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ABSTRACT

%gsociq}ion lonization in binary mixtures of noble gases with
NO, CH,OH and C H6 molecules has been investigated

using a mass sBectrometgr+with a+two—ch§mber ion gource. Forma-

tion of complex ions ArNO , KrNO" ', XeNO ', ArCH,OH  and ArC.H

in single collisions of metastable Ar, Kr and &e atoms witﬁ §he

molecules has been detected.

1. INTRODUCTION

Excited noble gas atoms are known to result in association
ionization on collisions with atoms gnd molgcules formipg dif-
ferent complex iong such ag He,, Ar,”, HeAr (1), ArC H,",

ArCZH (2§ ArH,S", KrH,S (33 and“other diatomic aﬁd polyato-
mic igns (45- Thé purpos% of the present work was to investiga-
te assoclative ionization proceeding in binary mixtures of
noble gases (Ar, Kr, Xe) with nitrogen oxide, methyl alcohol
and benzene molecules and involving metastable and long-lived
highly excited atoms.

2. EXPERIMENTAL

The atudy was carried out with a "Varian MAT-731" mass spect-
rometer using a specifically designed two-chamber ion source
allowing separation of excitation region from the region where
the excited atoms react. The source schematic is shown in Fig.1
Noble gas was admitted to the first chamber (I) through a mul-
tichannel capillary array (MC). Metastable and highly excited
states of noble gas atoms were excited by electron impact of
variable energy, the ions and electrons formed were eliminated
from the beam by a transverse electric field created by two
plates (P1,P2) located between the excltation chamber and the
collision one. Thus, only neutral atoms in long-lived metast-
able and high-Rydberg states with lifetimes 10 -8 could enter
the second chamber (the distaqge be%geen the chambers was of

2 cm). Molecular gas target (' "NO NO, CHBOH and C_.H.) was
inlet to the second chamber transversely to“the excited noble
gas atom bgam. Partial pressures of the components were less
than 5x10”’Torr. The electron emission current was 50#200 PA,
the exciting electron energy was varied within the range

8450 eV. The electric voltage on the deflecting plates P1,P2
was t20 V. Ions formed in collisions of excited atoms and un-
excited molecules were extracted, accelerated and analyzed mass
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spectrometrically.
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Fig. 1. Schematic of the two-chamber ion source:
1,11, excitation and collision chambers; MC, mul-
tichannel inlet capillary; CT, cathode; CL, col-
lector; P1,P2, deflection plates; G, metallic
grid.

3. RESULTS

The present investigation has discovered th?& binary1mix§ure
1n}gt 1eads1§o {orma¥i0n+of cqmplgx ions Ar "NO AT '’NQT,

Kr "NO", Kr ’NO”, Xe 'NOY, Xe'’NO", ArCH.OH' and ArC.H in ad-
dition to ions produced as a result of pénning and d?s oclative
lonization and ionization of highly excited atoms on metal sur-
face. To establish the processes involved the complex ion cur-
rent dependences were obtained on mixture total pressure (quad-
ratic), component partial pressure (linear), electron emission
current (linear) and exciting electron energy. Linearity of ion
currents on partial pressures and electron current indicated
the single collislon condition. Data analysis leads to an unam-
biguous conclusion that the complex 1ﬁns observed are formed in
reactions of association ionization R + M ey RM 3t € resul -
tlmgjfrom3collisionsmog metgstable atoms Ar (°P,, °P ),
Ke'(’P,, P ) and Xe"(’P,, ’P ) with unexcited “gas %arget mo-
leculeg sinBe the appearance ®thresholds for these ions coinci-
de with the appearance thresholds for respective metastable
atoms (5)(Fig. 2). Ionization functions for the complex ions
correlate well with the metastable state excitation functions
of respective noble gas atoms. The highly excited noble gas
atoms do not contribute to complex ion formation that is seen
from a great difference between excitation functions of atomic
Rydberg states (6) and corresponding ionization functions for
the complex ions under study. Relative intensities of complex
ions (with respect to the intensities of molecular ions genera-
ted by penning ionization) are as follows: 37,6% for ArNO ,
35.4% for KrNO*, 4% for XeNO*, 2% for ArCH,OH* and 1% for

Arc H_* that proves a significant probabil?ty of association
ion?zgtion in collisions of metastable krypton, aggon and {gnon
atoms with the NO, CH,OH and 06"6 molecules. For NO and NO,
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no isotope effect was observed. No association ionization was
detected in binary mixtures of helium and neon atoms with the
molecules.
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Fig. 2. Ionization functions for complex
ions.

The penning and assocliation ionization studied can be represen-
ted in terms of autolonization of "superexcited" quasimolecules
of the type RM™™, Depend{ng on the energy taken away by the
emitted electron, the RM ions can be formed stable or be disso-
ciated to M" ions and noble gas atoms.
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