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I'lic ways o S  deKradat ion of e l e c t r o n i c  e x c i t a t i o n  

cncr,;;y 3:  s i n r - l e t  s t a t e s  of  complex iiiolecules i n  t h e  

::as ;.)h?r?se w i t i i  v a r i o u s  character af de:,cndence of  t h e  

cpniitu.ii yield arid Lifetime 3f f l u o r e s c e n c e  on t h e  ex- 

cess  v i b r a t i o n a l  energy of  e x c i t e d  i n o ~ e c u ~ e s ,  A E  v i b '  
arc  Ciscussed. Fro:it the a n a l y s i s  of  l i t e r a t u r e  d a t a  011 

i>iithali.ilide atid an th racene  d e r i v a t i v e s  and pe ry lene ,  and 

a l s o  r'rm t i le  r e s u l t s  of i n v e s t i g a t i o n s  conducted i n  t h e  

,)reseiit study for 9,lO-r1ii:iethylantiiraceiie and 3, 10-di- 

T)iic-n3'laiit;iraceiie it f o l l o w s  t h a t  i n  t h e  m a j o r i t y  of ca- 

ses  r a d i a t i o n l e s s  deg rada t ion  of e l e c t r o n i c  e x c i t a t i o n  

e n c r f v  i s  rea! i z e d  both  by ineans of i n t e r s y s t e m  c r o s s i n c  

and i n t e r n a l  convers ion .  For a l l  s t u d i e d  a io lecules ,  w i t h  

t h e  axcentj.on of an th racene ,  an i n c r e a s e  i n  i n t e r s y s t e m  

c r o s s i n g  wi th  i n c r e a s i n g  AT;  o€ e x c i t e d  s i n g l e t  s t a -  

t c  i s  observed ,  wh i l e  t h e  i n t e r n a l  conve r s ion  p r o b a b i l i -  

ty ].lay e i t h e r  i n c r e a s e  o r  decrease .  I n  p a r t i c u l a r ,  an  
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126 BORISEVICH, BOWT'KO, AND RAICHYONOK 

i acrcase  iii tiic quaiitu.a y i e l d  and 1ifet i .ne of f luo res -  

cciice ~f 1, lO-tliinet!iylanthracene with inc reas ing  A E vib  

?roved t o  be (!Lie t o  a c!ecreasc i n  t h e  in tc r r ia l  convers- 

ioa  x ~ h a 5 i  Lity. 

* 

.in increase  i n  t h e  excess  vibrat ioaial  energy of 

si1ir:let exci ted s t a t e s  of the iiiajority of polyatoiiiic or- 

!jaiiic compounds i n  t h c  gas  p!iase i s  known to be  accoiiipa- 

nied w i t h  an i i icrcase i n  t h e  Drobabi l i ty  of r ad ia t ion -  

lcss t r a a s i t i o a s  . A s  a rc.sult, t h e  quantum y ie ld ,  

an(! l i f e t i t , i e , T  

cules usual ly  decrease with ir icrcasing energy of t h e  

exc i t ing  racliakion quantum, 

t u r e ,  T. 

F ,  1 

of f luorescence of free comnlex mole- 

arid vapour tempera- ''' exc' 

Radia t. ior i less  degradation of e l e c t r o n i c  energy of 

t h c  first exci ted  s i n r l e t  5 s t a t e  can b e  r e a l i z e d  i n  

two ways: by .iieans of intcrsystem c ross ing  (S14Tn t r an -  

s i t io t l )  , and i i i t e rna l  coiiversioii (S - S t r a n s i t i o n ) .  

Ti le  r o l e  04 eac!i of t h e  channels i n  t h e  r a d i a t i o n l e s s  

d i s s ipa t ion  of e l c c t r o n i c  e x c i t a t i o n  energy of f r e e  po- 

lyatotitic molecules, however, remained uninves t iga ted  

u n t i l  recent ly .  In our s t u d i e s 2 s 3  it has  been shown for 

a series of plithnlinidc d e r i v a t i v e s  i n  t h e  gas nhase 

t l iet  t h e  :i s t a t e  energy degradation i s  r e a l i z e d  through 

both chaiinels. Zoreovcr with inc reas ing  excess v i h r a t i -  

onal energy o f  t h c  exc i ted  molecules, A E  t h e  i n t e r -  

system cross ing  probabi l i ty  u s u a l l y  i n c r e a s e s  more ra -  

3itlly, t h u s  causing a s h a m  decrease i n  arid% . 
ifowever, t h e r e  a r e  s o m e  compounds whose $' remains 
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1 0  
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vib '  

x 
i j r ac t i ca l lv  constant  w i t l i  increas ing  A E vib (anthracene,  
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127 SINGLET EXCITED STATES 

Derylerie) , o r  even i n c r e a s e s  ( 0 ,  lO-dimethylant!lracel7e) 1 . 
For t h e  a n t h r a c e n e  molecule  i n  t h e  g a s  phase in te rsys te i i i  

c r o s s i n g  proved t o  he the main channel  of r a d i a t i o n l e s s  

d e a c t i v a t i o n  of t h e  S s t a t e ,  i t s  p r o b a b i l i t y  b e i n g  i n -  

dependelit O f  A E I n  t h e  c a s e  o f  p e r y l e n e  molecu le s  v i b  
i n  t h e  g a s  pliase, i n t e r n a l  conve r s ion  e f f e c t i v e l y  compe- 

t e s  w i t ! ?  i n t c r s p s t c m  crossing i n  t h e  c o u r s e  of r a d i a t i o q -  

l c s s  r l j  s s i p a t i o n  of  t h e  e l e c t r o n i c  e x c i t a t i o n  energy.  The 

p r o b a b i l i t i e s  of t h e s e  p r o c e s s e s  change so t h a t  t h e i r  sum 

remains  m - a c t i c a l l y  c o n s t a n t  . 4 

The p r i n c i o l e  aim of t h e  p r e s e n t  s t u d v  was t o  e s t a b -  

l i s h  t h e  ways of  t h e  d e g r a d a t i o n  o f  e l e c t r o n i c  energy  of 

tlie S s ta tes  o f  complex molecu le s  i n  t h e  c a s e  when t h e  

f l u o r e s c e n c e  quantum y i e l d  and l ifetime i i i c r e a s e  w i t h  i n -  

c r e a s i n g  A E Vapours o E  9 , lO-dimethylan thracene  

( ( ] , l O - O 4 A )  and 9 , lO-diphenylanthracene  (0,lO-DPA) w e r e  

s t u d i e d .  The f i r s t  compound i s  c h a r a c t e r i z e d  by an  i r i c -  

r e a s e  o f  t h e  v a l u e s  of g 
cess v i b r a t i o n a l  enerqv  o f  t h e  e x c i t e d  molecules ,  

1 

* 
v ib '  

and 7 wi th  i n c r e a s i n g  ex- 

* 
wixi l e  t h e  second compound, by t h e i r  dec rease .  

v j b '  A E  

The t r i p l e t - t r i D l e t  a b s o r p t i o n  sDect ra  and quantum 

y i e l d s  of t r i p l e t  s t a t e  fo rma t ion  of  t h e  vapours  of t h e -  

se compounds w e r e  measured i n  o r d e r  t o  de te rn i ine  t h e  

D r o b a b i l i t i e s  of i n t e r s y s t e m  c r o s s i n g ,  dST, and i n t e r -  

n a l  conve r s ion ,  dSS' 
The molecu le s  unde r  s t u d y  w e r e  e x c i t e d  by t h e  se- 

cond harmonic r a d i a t i o n  o f  a g i a n t - p u l s e  ruby  laser. 

T r i p l e t - t r i p l e t  a b s o r p t i o n  was r eco rded  100-200 n s e c  

a f t e r  t h e  e x c i t a t i o n  o f  molecules .  P h o t o e l e c t r i c  method 
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, b... BORISEVICH, BOLOT'KO, AND RAICHYONOK 

!%a> used  t o  c l e t e rn ine  t h e  i n t c n s i t y  of  t h e  r a d i a t i o i i  of' 

tlic s ,>ec t rosco r> ic  f l a s : i  a E t e r  passink. throuc:;i an unexci  - 
t c t i  sam?le,  I , aiid t l i r o u 4 i  t h e  cxc i t e t l  one .  I . 

uiiexc cxc  
Tile e x n e r i i , : e i l t a l l y  iileasllred r a t i o ,  T 'I , was tlsec: t o  

deter ixir ic  t ' ic e x c i t e d  sain->lc o it i c a l  d e r i s i t v :  
u c  

- 
,> 'r 

vi:iere n i s  t h c  t r i p l e t .  s t a t e  p o p u l a t i o n ;  2 aP:l Je , 
. . :~>?ecular  c o e f f i c i e i i t s  o f  sim;I et and t r i o l c t  a5sorot.- 

iqr:, r e s o e c t i v e l y ;  1 ,  o 3 t i c a l  oath  l.ci>gtil i i i  the  sni:i:>le 

( 1 4  crn). T h e  e x c e s s  v i b r a t i o n a l  enerqv was v a r i e d  b v  

i;icails o f  i n t r o d u c t i o n  i n t o  t h e  vanour  o f  t i le f o r s i q i  Gas 

- pei i tane - a t  d i f f e r e n t  c i ressures .  It i s  kn01%~1iS t h a t  

t h e  i n t e r a c t i o n  o f  f o r e i g n  ;;:ases w i t h  r i iolecules  i n  elect-  

r o n i c  e x c i t e d  s t a t e s  r e s u l . t s  i n  v i b r a t i o n a l  e i i c r L 9  excha-  

nge which l e a d s  t o  t h e  change  of r a d i a t i o n l e s s  t r a n s i t i o n  

p r o b a b i l i t i e s .  The s t u d i e d  in01 e c u l e s ,  e x c i t e d  bv t h e  rubv  

l a s e r  second harmonic r a d i a t i o n  i n t o  t h e  s t a t e ,  iilay be  

c o n s i d e r e d  i s o l a t e d  unde r  t h e  vapour  p r e s s u r e s  used, anc! 

have  t h e  v i b r a t i o n a l  ene rpy  e x c e s s  of 2600 c n i  . A s  a re- 

s u l t  o f  i n t r o d i i c i n g  of t h e  f o r e i g n  gas ( 400 I M ~  IIc.) i n t o  

t . h e  vaqour ,  t h e  n r a c t i c a l l y  e q u i l i b r i u m  d i s t r i b u t i o n  of 

m o l e c u l e s  o v e r  t h e  S s t a t e  v i b r a t i o n a l  l e v e l s  i s  r e a l i -  

zed.  F i g u r e  1 d i s p l a y s  s p e c t r a  o f  t r i p l e t - t r i p l e t  a b s o r -  

n t i o n  of 9 ,  10-D:.l.Z and 3,10-DP.4 i n  rJure vapour  and i n  t h e  

p r e s e n c e  o f  t h e  f o r e i c n  gas .  

T 

'> 1 

- 1  

1 

1 
T o  d e t e r m i n e  n and 2 , w e  u s e d  h e r e  a s  w e l l  a s  i n  

6 T 
o u r  p r e v i o u s  w o r k s  t h e  method s u g g e s t e d  in Ref.  . The 

a b s o l u t e  v a l u e s  of t h e  t r i p l e t  s t a t e  f o r m a t i o n  quantuin 
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129 SINGLET EXCITED STATES 

F i q .  1. S p e c t r a  o f  s i n q l c t  a b s o r 3 t i o n  ( l k ,  f i u o r c s -  
cence  ( 2 )  and o v t i c a l  d e i i s j t y ,  !I . ( y . 4  - 
a t  d i f f e r e n t  p r e s s u r e s  of pentane .  
a - 9,lO-dimethyl a n t h r a c c n e  vaiwurs 
( P  = 0 . 2 3  mni IIg, T = 446 K ) ,  7 - !’ = 0 ;  
4 - P = 3 6 0  i i u n  11s; b - 9 ,  1 0  -di ; )henyl-  
a n t h r g c e n e  vaoours  (i’ = 0.3 Trim I i c ,  

1 , ) :  

7 

T = 5 2 5  I < ) ,  3 - Pr, = 0 ,  4 - I’ = A00 l,*.n [ I ; .  
3 
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130 BORISEVICH, BOLOT'KO, AND RAICHYONOK 

y i e l d ,  7 . w e r C  fount1 f'paiii the r n t j n  q f '  t h n  c n n c e n f ~ r a t -  

ion  of t r i g l e t  iiioIecl!Ze..; t o  I iiat. of mo1 e c u l e s  w!ii.ck ah-  

sorbed t h e  e x c i t i n g  rad ia t io i i .  3.11 t h e s e  ex.mrir,ients 

n e a r l y  a h a l f  of t!ie inci:ient e x c i t i n g  rndia t ior i  c1:erir.y 

was absorbed i n  t 5 c  c u v c t t c .  T i l e  cxciciir;: rac!iatinii ?(>- 

w e r  d e n s i t y  was a a j  i i tai  iieti n r a c t i c i t l l v  cni1sra:it alm:; 

t h e  e n t i r e  c u v e t t c  length 3%- tneans of decrcasinl:  nf t h e  

c ross -sec t ion  a r e a  of t h e  l i  !.:lit bcaii; froi:r the bcgiiiiiin;,. 

of t h e  c u v e t t e  towards i t s  f-iid with tile he13 oi' A focus- 

i n a  1.en.s. So more t.imn 1 <'! #)t? ; , l o 1  ecul eq prcsant i n  t ! i c %  

e x c i t e d  voltriiie w e r e  corivcrtctl i n t o  t!ie tri:)lct. s t a t e .  

Tile e r r o r  of dt-termiriation ~f the abso1.ute. valucs r r i '  

d i d  not  exceed 40?., e r r o r s  i n  r c l  a t i v e  i!ieasureinents !df 

1 w e r e  less t.lian 15;;. i:siiic tile v a l u e s  of '1 o..rto%ri- 

ed and t h o s e  of anti 't crnl;: tlic '1.iteraturc- tiara, wc 

e s t i m a t e  t h e  oro!wi>i.1.iti er of i i : t rv*sys+m!i  cr(>ssi.u.:! ( l S r $  

and i n t e r n a l  conversion,  d.. . .  frorii t h e  s t a t e s  of  the 

inolecules under s tudy,  a+ v a r i o u s  C X C ~ S S C S  o f  vil>rat . i-)-  

iial energy ( s e e  Tablc  11. 

3" *2 1 

In the case of %), lO-JimetIiylaiit-iIt'ncclic, ra t i ia t  i o i i -  

less degradat. ion of el .cctroni  c e n e r g  woccec!s tiirmiph 

1 both  channels.  The i n t e r n a l  conversioi; v i e l J  i i i  t!ic 3 

s t a t e  d e c r e a s e s  wi th  i n c r e a s i n g  excess vi .>rat i  Oiia I ellor- 

gy ( w i t h i n  t h e  s t u d i e d  l i m i t s )  from 0 . 5 2  to O . l . ! ,  tiic 

i n t e r n a l  conversion p r o b a b i l i t y ,  dSS, i s  rec!uced tiirec- 

f o l d ,  whi le  t h e  i n t e r s y s t e m  c r o s s i n g  +x-oba!>ilitp, JsF, 

i n c r e a s e s  approximately by a f a c t o r  of 1 . 5 .  'I'hris an i n -  

crease of  F 
se is due t o  a more r a o i d  decrease  of t! . . a s  C(.)i.i?ai~t~'; 1 

t h e  i n c r e a s e  of d 

u 
and 9 w i t h  i n c r e a s i n g  A r vil) in tliis CB- 

>> 
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SINGLET EXCITED STATES 

TABLE 1 

131 

I n t e r s y s t e m  C r o s s i n g  and I n t e r n a l  Conversion P r o b a b i l i t i e s  

Compound Vapour T-T a b s o r p t i o n  T - s t a t e  Fluo- S s t a t e  d * 
1 ST dSS' 

tempe- c o e f f i c i e n t ,  quantum r e s c e n -  l i f e -  .10-3 
r a t u r e ,  i E T ,  M - l c m - '  y i e l d ,  ce t i m e ,  -1 -1 

K 7 quantum 4 n s  s 
y i e l d ,  [7] 
F 171 

9,lO-di- 448  11900 5 1700 0 .67  0.14 3 .5  1.9 0.5 

methyl-  (2 ,  '24390 

a n t h r a -  n o n r e l a x a t i n g  

c e n e  molecules  

30100  5 4500 0.37 0.11 3.0 1.3 1.7 

( 9 =24390 cm-l) 

r e l a x a t i n g  

m o  1 e c u l  es  

( 3 6 0  mm Hg 

pentane)  

9 , lO-di-  5 2 5  12400 5 1800 0 .34  0.76 3.3  1.0 - 
phenyl- ( 3  = Z ~ O O O  a ? )  

a n t h r a -  n o n r e l a x a t i n g  

c e n e  m o l  e c u l  es 

11000 2 1600 0 .26  0.0 3 .3  0.0 - 
( 3  =236b0 cm-') 

r e l a x a t i n g  

molecules  

( 4 0 0  mm Ilg 

pentane)  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



132 BORISEVICH, BOLOT'KO, AND RAICWONOK 

It can b e  seen froin F i g . l a  t h a t  t h e  o p t i c a l  dens i -  
T 

t y ,  D , of g,lO-DlriA vapours  i n  t h e  v i c i n i t y  of t h e  t r i -  

n l e t - t r i p l e t  a b s o r p t i o n  band maximum i n  t h e  p re sence  of  

pentane exceeds DT of r a r e f i e d  vapours,  a l t hough  t h e  

t r i p l e t  s t a t e  formation y i e l d  i s  reduced on a d e c r e a s e  

of  exccss  v i b r a t i o n a l  energy of  s i n g l e t - e x c i t e d  molecu- 

les caused by t h e  f o r e i g n  g a s  a d d i t i o n  (Tab le  1). T h i s  

i s  due t o  an i n c r e a s e  of  t h e  t r i p l e t - t r i p l e t  a b s o r p t i o n  

c o e f f i c i e n t  r e s u l t i n g  from v i b r a t i o n a l  r e l a x a t i o n  of 

comolex molecules  d u r i n g  i n t e r a c t i o n  w i t h  t h e  f o r e i g n  

gas molecules.  The i n c r e a s e  of  t r i p l e t - t r i p l e t  absorp-  

t i o n  c o e f f i c i e n t  nea r  t h e  band m a x i m u m  s u c c e s s f u l l y  con- 

wtee  with t h e  d e c r e a s e  of t r i p l e t  mo lecu le s  c o n c e n t r a t -  

i o n ,  n due t o  a d e c r e a s e  of  t h e  p r o b a b i l i t y  d upon T' ST 
a d d i t i o n  of  pentane t o  t h e  9, lO-DMA vapours. T h i s  can b e  

seen from t h e  t i m e  dependencies  o f  D (Fig.2) .  In t h e  

case of  r a r e f i e d  vapours,  w i t h i n  t h e  i n v e s t i g a t e d  t i m e  

i n t e r v a l ,  t h e  i n t e r m o l e c u l a r  v i b r a t i o n a l  r e l a x a t i o n  i n  

t h e  t r i p l e t  s t a t e  does  no t  occur ,  and D remains cons- 

t a n t  ( c u r v e  3).  Con t ra ry  t o  t h i s ,  w i th  t h e  pentane pre- 

s s u r e  be ing  360 mm IIg, t h e  r e l a x a t i o n  is a l r e a d y  comp- 

l e t e d  ( cu rve  2). I n  t h e  p re sence  o f  pentane a t  13 mm Iig, 

t h e  molecules  o f  9 , lO-DFlA d u r i n g  t h e i r  l i f e t i m e  i n  t h e  

e x c i t e d  s i n g l e t  s t a t e  undergo approximately one c o l l i s -  

i o n ,  and t h e  p r o b a b i l i t y  d must b e  less  t h a n  i n  t h e  
ST 

c a s e  o f  r a r e f i e d  vapours. Consequently,  a t  t h e  i n i t i a l  

i n s t a n t  o f  o b s e r v a t i o n ,  DT ( c u r v e  1) is  a l s o  less t h a n  

f o r  r a r e f i e d  gases. With time, D i n c r e a s e s  due t o  a n  

i n c r e a s e  i n  t r i p l e t - t r i p l e t  a b s o r p t i o n  c o e f f i c i e n t  du- 

r i n g  i n t e r m o l e c u l a r  r e l a x a t i o n  i n  t h e  t r i p l e t  s ta te ,  

T 

T 

T 
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SINGLET EXCITED STATES 133 

r ’ i  ..?. L)c:>crdencc of t r i n l e t - t r i n l e t  abso rp t ion  of 
9, 10-tiii.iethvlarlthraccne vapours a t  the fre- 
quency 3 = ?4330 cni-1 on time a t  d i f f e r e n t  

3 - 0 IIUll Ifg) 
prcssl i rcs  of x m t a n e  ( 1  - 13, 2 - 3 6 0 ,  

and aeeornes l a r g c r  t h a n  :IT a t  360 rnin Hg, of ?entane,  

w h i c ! i  is a t t r i b u t a b l c  t o  a cons ide rab ly  lower i n t e r s y s -  

tem c r o s s i n g  o r o b a b i l i t y  at high pressure of  pentane. 

The sum of quantum y i e l d s  of t r i p l e t  s t a t e  forma- 

t ion and €luorescence of 3.10-dinheny7 a n t h r a c e a e  va- 

oours  5s equal t o  u n i t v  w i t h i n  experimental  e r r o r  li- 

m i t s ,  which means t h a t  t h e  * r a d i a t i o n l e s s  d e a c t i v a t i o n  

of t h e  S s t a t e  of t h i s  compound Droceeds by i n t e r s y s -  

tem c r o s s i n g  and its p r o b a b i l i t y  i n c r e a s e s  wi th  a n  i nc -  

Tease i n  excess v i b r a t i o n a l  enerb7, t h u s  caus ing  t h e  

decrease of  t h e  f l u o r e s c e n c e  quantum y i e l d .  

1 

From t h e  a n a l y s i s  of t h e  data ob ta ined  by us for 

d i f f e r e n t  classes of  compounds i n  t h e  g a s  phase (phtha- 
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IiklicIe and antnracene de r iva t ives ,  perylene) it €01 lows 

t,:lat i i i  tiic ilia i o r i t y  of ca ses  r a d i a t i o n l e s s  deqradat ion 

81f el. ::ctrc)iiic exc i t a t ion  energy is r ea l i zed  through both 

c:lannel.s. For a l l  1.~01 ccul es s tudied ,  w j . t h  t h o  excontion 

7f' allt:lraccnc, an j iicrease i n  int.ersystetn c ros s ing  pro- 

:>abil.jty w i t : t  increas ing  excess  v ibra t io i la l  ciiergy of 

t:rc exci ted s t a t e  is observe:l, while t h e  w o l m b i l i t y  of 

5.nt eriiol coirversi.3:i #say e i t h c r  i nc rease  or decrease,  be- 

i ,rg v a c t i c a l l y  nazl i g i b l e  for some molecules. Th i s  does 

not agree w i t h  t h e  7ublislied ca l cu la t ion  data" ', accor- 

f l i i i i :  to which tlie i n t e r n a l  conversion p robab i l i t y  must 

i l lcrease w i t h  i nc reas in r  excess  vi :wat ional  energy of 

s.i:i.:let-excited riiolecul. cs. 

In tile so lu t ions  of the s tudied  aromatic  hydrocar- 

h i i s  - perylene, antliracene. ~, lO-dimethylanthracene and 

.), I O-diidienyl antliracene - t!ie channel of e l e c t r o n i c  exci- 

t a i j  on radiat ion1 css decradat ion is tile in te rsys tem cros- 

sine . T h i s  re.su:lt agrees  wii- : i  *he empirical. rcquularitg 

c.etablishec! for so'lut;ioiis of arotnat.ic hydrocarbons 9 

accordinr: t o  w h i c h  t h e  i n t e r n a l .  conversion ? robab i l i t y  

is reduced with an inc rease  i n  t h e  enera i n t e r v a l  betwe- 

CII t h e  combiiiin2 s inyl  et  e l e c t r o n i c  s t a t o s .  Since t h e  

va?ue of  energy ga9 between t h e  S and S l e v e l s  of t h e  

a!)ove-meiitioiied com:>ounds exceeds 20000 CGI , t h e  i n t e r -  

nal  conversion m o b a b i l i t y  must not  be more than  10 s 

3n t l r c  o rder  of inagmitude, w i i i c l r  is much less than  t h e  

suiii of v o b a b i l i t i e s  of r a d i a t i o n  t r a n s i t i o n  and i n t e r -  

system crossing,  10 s . 

10 

11,12 

-1 
0 

6 -1 

3 - 1  

A S  w e  have shown e a r l i e r ,  i n  t h e  case of perylene 

and ?,lo-ditnethylanthracene vapours, u n l i k e  t h e  conden- 
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SINGLET EXCITED STATES 135 

s e d  phase,  i n t e r n a l  conve r s ion  i s  a n  e f f e c t i v e  channel  

o f  r a d i a t i o n l e s s  energv  degrada t ion .  A p o s s i b l e  r e a s o n  

for tliis behaviour  of free molecules ,  t h e  imoor tance  of 

wliich w a s  u n d e r l i n e d  by Terenin13,  i s  t h e  enhancement 

i n  t h e  g a s  phase  o f  t o r s i o n a l  and defor i i ia t ional  v i b r a t -  

i o n s  c a u s i n g  a g r e a t e r  mo lecu la r  s k e l e t o n  m o b i l i t y  t h a n  

i n  t h e  condensed pliase. 
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