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ABSTRACT

The chemi-ionization processes in slow-atom-
Rydberg-atom collisions are investigated in this
contribution. The method [1, 2] is applied to
the cases of Li and Na collisions [3, 4], for the
principal quantum numbers n > 4 and tem-
peratures 500 K < 7" < 1500 K. The chemi-
ionization processes in slow collisions of excited
alkali atoms with atoms in ground and excited
states were considered, with a particular accent
to the applications for low temperature labora-
tory plasma research [5, 6] created in gas dis-
charges, for example in microwave-induced dis-
charges at atmospheric pressure, where plasma
conditions [7] may be favorable for processes in-
vestigated here. Also, further development of re-
search of the chemi-ionization processes involving
alkali metals in different stellar atmospheres as the
factors which influence their spectral characteris-
tics is important [4]. The same refers to the role
of the chemi-ionization processes in atmospheres
of some planets (lo, for example). Presented re-
sults and preliminary model evaluations show that
in the weakly ionized astrophysical formations of
alkalis, specifically in volcanic gases on lo, chemi-
ionization processes can provide effective chan-
nels for medium ionization.

The main aim of this work is to extend the in-
vestigation present in [8] for the wider region of
principal quantum numbers and temperature and
introduce the results of calculation of the rate co-
efficients of the corresponding associative ioniza-
tion and Penning ionization channels of chemi-
jonization processes in the tabulated form easy for
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further use in low temperature plasma research.

1. INTRODUCTION

In this paper we studied the non-symmetric chemi-
ionization processes

A*(n)+ B = e+ ABT, )]

A*(n)+B———>e+A++B, (2)

where Rydberg atom A = Li and B = Na, LiNa™
is the molecular ion in the electronic ground state
(X2x1). The resonant mechanism method is used
for the calculations of the rate coefficients of the
processes (1) and (2). The short description and
basic theory is presented here (for details see paper
[2]). The calculations of these rate coefficients are
performed for the principal quantum number 4 <
n < 25 and temperatures 500 K < T < 1500 K.
The obtained results of calculation, as well as the
necessary discussion, are presented in Sec. 2.

The associative ionization cross section
0((;) (n, E) for channel (1) and the total chemi-

. s . . b
ionization cross-section J((; )(n, E) for channels

(1) and (2) can be presented in the form

pieed(E)

Ug’ab)(n, E)=2n f Pc(f'ab)(n, p, E)pdp.
0

(3)

Here Pg"’ab) (n, p, E) is chemi-ionization proba-

bility which characterize the processes (1) and (2)

separately and together, p is the impact parame-

ter, pgﬂgl_(E) is the absolute upper limit of values
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p for a given E, and pﬁf{()m(E) is the upper limit
of values p for the associative ionization channel
only (see [1, 8]). The partial and the total rate co-
efficients which characterize the processes (1) and
(2) separately and together can be represented by
K (n,T), K (n,T) and K% (n, T), where

K{"n,T) = K20, T) + KO (n,T). @)

By definition, rate coefficients Kg-"b)(n.T) and
K g-l) (n,T) are given by relations

K (n,T) = f ol (n, E)f(v; T)dv, (5)
0

Efidz(n)
) . {a) :

K(Ef (n,T) = vo,s (n, E) f(v; T)dv
0

(6)
(n, E) are deter-
mined by Eq. (3), %) (n) is the upper limit of the
region of E relevant for the associative ionization
process (1) (see [1, 2]), and f(v;T) = feen(v; T)
is Maxwell distribution function

(a,ab)

where the cross-sections T

4 1 2
fo;T) = ﬁaﬁe‘x : (7

where * = v/vy, v, = /2kT/M,.q. Here
M,.q is the reduced mass of At + B sub-

system. The rate coefficient Kg’) (n,T) for
the process (2) is determined from the Eq. (4).
The potential curves of several lowest X states
of the molecular ion LiNa‘t, the square of
dipole matrix element for the transition be-
tween X2Xt- and A2S7T-states, as well as
other needed parameters can be found in [8].
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Fig. 1: The total rate coefficient K c(,?b)(n, T), Eq.
(5) for chemi-ionization processes (1) and (2) in
Li*(n) + Na collisions.

2. RESULTS AND DISCUSSION

In this paper we calculate the values of the partial
K@ (n,T), K (n.T) and total chemi-ionization
rate coefficients K f,f b)(n, T), for the extended re-
gions of principal quantum numbers n > 4 and
temperatures 500 K < 7" < 1500 K. The results
of calculations of rate coefficients K g; ) (n,T)

and K g) )(n, T') of both channels are presented in
Tabs. 1 and 2.

Tables show that in the considered regions of n
and T the process of associative chemi-ionization
(1) dominate in comparison with the non-
associative chemi-ionization channel (2). Also,
one can see that the K®)(n, T') has the maximum
atn = 6.

Fig. 1 present the total chemi-ionization rate coef-
ficient K'*(n, T) for all mentioned conditions.

One can see that the rate coefficient K'*? (n, T)
has the maximum at n = 6. From Fig. 1 evidently
the total chemi-ionization rate coefficient can be
approximated by the function of ni.e. ~ 1076 /n3
valid for the higher values of n and which does
not depend on temperature. Unlike the symmetric
case, in the non-symmetric one associative chan-
nel changes non-monotonically with a maximum
displaced to the region of small values of n.
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Table 1: The rate coefficient KX S ) (n, T) in [cm3s~!] for chemi-ionization associative channel (1).

n/T 500 [K] 600 [K] 700 [K] 800 [K] 900 [K] 1000 [K] 1100 [K] 1300 ([K] 1500 [K]
4 2.61E-11 5.52E-11 9.53E-11 1.44E-10 1.98E-10 2.56E-10 3.16E-10 4.33E-10 5.40E-10
5 6.98E-10 8.70E-10 1.02E-09 1.14E-09 1.23E-09 1.30E-09 1.35E-09 1.41E-09 1.43E-09
6 1.39E-09 1.55E-09 1.66E-09 1.74E-09 1.79E-09 1.82E-09 1.83E-09 1.82E-09 1.77E-09
7 1.32E-09 149E-09 1.62E-09 1.73E-09 1.80E-09 1.86E-09 1.89E-09 1.93E-09 1.93E-09
8 1.14E-09 1.30E-09 1.43E-09 1.53E-09 1.61E-09 1.67E-09 1.72E-09 1.78E-09 1.81E-09
9 8.72E-10 1.00E-09 1.11E-09 1.19E-09 1.26E-09 1.32E-09 1.36E-09 1.42E-09 1.45E-09
10 6.24E-10 7.19E-10 7.98E-10 8.63E-10 9.15E-10 9.57E-10 9.89E-10 1.03E-09 1.06E-09
11  4.34E-10 5.01E-10 5.57E-10 6.03E-10 6.41E-10 6.71E-10 6.94E-10 7.26E-10 7.43E-10
12 3.00E-10 3.48E-10 3.87E-10 4.20E-10 446E-10 4.67E-10 4.83E-10 5.06E-10 5.18E-10
13 2.10E-10 243E-10 2.71E-10 2.94E-10 3.12E-10 3.27E-10 3.39E-10 3.55E-10 3.64E-10
14 1.49E-10 1.73E-10 192E-10 2.09E-10 2.22E-10 2.33E-10 241E-10 2.52E-10 2.59E-10
15 1.07E-10 1.25E-10 1.39E-10 1.51E-10 1.60E-10 1.68E-10 1.74E-10 1.82E-10 1.87E-10
16 7.87E-11 9.13E-11 1.02E-10 1.10E-10 1.18E-10 1.23E-10 1.28E-10 1.34E-10 1.37E-10
17  5.86E-11 6.80E-11 7.58E-11 8.23E-11 8.75E-11 9.17E-11 9.50E-11 9.96E-11 1.02E-10
18  4.43E-11 S5.14E-11 S5.73E-11 6.22E-11 6.62E-11 6.94E-11 7.19E-11 7.53E-11 7.72E-11
19  3.39E-11 394E-11 4.39E-11 4.77E-11 5.07E-11 5.32E-11 5.51E-11 5.77E-11 5.91E-11
20 2.63E-11 3.06E-11 341E-11 3.70E-11 3.94E-11 4.13E-11 4.28E-11 4.48E-11 4.59E-11
21 2.07E-11 2.40E-11 2.68E-11 291E-11 3.09E-11 3.24E-11 3.36E-11 3.52E-11 3.61E-11
22 1.64E-11 191E-11 2.13E-11 231E-11 246E-11 257E-11 267E-11 2.79E-11 2.86E-11
23 1.32E-11 1.53E-11 1.70E-11 1.85E-11 1.97E-11 2.06E-11 2.14E-11 2.24E-11 2.30E-11
24 1.06E-11 1.24E-11 1.38E-11 1.50E-11 1.59E-11 1.67E-11 1.73E-11 1.81E-11 1.86E-11
25 8.69E-12 1.01E-11 1.13E-11 1.22E-11 1.30E-11 1.36E-11 1.41E-11 1.48E-11 1.52E-11
Table 2: The rate coefficient Kg.’) (n,T) in [cm3s™1] for chemi-ionization PI channel (2).
n/T 500 [K] 600 [K] 700 [K] 800 [K] 900 [K] 1000 [K] 1100[K] 1300[K] 1500 [K]
4 0.00E+00 0.00E+00 4.45E-15 9.04E-13 3.29E-12 7.80E-12 1.51E-11 4.05E-11 8.18E-11
5 7.52E-12  2.50E-11  5.72E-11 1.06E-10 1.70E-10 247E-10 3.37E-10 5.45E-10 7.71E-10
6 3.23E-11 7.87E-11 148E-10 2.38E-10 3.44E-10 4.64E-10 5.93E-10 8.64E-10 1.15E-09
7 2.13E-11  5.33E-11 1.02E-10 1.68E-10 2.47E-10 3.37E-10 4.37E-10 6.51E-10 8.79E-10
8 1.44E-11 3.68E-11 7.16E-11 1.19E-10 1.76E-10 243E-10 3.17E-10 4.80E-10 6.55E-10
9 9.94E-12 2.55E-11 5.00E-11 8.34E-11 1.25E-10 1.72E-10 2.26E-10 3.43E-10 4.71E-10
10  6.79E-12 1.75E-11 3.44E-11 5.75E-11 8.61E-11 1.19E-10 1.56E-10 2.38E-10 3.27E-10
11 4.63E-12 1.20E-11 2.35E-11 3.94E-11 5.89E-11 8.18E-11 1.07E-10 1.63E-10 2.25E-10
12 3.18E-12 8.21E-12 1.62E-11 2.71E-11 4.05E-11 5.63E-11 7.38E-11 1.12E-10 1.55E-10
13 2.21E-12 5.72E-12 1.13E-11 1.88E-11 2.82E-11 3.92E-11 5.14E-11 7.83E-11 1.08E-10
14 1.56E-12 4.04E-12 797E-12 1.33E-11 2.00E-11 2.77E-11 3.64E-11 5.54E-11 7.62E-11
15 1.13E-12  291E-12 5.74E-12 9.60E-12 1.44E-11 2.00E-11 2.62E-11 3.99E-11 5.48E-11
16 8.24E-13 2.13E-12 4.20E-12 7.03E-12 1.05E-11 146E-11 1.92E-11 2.92E-11 4.02E-11
17 6.13E-13 1.59E-12 3.13E-12 5.23E-12 7.84E-12 1.09E-11 1.43E-11 2.18E-11 2.99E-11
18 4.63E-13 1.20E-12 2.36E-12 3.95E-12 5.92E-12 8.22E-12 1.08E-11 1.64E-11 2.26E-11
19  3.55E-13 9.18E-13 1.81E-12 3.03E-12 4.54E-12 6.30E-12 8.26E-12 1.26E-11 1.73E-11
20 2.75E-13  7.12E-13 1.40E-12 2.35E-12 3.52E-12 4.89E-12 6.41E-12 9.77E-12 1.34E-11
21  2.16E-13 5.59E-13 1.10E-12 1.85E-12 2.77E-12 3.84E-12 5.03E-12 7.67E-12 1.05E-11
22 1.72E-13  4.44E-13 8.75E-13 1.46E-12 2.19E-12 3.05E-12 3.99E-12 6.09E-12 8.36E-12
23 1.38E-13  3.56E-13 7.02E-13 1.17E-12 1.76E-12 2.44E-12 3.20E-12 4.88E-12 6.71E-12
24 1.11E-13 2.88E-13 5.68E-13 9.50E-13 142E-12 1.98E-12 2.59E-12 3.95E-12 543E-12
25 9.08E-14 235E-13 4.63E-13 7.75E-13 1.16E-12 1.61E-12 2.11E-12 3.22E-12 4.43E-12
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3. CONCLUSIONS AND PERSPECTIVES

The rate coefficients for the chemi-ionization pro-
cesses in Li*(n) + Na collisions were calculated.
The results of this work confirm the possibility of
application of the resonant mechanism for the de-
scription of chemi-ionization collision processes,
not only in the case, when the particles of the same
type collide (symmetric case), but for the case of
different type (non-symmetric) too. This provides
extension of the class of atom-Rydberg atom col-
lision systems from the aspect of the research of
chemi-ionization processes.

We present the results of calculation of the rate
coefficients of the corresponding chemi-ionization
processes in the tabulated form easy for further use
with a particular accent to the applications for low
temperature laboratory plasma research created in
gas discharges, for example in microwave-induced
discharges at atmospheric pressure, where plasma
conditions may be favorable for processes investi-
gated here.

In the near future we aim to further investigate
the chemi-ionization processes and develop com-
pletely quantum-mechanical methods of their de-
scription which could be applied in the cases of
extremely low temperatures.
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