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The electronic thermal expansion and longitudinal magnetostriction of polycrystalline PdRh
alloys are measured, and the volume dependence of the Coulomb-exchange interaction param-

eter is deduced.

The alloys PdRh are of considerable interest
since the exchange enhancement of the magnetic
susceptibility, which is already large in Pd, be-
comes even stronger as Rh is substituted for Pd.
This increase in the susceptibility is associated
with an increase in the density of states at the Fermi
surface, which shows in the electronic specific
heat. Both the susceptibility and the specific heat
have a maximum at about the composition Pd, g5-
Rhg g5. !

We describe in this paper measurements of the
low-temperature thermal expansion and the longi-
tudinal magnetostriction of polycrystalline samples
of pure Pd?and the alloys Pdg g9 Rhy, o1, Pd, g7 Rhy, g3,
and Pdj g5 Rhy, 5. We have previously assumed the
magnetostriction to be isotropic in the cubic transi-
tion metals® ® and obtained the volume dependence
of the susceptibility by taking the volume magneto-

striction to be three times the longitudinal magneto-
striction. However, Keller et al.* have recently
found that the magnetostriction of polycrystalline
samples of Pd and the PdRh alloys is strongly aniso-
tropic. Since their values for the longitudinal mag-
netostriction agree reasonably well with ours, we
have employed their values for the volume magneto-
striction to deduce the volume dependence of the
susceptibility for comparison with the electronic
Gruneisen parameter obtained from our thermal
expansion data. -

We measured the thermal expansion and the lon-
gitudinal magnetostriction (at 4.2 °K in fields up to
35 kOe) using a capacitance dilatometer.® The
Grineisen parameter ¥ is 3a/kC, where « is the
electronic thermal expansion coefficient (linear in
temperature), « the compressibility (assumed equal
to that of Pd®), and C the electronic specific heat.?
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TABLE I. Electronic Griineisen parameter and magnetostriction of Pd and PdRh Alloys.

Sample ya Al/1,H? AV/VH? 91nx gb 8InV,
(10718 0e™?) (107 0e? dInV 3V

Pd 2.45 —-25 100 4.5 9.0 -2.2
Pd,,g9Rhy, g1 2.91 <1 220 7.2 12.6 -2.5
Pd, 97Rhy. o3 3.43 95 540 13.3 16,0 -2.8
Pdy g5Rhy g5 3.87 140 680 16.0 17.2 -3.1

*0ur value of ¥ for Pd is about 10% higher than the value y=2.2 given by G. K. White and A, T. Pawlowicz,
J. Low Temp. Phys. 2, 631 (1970), which was measured on the same sample and is probably more accurate.,

"The Stoner enhancement factor S is evaluated as described in the text from the susceptibility and specific-heatdata
(interpolated for PdRhy) given in Ref. 1, except for the susceptibility of our Pd sample, x=6.7 x10~ emu/g, which

was measured by E. Bucher.

In Table I, we also give Al/l,H? (our value for the
longitudinal magnetostriction) and AV/V,H? (the
volume magnetostriction from Fig. 1 of Ref. 4).
It is noteworthy that in pure Pd these are of opposite
sign because of the large positive transverse mag-
netostriction. The volume dependence of the molar
susceptibility X is calculated from the volume mag-
netostriction by means of the relation 8 Iny/8 InV
= 2(9/kx) (AV/Vy H?), © being the molar volume.

We see that 8 Inx/d InV increases rapidly when Pd
is alloyed with Rh, while ¥ increases more slowly.®
We relate these effects by means of the expression

202 N(eg)
- 2 - Lkg N €p)
X=8 2uN(er)= T SE, &)
which on differentiation gives
alny  _ _ ( aanE>
IV =y+(S-1)\ v+ smy ) (2)

Here V, is the Coulomb-exchange-interaction pa-

rameter, and Sis the Stoner enhancement factor for
the susceptibility. In Eq. (2) we write ¥=8 InN(€z)/
9 InV, though strictly the Griineisen parameter is
the logarithmic volume derivative of the electronic
specific-heat density of states, N,,(€z), which in-
cludes phonon enhancement. In Table I, we estimate
S simply by assuming N(€z), the bare density of
states at the Fermi surface, to be smaller than

N,n(€r) by aconstant factor 1. 7, obtained from a band-
structure calculation of N(¢) for Pd.”

We conclude that 81InV,/8 InV, given in the last
column of Table I, is negative in Pd and RIRh al-
loys. As 7= 81nN(€z)/3InV increases with Rh con-
centration, 8InV,/d In V becomes more negative
and almost cancels the increase in y, so that most
of the increase in 81nx /8 In V is due to the increase
in the Stoner enhancement factor S,

We are indebted to E. Corenzwit for making the
samples and to T. R. Kyle for assistance with the
measurements.
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