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while®

dp\ 7 ., ( dlnD>
'(dr>v‘ 3 T (7ae )., ®
with o the conductivity and D the energy density of

states. While the electrons in Ni are by no means
independent and the finite compressibility near 7T'¢

P. L. TAYLOR 7

should not be ignored, the similarity of the right-
hand sides of Eqs. (2) and (3) does tempt one to
speculate that the changes in transport properties
near T are due principally to changes in the den-
sity of electronic states.
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INTRODUCTION

Recently, we have attempted a more complete
analysis of the critical behavior of the Seebeck co-
efficient in conducting ferromagnets! than was pos-
sible in our letter on Ni.? Although we have dis-
cussed some of the points raised by Taylor in the
previous comment® in this recent work, we will
clarify some of the Taylor’s specific points here.

First, contrary to Taylor’s introductory remarks,
it is now quite generally accepted that it is precisely
the same fluctuations which govern the static prop-
erties near a critical point that also govern the
most accessible of the transport properties, the
resistivity. #*° The temperature coefficient of the
resistivity has been shown to be closely related to
the specific heat in a number of systems. %7

Second, nowhere in our paper did we relate the
chemical potential u with the “transport entropy’”;
our Eq. (1) relates the electrochemical potential
E to the transport entropy through a Gibbs—Duhem

relation, and this is zot equivalent to Taylor’s Eq.
(1). Indeed, the chemical potential is not related
to the Seebeck coefficient by any thermodynamic
argument there;. it was the purpose of our paper
to indicate the strong empirical correlation be-
tween the critical component only of these two
quantities, and then only when the vdp ‘erm is
small as is the case for Ni, For other systems,
such as Gd along the ¢ axis, the vdp term can
dominate the behavior, 8

Finally, we agree with Taylor that the Seebeck
coefficient and the density of states are closely re-
lated, but this point is not new. The argument
was put forward by Mott® and is referenced four
pages after Taylor’s Ref. 6. Unfortunately, the
calculation only attempts to explain the critical
behavior for temperatures below the transition.

In closing, we remark that our new analysis?
strongly supports the hypothesis of our letter on
Ni. The thermoelectric effect can be used to
analyze the contribution of the charge carriers to



the critical effects associated with ordering, be
it order-disorder, localized-moment ferromagnet-
ic, or itinerant-electron ferromagnetic. More
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systematic studies of the Seebeck coefficient and
exploratory work on the other transport properties
are now needed.
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Measurements of the Knight shift of Nb*® were made for Nb-Al alloys in the body-centered-cubic
solid-solution region up to 8-at.% Al in Nb and in the two-phase region at 14-at.% Al. In the solid
solution, the Knight shift decreases from 0.845% in pure Nb to 0.780% at 8-at.% Al. In the two-phase
region made up of Nb and Nb;Al, the Knight shift is 0.805%. The decrease in the shift vs Al content is
tentatively interpreted according to the rigid-band model. This is in contrast to previous work in V-Al and
V-Ga systems where the rigid-band model is not believed to apply.

The *3Nb Knight shift has been measured in Nb-Al
alloys in the bce solid-solution region and in the
two-phase region consisting of Nb and the inter-
metallic compound NbzAl. Previous studies on al-
loys of transition metals with other transition met-
al! have been interpreted according to the rigid-
band model. In this model, the density of electron-
ic states is based on the host transition metal. The
alloying elements with greater or smaller valence
than the host serve toincrease or decrease the Fermi
energy, respectively, leaving the shape of the host-
band unaltered. In fact, the increase or decrease
does not depend on the solute but only on the num-
ber of electrons per atom 3. Thus, for example,
Cr or Fe alloyed with V have essentially the same
effect on the electronic prpoerties of V when their
concentration have the same 3.

According to this model, the Knight shift and mag-
netic susceptibility are partitioned into portions
associated with s, d electrons, and the orbital para-
magnetism, The partitioning is performed through
a knowledge of the electronic density of states ob-
tained through the use of low-temperature specific-

heat data.

However, when Al or Ga is alloyed with V, the
rigid-band model can no longer be applied to in-
terpret the results. For these alloys the Al or Ga
conduction electrons seem to be independent of the
V d band. It is as though the wave functions of
the V d band electrons avoid the Al cells, as if the
Al were an obstacle. The current results on Nb-
Al alloys appear to be consistent with the rigid-
band model, perhaps indicating that the classifi-
cation into transition-transition and transition-non-
transition alloys is not entirely correct.

The alloys were prepared by arc melting the-re-
quired amounts of zone-refined Nb and 99, 999-wt. %
Al in an argon atmosphere, Since the weight of
the samples varied less than 0, 01% for a 1-g sam-
ple after melting, the alloy composition reported
here is that of the weighed charges before melting.
Each specimen was homogenized at 1050 °C for
one week and then heat treated for one week at
900 °C. All heat treatments were in a vacuum and
the specimens were subsequently water quenched,

The solid solubility of aluminum in niobium de-



