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SUHHARY 
The f l u o r e s c e n c e  s p e c t r a  o f  t h i n  f i l m s  o f  p o l y ( N - v i n y l -  

c a r b a z o l e ) ,  PVCA, were measured a t  t e m p e r a t u r e s  between 103 K 
and 535 K by c o n s t a n t  e x c i t a t i o n  l i g h t  i n t e n s i t y .  Be low 300 I<, 
t he  c o r r e c t e d  s p e c t r a  were d i v i d e d  i n t o  bands b e l o n g i n g  to  
d i f f e r e n t  e m •  s p e c i e s  o f  PVCA. T e m p e r a t u r e  changes o f  
t he  i n t e n s i t y  o f  f l u o r e s c e n c e  o f  the  two main e x c i t a t i o n  e-  
n e r g y  t r a p s  i n  PVCA a re  d i s c u s s e d  u s i n g  the  s i m p l i f i e d  k i n e -  
t •  model o f  3 o h n s o n .  L o c a l  a n o m a l i e s  on the  c u r v e s  o f  i n t e n -  
s i t y  o f  e x c i m e r  f l u o r e s c e n c e  v e r s u s  t e m p e r a t u r e  measured at  
c o n s t a n t  w a v e l e n g t h  r e f l e x  the  ~ -  and ~ -  r e l a x a t •  r e -  
g i o n s  i n  PVCAo 

INTRODUCTION 
The e m i s s i o n  p r o p e r t i e s  o f  PVCA a re  r a t h e r  complex as 

may be seen from the  r e c e n t  s o p h i s t i c a t e d  model o f  I<LOPFFER 
(1981)  f o r  PVCA f i l m s  a t  77 K. A c c o u n t i n g  f o r  o n l y  the  main 
p r i m a r y  s i n g l e t  e n e r g y  p r o c e s s e s ,  the  model may be s i m p l e r  
(30HNSON 1 9 7 5 ) .  The e x c i t a t i o n  i i g h t  quanta  a re  absorbed  by 
i n d i v •  s i d e  g roups  o f  the  po l ymer  and the  e x c i t a t i o n  e-  
n e r g y  m i g r a t e s  i n  t he  form o f  s i n g •  e x c •  t h r o u g h  the  
p o l y m e r  by h o p p i n g  between n e i g h b o u r i n g  pendan t  c a r b a z o l y l  
g roups  u n t i l  i t  i s  t r a p p e d  by one o f  the  p r e - f o r m e d  e x c i m e r  
f o r m i n g  s i t e s  (EFS) from wh ich  i t  may be e m i t t e d  as exc•  I 
( E I )  o r  e x c i m e r  I I  ( E I I )  f l u o r e s c e n c e .  The EI w i t h  e m i s s i o n  
band maximum at  420 nm may form at  such s i t e s  on the  c h a i n  
where  i s o t a c t i c  t r a n s - t r a n s  c o n f o r m a t i o n a l  sequence a l l o w i n g  
s a n d w i c h l i k e  a r rangemen t  o f  two n e i g h b o u r i n g  c a r b a z o l y l  s i d e  
g roups  e x i s t s .  E I I  w i t h  maximum o f  e m i s s i o n  a t  380 nm i s  be-  
l i e v e d  to  b e l o n g  to an a r rangemen t  o f  the  ne•  a l ong  
the  c h a i n  c h a r a c t e r i z e d  by o v e r l a p p e d  two p h e n y l  r i n g s  o n l y .  
No monomer e m i s s i o n  o f  the  PVCA f i i m s  has been o b s e r v e d  due 
to  h i g h  e f f i c i e n c y  o f  the  m i g r a t i o n .  The c o n c e n t r a t i o n  o f  EFS 
depends on the  way o f  p r e p a r a t i o n  o f  the  po l ymer  ( ITAYA e t  a l .  
1976) and o f  the  f i l m  bu t  •  rema ins  c o n s t a n t  be low the  g l a s s  
t e m p e r a t u r e  Tg o f  PVCA. 

D u r i n g  the  s t u d y  o f  PVCA, l u m i n e s c e n c e  p r o p e r t i e s  a t  
room t e m p e r a t u r e  have o f t e n  been compared w• t hose  a t  l •  
q u i d  n •  t e m p e r a t u r e ,  77 K ( e . g .  30HNSON and OFFEN 1971,  
KLOPFFER and FISCHER 1973,  30HNSON 1975,  I<LOPFFER and BAUSER 
1976,  ITAYA et  a l .  1976,  RIPPEN and KL~PFFER 1 9 7 9 ) .  A l l  t h e s e  
s t u d i e s  have r e v e a l e d  t h a t  a t  room t e m p e r a t u r e ,  t he  e m i s s i o n  
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o f  PVCA c o n s i s t s  m a i n l y  o f  EI f l u o r e s c e n c e  w h i l s t  a t  77 I<~ 
the  E I I  e m i s s i o n  i s  commonly d o m i n a t i n g .  On ly  l i t t l e  a t t e n t -  
i o n  has been p a i d  to  t he  s t u d y  o f  t he  t e m p e r a t u r e  dependence  
o f  the  i n t e n s i t y  o f  t he  two t y p e s  o f  e m i s s i o n  i n  a b road  range 
o f  t e m p e r a t u r e .  UOHNSON (1975)  and r e c e n t l y  ROBERTS e t  a l .  
( I 9 8 1 )  p u b l i s h e d  da ta  on such dependences  f o r  t he  s o l u t i o n s  o f  
PVCA bu t  t h e r e  has been o n l y  one paper  d e a l i n g  w i t h  t he  same 
dependence  i n  t h i n  f i l m s  o f  PVCA. I t  i s  t he  pape r  o f  DAVID et  
a l .  (1972)  who measured the  i n t e n s i t y  o f  f l u o r e s c e n c e  o f  PVCA 
f i l m s  a t  t e m p e r a t u r e s  be tween 77 and 425 I<a d i v i d e d  the  u n c o r -  
r e c t e d  s p e c t r a  i n t o  two p a r t s  u s i n g  t he  h e i g h t  o f  t he  maxima 
and i n t e r p r e t e d  the  o b s e r v e d  changes by the  use o f  t he  monomer 
to  e x c i m e r  i n t e n s i t y  r a t i o  i n  t he  same way. i n  wh ich  were t r e a t -  
ed e x c i m e r s  i n  s o l u t i o n s .  As RIPPEN and I<LOPFFER (1976)  u s i n g  
t h e i r  i t e r a t i v e  s u b t r a c t i o n  method and the  r e s u l t s  o f  ITAYA e t  
a l .  (1976)  were a b l e  to d e t e r m i n e  the  shape o f  t he  two em is -  
s i o n  bands o f  PVCA~ i t  was d e c i d e d  to  p e r f o r m  a r e - e x a m i n a t i o n  
o f  the  t e m p e r a t u r e  dependence o f  t he  i n t e n s i t y  o f  t he  two emis -  
s i o n s  i n  PVCA f i l m s ,  the  r e s u l t s  o f  wh ich  a re  p r e s e n t e d  b e l o w .  

EXPERIMENTAL 

Samples 
Commercial LUVICAN i70 (M w 106 ) supplied by BASF was pu- 

rified by dissolving it in UV-spectroscopy grade benzene (LA- 
CHEMA,CSSR))folIowed by precipitating it by methanol (LACHEMAm 
~SSR)o This was repeated four times. 

Thin fiim sampies were prepared on polished copper plates 
by casting a O.i Mole soiution of PVCA in benzene followed by 
slow evaporation of the solvent at room temperature. 

Apparatus 
The sampies were excited by the SiS nm Hg-line of a sta- 

biiized water-cooled high-pressure mercury discharge tube 
HBO 200. Having passed through the SPM 2 monochromator (Carl 
Zeiss,ODR), the excitation beam was focused on the sample at 
an angle of approx. 55 ~ to its surface. Fluorescence was ana- 
lyzed at right angles to the excitation beam by another SPM 2 
monochromator and detected by photomultipiier FEU-79 (USSR)o 
All spectra have been corrected for the wavelength changes of 
the  t r a n s m i s s i o n  o f  t he  a p p a r a t u s  and o f  the  s e n s i t i v i t y  o f  
i t s  d e t e c t i o n  p a r t .  The c o r r e c t i o n  c u r v e  was c o n s t r u c t e d  us -  
i n g  an o p t i c a l  t h e r m o c o u p l e  ( H i l g e r ) ,  t he  l u m i n e s c e n c e  o f  
s t a n d a r d  s o l u t i o n  o f  q u i n i n e  b i s u l p h a t e  i n  H2S04 (400 to 580 
nm) and o f  Rhodamine 6G i n  e t h a n o l  (550 to 640 nm).  

D u r i n g  t h#  measurements ,  the  samples were kep t  i n  vacuum 
o f  1 ,3  Pa (10 - ~  T o r r )  i n  an o p t i c a l  c r y o s t a t .  T e m p e r a t u r e  o f  
t he  samples was c o n t r o l l e d  e l e c t r i c a l l y  and measured by a 
c a l i b r a t e d  c o p p e r - k o n s t a n t a n  t h e r m o c o u p l e .  

RESULTS 
I n  F i g . 1  a re  p l o t t e d  the  c o r r e c t e d  s p e c t r a  o f  a PVCA 

f i l m  d e t e c t e d  d u r i n g  the  f i r s t  l o w - t e m p e r a t u r e  c y c l e  o f  t he  
samp le .  F i r s t ,  the  room t e m p e r a t u r e  spec t rum ( c u r v e  1) was 
d e t e c t e d ~  Then was the  sample c o o l e d  to 103 K and f u r t h e r  
s p e c t r a  were measured on the  t e m p e r a t u r e  r i s i n g  b ranch  o f  the  
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F i g . 1 .  R e l a t i v e  i n t e n s i t y  ( a r b i t r a r y  u n i t s )  o f  f l u o r e s c e n -  
ce o f  a PVCA f i l m  a t  c o n s t a n t  e x c i t a t i o n  i n t e n s i t y  ( a t  313 
nm) and a t  d i f f e r e n t  t e m p e r a t u r e s .  C o r r e c t e d  s p e c t r a .  The 
dashed l i n e s  show the  EI ( 2 " )  and E l i  ( 2 " ' )  components o f  
t he  spec t rum 2 o b t a i n e d  by the  use o f  t he  r e s u l t s  o f  RIP-  
PEN and I<LOPFFER ( 1 9 7 9 ) .  

c y c l e .  The s p e c t r a  b e f o r e  and a f t e r  c o o l i n g  ( c u r v e  1 and 6)  
a re  i d e n t i c a l .  As seen from F i g . l ,  a t  the  l o w e s t  t e m p e r a t u r e ,  
t he  o v e r w h o l e  i n t e n s i t y  is t he  h i g h e s t  as w e l l  as the  r e l a t -  
i v e  c o n t r i b u t i o n  o f  t he  E I I  to  the  e m i s s i o n .  A l l  t he  shown 
s p e c t r a  were d i v i d e d  i n t o  the  two e x c i m e r  bands by the  a i d  o f  
the  r e s u l t s  o f  RIPPEN and KLOPFFER ( 1 9 7 9 ) .  The i n t e g r a t e d  i n -  
t e n s i t y  o f  each band and the  t o t a l  o f  i n t e n s i t y  ( i n c l u d i n g  
the  l o n g - w a v e l e n g t h  t a l e  wh ich  w i l l  be d i s c u s s e d  l a t e r )  i s  
p l o t t e d  a g a i n s t  t e m p e r a t u r e  i n  F i g ~ 2 .  
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F i g . 2 .  The dependence o f  i n t e g r a t e d  i n t e n s i t y  o f  l u -  
m inescence  o f  t he  EI band,  E I I  band,  and o f  t he  t o t a l  
i n t e n s i t y  o f  t he  PVCA f i l m  ( a r b . u n i t s )  on t e m p e r a t u r e .  

I n t e r e s t i n g  f e a t u r e  o f  t h i s  p l o t  i s  t he  e x i s t e n c e  o f  a maximum 
on t he  c u r v e  o f  r e i a t i v e  t e m p e r a t u r e  changes o f  EI i n t e n s i t y .  

A f t e r  t he  l o w - t e m p e r a t u r e  measurements ,  each sample was 
measured d u r i n g  i t s  h e a t i n g  up to  535 K ( g i a s s  t e m p e r a t u r e  r e -  
g i o n  o f  t he  m a t e r i a l  was a round  470 K) and the  f o l l o w i n g  c o o l -  
• to t he  room t e m p e r a t u r e .  Because o f  t he  changes i n  t he  
shape o f  t he  s p e c t r a  and o f  i r r e v e r s i b i e  r i s e  o f  i n t e n s i t y  o f  
the  e m i s s i o n  a round  600 nm, the  d i v i s i o n  o f  t h e s e  s p e c t r a  i n t o  
t he  s e p a r a t e d  p a r t s  c o u l d  no t  be p e r f o r m e d .  The o v e r w h o l e  i n -  
t e n s i t y  o f  f l u o r e s c e n c e  behaved s i m i l a r l y  to  t he  i n t e n s i t y  o f  
f l u o r e s c e n c e  measured a t  430 nm as a f u n c t i o n  o f  t e m p e r a t u r e  
i n  a d d i t i o n a l  e x p e r i m e n t s  wh ich  i s  p l o t t e d  i n  F igo3o I n  t h i s  
f i g u r e  i s  a l s o  p l o t t e d  the  same dependence  o f  the  e m i s s i o n  
measured a t  375 nm wh ich  c h a r a c t e r i z e d ,  a t  l e a s t  a t  low tempe-  
r a t u r e s ,  t he  t e m p e r a t u r e  changes o f  t he  E I I  band.  The r i s e  o f  
i n t e n s i t y  o b s e r v e d  i n  bo th  the  s p e c t r a l  r e g i o n s  a round  the  
g l a s s  t r a n s i t i o n  t e m p e r a t u r e  o f  t he  m a t e r i a i  was i r r e v e r s i b l e o  
D u r i n g  the  second t e m p e r a t u r e  c y c l i n g  o f  t he  samp les ,  t he  
o v e r w h o l e  i n t e n s i t y  f o l l o w e d  the  upper  b ranch  o f  t he  c u r v e  f o r  
430 nm e m i s s i o n  i n  F i g . 3 . ,  i . e .  no f u r t h e r  r i s e  i n  i n t e n s i t y  
nea r  Tg was o b s e r v e d .  

The men t i oned  i r r e v e r s i b l e  r i s e  i n  i n t e n s i t y  o f  t he  emis -  
s i o n  a round  600 nm nea r  Tg was o b s e r v e d  o n l y  f rom t h o s e  a reas  
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F i g . 3 .  T e m p e r a t u r e  dependence o f  the  r e l a t i v e  i n t e n s i t y  
o f  f l u o r e s c e n c e  ( a r b . u n i t s )  o f  PVCA f i l m  measured a t  375 
and 430 nm, r e s p . ,  d u r i n g  t he  f i r s t  h e a t i n g - c o o l i n g  c y c -  
l e  o f  t he  s a m p l e s .  Bandpase 4 . 5  nm. 

o f  t he  samples wh ich  were i r r a d i a t e d  by UV e x c i t a t i o n  l i g h t  
a t  h i g h  t e m p e r a t u r e s  and was a lmos t  absen t  on p l a c e s  hea ted  
w i t h o u t  i r r a d i a t i o n .  From t h i s  f a c t ,  i t  may be c o n c l u d e d  t h a t  
t he  e m i s s i o n  a round  600 nm i s  due to  a p r o d u c t  o f  a p h o t o r e -  
a c t i o n  r a t h e r  than  to  a c h e m i c a l  i m p u r i t y  ( t h e  r e l a t i v e l y  
poo r  vacuum i n  the  c r y o s t a t  may have s u p p l i e d  enough oxygen 
f o r  such a r e a c t i o n ) o  

The l o c a l  a n o m a l i e s  v i s i b l e  i n  bo th  the  cu rves  i n  F i g . 3  
were p r e s e n t  a round  170 K and 235 K by a l l  t he  measured samp- 
l e s  d u r i n g  t h e i r  f i r s t  h e a t i n g .  They were absen t  i n  t he  s e -  
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cond measuring cyc les  ( i . e .  a f t e r  the heat ing  above the Tg) .  

DISCUSSION 

Local  anomalies on curves in  F i g . 3 .  
I t  i s  known and was a lso checked in  our l a b o r a t o r y  ( e . g .  

TRAN THI DUC 1978) tha t  r e l a x a t i o n  reg ions of polymers are 
r e f l e c t e d  in  changes of I r  v e r s .  T curves of phosphorescence 
or delayed f luo rescence  of  luminescent  molecules present  in  
the po lymer .  Here, we suggest tha t  the observed anomalies in  
excimer f l uo rescence  a lso r e f l e c t  the r e l a x a t i o n s  of PVCA. In  
the d i e l e c t r i c  resp .  NHR r e l a x a t i o n  s t u d i e s  of PVCA made by 
POCHAN and HINMAN (1975) resp .  FROIX et a1 . (1975 ,1976 ) ,  y - r e -  
l a x a t i o n  of PVCA ( r o t a t i o n  of the c a r b a z o l y l  groups) wag ob- 
served in  the temperature reg ion i n c l u d i n g  the anomaly at 
235 I< in  our measurements. S i m i l a r l y ,  the anomaly around 1701< 
may be connected w i th  the ~ - r e l a x a t i o n  of PVCA ( l o c a l i z e d  
backbone mot ion) observed by them at lower tempera tu res .  The 
mechanism of i n t e r a c t i o n  of the luminescent  cent ra  w i t h  the 
moving pa r t s  of the polymer has not yet  been unders tood .  

H igh - tempera tu re  reg ion~ 
The behav iour  of PVCA f i l m s  above room temperature i s  s i -  

m i l a r  to tha t  observed by FRANK and HARRAH (1974) and FRANK 
(1974) on f i l m s  of p o l y ( 2 - v i n y l n a p h t a l e n e ) ,  P2VN. In  t h i s  ma- 
t e r i a l ,  monomer and excimer emiss ions are p r e s e n t .  The authors  
observed i r r e v e r s i b l e  r i s e  of excimer emission a f t e r  hea t ing  
t h e i r  samples above the TQ of P2VN and less  r i s e  w i th  r i s i n g  
the cas t i ng  temperature~ For the e x p l a n a t i o n ,  they used the 
fac t  tha t  the c o n c e n t r a t i o n  of EFS i s  connected w i th  the con- 
c e n t r a t i o n  of p roper  con format ions  on the cha in .  In  f i l m s  i s  
f rozen the e q u i l i b r i u m  con fo rma t i ona l  d i s t r i b u t i o n  be long ing 
to the s o l u t i o n  of polymer at the cas t i ng  temperature of the 
samples. Th is  may be changed on ly  by hea t ing  above T 9 where 
con fo rma t i ona l  changes again may occur w i th  e q u i l i b r i u m  con- 
c e n t r a t i n n  of EFS h ighe r  than at the cas t i ng  tempera tu re .  On 
f o l l o w i n g  coo l i ng  of the sample, the number of EFS must re -  
main the same as at TQ This  exp l ana t i on  i s  p robab ly  v a l i d  
f o r  the f i l m s  of PVCA; ~oo. There i s  s t i l l  another  p o s s i b l e  
cause of the observed behav iour  connected w i th  the supermo- 
l e c u l a r  s t r u c t u r e  of the samples.  Samples prepared at h igher  
temperature are more densely  packed than those prepared at 
lower  temperature~ Th is  may lead to changes in  the phonon 
spectrum which depress the 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  p roces-  
ses in  the luminescent  cen t ra  and enhance the t r a n s f e r  of ex-  
c i t a t i o n  energy along the cha ins .  

Low-temperature r e g i o n .  
Here, a m o d i f i c a t i o n  of the model of UOHNSON(1975) may 

be a p p l i e d .  The ra te  equat ions  d e s c r i b i n g  the k i n e t i c  behav i -  
our of PVCA f i l m s  are given in  Eq . (1 )  

dH~/dt = Io  - (kH +kOMD1 +kDMD2)M ~ +kHo1D~+kPD2D2 ~ 

dDl~dt = kDMD1M" - (kD1 +kMgl)D~ (1)  

dD~/dt = kDMD2M" - (kD2 +kMD 2)D2. 

The n o t a t i o n  of the BIRKS(1970) type used here s l i g h t l y  
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d i f f e r s  from t h a t  o f  UOHNSON(1975) ( m a i n l y  i n  number ing  o f  the  
e x c i m e r s ) .  M" d e n o t e s  the  c o n c e n t r a t i o n  o f  e x c i t e d  monomer u-  
n i t s ,  D l ' a n d  D 2 " t h a t  o f  EI r e s p .  E I I ,  and D 1 and D 2 the  con-  
c e n t r a t i o n  o f  EFS f o r  the  two e x c i m e r s ~  D 1 ~as been d e t e r m i n -  
ed by I<L~PFFER(e.g.1981)  to be 2 x lO-Omo le /mo le  b a s i c  u n i t ,  
and we suppose ,  i n  agreement  w i t h  UOHNSON(1975) t h a t  D2 P~D 1. 
The r a t e  c o n s t a n t s  kM, kD 1, and kD2 i n c l u d e  a l l  the  d e a c t i v a t -  
i o n  p r o c e s s e s  o f  the  monomer, E I ,  and E I I ,  r e s p .  Rate con-  
s t a n t s  kMD 1 and kMD 2 be long  to  t he  p r o c e s s  o f  d e t r a p p i n g  o f  
t he  e x c i t a t i o n  e n e r g y  from EI r e s p .  E I I ,  i . e o  to  i t s  r e t u r n  
to a monomer u n i t ~  I n  a c c o r d a n c e  w i t h  30HNSON(1975), kDM, the  
r a t e  c o n s t a n t  o f  t r a n s f e r  from a monomer u n i t  to  an EFS, i s  
t aken  the  same f o r  bo th  the  t y p e s  o f  t r a p s  i n  PVCA, as r a p i d  
m i g r a t i o n  a l o n g  the  c h a i n  i s  supposed to be the  main mecha- 
nism o f  t he  p r o p a g a t i o n  o f  t he  e x c i t a t i o n  ene rgy  (a mechanism 
wh ich  does no t  d i s t i n g u i s h  between the  two t ypes  o f  t r a p s ) .  
A c c o r d i n g  to  an e s t i m a t e  o f  ene rgy  m i g r a t i o n  r a t e  a l ong  the  
c h a i n  o f  PVCA (I<LIMOVI~ e t  a2 .1982 )  as w e l l  as to t he  t r a n s -  
i e n t  f l u o r e s c e n c e  measurements  (e.g.TAGAWA et  a 2 . 1 9 7 9 ,  HRSTKA 
and I<LIMOVI~ 1981 ) ,  kDM i s  v e r y  h i g h  and the  c o r r e s p o n d i n g  
p r o p a g a t i o n  t ime  must l i e  i n  t he  p i c o s e c o n d  r e g i o n .  A l l  t he  
members d e s c r i b i n g  the  t r a n s f o r m a t i o n  o f  D l ' t o  D2 ~ and v i c e  
v e r s a ,  used by JOHNSON(1975) i n  h i s  t r e a t m e n t  o f  PVCA s o l u t -  
i o n s ,  were  o m i t t e d  h e r e  because the  n e c e s s a r y  c o n f o r m a t i o n a i  
changes do no t  o c c u r  be low Tg i n  t he  f i l m s .  

So we s u g g e s t  t h a t  t he  e x c i t a t i o n  ene rgy  m i g r a t e s  r a p i d -  
l y  a l o n g  t he  monomer c e n t r a  and i s  a lmos t  i m m e d i a t e l y  ( a f t e r  
a b s o r p t i o n )  c a p t u r e d  by the  e x c i m e r  t r a p s .  The amount o f  EI 
r e a p .  E I I  e m i s s i o n  a t  d i f f e r e n t  t e m p e r a t u r e s  i s  then  i n f l u e n -  
ced e i t h e r  by the  t r a p p i n g  a b i l i t y  o f  t he  two t ypes  o f  t r a p s  
o r  by the  t h e r m a l l y  a c t i v a t e d  r e d i s t r i b u t i o n  o f  the  e x c i t a t -  
i o n  e n e r g y  among them d u r i n g  the  l i f e t i m e  o f  the  e x c i t a t i o n .  
The monomer g roups  s e r v e  o n l y  as m i g r a t i o n  c e n t r a  and the  p r o -  
b a b i l i t y  o f  monomer e m i s s i o n  i s ,  a t  l e a s t  at  low t e m p e r a t u r e ,  
n e g l i g i b l e .  Under  t he  above g i v e n  s u p p o s a l s  and p h o t o s t a t i o -  
n a r y  c o n d i t i o n s ,  t he  s o l u t i o n  o f  E g . ( 1 )  f o r  0 K g i v e s  

M ~ = Io/kDMD 1 Dl~ = I o / k D 1  D2* = IoD2/kD2D 1 (2 )  

Thus a t  0 K, E I I  e m i s s i o n  must be d o m i n a t i n g .  A t  h i g h e r  tem- 
p e r a t u r e s ,  where  d e t r a p p i n g  o f  the  s h a l l o w  t r a p  D2"becomes 
p o s s i b l e  bu t  D~ i s  s t a b l e ,  we o b t a i n  

D l "  = D l I o ( k D 2  + kMD2)/  kDI (DIkMD2 + D2kD2) 

02 ~ = D2 io  / (DlkMD 2 + n2kn2)  (S)  

Around the  maximum o f  EI e m i s s i o n  i n  F i g . 2 ,  kHD 2 r a t e  c o n s t a n t  
may be taken  as d o m i n a t i n g .  E q . ( 3 )  may be then s i m p l i f i e d  f o r  
t he  e s t i m a t e  o f  t he  a c t i v a t i o n  e n e r g y  o f  d e t r a p p i n g  from D 2" 
and o f  t e m p e r a t u r e  q u e n c h i n g  o f  t he  EI e m i s s i o n .  T h i s  e s t i m a t e  
g i v e s  0 . 0 4  eV f o r  EMD 2 and 0 . 2  eV f o r  ED1. U n t i l  now, we used 
the  a s s u m p t i o n  t h a t  e x c i m e r s  form s p o n t a n e o u s l y  a f t e r  t he  
a r r i v a l  o f  e x c i t a t i o n  e n e r g y  a t  t h e i r  EFS. T h i s  i s  p r o b a b l y  
t r u e  f o r  E I I  a t  any t e m p e r a t u r e  but  t h e r e  i s  a p o s s i b i l i t y  
t h a t  f o r  t he  f o r m a t i o n  o f  EI a d d i t i o n a l  a c t i v a t i o n  e n e r g y  i s  
n e c e s s a r y .  I n  t h a t  case ,  D 1 s h o u l d  be t r e a t e d  as t e m p e r a t u r e  
dependen t  and i t s  a c t i v a t i o n  e n e r g y  would  c o n t r i b u t e  to t h a t  
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est imated above. On the bas is  of the present  exper imenta l  re-  
s u l t s ,  t h i s  quest ion  cannot be so lved.  

At s t i l l  h igher  temperatures,  de t rapp ing from D1 may 
occur .  In that  case, monomer emission should beoome d e t e c t a b l e .  
And r e a l l y ,  at temperatures above approx.400 I<, we observed 
a s h i f t  of the shor t -wave leng th  edge of the spect ra  by severa l  
nm towards the s h o r t e r  wavelengths.  
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