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ascribed its weak isotope dependence to the fact
that it involved an acoustic mode in which the
heavier fluorine ion has most of the displace-
ment. Our spectral resolution was not high
enough to reveal isotope shifts. For the 252.5-
cm ' band any shift must have been less than 1
cm '. In the future we plan to look for such
shifts with higher resolution. In addition we are
currently modifying the shell-model calculation
for NaCl to bring it into better agreement with
our experimental data. A similar calculation
for LiF, including a detailed analysis of the be-
havior of the optical absorption in the neighbor-
hood of critical points, is also in progress.

The authors would like to thank Professor
R. O. Pohl for supplying the isotopically enriched
samples of LiF used in this investigation. Thanks
also go to Dr. G. Dolling for making available
his results on LiF prior to publication.
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p = p, +AT'+BT',

u T = (sv T), + o.T'+ p T'.

(la)

Here T is the absolute temperature, p the elec-
trical and u the thermal resistivities, respec-

Recently there has been considerable interest
in the influence of electron-electron interactions
on the low-temperature thermal and electrical
resistivities of the transition metals. The theo-
retical treatments' have typically yielded the
resistivities due only to electron-electron scat-
tering; it has generally been assumed (some-
times tacitly) that the effects of other types of
scattering can be included by simple addition of
the resistivities due to each scattering mecha-
nism. Thus, in analyzing experimental measure-
ments, the following expressions are commonly
employed for the low-temperature region:

tively; and A, B, o., p, p„and (ceT)0 are the
constants. The latter two represent, of course,
the behavior of the resistivities in the limit T
-0, where only impurity scattering is effective.
Equation (lb) assumes, as is usually the case,
that heat transport via the lattice can be neglect-
ed. The terms in T2 are the electron-electron
effects, while BT' and pT' represent the influ-
ence of phonon scattering. In order to compare
data with the electron-electron theories, the usu-
al practice'~'~' is to deduce A and n from the
low-temperature slopes of the data on plots of
p vs T2 and u T vs T2. This method avoids the
problem of precise determinations of po and
(u T)„which dominate p and w T at the lower
temperatures; on the other hand, it assumes
that the phonon terms are negligible.

In a recent Letter' we analyzed our simulta-
neous measurements of the thermal and electri-
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cal resistivities of palladium according to the
conventional scheme just described, and deduced
a value for the electron-electron scattering Lo-
renz number Le=A/o. Recent refinements in
the calibration of our germanium-resistor tem-
perature standard have been developed at the Na-
tional Bureau of Standards, and these small
changes have been incorporated in the data. 8 As
shall be shown below, the inclusion of the pho-
non terms in the analysis of the data has a pro-
nounced effect on the value deduced for n, but
only a small effect on the value obtained for A.
Thus reliable values for Le require a data anal-
ysis which includes phonon terms, at least in
the thermal case, and hence the problem of a
precise determination of (wT), must be solved.
It is the purpose of this Letter to show that our
data has sufficient precision for such an analy-
sis, and to present the resulting values of A, n,
B, and p.

Equation (1) can be rewritten in the following
way:

(p —p, )/T'=A+BT',

[w T-(w T)OI/T'= e+ pT.

(2a)

(2b)

In fitting our data to Eq. (2), it was found that a
fairly precise value of pp could be chosen, for
the BT3 term falls quite rapidly with decreasing
temperature. The value of (wT), was then ob-
tained from (wT)0= p0/LS, where LS=2.443
x10 ' V'/deg' is the Sommerfeld value of the Lo-
renz number which obtains for elastic scatter-
ing. The results are shown in Fig. 1 in plots of
(p-p, )/T' vs T' and [wT —(wT),]/T' vs T. The
thermal data show excellent agreement with
Eq. (2b); it is felt that this indicates the validity
of this technique (at least for Pd), especially
since the precise Sommerfeld value of the Lo-
rentz number can be used to treat the impurity
scattering term. The electrical data at the low-
er temperatures are well represented by Eq.
(2a), although the behavior is apparently some-
what more complex at temperatures above,
roughly, 9'K. The use of least-squares tech-
nique and Eq. (2) yields the following values,
where Q, cm, W, and K units have been em-
ployed: A=3.1x10 " B=1.1x10 ' o =2 9
x10 p=2.6x10, Le= l. lx10 and a Lo-
renz number for phonon scattering, Lp =BT'/
p=4.3x10-"T'. These values have been ob-
tained by using the thermal data at all tempera-
tures and the electrical data for T less than 9'K.
The 0.5%%uo uncertainty in w T and the 0.1% uncer-
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FIG. 1. Comparisons of the thermal and electrical
resistivities of palladium with Eq. (2) of the text. In
these plots the intercepts of the straight lines yield
the coefficients in the electron scattering terms, while
the slopes yield the coefficients in the phonon scatter-
ing terms. Error bars represent, respectively, +0.5%
and +0.1% of the measured thermal and electrical re-
sistivities. The straight lines were obtained by fitting
the data to Eq. (2) with a conventional least-squares
technique.

tainty in p yield an uncertainty in L& of about 10%.
The value of L,e for Pd quoted above is some-

what larger than our previously reported value'
of 0.7 x10 '. It should be noted that the value of
A obtained here is essentially the same as that
deduced from the conventional analysis, where-
as the new value of n is considerably smaller
than the earlier value. This is consistent with
the standard phonon scattering theory, ' which in-
dicates that B- 8 ', whereas p- 0 ', where 8 is
essentially the Debye temperature. Thus the
phonon term in the electrical resistivity (BT')
decreases faster with decreasing temperature
than does the phonon term in the thermal resis-
tivity (PT').

The above analysis also works quite well for
our rhenium data' and yields a value of L,e of
about (0.9+0.3) x10 '. These new results,
along with the White and Tainsh value of 1.0
x10 ' in Ni, are in somewhat better agreement
with Herring's prediction of a single, universal
value of L,e for all transition metals with com-
plex Fermi surfaces. However, his numerical
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estimate of 1.58@10 ' still appears to be some-
what high.

Very recently, Rices has calculated Le as a
function of the Stoner enhancement factor. His
results predict an Le which increases as en-
hancement decreases, and approaches a value
of 1.02&10 in the limit where the enhancement
factor reaches unity. In the light of this theory,
our present results would seem to indicate that
enhancement does not contribute to the Le of
pure palladium. For the present, however, this
conclusion must be regarded as tentative, for
current estimates of the enhancement factor of
pure Pd range from 3 to 50.
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A number of properties of pure transition met-
als may be interpreted by presuming the value
of the intra-atomic Coulomb interaction U be-
tween two d electrons in the same unit cell var-
ies from one metal to another in a systematic
fashion. In this Letter, we shall discuss a num-
ber of striking properties of dilute alloys of 3d
impurities in isoelectronic 4d or 5d. hosts which
can be interpreted by assuming the major effect
of the impurity ion is to change the value of U lo-
cally. '

The purpose of this Letter is to point out that
very strong variations with concentration of the
electronic specific heat of dilute alloys are pre-
dicted by the local exchange-enhancement model
we have previously employed2 to analyze suscep-
tibility and electrical resistivity data on dilute
alloys of Ni in Pd. Recent measurements of the
specific heat of the Pd-Ni system~ show a strik-
ing, strong dependence of the electronic specific
heat on Ni concentration. As Schindler and
Maekliet' have pointed out, an extension of the
uniform-enhancement model' to the disordered
system obtained by introducing a concentration
dependent, spatially averaged exchange-enhance-

ment factor deduced from susceptibility data
fails to account for the magnitude and concentra-
tion dependence of the effect of alloying on the
electronic specific heat of this system.

In this paper we present a discussion of the
concentration dependence of the eoeffieient y of
the term linear in temperature in the specific
heat for the case when the host exchange enhance-
ment is unimportant. For this ease, the struc-
ture of the theory is sufficiently clean that the
essential physics is clearly exhibited, and the
expression for y 'dy/dc is simple in structure.
%Ye apply our model to analyze recent NMR stud-
ies of Rh:Co alloys. This enables us to predict
the value of y 'dy/dc near c=0. The extension
of the theory to systems in which exchange en-
hancement is important in the host is discussed
by Englesberg and eo-workers. '

Consider first the Pd:Ni system. It is now
well known that in pure Pd, the intra-atomic
Coulomb interactions between the d electrons en-
hance the static magnetic susceptibility y by
rougly a factor of 10. This implies that in pure
Pd, U is nearly large enough to produce a tran-
sition to the ferromagnetic state. Associated
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