
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Molecular Vibrational Energy Distributions: A New Sum Rule for PED,
KED, and TED
Alain J. P. Alixa

a (Laboratoire de Recherches Optiques, Faculté des Sciences, REIMS Cedex, FRANCE

To cite this Article Alix, Alain J. P.(1981) 'Molecular Vibrational Energy Distributions: A New Sum Rule for PED, KED,
and TED', Spectroscopy Letters, 14: 6, 441 — 454
To link to this Article: DOI: 10.1080/00387018108062604
URL: http://dx.doi.org/10.1080/00387018108062604

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018108062604
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 14(6), 441-454 (1981) 

MOLECULAR VIBRATIONAL ENERGY DISTRIBUTIONS : 
A NEW SUM RULE FOR PEDI KED AND TED, 
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modes; sum r u l e s .  
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B.P. 347, 51062 REIMS Cedex, FRANCE) 

FB STR ACT 

The summations o v e r  a l l  v i b r a t i o n s  ( i n d e x  k )  o f  t h e  

d i f f e r e n t  k i n d s  of e n e r g y  d i s t r i b u t i o n s  ( p o t e n t i a l :  PED, 

k i n e t i c  : KED and  t o t a l  : TED)lead t o  a s e t  o f  v e r y  s i w p l e  

sum r u l e s ,  e x p r e s s e d  i n  terms o f  f u n d a m e n t a l  p a r a m e t e r s  

such a s F ,  C =  F - l  , G a n d  G - l  c o n s t  a n t s .  

( k )  -1  
F o r  i n s t a n c e  one  g e t s  1 PED = 1: V i j  = F i j .  ( F  ) i j . . .  

k k 

T h e o r e t i c a l  i m p l i c a t i o n s  o f  t h a t  r e s u l t s  i n  t h e  

p r o b l e m  o f  c h a r a c t e r i z a t i o n  o f  normal  modes o f  v i b r a t i o n  

a r e  i n v e s t i g a t e d  a n d  p r a c t i c a l  examples  are  g i v e n  t o o .  

RESUME 

Les sommes s u r  l ’ e n s e m b l e  d e s  v i b r a t i o n s  ( i n d i c e  k) 
d e s  d i f f d r e n t e s  d i s t r i b u t i o n s  d n e r g 6 t  i q u e s  ( p o t e n t i e l l e  

DEP, c i n d t i q u e  DEC e t  t o t a l e  ,-DET) c o n d u i s e n t  2 1 ’ o b t e n t i o L  

de “ r s g l e s  de sommes“ t r z s  s i m p l e s ,  e x p r i m d e s  en  t e r m e s  

de p a r a m s t r e s  m o l d c u l a i r e s  f o n d a e e r t a u x  t e l s  que l e s  

c o n s t a n t e s  de  f o r c e ,  de  c o m p l i a n c e s ,  c i n d t i q u e s . .  . 
44 1 
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442 ALIX 

- 1  
On o b t i e n t  p a r  exemple  1 DEF = 1 V ! k )  = F i j  ( F  l i j  k k 

!.es a p p l i c a t  i o n s  +,.k.gorio_ues 'de  c e s  r g s u l t a t s  d a n s  

l e  d o s a i n e  dea  modes n o r r a u x  c a r a c t g r i s t i q u e s  d e  v i b r a t i o n  

s o n t  d d v e l o p p g e s  e n  d d t a i l  e t  d e s  e x e m p l e s  c o n c r e t s  s o n t  

p r d s e n t k s  2 t i t r e  d ' i l l u s t r s t i o n .  

I NTPCCUCT I ON 
The d e f i n i t i o n s ,  p r u p e r t l e s  a n d  t h e  a p p l i c a t i o n s  

o f  t h e  m o l e c u l a r  v i b r a t i c n a l  e n e r g y  d i s t r i b u t i o n s  s a y  

(k) 
i j '  p o t e c t i a l  e n e r g y  d i s t r i b u t i o n  : PED + V 

: K E D  + T i j y  (k) k i n e t i c  e n e r g y  d i s t r i t u t i o n  

( k )  
i j '  t . o t ~ 1  e n e r g y  d i s t r i b u t  iot: : ':ED + E 

(k) v i b r a t i o n a l  e n e r g y  d i s t r i b u t i o n  :FKTED+ Mi , 

i n  terEs o f  s y m n e t r y  c o o r d i n a t e s  ( 5  ;, g e n e r a l i z e d  

c o n j u g a t e  z o z e n t a  ( P 1 x d  g e n e r a l i z e d  symmetry f o r c e s  

( f ;, have b e e n  s u b j e c t  o f  nuzoro-1s f u n a a m e n t a l  works  

d u r i n g  many y e a r s  ( s e e  t h e  r e f e r e n c e s  c l a s s i f i e d  i n  ch ro -  

n o l o g i c a l  o r d e r ! .  

T h e  p r i n c i p a l  ai!!! cf t h e  u s e  o f  s u c h  d i s t r i b u t i o n s  

was t c  a n s w e r  t o  t h e  q u e s t i o n  : "How a c h a r a c t e r i s t i c  

node cf v i b r a t i o n  s h o c l d  i e  r e c s g n i z e d ? "  T h i s  s p e c i a l  
t y p e  o f  i n t e r r o g a t i o n  e x p l a i n s  u s  why a l l  t h e  d e f i n e d  

rref.t.ods worked in + e ? m s  o f  one  v i b r a t i o n ,  i . e . ,  t h e  d i s -  

t r i t ? l t i o n s  a r e  d e t e m i n e l ?  f o r  e a c h  mode o f  v i b r a t i o n ,  

t a k e n  Gnc 5:: one s e p e r e t e l y .  The d e r i v e d  sum r u l e s  a r e  
+,YIen i n  f a c t  u s u a l  c o n d i t i o n s  cf n c r E a l i z a t i o n .  

Tr. t h e  c r e s e n t  c o c E , i n i c a t i c n ,  will b e  d e v e l o p p e d  

F! p n i n t  %-kick 2 o e s  n o t  a p p e a r  t o  have  b e e n  e m p h a s i z e d ,  
that i s  t h e  r e s u l t  w t i c t ;  xay b e  o b t a i n e d  by  c o n s i d e r i n g  

a l l  'he n o d e s  o f  v i b r a t i o n  t a k e n  s i m u l t a n e o u s l y .  Then ,  t h e  
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ENERGY DISTRIBUTIONS 443 

summations o v e r  a l l  modes o f  t h e  d i f f e r e n t  k i n d s  o f  e n e r g y  

d i s t r i b u t i o n s  l e a d  t o  a s e t  o f  ve ry  s i m p l e  sum r u l e s  ex -  

p r e s s e d  i n  terms o f  f u n d a m e n t a l  m o l e c u l a r  p a r a m e t e r s  s u c h  

as f o r c e  c o n s t a n t s  F c o m p l i a n t s  C = ( F - ' I i j ,  k i n e t i c  i j '  - i j  

c o n s t a n t s  G~~ a n d / o r  ( G - ' ) ~ ~ .  

POTENTIAL ENERGY PISTRIBUTIONS : PED 

The b a s i c  f o r m u l a e  o f  t h e  p o t e n t i a l  e n e r g y  d i s t r i -  

b u t i o n s  i n  t e r m s  o f  symmetry c o o r d i n a t e s  ( 3 1 ,  g e n e r a l i z e d  

c o n j u g a t e  lromenta (28) a n d  g e n e r a l i z e d  f o r c e s  ( 1 2 , 1 6 , 1 8 )  

r e a d  

(k) ( 5 1  = F i j  Lik  L / A k  
"i j j k  

N N 

'i (k) j ( f  = C i j  ( L T i k  ( L-'ljk/ak ( 3 )  

where F i j  a r e  t h e  s y m m e t r i c a l  f o r c e  c o n s t a n t s ,  C i j  t h e  

c o m p l i a n t s  ( C  = I= - ' ) ,  L i s  t h e  m a t r i x  o f  e i g e n v e c t o r s  o f  

t h e  s e c u l a r  e q u a t i o n ,  A k  i s  t h e  k - t h  e i g e n v a l u e  o f  t h e  

s e c u l a r  e q u a t i o n ,  r e l a t e d  t o  t h e  k - t h  mode o f  v i b r a t i o n  

and ak  = x k  . - 1  

The v i b r a t i o n a l  e n e r g y  d i s t r i b u t i o n  (PKTED) i s  
l i n k e d  t o  t h e  PED by 

and  t a k e s  t h e  same e x p r e s s i o n ,  w h a t e v e r  t h e  PED i s  

d e f i n e d .  

The n o r m a l i z a t i o n  c o n d i t i o n s  are  summarized as 

f o l l o w s  : 
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444 ALIX 

( 5 )  

and g i v e  t h e  u s ! i a l  s u r - r u l e s .  

Let u s  now c o n s i d e r  t h e  s u a r r a t i o n s  o v e r  k, i t  is 
o v e r  a l l  lrodes or‘ v i b r a t i o n ,  of t h e  PEP. 

One g e t s ,  by u s i n g  t h e  f o l l o w i n g  g e n e r a l  r e l a t i o n s  

a u n i x u e  res i i l t  v h i c h  r e a d s  

E q u a t i o n  (7) may a l s o  b e  d e v e l o p p e d  f o r  i = j a n d  i # j 
and g i v e s  

I n  c a s e s  o f  u s e  o f  e q u a t i o n s  ( 8 )  n o  d i s t i n c t i o n  

have  b e e n  inade be tween  t h e  i j - t e r m  and  t h e  j i - te rm 

a p p e a r i n g  i n  e q u a t i o n  ( 7 )  , t h i s  e x p l a i n i n g  t h e  i n t r o d u c -  

t i o n  o f  t h e  c o e f f i c i e n t  2 i n  e q s  ( 8 b ) .  

KINETIC ENERGY DISTRIBUTIONS : KED 
T h e  u n u s u a l  f o r r u l a e  o f  t h e  k i n e t i c  e n e r g y  d i s -  

t r i b u t i o n s  i n  t e r m s  of  symmetry c o o r d i n a t e s  ( 4 1 ,  g e n e r a -  

l i z e d  c o n j u g a t e  momenta ( 2 8 )  and  g e n e r a l i z e d  f o r c e s  

( 2 7 - 2 9 )  r e a d  
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ENERGY DISTRIBUTIONS 445 

where t h e  symbols  have  t h e  same meanings as i n  e q n s  ( 1 , 2 ,  

4 ) .  

The v i b r a t i o n a l  e n e r g y  d i s t r i b u t i o n  (PKTED) is 
l i n k e d  t o  t h e  KED by  : 

The n o r m a l i z a t i o n  c o n d i t i o n s  a re  t t e  same as t h e  
o n e s  g i v e n  i n  eqn  ( 5 , .  

Now, c o n s i d e r i n g  t h e  summations o v e r  k o f  t h e  

d i f f e r e n t  KED l e a d s  t o  : 

I n  t h i s  c a s e ,  one sees  t h a t  t h e  sum r u l e s  are  

d i f f e r e n t  d e p e n d i n g  on t h e  d e f i n i t i o n  o f  t h e  KED. 

E q u a t i o n  ( 1 3 a )  may a l s o  be  d e v e l o p p e d  f o r  i = j 

and i # j a n d  g i v e s  

when o n l y  one  t e rm i s  a s s o c i a t e d  t o  i j - a n d  j i - i n t e r a c -  
t i o n s .  
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446 ALIX 

TOTAL ENERCY DISTRIBUTIONS : TED 

The  c o r r e s p o n d i n g  f o r m u l a e  a n d  r e s u l t s  may b e  

o b t a i n e d  d i r e c t l y  f r o m  a b o v e ,  by  u s i n g  t h e  f u n d a m e n t a l  

f o l l o w i n g  p r o p e r t i e s  : 

h u t  a re  n o t  g i v e n  for t h e  s a k e  o f  b r e v i t y .  ( F o r  d e t a i l s  

o n  d e f i n i t i o n s  see Refs ( 2 2 - 2 9 )  j .  

ZI scuss Icri 

Tk .e  p r e s e n t  d i s c u s s i o n  n i l 1  b e  f i r s t  f o c u s e d  o n  

-.Lc; e n e r g y  d i s t r i b u t i o n s  d e f i n e d  i n  t e rms  of  symmet ry  

- > o r J i n a - e s  which a re  t h e  most  u s u a l  ones. 
- ,  
.:.t ne; sum r u l e s  a r e  s u m l r a r i z e d  b e l o v  as : 

( 1 6 )  k i  = F i j .  C i j y  1 PEtt = 1 3 ’ : .  
; A J  K 

1 TED = C i j  + G i j .  ( C I - ’ ) ~ ~ ]  /2 .  ( 1 6 c )  
k k 

( a )  c o m p u t a t i o n a l  p u r p o s e s  : 

F i r s t  o f  a l l  it c a n  be  r e c a l l  that the m a p p i n g  

o f  t h e  e n e r g y  d i s t r i b u t i o n s  r e l a t e d  t o  one mode o f  

v i b r a t i o n  is  i d e n t i c a l  t o  b u i l d  up  t h r e e  matrices : e - g . ,  
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ENERGY DISTRIBUTIONS 44 7 

T h e  u s u a l  sum r u l e s  w o r k  o n  e a c h  m a t r i x  s u c h  a s  : 

T h e  sum rules d e f i n e d  o v e r  k p e r m i t s  o n e  : 

- t o  s e r v e  as  a c h e c k  o f  t h e  c a l c u l a t i o n s ,  

- t o  s i m p l i f y  some c a l c u l a t i o n s .  

T h e  sum o v e r  k o f  t h e  p r i n c i p a l  d i s t r i b u t i o n s  

( I ( < ; ) )  a r e  a l w a y s  s t r i c t l y  p o s i t i v e  a s  t h e  d i a g o n a l  

e l e m e n t s  o f  t h e  m a t r i c e s  

k 

F,  C ,  G a n d  G-’ a r e  p o s i t i v e .  

The  sum o v e r  k o f  t h e  c o u p l i n g  d i s t r i b u t i o n s  

( 1  ( i j ) )  may b e  p o s i t i v e ,  n e g a t i v e  o r  null, d e p e n d i n g  o n  

t h e  i n t e r a c t i o n s  e l e m e n t s .  When t h e  sum is n u l l ,  t w o  

c a s e s  h a v e s  t o  b e  c o n s i d e r e d  : for i n s t a n c e  : 

k 

I k )  
i j  are  n u l l  and t h e i r  s u m  (i) ( G - ’ ) . .  = 0 : a l l  the T 

i s  z e r o .  
1 J  

b u t  t h e i r  sum is z e r o  ( s e e  t h e  c a s e  o f  G68 a n d  G 

z e r o  b u t  ( G - 1 ) 6 8  and ( c-’)69 being non  n u l l  i n  T a b l e l b )  . 
b e i n g  69 

I n  s e c o n d  o r d e r  p r o b l e m s  o n e  g e t s  : 

F * * / I  F (  = 1 t 1 = F l l  
= 1 V ( k )  

2 2  k k 
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448 ALIX 

TPBLE 1 A 
Molecular  V i b r a t i o n a l  Energy D i s t r i b u t i o n s  and Sum Rules  

For  T h e  Yolecxle :  MO [”C l 6 O l 6  ( O h ) ;  S p e c i e s  Alg ,  F lu .  

(? A P o t e n t i a l  Energy D i s t r i b u t i o n  

Z k  ?ED b 
i j  F i j  

7 1  :7.8456 0.0560 100.11 

2 2  2.7693 0 . 3 6 ? 5  1 ! 2 @ . ? ’  . ,, c 2 . 2 3 2 2  -i).oo47 -G. 1 1  1 200.00 

22 

12h 

( a )  a l l  

96.27 

-0.74 

! K i n e t i c  Energy D i s t r i b u t i o n  4 

G; Z k  KED 

0.1458 16.0000 233.29 

0.0833 16.oooo 233.29 
-0.0833 28.0037 -1 33.23 

I 200.00 

232.96 

,137.42 

c a l c u l a t i o n s  have been done w i t h  a t  l e a s t  s i x  
f i g u r e s  by number ( o n l y  some o f  them are reporl ;ed h e r e )  

f o r c e  c o n s t a n t s  i n  u n i t s  o f  mdyn/A ( s e e  i )  
compl i an t s  i n  u n i t s  o f  A/mdyn. 

p o t e n t i a l  eneqgy d i s t r i b u t i o n s  i n  % 
i n v e r s e  k i n e t i c  c o n s t a n t s  i n  u n i t s  o f  8m.u-l 

k i n e t i c  c o n s t a n t s  i n  u n i t s  o f  8.m.u. 

k i n e t i c  ene rgy  d i s t r i b u t i o n s  i n  % 

0 

0 

c o r r e s p o n d i n g  t e r m  “ji” have t h e  same v a l u e s  

- (1969) .  
H J O N E S  , R .  S. Mc DOWELL and M. GOLDBLATT , Ino rg .  Chem. 
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ENERGY DISTRIBUTIONS 

( s e e  T a b l e  l a  f o r  a p p l i c a t i o n ) .  

(b) d y n a m i c a l  a n d / o r  k i n e m a t i c a l  c o u p l i n g s  : 

E q u a t i o n s  ( t 6 
p r e s e n c e  o f  dynami c a1 

t i c a l  c o u p l i n g s  ( e q u .  

449 

p e r m i t s  one  t o  d e t e c t  d i r e c t l y  t h e  

c o u p l i n g s  ( e q n .  16a! a n d / o r  k ine r . a -  
6 b )  between t h e  d i f f e r e n t  v i b r a t i c c s  

( i )  Due t o  t h e  i n v a r i a n c e  o f  t h e  f o r c e  c o n s t a c t s  
F i j  ( a n d l o r  c o m p l i a n t s )  w i t h  r e s p e c t  t o  isotopic st.’rs:i- 

t u t i o n  ( w i t h i n  t h e  Born-Oppenheimer a p p r o x i m a t i o c ;  , i t  l e  

s e e n  t h a t  t h e  1 PED i s  i n v a r i a n t  t o o  ( s e e  eqn 1 6 a : .  

TED which a re  mass d e p e n d a n t  t h r o u g h  t h e  ( G -  ’: e l e n e n 2 s  
( i i )  Tiis i s  n o t  t h e  c a s e  f o r  t h e  EfC ar.6. c r  :ts 

- j  

( i i i )  A r e m a r k a b l e  p r o p e r t y  o f  t h e  KE2, is z z s :  

t h e  sum o v e r  k i s  i n d e p e n d a n t  of t h e  f o r c e  f i e l d  and Cat  

b e  computed as soon as t h e  m o l e c u l a r  c o r f i g a r a t i c r  i s  
known. Then,  t h e  e v e n t u a l  c o u p l i n g s  b e t v e e n  t h e  z’J.if’fere!-.: 
symmetry c o o r d i n a t e s  c a n  be  d e t e c t e d  d i r e c t l y  f r z r :  c 2 r . .  * r k  

( s e e  t a b l e  l b  f o r  a p p l i c a t i o n ) .  

It must b e  p o i n t e d  o u t  t h a t ,  by a s p e c i a l  z k c i ~ e  

o f  t h e  se t  o f  symmetry c o o r d i n a t e s ,  it i s  p o s s i b l e  t o  
d i a g o n a l i z e  t h e  k i n e t i c  e n e r g y  m a t r i x .  I n  t h i s  c a s e  G 
a n d G - ’  a re  d i a g o n a l  and e q u a t i o n  ( 1 6 b )  r e a u c e s  t c  : 

( c )  c h a r a c t e r i s t i c  n o r n a l  modes of v l ‘ c r s t i c r  : 

A c h a r a c t e r i s t i c  no r r r a l  ncde  o f  vi‘crati::: t z p ? i c z  
f o r  i n s t a n c e  t h a t  V::’= I and  a l l  o t h e r s  V i t  jk) = 2 f ? r  t te  

PED (same r e l a t i o n s  a re  v a l i d  f o r  KEP and T P ’ .  
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TABLE 1 B 

ALIX 

F5 
i j  

?- 8 

12 
... . 

l h . 0 6 9  
22.062 
16.030 
64.320 
1 2 . - 5 ~ j  
3.154 
3.232 
5 . 5 2 1  
16.264 
26.314 

a P o t e n t i a l  E n e r g y  D i s t r i b u t i o n  

( 6 )  
‘k ‘i j 

10L.5 103.3 
12h.7 2.6 
:?1.3 0.0 
13L.2 0.0 

-4 .2  -3.0 
-0.2 0.0 
-0.0 -0.0 
-3.6 0.c 

- 1 6 . 9  -0.0 
-1-f.L 9.0 

LOO.3 1.33.0 

(7) 
’i j 

0.0 
5.8 
49.7 
19.3 
-0.0 
-0.0 
0.0 
-1.9 
3.5 
10.6 

00.0 

(6 ;  
‘i j 

0.0 
79.5 
12.5 
0.0 
-0.0 
0.0 
0.0 
3.5 
0.7 

-0.3 

1.2 
36.7 
59.0 
114.2 
-1.2 
-0.2 
-0.0 
-5.2 
-21.0 
-27 * 7 

g 
K i n e t i c  Energy D i s t r i b u t i o n  

( 5 ,  
‘k T i j  

205.0 205.0 
229.7 104.4 
334.7 0.0 
375.1 0.0 
105.0 -104.7 
0.0 0.2 
0.0 -0.1 
7.8 -0.2 

-32.6 0.1 
-21r2.5 -0.0 

400.0 100.0 

(7 
Ti j 

0.0 
19.8 

297.5 
330.2 
-0.1 
-0.1 
0.3 
22.5 
-34.7 
~61.5 

100.0 

(9) 
‘i j 

( 8 )  
Ti j 

0.0 
102.5 
28.7 
0.4 
-0.0 
0.0 
0.0 

-15-9 
-2.8 
2.9 

100.0 

(9) 
T i j  

0.0 
2.9 
8.3 
44.4 
-0.0 
-0.0 
-0.1 
1.4 
4.8 
16.0 

100.0 

* s e e  FoDtnotes i n  Table la. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ENERGY DISTRIBUTIONS 451 

A s i t u a t i o n  i n  w h i c h  a l l  n o r m a l  modes  o f  v i b r a t i o n  

w o u l d  b e  c h a r a c t e r i s t i c  w o u l d  i m p l y t h a t  1 P E D  = 1 K E D  
k k 

= 1 T E D  = 6 . .  ( T  for i = j ,  o f o r  i # j) 
1-J k 

S u c h  a c a s e  c a n  n o t  o c c u r ,  e x c e p t  i f  t h e  G a n d  F 
m a t r i c e s  a r e  d i a g o n a l  ( s e e  ( b )  a n d  e q n  ( 1 6 b ) ) .  

I t  may t h i s  b e  c o n c l u d e d  ( b y  s t u d y  o f  t h e  

r e c i p r o c a l )  t h a t  i f  t h e  sum o v e r  k o f  t h e  p r i n c i p a l  d i s -  

t r i b u t i o n s  (1 ( i i ) )  a r e  n e a r l y  e q u a l  t o  u n i t y  a n d  t h e  sum 

o v e r  k o f  thi: c o u p l i n g  d i s t r i b u t i o n s  (1  ( i j ) !  a r e  c l o s e  trj 

z e r o ,  t h i s  s i m u l t a n e o u s l y  for t h e  PED 2 n d  t h e  K E D ,  t h e n  

t h e  d i f f e r e n t  modes  o f  v i b r a t i o n  o f  t h e  m o l e c u l e  a r e  

r a t h e r  c h a r a c t e r i s t i c .  

k 

k 

T h i s  is t h e  c a s e  o f  n u m e r o u s  m o l e c u l e s  e x h i b i t i n g  s m a l l  

d y n a m i c a l  a n d  k i n e m a t i c a l  c o u p l i n g s .  

All t h e  p r e c e e d i n g  d i s c u s s i o n  a y  b e  e x t e n d e d  

w i t h o u t  d i f f i c u l t i e s  t o  t h e  c a s e s  o f  e n e r g y  d i s t r i 5 u t i o n s  

d e f i n e d  i n  t e rms  o f  g e n e r a l i z e d  s y m m e t r y  c o n j u g a t e  momenta  

( P )  a n d / o r  g e n e r a l i z e d  s y m m e t r y  f o r c e s  ( f ) .  

F i n a l l y  t h e  Mo [ 1 2 C  l2Ol6 m o l e c u l e  h a s  b e e n  

c h o o s e n  as  i l l u s t r a t i o n .  I n  t a b l e  l a  a r e  o n l y  r e p o r t e d  

t h e  r e s u l t s  f o r  t h e  s p e c i e s  A l g  (2x2 p r o b l e m ) .  T h e  E g ,  

F 2 g  a n d  F 2 u  s p e c i e s  h a v e  r e s u l t s  f o l l o w i n g  t h e  same 

p a t t e r n  a n d  a r e  n o t  r e p o r t e d  h e r e .  

T h e  c h o i c e  o f  s u c h  e x a m p l e  i s  c h a r a c t e r i s t i c  a s  

t h a t  m o l e c u l e  p r e s e n t  s t r o n g  k i n e m a t i c a l  c o u p l i n g s  b e t w e e n  

v i b r a t i o n s ,  a n d  t h i s  i n  a l l  s p e c i e s .  
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452  ALIX 

T h e  c a l c u l a t i o n s  o f  t h e  new sum rules p e r m i t  o n e s  

t o  d e t e c t  ( b e f o r e  a n d  w i t h o u t  s o l v i n g  t h e  i n v e r ? e  

e i g e n v a l u e  p r o b l e m )  d i r e c t l y  t h e  k i n e m a t i c  c o u p l i n g s  a n d  

i n  c a s e s  o f  t r a n s f e r  o f  f o r c e s  c o n s t a n t s  from s i m i l a r  

m c l e c u l e s ,  t h e  d y n a m i c a l  c o u p l i n g s .  
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