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The anisotropic e lectronic structure of the ~- and B-phase of (BEDT-TTF)213 was investigated by 
electron energy-loss spectroscopy. 

I.  INTRODUCTION 

Recently, molecular metals based on the do- 

nor b ise thy lened i th io - te t ra fu lva lene (BEDT-TTF) 

have at t racted considerable in terest  because of 

the quasi-two-dimensional properties and the 

ambient-pressure superconductivity. In pa r t i -  

cular ,  for  the B-phase of (BEDT-TTF)213 super- 

conducting t rans i t ion  temperatures up to 8.1 K 

were reported 3. The electronic structure of 

(BEDT-TTF)213 has been studied by several op- 

t ica l  studies. 3-6 In th is contr ibut ion we 

have invest igated the anisotropic e lectronic 

structure of the m- and B-phase of 

(BEDT-TTF)213byelectron energy-loss spec- 

troscopy (EELS) 

2. EXPERIMENTAL 

Single crystals of ~- and B-(BEDT-TTF)213 

have been prepared by electrochemical me- 
7 thods . For EELS, thin f i lms having a th ick-  

ness of about 1000 ~ were cut by an u l t rami-  

crotrome from the crystals and mounted on elec- 

tron microscopy grids. Transmission EELS spec- 

tra were taken with a 170-keV spectrometer. 8 

3. RESULTS AND DISCUSSION 

3.1 Valence band exci tat ions 

In Fig. I we show loss spectra of ~- and 

B-(BEDT-TTF)213 for momentum transfer q in the 

a-b plane para l le l  and perpendicular to the 

stack axis.  For comparison we also show a loss 

spectrum of a thin f i lm composed of BEDT-TTF. 

For a l l  spectra a momentum transfer q=O.1 ~-I 

was chosen which is small compared with the di-  

mension of the Br i l lou in-zone.  Therefore, these 

measurements can be d i rec t l y  compared with op- 

t i ca l  data. Pure BEDT-TTF has a gap of about 

2.8 eV and molecular orb i ta l  t rans i t ions at 

3.2, 4 and 5.6 eV. The same t ransi t ions occur 

in the ~- and in the ~-phase of (BEDT-TTF)213. 

The reason for the d i f fe ren t  in tens i t ies  of 

these t rans i t ions is the d i f fe ren t  d i rect ion of 

re la t i ve  to the or ientat ion of the BEDT-TTF 

molecules. Maxima below 2.8 eV are caused by 

the charge extract ion from the highest occupied 

7r band. Well pronounced plasmons appear near 

0.6 eV para l le l  to the stacks, while perpendi- 

cular to the chains, broader peaks appear near 

0.3 eV. The l a t t e r  peaks can hardly be resolved 

with our best energy resolut ion of 0.08 eV from 
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FIGURE I 
Electron energy-loss spectra of m- and B- 
(BEDT-TTF)213 para l le l  and perpendicular to 
the stack axis and of unoriented BEDT-TTF 

the quas i -e las t ic  i n tens i t y  at zero energy. 

These maxima in the loss funct ion correspond to 

the plasma edges observed in the inf rared re- 

f lectance data. 3-6 Addit ional maxima appear 

near 1.2 eV and at 2.2 eV ( for  B-(BEDT-TTF)213 

perpendicular to the stack ax is ) .  In most of 

the previous opt ical  studies, the low energy 

part was analyzed by a Drude model. In the 

framework of th is  model the f i r s t  maximum in 

the loss funct ion is assigned to a f ree -ca r r ie r  

plasmon. More information on the nature of th is  

maximum can be obtained from momentum dependent 

measurements. The q-dependence of the plasmon 

for  B-(BEDT-TTF)213 para l le l  to the stack axis 

is shown in Fig. 2. For a f ree -ca r r i e r  plasmon 

a dispersion is expected which is q~dy~aX~Lc in 

q. 

In the experiment, a Z Z n ~  dispersion is 

observed for  q ~ 0.3 ~ - I .  Moreover, the nega- 
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FIGURE 2 
Dispersion of the ~-plasmon of B-(BEDT-TTF)~I 
with ~ para l le l  to the stack ax is .  ~ 3 

t i ve  dispersion of the ~ plasmon above q~O.4 ~-I 

is inconsistent  with an in terpre ta t ion  of th is  

maximum by a f ree -ca r r ie r  plasmon. Therefore, 

we th ink ,  that the plasmon is caused not by in -  

traband t rans i t ions  but by interband t rans i -  

t ions.  This interband t rans i t i on  is coupled 

with intraband t rans i t i ons ,  g iv ing r ise to a 

zero crossing in ~I jus t  below the o s c i l l a t o r  

and causing therefore the maximum in the loss- 

funct ion Im( - I /~ ) .  A s im i la r  non-Drude l i ke  ex- 

planation was already given for  ref lectance da- 

ta by Tajima et a l .  4 According to the band 

structure calculat ions by Mori et a l .  9 the 7- 

band is sp l i t t ed  in to  two bands since the un i t  

ce l l  contains two BEDT-TTF molecules. For q=O, 

the interband t rans i t i on  occurs dominantly from 

the lower band to the unoccupied part of the 

ha l f  f i l l e d  higher band around the Fermi sur- 

face. With increasing q, i . e . ,  going to non- 

ver t ica l  t r ans i t i on ,  parts of the upper band 

near the ? point  can be reached which are h i -  

gher in energy. Thus a pos i t ive  dispersion 
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should occur which is observed in the exper i -  

ment. At momentum transfers larger than the 

Fermi wave vector kf ~ 0.35 ~- I ,  again parts of 

the upper band are reached by the interband 

t rans i t ions which are lower in energy. This is 

again in agreement with experiment. In a f i r s t  

approximation the dispersion shown in Fig. 2 

ref lects  the band structure of the unoccupied 

part of the upper band. The width of th is un- 

occupied part of the band can then be derived 

to be about 0.1 eV. 

states. Maxima appear at 285, 286 and 288.5 eV, 

From EELS measurements on other conjugated mo- 

lecules and polymers we know, that the l ine  

near 285 eV can be assigned to a ~* orb i ta l  

associated to a C-C bond. From the or ientat ion 

dependence of the t rans i t ion  in 5-(BEDT-TTF)~.I3, 

we conclude that the t rans i t ion  near 286 eV 

can be assigned to a ;~* orb i ta l  associated to 

a C-S bond. Probably, t rans i t ions at higher 

energies correspond to t rans i t ions into un- 

occupied ~* levels.  

3.2 Core-level exci tat ions 

In Fig. 3 we show f i r s t  measurements on 

carbon K edges which should in pr inc ip le  give 

information on the density of unoccupied 
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FIGURE 3 
Carbon K edges of BEDT-TTF crystals.  Jl , ] and  
c denotes q para l le l  to the stack axis,  perpen- 
d icu lar  to the stack axis in the a-b plane and 
perpendicular to the a-b plane, respect ively.  
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