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RAMAN EFFECT AND INFRARED REFLECTIVITY IN MNEB(TCNQ)2 
AND TEA(TCNQ)2 

E.F. STEIGMEIER, H. AUDERSET 
Laboratories RCA Ltd., 8048 Zurich, Switzerland 

D. BAERISWYL 
D6p. de Physique Thborique, Univ. de GenBve, 
1211 GenBve, Switzerland 

M. ALMEIDA 
LNETI, Sacavem. Portugal 

Abstract 
TEA(TCNQ)2 are reported for 300K. 80K, and 4K. An 
interpretation of the electron-molecular vibration 
interaction in terms of the dimer theory of Rice 
is presented. 

Raman and IR spectra of MNEB(TCNQ)2 and 

The organic linear chain semiconductors MNEB(TCNQ)2 (methyl-N-ethyl- 
benzimidazolium tetracyanoquinodimethane) and TEA(TCNQ)z (triethyl- 
amine-tetracyanoquinodimethane) are materials in which the electron- 
molecular vibration interaction can be studied1. '. We have mea- 
sured Raman spectra on needle crystals of 1 ~ 0 . 1 ~ 2  m3 in the El I c  
configuration. 
single crystals3 of about 8x6~15 mm3. 

lines are quite weak, probably due to missing resonance enhancement. 
Observed are the TCNQ intramolecular modes at 2212 cm-l, 1602 cm-l, 
1432 cm-' and 1187 cm-l, in value close to the TCNQO intramolecular 
modes2. '. 

For the infrared reflectivity measurements we used 

Fig. 1 shows the Raman spectrum of MNEB(TCNQ)2 at 80K. All 
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164 E. F. STEIGMEIER er al. 

The IR r e f l e c t i v i t y  d a t a  measured i n  t h e  frequency range from 50 t o  
26000 cm-l were subjec ted  t o  a Kramers-Kronig a n a l y s i s .  The r e s u l -  
t i n g  frequency dependent c o n d u c t i v i t i e s  are shown i n  F igs .  2 and 3. 
A f i n e  s t r u c t u r e 5  i s  reso lved  p a r t i c u l a r l y  w e l l  i n  t h e  80 K and 4 K 
s p e c t r a  of TEA(TCNQ)p (Fig .  31,  but  i t  can a l s o  be i d e n t i f i e d  i n  
MNEB(TCNQ)z (Fig.  2 ) .  Severa l  l i n e s  appear a s  m u l t i p l e t s  r a t h e r  
than  double ts .  Furthermore some of t h e  a d d i t i o n a l  peaks a r e  found 

FIGURE 2 

Conduct iv i ty  versus  
f requency f o r  
MNEB(TCNQ)z a t  4K, 
80K, and 300K. 

FIGURE 3 

Conduct iv i ty  versus  
f requency f o r  
TEA(TCNQ)2 a t  4K. 
80K and 300K. 
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RAMAN EFFECT AND INFRARED REFLECTIVITY IN MNEB(TCNQ), AND TEA(TCNQ), 165 

near  t h e  Raman f r e q u e n c i e s  sugges t ing  t h a t  even modes appear  i n  
t h e  I R  spectrum a t  low tempera tures  due t o  a l o s s  of  i n v e r s i o n  
symmetry. The s p l i t t i n g s  may be a s s o c i a t e d  w i t h  s t r u c t u r a l  phase 
t r a n s i t i o n s  i n  a s i m i l a r  way as  i n  TTF TCNQ '. Indeed,  a P e i e r l s  
t r a n s i t i o n  h a s  been proposed t o  occur  i n  TEA(TCNQ)2 around 2 2 0 1 ~ ~ 9 ~  
and a marked drop  i n  e l e c t r i c a l  c o n d u c t i v i t y  h a s  been r e p o r t e d  f o r  
MNEB(TCNQ)z a t  250K '. 
t h e o r e t i c a l  models der ived  by Rice and coworkers1* '. 
o u t  t h a t  t h e  P e i e r l s  model' g i v e s  a r a t h e r  poor f i t  w h i l e  t h e  dimer 
theory '  d e s c r i b e s  t h e  300K d a t a  s u r p r i s i n g l y  w e l l ,  a s  shown i n  
F igs .  4 and 5. The agreement between dimer t h e o r y  and experiment  

We have at tempted t o  i n t e r p r e t  t h e  d a t a  i n  t e r m s  of t h e  two 
It t u r n e d  
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FIGURE 4 T h e o r e t i c a l  dimer f i t  t o  300K c o n d u c t i v i t y  d a t a  of 
MNEB(TCNQ)2 us ing  t h e  parameters  WCT = 2700 c m - l ,  
and t = 1330 cm-' f o r  t h e  energy,  damping c o n s t a n t  and resonance 
i n t e g r a l ,  r e s p e c t i v e l y ,  of t h e  e l e c t r o n i c  charge t r a n s f e r  band. 
The ("bare") phonon f r e q u e n c i e s  Ma and t h e  damping c o n s t a n t s  ra 
a r e  g iven  i n  cm-l, and t h e  parameters  '& a r e  t h e  d imens ionless  
e lectron-phonon coupl ing c o n s t a n t s .  

i s  p a r t i c u l a r l y  s t r i k i n g  i n  t h e  c a s e  of MNEB(TCNQ12 ( F i g .  4 )  where- 
a s  it i s  less s p e c t a c u l a r  - a l though s t i l l  c o n s i d e r a b l y  b e t t e r  t h a n  
u s i n g  t h e  P e i e r l s  modell - i n  t h e  c a s e  of  TEA(TCNQ)2 ( P i g .  5 ) .  The 
dimer t h e o r y  a l s o  provides  a good g e n e r a l  f i t  t o  t h e  4K MNEB(TCNQ)2 
d a t a  i f  one uses t e n  times s m a l l e r  v i b r a t i o n a l  damping c o n s t a n t s  
r d a n d  an e l e c t r o n i c  damping c o n s t a n t  re = 1100 cm-l. 
n o t i c i n g  t h a t  t h e  r e s u l t i n g  coupl ing  parameters  >*are v e r y  s imi l a r  
i n  t h e  two compounds (except  f o r  t h e  2200 cm-l mode) and compare 
a l s o  favourably  wi th  t h e  corresponding v a l u e s  o b t a i n e d  f o r  
MEM(TCNQ)2 9,  which y i e l d s  a d d i t i o n a l  suppor t  t o  t h e  dimer t h e o r y .  
On t h e  o t h e r  hand t h e  observed f i n e  s t r u c t u r e  i n  t h e  low tempera- 
t u r e  I R  s p e c t r a  cannot  be expla ined  u s i n g  t h i s  model, which l n d i -  
c a t e s  t h a t  t h e  dimer theory  i s  not t h e  whole s t o r y .  

re = 2700 cm-l 

I t  i s  worth 
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FIGURE 5 Theoretical dimer fit to 300K conductivity data of 
TEA(TCNQ)* using QCT = 1800 cm-l, re = 1700 cm-' and 
t = 1310 cm-'. 
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