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EXPERIMENTAL STUDY OF THE DAVYDOV SPLITTING OF TRIPLET 
EXCITONS IN PYRENE AT ROOM TEMPERATURE 

J .  L.  F.QVE and M .  SCHOTT * 
Groupe de Physique des Sol ides  , Univers i t6  Pa r i s  V I T ,  
Tour 23, 2 p l ace  J u s s i e u ,  75 2 2 1  Paris,  Cedex 05, France 

Submitted f o r  Pub l i ca t ion  May 1 4 ,  1976 

Abst rac t  - The 0-0 l i n e  of t h e  So-+T1 absorp t ion  i n  
c r y s t a l l i n e  pyrene has been s tud ied  as t h e  ac t ion  spec- 
t r u m  of delayed f luorescence  i n  po la r i zed  l i g h t  a t  295 K ,  
a t  0 . 4  cm-' r e s o l u t i o n .  The cen t ro id  f o r  t he  b po la r -  
i zed  l i n e  l i e s  a t  an energy 2 .8  + 2 cm-' h i g h e r  than 
t h e  one f o r  t h e  - a po la r i zed  line, 
r a t i o  i s  &b/Ea = 1.1 + 0.1.  
coupl ing processes  shows t h a t  i n  t h i s  case t h e  f a c t o r  
group (Davydov) s p l i t t i n g ,  is much l a r g e r  than t h e  
energy d i f f e r e n c e  of t h e  cen t ro ids ,  and hence a l s o  
l a r g e r  t han  t h e  s p l i t t i n g s  repor ted  before .  
probable  va lue  o f  t h e  Davydov s p l i t t i n g  i s  i n  the  range 
13  - + 9 cm-'. 

The p o l a r i z a t i o n  
A d i scuss ion  of s p i n - o r b i t  

The most 

T .  INTRODUCTION 

The t r a n s p o r t  p r o p e r t i e s  of t r i p l e t  exc i tons  i n  c r y s t a l -  
l i n e  pyrene have been t h e  s u b j e c t  o f  a number of  r ecen t  inves- 
t i g a t i o n s .  T r i p l e t  exc i ton  t r a n s f e r  i n t e g r a l s  have been 

s t r u c t u r e 3  e s s e n t i a l l x  two-dimensional, fol lows a very small 
bandwidth along t h e  c ' d i r ec t ion1 .  On the  o the r  hand, t he  
d i r e c t l y  measured t r i p l e t  exc i ton  d i f f u s i v i t y  tensor  i s  essen-  
t i a l l y  three-dimensional  a t  295 K ,  t h e  an iso t ropy  being l e s s  
than a f a c t o r  of  four4 .  Other p r o p e r t i e s  are a l s o  i n  accord 
with t h i s  three-dimensional motion of t h e  t r i p l e t 5 .  

from which, according t o  t h e  repor ted  band 

* 
Laboratoire  a s soc ig  au C.N.R.S. e t  ?i 1'Ecole  Normale Sup&. 
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48 FAVE AND SCHOTT 

The pyrene t r i p l e t  exc i ton  band. s t r u c t u r e  has  j u s t  been 
r e inves t iga t ed6 ,  and is i n  f a c t  d i f f e r e n t  from t h e ,  erroneous,  
p rev ious ly  publ ished one i n  Ref. (3) .  In  t h i s  no te ,  w e  pre-  
s e n t  some experimental  information r e l a t e d  t o  t h e  band s t r u c -  
t u r e ,  which may be use fu l  t o  improve our  understanding of 
t r i p l e t  t r a n s p o r t  p r o p e r t i e s  i n  pyrene. 

The room-temperature phase50f pyrene c r y s t a l  is mono- 
c l i n i c ,  space group P Z 1 l a  o r  C Z h ,  with fou r  molecules p e r  

t r i v i a l  and does no t  conta in  invers ion  - as i t  does i n  anthra-  
cene f o r  i n s t a n c e .  
t he  p o i n t  group C2h and t h e  four  molecules of t h e  u n i t  c e l l  
a r e  r e l a t e d  by t h e  ope ra t ions  of  C . Any molecular  energy 

of t h e  B r i l l o u i n  zone, i n t o  fou r  l e v e l s  having symmetry A 
U’  B A and B t he  i r r e d u c i b l e  r ep resen ta t ions  of C 

genera l  p o s i t i o n  with coord ina tes  5, x, 3 along c r y s t a l  ax i s  
a ,  b y  c, r e s p e c t i v e l y ,  with & f 0 - un l ike  anthracene again -. 
Using The t r a n s f e r  i n t e g r a l s  ca l cu la t ed  i n  ( l ) ,  a simple band 
s t r u c t u r e  is found. Only two i n t e g r a l s  a r e  impor tan t :  t h a t  
between the  molecules r e l a t e d  by invers ion  A( i )  - 1 4 1  cm-’ and 

b b t h a t  between t h e  molecules r e l a t e d  by C 2  sc rew-ro ta t ion  (A(C2) 

between A, and B u y  o r  A 
t i n g  between A and A In the  cor- 

g’ r e c t  s t r u c t u r e u 6 ,  t he  lead ing  term !n t h e  d i spe r s ion  r e l a t i o n s  
E(@, i n  a l l  d i r e c t i o n s ,  i s  A(i)cos 2 k .  (z+x+t), hence a three-  
dimensional band s t r u c t u r e  a s  %, Q * a r e  of  comparable magni- 
t u d e ~ ~ .  

t r a n s f e r  i n t e g r a l s ’  a r e  c o r r e c t ,  t h e  band s t r u c t u r e  i s  known 
i f  A( i )  and A(Cb,) a r e  known. 

ground 
s t a t e .  A spec t roscop ic  measurement of A( i )  was not  poss ib l e  
i n  our  samples” and was no t  attempted. A(C3) can be de t e r -  
mined through t h e  measurement of  the  f a c t o r  group (Davydov) 
s p l i t t i n g  between A and B 

u n i t  c e l l  occupying general  p o s i t i o n s  7 . 

l e v e l ,  f o r  i n s t ance  t h e  lowest t r i p  *9 e t  i s  s p l i t ,  a t  t h e  cen te r  

The s i t e  group i s  

The interchange group8 i s  isomorphous t o  

2h u’ g’ g’ 
The c e n t e r  of  symmetry of  t h e  re ference  molecule i s  a t  a 

- -  

t! 
- -  - 2 . 2  cm-l. A t  t he  c e n t e r  of t h e  BZ ( F i  . l ) ,  the  s p l i t t i n g  

and B , i s  - 4A(C2), and the  s p l i t -  
g o r  Bu 8nd B i s  2A(i)3,6.  

If the  r e l a t i v e  o rde r s  of magnitudes of t h e  ca l cu la t ed  

Only A, and Bu s t a t e s  are a c c e s s i b l e  from t h e  A g 

s ta tes  a t  k=O which i s  here1-3,6.  
b 
2 

U U 
A €(BU) - &(AU) = -4A(C ) 

3 A va lue  A = 2.4 cm-’ was repor ted  p rev ious ly  . But the  
measurement was performed a t  a r e s o l u t i o n  of 100 cm-l, about 
t h e  absorp t ion  l i n e  ha l fwid th  a t  300 K 1 3 ,  hence much l a r g e r  
than  t h e  i n f e r r e d  s p l i t t i n g .  A much b e t t e r  r e s o l u t i o n  i s  
p o s s i b l e  now us ing  tunab le  dye l a s e r s .  In a d d i t i o n ,  i t  w i l l  
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DAVYDON SPLITTING OR TRIPLET EXCITONS 49 

Bg 

Ag - -  

BU 

Au -- 

Figure 1 - Rela t ive  p o s i t i o n s  of t he  f o u r  c r y s t a l  k = 0 sub- 
l e v e l s  corresponding t o  t h e  lowest exc i t ed  molecular t r i p l e t  
i n  pyrene. 
i n t e g r a l s  (see t e x t ) .  

A( i )  and A(Cb) a r e  t r i p l e t  exc i ton  t r a n s f e r  2 

be shown below t h a t  t h e  absorp t ion  d a t a  do not  y i e l d  A d i r -  
e c t l y ,  a f a c t  which was not  taken proper ly  i n t o  account i n  
( 3 ) .  I t  was t h e r e f o r e  decided t o  perform new measurements 
under improved cond i t ions ,  i n  conjunct ion with an a n a l y s i s  of  
t h e  poss ib l e  s p i n - o r b i t  r o u t e s ,  according t o  Hochs t rasser ' s  
theory14 , of the  f i r s t  t r i p l e t  absorp t ion .  

TI. EXPERIMENTAL METHOD AND RESULTS 

The spec t roscop ic  determinat ion of A r e s t s  upon the  
measurement of  t h e  So+T1 absorp t ion  i n  po la r i zed  l i g h t .  A s  
t h e  d i r e c t  absorp t ion  i s  too  small  i n  pyrenelli,  t h e  spectrum 
was obtained as t h e  a c t i o n  spectrum of delayed f luorescence .  
Exci t ing  l i g h t  was i n c i d e n t  normal t o  (a ,b)  c leavage planes 
and po la r i zed  e i t h e r  a long a o r  b c rys t a l log raph ic  a x i s .  
Crys t a l s  were o r i en ted  conoscopical ly .  

(13),  t h e  r e s o l u t i o n  was 0 .4  cm-l. 
t h e  square roo t  o f  t he  absorp t ion  c o e f f i c i e n t  squared E ( A )  
was e l e c t r o n i c a l l y  obta ined  before  d a t a  accumulation i n  the  
Didac 4000 m u l t i s c a l e r .  

The moments' theorem16 was used t o  c a l c u l a t e  t he  pos i -  
t i o n s  of t h e  con t ro ids  of t h e  l i n e s  i n  the  two p o l a r i z a t i o n s .  
No s p e c i f i c  l ineshapes  has t o  be assumed. This  method, how- 
e v e r ,  r equ i r e s  an accu ra t e  knowledge of  t h e  whole absorp t ion  
l i n e ,  inc luding  t h e  wings,  and the  choice of  a c o n s i s t e n t  
t runca t ion  procedure.  The absorp t ion  i n  the  wings cannot be 
obta ined  accu ra t e ly  a t  t h e  same time as t h e  maximum absorpt ion:  

The experimental  method was similar t o  t h a t  descr ibed  i n  
The only change was t h a t  2 
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50 FAVE AND SCHOTT 

a change o f  E by a f a c t o r  o f  10 means a change i n  t h e  f l u o r e s -  
cence l i g h t  i n t e n s i t y  @ by a f a c t o r  o f  100 i f  E i s  t o  remain 
p r o p o r t i o n a l  t o  t h e  i n c i d e n t  l i g h t  i n t e n s i t y  s q u a r e d  L 2 .  On 
t h e  o t h e r  hand,  t h e  accu racy  of t h e  e l e c t r o n i c  o p e r a t i o n s  i s  
poor  a t  low s i g n a l  l e v e l s .  To measure more a c c u r a t e l y  i n  t h e  
wings ,  L was i n c r e a s e d  3 t i m e s ,  hence @ 9 times and t h e  wing 
r e g i o n s  were r e c o r d e d  a t  t h e s e  c o n d i t i o n s ,  where one has  no 
more E 0~ L 2  n e a r  t h e  maximum o f  t h e  l i n e .  
which t h e  c e n t r a l  p o r t i o n  o f  t h e  l i n e  i s  no t  always c o r r e c t  
( F i g .  2 ) ,  b u t  i t  was checked t h a t ,  even i n  such c a s e s  t h e  cen- 
t r o i d  p o s i t i o n  was not  a f f e c t e d  w i t h i n  t h e  r e s o l u t i o n  o f  t h e  
expe r imen t .  S i m i l a r l y ,  d i f f e r e n t  t u n c a t i o n  p rocedures  were 
t r i e d ,  and it..was found t h a t ,  a l t hough  t h e  a b s f l u t e  p o s i t i o n s  
o f  t h e  c e n t r o i d s  may be  d i s p l a c e d  by up t o  . 5  A ,  t h e  s e p a r a -  
t i o n  D o f  t h e  c e n t r o y d s  i n  t h e  two p o l a r i z a t i o n s  was n o t  
a f f e c t e d .  Indeed ,  t h e  shapes  o f  t h e  two l i n e s  appea r  t o  be  
i d e n t i c a l .  

Three  c r y s t a l s  o f  d i f f e r g n t  o r i g i n s  were s t u d i e d .  The 
c e n t r o i d s  a r e  a t  5936.2 + 1 A i n  t h e  b p o l a r i z a t i o n  and 
5937.2 + 1 1 i n  t h e  a p o l & z a t i o n .  But as a l a r g e  p a r t  o f  
t h e  u n c e r t a i n t y  affects b o t h  numbers i n  t h e  same way, t h e i r  
d i f f e r e n c e  i s  known t o  a h i g h e r  a c c u r a c y ,  D { E ( / / b ) - E ( / / a ) }  = 
2 . 8 + 2  cm-'. 

whigh t h e  maximum a b s o r  t i o n  was found a t  5935 A 17,5928 + 
16 A and 16551 + 5 cm-? 18, w i t h  t h e  d i f f e r e n c e  D = 2 . 8  T 
0 . 5  cm-1 3 .  

The connec t ion  

- - 
- 

These r e s u l t s  are i n  good accord  w i t h  p r e v i o u s  works i n  

3 
- - 

As d i s c u s s e d  below, t h e  f a c t o r  group s p l i t t i n g  A can b e  
deduced from D o n l y  i f  i n f o r m a t i o n  on s p i n - o r b i t  coup l ing  
r o u t e  is  a v a i l a b l e .  The s o - c a l l e d  p o l a r i z a t i o n  r a t i o ,  t h e  
r a t i o  o f  t o t a l  a b s o r p t i o n s  f o r  l i g h t  p o l a r i z e d  a long  b and 
p e r p e n d i c u l a r  t o  b ( i . e . ,  i n  t h e  p r e s e n t  case,  a long  a>, g i v e s  
some i n f o r m a t i o n  o n  t h e  SOC r o u t e .  A s  b o t h  l i n e s  h a v e  t h e  
same s h a p e ,  i t  s u f f i c e d  t o  measure t h e  r a t i o s  o f  t h e  maximum 

o f  t h e  c r y s t a l  was e x c i t e d  w i t h  t h e  most homogeneous p a r t  of 
t h e  expanded l a s e r  beam, and t h e  c r y s t a l  r o t a t e d .  One f i n d s  

111. ESTIMATION OF THE FACTOR GROUP SPLITTING 

I n  a n t h r a c e n e  o r  naph tha lene  D # A ,  s i n c e  t h e  a b s o r p t i o n  
t o  t h e  A, and B, s t a t e s  a r e  b o t h  almost  u n i q u e l y  p o l a r i z e d  14 , 
b u t  i n  o t h e r  c r y s t a l s  t h e  s i t u a t i o n  can  d i f f e r .  To d i s c u s s  
t h e  p o l a r i z a t i o n  o f  t r i p l e t  f a c t o r  g roup  s t a t e s  i n  py rene ,  we 
assume t h a t  o n l y  one SOC r o u t e  i s  i m p o r t a n t  and c o n s i d e r  on ly  
i n t r a m o l e c u l a r  mixing o f  s i n g l e t  s t a t e s  i n  t h e  e x c i t e d  t r i p -  

a b s o r p t i o n s ,  and Eb. To do t h i s ,  a s m a l l - - 3  mm 2 - - f r a c t i o n  

= l.l+O.l, - which i s  c l o s e  t o  t h e  v a l u e  1 . 2  quo ted  i n  ( 3 ) .  
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DAVYDON SPLITTING OR TRIPLET EXCITONS 51 

17100 17000 16900 16800 16700 16600 16500 
I .. I I -b 

1 I 
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$-d\ , 3: 
WAVE NUM BER (c  m-’ ): 

0 
5850 5900 595 0 6000 6050 

WAV c LE NGT H (i 

Figure 2 - Polar ized  absorp t ion  of  c r y s t a l l i n e  pyrene a t  295 K, 
0-0 l i n e  of t h e  So-+T1 absorp t ion .  
t i o n  - lower curve - a p o l a r i z a t i o n .  
zed and t h e  zeros a re=shi f ted  f o r  c l a r i t y .  

of t he  v e r t i c a l  l i n e s .  In  t h i s  p a r t i c u l a r  example, a misfit  
on t h e  b l u e  s i d e  of  t h e  - b po la r i zed  l i n e  i s  c l e a r l y  v i s i b l e .  

let1’. One ob ta ins  t h e  r e s u l t s  d i sp layed  on Table I .  There 
a r e  s i x  cases ,  of which only two are excluded by t h e  exper i -  
mental p o l a r i z a t i o n  r a t i o .  
cases  correspond, as i n  anthracene,  t o  almost pure po la r i za -  
t i o n  of A and B t r a n s i t i o n s .  

probably of  B3u symmetry20, s o  t h a t  only cases  4 and 6 of 
Table I should be considered as most probable .  In  both cases ,  

Upper curve: b p o l a r i z a -  
The c u r v e s a r e  normali- 

The wings and c e n t r a l  p a r t  a r e  connected a t  t h e  p o s i t i o n s  

Only two of t h e  fou r  remaining 

U U 
The lowest t r i p l e t  s ta te  of  t h e  pyrene molecule i s  
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52 FAVE AND SCHOTT 

& and Bu have comparable i n t e n s i t i e s  i n  both p o l a r i z a t i o n s .  
The phosphorescence of pyrene (dimers ?) i n  benzophenone a t  
77 K i s  mainly p o l a r i z e d  perpendicular  t o  t h e  molecular 
plane2*,  which f avor s  case 4 25 . 

To estimate A from D i n  Table I ,  t he  absorp t ion  i n  each 
p o l a r i z a t i o n  was assumed t o  be the  sum of two lo ren tz i ans  of 
equal  wid ths ,  corresponding t o  & and Bu r e s p e c t i v e l y .  As 
any independent experimental  information on the  r e l a t i v e  
i n t e n s i t i e s  of t h e  two components was lacking ,  t h e  he ights  of 
t hese  l i n e s  were taken from Table I .  The r a t i o  of t h e i r  
he igh t s  i s  a/B i n  one p o l a r i z a t i o n ,  B/a i n  t h e  o t h e r .  
one has 

Then 

This r e s u l t  i s  genera l  f o r  any l i n e  shape as long as both 
l i n e s  have t h e  same shape. 

I V .  SUMMARY AND CONCLUSIONS 

I t  i s  c lear  from the  above t h a t  a p r e c i s e  determinat ion 
from spec t roscop ic  d a t a  of the  s p l i t t i n g  A of t h e  two A, and 
Bu t r i p l e t  s u b l e v e l s ,  a t  
Even i f  no p r e c i s e  va lue  of A can be given now, i t  may a t  
least  be s a i d  t h a t  t h e  most probable va lue  i s  A = 13 + 9 cm-', 
b u t  t h a t  va lues  as l a r g e  as 25 cm-l cannot be s t r ic t ly  exclu- 
dedZ6. Although t h e  unce r t a in ty  on t h i s  va lue  of A i s  la rge ,  
some pre l iminary  conclusions a r e  p o s s i b l e .  

d i f f e r e n c e  i s  due t o  t h e  unwarranted assumption A = D (not 
t o  the  r e s u l t s  of  t h e  measurements). A i s  a lso l a r g e r  than 
t h e  va lues  c a l c u l a t e d  i n  ( l ) ,  (2 )  which i s  of t h e  order  of 
2 an-'. As po in ted  ou t  i n  (2) , t h i s  va lue  is  small because 
of t h e  n e a r  c a n c e l l a t i o n  o f  two l a r g e  terms.  Such ca lcu la-  
t i o n s  are no t  expected t o  be very accu ra t e ,  and an uncer- 
t a i n t y  of 20% on each term would c e r t a i n l y  be considered a s  
a s a t i s f a c t o r y  r e s u l t .  The unce r t a in ty  on A is c e r t a i n l y  
l a r g e r  i n  pyrene. I t  i s  a l s o  p o s s i b l e  t h a t  t h e  c a l c u l a t i o n s  
a r e  a f f e c t e d  by the  use of  s l i g h t l y  i n c o r r e c t  atomic posi-  
t i o n s  i n  t h e  c r y s t a l 7 .  A t  p r e sen t ,  i t  is only poss ib l e  t o  
conclude t h a t  t h e  c a l c u l a t e d  t r a n s f e r  i n t e g r a l s ,  hence a l s o  
t h e  b i g  va lue  o f  A ( i ) ,  cannot be u n c r i t i c a l l y  accepted and 
used i n  a band s t r u c t u r e  c a l c u l a t i o n .  

Acknowledgements - The c r y s t a l s  used i n  t h i s  s tudy were 
k indly  given t o  us by D r .  N .  Karl ,  K r i s t a l l a b o r  S t u t t g a r t ,  
and D r .  W .  Whitten,  Queens College o f  t h e  C i t y  Univers i ty  of 
New York. We are v e r y  much indebted t o  them. 
f u l l y  acknowledge f r u i t f u l  d i scuss ions  wi th  D r .  V .  Ern. 

= 0 i n  pyrene w i l l  be  d i f f i c u l t .  

1-3 A i s  l a r g e r  than  the  va lue  quoted p rev ious ly  , t he  

We a l s o  gra te -  
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100 

5 

6 . 7  

135 

1.35 

1.49 

Case no 

100 100 100 100 

6 5 . 1  65.1 126 126 

1 3 . 4  87.8 26 138 

20.6 135 20.6 109 

0.206 1.35 0.206 1.09 

0.192 / 1 . 4 9  i0.192 1 .00  

4.7D 8.7D 
I 

T r i p  1 e t symmetry 

Mixing s i n g l e t  
symmetry 

SOC r o u t e  

U 

U 
L ' B  

/ / a  

/ / b  

1 

A 1  lmann (7b) 
T o t a l  a b s / / b  
T o t a l  a b s / / a  

Robertson (7a) 

A from E q .  (1) 

L = B  3U M = B  2u N = B  l U  

100 

5 

5 . 5  

109.2 

1 .09  

1.00 

Table I - R e l a t i v e  Absorpt ion o f  A 

The s i x  c a s e s  l e a d i n g ,  i n  H o c h s t r a s s e r ' s  t h e o r y ,  t o  o r b i t a l l y  
allowed t r a n s i t i o n s  between t h e  ground s t a t e  and t h e  lowest 
t r i p l e t  s t a t e ,  a r e  d i s p l a y e d .  R e l a t i v e  a b s o r p t i o n s  a r c  g i v e n ,  
t h e  a p o l a r i z e d  A, a b s o r p t i o n  i n t e n s i t y  b e i n g  taken a s  100 i n  
each-case. 
f a c t o r s 1 4 .  
- a p o l a r i z e d  a b s o r p t i o n ,  which is experimental  I y  measured, i s  
a l s o  g i v e n .  Refined c r y s t a l  s t r u c t u r e  parameters  (7b) have 
been u s e d .  Although t h e y  d i f f e r  on ly  s l i g h t l y  from o l d e r  d a t a  
(7a) which have been used i n  o t h e r  work1 t h e  p o l a r i z a t i o n  
r a t i o s  change by about 10% a s  seen i n  t h e  two l a s t  l i n e s .  

Symmetry convent ions  a s  i n  ( 1 ) .  Note t h a t  d i f f e r e n t  
convent ions  a r e  used e l sewhere  24  . 

and BU S t a t e s  
U 

Such r e l a t i v e  v a l u e s  depend o n l y  on geometr ica l  
The r a t i o  o f  t o t a l  b p o l a r i z e d  a b s o r p t i o n  t o  t o t a l  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
04

 2
3 

Fe
br

ua
ry

 2
01

3 



54 FAVE AND SCHOTT 

REFERENCES 

1. 

2 .  

3 .  

4 .  

5.  

6.  
7. 

8. 
9 .  

10. 

A .  Tiberghien and G .  DelacGte, Chem. Phys. Let t .  1 4 ,  184 
(1972). 
S.W. Harr ison,  C . R .  F i scher  and S. Arnold, J .  Chem. Phys. 
57, 1102 (1972. 
S. Arnold, W.B. Whitten and A . C .  Damask, Phys. Rev. B 
3, 3452 (1971). 
S. Arnold, J . L .  Fave and M. Scho t t ,  Chem. Phys. Le t t .  
28, 412 (1974). 
H.  Bouchriha, M .  Scho t t ,  J . L .  Fave, J .  Phys. (Pa r i s )  
36, 399 (1975). 
V .  Ern, t o  be publ i shed .  
The room temperature  c r y s t a l  s t r u c t u r e  of pyrene was 
first s tud ied  by 
a )  J . M .  Robertson and J . G .  White, J .  Chem. SOC. (1947) 
358 whose r e s u l t s  were used i n  a l l p r e v i o u s  work. 
has been more r e c e n t l y  r e i n v e s t i g a t e d  by 
b)  R .  Allmann, Z .  K r i s t a l l o g r .  132, 129 (1970) and, 
us ing  neutron d y f f r a c t i o n  by 
c )  A . C .  Haze l l ,  F.K. Larsen and M.S. Lehmann, Acta 
Crys t .  B 28, 2977 (1972). 
The more r ecen t  r e s u l t s  a r e  only s l i g h t l y  d i f f e r e n t  from 
t h e  ea r l i e r  ones,  b u t ,  as discussed i n  t e x t ,  t h i s  makes 
a non-negl ig ib le  d i f f e r e n c e  f o r  some c r y s t a l  p r o p e r t i e s .  
Allmann's da t a  are used i n  t h i s  no te .  
R .  Kopelman, J .  Chem. Phys. 47, 2631 (1967). 
In  naphthalene o r  anthracene,  t h e  two subbands (corres-  
ponding t o  A, and Bu a t  & = 0) are degenerate  f o r  k = 
.rr/a o r  r / b ,  and t h e  DS is  of t h e  order  of  t h e  t o t a l  
t r F p l e t  bandwidth. 
pyrene6, and A ( i ) ,  n o t  A(C4), i s  t h e  main f a c t o r  i n  
determining t h e  widths .  
Severa l  spec t roscop ic  methods of measurement of A(i)  a r e  
p o s s i b l e .  
perpro tona ted  pyrene,  p a i r s  of C16Hlo molecules sub- 
s t i t u t e d  a t  si tes r e l a t e d  by inve r s ion  form dimers, whose 
o r b i t a l l y  allowed o p t i c a l  t r a n s i t i o n  w i l l  b e  r edsh i f t ed  
from t h e  monomer t r a n s i t i o n  by an energy A( i )  i n  t he  
C16D10 c r y s t a l  s t r u c t u r e .  Such measurements were per-  
formed, f o r  i n s t a n c e ,  i n  naphthalene a t  4 K 1 l , l 2 .  
pyrene,  A(i)  may be l a r g e  enough t o  make t h e  experiment 
p o s s i b l e  a t  h ighe r  temperature ,  b u t  t he  samples needed 
are not a v a i l a b l e  t o  u s .  However, as  t he  C H c r y s t a l  
l a t t i c e  i s  no t  very s t a b l e - - t h e r e  i s  a phase t r a n s i t i o n  
nea r  120 K - - ,  t h e  i d e n t i t y  o f  C16D10 and C16H10 c r y s t a l  
s t r u c t u r e s  should be checked f i r s t .  

--- 

- - -  

--- 

- -  

-- 
I t  

- -  

- - -  

The s i t u a t i o n  i s  d i f f e r e n t  i n  

In  pe rdeu te ra t ed  pyrene c r y s t a l s  doped with 

In 

16 10 

Another p o s s i b i l i t y ,  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
04

 2
3 

Fe
br

ua
ry

 2
01

3 



DAVYDCIN SPLIYI'ING OF TRIPLET EXCITONS 55 

11. 
12 .  
13. 

14 .  
15. 

16. 
17. 

18. 

19. 

20. 

21.  

22. 

23. 
2 4 .  

us ing  pure c r y s t a l s ,  would be t o  s tudy  v i b r o n i c  t r a n s i -  
t i o n s  where an ungerade v i b r a t i o n  is e x c i t e d  i n  t h e  
i n i t i a l  o r  f i n a l  s t a t e .  
D.M.  Hanson, J .  Chem. Phys. 52, 3409 (1970). 
C . L .  Braun a n 3  H.C .  Wolf, Chem. Phys. L e t t .  9 ,  260 (1971). 
J . L .  Fave, M .  Schot t  and V .  Ern, Chem. Phys. Le t t .  38 
149 (1976). 
R.M.  Hochstrasser ,  J .  Chem. Phys 

Bouchriha, M .  B i sceg l i a ,  S .  Arnold and M .  Scho t t ,  Phys. 
Rev. B , 8 ,  6038 (1973). 
R . E .  M e r r i f i e l d ,  J.  Chem. Phys. 48, 3693 (1968). 
P .  Avakian and E.-Abramson, J .  Chem. Phys. 43, 821 
(1965). 
K .  Mis te lberger  and H. Po r t  i n  "Molecular Spectroscopy 
of Dense Phases", M.  Grosmann, S.G. Elkomoss and J .  
Ringeissen eds .  (E l sev ie r  1975), p .  181. 
SOC rou te s  are not  d i scussed  i n  d e t a i l s  he re .  Other 
in t ramolecular  mixing schemes may be of importance.  See 
f o r  example B . R .  Henry and W .  S iebrand,  J .  Chem. Phys. 
2396 (1969) and W.S. Veeman and J . H .  Van-der Waals, Mol. 
Phys. 18, 63 (1970). 
In  add i t ion ,  t h e  c lose  proximity of  t h e  two molecules 
r e l a t e d  by inve r s ion  might in t roduce  in te rmolecular  
coupling r o u t e s ,  f o r  i n s t ance  v i a  charge t r a n s f e r  s Zf te s .  
This i s  the  r e s u l t  of quantum chemical c a l c u l a t i o n s  , 
and spec t roscop ic  measurements: t he  same v ib ron ic  s t r u c -  

and i n  t h e  second, B 
N.S. Ham and K .  R u e d z s e r g ,  J .  Chem. Phys. 25, 13  (1956). 
M . K .  O r l o f f ,  J .  Chem. Phys. 47, 235 (1967). 
R.M. Hochs t rasser  and S.K. Lower, J .  Chem. Phys. 40, 
1041 (1964). 

-- 
--- 
--- 

47,11015 (1967). -- For in s t ance  a t  5145 A E = 8.10- 4 cm- : V .  Ern. H.  

- ,- 
-- 

- - -  

-- 
- 

t u r e  i s  found i n  So+T1 absorption1', phosphorescence 22 , 
23 s i n g l e t  absorp t ionz4 .  

- - -  
- - -  

- - -  
H. Venghaus, Phys. S t a t .  So l .  (b) 54, 671 (1972). 
A .  Bree and V . V . B .  Vi lkos,  Spectrochim. Acta A 27, 2333 
(1971). 

--- 
-- 

25: The p o l a r i z a t i o n  r a t i o  found would r a t h e r  f avor  case 6. 
The d i f f e r e n c e  between experimental  and ca l cu la t ed  
value f o r  case  4 cannot be explained by depo la r i za t ion  
due t o  i n t e r n a l  s c a t t e r i n g :  s c a t t e r i n g  of 20% of i n c i -  
dent  l i g h t  decreases  t h e  PR from 1.35 t o  1 . 2  on ly ,  bu t  
a s  t he  q u a l i t y  of t h e  c r y s t a l s  was good, a c t u a l  s c a t t e r -  
ing  was much l e s s .  The o r i g i n  of t he  discrepancy i s  no t  
c l e a r :  more than  one SOC r o u t e s ,  o r  rou te s  d i f f e r e n t  from 
those  considered he re ,  may be ope ra t ive .  

ba t ion  was conducted a t  140 K ,  where the  ha l fwid th  of 
26. A similar,  a l though l e s s  c a r e f u l  and d e t a i l e d ,  i n v e s t i -  
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t h e  l i n e s  is  only about 40 cm-' "-I4. If A was t h a t  
l a rge ,  one would expect t h e  l ineshapes  i n  t h e  two polar-  
i z a t i o n s  t o  be s t rong ly  non- lo ren t i z i an  near  t h e  maxi- 
mum. As t h i s  is no t  found, a r e  upper l i m i t  of A a t  
140 K i s  about 30 cm-l. 
i s  s t i l l  above t h e  phase t r a n s i t i o n  temperature  a t  
120 K) t h e  r e l a t i v e  p o s i t i o n s  of  t h e  molecules may have 
s l i g h t l y  changed, and t h i s  may be enough t o  a l t e r  s i g n i -  
f i c a n t l y  t h e  t r a n s f e r  i n t e g r a l s ,  and hence A .  
If one succeeds i n  quenching t o  4 K o r  below t h e  room 
temperature  phase,  t h e  ind iv idua l  l inewidths  may become 
narrower than  t h e  s p l i t t i n g ,  a l lowing simultaneous 
measurement of A and the  r e l a t i v e  i n t e n s i t i e s  of t he  
l i n e s .  Such a measurement i n  t h e  low temperature  phase 
would a t  least  allow t h e  de te rmina t ion  of t h e  SOC rou te ,  
provided t h e  c r y s t a l  s t r u c t u r e  becomes known. 

But from 300 t o  140 K (which 

18 
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