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HEAT CAPACITY MEASUREMENTS ON TaS3 

KATICA BILJAKOVIC, ANA SMONTARA AND MLADEN PRESTER 
I n s t i t u t e  o f  Physics o f  the Unlversi  ty,P.O.Box 304, 
4 1 001 Zagreb ,Y ugos 1 av i a 

Abstract  - We have measured the heat capaci ty o f  TaS3 i n  the 
temperature range 60-180K w i t h  a reso lu t i on  b e t t e r  than 2% 
i n  o rder  t o  inves t iga te  hys teres is  e f f e c t s  around 100K. We 
observe hys teres is  I n  heat capaci ty between lOOK and 130K 
which corresponds t o  the r e s i s t i v l  t y  hys teres is  and t o  some 
anornal ies  i n  non l i n e a r  p roper t ies  associated w i t h  the motion 
o f  the. CDW. 

INTRODUCTION 

1 Orthorhombic TaS3 undergoes a R i e r l s  t r a n s i t i o n  a t  T=215K . I t  was 

o r i g i n a l l y  reported tha t  the charge dens i ty  wave (CDW) was comnen- 

sura te  w i t h  the under ly lng l a t t i c e  w i t h  a p e r i o d i c i t y  o f  f ou r  l a t -  

t i c e  constants along the chain axis2.  A f t e r  observat ion o f  anomali- 

es i n  the t ranspor t  p roper t ies  o f  orthorhombic TaS3 more recent 

e lec t ron  d i f f r a c t i o n  measurements3 demonstrated t h a t  below 215K the 

wavelength o f  the Pe le r l s  t r a n s i t i o n  i s  s l i g h t l y  Incommensurate 

w i t h  the l a t t i c e  and i s  temperature dependent, l ock ing  i n  t o  fou r  

1 a t t  i ce cons tan t s  a t  T'- 13OK. Th I s commensura te - i  ncommensura t e  

trans1 t l o n  Is observable I n  the temperature v a r i a t i o n  o f  the r e s i -  

s t i v i t y  along the chain ax i s  and a l s o  i n  the non l i n e a r  p roper t i es  

l i k e  temperature v a r i a t i o n  o f  the e l e c t r i c  th resho ld  f i e l d  and the 

r e t l o  o f  the pe r iod i c  noise frequency t o  the cur ren t  c a r r i e d  by the 

CDW3. Furthermore recent i nves t i ga t i on  o f  the response to  h igh  

0 

f i e l d  pulses4 and accurate measurements o f  the ohmic conduc t i v i t g  5 
have shown the presence o f  metastable s ta tes  i n  t h i s  system. In 
view o f  the i n t r i g u i n g  t ranspor t  p roper t l es  o f  TaS3, measurements 

o f  thermal p roper t ies  are a l so  o f  great i n t e r e s t .  
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I n  t h i s  paper we present new data f o r  the  heat capaci t y  o f  o r -  

thorhombic TaS3 and show the presence of thermal hysteresis.  

HEAT CAPACITY 

Heat capacity measurements were made using an improved heat pulse 

technique whose bas ic  p r i n c i p l e s  have been described previously . 
The cool ing and heat ing rates were both about lK/hour and heat ing 

pulses o f  about 0,lK were appl ied t o  the  sample. 

As shown i n  FIg.1 there 1s a hys teres is  of about 3 4 %  I n  the tem- 

perature region between lOOK and l3OK. The resu l t s  represented the 

heat capacity o f  the whole sample (TaS3, s i l i c o n e  grease, Cu con- 

t a i n e r  etc) .  The ex t ra  s p e c i f i c  heat a r l s l n g  from the sample holder 

etc.  has no t  ye t  been measured, we expect t h a t  the con t r i bu t i on  

o f  a p a r a s i t i c  s p e c i f i c  heat w i l l  be about the h a l f  o f  the t o t a l  

heat capacity, 1.e. the hys teres is  i n  the s p e c i f i c  heat o f  TaS 

w i l l  be 6-8%. 
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Fig.1 To ta l  heat capacity o f  TaS (sample + p a r a s i t i c  heat 
capacity) versus temperatu;ie 
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The hys teres is  i n  heat capaci ty occurs I n  the range 100-130K and 

i s  probably the same o r i g i n  as tha t  i n  the r e s i s t i v i t y .  The heat 

capaci ty i s  d i r e c t l y  re la ted  t o  the order  parameter or  the ampli- 

tude o f  the CDW. Thus the r e s u l t s  reported here g i ve  f u r t h e r  sup- 

p o r t  f o r  the suggestion tha t  there i s  hys teres is  i n  the ampl i tude 
8 

o f  the COW, associated w i t h  the presence o f  the metastable s ta tes  . 
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