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Subexcitation electron interactions in rare gases: Production of electronic excited states
in helium or neon mixtures with argon, krypton, or xenon
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The formation and decay of the "2p" electronic excited states of the rare gases neon, argon, krypton,

and xenon in a buffer gas of either helium or neon has been studied by pulse radiolysis techniques. The

formation rate constants for these states are all greater than -2 X 10 cm' s ', precluding atom-atom

collisional processes and supporting a subexcitation electron mechanism. The rate constants generally

show a trend kx, )k», )k~, ) kN, . Quenching rate constants for the deactivation of some of the 2p lev-

els are also reported.

PACS number(s): 34.80.Dp

INTRODUCTION

In previous publications [1—3], we have demonstrated
that luminescence from pulse radiolyzed gas mixtures can
be used to study the excitation of a minor component of a
mixture by electrons with energy below the lowest excited
level of the major component. These results demonstrat-
ed, in a time-resolved, kinetic fashion, the effects of such
electrons, which were named subexcitation electrons by
Platzman [4,5]. (The role of subexcitation electrons in ra-
diation physics and chemistry has recently been summa-
rized [6].) Subsequent theoretical calculations by Nale-
way et al. [7] confirmed that in helium-nitrogen and
neon-nitrogen mixtures, a subexcitation mechanism is
fully substantiated. Later experiments using aromatic
hydrocarbons as fluorescent probes produced similar data
to the nitrogen system, but unfortunately, a lack of elec-
tron excitation cross-section data for these species pre-
cludes any theoretical study.

The main criterion for a mixed gas system to show sub-
excitation electron effects is that the luminescent probe
gas must have electronic energy levels below the lowest
excited-state energy level of the bulk gas. To aid theoret-
ical calculations of the time dependence of these phenom-
ena, gases whose cross sections for excitation and ioniza-
tion are reliably known are the most useful. The rare
gases themselves are excellent candidates since, apart
from helium, they have experimentally observable
excited-state emissions (2p levels), and they show a con-
venient stepwise decrease in lowest energy level with in-

creasing atomic number. A considerable amount of reli-

able cross-section data is available for all these gases.
We have previously shown that analysis of the lumines-

cence data, which gives the relative concentrations of ex-
cited states of the minor components as a function of
time, yields an effective rate constant for the interaction
of the subexcitation electrons with the minor component.

'Permanent address: Department of Chemistry, University of
Melbourne, Parkville, Victoria 3052, Australia.

It is clear that the subexcitation electrons have a distribu-
tion of energies and cannot be rigorously treated as a sirn-

ple chemical reactant; however, the effective rate con-
stant obtained is a convenient parameter for describing
their interactions with the minor component in an irradi-
ated system and is closely related to the excitation cross
sections of the subexcitation electrons. It should be
pointed out that the pulse radiolysis technique used in
such experiments ionizes less than one atom in
10 [3X10'2 ions/cm in —13 kPa (100 torr) of gas].
This precludes significant energy loss by interactions
among the charged particles and changes in the number
density by ion recombination. The latter process is seen
to occur in these systems on a time scale more than an or-
der of magnitude longer than the subexcitation electron
interactions. This study examines the excitation of neon,
argon, krypton, or xenon in a buffer of helium and argon,
krypton, or xenon in a neon buffer.

EXPERIMENT

The techniques used in this study were virtually identi-
cal to those used in earlier reports [2,3]. The pulse ra-
diolysis facility at the Argonne National Laboratory
Chemistry Division Linac was used. Pulses of 30 MeV
electrons of less than 40 ps duration and about 25 nC
charge were used to irradiate gas samples contained in
cylindrical quartz vessels with Suprasil windows. The
dose per pulse was approximately 5—10 krad. Light emis-
sion was observed at right angles to the axis of the elec-
tron beam from a zone near the axis of the cylindrical cell
and 2—3 cm from the window. A microchannel plate
photomultiplier tube (Electro-Optical Products type
FA128fg/420) monitored the output from a monochro-
mator.

A sampling procedure was used to obtain the emission
data; electron pulse frequencies in the range 30—120 s
were used together with a 7S11 sampling unit in a Tek-
tronix 7904 oscilloscope. The output of the sampling
unit was fed—via an analog to digital converter —into an
LSI-11 computer. Data files were transferred to a VAX
computer for further analysis using nonlinear least-
squares fitting routines.
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Materials and procedures

Helium (Airco, "ultrahigh purity") was purified im-

mediately prior to use by slow passage through a copper
% tube packed with an activated molecular sieve (type
5A) maintained at liquid-nitrogen temperatures. This
procedure removed traces of water, nitrogen, and oxygen
from the bulk helium. The same procedure was used for
neon (Matheson Research Grade). Argon (Matheson}
was condensed into a storage bulb on the vacuum line
and degassed several times before storage at liquid-
nitrogen temperatures. Samples of up to 0.66 kPa were
taken from this stored sample (equilibrium pressure at
-77 K, -20 kPa). Krypton and xenon (Matheson
Research Grade) were purified by several freeze-pump-
thaw cycles. All samples were prepared on a convention-
al greaseless, mercury-free metal-glass vacuum line. Con-
nections to the vacuum line were made using Cajon
"ultra-torr" fittings and pressure measurements were
made with an MKS Baratron (type 77) pressure gauge.

Energy deposition in irradiated gases

The range of a high-energy electron in the gas is large
(meters) compared to the dimensions of the cell (-2.5
cm), so that essentially all the incident high-energy elec-
trons exit the system. The effect of the passage of high-
energy electrons is to generate secondary ionization
events, but with inevitably equal amounts of positively
and negatively charged entities. Thus, there is no excess
charge in this system. It is therefore reasonable to
neglect bulk space-charge effects. [This may not be the
case for irradiations done with high linear energy transfer
(LET} radiation such as a particles, protons, deuterons,
and heavy ions. ] Nevertheless, to be clear on this point,
it is worthwhile to consider carefully the full action of the
irradiating pulse of energetic electrons.

Dosimetry: production of charges

The charge in the incident pulse is high, -25 nC,
which is about 6X10' electrons, but the beam is not
"stopped" in the gas sample. The primary electron beam
is largely unattenuated and passes out of the system.
During its passage, it generates a spectrum of energetic
secondaries. The range of the primary electrons is —10
cm in liquid water and many meters in 1 atm of a gas
such as argon. The electron beam contains a total energy
of -0.75 J per pulse, but only a small fraction ((0.1%)
of this energy is transferred to the gas. This can be calcu-
lated as follows. Dosimetry measurements indicate that
the absorbed energy from the beam is of the order of 10
rad per pulse. Since 1 rad =6.24X10' eV/g, then the
absorbed dose equals —1 J/g. In a typical sample, say
0.2 atm of argon at 20'C, density=3. 33X10 g/cm;
the radiation dose adsorbed by the sample is therefore
3.33X10 J/cm . This is of the order of 0.04% of the
incident-beam energy. Typically, when all of the secon-
dary energetic electrons are thermalized [8], this will pro-
duce an instantaneous ion density of the order of 10'
cm . The irradiation beam will thus produce a low-
density plasma with charge balance.

RESULTS AND DISCUSSION

The systems studied consisted of a trace amount of the
rare gas—neon, argon, krypton, or xenon —in a bath gas
of helium or neon. The emission from a 2p level of the
rare gas was used to monitor the kinetics of formation
and decay of that excited state. Specifically, the 2p, level
of neon (585 nm), the 2p, level of argon (750 nm), the 2p6
level of krypton (762.5 nm), and the 2p~ level of xenon
(840 nm) were used. These states were selected on the
basis of greatest intensity (Ne and Ar) or accessibility (Kr
and Xe). In the case of these latter gases, the majority of
the 2p levels were outside the sensitivity range of the
detector used in these studies. The kinetics of formation
and decay of each of the excited states was studied as a
function of the pressures of both components of the mix-
ture. The pressure of the trace component was varied
over the range 40—670 Pa at a constant helium or neon
pressure of 13.3 kPa; the helium or neon pressure was
varied from 6.66-66.7 kPa at a constant trace component
pressure of 0.133 kPa.

A typical set of experimental data is shown in Fig. 1;
the diagram shows the emission-time curve for a sample
containing 0.4 kPa of argon and 13.3 kPa of helium
(curve A). Background emissions (curve B) were taken
for each sainple at a wavelength a few nm away from the
emission wavelength under observation. This enables
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FIG. 1. Emission vs time curves for 0.4 kPa argon in 13.3
kPa helium. (A) Raw data from Ar 2p& at 750 nm; (B) back-
ground at 740 nm.

Spatial distribution

The loss of energetic secondary electrons from the irra-
diation zone would result in the setting up of space-
charge fields that could infiu ence the subsequent
electron-neutral interactions. The loss of a small amount
of charge would produce ambipolar electric fields. Ambi-
polar diffusion is reported [9] to set in quickly and will
reduce further electron escape rate to negligible levels
over the times of observation in these studies. We believe
therefore that a spatially homogeneous kinetic analysis
can be used to analyze the results and that space-charge
effects are not significant.
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V'

Cerenkov radiation or other emissions from helium or
the irradiation ceil to be allowed for during analysis of
the main signal.

The signai c1early grows in, reaching a maximum in
4—5 ns, then decays more slowly. Figure 2 shows this ex-
periment conducted over a longer time scale (-50 ns),
after which the signal has decayed significantly. The rise
and fall of emission intensity in this way suggests a mech-
anism, using an Ar, He mixture as an example, of the
form
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FIG. 3. Emission vs time curve from data in Fig. 1 with com-
puter subtracted background. Solid curve: from least-squares
fit to Eq. (1);dots: experimental data.

where e (T}represents electrons with insufficient energy
to electronically excite He, and reaction (2) represents the
process of energy loss by elastic collision with helium.
Under pseudo-first-order conditions ([e (T)]&&[Ar] or
[He]) these equations lead to the expression

[e (T)]ok, [Ar]
[Ar'], =

(k, +k [Ar])—(k& [Ar]+k2[He])

x[e ' ' —e ' ' ]
—(k [Ar }+k I He j )t —( k +k [(Ar) )t

(5)
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FIG. 2. Decay of Ar 2p, at 750 nm for 0.4 kpa xenon in 13.3
kpa helium.

(In the case of other solute gases, Ar is replaced by Ne,
Kr, or Xe in helium mixtures; and in neon mixtures, the
solutes are Ar, Kr, and Xe.)

If, as in systems earlier studied, the experimental emis-
sion growth-decay curves are shown to adequately fit an
exponential growth-decay function, then the data can be
used to determine the rate constants k, , k2, k„and k
in the above scheme. Figure 3 shows the experimental re-
sults from Fig. 1 and fitted curve based on Eq. (5). In
practice, the decay part of the data (Fig. 2) was analyzed
first and was invariably found to give a good exponential
fit. The decay constant thereby obtained was used as a

fixed parameter in the nonlinear least-squares analysis of
the data shown in Fig. 1.

Analysis of data for a range of rare-gas and helium or
neon pressures revealed the following.

(i) The formation rates were strongly dependent on the
(additive) rare-gas pressure (at constant helium or neon
pressure) and increased with increasing pressure of the
additive (40—670 Pa).

(ii) The formation rates were significantly dependent on
bulk helium or neon gas pressure (6.67—66.7 kPa).

(iii) The decay rates were weakly dependent on the
helium or neon pressure and very slightly dependent on
the additive rare-gas pressure.

(iv) The data for xenon in helium could not be fit well
to Eq. (5}.

The pseudo-first-order rate constants obtained from
these analyses were found to vary linearly with pressure
over the range studied. Figure 4 (line A) shows the varia-
tion of the first-order formation constant
E, =k, [Ar]+kz[He] with the argon pressure at a con-
stant helium pressure of 13.3 kPa. The slope of this plot
and similar ones for the other rare gases yields the values
for k& shown in Table I. Data for helium pressure varia-
tion, at a constant argon pressure of 133 Pa, were similar-

ly analyzed —Fig. 4; line B—and yielded values of k2 in

Table I. Similarly, the data for solutions of neon and
krypton in helium as well as for argon, krypton, and xe-
non in neon, were processed to yield the results in Table
I.

Xenon results

As noted above, the results for helium-xenon Inixtures
were fit poorly by the double exponential function, Eq.
(5}. The quality of the fit was especially poor at low heli-
um pressures. Figure 5 (curve B-8) shows the fit for a
mixture of 400 Pa Xe in 6.67 kpa He. The decay of this
excited state was measured in a separate experiment over
a longer time scale and was found to be 2. 1X10 s
This value was used as a fixed parameter in analysis using
Eq. (5); the fit is clearly poor. This analytical approach
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FIG. 4. (A) Black squares: variation of the formation rate
constant K& with argon pressure at a constant helium pressure
of 13.3 kPa, (B) open squares: variation of the formation rate
constant K& with helium pressure at a constant argon pressure
of 0.4 kPa.

shows the following features with respect to the data.
(i) Initially the data rise faster than the fitted curve.

(ii) Near to and beyond the maximum intensity, the
data rise and decay more slowly than the fitted curve.

(iii) At longer times the decay is a good single exponen-
tial fit.

It is clear that more than one process is participating
in the formation of this xenon excited state (2p5). One
characteristic of these 2p levels in the rare gases is the
very small energy differences between some of the ten
members of each 2p manifold and the ease of collisional
downward deactivation. The 2p& levels studied for the
other gases are at the top of the manifold and have no ob-
vious near-neighbor candidates for repopulation. The
2p5 level can easily be populated by collisional deactiva-

I
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FIG. 5. Emission vs time curve from xenon 2p5 for a helium
(6.67 kPa), xenon (0.4 kPa) mixture. Dots are experimental
data; curve A-A is the fit to Eq. (9); curve B-8 is the fit to Eq.
(5).

e (T)+Xe =aXe'+ (1—a)Xe~, (6)

Xe~+M =Xe', (7)

Xe' :Xe+hv .

In this mechanism, energetic electrons e (T) interact
with ground-state xenon to produce a fraction (a) of the
excited state Xe' directly and (1—a) of other excited
states Xe~ which can populate Xe' by collision with a
ground-state atom M.

This mechanism can be solved analytically to give a
closed form equation for [Xe'].

tion of the 2p4 level and maybe 2p3, 2pz, and 2p, . Thus
an extra formation process needs to be included in the
mechanism. The following is a reasonable proposal to fit
this condition.

k)

a (1—a)B —&, ~ (1—a)B
k E, (B E—, )(k, —K, )— (B K, )(k, —B)—

a (1—a)B
k, K, (B K,—}(k, K, )— —

(1—a)B k,t-
(B —K, }(k, B)—

TABLE I. Experimental values of k& and kz.

k&( 10 cm's ')
Buffer gas

k~(10 cm s ')
Buffer gas rate constant

Solute

Neon
Argon

Krypton
Xenon

None'

3.5
9.5

8.0
11.5

Helium

9.5+1.0
5.820.7

8.3+1.1
35+6

Neon

5.5+0.4
4.2+0 4'
8.6+0.8
12+1

Helium

0.20+0.02
0.17+0.03

0.18+0.030
0.035+0.006

Neon

0.058+0.015
0.02+0.01

For comparison, the values of k, obtained in the pure rare gases [3] are given in this column.
Obtained by observing emission from the 2p &

level of argon at 771 nm.
'Obtained by observing emission from the 2p3 level of argon at 858 nm.
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where B =ksr[M], and K& =k&[Xe], or more correctly,

E, =k, [Xe]+kz[M]. This will allow for e (T)+M~
products, which cannot excite Xe. Also, k, is the decay
constant for Xe* (more correctly, this term will be

k,'+k [M] where k is a quenching constant for He

and/or Xe interacting with Xe, and k,
'

is the true radia-

tive lifetime), and [e (T)]o is the initial concentration of
energetic electrons.

The mechanism presents certain restrictions to the val-

id nonlinear least-squares fit to Eq. (9).
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(i) For a given subexcitation electron distribution, a
should be independent of xenon or helium pressures.

(ii) To be consistent with data for the other systems, E,
should show a linear dependence on xenon pressure and
give a value for k

&
)2 X 10 cm s

(iii) At constant xenon pressure, B should be a linear
function of helium pressure and give a value of kM simi-

lar to that expected for the quenching of these excited
states, i.e., 10 '-' —10 ' cm s

The data for helium-xenon mixtures were fitted to Eq. (9)
with a four parameter fit, i.e., K&, B, k„and a. The fol-

lowing procedures were carried out and observations
were made.

(i) For the helium-xenon systems, 13.3 kPa He and
67—670 Pa Xe, all variables were allowed to float. It was
noticed that a ranged from 0.30-0.45; I{,was —10 s

and8 was —10 s
(ii) If the decay of Xe', measured in separate experi-

ments on longer time scales (as in the other systems), was

used to fix the parameter k„ then a varied only from
0.36—0.41. The average over a series of analyses was
0.38+0.02.

(iii) If a =0.38 and k, (experimental value
-2X10 s '} were used as fixed parameters, then a good
fit, such as is shown in Fig. 5 (curve A-A), was obtained.
For each system analyzed, the value of k, observed for
the specific system was used.

The results show the predicted linear dependence of K&

on Xe (Fig. 6) and B on He pressure (Fig. 7). From these
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FIG. 6. Variation of &, [from Eq. (9)] with xenon pressure at

13.3 kPa helium.
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FIG. 7. Variation of B [from Eq. (9)] with helium pressure at
0.4 kPa xenon.

plots, values for the rate constants were determined
as k, =3.5+0.8X10 cm s ', k~=4. 1+0.5X10
cm s ' (for He), k2=3. 5+1.3X10 " cm s ' (deter-
mined from the intercept of Fig. 6).

B(kl) was not discernibly affected by variation of the
xenon pressure in the range 67-400 Pa, in the presence of
13.3 kpa of helium. Conversion of Xe~ to Xe' must be
predominantly by collisions with helium.

The values of k, and k2 are included in Table I and are
directly comparable with the values for the other sys-
tems. The value for k~, the rate constant for the quench-

ing of Xe~ by helium, of 4. 1+0.5X10 "cm s ' is
reasonable when compared with the value
6.45 X 10 " cm s ' observed earlier [3] for the quench-
ing of this particular excited state by xenon itself.

Excited state quenching rates

From the analysis of the growth-decay curves over the
longer times scales (50 ns}, the decay of the excited state
could be monitored. The curves showed good first-order
decays at long times and increased in decay rate with in-

crease in pressure. From this data, the quenching of the
excited state of the trace additive by the bulk rare gas
could be determined. In some cases, it was possible to
determine the quenching by the trace gas itself. The data
for these various mixed systems are summarized in Table
II. Generally speaking, the quenching rate constants for
the various 2p levels in these rare gases are all in the
range 10 ' —8X10 " cm s '. This range is typical
[10] of the rate constants expected for collisional quench-

ing of rare-gas electronic excited states.

CONCLUSIONS

Direct observations show that the formation of elec-
tronic excited states in pulsed electron irradiated gaseous
systems is delayed well beyond the temporal limits of the
excitation pulse. The rate of formation is pressure depen-
dent indicating some form of two-body collisional pro-
cess. Analysis of intensity vs time curves by conventional
kinetic procedures gives the results in Table I, which
show that the formation rate constant for the electronic
excited states increases with increasing atomic weight of
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TABLE II. Experimental excited-state quenching rate constants.

Buffer gas

He
He
He
He
Ne
Ne

k, buffer (10 "cm s ')

5.3+0.4
0.45+0.10

1.5+0.5
0.17+0.08
0.25+0.10
0.64+0.04

Solute gas

Ne
Ar
Kr
Xe
Kr
Xe

k~, solute (10 "cm s ')

not detectable
not detectable
not detectable

10+4
11+1

9.9+4.5

the additive rare gas. There appears to be no significant
difference between helium and neon as a bufFer gas.

Using the subexcitation electron model, the rate con-
stant would depend upon the superposition of the subex-
citation electron spectrum [11] and the cross section
versus energy function for the rare-gas excited state. The
subexcitation electron spectrum above about 10 eV only
shallowly decreases with energy in a structureless distri-
bution. This goes up to about 20 eV in helium and about
17 eV in neon. Secondary electrons above these energies
lose energy very rapidly by inelastic processes to the bulk
gas, and their lifetime is very short —of the order of 10
s—compared to the observed formation times of up to 20
ns recorded in these experiments.

The cross section for production of the excited state of
the additive rare gas over the energy range from its
threshold to the limit of the subexcitation domain will

vary significantly. In the case of a helium-neon mixture,
the only active electron energy range is from the subexci-
tation limit of helium (19.8 eV) to the energy threshold of
the neon excited state (2p, ) at 18.96 eV. The cross sec-
tion for excitation will be changing rapidly over this very
narrow energy range —less than a volt —since the electron
energy is close to the threshold value. In the case of the
other mixtures with helium, the energy window between
subexcitation and the threshold of the emitting state is
wider; for argon 2p&, the threshold is 13.2 eV and the
window is 6.6 eV; for krypton 2p6, the threshold is 11.3
eV and the window is 8.6 eV; for xenon 2p& the threshold
is 10.1 eV and the window is 9.7 eV. The window gets
wider with increasing atomic weight of the rare-gas addi-
tive. Similarly, with neon as a bulk gas, the subexcitation
electron energy ranges can be obtained from the subexci-
tation limit of 16.6 eV. Using the thresholds given above,
one obtains energy windows of 3.4 eV for argon 2p&, 5.4
eV for krypton 2p6, and 6.5 eV for xenon 2p5.

In our experiment, the energy distribution of subexci-
tation electrons changes during the time scale of the ex-
periment. The initial Platzman-like distribution [5,11]
produced in the bulk gas subsequently evolves through
the subexcitation range to and through the inelastic exci-
tation range of the additive. Eventually, a Maxwellian
distribution is attained as the electron distribution ap-
proaches thermal energies.

In other words, the mean energy of the secondary
swarm changes with time. Thus we should see a varia-
tion of the rate constant over the duration of the experi-
ment in line with the expected variation of the cross sec-
tion of the excitation with electron energy. The temporal

data that we analyzed do not show any marked deviation
from a single exponential with time, although the noise
on the signals could cover such an effect if it is relatively
small.

Therefore, the conclusion we draw is that the combina-
tion of the effects of mean electron energy changes on
both the excitation coefficients and the parallel
momentum-transfer processes do not cause a marked
time dependence of the rate constant for formation of
these excited states. This implies that the modeling of
the time-dependent decay of energetic electrons in simple
gas mixtures can be approximated by relatively simple
kinetic laws. This is, in part, reasonable in light of the
known featureless structure of the subexcitation electron
distribution.

Table I (column labeled "none") shows previously re-
ported results for pure rare gases where a similar delayed
production of emission was observed [3]. In this case,
secondary electrons are responsible for the delayed
excited-state production but, by definition, they cannot
be called subexcitation electrons. These results for the
pure gases are not markedly different from those in the
mixed systems, which indicates the similarity of the
behavior of secondary electrons in the pure rare gases
and subexcitation electrons in the mixed systems.

In the case of argon in excess neon, two argon 2p levels
were monitored. There was no difference, within experi-
mental error, in the formation constants for the two ex-
cited levels of argon. This is consistent with a common
precursor mechanism —subexcitation electrons —for the
formation of these states.

If this mechanism is correct, then the rate constant k2,
for the energy loss of electrons by elastic processes in-
volving helium in the presence of traces of neon can be
estimated from known cross-section data. Essentially,
the electron needs to lose energy sufficient to cross the
window from 19.8—18.96 eV (the latter being the energy
threshold of the 2p, state of neon) before it loses energy
to neon by inelastic processes. The number of collisions
needed is the size of this energy gap divided by the energy
loss per collision, i.e., b E/dE„» = (19.8 —18.96)/dE~».
Assuming the average energy of the window is E =19.4
eV, dE~»=2m, E/MH, (where m, is the electron mass
and MH, is the mass of helium), or 5.319X10 eV per
collision. For the 0.84-eV window, the number of col-
lisions n» is 158. From Hayashi [15] we use an average
momentum-transfer cross section o. „over this window
of 3X10 ' cm, and taking the efFective rate constant
for disappearance of the subexcitation electron due to
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elastic collisions with the bu8'er gas as cr, Xv, ln„»
(where v, is the average velocity of the electron for the

window), we obtain 5.0X10 ' cm s '. This value is

high compared with the experimental result of
2.0X10 ' cm s ' given in Table I. A similar calcula-
tion for neon gives 4.3X10 " cm s ' compared with

the experimental value of 5.8+1.5 X 10 " cm s

The agreement is sufBciently good to give confidence in

both the experimental determination and the kinetic
analysis of these time-dependent processes. A similar
analysis of the formation rate constant k, , is not valid

since for the solute gas both elastic and inelastic process-
es are active in the energy window between the lowest ex-
citation threshold of the bulk gas and the threshold of the
observed excited state.

We conclude, therefore, that the delayed formation of
electronic excited states in dilute binary rare-gas mixtures
is directly attributable to the degradation of subexcitation
electrons generated from the bulk gas. A similar pattern
of delayed formation of emission was observed in diatom-
ic (Nz) [1] and polyatomic (hydrocarbon) systems [2].
The phenomenon displays a strong dependence on the
pressure of the probe and a weaker one on the bulk gas
pressure. This mechanism associated with these observa-
tions has been identified unequivocally [12] as the inelas-
tic and elastic scattering of subexcitation electrons. The
results show that the derived rate constant for energy loss

to the buffer gas is about three times less for neon than
for helium. This is in keeping with the poorer thermali-
zation behavior of neon compared to helium and com-
pares well with observations in nitrogen mixtures with
these gases [1].

Some cross-section data are available [13,15] for elastic
collisions and inelastic processes in these monatomic
gases. It should thus be possible to perform calculations
similar to those done by Naleway [7] and, more recently,
by Dillon, Inokuti, and Kimura [14] to accurately model
the time decay of a subexcitation electron swarm in these
mixed gases. Such calculations are under way and will be
reported in a later communication.
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