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The v;uiation of the supereonducling (ransitioT> temperalure of hep lanthanum has heen measured as a 
function of pressure 1Ip to 10 khar. An approximalely linear increase of T. with applicfl pressure was oh
served (,1T,/r1 I'~' 14XIO- ' OK har- '). The relalion of Ihi < hehavior 10 two recently proJlQ~cdlhCl)ries for 
the supncnncluci ivit y of lanthanum is di scussed. 

I. INTRODUCTION 

I N view of the recent suggestions by Konrlo! ;l.1ld 
Kuper, Jcnsen, and Hamilton2 for the mcchanism 

responsiblc for t he occurrence of superconr!uct ivit y in 
lanthanum it was dccided to study th e eITect of pressurc 
upon thc supcrconducting transition temperature. Both 
mechanisms evokc cit her a narrow banrl or a sharp 4/ 
level lying just above the Fermi smface. Kondo pro
poser! that there is an interaction between t his narrow 
band, irrespec tive of whether it is empty or pari ially 
occupied, and the con(luction hancl.3 I [e then show (,d , 
using the BCS formalism for the electrons in the con
duction band, that the presence of this narrow band 
increased the su perconrl uct ing transi tion tem peral u re. 
Kuper et at., on the other hand, suggested that it is a 
magnetic interact ion, arising from the partial occupa
tion of the nearhy 41 level, which gives rise to t he neces
sary electron-electron interaction for superconr!uct ivi ty 
in Ian th anum. In hoth theories the value of the sllper
conducting transition temperatme To is dependent on the 
magnitude of the energy gap between the 4/ band and 
the Fermi surfacc, and both theories predict that as I he 
energy gap increases To will decrease. 

It is known that th e application of a sufficiently high 
pressure (----8 khar) at 1'00111 temperature to the nonn;o I 
face· centered cubic (-y) phase of cerium resl1lts in a 
collapse to a denser (a) phase,4 but without a change of 
structure." It has been suggested~·7 that thi s tramition 
is associated with the transfer of the single 10cali 7,er! 
41 electron in 'Y cerium into the conduction hand of 
a cerium. Evidence in agreement with thi!; !;ugge~Lion 
has been obtained from low-temperature paramagnel ic 
scattering of neutrons from cerium by Wilkinson, Child, 
M cHargue, Koehler, and Wollan~ who were able to 
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assume tha t it is an admixture of s, p, d, and f wave functions in 
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interpret their data a~suming zero localized moment in 
a cerium. It may he argued, lherefore, that the applica
tion of pre~sure to cerium results in a displacement of 
the 41 level loa higher energy relative to the Fermi 
surface. Allowing thal the appli cation of pressure tends 
to raise the 4/ level in cerium, it may also he argued that 
thi s will be true for the unoccupied 41 level in lan
thanllll1 . APo a consequence of such a movement of the 
III l('vel on the applic:ltion of pressure and on the ba.<;is 
of I he above theories, one wOllld expect a dramatic 
dec rcase in the superconducting transition temperature 
of lant hanllm. 

Tt has heen observed that the majority of super· 
conductors show an increase in volume helow the super
conducting transition telllperature. A simple thermo
dynamic argument leaels one to expect that To will 
decrease upon the application of pressure which is in 
agrel'ment wilh observation. Lanthanulll, however, is 
anomalous ami shows a decrease in volumeD below the 
sllpcrcoJ1(lucting transition temperature. Therefore one 
would expect Tc to increase with pressure, in contra
diction to the prediction of the above theories. 

The pmpose of the following is to attempt to clarify 
I he: posit ion hy a report of some preliminary measure
ll1('n( s of (he v:triation of t he ~l1rel'cond\lct ing trallsi lion 
I rmperal ure of lanthanum under pressure. 

II . MEASUREMENTS 

M eaSU1'ements were made on samples of lanthanum 
ohtained from two separate Poources. One sample was 
kindly ~uppliecl by the U. S. Bureau of Mines, denoted 
as U.S.H.M., and the other was obtained from the 
L~lI1ex Company. The analyses in wt% , m; supplied 
WIth the samples, gave the following impurities: 
U.S.H.M. 00.016, C 0.047, Al 0,01, Fe 0.006, Mo 0.014, 
Si 0.012, Ce 0.07; Lunex 0 0.08, Fe 0,01, Mg 0.01, 
Nb 0.015, Nd 0.01, Er 0.01, all other impurities were 
less than 0.01 wt% in both cases. 

Pressure applied to the sample, in a pressure capsule, 
at room temperature was retained by a clamp technique 
(Bowen and JonesIO). The sample was cooled to its 
sl1perconducling transition temperature by suspension 
over a bath of liquid helium. Temperatures were 
measured with a calibrated carbon resistor mounted 6 A. W. Lawson amI T. Tang, Phys. Rev. 76,301 (1949). 
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