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Resistivity of Liquid Sodium-Cesium Alloys up to 300°C
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For a number of liquid sodium-cesium alloys the electrical resistivity p has been
measured as a function of temperature 7' in the range 50—300°C. As a function of the
cesium concentration ¢, (8p/97T) » exhibits a distinct minimum for ¢ =0.6, which gradual-
ly disappears at higher temperatures. This minimum is related to the results for the
resistivity at high pressure recently obtained by Tamaki, Ross, Cusack, and Endo.

Measurements of the electrical resistivity p
of liquid sodium-cesium alloys as a function of
the temperature T have been communicated re-
cently.''? It was demonstrated that, at 100°C,
(8p/aT),, plotted as a function of the atomic con-
centration ¢ of cesium exhibits a pronounced rel-
ative maximum for ¢~0.60. The maximum was
ascribed to an ordering phenomenon, more par-
ticularly to the formation of a compound Na,Cs,
in the liquid at temperatures close to the melting
point. The existence of such a compound was
strongly suggested by the results of Kim and
Letcher? on ultrasonic absorption. This ordering
was supposed to disappear gradually at tempera-
tures above the melting point, thus giving rise to
a larger value of (ap/aT)‘D in that particular tem-
perature range. The maximum was then expect-
ed to disappear at higher temperatures.

In order to check this supposition, the mea-
surements were extended towards higher temper-
atures, and, for some of the alloy compositions,
also to lower temperatures. The experimental
equipment used for the measurements above
100°C was basically the same as the one described
by Hennephof, van der Lugh, and Wright,* but
the whole system was made of stainless steel.
The results are shown in Fig. 1.

Fair agreement with earlier results has been
obtained.®”” Furthermore, it is evident that it
is not the maximum of (8p/37), that disappears
at higher temperatures, but rather the minimum:
(8p/8T), varies strongly as a function of temper-
ature in this part of the concentration range,
whereas for ¢<0.25, (8°0/37?), almost vanishes.
This is in contradiction with our former supposi-
tion.

It is interesting to compare our results on the
temperature dependence of p with those at high
pressure obtained by Tamaki ef al.® for the same
alloy system. According to their measurements,
(8p/ap) , plotted as a function of ¢, changes sign
twice. It is negative for ¢<0.25 and for ¢>0.80
(as it is for all pure liquid alkali metals except
Li), whereas it is positive for intermediate con-
centrations. The central composition range for
which (3p/3p), >0 corresponds fairly well to the
valley found for (ap/aT),. The two quantities are
related by

(3),-(38),+ (35).G5), @

For the pure alkali metals except Li, (8p/37),,
(8p/8T),, and (8p/aT), are positive quantities
and (3p/ap) , is negative.® '* Consequently (8p/
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FIG. 1. (8p/dT), in sodium-cesium alloys as a func-
tion of the cesium concentration, Closed circles, ex-
periment, high temperature series; open circles, ex-
periment, low temperature series; crosses, experi-
ment, Hennephof e al. (Ref, 1), see text.

dT) < (ap/aT)p and, indeed, experimentally one
finds that (30/87),/(8p/8T), is approximately
equal to £.

When discussing the positive values of (8p/8p)
as found for the central composition range of the
Na-Cs system one has to notice, first, that the
pressure applied by Tamaki et al. (4 kbar) gives
rise to a considerable volume change. A temper-
ature of many hundreds of degrees Celsius is re-
quired for achieving comparable relative volume
changes (but, of course with opposite sign) by
heating the metal. Significant changes of the
physical properties, particularly (sp/ap),, have
been reported for liquid pure cesium in the pres-
sure interval of 0—4 kbar.°''°® This makes ques-
tionable any quantitative discussion and even the
use of differentials in Eq. (1).
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Secondly, the values of (8p/87T), apply to densi-
ties smaller than that at room temperature and
pressure, whereas (3p/3p), is determined at
larger densities. If for ¢~0.60 the measured
(8p/aT), is fictitiously extrapolated to higher
densities (i.e., to temperatures below the melt-
ing point), it even becomes negative below, say,
0°C.

By substituting rough estimates of (8p/87),
and (8p/8p), in Eq. (1) one can easily demon-
strate that the second term in the right-hand
side of Eq. (1) counteracts the oscillation in the
concentration dependence of (3p/8T),. One ex-
pects (3p/aT), to be a flatter function of ¢ than
is (8p/8T),. Furthermore, (3p/3T), may exceed
(3p/aT), considerably in the central part of the
composition range, indicating that volume effects
play a predominant role. But more detailed mea-
surements of resistivity isobars at smaller in-
tervals of the pressure and at different tempera-
tures as well as reliable values for the compress-
ibility and the thermal expansion coefficient are
required for a complete phenomenological de-
scription of the resistivity of the concentrated
alloys.

Finally, with a view to a possible interpreta-
tion in terms of the diffraction model, we want
to remark that volume contraction as expected
by Christman'* affects both the d-band scatter-
ing and the shape of the structure factor. For
this reason we have recently started an investi-
gation of the density of sodium-cesium alloys.
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The inhomogeneous—electron-gas theory of Hohenberg, Kohn, and Sham has been used
to investigate the effects of nonlocal exchange and correlation on the Fermi surface of a
simple cubic metal. The periodic lattice effects were represented by a realistic simple
model pseudopotential., We find that the nonlocal terms substantially reduce the maxi-
mum Fermi-surface distortions, as experiments suggest.

Comparisons of experimental Fermi-surface
(FS) distortions with first-principles calculations
of these distortions result in significant discre-
pancies. A particularly striking example is the
recent work of Janak, Williams, and Moruzzi,'
who examined the effect of local exchange and
correlation potentials on the FS of Cu. None of
the potentials based on fundamental theory (Sla-
ter,? Kohn and Sham,® and Hedin and Lundqvist*)
resulted in agreement with experiment. It is
especially disappointing that the local potential of
Hedin and Lundqvist! leads to no improvement
over the simple local theory.?

There have been numerous calculations of the
band structures and Fermi surfaces of the alkali
metals. (For a recent review see Lee.’) The
general tendency is for the theory to produce
maximum distortions which are considerably
larger than those observed. For example, Law-
rence® found that the FS of Cs touched the zone

boundary in the (1, 1, 0) direction. Other work-
ers® have found maximum distortions of order a
factor 2 too large. In Li the maximum calculated
distortions® are again a factor 2 larger than the
most recent experimental value.” All the above
first-principles calculations share one common
approximation: They calculate the FS with a lo-
cal exchange-correlation potential. Kane® has re-
cently investigated the effects of nonlocal ex-
change and correlation in the band structure of
Si and found them to be substantial.

The primary objective of this work is to show
by direct calculation with a realistic model that
the FS given by a nonlocal many-body-type theo-
ry is significantly different than the correspond-
ing local theory, both treated within the frame-
work of the Hohenberg-Kohn-Sham?®:°'1° theory of
an inhomogeneous electron gas.

The general equation from which elementary
excitations E, of quasiparticles, and hence the
corresponding FS, can be determined is'®

(R2/72m) V3 3 (T) + fd?-r’ S(E, TG ED p(T = Evd (D), (1)

where 2 is the so-called mass operator. To ex-
hibit explicitly the local and nonlocal components
of Z, write

- -

(L, TS EV=V(DOF -7+ M(T, T", F), (2)

where V(F) =V () + V (), V,.u(F) is the appiied
external potential, V,(T) is the electrostatic po-
tential (Hartree field) of the electrons, and M is
the nonlocal (exchange and correlation) part of =
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