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SPECIFIC HEAT,  MAGNETIC SUSCEPTIBILITY A N D  TRANSPORT PROPERTIES 
OF POLYCRYSTALLINE CelnAu A N D  CelnAu2 

H R P L E G E R ,  E B R U C K * ,  E B R A U N ,  F O S T E R ,  A F R E I M U T H ,  B P O L I T T ,  
B R O D E N  and D W O H L L E B E N  

H Phys~kahsches Insatut, Umversaat zu Koln, Zulpwherstr 77, D-5000 Cologne 41, Fed Rep Germany 

Measurements of speofic heat (1 4-350 K), thermopower and thermal conductwlty (1 5-300 K), electrical resmtwlty 
(40 mK-300 K) and of the magnehc susceptibility (40 mK-300 K) on polycrystalhne samples of CelnAu, CelnAu2 and of 
the reference compounds LalnAu and LulnAu2 are reported The properties of the Ce-compounds are unusual due to 
phase transmons (magnetic ordering, martensltlc) and crystalhne electric field effects There are only weak m&catmns of a 
valence mstabdgy 

1. Introduction 

The ternary lntermetalhcs YbInAu  and 
YbInAu2 are known as Intermediate valence 
( IV)-compounds  [1-3] From measurements  of 
the Lm-absorpt Ion  edges it ts found that C e I n A u  
and CelnAu2 are also weakly mixed valent with 
valence v = 3 03 and 3 05, respectively [4] In 
contrast,  in a recent  measurement  of the LIH- 

edges CeInAu2 has been repor ted to be trlvalent 
[5] From the lattice parameters  one knows that 
In contrast  to the Yb-compounds  no volume 
anomaly can be detected in the two Ce-com-  
pounds The  intention of our work was to find 
out, whether  there are typical indications of a 
4f-instabihty of Ce in these compounds,  or 
whether  they belong to the rare class of stable 
tnvalent  lntermetalhc Ce-compounds  

Polycrystalhne samples of R E I n A u  and 
REInAu2 (RE = La, Ce, Lu) were prepared  by 
arcmelt lng stolchlometrlc amounts  of the pure 
elements  X-ray  patterns were obtained in 
agreement  with other authors C e InAu  and 
La InAu  are hexagonal (hP9-Fe2P), CeInAu2 and 
LuInAu2 are cubic (B2-CsCI) at room tem- 
perature  [2,3,5] CeInAu2 undergoes a mar ten-  
sihc t ransformation at about  2 0 0 K  [5] In- 
vestigations through microsectlons showed that 
in C e I n A u  and CeInAu2 minor amounts (less 
than 5%) of a second phase were present  Also 

* Present address Natuurkun&g Laboratormm der Um- 
versltelt van Amsterdam, Valckemerstraat 65, 1018 XE 
Amsterdam, The Netherlands 

microcracks  were visible in the R E I n A u  samples 
Annealing at 550°C diminished the second phase 

2. RelnAu 

The  tempera ture  dependence  of the resistivity 
of C e I n A u  is quite unusual (fig 1) Unfortunately 
the absolute resistivity could not be determined 
for the REInAu-samples ,  since the presence of 
the mlcrocracks  did not allow to determine the 
geometr ic  factor  It  is remarkable  that annealing 
raised the resistivity by a factor  of about  3 The  
residual resistivity ratio (rrr) Indicates unusually 
strong lattice defects This seems to be a common  
proper ty  of Intermetalhc compounds  m the F e 2 P  

structure (similar effects are repor ted on YbCuA1 
[6]) 
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Fig 1 Resistivity vs temperature of REInAu2 (left scale) 
and REInAu (nght scale) The absolute scale for REInAu was 
obtained by scahng via the Wledemann-Franz law (see text) 
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Fig 2 Speofic heat Cv vs temperature of CelnAu Insert 
C~(CelnAu)-C~(LalnAu) vs temperature and Schottky-fit 
(sohd hne) 

The specific heat  of C e InAu  (fig 2) shows an 
anomaly at 5 7 K with an entropy of about  R In 2 
A p l o t  of C / T  vs T 2 t s l lnear  between 12 and 
18 K and we find an electronic specific heat 
coefficient y of about 30 mJ/mol  K 2 Subtracting 
the data of La InAu  (inset fig 2) reveals a second 
anomaly with a maxzmum at 60 K This anomaly 
can be interpreted as a Schottky-effect  with a 
crystal field (CF)-scheme with two doublets at 
120 and 290 K (solid line in fig 2) 

The  magnettc  susceptibility (fig 3) also shows 
an anomaly at 5 7 K Toge the r  with the entropy 
of R l n 2 ,  one can conclude that it is due to 
antfferromagnetic order From 6 to 11 K and 
from 20 to 300 K the susceptlblhty shows Cur ie -  

Weiss behavlour  with 0 = - 1  5 and - 1 0  K, res- 
pectively At low temperatures  the moment  is 
strongly reduced, with a value of 2 10txa At 
room temperature  we extract a magnetic  moment  
of 2 50/xB, which is slightly reduced with respect 
to that of the 4f I configuration of Ce This may be 
due to a weak valence instability From x ( T ) =  
( 4 -  v) T C / ( T  + TO (X magnet ic  susceptibility, 
C Curte-constant)  we get a valence of v ~< 3 03 
and a fluctuation temperature  Tf < 20 K [7] 

The  thermal conductivity of Ce lnAu  and 
La lnAu  is qutte small (50 and 60 mW/cm K at 
300 K, respectively) and without structure This 
~s another  indication for strong lattice defects 
Assuming that the Wtedemann-Franz  law 
kp/T  = L,, holds at room-tempera ture ,  which is 
reasonable for a compound with strong elastic 
defect  scattering, we defined an absolute scale of 
the reslstlvtty (fig 1, right scale) 

The  thermopower  of La lnAu (fig 4) shows a 
linear temperature  dependence  at high tem- 
peratures Below 50 K there is some finestruc- 
ture, which, however,  coincides with strong cur- 
vature  of the thermopower  of the contacting 
wires We therefore cannot  exclude that this 
structure is artificial The  thermopower  of 
C e I n A u  changes sign at 5 7 K The  finestructure 
of the minimum of S below about 80 K may have 
the same origin as for La lnAu  Neglecting it the 
minimum itself may be due to phonon-drag  a 
phonon drag effect would be expected at OD/5, 
I e  a t 4 0 K  
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Fig 3 Inverse magnetic susceptlbdlty vs temperature of 
CeInAu Inset Magnetic susceptlbdlty at low temperatures 
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Fig 4 Thermopower vs temperature of CelnAu, LalnAu, 
CeInAu2 and LulnAu2 
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3. R E l n A u z  

The  resIstwlty of CeInAuz  (fig 1) shows a very 
structured behaviour  over  the whole investigated 
tempera ture  range The  room- tempera tu re  value 
of about  54 txf~cm is quite large The  martensitlc 
t ransformation shows up as a step-like anomaly at 
203 K 

The  specific heat C of CeInAu2 (fig 5) exhi- 
bits a very steep peak at 203 K, which is also due 
to the martensitic phase t ransmon The  increase 
of C below 4 K suggests another  anomaly A plot 
of C/Tvs  T 2 1 s l I n e a r b e t w e e n 6 a n d  l l K a n d  
we extract y = 1 3 0 m J / m o l K  2 We note that this 
value is unusually large Subtracting the data of 
LuInAu2 (inset fig 5) one finds a Schottky- 
anomaly with a maximum at 40 K This Schottky- 
anomaly yields a CF-scheme with two doublets at 
85 and 600 K above the CF-groundsta te  The  
magnetic  susceptibility (fig 6) shows an anomaly 
at 1 2 K The  coincidence with the inflection 
point of the electrical resistivity points to an 
ant iferromagnetlc  transition From ref [8] we 
know that the susceptibility shows Curie-Weiss  
behaviour  between 2 and 19 K and between 40 
and 300 K with 0 = - 4  and - 1 4  K, respectively 
We extract a slightly enhanced moment  of 
256/xB at room- tempera tu re  At low tem- 
peratures we find 2 06#B 

The  thermal conductivity of CeInAu2 shows a 
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Fig 5 Specflic heat Cv vs temperature of CeInAu2 Inset 
Cv(CeInAu2)-Cv(LulnAu2) vs temperature and Schottky fit 
(sohd hne) 
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Fig 6 Inverse magneUc suscepUb,hty vs temperature of 
CeInAu2 Inset MagneUc suscept~bfllty at low temperatures 

steep decrease at about  195 K It has a room 
tempera ture  value of about  1 2 0 m W / c m  K The  
thermopower  of CeInAu2 (fig 4) is very struc- 
tured The  martensltlC translUon shows up at 
200 K The  order of magnitude,  however,  IS 
comparable  to that of normal metals The  mini- 
mum at 8 K might be explained with CF-effects  
However ,  theory [9] predicts the m m l m u m  to 
occur  at a third of the tempera ture  of the first 
excited CF-state,  which would be at 28 K The  
maximum at 50 K might be due to phonon-drag 

4. Conclus ion 

Except  for the enhanced values of y f rom 
specific heat and thermopower  there are no m- 
dlcatmns of a valence instability of the Ce-  
compounds  

On the other hand the reslstw~ty anomaly 
interpreted in the dynamic alloy model of 
Wohlleben and Wlttershagen [10] delivers a 
valence of 3 02 + 0 01 for CeInAu,  if one uses 
the isostructural La InAu  as reference compound  
No proper  reference compound  exists to 
determine the resistivity anomaly of CeInAu2 
LuInAu2 is cubic over  the whole tempera ture  
range,  LaInAu2 shows a qmte anomalous resis- 
twlty itself However ,  with this proviso we extract 
a resistivity anomaly of about  20 ~ cm at room 
temperature ,  which would also lead to a valence 
of about  3 02 

The  valence extracted f rom the magnetic  sus- 
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cep t ib lh ty  of C e l n A u  (v <~ 3 03) is c lose  to  the  
one  e x t r a c t e d  f rom the  L n i - m e a s u r e m e n t s  and  
f rom the res is t iv i ty  T h e  m a g n e t i c  o r d e r m g  t em-  
p e r a t u r e  of 5 7 K lS qmte  high for  an I V - c o m -  
p o u n d  

T h e  high t e m p e r a t u r e  suscep t ib th ty  of 
C e I n A u 2  does  not  a l low to d e t e r m i n e  the  
va l ence ,  s ince  this m e a s u r e m e n t  was done  with  
an a c c u r a c y  of abou t  3% T h e  m a g n e t i c  o r d e r i n g  
t e m p e r a t u r e  of C e I n A u 2  at 1 2 K does  not  obey  
de  G e n n e s  sca l ing  F r o m  the  o r d e r i n g  t em-  
p e r a t u r e  of the  o t h e r  R E I n A u 2  [5] one  would  
e x p e c t  an o r d e r i n g  at  TN = 0 1 K 

W e  thank  H Schmid t  for  he lp  m sample  p re -  
p a r a t i o n  and c h a r a c t e r l s a t i o n  This  work  was 
s u p p o r t e d  by  the D e u t s c h e  F o r s c h u n g s g e m e i n -  

schaf t  t h r o u g h  SFB 125 
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