i v a l e n t  s t a t e s  of c a r b o n  a n d  oxygen .  
T r a n s f e r r i n g  v a l e n c e  energ ies  f rom molecu le  to  mo lecu le  
in  gene ra l  i n v o l v e s  t h e  neg lec t  of e n e r g y  d i f f e rences  
a r i s i ng  t h r o u g h  d i f f e r e n t  m i x i n g  of t h e  e l e c t r o n  o rb i t a l s .  
S u c h  d i f f e rences  a re  p r o b a b l y  s m a l l  in  c o m p a r i s o n  w i t h  
t h e  ene rg ies  i n v o l v e d  in  t r a n s i t i o n s  i n v o l v i n g  d e f i n i t e  
e l e c t r o n  j u m p s ,  b u t  i t  is  d o u b t f u l  if t h e y  a re  q u i t e  neg-  
l igible .  F o r  e x a m p l e ,  t h e  v a l u e  a d o p t e d  for  t h e  d i v a l e n t  
s t a t e  of c a r b o n  was  d e r i v e d  f r o m  d a t a  for  t h e  molecu le s  
C H  a n d  C v T h e  b o n d i n g  is in  n e i t h e r  case  i d e n t i c a l  w i t h  
t h a t  in  CO a n d  CN, a n d  t h e  pos s i b i l i t y  t h a t  t h e  i n t e r n a l  
e n e r g y  of  t h e  c a r b o n  d i f fe rs  in  t h e  f o u r  cases  b y  p e r h a p s  
s eve ra l  t e n t h s  of a n  e l e c t r o n - v o l t  c a n n o t  be  e x c l u d e d .  
T h e s e  a re  some  of t h e  d i f f icu l t ies  w h i c h  wil l  h a v e  t o  be  
f aced  in  a pe r f ec t  t r e a t m e n t ,  

5, Concluding Remarks 
T h e  fo rego ing  d i scuss ion  i l l u s t r a t e s  t h e  i m p o r t a n c e  of 

Valence s t a t e s  w h e n  c o n s i d e r e d  in r e l a t i o n  to  b o n d  p r o p -  
e r t i e s  a n d  t h e  e n e r g e t i c  a s p e c t  of m o l e c u l a r  s t r u c t u r e  
in  genera l .  T h e  v a r i o u s  l ines  of r e a s o n i n g w h i c h  h a v e  b e e n  
b r o u g h t  f o r w a r d  for  t h e  e x a m p l e  of t e t r a v a l e n t  c a r b o n  
agree  in  p o i n t i n g  to  a n  e n e r g y  leve l  for  t h e  v a l e n c e  s t a t e  
w h i c h  is some  6 0 - 7 0  kca l  a b o v e  t h e  g r o u n d  s t a t e ,  a n d  
i t  wou ld  n o t  be  poss ib le  to  se lec t  a v a l u e  f a r  o u t s i d e  t h e s e  
li-mits w i t h o u t  c o m i n g  i n t o  con f l i c t  w i t h  e x p e r i m e n t a l  
ev idence .  F r o m  t h e  e x p e r i m e n t a l  side,  t h e  a c c u r a c y  of 
t h e  d e r i v a t i o n  of  va l ence  s t a t e s  f r o m  d i s s o c i a t i o n  ene rg ies  
will  i m p r o v e  w i t h  i n c r e a s i n g  k n o w l e d g e  r e g a r d i n g  t h e  
ene rg ies  of r e o r g a n i z a t i o n  of m o l e c u l a r  f r a g m e n t s .  F r o m  
t h e  t h e o r e t i c a l  side,  b r a v e  a t t e m p t s  h a v e  a l r e a d y  b e e n  
m a d e  b y  a n u m b e r  of p h y s i c i s t s  to  g r a p p l e  w i t h  t h i s  
d i f f i cu l t  p r o b l e m ,  a n d  i t  is t o  be  h o p e d  t h a t  a r e l i ab l e  
m e t h o d  fo r  c a l c u l a t i n g  v a l e n c e  ene rg ies  wil l  e v e n t u a l l y  
b e c o m e  ava i l ab l e .  

I t  is  t o  be  n o t e d  t h a t  d i s s oc i a t i on  ene rg i e s  c an  b e  
e m p l o y e d  to  e s t i m a t e  h e a t s  of  a t o m i z a t i o n  of e l e m e n t s  

1 For more details, see L. H. LonG, Research, London, 3, 291 
0950). 

2 L. H. LosG, loc. cit. 
3 L. PAULING and W. F, SHEEUAN, IOC. cir. 

o n l y  w i t h  a k n o w l e d g e  c o n c e r n i n g  t h e  r e l e v a n t  valence 
s t a t e s .  F a i l u r e  to  r ecogn ize  t h i s  h a s  led to  erroneous 
conc lu s ions  in  t h e  pas t .  F o r  e x a m p l e ,  i t  h a s  on  more 
t h a n  one  occas ion  b e e n  s u g g e s t e d  in  p r i n t  t h a t  t h e  value 
of  D ( C H z - - H  ) s u p p o r t s  t h e h i g h  v a l u e  170 kca l  for  the 
h e a t  of a t o m i z a t i o n  of g r a p h i t e ,  w h i c h  v a l u e  is incom- 
p a t i b l e  w i t h  o t h e r  d a t a .  S i m i l a r  a r g u m e n t s  appl ied  to 
e x p e r i m e n t a l  v a l u e s  for  D ( H O - - H )  a n d  D ( N H 2 - H  } 
wou ld  i n d i c a t e  h e a t s  of a t o m i z a t i o n  for  o x y g e n  and 
n i t r o g e n  w h i c h  a re  in  excess  of t h e  t r u e  va lues ,  since the 
v a l e n c e  ene rg ies  of t h e s e  e l e m e n t s  a re  cons iderab le .  

In  t h e  case  of c a rbon ,  t h e  e n e r g y  r e q u i r e d  to  promote 
a n  s e l ec t ron  for  t h e  p u r p o s e  of c h e m i c a l  b o n d i n g  is seen 
to  be  of a s i m i l a r  o r d e r  to,  b u t  less t h a n ,  t h e  promotional  
e n e r g y  of a n  s e l e c t r o n  in  t h e  free a t o m .  If  reasonable 
v a l u e s  a re  to  be  a s s u m e d  for  i n t r i n s i c  b o n d  energies,  the 
s a m e  seems  to  ho ld  for  o t h e r  l ike  cases,  as for t he  in- 
s t a n c e  of N + in t h e  a m m o n i u m  ion.  F u r t h e r  examples 
are  provided"  b y  t h e  e l e m e n t s  in  g r o u p s  I I ,  I I I ,  and  IV 
w h i c h  s t a n d  four ,  f ive or  s ix  p laces  before  a rare  gas. 
T h e r m o c h e m i c a l  d a t a  for  t h e  vo l a t i l e  a lky l s  of a number 
of  t h e s e  e l e m e n t s  1 i n d i c a t e  t h a t  t h e  p r o m o t i o n a l  energy 
of a n  s e l e c t r o n  for  t h e  c o m b i n e d  a t o m  lies in  each  case 
b e t w e e n  60 a n d  100 % of t h a t  for  t h e  free a t o m .  

Zusammen/assung 

Die Theo r i e  y o n  V a l e n z z u s t ~ n d e n  w i r d  i m  Zusammen-  
h a n g  m i t  w a h r e n  ode r  ~dnt r ins i schen~ (als verschieden 
y o n  t h e r m o c h e m i s e h e n )  B i n d u n g s e n e r g i e n  d i sku t ie r t .  

Mi t  d e n  a u g e n b l i c k l i c h  z u r  V e r f t i g u n g  stehenden 
K e n n t n i s s e n  k 6 n n e n  n u r  a n n A h e r n d e  S c h ~ t z u n g e n  der 
E n e r g i e n  de r  V a l e n z z u s t i i n d e  g e m a c h t  we rden .  Dies ist 
f i i r  da s  Beisp ie l  v o n  v i e r w e r t i g e m  K o h l e n s t o f f  m i t  einer 
A n z a h l  y o n  u n a b h f i n g i g e n  M e t h o d e n  un t e rnommen  
worden .  D e r  a n g e d e u t e t e  W e r t  i s t  e t w a  60-70  kcal 
h 6 h e r  als  de r  G r u n d z u s t a n d .  D a  d e r  V a l e n z z u s t a n d  in 
]3ez iehung m i t  de r  S u b l i m a t i o n s w i t r m e  des  Kohlenstoffs 
s t eh t ,  l ie fer t  e r  ]3elege bezt ig l ich  des  l e t z t e r en .  

1 L.H. LONG and R, G, W. NouRIsH, Phil.Trans. Roy. Soc.A, ~.41, 
587 (1949). 

N o t a  
Arch ives  of B i o c h e m i s t r y  a n d  ]3iophysics)  

I n  v iew of t h e  e v e r - i n c r e a s i n g  use of phys i ca l  methods 
in p r o b l e m s  of b i o c h e m i s t r y - - e s p e c i a l l y  in  borderline 
fields, A c a d e m i c  Press  a n n o u n c e s  t h e  i n t e n d e d  widening 
of t h e  scope  of i t s  j o u r n a l ,  Archives o] Biochemistry.-In 
a d d i t i o n  to  e s t a b l i s h e d  b i o c h e m i c a l  top ics ,  t h e  Editors 
wil l  cons ide r  m a n u s c r i p t s  in  t h e  f ie lds  of v i r u s  research, 
r a d i a t i o n  ef fec ts  o n  l i v i n g  m a t t e r ,  macromolecu ta r  
b io logy  a n d  c h e m i s t r y ,  s t ud i e s  of t h e  a p p l i c a t i o n  of 
r a d i o a c t i v e  i nd i ca to r s ,  a n d  phys i c s  of b io logica l  systems. 

B e g i n n i n g  w i t h  V o l u m e  X X X I ,  N u m b e r  1, March 
1951, t h e  t i t l e  of  Archives o/Biochemistry  will be  changed 
t o  Archives of Biochemistry and Biophysics to  indicate 
more  a c c u r a t e l y  t h e  n e w  scope  of t h e  journa l .  The 
E d i t o r i a l  B o a r d  h a s  a lso b e e n  e n l a r g e d  ; Drs .  E.  NEWTON 
HARVEY, E.  C. POLLARD, a n d  R. SV. G. WYCKOFF have 
a c c e p t e d  a n  i n v i t a t i o n  to  serve .  


