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A mass spectrometer with a double-chamber ion source was used to investigate the scattering
of highly excited argon ions by hydrogen. The total scattering cross section was found to be
=4 x 10" cm?/molecule. It was shown that ArH' was formed in the collisions of highly excited

argon atoms with hydrogen molecules.

A.RGON atoms in highly excited long-lived states
have been detected by several workers.[1:2] The
purpose of the present communication is to des-
scribe the main results obtained in an investigation
of the collision processes of highly excited argon
atoms with hydrogen molecules. The data obtained
indicate that ArH" ions are formed not only in ion—
molecule reactions,[3] but also in collisions with
neutral particles, for which the interaction proba-
bilities are considerable.

The investigation was carried out using a mass
spectrometer with a double-chamber source of
ions.[?] In the first chamber, the gas was excited
and ionized by electron impact. Ions and electrons
were held in this chamber by magnetic and electric
fields. Only neutral particles, some of them ex-
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FIG. 1. Influence of the hydrogen (a) and argon (b) pres-
sures on the intensities I of the following ions: 1) Ar'; 2)
2) ArH*; 4) sum of the Ar' and ArH" ion currents. Curve 3
represents the relative change in the intensities
I(ArH+)/I(Ar+). The pressure was measured with LM-2 gauge
near the ion source.

FIG. 2. Influence of the electron energy
E. on the intensities I of Ar™ and ArH*
ions in arbitrary units. Arrows indicate ap-
pearance potentials of metastable Arm
atoms and of Ar" jons.
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cited, penetrated into the second chamber of the
ion source. As a consequence of the reactions of
excited particles with unexcited ones, ions were
formed in the second chamber, and these were ac-
celerated and analyzed with a magnetic analyzer.

H, H, , H,, Ar’, and ArH" ions were detected
in a mixture of argon and hydrogen. To determine
the mechanism of reactions leading to the forma-
tion of these ions, we investigated the dependences
of the ion intensities on the hydrogen and argon
pressures, as well as on the electron energy and
current. Some of the dependences are given in
Figs. 1 and 2.

The dependences of Fig. 1 were obtained under
the following conditions. The electron energy was
~ 27 eV, which corresponded approximately to the
maximum of the yield of ArH' ions, as shown in
Fig. 2; the ion energy was 2.8 keV; and the elec-
tron current was 0.6 mA. The argon pressure was
~ 1.4 x 107 torr (Fig. 1a), and the hydrogen pres-
sure was 6 X 10°° torr (Fig. 1b). The addition of
hydrogen to argon (Fig. 1a) reduced the intensity
of the Ar” ions and increased the intensity of the
ATH' ions. The addition of argon to hydrogen (Fig.
1b) increased the intensities of the Ar® and the ArH'
ions. We can see that the pressure dependences of
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the relative intensities I(ArH')/I(Ar") were in the
form of straight lines, which was characteristic of
secondary processes because I(ArH+) = kpArPHz:
where k is a constant, and pay and PH, are the
pressures of argon and hydrogen.

From the data given in Fig. 2, it is evident that
the ArH' ions appeared at an electron energy close
to the energy corresponding to the appearance of
the Ar’ ions. As shown in(152] , highly excited argon
atoms Ar* appear near this energy.

In the collision of slow highly excited argon
atoms with hydrogen molecules, the following main
ionization processes could take place:

Ar* + Hy — ArHt 4+ H -} ¢, (1)
Ar* + Hy— Ar + Hyt + e. (2)

The first process was more likely; this is because
the intensity of the ArH' ions was approximately
10 times stronger than that of the H2+ ions. Both
reactions were exothermal. The energy evolved
was transformed into the vibrational excitation of
molecular ions and into the kinetic energy of elec-
trons.

Apart from these processes, giving rise to ions,
there could also be processes involving excitation
energy transfer from an argon atom to a hydrogen
molecule. This would produce excited molecules
and fast hydrogen atoms. All these processes could
be represented as the decay of an excited ArH,
complex along various channels. Highly excited
argon atoms could be deactivated by collision with
a molecule, resulting in the emission of a photon,
and they could also suffer elastic scattering. The
probabilities of all these processes were unknown.
However, we could estimate the total cross section
for the loss of highly excited argon atoms from a
beam in the case of scattering by hydrogen.

If the scattering took place while the argon
atoms were traveling from the first chamber to the
second, the intensity I(Ar*) of a beam of highly ex-
cited atoms reaching the second chamber was
given by Eq. (3) (see below). In this case, it was
assumed, for the sake of simplicity, that there was
no loss of highly excited argon atoms due to spon-
taneous radiation. Thus

I(Ar") = I, (Ar") exp {—0unuly}, (3)

where I (Ar¥*) is the intensity of the Ar* beam be-
fore the admission of hydrogen; oy, is the total
scattering cross-section for collisions of highly
excited Ar* atoms with hydrogen molecules, whose
density is n;; I, is the path in which the scattering
in the ion source takes place. Some of the highly
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excited Ar* atoms were ionized on a metal grid

+
near the second chamber and they become Ar
ions, i.e.,

I'(Art) = al (Ar"), (4)

where o is a constant.

When hydrogen was admitted to the ion source,
there was a corresponding increase in pressure in
the mass-spectrometer analyzer. Consequently,
the measured collector current I(Ar') was given by
the formula

I(Art) = I’ (Ar) exp {—0Ganala}, (5)

where o4 is the total scattering cross-section for
collisions of Ar' ions with hydrogen molecules,
whose density in the region of the mass spectrome-
ter analyzer is ny; I, is the effective path in which
scattering takes place.

Thus, the recorded current of Ar’ ions should
vary with hydrogen pressure as follows

I(Art) = I y(Art) exp {—0anals — ounuly}, (6)

where IO(Ar+) = aI)(Ar¥*). Hence, we found the total
scattering cross section for collisions of highly
excited argon atoms with hydrogen molecules:
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This treatment was in accordance with the data in
Fig. 1. Assuming the second term in Eq. (7) to be
small compared with the first, i.e., neglecting the
scattering of Ar” ions by H, molecules in the analy-
zer, we could estimate from Fig. 1 the upper limit
of the value of the scattering cross section oy.

Such an estimate gave the value o3¢ ~ 1.3

x 1013 ¢cm?/molecule.

We had no exact data on the value of 0,. An
analysis of the published data,[4%] showed that,
evidently, 05 < 2% 1075 cm?/molecule for Ar’ ions
of 2.8 keV energy. In this case, oy ® 0.4 x 10713 cm?.
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