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tne lesonan t  spec t ra  o f  spon taneous  Raman  sca t -

t e r i ng  o f  mo lecu la r  an lons  a re  i nves t i ga ted '  A

s y s t e i a t i c  s h l f t  o f  t h e  s p e c t r a l  l i n e s  i n  c o m p a r l -
son  w l th  t he  neu t ra l  mo lecu les  and  ac t i va t i on  o f

c e r t a i n a n t i s y m m e t r i c a l o s c l l l a t i o n s a r e d e t e c t e d
a n d  i n t e r p r e t e d .  I t  i s  n o t e d  t h a t  s u c h  i n v e s t i g a -

t i o n s a r e p r o m i s l n g i n c o n n e c t i o n w i t h d i f f e r e n t
p r o b l e m s  o f  m o l e c u l - a r  s p e c t r o s c o p y '

The re  ex i s t s  a  ra the r  ex tens l ve  c l ass  o f  compounds ,  name ly  morecu fa r  1ons ,

pa r t l cu la r t y  an ion - rad i ca l - s  (AR)  and  d lan ions  (DA) ,  wh l ch  se rve  as  i n te rmed ia te

sho r t - I 1ved  fo rma t l ons  and  de te rm lne  the reby  many  chemlca l  p - rocesses .  we  have

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

spon taneous  naman  sca i i e r i ng  (SpRS)  spe  c t ra  Ln  such  sys tems .  The  pu rpose  o f

t he  p resen t  no te  i s  t o  demons t r -a te  w i t h  conc re te  examp les  t hose  '  p r l n - c l pa l l y  new

da ta  t ha t  t hese  expe r imen ts  can  con t r i bu te  t o  spec t roscopy  as  a  who1e .

The  l nves t i ga ted  AR and  DA o f  an th racene ,  d ipheny l ,  t e rpheny l ,  d i pheny l -

bu tad iene ,  pe ry lene ,  and  benzophenone  l / r l e re  oo ia ined  by  t he  known  p rocedu re  o f

h n i n o i n o  t h e  l . e t r a h y d r o f u r a n e  s o l u t i o n s  o f  t h e s e  c o m p o u n d s  ( g  =  t O - 3 -  1 0 - *  M )
v  r  r r r 6 4 r l o  v r . v

i n  c o n t a c t  w i t h  m e t a l l 1 c  s o d i u m  a t  Z O o C  [ ] l '  T h e  i d e n t i f l c a t i o n  o f  t h e  i o n s '

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

r h e  r x D e r i m e n t  w e r e  m o n l t o r e d  U y  m e a n s  o f  t h e  c h a r a c t e r l s t i c  e l e c t r o n i c  a b -

s o r p t i o n  r p u " t r a " t t ,  z j .  T h g  s p n s  s p e c t r a  w e r e  e x c i t e d  w i t h  a  h e l i u m - n e o n  l - a s e r

i i - : -U l -Z -g  E ) .  
-  

111 "  spec t ra f  i ns i r . ,men t  was  a  Code rg  doub le  monoch roma to r .  The

s p e c t r a  o f  t h e  l n v e s i i g a t e O  m o l e c u ] a r  i o n s  a n d  o f  t h e  i n i t i a l  n e u t r a l  m o l e c u l e s

a re  shown  schemat i ca l l y  i n  t he  f l gu re .

Acco rd ing  to  t he  concep ts  o f  quan tum chemis t r y ,  t he -  add i t i ona l  e l - ec t rons

in  AR and  DA f i l l  t he  l oose  o rb l t a i s  o t  t he  mo l -ecu i6 .  Th i s  shou l -d  l ead  1nev1 t -

ab l - y  t o  a  change  i n  t he  o the r  cons tan t  bonds ,  pa r t l cu la r l y  t o  a  dec reasE  o f  t he
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S c h e m e  o l  S p R S  s p e c t r a  o f  t h e  i n v e s t i -
ga ted  i ons  and  i n i t i a l -  mo lecu les .  The
h e i g h t s  o f  t h e  l i n e s  c h a r a c t e r l z e  t h e
re la t i ve  l i ne  i n tens l t i es  i n  a rb l t r a r y
q n c - l a  f n r  o A ^ l . r  q n e n J - r t t m  T n  1 : h a  r l n n a F
o u o l c  t  r v f  s a u r r  l l r e  q y y v f

r i gh t  i s  shown  the  abso rp t i on  spec t rum
o f  an th racene  an ion - rad i ca l - s .  The  a r row
s h o w s  t h e  p o s i t i o n  o f  t h e  e x c i t i n g  1 i n e .

c o n s t a n t  e l a s t i c  m u l t i p l e  b o n d s .
A n n n n d i n q - l r r  t h o  f n a n r r o n n i a q  i nu + r r b f r '  t  v t r v

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

A n  a n a l y s l s  o l  t h e  o b t a l n e d
da ta  shows  i ndeed  tha t  t he  j  o i n -
i ng  o f  one  e l -ec t ron  to  t he  i n i t i a l
mo lecu l -e  ( t t r e  f o rma t i on  o f  t he  AR)
i  e  . n ^ n m n q n i a , . l  h r r  i r r q i -  : s  z n n r a -

u  u v  v  e v

c iab l -e  a  change  i n  t he  SpRS spec -
t r r : m -  t h r : s  m a k i n E  i t  i n  i n d t ' v i d r r a lv f  u l r  t

cases  d i f f l i cu l t  t o  compare  the
o s o i I ' l a t i o n  f n e o u e n c i e s  o f  t h e  i o n
and  o f  t he  neu t ra l  mo lecu le  w i t h -
o u t  p r e l l m i n a r y  t h e o r e t i c a l  c a f -
c u l a t i o n s .  N o n e t h e l e s s  t h e r e  i s
n h q o n r r a d  q  o a n a r t l  f e n d c n n r l  t ' . , P

S v r r v f  e !  v v r r v v r r v r '

j :he  f r "cor ren  ev  o  f  mos t  v ib  ra t ionsf a u Y 4 v r r v r '

t o  dec rease  on  go ing  f rom the
neu t ra l  mo l -ecu le  t o  t he  AR.

T h e  j o i n i n g  o f  t h e  s e c o n d
e lec t ron  -  t he  f o rma t i on  o f  t he
d ian ion  -  r esu l t s  i n  f u r t he r
s p e c t r a l  c h a n g e s ,  w h i c h  a r e  s o m e -
t lmes  no  l - ess  s l gn l f l can t  t han  i n
the  AR ( re la t i ve  t o  t he  neu t ra l
m o l e c u l e ) .  A n  e x a m P l e  i s  b e n z o -
phenone  and  i t s  1ons .  I n  t he
c a s e  o f  A R  a n d  D A  o f  t e r P h e n Y l ,
p r a c t i c a l l y  i d e n t i c a l  S P R S  s p e c -
t r a  w e r e  o b s e r v e d ,  i n  s P i t e  o f
t he  subs tan t i a l  d i f f e rence  be -
t w e e n  t h e i r  e l e c t r o n l c  a b s o r p t l o n
s p e c t r a .  T h e r e  i s  a l s o  a  g r e a t
s im i l a r i t y  be tween  the  SPRS spec -
t r a  o f  b o t h  a n i o n s  o f  d i P h e n Y l -
b u t a d i e n e .  C o n s e q u e n t l Y ,  t h e
j o i n i n g  o f  a  s e c o n d  e l e c t r o n  t o
the  mo fecu le  maY no t  exe r t  a
d e t e c t a b l e  i n f l u e n c e  o n  i t s  c h e m l -
ca l  bonds .  I n  t e rms  o f  quan tum
chemis t r y  t h i s  means . tha t  t he
s e c o n d  e l e c t r o n  h a s  o c c u p i e d  a
non -bond ing  o rb l t a l .

The  changes  i n  t he  SPRS sPec -
t ra  o f  benzop i renone  when  l t s  AR
and DA are formed can be ex-
p la ined  by  t ak ing  l n to  accoun t
the  l oca l i za t i on  o f  t he  add i t i ona l
e l e c t r o n s .  A n  a P P r e c i a b l - e  c o n -
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t r l bu t i on  t o  t he  f o rma t i on  o f  t he  l ower  f r ee  o rb i t a f  o f  t hese  mo lecu les  i s  made
by  the  g roup  C  =  0  t 3 l .  I t  i s  t he re fo re  na tu ra l  t o  assume tha t  t he  f i r s t  e l ec -
t r o n  i - s  l o c a l i z e d  p r e c i s e l y  o n  t h i s  o r b i t a l ,  a n d  c o n s e q u e n t l - y  t h e  o r d e r  o f  t h e
bond  be tween  the  ca rbon  a r i d  oxygen  a toms  i s  dec reased .  Th i s  causes .a  van i sh lng
o f  t he  l i ne  due  to  t he  v lb ra t i ons  o f  t he  ca rbony l  g roup ,  o r  a  s t rong  sh i f t  o f
i t s  f r equency ,  and  a l so  ee r ta in  ehanges  i n  t he  spec t rum o f  t he  ske l -e ta l  v l b ra -
t i o n s  o f - t h e  r i n g s .  A  s e c o n d .  e l e c t r o n  p r o b a b l y  i n f l u e n c e s  t h e  r l n g s  n o  l o n g e r
i n r l i  r . anh ' l r r  h r r t  r l i  pcn t ' l r r  end  th i s  l eads  to  even  g rea te r  changes  i n  t he  en t i r ev v v 4 J  u + r v v v r J ,
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spec t rum as  a  who le .  As  seen  f rom the  f i gu re ,  bes ldes  the  v lb ra t i ons  f o r  wh i ch
a n a l o g s  c a n  b e  f o u n d  i n  t h e  s p e c t r a  o f  t h e  c o r r e s p o n d l n g  n e u t r a l  m o l e c u l e s ,  n e w
v i b r a t i o n s  a r e  a l s o  e x c i t e d  s o m e t l m e s  i n  t h e  m o l e c u l a r - i o n  s p e c b r a .  F o r  e x -
a m p 1 e ,  t h e  A R  o f  b e n z o p h e n o n e  i s  c h a r a c t e r i z e d  b y  t w o  r r e x t r a r r  l i n e s  i n  t h e
r e g i o n  t u 1 4 0 0  -  1 4 8 0  c f f i - r ,  t h e  D A  b y  o n e  l 1 n e  i n  t h e  r e g i o n  1 2 4 0  -  1 3 2 4  c f l - I ,
e t c .  S l n c e  1 t  i s  e u s t o m a r y  t o  a s s u m e  t h a t  t h e  s y m m e t r y  o f  t h e  n u c l e a r  c o n f i g u r
t i on  i s  no t  v i o l a ted  by  t he  fo rma t i on  o f  t he  mo lecu la r  i on ,  i t  becomes  neces -
s a r y  t o  r e s o r t  t o  t h e  r e s o n a n t  s p e c i f i c s  o f  t h e  e x c i t a t i o n  o f  t h e  S R S  i n  o r d e r
t o  e x n l a i n  t h e s e  p h e n o m e n a .

G e n e r a l  c o n s i d e r a t i o n s  [ 4 ] ,  t f r e  d e t a i l e d  t h e o r y  o f  S p R S  [ 5 ] ,  a n d  a l s o  t h e
a v J - a n q i  r r a  a w n o n ' i . 1 ; 1 s 4 l a 1  m a t e r i a l  ,  a l _ l -  S h O W  t h a t  t h e  r e S O n a n t  C O n d i t i O n S  f O r  S p e Cv v  v J l y v r  *

t r u m  e x c l t a t i o n s  a f t e r  t h e  s e l - e c t i o n  r u l e s  r a d i c a l l y .  G e n e r a l l y  s p e a k i n g ,
f u l 1 y - s y m m e t r i c a l  v i b r a t i o n s  s h o u l d .  b e  p a r t l c u l a r l y  l n t e n s e  i n  S p R S  t 4 l  ( j u s t
a s  i n  d i r e c t  d i p o l e  t r a n s i t i o n s ) .  I t  h a s  b e e n  e s t a b l i s h e d ,  h o w e v e r ,  t h a t  t r h e
i n t e r a c t i o n  ( t r m i x i n g r r )  o f  c l o s e l y - l y i n g  e l e c t r o n l c  s t a t e s ,  d u e  t o  c e r t a i n  a n t i -
s y m m e t r i c a l  v i b r a t l o n s ,  c a n  c o n t r i b u t e  t o  a  s t r o n g  a c t i v a t l o n  o f  t h e  l a t t e r  i n
t h e  S R S  a s  t h e  f r e q u e n c y  o f  t h e  e x c i t i n g  l 1 g h t  a p p r o a c h e s  t h e  a b s o r p t l o n  b a n d s
o f  t h e s e  e l e c t r o n l c  s t a t e s  t 5 l .  T h e  v a l i d i t y  o f  b h e  t h e o r e t l c a l  p r e m l s e s  a n d
t h e  c o n c l u s i o n s  t h a t  f o l l o w  f r o m  t h e m  w e r e  r e c e n t l y  c o n f l r m e d  d i r e c t l y  [ 6 ] .

A  g o o d  i l l u s t r a t i o n  o f  t h e  a p p l i c a b i l l t y  o f  t h e s e  c o n c e p t s  t o  o u r  p r o b l e m
can  be  the  behav lo r  o f  t he  l - i nes  1n  the  reg ion  nea r  600  c i l - ' ,  wh i ch  a re  con -
nec ted  w i th  t he  an t i symmet r l ca l -  v l b ra t i ons .  Be ing  qu l t e  weak  fo r  t he  neu t ra l
m o l - e c u l - e s  t e r p h e n y l  a n d  d i p h e n y l b u t a d i e n e  ( 6 1 8  a n d  6 1 3  c f i - t ,  r e s p e c t i v e l y ) ,
t hey  sh i f t  t owards  l ower  f r equenc les  and  become much  s t ronge r  i n  t he  an ion
s p e c t r a .  A c c o r d i n g  t o  t h e  p u b l i s h e d  d a t a ,  a  v e r y  w e a k  l 1 n e  o f  c l o s e  f r e q u e n c y
s h o u l - d .  a p p e a r  i n  t h e  a n t h r a c e n e  s p e c t r u m .  W e ,  h o w e v e r ,  d i d  n o t  s u c c e e d  i n  o b -
s e r v l n g  1 t  f o r  e i t h e r  d l s s o l v e d  o r  c r y s t a l f i n e  m a t t e r .  I n  t h e  s p e c t r u m  o f  1 t s
a n i n n s  h o w p r r o r  w c  r e E i s t e r e d  l i n e s  o f  m e d i u m  a n d  h i g h  i n t e n s i t y  i n  t h i s  r e -

,  r l v r r v  v v r  t

g i o n .  A  s l m j - l a r  p i c t u r e  i s  s o m e t i m e s  o b s e r v e d  i n  t h e  c a s e  o f  t h e  l i n e s  n e a r
t t 6 O  c m - 1 .  A 1 1  t h e  m e n t i o n e d  a n i o n s  a r e  c h a r a c t e r i z e d  b V  a  c o m p l i c a t e d  a b s o r p -
t i o n - b a n d .  s t r u c t u r e ,  a n d  s c a t t e r i n g  1 s  e x c i t e d  w i t h i n  o r  n e a r  t h e s e  b a n d s .  B y
t h e  s a m e  t o k e n ,  f a v o r a b l e  c o n d . l t i o n s  a r e  p r o b a b l y  p r o d u c e d  f o r  t h e r r m i x i n g t r o f
t h e  e l - e c t r o n i c  s t a t e s  t h a t  a r e  g r o u p e d  c ] o s e l y  t o g e t h e r .

I t  f o l l - ows  f rom a l - l -  t he  f o rego j -ng  tha t  mo lecu la r  i ons ,  l 1ke  i so top i ca l l y
s u b s t i t u t e d  c o m p o u n d s ,  c a n  b e  w i d e l y  u s e d  t o  i n t e r p r e t  v l b r a t l o n a l  s p e c t r a .
Th i s  t r end  seems  pa r t l cu la r l y  p rom is ing  because  many  compounds  o f  t h i s  c l ass
n ' n  h a  o r s i ] v  s 1 ; u f l i s d  w i t h  t h e  a i d  o f  S p R S .  O n  t h e  o t h e r  h a n d ,  t h e i r  S p R S  s p e cv s v + r J

t r a  p rov ide  un ique  l n fo rma t i on  conce rn lng  the  d l s t l ngu l sh ing  fea tu res  o f  t he
e x c l t e d  e l e c t r o n i c  s t a t e s ,  a s  w e  a t t e m p t e d  t o  s h o w  1 n  t h e  p r e s e n t  a r t i c f e .  S u c h
e x p e r i m e n t s  c a n  a l s o  b e  p e r f o r r n e d  o n  m o l - e c u l e s  i n  t h e  t r i p l e t  s t a t e ,  a n d  c o n -
s t i t r r t c  n n  i n d c n e n d e n t  p r o b l - e m .

t 1 l E .  D e B o e r ,  A d v .  i n  O r g a n o m e t a l l i c  C h e m .  2 ,  N . Y .
I '  .  G  .  A .  S t o n e  a n d  R .  W e s t  ,  p  .  1 1 5  .
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