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The diffusion and mobility of ions of an inert gas in the gas itself are calculated by taking
into account resonance charge exchange and polarization capture of the ions by the gas
atoms. Exact values of the cross sections for resonance charge exchange of an ion on its
own atom are employed, and the dependence of the resonance charge exchange cross section
on the elastic scattering and on the polarization ion capture by the atom is taken into account.
The ion mobility values at room temperature are in satisfactory agreement with the experi-

ments.

l. The essential characteristics of a plasma are
the mobility of the plasma ions and the diffusion
of the ions to the walls. These parameters are
determined by the ion-ion or ion-atom collision
cross sections: the elastic scattering cross sec-
tions, the polarization capture cross section, and
especially the resonance charge exchange cross
section. The diffusion and mobility of ions in their
parent gas were calculated by Holstein (3 and
Dalgarne et al [2-4] who used the resonance charge
exchange cross sections derived by a semi-em-
pirical method. The calculations in the present
paper are based on knowledge of the exact values
of the charge exchange cross sections. We calcu-
late the diffusion and mobility of the inert-element
ions in their parent gas, with allowance for the
resonance charge exchange and polarization cap-
ture of the ions by the atoms. We take into con-
sideration here the dependence of the cross sec-
tion for resonance charge exchange of the ions
with the parent atoms on the elastic scattering
and on the polarization capture of the ions, a fac-
tor which becomes important at low collision
velocities.

The diffusion and mobility of ions in their
parent gas are determined essentially by the
resonance charge exchange of the ions even at
low temperatures.

2. The diffusion coefficient D is [¥
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Here h—friction force, u = e/h—ion mobility, M—
mass of ion and atom, e—charge of ion, and
(d (Av)¥dt )—mean square of the change in the
ion velocity per unit time.
In the case of an ideal gas, the diffusion and
mobility are connected by the Einstein relation(®:”
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u=eD/T, where T = gas temperature. Hence
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The mean square of the change in the ion ve-
locity per unit time is

< d(3:)2>= S (Av)zlv_V'IG(V,V')nf(v')f(v)dvdv’,

Here o (v, v/ )—cross section for the collision of
the ion v with the atom v’, Av—change in ion
velocity resulting from such a collision, f(v) and
f (v’ )—distribution functions of the ions and the
atoms, normalized per unit time, and n—density
of the atoms. Neglecting the collisions of the ions
with the ions and the small-angle elastic scatter-
ing of the ions by the atoms, which make a small
contribution to the diffusion coefficient, we obtain
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where ores (| v — v’ |) is the part of the reso-
nance charge exchange cross section of the ion v
by the atom v’ not connected with the capture of
the ion, oeap (| v — v’ [)—cross section for the
capture of the ion by the atom, and 6—angle be-
tween v and the direction of emission of the
initially captured ion, in the c.m.s. of the collid-
ing atom and ion (we assume that the ions are
isotropically distributed relative to the emission
angles).

Assuming that the ions and atoms have a Max-
wellian distribution, we obtain
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0
where u=|v - v’ | (M/ZT)I/Z.

The diffusion coefficient and the mobility are
equal to
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If capture can be neglected, these expressions
coincide with those customarily used =41 The
problem of determining the diffusion coefficient
and the mobility reduces to a determination of a
certain mean value G.

3. The cross section for ion-atom resonance
charge exchange, in the case when the elastic
scattering of the ion can be neglected, is equal to
Oce = nRg/Z, where R, is given by (8]
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a relation valid under the following condition,
which is satis‘ied in almost all cases:
Roy? [ 2a0>1. (5b)

Here y =V —2€hi¥me!, m—electron mass, €—
binding energy of the electron in the atom, h—
Planck’s constant, v, = e¥H, ay = h¥me?, v—rela-
tive velocity of collision between the ion and the
atom, and A—constant determined by the behavior
of the electron in the atom.?

Allowance for the elastic scattering in the cal-
culation of the resonance charge exchange cross
section yields (3]

- E SaRe [t — U(Ry)/E),
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Here U (R)—potential for the interaction between
the ion and the atom, assumed to be a polarization
potential at large distances between the nuclei
(U= —a/2R, a—polarizability of the atom), E—
kinetic energy of the nuclei in the ¢.m.s., Rcap_
minimum approach at which capture is still possi-
ble. In the case of polarization interaction

Reap = (a/2E)",  Ocap = 2n(a/2E)",

DIn the case of inert gases A is equal to 2.1, 1.41, 1.92,
2.02, and 1.31 for helium, neon, argon, krypton, and xenon, re-
spectively [7].
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4. As can be seen from (5a), Ry(u) = y! x
In(A/u), where A(u) is a smooth function of the
velocity at large values of R,. Consequently, when
calculating the mean value ¢ for each temperature,
A (u) can be regarded as constant. For the mean
values (R?) and (U(Ry)R}/E) we have
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We choose u, and u; in these expressions such
that the second integral vanishes. This corre-
sponds to determining these quantities accurate to
the first two terms of the expansion in powers of
@y/Rgy < 1. For the mean values (R}) and
(U(Ry)RI/E) we obtain, with the accuracy in-
dicated,

(R?*> = Re®(uo), ue = 2.24,
—(U(Ro)R* | E> = o[ 4TR*(us), wi=175. (7)

From (4) and (6) we have for the mean cross
section o
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where z is given by

Rcap (Z) = Ry(2), z = (a /Ro"T) "

and the values of the arguments u, and u, depend,
generally speaking, on z (uy=2.24, u; = 1.75
when z = 0). However, in calculating the mean
cross section we can, with accuracy sufficient for
practical purposes, regard u, and u; as constants,
inasmuch as ¢ is much less sensitive to u, and
uy than to z, and wherever u, and u; deviate
noticeably from the values used in (7) the inte-
grals that contain these quantities make no con-
tribution to the mean cross section g.

We thus obtain ultimately
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Table I Table II
G, 10716 ;2 B, cm?¥/V.sec
o logT ,’K Gas T=71°K T =195° K T —300° K
as
2 2,5 3 3,5 4 l 5 ‘ 6
{ 15.1 13.2 10.9
94| 76| 64| 56| 48| 38| 27 He 13.5 [1] 12.1 1] 10.8[11], 9.6 [12]
3:::2;3[2] 78| 68| 61 | 47 | 34 13.8 [] 11.1 [*2] 10.5[18], 10,7 [14]
6.1 4.3 3,9
Hefguaorty | | | G| & | | 2 Ne | {S2pua | Wspe | s Gty ™
58 | 42| 34| 28| 24| 18] 12 )
N {our data 1.92 1.68 1.41
€\ data of [%] 5 | 48 | 44| 34| 26 Ar { 5P 108 o a
g our data 108 | 82 | 67| 56| 49 | 38 | 28 1.88 [19] 1,63 [15], 1.38 [19]
{data of [*] 9% | 90 | 8 | 73| 63 0.8
K our data 132 | 101 | 83 | 72| 63| 50 | 38 Kr { 0,9 [13]
T\ data of [*] 119 | 111 | 104 | 92 | 79 0.9—0,95 [17]
xef our data 143 | 108 | 88 | 75| 65| 50 | 37 Xe { 0.56
e{ data of [7] 140 | 134 | 126 | 112 | 98 0,58 [19]

where x = z%2 = (a/RéT)’/z/Z, ® (Vx) is the
probability integral, and vy = Vv 2T/M.

When x < 1 (case of high temperatures), (9)
goes over into
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The mean values calculated by formulas (9) and
(10), in units of 107! ¢m?, are listed in Table I.
The values of the cross sections for the resonance
charge exchange mR3/2, obtained without allow-
ance for elastic scattering, are taken from the
paper by Chibisov and one of the authors (9 The
lower figures in the table correspond to the values
of & calculated by Dalgarno[?! by a semi-empir-
ical method and therefore deviate noticeably from
our result.

The mobility is usually related to a gas
density n = 2.69 x 10'%, If the gas temperature is
measured in degrees, the ion mass M in proton-
mass units, and the mean cross section ¢ in units
of 1078 ¢m?, then the mobility is given by

1310t cm?

w= = . (11)
(MT)":¢ V-sec

Comparison of the results calculated from (11)
with the experimentally measured values of the
mobility H1=17 is given in Table II.

In conclusion, the authors are deeply grateful
to O. B. Firsov for valuable discussions and for

interest in the work.
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