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SEARCH FOR SUPERCONDUCTIVITY IN RUBIDIUM AT HIGH PRESSURE

K. Ullrich, C. Probst’ and J. Wittig

Institut fir Festkdrperforschung, KFA Jiilich, D-5170 Jiilich, Germany

Résumé.— La résistance &lectrique de Rb a &té mesure jusqu'd 140 Kbar 3 1'aide de la technique des
4 pointes. On ne détecte pas de supraconductivité en descendant jusqu'd la tré&s basse température de

0.045 K. Ce résultat appuie 1'hypothése qu'd haute pression

Cs est un métal de bande Af.

Abstract.~ The electrical resistance of Rb has been measured up to 140 kbar by a four probe techni-
que. No superconductivity was detected down to a lowest temperature of 0.045 K. The result lends
some support to the hypothesis that Cs is a 4f-band metal at high pressure.

Cesium is the only alkali metal which has
been found to become superconducting. Thus far super~
conductivity has been observed in a high pressure
100 kbar. Tc

1.5 K /i/. It is hence an interesting question,

phase (Cs V) above = is approximately
whether the other alkali metals (Rb,...) will also
become superconducting at high pressure. An unpre-
cedented increase of the electrical resistance with
pressure has been reported for Rb and K by Stager
and Drickamer /2/. The room temperature resistance
of Rb 1increases by a factor of = 30 between normal
pressure and = 150 kbar; see also our data in figu-
re 1. This may hint at a strong increase of the elec-
tron—phonon coupling with pressure. We present pre-
liminary data of a study of Rb up TO 140 kbar. Our
search for superconductivity was extended down to

a lowest temperature of 0.045 K.

Liquid Rb was filled into thin-walled glas
capillaries under an argon atmosphere. The capilla-
ries were cut to the proper length under molten pa-
raffin. The paraffin-sealed samples were mounted be-
tween polyethylene disks in a high pressure cell des-
cribed previously /3/. Upon application of pressure
the capillaries shatter and electrical shatter and
electrical contact is established between the over-
lyring electrodes and the Rb sample. The pressure
is generated by a mechanical press which subsequen-
tly can be cooled in a *He/“He dilution refregeraéor
/4/. The pressure was determined from the Tc of a
Pb manometer sample.

Figure ! shows the room-temperature resistan-—

ce as a function of pressure for one particular cell.

* New address : ZTF Bayer. Akademie d. Wiss., D-
8046 Garching

Our data confirm Stager and Drickamer's finding /2/
that the resistance of Rb increases dramatically
with pressure toward the RbII/III phase transforma-

tion.
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Fig. 1 : Room—temperature resistance of Rb vs.
pressure.

A discountinuous rise of the resistance by a factor
of ® 3 occurs at the RbII*III phase change.

Figure 2 shows R-T data for pure RbIII and also

two other runs in which the sample re~transformed
to RbII upon cooling. It is seen that the hystere-
tic RbII>III transformation shifts to lower tem-
peratures with decreasing pressure. Figure 3 is a
P-T diagram containing all of our data for the
RbII/III phase boundary. We have investigated RbIII
for superconductivity at 130 and 140 kbar, the
sample remaining normal down to a temperature of
0.045 K. The same result was obtained for RbII at

= 100 kbar, i.e. in the pretramnsitional range (fi-

gure 1) of the RbII III phase change. Our samples
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revealed a residual resistance ratio of about 60. "aood" superconductivity of Cs and other anomalies
may be intimately linked to the appearance of 4f

character in the conduction electron wave functions

/8/. Clearly, such 4f character cannot appear in Rb

g
H

or K. Hence the absence of superconductivity in Rb

up to 140 kbar lends some support to the hypothesis

RESISTANCE/mQ

/8/ that Cs has not-negligible 4f character at the
<00 Fermi surface at high pressure. In pursuing this con-
cept the experiments will be extended to higher pro—

pressure, lower temperatures and purer samples.
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Fig. 3 : Rudimentary P-T diagram for Rb. The data
point near 70 kbar indicates the RbI/II phase chan-
ge first observed by Bundy. At 300 K the RbII*III
transformation ran simultaneously with the PbI ~II
transformation (130 kbar).

We think it is a remarkable result that Rb is
not a superconductor down to 0.045 K whereas Cs pos-—
sesses a TC of the order of 1 K in the same pressure
range. It has been suggested by several authors
/5-7/ that the heavy alkali metals (K, Rb and Cs)
are turned into d-transition metals at high pressure.
The superconductivity of Cs has thus been attributed
to a considerable 5d character of the Bloch waves.
/5-7/ In line with this picture it has been specula~
ted that Rb and K will also become superconducting
because of increasing d admixture. /5,7/ One of the

present authors however has suggested that the



