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PRESSURE DEPENDENCE OF T R i  PLET EXCITONS 
I N  (NPQn),5 (NBQnlb5 (TCNQI2 

L. FORRW, G.SEKRETARCZYK”:*, M.KRUPSKI** 

* I n s t i t u t  o f  Physics o f  the University,POB 304,41001 Zagreb, 
Y ugos 1 av i  a 

Sml uchowski ego 17/19,60-179 Poznan , Pol and 

Abstract - N-Propyl-Qn (TCNQ) a l loyed w i t h  N-Butyl-Qn(TCNQ)2 
shows the c h a r a c t e r i s t i c  two f i n e  ESR spectra due t o  therma- 
l l y  exc i ted  t r i p l e t  exci  tones. We have performed the pressure 
dependence (up t o  5 kbars) o f  z e r o - f i e l d  s p l i t t i n g  Parameters, 
s i n g l e t - t r i p l e t  a c t i v a t i o n  energy and exchange parameters. The 
d r a s t i c  decrease o f  the s u s c e p t i b i l i t y  and l i new id th  has been 
a t t r i b u t e d  t o  the increased s i n g l e t - t r i p l e t  a c t i v a t i o n  energy 
80K/kbars. The ac t  i vat i on energy f o r  the exci  ton  propagat ion 
decreases on pressure w i t h  the r a t e  o f  36 K/kbars. 

* * I n s t i t u t e  o f  Molecular Physics Po l i sh  Academy o f  Sciences, 

I NTRODUCTI ON 

The parent compound NPQn(TCNQ)2 

the conducting TCNQ chain i s  tetrame 
1 

i t  i s  s l i g h t l y  dimerized . With f u l l  

donors, every dimer has one e lec t ron  

i n t o  s ing le ts  bu t  the t r i p l e t  s t a t e  

i s  a l i n e a r  chain system where 

ized and w i t h i n  the  tetramer 

charge t rans fe r  from the NPQn 

A t  low T they are  coupled 

s e a s i l y  accesible.  Indeed, a 

w e l l  resolved two l i n e  spectra i s  observed i n  35-80 K temperature 

range, Charac te r i s t i c  f o r  the ESR o f  thermal ly ac t i va ted  t r i p l e t  

exci tons . Because o f  the h igh  t r i p l e t  exc i ton  dens i ty  and t h e i r  

f a s t  moving along the chain, they s c a t t e r  on each o the r  q u i c k l y  

loosing t h e i r  i d e n t i t y  so the two l i n e  spectra co l lapse i n t o  a s in -  

g l e  resonance around 100 K, from the slow exchange l i m i t  the system 

passes t o  the f a s t  exchange l i m i t .  A t  220 K a sharp i n s u l a t o r  t o  

2 

metal phase t r a n s i t i o n  takes place, which i s  probably due t o  t r i -  

p l e t  e x c i t o n - l a t t i c e  i n te rac t i on  . 3 

I n  a previous paper the e f f e c t  o f  a l l o y i n g  N-Propyl-Qn( (CNQ)2 

w i t h  N-Ethyl-Qn(TCNQI2 was presented . (NPQn) 5(NEQn) 5(TCNQ), was 

compared w i th  NPQn(TCNQ)2: the s i n g l e t - t r i p l e t  separat ion energy 

2 

1 I5 
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I I6 

i s  not  af fected, the 

creased, but the ac t  

a t l y  reduced, t h a t  i 

L. FORRO er al. 

z e r o - f i e l d  parameters D, E are s l i g h t l y  d e  

va t ion  energy f o r  the sp in  exchange i s  gre- 

the  t r i p l e t  excl tons cou ld  move more e a s i l y  

along the chain. So i t  was concluded, tha t  the  i n t roduc t i on  o f  

shorter N-Ethyl-Qn donors acts as a un iax ia l  pressure on the TCNQ 

chain. 

I n  t h i s  paper we present the next steps i n  the study o f  t r i -  
- 
ic 

p l e t  exci tons i n  NPQn(TCNQ)q-faml l y :  i n t roduc t i on  longer N-Buthy 

Qn donor molecules I n  the NPQn sub la t t l ce ,  and app ly ing  hydrosta 

pressure. For t h i s  study we have chosen (NPQn) (NBQn) 5(TCNQ)2, .5 
character ized f l  r s t  a t  normal pressure than app l ied  hyd ros ta t i c  

pressure up to  5 kbars. 

RESULTS & DISCUSSION 

Single c r y s t a l  ESR spectra were measured i n  200-360 K and 0-5 

kbar pressure range, using an X-band spectrometer. A d e t a i l e d  des- 

c r i p t i o n  o f  the experimental setup i s  given i n  reference 4. I n  

contrast  t o  the parent compound where an important cen t ra l  peak I s  

observed, i n  (NPQn) *(NBQn) (TCNQ)2 there  1s a hard ly  de tec tab le  

cent ra l  l i n e .  This i s  due t o  a somewhat d i f f e r e n t  sample prepara- 
5 t i o n  . 

.5 

The two l i n e  spectra are present from - 200 K up t o  360 K whe  

r e  they col lapse i n t o  a s ing le  l i n e .  We have measured the angular 

dependence o f  the d i p o l a r  s p l f t t l n g s  a t  room temperature and normal 

pressure. We have obtained b67.Sf2G and E= l l - lG  which are conoide- 

rab ly  la rger  than D=45+2 and E=7+1G o f  NPQn(TCNQ)2. This suggests 

stronger a l t e r n a t i o n  o f  the TCNQ molecules I n  the a l l o y  and a 

+ 

smaller spa t ia l  extension o f  the e lec t rons  bounded i n  t r i p l e t  s ta -  

te. Because o f  the  experimental cond i t ions  we couldn’t ob ta in  the 

z e r o - f i e l d  s p l l  t t l n g  parameters under pressure. A t  c e r t a l n  posl-  

t i ons  we have measured the pressure dependence o f  the d i p o l a r  

s p l i t t i n g s .  The biggest decrease i s  - 1 0 %  a t  5 kbars. 
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PRESSURE DEPENDENCE OF TRIPLET EXCITONS 

F i g .  1 .Pressure dependence o f  the  
s u s c e p t l b i l i t y ( i n  a r b i t r a r y  un i ts)  and t r i p l e t  s p i n  e x c i t o n  i n t e n s i d  
and l i n e w i d t h  a t  room temperature t y  t imes temperature vs 1/T a t  
for  severa l  samples. normal and 5 kbars h y d r o s t a t i c  

Flg.2.Exchange frequency vs 

p res s u re. 

I17 

1 /T 

3 IOOO/T 4 

F i g u r e  1 shows t h e  p ressu re  dependence o f  t h e  s u s c e p t i b i l i t y  and 

1 i n e w i d t h  a t  room temperature f o r  severa 1 samples. The suscep t i  b i -  

l i t y  decreases by f a c t o r - 4  and t h e  l i n e w i d t h  by f a c t o r - 2  a t  5 
kbars. The reason o f  t h i s  decrease can be seen on f i g u r e  2 where 

I n  X T  and I n u ) - l n ( A H - A H o )  versus i n v e r s e  temperature a r e  p i o t -  

t e d  (AH i s  the measured,AHo i s  t h e  r e s i d u a l  l i n e w i d t h ) .  T h i s  p l o t  

shows t h a t  t h e  system obeys w e l l  t h e  s i n g l e t - t r i p l e t  s t a t i s t i c s  

' X m  exp(-  Ea/kT)/T, where t h e  s i n g l e t - t r i p l e t  a c t i v a t i o n  energy 

Ea=2250K ( i n  NPQn(TCNQ) i t  i s  o n l y  200K); Furthermore f i g u r e  2 

shows t h a t  Ea increases on pressure,  t h a t  i s  why X decreases. 

We can c a l c u l a t e  the  p ressu re  dependence o f  Ea f rom X - p  a t  room 

temperature. The open c i r c l e s  on f I g . 3  show these data.  The f u l l  

c i r c l e s  correspond t o  ln%T - 1/T p l o t s  a t  2, 2.5, 4 and 5 kbars.  

Ea increases l i n e a r l y  on p ressu re  w i t h  r a t e  o f  80  K/kbar. Th i s  i s  
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I I8 L. FORRO et al. 

Figure 3. Pressure dependence o f  
a c t i v a t i o n  energies f o r  sp in  ex- 
change Eex, s i n g l e t - t r i p l e t  se- 
pa ra t i on  Ea and exc i ton  propagat- 
i on  E,. Open c i r c l e s  ( 0 )  corres- 
pond t o  % - p  and AH-p  data o f  
f i g .1  , wh i le  f u l l  c i r c l e s  (0) are 
deduced from I n W  -1/T and 
inXT-l/T p l o t s  o f  f ig .2 .  

resonable i f  decreaslng the distance between the spins i n  the s in -  

g l e t  ground s ta te ,  the i n t e r a c t i o n  between them becomes stronger 

and more and more energy I s  needed t o  break the p a i r s  i n  o rder  t o  

e x c i t e  them i n t o  t r i p l e t  s ta te .  So w i t h  pressure the t r i p l e t  exci-  

ton densi ty i s  decreaslng. The l inewid th ,  t h a t  i s  the spin exchan- 

ge frequency between the t r i p l e t  exci  tons i s  formulated6 by 

w-exp Eex/kT exp-( Ea+EV)/kT. The f i r s t  term shows t h a t  the e f f i -  

cac i t y  o f  exci ton-exci ton co l l i sons  and spin exchange depends on 

the exc i ton  density, wh l l e  the second term shows t h e i r  dependence 

on the propagation v e l o c i t y  o f  the t r i p l e t  exci tons.  1 nw- l /T  p l o t  

o f  f ig .2  shows the increase o f  Eex on pressure which i s  already ex- 

pected from the pressure dependence o f  Ea. From the f i t  o f  AH-p o f  

f ig .1  and I n w - l / T  p l o t s  we ob ta in  the v a r i a t i o n  o f  Eex with pres- 

sure p l o t t e d  on f i g u r e  3. I t s  increase i s  weaker than tha t  o f  Ea, 

i t  makes 36K/kbar. Simple eva lua t lon  o f  E v  ( f i g .3 )  shows opposi te 

behaviour t o  E a  - i t  i s  decreasing w i t h  pressure. I t  i s  expected 

tha t  con t rac t ing  the l a t t i c e ,  reducing the distance between the te- 

trads,the propagation o f  exci tons along the chain becomes easier.  
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PRESSURE DEPENDENCE OF TRIPLET EXCITONS 1 I9 

I n  conclusion, a l  l oy ing  the NPropyl-Qn donor s u b l a t t i c e  w i t h  

longer N-Buthyl-Qn molecules increases the a l t e r n a t i o n  o f  TCNQ mo- 

lecules,  the s i n g l e t - t r i p l e t  a c t i v a t i o n  energy i s  increased, rep la -  

c ing  the observabi 1 i t y  o f  t r i p l e t  exci  tons from low temperatures 

t o  h igh  ones. Applying hyd ros ta t i c  pressure and reducing the  l a t t i -  

ce distances, the i n te rac t i on  between the spins i n  s i n g l e t  s t a t e  

a c t  i va t  i on ener- 

chain i s  more 

becomes stronger r e s u l t i n g  bigger s i n g l e t - t r i p l e t  

gy, bu t  the propagation o f  the exci tons along the 

f avo ra  b 1 e . 
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