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STUDY OF TRIPLET EXOITON INTERACTION IN MOLECULAR CRYSTALS 

A.A.DSLYUKOV , G.V,KLIMUSHEVA , A.V.TURCHIN 

Institute of Physics, Acsdemy of Sciences of the Ukrelnisn SSR 

252650 GSP Kie~ USSR 

This  rose8rch conts  the s tudy  o f  ~ n t e r s c t i e n  snd r e l s x a t i o n  of  
t~Aplet  exos and As dovoted to the nmgnetAa f i e l d  e f ~  ct  on s p i n -  
l s t t i c e  r e l s x a t i o n  (SLR) of  t F l p l e t  e x c i t o n s  ~ snd to the t r i p l e ~ - t r A p l e t  
snnAht l s tAon p r o p e r t i e s  e t  h i g h d e n s A t y  o f  e x c i t o n s .  

I n t r o d u c t  J.on 

T r i p l e t  e x c i t o n s  hsve some edvsn t eges  over  s s  ones when s tudys 
s  between e x c i t o n e  i n  m o l e c u l a r  c r y s t a l s .  A c o m p s r s t i v e l y  long  
Zi fe  of  tx.s e x o i t o n s  f e c A l i t e t e s  p r o d u c t i o n  of t h e i r  h igh  c o n c e n t r a ~ i -  
ons.  The t~ lpZe t  excAtons efe  o h a r e c t e r l z e d  by nsrrow b8nde (~1 c m ' l ) ,  
whioh p~omoteo ~ n A f e s t a t l o n  of  even wesk s t e t i o  s  between them. 
Trs excs  I n  the  ben~ophenone c r y s t e l s  possees  s euppZementsry 
p r o p e r t y  due to  the s t a t i c  dlpoZe moment o f  about  1 Debye. I r  s s r e s u l t  

o f  the dipoZe moment v e r i e t i o n  i n  the benzophenone molecule  wi th  s  

t z ~ n s f e r  f~om the  b s s i c  s t a t e  S o to the tx . ip le t  one Ti~ 

Ef foo t  o f  tho ~ g n e t i c  f~e ld  on the $.Y~ of  t ,~-iplet  e'x~Xtons 
Rnpid SLR (10 -6  ~ 10-8m) l s  t yps  of  t r i p l o t  excs  a s a  r e s u l t  

o f  e x c i t a t l o n  m A g ~ t t o n  on t r e n s Z s t i o n - n o n e q u A v s l e n t  molecu les  / 1 / .  The 
theory  p r o g n o s t i c a t e s  s u p p r e s s t o n  o f  t h l s  mechsnAsm under  the e f f e c t  o f  
the ex te rn81  , ~ g n e t i c  f ieZd /g~t  p r o v l d i n g  the ment lened e f f e c t  to be 
obsdrved both  wAth 8 r  modo of e x c i t o n  movement and ws en s 
r e n t  ( d i f f u u )  one .  

The s tudy  of  the dependence o f  the  e x c i t o n  3LR r e t e  i n  the  benzophe- 
nono OrystaZs on the msgnetAr f i e l d  wes based on the known phenomenon of  
the sps memory Ah the  t r A p l e t  exos oepture  by 8 t r ep  / 3 / .  With ths  

eAm e deu te robenzophenone-d lo  o rys t sZ  wi th  0 .2  % benzophenone-~lO i m p u r i t y  
wes t s k e n .  The l s t t e r  sex~red to f o ~  t r i p l e t  t r s p s  wi th  the depth sbout  
30 ~¡ 1. Pu l sa  excAtets  o f  the  hoe t  c r y e t s l  to the eAnElet e t a t e  S 1 
end r ep id  ln tez-combs oonver s lon  were fol lowed by fozmet ion  of  t r s  
Zet e x o i t o n s .  Then e x o i t o n s  n~Lght e l t h e r  t e l e x  of  be t repped  by t m p u r l t i e s .  
The csZcula ted  c s p t u r e  pe r iod  smounted to sbout  300 n s .  The pumping den-  
s s  wss ohosen low to negZect e ~ , ~ i h l l a t i o n  f o r  the cap turo  pe r i od ,  

The exper iment  has shown tha t  the t r s p  ph0sphoreecence * n t e n s l t y  s f t e r  
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c e s s e t i o n  o f  t h e  e x c i t o n  c8p tu i -e  d e p e n d s  o n  t h e  . ~ E n e t i c  f i e l d .  As t h e  

e x c i t o n  c a p t u r e  p e r i o d  d o e s  n o t  depend  on  t h e  f i e l d  and  l o c a l i z e d  t r i p l e t  

e x c i t a t i o n s  i n  t h e  m s E n e t i c  f i e l d  B < 10 T r e l a x  s l o w l y ,  t h e  f o u n d  e f f e c t  
d e p e n d e  on  t h e  c o m p e t i t i o n  b e t w e e n  t h e  SLR o f  e x o i t o n s  e n d  t h e i r  c a p t u r e .  

The competition result is "stored" by traps. 

At the stage of capture the population of spln sublevels of excltons 

Nn~ I end trepe n n ~I sre descrlbed by six differentlal equations whlch 
~ .  vp.. 

.my take no account- of the phoephorescence of excitons and treps of the 

relaxetion of the letter: 

N 1 = - KN 1 - W I ( N  1 - � 9 1  - W2(N 1 - �91  

5 o = - KN o - WI(N o - 6N1) - WI(�91 o - N1) ~ 

� 9  - K ~ _ I -  W1(~l~_ I- N O ) - W2(�91 - NI), 
(1) 

n I = KN I 

110 = EN O 

n_1= KN.I, 

where 6 * exp (~B---). Inltiel conditions ere es Ni(o) = Ni~ ni(o) = 0, 

i = O,+Io 
After integration of the eystem (I) by t wlthin the limits from O to t, 

where ~ is the complete cspture period, t �87 K -I, t<< (k o + k I + k_1 )-1 

we obtain e system of elgebreic equatlons which blnds retes of SLR of 

excltons W I emd W 2 with finlte populstlons of spln sublevels of treps 

,w _ ,~ 

N~ = n I + WIK-I(¡ I - t¡ o) + W2K l(n I - �91241 

lŸ o = ¡ + WIK-I(¡ ~ - 6¡ ) + WiK'l(c¡ - ¡ ~ (2) 

The magnetic fs relatlon between velues of ¡ was found 
jB 

from the ~ dependence on B. Inltial populatlons of exciton sub- 

o levels N i were celculeted from data on the trlplet stete of the isola- 

red benzophenone molecttle. 

The syetem (2) does not permit finding both relaxetion retes W I and 

W 2. The value of ~ which depends on W 2 es on the peremeter has been 

found from this system. The obtalned dependence of rata W I on the magnetlc 

field is shown in Fig. I. The dashed pert responds to all poseible velues 

~//2 o A tri8ngle shows the value ~-~ obteined in the peper /4/. 

Thus, the experiment has confirmed suppression of the exclton 

me~hanlsm of spin relexatlon by the magnetic field prognostlcated by the 

theory. The WI(B) dependence demonstrated in Pig. I is similer to the 

theoretical one expected during incoherent motion of excltone 

w ,-, B - 2 / 2 7 ~  
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Fig. 1. Depemdence of rete W 1 
on the magnetlc field 

Fig.2. Quenchlng of the 
exciton phosphorescenoe 

Self-auppresss of e,xciton-exciton ~nnihilation st 

hs densAt~ o f  t~Aplet e~citons 

Messurements o f  the  quenching kAnets  of  excAton phosphorescence  o f  

benzophenone crystals after pulse excltsts by the nitrogen laser have 

shown that the excAton-exciton annlhilatlon le the main chAnmel of de- 

parture of the trlplet excs i~ thelr inAtiel rete No> 1017 cm -3 . 

FAg. 2 shows quenchAng of the excs phosphoreacence st T = 4.2 K, No~ 

3"1017 cm -3 (curva I). The respectiva klnetics u well descrlbed by en 

ords ry e q u e t i o n  

where 7 ~ = 5-I0 -13 cm3/s s en exclton-exciton ennihilatlon conetsnt. 

In  t h i s  cese  the  speclmen e x c i t a t i o n  lnhomogene i ty  due to  the  a b s o r p t i o n  

of the exciting light As taken into account. 

At the same ts i n  case of  more i n t e n s i v a  pumping when No~ 1020 cm -3  

the observed  quenching r e t e  (curve 2, F i g .  2) provea  to be c o n s i d e r a b l y  

l e s s  t h sn  the  c a l c u l a t e d  one (curve  3) .  
Ir is natural to relate en essential decreese in the efficienoy o f  

the e x c i t o n - e x c i t o n  s n n i h i l a t A o n  w i t h  hAgh d e n s i t y  o f  excAtons to z~ te rda -  
tAon of the exclton dlffusion, es annihAlats of trAplet excltats 
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p r o c e e d s ,  s s  s r u l e ,  t h e  c o n t s c t  wsy .  The c s u s e  o f  t h e  e x c t t o n s  m i g r e t i o n  

r e t 8 r d s t i o n  i s ,  p r o b s b l y ,  t h e i r  l n t e r s c t i o n .  E s t i m s t e s  show t h s t  t h e  

d i p o l e - d i p o l e  p • r t  o f  e n e r E y  o f  i n t e r a c t i o n  b e t w e e n  two t r i p l e t  e x c i t o n s  

msy v e r y  w i t h i n  t h e  r s n g e s  f rom 25 t o  30 cm "1 d e p e n d i n g  on  t h e i r  m , , t u e l  

s r r e n E e m e n t .  A l r e s d y  s t  N "~ 1019 cm - 3  t h e  d i p o l e - d i p o l e  t n t e r s c t i o n  o f  

n e i g h b o u r i n g  e x c i t o n s  e x c e e d s  t h e  r e s o r e n c e  one  w h i c h  i s  l e s s  t h s n  1 cm - 1 .  

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

l v e  s t r u c t u r e  fo rmed  ( p r o b s b l y  i r  c o n t s i n s  e x c i t o n  c l u s t e r s )  l e  t o  

w e s k e n  e x c i t o n  d i f f u s i o n  s n d  e n n i h l l s t i o n  r e s u l t e d  f rom i r .  The f s c t  

t h e t  t h e  c r y s t e l  % e m p e r e t u r e  e l e v s t i o n  by  s e v e r e l  d e E r e e s  s c c e l e r e t e s  

t h e  s n n i h i l e t i o n  e d d s  t o  t h i s  i n t e r p r e t s t i o n .  

Msin conclusions 
+ 

I t i s  f ound  t h s t  t h e  t r i p l e t  e x c i t o n  SLR r e t e  i n  t h e  m s � 9 1  f i e l d  

d e c r e 8 s e s  e s  s r e s u l t  o f  t h e  o r i e n t i n ~  s c t s  o f  t h e  f i e l d  on  t h e  t r i p l e t  
spins. 

At hlgh density of triplet excitons their migretion snd snnihiletlon 

related to ir ate retarded. This fact Is, probsbly, e result of static 

Interexciton intere otlon. 
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