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Abstrac t  

The behaviour of the electrical resistivity p of Lu(Col_~l~)2 and Lu(Nil_Fdx) 2 has been 
studied as a function of the aluminium concentration, temperature and applied magnetic 
field. In the Pauli paramagnet LuC02 a larger value of the residual resistivity Pre, than 
in LuNi2 and the tendency to saturation of the p(T) dependence at temperatures T> 150 
K are observed. In LuNi2, in which the exchange enhancement has not been observed, 
residual resistivity increases monotonically with increasing aluminium substitution on 
nickel sites. The concentration dependence of Pres in Lu(C01-~I~)2 shows a maximum 
at x = 0.08 near the critical concentration for the onset of ferromagnetism. The difference 
in behaviour of these two systems is explained by a large contribution to the electrical 
resistivity from spin fluctuations and by a change in this contribution with changes in 
the aluminium content, temperature and magnetic field. 

1. I n t r o d u c t i o n  

The  Laves  p h a s e  c o m p o u n d  LuCo2, as well  as o the r  RCo2 (R=Y,  Sc) 
c o m p o u n d s  in which  the  R ion has  no  intr insic m a g n e t i c  m o m e n t ,  a re  
e x c h a n g e - e n h a n c e d  Pauli  p a r a m a g n e t s  [1, 2]. The  t e m p e r a t u r e  d e p e n d e n c e  
of  the  e lect r ical  res is t iv i ty  o f  YCo2 shows  a t e n d e n c y  to  sa tu ra t ion  a t  h igh  
t e m p e r a t u r e s  ( T >  150 K) [3, 4]. The  t e m p e r a t u r e  d e p e n d e n c e s  of  the  m a g n e t i c  
suscept ib i l i ty  of  t he se  th ree  c o m p o u n d s  have  a b r o a d  m a x i m u m  in the  
t e m p e r a t u r e  r eg ion  2 0 0 - 4 0 0  K [2 l- The  pecul ia r i t i es  o f  t r a n s p o r t  and  m a g n e t i c  
p r o p e r t i e s  o f  RCo2 (R--Y,  Lu, Sc) or ig ina te  f r o m  the e lec t ron ic  s t ruc tu re  of  
t hese  c o m p o u n d s .  The  F e r m i  level of  YCo2 lies on  a sha rp ly  fall ing p a r t  of  
the  dens i ty  of  s t a t e s  (DOS) curve,  as  a func t ion  of  e n e r g y  [5]. F o r  LuCo2 
a deta i led  ca lcu la t ion  of  the  e lec t ron ic  s t ruc tu re  h a s  no t  b e e n  p e r f o r m e d .  
However ,  a s imi lar  N ( E )  d e p e n d e n c e  n e a r  the  Fe rmi  level  can  be  e x p e c t e d  
in LuCo2 as  in YCo2, b e c a u s e  these  c o m p o u n d s  have  s imilar  m a g n e t i c  
propert ies~ 

A par t ia l  subs t i tu t ion  of  a lumin ium for  coba l t  in LuCo2 leads  at  first  
( x < 0 . 0 8 )  to  an  exhib i t ion  of  i t inerant  m e t a m a g n e t i s m ,  and  then  to  the  
a p p e a r a n c e  of  f e r r o m a g n e t i s m  wi th  a m a g n e t i c  m o m e n t  p e r  Co a t o m  
~co = 0.63/~B [6--9]. 

In  th is  pape r ,  the  e x p e r i m e n t a l  resu l t s  of  e lect r ical  res is t iv i ty  m e a s u r e -  
m e n t s  in the  t e m p e r a t u r e  r ange  4 . 2 - 3 0 0  K and  u n d e r  app l ied  m a g n e t i c  fields 
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up to 7.5 T are reported for Lu(COl.xAlx) 2 and 'Lu(Nil~Jx)2. The LuNi2 
compound is a Pauli paramagnet,  in which (as in YNi2 [5]) the Fermi level 
probably lies on a part  of the N(E) curve with a very low local DOS. The 
difference in the electronic structure and magnetic properties of these two 
systems should lead to the difference in their transport properties. 

2. E x p e r i m e n t a l  deta i l s  

The Lu(Col_xAlx)2 and Lu(Ni1_~Alx)2 samples with x up to 0.10 were 
prepared by melting lutetium (99.9% pure) and cobalt, nickel and aluminium 
(99.99% pure) in an arc furnace. The ingots were annealed in evacuated 
quartz tubes at 850 °C for 1 week. X-ray diffraction and metallographic 
analysis confirmed that  Lu(Col_~dx)2 with x up to 0.09 and Lu(Nil_~Alx)2 
with x up to 0.10 were single phases. At an aluminium content x > 0 . 0 9  in 
the Lu(Col_~Al~)2 compounds foreign phases were observed. The electrical 
resistivity was measured with the four-probe method on prismatic specimens 
of about 1 × 1 × 6 mms. The error in determination of the specific resistivity 
was about 5% and its relative change with temperature or in a magnetic 
field was not larger than 0.1%. The temperature was measured using a 
germanium resistance thermometer,  as well as a copper-constantan ther- 
mocouple. 

3. Resul t s  and d i scuss ion  

3.1. I_,uCo2 and IndVi2 
It can be seen from Fig. 1 that the temperature dependence of the 

electrical resistivity of the LuCoe compound shows the tendency to saturation 
at temperatures T> 150 K as for YCoe [4]. In the case of the YCo2 compound 
the non-linear p(T) dependence at T>  150 K was explained by two causes: 
(a) the scattering of electrons on the spin fluctuations [3]; (b) the influence 
of the fine structure of  the N(E) curve near the Fermi level [4]. 

Figure 1 also presents the p(T) dependence for the isostructural LuNi2 
compound. This dependence is typical for the metallic systems, in which 
the dominant temperature-dependent contribution in the electrical resistivity 
is a contribution from the e lectron-phonon interaction. The broken curve 
in Fig. 1 shows the part of the resistivity of the LuCo2 compound after 
subtraction of the phonon contribution p(T) -pph(T). pph(T) is obtained from 
the p(T) dependence measured on the LuNi2 sample. An increase of the 
temperature causes a decrease of the p ( T ) -  pph(T) part after a maximum at 
Tffi 150-200 K. In the model of  spin fluctuations the similar temperature 
dependence of the resistivity is determined by the interaction between the 
spin fluctuation modes at high temperatures [10]. It draws attention to the 
fact that the value of P~s for LuCo2 is larger than that for LuNie. As shown 
in ref. 11, the residual resistivity for the exchange-enhanced Pauli paramagnet 
YCo2 also exceeds the P~s value for the isostructural YAI 2 compound, in 
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Fig. 1. Temperature dependences of  the electrical resistivity p for LuNi2 (curve 1) and LuCo 2 
(curve 2): - - - ,  p(T)-pph(T) for LuCo2. 

which the exchange enhancement could not exist. This difference can also 
be determined by the difference in electronic structure of the YCo2 and YA12 
compounds. 

The location of the Fermi level of RCo2 (R=Y, Lu, Sc) on the sharply 
falling part of the N(E) curve can lead to a situation when the presence of 
crystal structure defects and inhomogeneity of the chemical composition 
over the volume of the sample cause the fluctuations of the local DOS and 
the spin fluctuations. The latter can determine the additional magnetic 
contribution to the scattering of the conduction electrons and the larger Pres 
value in comparison with compounds in which the Stoner exchange en- 
hancement factor is small. The similar difference between the Pres values 
observed in LuCo2 and LuNi2 can take place in other systems. 

3.2. Lu(Co, AI)2 and Lu(Ni, A02 
The p(T) dependences for the Lu(Ni1_xA]x) 2 are given in Fig. 2. The 

substitution of aluminium up to x = 0 . 1 0  causes the monotonic increase of 
Pres while the phonon contribution pph(T) practically does not change with 
increasing aluminium concentration. This behaviour is due to the increase 
of the concentration of scattering centres. Another picture is observed in 
the Lu(Co~ _flkl~) 2 compounds. As can be seen in Fig. 3, the partial substitution 
of aluminium for cobalt causes at first an increase in the residual resistivity 
and then (x>0 .08 )  its decrease. Moreover, at x >  0.08 the p(T) dependences 
show an anomaly accompanying the appearance of magnetic order. The 
magnetic ordering temperatures Te, which are determined from p(T) mea- 
surements, have a good agreement with data from the magnetic measurements 
[6]. The values of the critical concentration for the onset of ferromagnetism 
(x¢=0.085),  determined from these two methods, axe also equal. 
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rig. 2. The p(T) dependences for Lu(NiI_~AL~)2: curve I, x=O.0; curve 2, x=O.03; curve 3, 
x=0.06; curve 4, x=O.10. 
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Fig. 3. The p(T) dependences for Lu(Co1_~Al~)2: curve i, x--0.0; curve 2, x=0.02; curve 3, 
x=0.08; curve 4, x=0.085; curve 5, x=0.10. 

The concentration dependences of Pres and p at 300 K (denoted by 
p(300)) for Lu(Nil_~Al~)2 and Lu(Co,_~Al~)2 compounds are given in Fig. 
4. The shaded area in Fig. 4 represents the additional contribution in the 
residual resistivity, which is probably determined by scattering of the electrons 
on the spin fluctuations. This assumption is confirmed by results obtained 
from NMR measurements [12]. As is shown in ref. 12, in Lu(Coo.92Alo.o8)2 
a coexistence of non-magnetic and magnetic (/~Co=0.63~B) states of the 
cobalt atoms is observed. This means the presence of  spin density fluctuations 
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Fig. 4. Concentration dependences of the Pre, (curve 1) and p(300) (curve l') values for 
Lu(Nil _~Alz)2 and of Pres (curve 2) and p(300) (curve 2 ' )  for Lu(Co] _zAlz) 2. 

in the volume of the sample. As follows from Fig. 4, just at x = 0.08 the 
maximum P,es is observed. The decrease in residual resistivity at x > 0.08 is 
probably determined by the suppressing of spin fluctuations on magnetic 
ordering and also by the change of electronic structure with the aluminium 
substitution. As noted above, the electronic structures of LuCo2 and YCo2 
can be expected to be similar, because these compounds exhibit similar 
magnetic properties.  As follows from the calculation of the electronic structure 
for YCo2 [5] and for the ordered compound Y(Coo.7~Alo.2~)2 [13] the behaviour 
of  these compounds cannot  be t reated with a rigid band model [14]. The 
addition of aluminium to YCo2 broadens a narrow peak in the DOS near the 
Fermi level of YCo2 and changes the DOS value at the Fermi level [13]. 

The concentrat ion dependence  of the residual resistivity obtained in the 
present  work for Lu(Co1_~Mx)2 compounds correlates with the behaviour of 
the coefficient ~/of the linear term of the low-temperature specific heat. As 
is shown in ref. 15, the increase in the aluminium content  leads to a non- 
monotonic change of the ~ value with a maximum at x = 0 . 0 8 .  A sharp 
decrease in the ~ value is observed at x > 0 . 0 8 ,  where the ferromagnetic  
state is stabilized. The concentrat ion dependence  of the y value is explained 
by spin fluctuations and by changes in the DOS at the Fermi level. 

At x < 0.08 in the Lu(Co~ _~A~lx) 2 compounds  the metamagnetic transitions 
have been observed by measuring the magnetization and forced magnetos- 
triction [16 ]. It can be expected  that the application of an external magnetic 
field as well as the spontaneous magnetic ordering is accompanied by the 
suppression of spin fluctuations and, consequently,  by a decrease in the 
electrical resistivity. This behaviour is really observed with the longitudinal 
magnetoresistivity measurements.  As can be seen from Fig. 5, which shows 
the field dependence of Ap/p for x = 0.08 at T= 4.2 K, a sharp decrease of 



64 

o 2 ~, 6 S I.IoH ,T 

0 

1 

0 

2 [ Ag/p,% 
Fig, 5. Longitudinal magnetoresist ivi ty Ap]p v s .  t h e  field for Lu(Coo.92Alo.08)2 at various tem- 
pera tures  T: curve 1, 4.2 K; curve 2, 20 K; curve 3, 40 K; curve 4, 80 K. 

the electrical resistivity is observed as the field is increased to the critical 
value. The increase of the temperature  leads to the decreasing of the critical 
field and of  the width of the hysteresis. 

4. C o n c l u s i o n  

The isostructural LuC02 and LuNi2 compounds,  the first of which is an 
exchange-enhanced Pauli paramagnet  and in the second of which the Fermi 
level crosses the N(E) curve at very low DOS, have significantly different 
tempera ture  dependences  of their electrical resistivity. For L u C o 2  a large 
contribution to the electrical resistivity from scattering on the spin fluctuations 
is observed. This contribution causes the greater  value of  residual resistivity 
in LuCo2 than in LuNi2 and a tendency to saturation at temperatures  T >  150 
K. It can be expected  that a similar difference in the t ransport  propert ies  
should be observed in other  metallic systems with a similar difference in 
their  electronic structures. The partial substitution of aluminium for nickel 
in LuNi2 leads to monotonic increasing of the Pros value due to the increasing 
of  the concentrat ion of scattering centres. However, the concentrat ion de- 
pendence  of  the Pr~ value for the Lu(COl_~,klx)s system shows a maximum 
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Pres a t  x = 0 . 0 8  a n d  i t s  d e c r e a s e  a t  x > 0 . 0 8 ,  w h e r e  f e r r o m a g n e t i c  o r d e r  is 

s tab i l ized .  The  o b s e r v e d  b e h a v i o u r  of  t h e  e l e c t r i c a l  r e s i s t i v i t y  in  t h e s e  c o m -  

p o u n d s  is d e t e r m i n e d  b y  t h e  c h a n g e  in  t he  c o n t r i b u t i o n  f r o m  the  s p i n  

f l u c t u a t i o n s  a n d  a l so  b y  t h e  c h a n g e  o f  e l e c t r o n i c  s t r u c t u r e  wi th  i n c r e a s i n g  
a l u m i n i u m  c o n t e n t .  S u p p r e s s i o n  o f  the  s p i n  f l u c t u a t i o n s  due  to  the  s p o n t a n e o u s  
m a g n e t i c  o r d e r i n g  as  we l l  as a t  t h e  m e t a m a g n e t i c  t r a n s i t i o n  in  the  d e l e c t r o n  

s y s t e m  p r o d u c e d  b y  a n  a p p l i e d  m a g n e t i c  f ie ld  c a u s e s  t h e  d e c r e a s i n g  of  the  

e l ec t r i ca l  res i s t iv i ty .  
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