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the so-called "double plaitpoint". The separation
into two phases at pressures above this point is
clearly marked. The coordinates of the double
plaitpoint are 1240 (+ 25) atm. and -108.43

(x 0.02) °C. The critical mixture contains 37.5%
Kr. In fig. 2 is shown the p- T projection of the
critical locus with its temperature minimum.
This confirms that the gas-gas equilibrium in the
system Ne-Kr is of type II. To the best of our
knowledge this is the first occurrence of gas-gas
equilibrium in a mixture containing neither helium
nor a polar component.

A detailed discussion of these results as well as
the complete phase diagram will be given in a
subsequent publication.

This investigation is part of the research pro-
gram of the "Stichting voor Fundamenteel Onder-

zoek der Materie (F.O.M.)", supported by the
"Organisatie voor Zuiver Wetenschappelijk Onder-
zoek (Z.W.0.)".

The authors are much indebted to Mr. A. Deeren-
berg for assistance with the measurements.
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It is proposed that at a certain density in liquid argon. krypton and xenon the average scattering length for
electron-atom scattering is zero. The mobility then has a maximum, determined by fluctuations in the

effective potential.

We wish to give an explanation of certain ano-
malies observed by Schnyders et al. [1] in the
mobilities of electrons injected into liquid argon
and krypton. They found a sharp maximum in the
mobility in krypton at about 1809K, and a steep
rise in the mobility in argon in the range
140 - 150°K. In a calculation of the scattering of
electrons moving in the conduction band of liquid
argon [2], I found the scattering length to be
positive near the triple point. In the gas it is
negative. Now the effective potential scattering
the electrons in the liquid is the atomic potential
modified by screening and overlap [2]. Since both
screening and overlap vary continuously with
density, it follows that somewhere in the phase
diagrams of argon, krypton and xenon (all of
which have negative scattering lengths in the gas)
lies a locus at which the scattering length passes
through zero. This locus should be approximately
a line of constant density.

The effective atomic potential scattering an
electron depends on the environment of each
given atom. This environment fluctuates about
the ensemble average. Thus even when the aver-
age scattering length (@) is zero, {(@2) is non-zero
and the electron mobility remains finite. We can
give an order of magnitude estimate for the maxi-
mum mobility as follows. Consider an atom at
the origin. The probability of finding another atom
in dRat R is ng(R)d R, where n is the atomic
density and g(R) is the pair correlation function.
If this second atom is given a displacement AR
the change in the potential at the origin is AU =
=(dU/dR) cos(AR,R)|AR|. We take the displace-
ment A Rto be uncorrelated with R, so that aver-
aging over the directions of displacement, we get

(AU2) = LaR?) drn [ ARRZ%(R)AU/ARE. (1)

(4]
The mean square displacement (AR2) can be esti-
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mated on the Einstein-model of atomic motions.
Assume each atom to be vibrating in a spherical
box formed by its neighbours, oscillating near
the bottom of a potential well € (K). Assume
further that its mean kinetic energy 3£7T is equal
to its mean potential energy 3(ARZ) (d%¢/dR?),.
The force constant d2 €/dR? can be related to the
compressibility x by [3,p.16] %R%(dze/dRz)o =

= (n)()'1 where Rg is the Wigner~Seitz radius,
defined by % nRg =1/n. We find therefore

(AR2) ~1RZ nbTx ~ LR2RT/ M2, (2)

where c is the speed of sound. Now consider the
variation in the scattering length away from its
verage zero value. In the Born approximation
this is

o0
aa =22 (arR2AU. (3)
S

To calculate the mobility we need the average
cross-section, 4m(@2). Since (@) =0, (a2) =

= (aa2), which we will calculate from eq. (3) by
assuming that AU can be replaced by a constant,
equal to its value at the origin, up to R = Rg, the
Wigner-Seitz radius. Then (3) becomes

(2™ 1p3 Ay -
-2 e -0
and the average cross-section is
m 2 2
(o) = 4n(da2) = 47 (aU?y. (5)
(21rnh‘2)

Using eqgs. (1), (2) and (5) we may estimate the
mobility from the Lorentz formula [2]:
2
== _)e_

B =3 TkaT)n(o) . (6)
Before comparing this numerically with experi-
ment, we note that if 4 is measured along a locus
(of approximately constant density) where the
maximum occurs, this maximum will vary with
the thermodynamic varibles as u ~ 271,

* %k k %k
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Schnyders et al. found a maximum in the elec-
tron mobility in liquid krypton at 180°K. Their
results are shown in their table 3 and fig. 11.
There are three values of 1 clustered around
2300 cm2/Vsec, measured at a field strength of
100 V/cm; there is also another value of
3610 cm2/Vsec, measured at 50 V/cm (not shown
in fig. 11). This discrepancy indicates that the
drift velocity is already non-linear in the field at
these low field strengths, since the scattering is
so weak. We shall obtain an order of magnitude
estimate of u by replacing g(R)dU/dR) in eq. (1)
by its approximate asymptotic value (2ae2 f1/R )2
for R greater than the hard sphere diameter § and
zero for R < 0. Here «a is the atomic polarizabi-
lity and f1, = (1 + $ma)™" is the Lorentz local
field factor [2].

Then{A a?) reduces to

2
! 3 (%)2 (%% ) ()

b

1 kT
63 M02

For krypton at 180°K and 30 atmospheres [4],

n =0.0134"3, R =2.644,6 ~ 3.7A. The mobili-
ty at maximum then comes out to be 4300 cm?2,
Vsec. In view of the number of approximations
made, the agreement with the probable experi-
mental value of about 4000 cm2/Vsec is just a
happy coincidence. But the order of magnitude
agreement is encouraging.

I am grateful to Dr. V. Heine for discussions,
and to Professor W. E. Spear for helpful informa-
tion.
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