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LOFJECT ENERGY SI:JGLET THANF'ITION IN PIFHENYL. 
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INTRODUCTION 

The lowes t  e n e m y  band i n  the e l e c t r o n i c  ahsorpt , ion spectrum o f  b ipheny l  

is  b road  and s t r u c t u r e l e s s .  Cons ide r inx  a s p e c t r a l  comparison o f  b ipheny l  and 

r e l a t e d  molecu le s ,  P l a t t '  sucfresterl  t h a t  t h i s  band rpsults from two d i f f e r e n t ,  

e l e c t r o n i c  t r a n s i t i o n s .  S i m i l a r l y ,  s f t e r  riakjn;. a f l u o r e s c e n c e  l i c e t i n e  

s t u d y ,  Rerlman and St ,e ingraher '  p r e d i c t e d  t h a t  1 . h ~  f j r s t  s i n p l e t  t , ransi t , ion 

skiould be f o r h i d d e n  and  t h u s  t h e  hrond hand ::houlil c o n t a i n  a hidden band.  I n  

t h i s  n o t e  we confirm l h i : :  F red ic t , i on .  

1 

MATERTALS AND METFOPS 

Biphenyl from Hor'kins & Williams LLd. w i i s  c r g ? t a l l i  zed s e v e r a l  t,imer; 

from metha.no1 and w a s  f r a c t i o n a l l y  s u b 1  imed. 

The a b s o r p t i o n  s p e c t r a  were obt,ained w i t h  a Cary 17 - p e c t r o p h o t o m e t e r .  

Samples f o r  d e t e r m i n i n p  t h e  vapor s n e c t r a  oi' b ipheny l  were vanor i zed  d i r c c t l y  

i n  a 1 0  cm c y l i n d r i c a l  q u a r t z  c e l l  that w a s  p l a c e d  i n  t h e  sample compartment 

o f  t h e  in s t rumen t  and was e l e c t r i c a l l y  h e a t e d .  F luo rescence  s p e c t r a  were 

o b t a i n e d  by means of  modular equipment c o n s i s t i n p  of a 1000 W Hanovia X e - H c  

lamp, a I i i l c e r  Monospek 1000 e x c i t . a t i o n  monochromator,  n Perkin-Elmer E-1 

emiss ion  monochromator,  an  EM1 9558 QB p h o t o m u l t i p l i e r  t u b e ,  and t h e  a m p l i f i e r ,  

r e c o r d e r ,  wavelength d r i v e  and  d e t e c t o r  power supply from a Perkin-Elmer E - l l  

spec t ropho tomete r .  
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658 TRAVERSO AND BRUNET 

REEUI,TS AND DISCUSSION 

S p e c t r a  o f  b ipheny l  i n  s o l v e n t s  o f  d i f f e r e n t  p o l a r i t i e s  and i n  t h e  vapor  

phase were obt,ained a t  s e v e r a l  t e m p e r a t u r e s  i n  t h e  r ange  between 350 and 430 I(. 

S o l u t i o n  s p e c t r a  a t  a l l  c o n c e n t r a t i o n s  below t h e  s a t u r a t i o n  p o i n t  show no 

appa ren t  s i g n  o f  a hidden band a t  t h e  low energy s i d e  o f  t h e  main band. flowever, 

t h e  vapor  s p e c t r a  show a s h o u l d e r  around 270 nm. T h i s  o b s e r v a t i o n  a g r e e s  w i t h  

a r e s u l t  r e p o r t e d  by McLauRhlin and C la rk  . 4 

The vapor  s p e c t r a  were decomposed i .nto two bands by t h e  band f i t  method o f  

Klabuhn, S p i n d l e r  and Goetz5. 

37,369 a n - ' ,  E = 549 for band I and 

m ax  Cince t h e  c o n c e n t r a t i o n  of b ipheny l  was unknown, t h e  v a l u e  o f  14,410 f o r  E 

was o b t a i n e d  by e x t r a p o l a t i o n  of v a l u e s  of molar a b s o r p t i v i t i e s  determined a t  

h i g h e r  t empera tu res  by Almassy and Laemmel . T h i s  v a l u e  i s  c o n s i s t e n t  w i t h  that ,  

of a spectrum recen t , l y  r e p o r t e d  . Band I i s  no t  a tiot band s i n c e  t h e  r a t , i o  

between i n t e n s i t i e s  of bands I and I1 r e m a i n s  c o n s t a n t  t h roughou t  t h e  t empera tu re  

r ange  employed. 

The spectrum of b ipheny l  a t  350 K g i v e s  i = 

= 42,179,  E = 14,410 f o r  band I1 (FIC. 1) .  

6 

4 

Berlman7 p r e d i c t e d  t h a t  t h e  f i r s t  s i n g l e t - s i n e l e t  t r a n s i t i o n  i s  + 'A and 

t h a t  t h e  second one  shou ld  be 'La + 'A. 

p e r p e n d i c u l a r l y  and  'La + 'A t r a n s i t i o n s  a r e  p o l a r i z e d  a l o n p  t h e  a x i s  o f  t h e  

molecule .  Thus ,  i f  band I i s  a s s iRned  t o  1h 6 'A and band I1 t o  '1, + 'A 

t r a n s i t i o n s ,  an  i n c r e a s e  i n  t h e  a n g l e  o f  t w i s t  between t h e  r inrrs  shou ld  produce 

a s m a l l e r  hypsochromic s h i f t  i n  band I t h a n  i n  band 11. T h i s  ass ignment  i s  

suppor t ed  by t h e  s p e c t r a  o f  h i g h l y  t w i s t e d  d e r i v a t i v e s  such as 2-methylbiphenyl  

and 2 ,2 ' -d ime thy lb ipheny l  i n  which bands similar t o  band I a r e  w e l l  r e s o l v e d  . 

I t  i s  a w e l l  known f a c t  t h a t  b ipheny l  i n  t h e  vapor  phase h a s  a g r e a t e r  ave rage  

a n g l e  of t w i s t  t h a n  t h a t  for b ipheny l  i n  so lu t ion ' ,  where as r e p o r t e d  ahove,  

band I is p a r t i a l l y  h idden .  

'4, + 'A t r a n s i t i o n s  arr  p o l a r i z e d  

A 

The a b s o r p t i o n  spectrum o f  b i p h e n y l  i n  cyclohexane shows a s i n g l e  band at 

v a l u e  of 17,900.  These v a l u e s  a r e  a t t r i b u t e d  t o  band 40,486 em-' w i t h  an  E 

I1 s i n c e  c o n t r i b u t i o n  o f  band I t o  t h e  a b s o r p t i o n  maximum is  n e g l i g i b l e .  The 

p o s i t i o n  of hand I f o r  s o l u t i o n s  o f  b ipheny l  may b e  e x t r a p o l a t e d  from t h e  

r e l a t i o n s h i p  between t w i s t  a n g l e s  and a b s o r p t i o n  maxima f r e q u e n c i e s  f o r  d i f f e r e n t  

max 
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FIG. I Vapor absorption spectrum of biphenyl a t  349 K 

(solid l i n e )  and bands f i t t e d  t o  it (dashed l i n e s ) .  

t ,wis ted dr r iva t , ives .  

a n d  2,2 ' -dirnethylbipi ienyl  ( 7 0 ° ;  38,073 cm-l) ,' correcteii for t h e  i n d u c t i v e  e f f e c t  

of t h e  methyl  i:roups t a k e n  as t h e  d i f f e r e n c e  hetween t h e  5, + 'A bands o f  

benzene and t o l u e n r  (1 ,056  crn-1),8 a n d  using t.lie t w i s t  o n g l r  of hiphPny1 3 . ;  T3', 

we p r e d i c t  t h e  frmjurrtcy for  t h e  maximum of 1xmK I for hiuhenyl  t o  be 35,088 cm 

Assuming that ,  t h e  r a t i o  of i n t e n s i t i t . s  between hands T and I1 i n  t i le same i n  

s o l u t i o n  and i n  v a p o r ,  we f i n d  t h e  E 

f a l l  e n t i r e l y  under  hand I1 and t h u s  shou ld  no t  b e  and i s  no t  a p p a r e n t  i n  t h e  

Ilsinp; t h e  valur,c, o f  2-mPt,hylhiphen.v1 (58"; 2ri ,765 c1II-l) 

1 

9 

-1 . 

of hand 1 t,o ha 682. T h i s  band shoul,l 
max 

spectrum. 
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660 TRAVERSO AND BRUNET 

Band I co r re sponds  t o  t h e  f irst  s i n g l e t - s i n f ? l e t  t r a n s i t i n n  and p i v e s  risix 

t o  a f l u o r e s c e n t  s t a t e .  The i n t r i n s i c  l i f e t i m e  o f  t h i s  sta l .e  t h a t .  war i . a lc i~ ln i .+ i l  

by means o f  t h e  S t r i c k l e r  and RerClo equat, ion w i t h  our data f o r  iiand 1 and the 

measured f l u o r e s c e n c e  s p e c t r a  o f  b ipheny l  i n  cyclohexane,  i s  91.6 r i s .  Th i s  

l i f e t i m e  compares wel.1 w i t h  t h e  e x p e r i m e n t a l  va lue3  of 89.0 n : j .  On t h v  ot,lipr 

hand t h e  l i f e t i m e  c a l c u l a t e d  hy Iierlriian ' u s i n v  t h e  whole obscrvwl :ltjsorpt. i 011 i ) . i n d  

i n  t h e  S t r i c k l e r  and Berg e q u a t i o n  is,  2.? n s .  The  (:ooci arreemcnt,  iictwren our 

c a l c u l a t e d  l i f e t i m e  and t h e  e x p e r i m e n t a l  value,  s u p p o r t s  tlie v a l i d i t y  of thr.  

assumption mad? and conf i rms  t h e  p red ic t , i on  o f  R e r i m a n  and Gteinyraher. 

The a u t h o r s  would l i k e  t o  +,hank Dr. S ~ i i n d l c r  o f  the Ti~rhrii::ctir. lJnivc-r.:it.nt 

of Tterlin f o r  k i n d l y  p r o v i d j n g  t h e  computer profram i i s rd  i n  t,ilrL I ~ n d  f i t t i t i p  

f i t t i n g .  They also tlrank Mi:?$ G .  Arcaya f o r  h e r  va luable  a. ' iirr i r l  t.ilr 

computat ional  work. I ; ' inaricial  suppor t  from t,lie S e r v i c i o  di. 

C i e n t i f i c o  o f  t h e  Un ive r s idad  dc  C h i l e  is a p p r e c i a t e d .  
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