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The pressure dependence of the pair breaking effect and of the resistance anomaly 
was measured in LaCe alloys. The results indicate that the maximum in the pressure 
dependent pair breaking effect is due to a monotonic shift of the Kondo temperature 
Tk with pressure from values Tk~ TeO to Tk}> TeO' where TeO is the superconducting 
transition temperature of pure lanthanum. 

Introduction 

Measurements of the superconducting transition temperature Te of 
La-Ce alloys by Smith! have shown that the depression of Te by para­
magnetic impurities of concentration c is pressure dependent. Coqblin 
and Ratto 2 have explained this effect by assuming a pressure dependent 
enhancement of the exchange parameter I JI, defined by the Hamil­
tonian H= -JS· (1 where Sand (1 are the spins of the localized impurity 
and the conduction electron, respectively. Referring to the theories of 
Zuckermann 3 and Miiller-Hartmann and Zittartz 4, a relative maximum 
of LJTe/ LJ c has been predicted as a function of pressure 5. According to 
these theories LJTclLJ c is a function of TdTeo (Tk= Kondo Temperature, 
Te 0 = superconducting transition temperature of the host metal), and 
the maximum of LJTe/LJ c corresponds to a certain value of Tk/TeO = f). 
which amounts to f).~2 (Ref. 3) or f).~ 12 (Ref. 4). For a Kondo alloy 
with Tk 4. Teo (at zero pressure) the depression of the transition tempera-
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ture jjTe(P)=Teo(P)-Te(P) is thus expected to have a maximum if the 
Kondo temperature is shifted monotonically to values Tk ~ Te 0 by 
application of pressure. The pressure Pm at the maximum should char­
acterize the Kondo temperature Tk(Pm) =8 . Teo (Pm)' Meanwhile 
Maple et a1.6 • 7 have found such a maximum of jjTe(p) in La-Ce. 
Their explanation, however, is based on the assumptions that, with 
gradual application of pressure, jjTe first increases as a consequence of 
an increase in I JI and then decreases because the Ce ion undergoes a 
transition from a magnetic to nonmagnetic state. These authors already 
mention the possibility that such a transition may also be caused by the 
development of a quasi bound state as a consequence of an increase in 
the Kondo temperature; or that, alternatively, the decrease in jjTe may 
reflect the gradual onset of magnetic order at higher pressure. Although 
the present understanding of the Kondo effect is still semiquantitative 
at best, it offers a quite natural explanation of the observed Te(P) 
variation. We have thus compiled further experimental information on 
this problem by measuring the pressure dependence of both the super­
conducting transition temperature and the resistance anomaly. From 
the latter a considerable increase of the Kondo temperature with pres­
sure can be deduced. 

Experimental Results 

First the depression jjTc(c) at zero pressure was measured for several 
alloys with different Ce concentrations c. The results for the dhcp and 
the fcc phase are 1.22±0.05 (K/at %) and 1.45±0.05 (K/at %), respec­
tively. From these data the Kondo temperatures can be calculated from 
the relation 

1 n\S + 1/2)2 
8kBN(0) (In Tk/12 TeO)2 +n2(S + 1/2)2 

. [1 B [(In 7;./12 Te o)/(S + 1/2)] ] 
+ (S+1/2)2 

(1) 

which is the main result of the theory of Ref. 4 where also a plot for the 
correction function B is given. Assuming N(O) = 2.4 ey-l (density of 
states) 8, S=I/2 (spin of the Ce ion), Teo =4.9 K for dhcp La and 
Teo=6 K for fcc La, we find Tk=0.15 and 0.20 K for the dhcp and the 
fcc phases, respectively. 

It was also attempted to determine the Kondo temperature of a La 
1 % Ce alloy from resistance measurements down to 0.3 K. For the 
suppression of superconductivity a magnetic field of 8.5 kG is necessary 

6 Maple, M. B., Kim, K. S.: Phys. Rev. Letters 23,118 (1969). 
7 Maple, M. B., Wittig, J., Kim, K. S.: Phys. Rev. Letters 23, 1355 (1969). 
8 Andres, K.: Phys. Rev. 168, 708 (1968). 


