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REFLECTANCE SPECTRA OF BEDT-TTF SALTS 

HARUO KURODA, KYWA YAKUSHI and HIROYUKI TAJIMA 
Department of Chemistry, Faculty of Science, 
The University of Tokyo, Hongo 7-3-1, 
Bunkyo-ku, Tokyo 113, Japan 

GUNZI SAITO 
Institute for Solid State Physics, The University of 
Tokyo, Roppongi, Minato-ku, Tokyo 106, Japan 

Abstract The polarized reflectance spectra were 
measured on four BEDT-TTF salts. The results clearly 
show the effects of intermolecular S-S interaction 
which gives more or less two dimensional character in 
their band structures. The observed infrared maxima 
in the conductivity spectra are concluded to be 
attributable mainly to the inter-band excitation. 

INTRODUCTION 

Recently, it has been revealed that the charge-transfer 
salts of BEDT-TTF show several unique features in the 

electrical properties . 1-7 This is considered to be 
associated with the presence of a relatively strong 
intermolecular S-S interaction along the direction normal 
to BEDT-TTF stack. In order to understand their unique 
behaviors, it is of great importance to accumulate 
information concerning their electronic structures. One of 
the most direct ways for this purpose is to investigate the 
optical properties on their single crystals. We report 
here the optical properties of four BEDT-TTF salts; (3- 
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I36 H. KURODA er al. 

TTF)3*(C104)2 and B -(BEDT-TTF)213. 

EXPERIMENTAL 

The polarized reflectance spectra i the infrared and 
visible regions were measured, mostly at room temperature, 
by means of microspectrophotometric technique. We used an 
infrared microspectrophotometer JASCO MIR-300 for the 
region below 5000 crn-l, and a modified Olympus MMSP-RK 
microspectrophotometer for the region of 5000-25000 cm-'. 

1) B -( BEDT-TTF) 2 ~ ~ 6  
In this salt, BEDT-TTF molecules are stacked along the a- 
axis with a periodicity composed of four molecules8 (see 
the inset of Fig. l(b)). There exist several short S-S 

contact between molecules along the c-axis. This salt is 

At 297 K, the DC conductivity is about 10 ohm-l-crn along 
the c-axis, and its anisotropic ratio a(//c)Ib(//a) is about 
50. 

known to show metal-insulator (M-I) transition at 297 K. 398 
-1 

As shown in Fig. l(a), both the /la and //c reflectance 
spectra show an infrared dispersion, but the reflectance 
value is quite low in comparison with what is usually found 
for a typical 1-D organic metal. The 1'1 a and // c 
conductivity spectra obtained by the Kramers-Kronig 
transformation of reflectance data, are shown in Fig. l(b). 
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REFLECTANCE OF BEDT-TTF SALTS I37 

For both polarizations, the conductivity shows a broad 
maximum and falls down at lower frequency, the maximum 

being at 2400 cm-l (0.36 eV> and 4300 cm (0.54 eV) for 
the //a and //c polarizations, respectively. We calculated 
plasma frequency W by use of the following equation (CI  

denotes the polarization direction). 

-1 

pa 

u w 

$10 ., 
Figure 1 Reflectance spectra of 8-(BEDT-TTFI2*PF6, 

(a), and conductivity spectra, ( b ) .  

200- 200 
lI a 

t - L5'C - L5C 
-- - 20'C -- -2oc 

$ 5 0  
u 

5 10 O O . .  . . 5 . . . ' .  10 . 
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OO 
' . ' ' . . . . . . 

Figure 2 Conductivity spectra of B-(BEDT-TTFI2'PF6 
above and below M-I transition 
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138 H. KURODA ci al. 

w a  2 = 8~ua(w)& 
P 

(1)  

3 3 The obtained values  were 5.1 x 10 and 5.3 x 10 cm-l f o r  

the //a and //c p o l a r i z a t i o n s ,  r e spec t ive ly .  Figure 2 shows 

the conduct ivi ty  spec t r a  a t  t he  temperatures below and 

above the  M-I t r a n s i t i o n .  The general  f e a t u r e s  of the 

spec t r a  l i t t l e  change on going from the  i n s u l t i n g  phase t o  

the  m e t a l l i c  phase except a small  s h i f t  of t he  maximum i n  

the  / / a  spectrum and an s l i g h t  increase of the / / c  

conduct ivi ty  a t  low frequency. 

2)  ( B E D T - T T F ) ~ - C L O ~ * ( C ~ H ~ C ~ ~ ) ~ . ~  

This s a l t  i s  reported t o  be m e t a l l i c  down t o  1.8 K, the  

conduct ivi ty  a t  room temperature being about 20 ohm-l*crn-' 

with small  anisotropy wi th in  the (010) plane.  3 

The in f r a red  r e f l e c t a n c e  measured on the (010) c r y s t a l  

face is h ighes t  f o r  t he  l i g h t  p o l a r i z a t i o n  p a r a l l e l  t o  the 

Figure 3 Reflectance s p e c t r a  of (BEDT- 
TTF)20C10q*(C2H3C13)0.5, ( a ) ,  and 
conduct ivi ty  spec t r a ,  (b ) .  
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REFLECTANCE OF BEDT-TTF SALTS 139 

[TO21 axis, which is nearly perpendicular to the stacking 

axis of BEDT-TTF, and along which there exist short 

intermolecular S-S  contact^.^ Both the //[TO21 and 1 [TO21 
reflectance spectra show a broad infrared dispersion, the 

-1 reflectance value around 300 cm being about 60 and 30 x 
for the // pi021 and 1 [TO21 polarizations, respectively. As 

shown in Fig. 2(b), the [TO21 conductivity clearly show a 

maximum at about 1300 cm (0.17 eV). The plasma frequency 

is calculated to be 8.8 X lo3 and 4.7 X lo3 cm-l for the 

// [ 7021 and l[T021 polarizations, respec tively . 

-1 

3) (BEDT-TTF)~.(c~o~)~ 

In this salt, BEDT-TTF molecules are stacked along the 

[Oil] axis, but with no short intermolecular contact along 

this axis. Short intermolecular S-S contacts are found 

along the [021] and [012] axes.4 This salt is reported4 to 
be metallic with the DC conductivity of 50 ohm 'cm in -1 -1 

the (100) plane, and show M-I 

'T--l 
transition at 170 K. 

5 10 
WAVE W E R  /lo'& 

% .  . . - .  . ' . . . . . 

(a1 (b 1 

Figure 4 Reflectance spectra of (BEDT-TTF)3'(C10f+)2, 
(a), and conductivity spectra, (b). 
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140 H. KURODA ef al. 

The i n f r a r e d  r e f l e c t a n c e  measured on t h e  (100) c r y s t a l  

f ace  i s  s i g n i f i c a n t l y  s t ronge r  f o r  t he  // [012] p o l a r i z a t i o n  

than f o r  t h e l f 0 1 2 ]  p o l a r i z a t i o n ,  as shown i n  Fig. 4 ( a ) .  

This f e a t u r e  resembles t o  what i s  o f t e n  found f o r  an 

organic  1-D metal. But i t  should be noted t h a t  t h e  [012] 

axis  i s  not t he  d i r e c t i o n  of BEDT-TTF s t ack .  As shown i n  

f i g .  4 (b ) ,  t h e  / / [012]  conduc t iv i ty  does not  e x h i b i t  a 

maximum a t  least  wi th in  the  observed frequency region. But 

i t  is l i k e l y  t o  f a l l  down a t  lower frequency because t h e  DC 

conduc t iv i ty  i s  only 50 ohm 'cm . The plasma frequency 

i s  ca l cu la t ed  t o  be 10.5 x lo3  and 4.4 x l o3  c m - l  f o r  t he  

1 [012 1 and 1[012] p o l a r i z a t i o n s  , r e s p e c t i v e l y  . 

-1 -1 

4 1 B-( BEDT-TTF) 

This modif icat ion of (BEDT-TTFl2I3 is repor t ed  t o  be 

superconductive below 1.4 K, although t h e  DC conduc t iv i ty  

a t  room temperature i s  only 30 ohrn-'*cm with l i t t l e  

anisotropy wi th in  t h e  (100) plane.  5-7 

-1 

I n f r a r e d  r e f l e c t a n c e  

W 
LL 

1000 

N ,  

5 10 
WAVE NUMBER t lffcm' 

0 0 .  . . . ' . . .- 

(a)  (b I 
Reflectance s p e c t r a  of B-(BEDT-TTF)2*I3, 
( a ) ,  and conduc t iv i ty  s p e c t r a ,  ( b ) .  

Figure 5 
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REFLECTANCE OF BEDT-TTF SALTS 141 

measured on the (100) crystal face was found to be highest 
for the polarization parallel to the [Oll] axis which 

nearly corresponds to the stacking direction of BEDT-TTF. 10 

Figure 5 shows the // [Oll] and I[oll] reflectance 
spectra. The //[Ollj conductivity clearly shows a broad 

maximum at 2200 cm and falls down in the region below 
1000 cm-l in agreement with the low DC conductivity. The 
plasma frequency is calculated to be 8.5 x lo3 and 5.3 x 

lo3 cm-l for the // [Oll] and I[Oll] polarizations, 

respectively. 

-1 

DISCUSSION 

For all the four BEDT-TTF salts studied here, the optical 
conductivity in the infrared region is significantly higher 

than the DC conductivity, and falls down at lower 
frequency, often showing a maximum in the region of 2000- 
6000 em-’. Another important feature is that the 

polarization direction which gives high infrared 

conductivity is not necessarily parallel to BEDT-TTF stack, 
and rather in the direction of strong intermolecular S-S 
interaction. These feature are quite different from those 
found in (TMTSF)2X. 

Within the framework of single-particle excitation, we 

calculated the conductivity spectra which were expected 
from the band structures of BEDT-TTF salts.’ We used the 
following formula in calculating the optical conductivity 

for the CI polarization. 
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142 H. KURODA et 01. 

where P is the  p ro jec t ion  of the d i p o l e  ope ra to r  P along 

the a d i r e c t i o n ,  a i s  the c r y s t a l  volume, r i s  the 

e l e c t r o n i c  r e l a x a t i o n  r a t e ,  which was t e n t a t i v e l y  assumed 

t o  be 0.1 eV, and 0 and n stand f o r  the ground and exc i t ed  

s t a t e s ,  r e spec t ive ly .  The Hamiltonian and d ipo le  ope ra to r s  

a r e  expressed a s  follows 

a 

+ 
a r e  the c r e a t i o n  and a n n i h i l a t i o n  where 

operators  of e l e c t r o n  a t  the 9,-th s i te  i n  the  p-th u n i t  

i s  t r a n s f e r  i n t e g u r a l ,  B i s  the p o s i t i o n  c e l l ,  t 

vector  and G i s  the vec to r  of the cen te r  of mass. Figure 6 

shows the ca l cu la t ed  conduct ivi ty  spec t r a .  Since the 

con t r ibu t ion  of the intra-band e x c i t a t i o n  was c a l c u l a t e d  t o  

be lower than t h a t  of the inter-band e x c i t a t i o n ,  we omitted 

here  the former con t r ibu t ion .  Note t h a t  the main f e a t u r e s  

of the observed conduct ivi ty  s p e c t r a  a r e  w e l l  reproduced i n  

these ca l cu la t ed  conduct ivi ty  spec t r a .  This f a c t  i n d i c a t e s  

t h a t  t he  observed high in f r a red  r e f l e c t a n c e  i s  mainly 

associated with the inter-band e x c i t a t i o n  i n  the case of 

the BEDT-TTF s a l t s .  In c o n t r a s t  with t h i s ,  a s i m i l a r  

c a l c u l a t i o n  showed t h a t  t he  i n f r a r e d  r e f l e c t a n c e  was mainly 

due t o  the  intra-band e x c i t a t i o n  i n  the  case  of 

spa. and 

Pa P t  ,qm 
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REFLECTANCE OF BEDT-TTF SALTS I43 

( R  

n 
'/a7 

\ I  

5 
WAVE NUMBER I lo3 cm ' 

20001-1 

'500r 

Figure 6 Conductivity spectra calculated from band 
structure: 

(b) ( BEDT-TTF) * $104 * ( C2H3C13) 0.5 

(d) B-( BEDT-TTb 2 I3 

(a) B-(BEDT-TTF) ' PFg, 

( c 1 (BEDT-TTF) (cl04)2 D
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144 H. KURODA el al. 

(TMTSF)2X sa l t s .  This d i f f e r e n c e  seems t o  come ou t  from 

the  s i t u a t i o n  t h a t  the band s t r u c t u r e s  of BEDT-TTF sa l t s  

have more o r  less two-dimensional c h a r a c t e r  because of the  

s t rong intermolecular  S-S i n t e r a c t i o n  between BEDT-TTF 

stacks.  

This work was supported by the  Grant-in-Aid f o r  Spec ia l  

P ro jec t  Research on "the P r o p e r t i e s  of Molecular 

Assemblies" (No. 59112002) from t h e  Minis t ry  o f  Education, 

Science and Culture.  
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