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CHARGE CARRIER GENERATION I N  PHENOTHIAZINE CRYSTAL 

A. KURABAYASHI and M. KOTANI 
F a c u l t y  o f  Science, Gakushuin U n i v e r s i t y ,  Me j i ro ,  Tokyo 171, Japan 

Abs t rac t  
s tud ied  w i t h  two-color,  two-step e x c i t a t i o n .  The r e s u l t s  i n d i c a t e  
the  presence of an in te rmed ia te  s t a t e  w i t h  a l i f e t i m e  o f  GOps,  
which seems t o  be the  CT s t a t e  a l ready  i n f e r r e d  from t h e  e l e c t r o -  
abso rp t i on  spectroscopy and was expected t o  be long-1 ived. 

Photo-car r ie r  genera ti on i t i '  phknoth iaz i  ne ' c r y s t a l  was 

A CT s t a t e  may p l a y  an impor tan t  r o l e  i n  charge separa t ion  by t h e  a c t i o n  
of 1 i g h t ,  such as pho to -ca r r i e r  genera t ion  i n  photoconductors , pr imary  
s tep  i n  photo-redox reac t i ons  and photosynthesis.  A CT t r a n s i t i o n  i n  

a s i n g l e  component c r y s t a l  i s  d i f f i c u l t  t o  de tec t ,  s ince  i t  i s  very  
o f t e n  b u r i e d  i n  much s t ronger  t r a n s i t i o n s  o f  t h e  component compounds. 
We have a l ready  repo r ted  t h a t  phenothiazine (PTZ) i s  unique i n  t h a t  a 
CT t r a n s i t i o n  can be observed ou ts ide  t h e  s t rong  l o c a l  e x c i t a t i o n  reg ion  
i n  t h e  spectrum (Fig.  1 ) .  The t r a n s i t i o n  i s  s e n s i t i v e  t o  the  e l e c t r i c  
f i e l d .  

1 

The photoconduction a c t i o n  spectrum has a l s o  a l a r g e  peak a t  

Exc. Emission 

300 i-length,nm 600 

425 450 
FIGURE 1 Absorpt ion spectrum, emission spectrum (Exc. i s  i t s  

e x c i t a t i o n  spectrum) and the  a c t i o n  spectrum f o r  photo- 
conduct ion 
a re  t rans i t i on !  t o  CT exc i ton  s ta tes .  

(J h). Two small  peaks i n  t h e  410-440 nm reg ion  
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t h i s  energy. It has been discussed t h a t  t h e  CT s t a t e  can have a l ong  

l i f e t i m e ,  s ince  i t  i s  t h e  l o w e s t - l y i n g  e x c i t e d  s i n g l e t  s t a t e  and the  

r a d i a t i o n l e s s  t r a n s i t i o n  t o  t h e  ground s t a t e  may be slow, due t o  a 

very unfavourable Franck-Condon f a c t o r .  

Here w i l l  be repo r ted  a s tudy  o f  charge c a r r i e r  genera t i on  i n  PTZ 

c r y s t a l  w i t h  two-co lo r ,  two-step e x c i t a t i o n ,  a technique which has 

been success fu l l y  a p p l i e d  t o  naphthalene, p-terphenyl  and anthracene. 

It has been found t h a t  t h e  s t a t e  generated by t h e  CT t r a n s i t i o n  has 

indeed a l ong  l i f e t i m e  and i s  i nvo l ved  i n  t h e  genera t ion  o f  charge 

c a r r i e r s .  
PTZ was p u r i f i e d  by ex tens ive  zone- re f i n ing .  

were grown from t h e  melt by t h e  Bridgman method. 

no t  t o  expose t h e  m a t e r i a l  t o  t h e  ambient atmosphere d u r i n g  the  f i n a l  

stage o f  t he  p u r i f i c a t i o n  process. 

m a t e r i a l  t o  a Bridgman ampoule was done i n  a sealed g lass  tube us ing  

the  breakable seal  technique. E l e c t r i c a l  measurements were made 

w i t h  the  standard t i m e - o f - f l  i g h t  m e t h ~ d . ~  A t h i n  p l a t e l e t ,  t y p i c a l l y  

0.2 mm t h i c k ,  ob ta ined by c l e a v i n g  an i n g o t ,  was sandwiched between 

a s t a i n l e s s  s t e e l  e lec t rode  and a Sn02-coated quar t z  p l a t e .  

2 

S i n g l e  c r y s t a l s  

Care was taken 

Trans fer  o f  t h e  zone- re f ined 

The 

a b C 

d e f 

LL L 
FIGURE 2 Photocur ren t  waveforms w i t h  va r ious  e x c i t a t i o n  

i n t e n s i t i e s  (A=420 nm). The r i s e  ( n o t  seen w i t h  t h i s  
t ime  sca le )  and . the  decay o f  t h e  s i g n a l  become f a s t e r  
w i th  inc reas ing  e x c i t a t i o n  i n t e n s i t y  (a -+ f). 
sca le  i s  200 ps /d iv .  

The t ime  
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FIGURE 3 Photocurrent waveforms w i t h  420 nm e x c i t a t i o n  (upper t r a c e )  
and with 420 nm + 460 nm e x c i t a t i o n  ( lower  t r a c e ) .  
a t  t=2.5 us i s  due t o  the  pho to ion i za t i on  o f  t he  e x c i t e d  s t a t e  
by a 460 nm pulse. Time sca le  i s  2 us /d i v .  

The sp ike  

l i g h t  source was an excimer laser-pumped dye lase r .  
which two l i g h t  pulses were necessary another dye l a s e r  pumped w i t h  a 
n i t r o g e n  l a s e r  was used. 

w i t h  o r  w i thou t  a delay between them. The photocur ren t  was measured 
on an osc i l loscope.  

homogeneously. Th is  can be seen from the  photocur ren t  waveform which 

I n  experiments i n  

A pu lse  generator t r i g g e r e d  bo th  l ase rs ,  

A t  420 nm t h e  absorp t ion  i s  weak and the  c r y s t a l  i s  e x c i t e d  
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e x c i t a t i o n  i s  weak. H i t h  i nc reas ing  e x c i  

e o o  1 

t a t i o n  

Wavelength I nrn 
FIGURE 4 Pho to ion i za t i on  spectrum o f  t he  in te rmed ia te  s t a t e .  The 

increment o f  t h e  photocur ren t  ( A J  i n  F ig .  3 )  i s  p l o t t e d  as a 
func t i on  of t he  wavelength o f  t h e  second pulse.  
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Decay o f  AJ (see F ig .  3)  as a f u n c t i o n  of t h e  de lay  
DE LAY/ p s 

FIGURE 5 
between t h e  420 nm pu lse  and t h e  460 nm pu lse ,  showing t h a t  
t he  l i f e t i m e  o f  t h e  i n te rmed ia te  s t a t e  i s  60 us. 
e x c i t a t i o n  the  f i r s t  p a r t  o f  t h e  decay i s  much f a s t e r ,  i n d i c a t i n g  
the  presence of a b imo lecu la r  process. 

i n t e n s i t y  t h e  r i s e ,  and a l s o  t h e  decay, o f  t he  pho tocu r ren t  pu l se  

becomes p rog ress i ve l y  f a s t e r  (F ig .  2 ) .  Th is  i n d i c a t e s  the  presence 

o f  b imo lecu la r  processes i n  the  genera t i on  and decay of charge c a r r i e r s .  

The involvement o f  an in te rmed ia te  s t a t e  cou ld  be most c l e a r l y  seen i n  
F ig .  3. The r i s e  o f  t h e  pho tocu r ren t  i s  remarkably slow. Th is  slow 

r i s e  i s  observed o n l y  w i t h  e x c i t a t i o n s  i n  the  CT abso rp t i on  reg ion .  

The in te rmed ia te  s t a t e  can be photo ion ized by another l i g h t  pu lse  

(The lower t r a c e  i n  F i g .  3 ) .  

pu lse  t h e  spectrum o f  p h o t o i o n i z a t i o n  cou ld  be ob ta ined (F ig .  4 ) .  
an experiment i n  which the  de lay  between t h e  two pu lses  was v a r i e d  

the  l i f e t i m e  of t h e  i n te rmed ia te  s t a t e  cou ld  be a l s o  measured, which 

tu rned o u t  t o  be indeed long, as expected. 

With s t rong  

By changing the  wavelength o f  t he  second 

By 
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