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exceed, respectively, those of D and NDj, the VS of CHy
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X is substantially lower than that of CD,. The former 2034k
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(direct) isotope effect may be attributed to the higher 32 -

ionization coefficients for the deuterated species com- 28

pared with the nondeuterated, and the latter (inverse)

isotope etfact may result from differences in the g 20l » B
electron-impact-induced dissociation processes of the z 6 - : . :
. o °
isotopic pairs of molecules. v . : -4 °
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We have measured the direct current (DC) breakdown 3
s POINT- B
strengths of H» and Do and NH; and ND; at 204 kPa and CH, o N0 Poim e ane ,
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and sphere-sphere electrodes. The point electrode was a o
0.5-cm-diameter rod with a 30° cone ter.dinating into a
. - Fig. 2. V_ versus Nd for NHj and NDj,.
hemispherical tip with a radius of 0.1 cm. The plane s
electrode had a diameter of 2.8 cm and a hemispherical
edge with a radius of C.3 cm. The sphere electrodes con-~ R
sisted of a pair of identical spheres of 0.476-cm radii. ORNL-DAG 82-18852 l
. . d fcm)
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either new electrodes or used electrodes which were T T T T T I T
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polished and cleaned were used. The results of our ;gzﬂ:m .
measurements are shown in Figs. 1, 2, and 3. The data = a . 1
points ara the mean values of several measurements. The A -? i 1§ U
error bar; represent = one standard deviaticn. When no 2 JL & p.
. = &
. error bars are shown, these fall within the symbol size. 20k JL n
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For both geometries the field becomes progressively non- al. i o
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uniform with increasing electrode gap d. . 3 3 ] i i
The behavior of the V_ for the H,/D; and NH3/NDj pairs * CH, POINT-PLANE
: i s N s “a- t © CD, FOINT-FLANE —
of molecules is similar. Both, for guasi-uniform and for 4 CH, SPHERE-SPHERE (R = 0.476 cml ’
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204 kPo . is lower. It also appears that the isotopic dependence of
5L 298K R
"5 a a the vS for both pairs of molecules is somewhat larger for
L : :
I a - the less nonuniform field. Foxr the Hy/D; pair the avail-
s
12 B able data on both the electron transport coefficients and
E . R - o 4 . the ionization processes show that the ionization coeffi-
=, ' a . o a H . .
> s - @ cient a/N s higher for D; than for Hy. We, then, may
( .- A
| ° attribute the observed direct isotope effect in VS for
Y * Hy POINT-PLANE 1 Ho/ i
. D, and by analo £ v
. o D2 POINT-PLANE | 2/D3 ( y analogy for NH3/ND3) to the higher /N for
a H, SPHERE - SPHERE (R=0.476¢m) D; compared with Hy. For H; and Dy, a/N = u/N(Z(a-n)/N)
47, SPHERE-SPHERE .
2 {n is the electron attachment coefficient) since for
ol 1 1 1 ! I 1 RN B | 1 neither H+ n N PN 1
7z nor D; is electron attachme
o 8 6 24 32 20 9 s 2 Ci nt significant.
Nd (10'8 em™2) . In contrast to

the behavior of the V5 for the Hy/B;

and N 3/NDj pairs, a stronger and opposite (inverse)

Fig. 1. V5 versus Nd for Hp and Djp.

isotope effect is observed for the CHy/CD, pair of
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molecules. Althougn we are rot aware of any high E/N
{cluse to the limiting value of E/N) electron transport
data for cither CH. or (D,, the low-E/N data on the
Townsend eneryy factor= (. ratio of mean electron cneryy
to the mean energy of the gas molecules) and the electron
drift velocity' for CHy, and CD, exhibit a similar i1sotope
dependence to the H:-/Da dat;, and hence the VS ought to
have been larger for CH, than for CDy. Such a direct
isotope effect may indeed be present; = ~ver, it appears
to be overshadowed by an opposite effac' ‘usponsible for
the observed inverse isotopic behavior of Vs.

In an effort to rationalize the inverse isotope
efrfect on VS we focused on the possible effects of
electron-impact-induced molecular dissociation into
neutral fragments (e

+ AX " A+ X + e, }. {Another

fast low
process of interest in this connection--but which leads

to ionization--is dissociative ionization (efast + AX -~

A+ + X + 2e).] If appreciable molecular dissociation by
electron impact into neutral fragments occurs in the high-
field region, and the fragments are produccd with large
amounts of kinetic energy enabling them--and the molecules
to which they impart a fraction of their energy--to escape
the high-field region, a temporary local decrease in N

may result which will increase the local E/N value and
enhance the processes that lead to the discharge develop-
ment. To rationalize the Ve data on Hy/D; and CH./CDy in
highly nonuniform fields on the basis of this hypothesis,
it is necessary to assume that this effect is more pro-
nounced for CH./CD. than for Hz/Dj.

The cross section, , for electron-impact-induced

o
diss

dissociation of CH, and H; intc neutral fragments is shown
in Fig. 4, whare it is compared with the respective total
ionization cross section o, . It is seen that a._. for

iT diss

CHy, is very large. There is also eviuence (e.g., see

Ref. 4) that the neutral fragments in the electron-impact-
induced dissociatinn of CH, have considerable kinetic
energy. (It should also be noticed that the dissociative
ionization cross section for CHy is substantial.’) For

Hy, on the other hand, is smaller and the kinetic

%aiss
energies of the electron-impact-induced dissociation
fragment-, seem?’? to be lower than those of CH,/CDy. For
both pairs of molecules, Hp/Dy and CH,/CDy, adiss is
larger for the lighter isotopic species.g"°

Although it is difficult to assess quantitatively the
effects on Vs of the differences in the cross sections and
kinetic energies of the dissociative products in H;/D; and
CH,/CDy, it seems possible that the larger cross section
for dissociation (and perhaps also the larger kinetic
energies of the dissociation fragments) for CH,/CDy, may
lead to significant "microscopic expanﬁion"ll effects., If
this is so, the differences between the V5 of CH, and CD,
can be ascrubed to differences in the hydrodynamic
behavior of the two isotopic gases in highly nonuniform
fields resulting from the larger dissociation cross sec-
tions and larger speeds of the fragments for CH, compared
with CD,. Within this interpretation, Ao inverse isotope
effect should be detected in the Vs of CHy/CDy under

uniform field conditions. From the data on CH,/CDy in
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Fig. 4. dgjcg versus ¢ for CH, (Ref. 4) and Hp (Ref. 5)
and 7;. versus ¢ for CHy and H; (Ref. 6},

iT
Fig. 3 using sphere-sphere electrodes (quasi-uniform
fields), it is indsed sean that the inverse isotope effect
disappeared as long as the field was guasi-uniform; when
(as d was increased) the field became gradually nonuniform,
the inverse isotope effect began to set in (see Fig. 3).
More work is needed to understand both types of isotope
effects and is in progress.
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