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A physical assumption concerning the role of
the lattice order in electron scattering, together
with a method already used for liquid metals, '~2

has been used to calculate the resistivity p of an
alkali metal M dissolved in a molten alkali halide
MX in the region of small metal concentrations.

We have assumed that (i) the valence electrons
of the added metal become the conduction elec-
trons of the system, (ii) the electrons are in

plane-wave states and are scattered by the pseu-
dopotentials~» vM(r), v&(r) of the M+ and X ions,
(iii) the scattering of the electrons can be de-

scribedd

by first-order time-dependent per turba-
tion theory, and (iv) the resistivity can be ob-
tained by solving the Boltzman equation assum-
ing elastic scattering. s

With these assumptions it can be shown that

m2

0

+N~ (k) ) v (k) tm+2Re(N+ )'"a (k)

xU *(k)U (k)]a'di,

where Re means "the real part of. " Here m
and e are the electronic mass and charge (in
emu), n, NM, and N& are the electron, metal
ion, and halide ion number densities, and 0F
is the Fermi wave vector. The v(k) are defined
by

v(k) =fr(r) exp[ik r]dr,

and the a(k), which are a measure of the ionic
order, are

a (k) =(N V) '(Q, exp[ik M ]~'

=1+(N V) 'Q. . exp[ik (M. -M.)],
U z j '

a (k)=(N V)-'~Q. exp[ik X.] '

=I+(N~V) 'Q. . exp[ik (X. -X.)],
U i j '

a (k) =(N~ V') "~., exp[t k (X-M'.)]~, , (2)
gj

the positions of the metal and halide ions.
Since ne is small, so is k F (compared to the

pure metal), and we need only the form of v(r)
for regions of r outside the ion core. We take

v (r) = -v (r) = -(ce) r exp[-Xr],
M X

where the ions are screened by the electron gas
according to the Thomas-Fermi prescriptions,
with

X =4m '(ec) 8 'k
F

Screening of an ion due to static displacement
of other ions is included in the model, as such
displacement is contained in the functions a(k).
Polaron effects due to dynamic displacement of
the ions by an electron are expected to be small,
because the propagation velocities of polariza-
tion modes are much less than the electron ve-
locity (at an electron concentration of 1% of that
of the pure metal the Fermi velocity is =20%
of that of the pure metal).

If 7 and A=hkpm '7 are the electron relaxa-
tion time and mean free path, respectively, then
in this model RT ' &EF, the Fermi energy (or,
equivalently, the mean free path is less than
the de Broglie wavelength). Under these con-
ditions there is doubt that the method based on
the Boltzman equation and first-order perturba-
tion theory is valid. ' The following modification
of the model is used in recognition of the fact
that AT &EF.

Corresponding to the energy broadening ~
=AT ' of a state there is a range of A. , given by
Ak=AE(&EjN)I, F ', about kF. If we consider
a wave packet constructed from plane waves in
this range of M, then it is localized over a range
=(M) '=h 'T(&E/&k)I, =A. Thus during a scat-F
tering event the electron exists and travels over
a range =A. It is physically plausible that the
electron "perceives" only the order within a
range A during the scattering, and hence that
only this order determines the scattering. This
is described in the model by replacing Eq. (2)
by

a (k, A) =1+(N V) 'Q. , IV(jM, —M, (, A)
U z

where V is the system volume. Mi and X~ are & exp[ik (M. - M.) ], (4)
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where W( I Mf -
M& I, A) is a weighting function

with the limiting values

W(IM, —M., A) =1, IM. —M. I«A;j' ' l j
W( [ M . - M. , A) =0, I M. - M. I » A.j'

Similar expressions are used for aX(k, A) and

aM~(k, A). To be self-consistent, A is chosen
so that the a(k, A) yield a resistivity and hence
a mean free path of A (and not A' w A).

%e anticipate that at the lowest metal concen-
trations, A«b, the interatomic distance, when
the a(k, A) take the form

t2 (k, A) =a (k, A) =1, a (k, A) =0, A((b. (5)

Combining Eqs. (1), (3), and (5) gives

4(mec) 2k@ (N +N )k dk

3m' n (yS + ) 2)2
0

In Fig. 1 is plotted pne2 as a function of NX
determined by Eq. (6), for the systems K/KI
and K/KBr, together with the experimental vari-
ation ~ of pn

' for these systems. In process-e
ing the data, it has been assumed (i) that the
electronic conductance is the actual conductance
minus the ionic conductance of the pure salt,
and (ii) in the absence of density data, that the
molar volumes of M and MX are additive.

In Fig. 2 are plotted the theoretical and ex-
perimental values of A. The choice of a(k, A) of
Eq. (5) is consistent in that at low metal concen-
trations the predicted A are such that A «b. In
view of the fact that this is an a priori calcula-
tion, the agreement of theory and experiment
is considered excellent.

%hen A increases to a value comparable to b,
the a(k, A) begin sampling the order of the near-
est neighbors, in which case

a (k, A) &1, a (k, A) &1, a (k, A) &0, 0&k&2k

pn '=2(~ec)'(3~8')-'S(o. )(A +N ),

where

S(o.) = ln(1 + o.) + (1 + n) ' —1

(6)
Noting that in Eq. (1) the sign of vM*(k)v&(k) is
essentially negative, the effect of all these changes
of the a(k, A) is to decrease the value of pne' be-
low that predicted by Eq. (6). In Fig. 1 it is evi-
dent that there is a departure of the experimental
value of pn

' below that of Eq. (6) when A in-

n =4k
F
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Fig. 1. pn 2 as a function of NX for K/KBr at 760'C
and K/KI at 700'C. Circles represent theoretical points;
triangles represent experimental points.

Fig. 2. A as a function of Nx for K/KBr and K/KI.
Circles represent theoretical points; triangles represent
experimental points.
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creases to a value of A = b/10, when the function

W(t M; - M I, A) begins to include nearest neigh-
bors in the a(k, A). This is regarded as further
confirmation of the assumptions concerning the

ionic order.
It remains to point out that the theoretical rea-

sons why the assumptions of fir st-order perturba-
tion theory and the Boltzman equation should be

so successful in a region where ST '
& EF are

obscure.
A full description of this work, and its success-

ful application to the high metal concentration
region, will appear later. It is a pleasure to
thank Professor S. A. Rice, who drew my atten-
tion to metal-molten salt systems, for help and

encouragement.
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Alekseevski and Gaidukov' have recently pub-
lished the results of a detailed study of the trans-
verse magnetoresistance in thallium at low tern-
peratures. Ne have independently studied the
magnetoresistance in a number of pure thallium
crystals, including three oriented along the prin-
cipal symmetry directions, and our results agree
with those of Alekseevski and Gaidukov. It is the
purpose of this paper to show that these results
can be explained in terms of the nearly-free elec-
tron Fermi surface of thallium provided that mag-
netic breakdown occurs over almost the whole of
the hexagonal face of the third Brillouin zone.

Figure l(a) shows the directions of magnetic
field for which open orbits can exist in thallium
as inferred by Alekseevski and Gaidukov from
these experiments. The shaded area represents
a two-dimensional region of open directions while
the lines are one-dimensional regions. In Fig. 1(b)
our measurements of the transverse magnetore-
sistance of a specimen in which the current is
along the [0001]direction are plotted as a function
of the magnetic field direction in the basal plane.
The one-dimensional regions are revealed as
sharp minima in this curve, as in the results of
Alekseevski and Gaidukov.

The third and fourth bands of Harrison's' nearly-
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FIG. 1. {a) Open-orbit directions in thallium. The
shaded area is a two-dimensional region and the lines
are one-dimensional regions. (b) Transverse magneto-
resistance in an [0001] crystal of thallium at 1 K and
20 kG as a function of field direction in the basal plane.


