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The thermopower of monoclinic TaS3 shows t h a t  t h e  
charge-density-wave dr iven met a l - in su la t  o r  t r a n s i -  
t i o n  at 160 K i s  comparable t o  the  P e i e r l s  transi- 
t i o n s  i n  organic  conductors. However, the  insula-  
t i n g  low temperature s t a t e  with thermally a c t i v a t e d  
conduct iv i ty  i s  qu i t e  unsens i t ive  t o  i r r a d i a t i o n  
induced d isorder .  Ins tead  the  d i so rde r  pushes the  
i n s u l a t i n g  p rope r t i e s  up t o  h ighe r  temperatures ,  i n  
samples wi th  about a t . f r a c t i o n  of d e f e c t s  t h e  
conduct iv i ty  i s  a c t i v a t e d  and t h e  thermopower h a s  a 
1/T dependence i n  a l l  t he  measured range from - 60 
t o  300 K. 

Monoclinic TaS3 is the  s t r u c t u r a l  analogue of t h e  
well-known Charge-Density Wave compound NbSeg : they  have 
both a chain-like s t r u c t u r e  of metal atoms i n  chalcogen 
prisms'. Consequently they a re  an i so t rop ic  metals, a fea- 
t u r e  e s s e n t i a l  f o r  the forming of Charge Censity Wave 
(CDW) d i s to r t ions2 .  

O f  these two the  TaS3 has  f a r  more an i so t rop ic  e lec-  
t r o n i c  proper t ies ,  the  conduct iv i ty  anisotropy i s  of t he  
order  of  l o2  ( 0 along the  chains/  0 t r a n s v e r s e ) 3  i n s t e a d  
of .. 10 i n  NbSe34. This  anisotropy is  a l s o  r e f l e c t e d  in  
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the  CDW i n s t a b i l i t y  : i n  TaSg s t r u c t u r a l  p recursor  e f f e c t s  
a re  v i s i b l e  above the  phase t r a n s i t i o n s 1  as it i s  t y p i c a l  
of quasi-one-dimensional systems l i k e  t h e  organic  metals 
with CDW ( P e i e r l s )  d i s to r t ions5 .  In  f a c t ,  l i k e  the  organic  
conductors t he  monoclinic TaSg is  dr iven by the  CDW t o  an 
insu la t ing  s t a t e  at l o w  temperatures. This  meta l - insu la tor  
t r a n s i t i o n  happens at 160 K and i t  is w e l l  v is ible  i n  t h e  
r e s i s t ance  curve 1 of Fig. 1. Already at 240 K another  

5 lo 1000/T 
FIGUFiE 1. The r e s i s t a n c e  of pure monoclinic TaS3 (curve 1 ) 
shows the  metal- insulator  t r a n s i t i o n  at 160 K. Another 
anomaly is seen at 240 K. The same sample, now conta in ing  

but t he  a c t i v a t e d  low temperature behaviour remains un- 
changed (curve 2) .  

at f r a c t i o n  of d i sp laced  Ta has  no more t r a n s i t i o n s  

phase t r a n s i t i o n  is observed wi th  a less important anomaly. 
In  t h e  monoclinic TaSg as w e l l  as i n  NbSeg the  l a t t i c e  
d i s t o r t  ions a re  incommensurate, devia t ing  s l i g h t l y  from a 
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THERMOPOWER AND DISORDER IN TaS, [845]/127 

commensurability of order  fou r .  A l l  s t r u c t u r a l  evidence on 
the  phase t r a n s i t i o n s  i n  TaS3 and NbSe2 i s  presented  i n  
r e f .  1 and compared t o  those observed i n  the  orthorhombic 
v a r i e t y  of TaS3. 

The quasi-one-dimensional conductors a re  usua l ly  very 
s e n s i t i v e  t o  d isorder .  The P e i e r l s - t r a n s i t i o n  can be s u p p  
ressed  by a concent ra t ion  of  a few 10-3 of f o r  example 
i r r a d i a t i o n  induced defec ts6 .  A t  such l e v e l s  of d i so rde r  
one can a l s o  observe the  suppression o f  t he  c o l l e c t i v e  
paraconduct ivi ty  due t o  the  s l i d i n g  CDW7. The remarkable 
non-linear p rope r t i e s  of NbSeg can a l s o  be a f f e c t e d  by 
i r r a d i a t i o n  induced disorder8.  A l l  t hese  e f f e c t s  a r e  due 

6 t o  the  pinning of the CDW d i s t o r t i o n  on the  de fec t s  . 
A s  t o  the  s e n s i t i v i t y  t o  the  pe r tu rba t ion  due t o  de- 

f e c t s  the  monoclinic TaSg makes no except ion.  In t h e  first 
i r r a d i a t i o n  s tudy3 the  fol lowing observat ions were made : 

i/ the  most e f f e c t i v e  de fec t s  a re  c rea t ed  by displa-  
c ing T a  atoms. The f r a c t i o n  of T a  d i sp laced  under i r r a d i a -  
t i o n  can be we l l  es t imated.  

ii/ a t  defect  concent ra t ions  exceeding a few 18-3 
displaced T a  t he  CDW i s  completely pinned t o  de fec t s .  
Even at the  lowest temperatures  no long-range ordered 
s t a t e  is obtained. Ins tead  e l e c t r o n  d i f f r a c t i o n  shows 
t h a t  the  d i s to r t io l i  is present  without t r ansve r se  cohe- 
rence ,  l i k e  i n  the  pure ma te r i a l  above the  order ing  t ran-  
s i t i o n s .  This s t r u c t u r a l  evidence of t h e  pinning i s  dis- 
cussed i n  r e f .  9 .  

p e r t i e s  seem t o  be a s soc ia t ed  with the  order ing of t he  
CDW they a re  not destroyed by the  pinning. This  is  shown 
by the  r e s i s t a n c e  curve 2 i n  Fig. 1 t h a t  w a s  measured f o r  
a sample containing a t .  f r a c t i o n  of d i sp laced  T a .  The 
absolu te  value as w e l l  as the  a c t i v a t i o n  energy of t he  
conduct ivi ty  axe l i t t l e  o r  not at a l l  a f f e c t e d  at tempe- 
r a t u r e s  below the  metal  i n s u l a t o r  t r a n s i t i o n .  

TaS3 i s  s t rongly  in con t ra s t  with a l l  t he  organic  P e i e r l s  
systems s tud ied  up t o  nowlo as we l l  as any c l a s s i c a l  
semiconductor’ I .  It w a s  even quest ioned i f  it is  a conse- 
quence of an inhomogeneous but anyhow microscopical ly  
me ta l l i c  cha rac t e r  of the  s m p l e s 3 .  

The answer is given i n  the  present  s tudy o f  thermo- 
power. This  t r a n s p o r t  property shows c l e a r l y  t h a t  t he  
metal- insulator  t r a n s i t i o n  is a microscopic proper ty  of 

iii/ even though the  i n s u l a t i n g  low temperature pro- 

This  puzzl ing conduct iv i ty  behaviour of i r r a d i a t e d  
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TaS3 and t h a t  the semiconductor-like t ransport  i s  s t a b i l i -  
zed by i r r a d i a t i o n  induced disorder. 

p o r t  method and checked with X-rays f o r  the monoclinic 
s t ructure .  Being small i n  cross-section (a few t ens  of 
p2) and r e l a t i v e l y  long (- 1 mm i n  the direct ion of the 
conducting chains) the c r y s t a l s  are qui te  su i t ab le  f o r  
thermopower measurements. The thermopower w a s  measured i n  
an aysaratus equivalent t o  t h a t  described by CHAIKIN and 
KWAK . The apparatus has been checked on organic quasi- 
1-D conductors t h a t  gave r e s u l t s  consistent with l i t e r a t u r e  
datal3.  

The absolute thermopower of TaS3 (the measured ther- 
mopower minus the absolute thermopower of gold14) i s  pre- 
sented by curve 1 i n  Fig. 2. For the p r i s t i n e  sample the 
value at high temperature i s  very small, o f  the order of 
1 pVV/K. The thermopower i s  negative around room tempera- 
t u r e ,  at t he  phase t r a n s i t i o n  at 240 K we observe a change 
of sign. Down t o  160 the thermopower i s  small and has  
l i t t l e  temperature dependence. These f a c t s  are  consis tent  
with the metal l ic  behaviour of the r e s i s t i v i t y .  

Another change of s ign with a spectacular increase of 
the absolute value of thermopower is observed at 160 K. 
This sudden increase is  qui te  analogous with the behaviour 
of the organic conductors at the P e i e r l s  t r a n s i t i o n ’  5. A 
value of  nearly - 100 pV/K i s  reached below 100 K before 
the measurement becomes impossible due t o  the high i m p e -  
dande of the sample. 

Such an increase of  the absolute value of the ther- 
mopower confirms the microscopic character  of the low 
temperature insulat ing phase. A thermally ac t iva t ed  beha- 
viour of r e s i s t i v i t y  can be observed i n  an inhomogeneous 
(granular) metal, especial ly  i n  quasi 1-D systems, but the 
thermopower is l e s s  s ens i t i ve  t o  inhomogeneities because 
no current flow is  needed1 ‘. 
sured the thermopower o f  i r r a d i a t e d  organic conductors. 
These are systems of metal segments and have a thermally 
act ivated conductivity but the thermopower i s  typ ica l ly  
metal l ic ,  it is  small and extrapolates  t o  zero at decrea- 
sing temperature. Similar observations o f  a s m a l l  thermo- 
power on a sample whose r e s i s t i v i t y  has a tendency t o  
increase with decreasing temperature have been reported 
i r r a d i a t e  d NbSe ) ’ 9. 

The c r y s t a l s  of TaS3 were grown by the iodine trans- 

This i s  c l ea r ly  demonstrated by FORRO17 who has  mea- 
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FIGURE 2. The thermoelec t r ic  power of pure monoclinic TaS3 
shows a sudden drop at the  metal- insulator  t r a n s i t i o n  (cur- 
ve l ) .  Af t e r  i r r a d i a t i o n  the  sample t o  a dose corresponding 
t o  ~ x I O - ~  displacement T a  t he  sharp t r a n s i t i o n s  are l o s t  
(curve 2 ) .  Another, more i r r a d i a t e d  sample (2.10-2 disp.  

T a )  shows a 1/T temperature dependence (curve 3, f u l l  l i n e ) .  

Af te r  i r r a d i a t i o n  t o  a dose corresponding 5x10-3 dis-  
placed T a  a suppression of  t he  sharp phase t r a n s i t i o n s  is  
manifest ,  see curve 2 i n  Fig. 2. The thermopower h a s  a va- 
lue  of - - 3 pV/K at  room temperature .  Passing c lose  t o  
z e r o  i t  t u r n s  down t o  reach once aga in  a value of  - 100 pV 
around 100 K. 

The most i r r a d i a t e d  sample conta in ing  2 ~ 1 0 - ~  of dis-  
placed T a  has  no more t r a n s i t o r y  behaviour. The thermopo- 
wer is r e l a t i v e l y  l a rge  a l ready  at room temperature 
(- 14 pV/K) and i t  decreases  fol lowing a 1/T dependence 
cons i s t en t  with semiconducti? t r a n s p o r t  mechanism by 
a c t i v a t i o n  across  a band gap2 . 

The results presented above show c l e a r l y  t h a t  in mo- 
noc l in i c  TaS3 t he re  e x i s t s  a semiconducting l ike low tem- 

21 o r  t o  a mobi l i ty  edge 
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perature  phase and t h a t  it is  s t a b i l i z e d  by d isorder  up t o  
room temperature. This  s t a b i l i z a t i o n  of the  i n s u l a t i n g  
proFer t ies  is s t rong ly  i n  con t r a s t  wi th  the  behaviour of  
the  organic Peierls-system where the  me ta l l i c  p r o p e r t i e s  
a re  s t a b i l i z e d  by d isorder .  The apparent i n s e n s i t i v i t y  of 
both the  a c t i v a t i o n  energy and the  absolu te  value of the  
conduct ivi ty  does not f i t  i n  a c l a s s i c a l  semiconductor 
scheme e i t h e r .  Even ignoring the  microscopic p rope r t i e s  
of t he  i r r a d i a t i o n  induced de fec t s  it is  d i f f i c u l t  t o  
imagine a s i t u a t i o n  wi th  per fec t  compensation and no chan- 
ge i n  a c t i v a t i o n  energy. 

f r a c t i o n  study9, would be the  c r e a t i o n  of l o c a l i z e d  phase 
defec ts  of t he  l a t t i c e  d i s t o r t i o n  t h a t  a re  bound t o  atoms 
displaced by i r r a d i a t i o n  o r  t o  vacant l a t t i ce  sites. The 
e l e c t r o n i c  p rope r t i e s  of  such s o l i t o n  de fec t s  have been 
s tudied  i n  model systems22,23 and app l i ed  t o  doping of 
polyacetylene2*. No theory appl icable  t o  TaSg has  been 
made y e t .  W I L S O N 2 4  has  proposed t h a t  such de fec t s  could 
expla in  the apparent non-commensurability o f  the  l a t t i c e  
d i s t o r t i o n  i n  NbSeg, consequently as we l l  i n  TaS7. Such 
inherent  de fec t s  might expla in  the  i n s e n s i t i v i t y  of the  
low temperature phase of TaS3 t o  d isorder .  

A more exo t i c  p o s s i b i l i t y ,  cons i s t en t  wi th  the  dif-  
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