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Abstract The polarized reflectance spectra of NbSej 
and (TaSe4)21 and 300 K are reported. The experimen- 
tal data are analyzed in terms of a Lorentz-Drude 
and a tight binding model. 

INTRODUCTION 

The one-dimensional metallic character of the transition 
metal chain compounds NbSej and (TaSe4)zI manifests it- 
self by the formation of charge density waves which are 
closely connected with phase transitions and non-linear 
transport phenomena . However, in spite of this comon 
feature the structural anisotropy of both chain compounds 

is quite different. Whereas NbSe3 shows an intrachain 

* This work was supported by the Stiftung Volkswagenwerk. 
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20 H. P. GESERICH ei al. 

metal-metal distance of 3.48 8 and interchain metal-metal 
distances between 4.25 and 4.45 8 ,  the corresponding values 
in (TaSe4)21 are 3.21 8 and 6.7 8 ,  revealing a clearly 
higher a n i s ~ t r o p y ~ ~ ~ .  In the present contribution the 

transport properties of both compounds along the metallic 
axis are compared by optical investigations. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Fig.1 shows the polarized reflectance spectra with a 

metallic plasma edge for the polarization direction paral- 

lel to the metallic chains, and the nearly constant re- 

- loorM 50 _-____ 
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FIGURE 1 Polarized reflectance spectra of NbSe3(a)’ and 
(TaSe4)21 (b). Dashed lines: Lorentz-Drude fit. 

flectivity of a semiconductor for R,. The smoother plasma 

edge of NbSe3 indicates a shorter collision time of the 
free carriers in this material. Analyzing R,, by a Lorentz- 
Drude model, the spectral distribution of the real and 

the imaginary part of the dielectric function, E I ( ~ w )  

and E ~ ( ~ L w ) ,  are obtained (Fig.Za,b). From the relation 

o(hw) = E w E Z ( ~ W )  one obtains the conductivity function, 

which can be extrapolated to zero energy, leading to an 
optical value for the dc-conductivity. As the free 

carrier concentration can be deduced from a discussion 
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OPTICAL INVESTIGATIONS ON THE TRANSITION METAL 21 

FIGURE 2 D i e l e c t r i c  f u n c t i o n  ( a , b )  a n d  c o n d u c t i v i t y  
f u n c t i o n  ( c )  o f  NbSeg ( u p p e r  p a r t )  a n d  o f  
( T a S e 4 ) 2 1  ( l o w e r  p a r t ) .  u D ,  aL a n d  L o r e n t z  
c o n t r i b u t i o n .  

o f  t h e  c h e m i c a l  b o n d s ’ ,  a l s o  t h e  e f f e c t i v e  mass  c a n  b e  

c a l c u l a t e d  f r o m  t h e  o p t i c a l  r e s u l t s .  On t h e  b a s i s  o f  a 

s i m p l e  t i g h t  b i n d i n g  m o d e l  f o l l o w s  f u r t h e r  t h e  b a n d  width  

4 t ,  t h e  F e r r n i  e n e r g y  E F ,  a n d  t h e  mean f r e e  p a t h  A .  

T A B L E  I T r a n s p o r t  p r o p e r t i e s  o f  NbSe3 a n d  ( T a S e 4 ) 2 1  

NbSe3 3.9 0.4 I 3.5 0 .5  7 

15 (TaSe4) 21 3.2 0.4 2 4.0 0.6 
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22 H. P. GESERlCH er d. 

The most surprising results are the short mean free path 

of NbSe3 and the high optical value of 4x103(Qcm)-1 for 
the dc-conductivity of (TaSe4) 21, which is 6 times larger 

than the experimental dc-value.' The latter result, per- 
haps, indicates an influence of fluctuations, due to the 
phase transition at 263 K, onto the dc-conductivity at 
300 K6. On the other hand, the value of the width of the 
conduction band of (TaSe4)21 is in excellent agreement 

with band structure calculations if one takes into ac- 
count that the tight-binding band must be folded backin- 

to a smaller Brillouin zone because the crystallographic 
unit cell contains four tantalum atoms along the chain 

axis'. On the contrary the width of the conduction band 
of NbSe3 given her is considerably higher than the values of 
about 1.5  eV resulting from band-structure calculations"". 

This is presumbly due to the more complicated band struc- 
ture of NbSe3 with s i x  nonequivalent metal chains. 
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