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Comments

Comments are short papers which comment on papers of other authors preuiously published in the Physical Review .Each
Comment should state clearly to which paper it refers and must be accompanied by a brief abstract T.he same publication schedule
as for regular articles is followed, and page proofs are sent to authors

Comment on "Molecular-dynamics simulation of excess-electron transport in simple fluids"

Norman Gee and Gordon R. Freeman
Chemistry Department, University ofAlberta, Edmonton, Alberta, Canada T6G2G2

(Received 16 December 1985)

A recent treatment of the saturation drift velocity v„, of electrons in dense, supercritical argon
[Leycuras and Levesque, Phys. Rev. A 32, 1180 (1985)] gives positive values of dv„, /dn at
n/n, =1.2—1.6, whereas the experimental values are negative in both the supercritical gas and the
liquid at these densities [Jahnke, Meyer, and Rice, Phys. Rev. A 3, 734 (1971);Huang and Freeman,
Phys. Rev. A 24, 714 (1981)]. Other difficulties are mentioned.
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FICx. 1. Saturation drift velocity of electrons in argon as a

function of density: V, supercritical gas, 155 +3 K, experimen-
tal, Ref. 2; 4, supercritical gas, —155 K, theoretical, Ref. 1; ~,
coexistence gas and liquid at indicated temperatures, experimen-
tal, Ref. 3; ———,Ref. 2 as quoted in Ref. 1. 2.69&10
molecule/m =1 amagat (Leycuras and Levesque response).
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A recent treatment of the saturation drift velocities U„, ,
of extra electrons in dense, supercritical argon' does not
fit certain features of the experimental data. In particu-
lar, the change of U„, with density, dU„, /dn, is predicted
to be positive in the density range n /n, = 1.2—1.6 ( n, is
the density of the critical fluid), ' whereas it is observed to
be negative in both the supercritical gas and the liquid at
these densities. Several comments are offered.

(1) At constant density, increasing the temperature to
change from the liquid to the supercritical gas increases
U„, slightly but does not alter the value of du„, /dn (Fig.
1, experimental points from Refs. 2 and 3).

(2) Figure 3 of Ref. 1 displays calculated values of
v„,=400—900 m/s over the argon density range

n =9.6—14.4 (10 molecule/m ). Experimentally, at
n = 8. 1—12.9 ( 10 molecule/m ) a plateau in the drift
velocity occurs at 900—600 m/s, at fields E= 10—30
kV/m. This appears to be the plateau to which Leycuras
and Levesque' refer. At higher densities, n ) 14.8&10
molecule/m, this plateau does not exist; it has collapsed
into the long, gentle increase of drift velocity with field
that occurs at high fields in argon at all densities. The
plateau at intermediate fields at n ( 13& 10
molecule/m is attributed to electron heating by the field
and the rapid rise of the momentum-transfer cross section
o on the high-energy side of the Ramsauer-Townsend
(RT) minimum. At n & 13 X 10 molecule/m the
electron-molecule separation distance is continually too
small to allow the RT effect to occur.

(3) In argon at n &13&&10 molecule/m the experi-
mental value of dv„, /dn is negative in both the supercrit-
ical gas and the liquid (Fig. 1), whereas that predicted by
Leycuras and Levesque for the supercritical gas is posi-
tive. Values of v„, in the supercritical gas, displayed in
Ref. 2, are included in Fig. 1. No velocity plateau was ob-
tained at n & 10.6& 10 molecule/m; the S curve attri-
buted' to that reference seems to be in error, since there is
not an experimental value U„,=600 m/s at 0.0096
atoms/A .

(4) The 10%%uo dip in U„, indicated in the calculated
values at n near 13.1)&10 molecule/m is within the re-
ported 10% uncertainty of the calculations. ' The dip is
also too narrow to be credible (Fig. 1). The uncertainties
in the calculated results can also be assessed from the ear-
lier report.

(5) In liquid argon near the triple point, where
n =21&(10 molecule/m, a much higher velocity pla-
teau occurs at a much higher field strength: v„,=8000
m/s at E=7—9 MV/m. This plateau does not occur at
low densities and is due to a different mechanism than
that discussed in the above item (2). The mechanism
probably involves inelastic processes of relatively high-
energy electrons. The Leycuras mechanism predicted a
value of u„. , only 50%%uo of the observed.
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(6) The model in Ref. l includes the assumption that
the extra electron is localized on a single argon atom. It
attributes the maximum electron-transfer rate, and hence
the value of U„„ to the molecule-molecule collision rate.
This is contrary to the observation that v„, is slightly
higher in the low-density gas than in the dense gas or
low-density liquid. The localization model for electrons
in supercritical or liquid argon, whether the electron is as-
sumed to be localized on one or several molecules, has
been argued to be untenable. ' The arguments need not
be repeated here. Quasilocalization of electrons occurs in
dense gases and low-density liquids at temperatures near
the vapor-liquid coexistence curve, if the applied electric
field is not too high. ' ' At the field strengths required
to attain v„„quasilocalization does not occur. ' ' ' '

Quasilocalization does not occur even at low field
strengths in argon at n & 14&(10 molecule/m; extra
electrons reside in a conduction band. ' ''

(7) The statement that "one can easily verify that for
every gas the abrupt decrease of the mobility (less pro-
nounced in methane) occurs at a density for which the on-
set of localization is predicted by the Mott expression
(kA) =k(n(cr )) ', where k is the wave number asso-
ciated with the electron in thermal equilibrium with the
fluid, A is the mean free path, n the number density of
the fiuid, and (o ) the thermal average of the momen-
tum transfer cross section at the fluid temperature" has
recently been shown to be untrue. ' In helium at
2.7K( T (293 K, and in hydrogen at 78 K (T (293K,
the density-normalized mobility np decreases at much
lower densities than predicted by the Mott expression.
The value of np has decreased to 0.72 of the low-density
gas limit (np)p at a density 6.3 times smaller than that,

nM, predicted by the Mott expression. ' Electron
behavior in many dense gases has recently been assessed'
with respect to the Mott expression' and that of Ioffe
and Regel. ' The latter applies cleanly to electrons in
helium and hydrogen, where the electron-molecule in-
teraction is repulsive. Neither expression applies cleanly
to gases in which the interaction with thermal electrons is
attractive (argon, xenon, ammonia, water, ethane, and so
on) '

(8) The methane vibrational phase-relaxation results of
Marsault cited in Ref. 19 display a maximum in band-
width at the critical density n, and a minimum near 2n, .

They are reminiscent of the bulk viscosity of argon, which
has a maximum at n, and a minimum near 2n, . While
the vibrational bandwidth and the bulk viscosity reflect
the molecular dynamics in the fluid, they do not support
either the conduction-band model or the attachment
model of electron transport, because they could be con-
sistent with both types of model. In the deformation po-
tential version' ' of the conduction-band model, electron
mobility is determined by Auid-density fluctuations, as are
the changes of vibrational bandwidth in methane' and
bulk viscosity of argon.

(9) The localization of an electron on a single argon
atom proposed in Ref. 1 is very different from the quasi-
localization of a thermal electron by a large density fluc-
tuation in a dense gas near the vapor-liquid coexistence
curve. ' ' ' The latter has been demonstrated to occur in
many gases, but under limited conditions. ' "'
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