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STEADY-STATE ELECTROLUMINESCENCE 
I N  PERYLENE-DOPED ANTHRACENE CRYSTALS 

R.NOWAK, A.MINIEWICZ~ , M.SAMO~ 
and 3 .SWORAKOWSI<I 
I n s t i t u t e  o f  Organic  and P h y s i c a l  Chemistry,  
T e c h n i c a l  U n i v e r s i t y  o f  WrocZaw, 
50-370 Wroc2aw, Poland 

(Submitted fo r  Publication September 2, 1981) 

The s t e a d y - s t a t e  e lec t ro lum inescence  i n  pery-  
lene-doped anthracene c r y s t a l s  i s  repo r ted .  
Over lapp ing  components due t o  b o t h  hos t  and 
guest em iss ion  a r e  p resen t  i n  t h e  spectrum, 
t h e i r  magnitudes depending on temperature and 
dopant c o n c e n t r a t i o n .  P o s s i b l e  energy t r a n s f e r  
mechanisms which may e x p l a i n  t h e  e l e c t  ro lum i -  
nescence behav iou r  a r e  proposed. The system 
i s  found t o  behave s i m i l a r l y  t o  te t racene-  
and pentacene-doped anthracene c r y s t a l s .  

The e l e c t  ro luminescence i n  anthracene has been 
e x t e n s i v e l y  s t u d i e d  s i n c e  t h e  f i r s t  l i t e r a t u r e  re-  
p o r t s  1-3, and was a t t r i b u t e d  t o  t h e  r a d i a t i v e  re- 
combinat ion o f  i n j e c t e d  c a r r i e r s .  The s p e c t r a l  d i s -  
t r i b u t i o n  and i n t e n s i t y  o f  t h e  e lec t ro lum inescence  
can be m o d i f i e d  by doping anthracene w i t h  molecules 
fo rm ing  c a r r i e r  and/or e x c i t o n  t raps .  I n  doped c rys -  
t a l s  , however, t h e  e l e c t  ro luminescence i s  more di- 
f f i c u l t  t o  observe because o f  t h e  dimri.nution o f  t h e  
c o n c e n t r a t i o n  o f  f r e e  c a r r i e r s  due t o  enhanced 
t rapp ing ,  henc on ly  a few papers have been p u b l i -  
shed t o  datek9 d e a l i n g  w i t h  t h i s  phenomenon. The 
aim o f  t h i s  n o t e  i s  t o  r e p o r t  on t h e  measurements 
of s t e a d y - s t a t e  e lec t ro lum inescence  i n  perylene-do- 
ped anthracene c r y s t a l s .  

The doped c r y s t a l s  (12-150 ppm) were grown 
from t h e  m e l t  u s i n g  t h e  Bridgman technique. Plane- 
p a r a l l e l  p l a t e l e t s  c leaved  from t h e  c r y s t a l  boules 

Present address:  D i v i s i o n  o f  Chemistry,  N a t i o n a l  
Research C o u n c i l  Canada, K l A  O R 6  Ottawa, Canada 
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were p r o v i d e d  w i t h  cathodes o f  sodium-potassium 
a l l o y  and anodes o f  s i l v e r  paste.  Measurements o f  
t h e  e lec t ro lum inescence  were c a r r i e d  o u t  o v e r  the 
temperature range 190-300 K. The s p e c t r a  were re-  
corded u s i n g  an SPM-2 monochromator f o l l o w e d  by 
an FEU-79 p h o t o m u l t i p l i e r .  

S i m i l a r l y  t o  t h e  case o f  undoped anthracene 
t h e  e lec t ro lum inescence  i n  perylene-doped an th ra -  
cene commences a t  a d i s t i n c t  t h r e s h o l d  vo l tage .  
The l o g - l o g  c u r r e n t - v o l t a g e  dependences e x h i b i t  
s t r a i g h t - l i n e  s e c t i o n s  d e s c r i b e d  by dependences 
o f  t h e  t y p e  I d V " ,  w i t h  m=3-7 depending on t h e  
v o l t a g e  r e g i o n  and p e r y l e n e  c o n c e n t r a t i o n .  The 
d o u b l e - i n j e c t i o n  c u r r e n t  e x h i b i t s  a t y p i c a l  tem- 
p e r a t u r e - a c t i v a t e d  behaviour  i n  t h e  range 220-280 K, 
w i t h  t h e  a c t i v a t i o n  energy amounting t o  approxima- 
t e l y  0.25-0.30 eV. T h i s  energy cannot be d i r e c t l y  
cons ide red  as a t r a p  depth bu t  is r e l a t e d  t o  t h e  
p o s i t i o n  o f  t h e  quasi-Fermi l e v e l 8 .  I t  may be i n -  
f e r r e d  t h a t  i n  doped c r y s t a l s  i m p u r i t y  t r a p p i n g  
l e v e l s  e f f e c t i v e l y  p i n  down t h e  p o s i t i o n  o f  t he  
quasi-Fermi l e v e l  f o r  m i n o r i t y  c a r r i e r s  ( h o l e s  ) 
and t h e r e f o r e  t h e  a c t i v a t i o n  energy v a l u e  should 
be c l o s e  t o  t h e  dominant t r a p  energy ( c f  .Ref .6). 
I t  i s  p r o b a b l y  t h e  case i n  measurements desc r ibed  
h e r e :  t he  depth o f  t h e  h o l e  t r a p  i n  perylene-dope 
anthracene c r y s t a l s  was r e p o r t e d  t o  be 0.32-039eV. 

t o  i n c r e a s e  l i n e a r l y  w i t h  t h e  c u r r e n t ,  t h e  e f f i -  
c i e n c y  o f  t h e  process being, however, much s m a l l e r  
t han  i n  p u r e  anthracene, most p r o b a b l y  due t o  t h e  
enhanced t r a p p i n g .  T y p i c a l  e lec t ro lum inescence  
s p e c t r a  a r e  shown i n  Fig.1. To a f i r s t  approxima- 
t i o n ,  t h e  s p e c t r a  may be cons ide red  as a s imp le  
s u p e r p o s i t i o n  o f  t h e  components due t o  the  emission 
from t h e  h o s t  and guest  molecules.  Having subs- 
t r a c t e d  t h e  anthracene component (see F i g  .1), we 
have o b t a i n e d  s p e c t r a  be ing i n  a good agreement 
w i t h  f l uo rescence  s p e c t r a  o p e r y l e n e  i n  s o l u t i o n  
r e p o r t e d  i n  t h e  l i t e r a t u r e  "-12. The shape o f  t he  
e lec t ro lum inescence  spectrum changes w i t h  tempera- 
ture(Fig. la,b,cb The appearance of  t h e  short-wave- 
l e n g t h  band o f  ant l i racene a t  l o w  temperatures may 
be unambigously a s c r i b e d  t o  a d isp lacement  o f  t h e  
anthracene r e a b s o r p t i o n  edge. The ab nce o f  t he  
exc imer  emiss ion  band a t  ca. 610 n m  Q'812 proves 
t h a t  f o r m a t i o n  o f  p e r y l e r  sandwich p a i r s  i n  the  
h o s t  l a t t i c e  i s  i n s i g n i . A c a n t - a t  l e a s t  a t  concen= 
t r a t i o n s  used i n  o u r  experiments. As  can be seen 

d 
The e lec t ro lum inescence  i n t e n s i t y  was found 
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ELECTROLUMINESCENCE IN PERYLENE-DOPED ANTHRACENE 
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FIGURE 1 E l e c t  roluminescence spect ra  o f  perylene-  
doped anthracene c r y s t a l s  - , undoped 
anthracene -0.-  and p e r y l e n e  spectrum 
obta ined  a f t e r  s u b s t r a t i o n  ---- . 
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from Fig.2, t h e  pe ry lene  c o n t r i b u t i o n  i n  the  spec- 
t rum inc reases  w i t h  t h e  dopant c o n c e n t r a t i o n ,  and 
f o r  t h e  c o n c e n t r a t i o n  o f  150 ppm t h e  room tempe- 
r a t u r e  emiss ion  c o n s i s t s  p r i n c i p a l l y  o f  pe ry lene  
bands . 

0.4 

0.0 

- -  sl o p e = l  -fr O" 

0 - 
0 

I 

FIGURE 2 The c o n c e n t r a t i o n  dependence o f  t h e  
r a t i o  o f  pe ry lene  t o  anthracene i n -  
t e g r a l  em iss ion  i n t e n s i t i e s  

A n  e f f i c i e n t  energy t r a n s f e r  from the  hos t  
t o  t h e  dopant may t a k e  p l a c e  v i a  e i t h e r  o f  t h e  
f o l l o w i n g  mechanisms. Most p robab ly ,  e l e c t r o n s  
recombine w i t h  h o l e s  t rapped a t  pe ry lene  t r a p s  pro- 
duc ing  p e r y l e n e  e x c i t o n s  which may subsequent ly  
decay t o  t h e  ground s t a t e  by t h e  guest f luorescence. 
T h i s  process can be ve ry  e f f i c i e n t  s i n c e  t h e  pery-  
l e n e  s i n g l e t  and t r i p l e t  a r e  l o w e r  i n  energy than  
t h e  corresponding anthracene l e v e l s .  A l t e r n a t i -  
v e l y ,  anthracene e x c i t o n s  may be produced f i r s t ,  
and t h e  energy t r a n s f e r  may proceed by a random 
walk o f  e x c i t o n s  as i t  takes p l a c e  in ho to lum i -  
nescence o f  doped anthracene c r y s t a l s  f3. In t h i s  
case one shou ld  expect a l i n e a r  dependence o f  t h e  
guest - to-host  luminescence i n t e n s i t y  r a t i o  on  t h e  
c o n c e n t r a t i o n  o f  t h e  guest  molecule^^^. F i n a l l y  one 
can in p r i n c i p l e  c o n s i d e r  an o p t i c a l  energy t rans -  
f e r  by t h e  r e a b s o r p t i o n  of  t h e  l i g h t  e m i t t e d  by t h e  
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ELECTKOLUMINESCENCE IN PERYLENE-DOPED ANTHRACENE i 17 

h o s t . T h e  l a t t e r  p r o c e s s  i s ,  h o w e v e r ,  o f  n o  i m p o r -  
t a n c e  f o r  d o p a n t  c o n c e n t r a t i o n s  u s e d  i n  e x p e r i m e n t s  
r e p o r t e d  h e r e .  

T h e  c o m p a r i s o n  o f  t h e  e l ec t  r o l u m i n e s c e n c e  o f  
p e r y l e n e - d o p e d  s n t h r a c e n e  c r y s t a l s  w i t h  t h a t  ob- 
s e r v e d  f o r  t e t r a c e n e  a n d  p e n t a c e n e - d o p e d  a n t h r a -  
cene4’6 s u g g e s t  t h a t  t h e  e n e r g y  t r a n s f e r  t o  t h e  
g u e s t  m o l e c u l e s  may p r i m a r i l y  o c c u r  by r e c o m b i n a -  
t i o n  a t  d o p a n t  t r a p s  p r o d u c i n g  s i n g l e t  a n d / o r  
t r i p l e t  e x c i t o n s  o f  t h e  d o p a n t .  T r i p l e t  a n n i h i l a -  
t i o n  w o u l d ,  o f  c o u r s e ,  f u r t h e r  c o n t r i b u t e  t o  t h e  
p r o d u c t i o n  o f  g u e s t  a n d  h o s t  f l u o r e s c e n c e .  T h e  a l -  
t e r n a t i v e  e x p l a n a t i o n ,  i .e.  t h a t  o f  t h e  e n e r g y  
t r a n s f e r  t a k i n g  p l a c e  by a random w a l k  o f  h o s t  
e x c i t o n s  i s  e s s e n t i a l l y  i d e n t i c a l  w i t h  t h e  process 
d e s c r i b e d  t o  a c c o u n t  f o r  p h o t o l u m i n e s c e n c e  b e h a -  
v i o u r  o f  p e r y l e n e - d o p e d  a n t h r a c e n e  c r y s t a l s l 3 .  
U n f o r t u n a t e l y ,  t h e  r e s u l t s  r e p o r t e d  i n  t h i s  n o t e  
do n o t  a l l o w  u s  t o  d i s t i n g u i s h  b e t w e e n  t h e  two 
p o s s i b l e  m e c h a n i s m s  a n d  f u r t h e r  s t u d i e s  w o u l d  be 
n e c e s s a r y  t o  c l a r i f y  t h i s  p o i n t .  
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