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THERMAL PROPERTIES OF ZrTe5 

ANA SMONTARA AND KATICA BILJAKOVIC 
I n s t i t u t e  o f  Physics o f  the Un ivers i ty ,  P.0.Box 304, 
41001 Zagreb, Yugoslavia 

Abstract  - High reso lu t i on  s p e c i f i c  heat measurements have be- 
en performed i n  the temperature range 60-190K. Two very weak 
anomalies were found around 80K and 140K. Thermal conduct ivf  t y  
measurements have a l so  been performed and there was no detec- 
tab le  anomaly. The resu l t s  are discussed i n  view o f  ac tua l  pm- 
posed i n  t e  rp re ta  t ions. 

I NTRODUCT I ON 

Recently, in tens ive  i nves t i ga t i on  o f  several  phys ica l  p roper t ies  of 

t rans i t ion-meta l  penta te l  i u r i d e  ZrTe 

the mechanism o f  the r e s i s t i v i t y  anomaly’ around 140K. Associated 

changes have been observed i n  the thermoe lec t r i c  power’ and the 

H a l l  c o e f f i c i e n t  . A t  microwave frequencies the r e s i s t i v i t y  anomaly 

i s  near ly  completely wiped ou t  and the most l i k e l y  exp lanat ion  o f  

t h i s  i s ,  as i n  NbSe3, the development o f  a c o l l e c t i v e  made associ- 

ated w i t h  a phase t r a n s i t i o n  . X-ray d i f f r a c t i o n  and magnetic mea- 

surements d d n o t  show the existence o f  charge o r  spin-densi t y  wave 

t r a n s i t i o n s  respec t ive ly .  I n  cont ras t  t o  the f i r s t  Raman sca t te r i ng  

studies,  a ecent one suggests the possi b i  Ii t y  o f  a s t r u c t u r a l  i n -  

s t a b i l i t y  . Band s t ruc tu re  ca lcu la t ions6 support the absence o f  one 

dimensional charge-density-wave i n s t a b i l i t y  and suggests tha t  the 

e l e c t r i c a l  r e s i s t i v i t y  peak a t  140K o r i g ina tes  i n  the  s t rong tem- 
7 perature dependence o f  the c a r r i e r  dens i ty .  E l a s t i c  measurements 

revealed a new anomaly a t  85K, where o the r  p roper t i es  are n o t  s i n -  

gular,  which i s  assigned t o  shear motion o f  neighbor ing sheets. 

Recently, s t r u c t u r a l  inves t iga t ions  a t  room temperature as we1 1 as 

e l e c t r i c a l  r e s i s t i v i t y  and heat capacl t y  measurements have been 

made’ and the l a t t e r  w i l l  be reported I n  t h i s  paper. 

have been made searching f o r  5 
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The samples used l n  t h i s  work were from the same baches as the- 

se an which s t r u c t u r a l ,  r e s i s t i v i t y  and e l a s t i c i t y  measurements we- 

r e  reported e a r l  i e r '  *7. 

HEAT CAPACITY AND THERMAL RESISTIVITY 

In order t o  c l a r i f y  the problem o f  exlstence o f  the phase t r a n s i t l -  

on we performed heat capaci ty measurement i n  the temperature reg i -  

on between 60K and l9OK. The measurements were c a r r i e d  ou t  i n  two 

runs using 6.6 mg and 14.2 mg c r y s t a l s  respec t ive ly .  The coo l fng  

ra te  was about lK/hour. I t  was found t h a t  no i nd i ca t i ons  o f  a l a -  

t en t  heat were present, n e i t h e r  i n  the heat ing  nor  i n  the coo l ing  

run. 

I n  the f l r s t  experiment (No.1,Flg.l) there was no c lea r  s p e c i f i c  

heat anomaly. However there were a t  l eas t  two marked changes I n  the 

slope, a t  90K and around 140K. 

one i s  around 135K, which i s  a l so  the temperature o f  the maximum 

i n  the r e s i s t i v i t y  measured on the same sample (Fig.2). There I s  a 

second anomaly a t  9OK. Both observed anomalles a re  ra the r  smeared. 

I n  the second run we observed two broad anomalies. The f l r s t  

10.20 
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FIGURE 1 Spec l f l c  heat o f  ZrTe versus T measured dur ing  coo l ing  
I n  two separate runs on 5 two d i f f e r e n t  samples. 
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On the same samples we a l s o  performed e l e c t r i c a l  and thermal 

r e s i s t i v i  t y  measurements (Fig.2). The l a t t e r  was dane r e l a t i v e  t o  

constantan w i  re. 

There i s  no i nd i ca t i on  o f  anomalles i n  thermal r e s i s t i v i t y  as 

there I s  i n  NbSe except again two changes i n  the slope, the f i r s t  

one around 140K and the second one around 80K. The p l o t  o f  the 

Lorentz number (ky/T) shows a smoth v a r i a t i o n  w i t h  temperature. 

3 

FIGURE 2 The e l e c t r i c a l  and thermal r e s i s t l v i t y  o f  ZrTe as a 
funct ion o f  temperature. 5 

D I S CUSS I ON 

The h igh  temperature peak i n  s p e c i f i c  heat, a t  - 1 3 0 K ,  corres- 

ponds t o  the t ranspor t  anomalies i n  the orthorhombic polytype. As 

mentioned before two d i f f e r e n t  approaches have been proposed t o  

exp la in  the t ranspor t  anomal ies.  The present r e s u l t  could no t  

ascer ta in  the na ture  o f  proposed trans1 t i on .  A stepwise increase 

i n  the dens i ty  o f  e l e c t r o n i c  s ta tes  cannot reproduce the peak o f  

the heat capacity. A sharp s t r u c t u r e  o f  e l e c t r o n i c  dens i ty  o f  s t a  
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144 A. SMONTARA AND K. BIUAKOVIC 

tes curve around Fermi l eve l  q u a l i t a t i v e l y  can reproduce the expe- 
8 r imental  resu l t s  . 

I n  the  l a s t  paper o f  Sambongf e t  a18 orthorhombic and monoclinic 

polytypes o f  ZrTe5 are examined. E l e c t r i c a l  r e s i s t i v i t y  was measu- 

red f o r  monocl in ic samples. They found a small  hump near 85K. 
The law temperature s p e c i f i c  heat peak i s  associated w i t h  the 

e l a s t i c  and r e s i s t i v i t y  anomalies o f  the  monocl ln lc poiytype. 

Though samples had been confirmed as o r t h o r h m b i c  by X-rays be fore  

measurement, both the e l a s t i c  and heat capaci ty resu l t s  a re  i nd i ca -  

t i v e  o f  the presence o f  the monocl ln ic polytype. 
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