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Desorption of excited hydrogen atoms was detected from both solid Ar doped with CH, and free nanoclusters

Ar/CHy at irradiation with an electron beam. It was monitored by an emission of the Lyman-a line. Measure-

ments of cathodoluminescence (CL) spectra in the VUV range were performed within the CH, concentration

limits 0.1-10 % in the solid matrix. The CL of free clusters with an average size of 1200 atoms per cluster was

detected from pure Ar cluster jet and from Ar clusters doped with 0.1% CH,. The mechanisms of desorption of

electronically excited H" atoms from solids and clusters are proposed on the basis of an analysis of energy trans-
fer pathways with the final stage of relaxation — population of the n = 3 state of hydrogen atoms.
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1. Introduction

Methane attracted particular interest in many fields of
science. Being the simplest compound from the hydrocar-
bon family it was discussed from the point of view of
prebiotic chemistry [1]. One more field of interest is relat-
ed to the behavior of solid methane under neutron flux.
Despite high efficiency of the conversion of short wave-
length neutrons to long wavelength ones (3.5 times higher
than that achieved in liquid hydrogen based moderators)
[2] its application encounters some difficulties. It turned
out that a neutron flux can cause spontaneous release of
accumulated energy and rapid heating followed by hydro-
gen expansion and moderator destruction. This phenome-
non received a further look [3—7]. Methane and methane-
containing systems as important constituents of Interstellar
Medium and Solar System have been widely studied by
astrophysicists for many years (see, e.g., [§-23]). Studies
of matrix-isolated methane are not so numerous. Methane
was studied in Kr matrix under photolysis using synchro-
tron VUV radiation [24]. Neon matrix was used in works
on photolysis of methane at low temperatures [15, 25-27].
Radiation effects in methane-doped Ar matrix were inves-
tigated when excited with an electron beam [28-30].

An essential feature of the methane molecule CHy is the
instability of its electronically excited states, i.e., methane
in excited states tends to dissociate into fragments, which
can be studied by FTIR spectroscopy or identified by their

emission spectra. Main channels of CH, degradation (see
[31], where results of numerous studies were compiled) are:

CH, — CH;+H, (1)
CH,; — CHy+H,, (2)
CH, — CH,+2H, 3)
CH; — CH+H+H,. 4)

The main products of these reactions and reactions of
secondary products fragmentation are atomic and molecu-
lar hydrogen. H atoms which are formed in reactions (1),
(3), and (4) have an excess of kinetic energy, e.g., in
channel (1) the experimental mean kinetic energy of the
neutral lighter fragment H appeared to be 3.1 eV [32]. In
most other channels this energy exceeds 1 eV and such
“fast” H atoms may diffuse for quite a long distance. After
thermalization the H atoms occupy two types of sites in
Ar lattice — octahedral interstitial site and substitutional
one [33, 34]. The atoms occupying the interstitial sites are
released at moderate heating, while the atoms trapped in
the substitutional sites remain trapped [35]. H atoms
trapped in CH,-doped Ar matrices irradiated with an elec-
tron beam were observed in [28] by the emission band at
166 nm, which belongs to the excimer (ArzH)* [36]. It was
found that the intensity of this band decreased 5 times
with increasing methane concentration from 1% to 5%.
This implies a more rapid depletion of atomic hydrogen at
higher concentrations due to its diffusion followed by
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nonradiative recombination of the H atoms with the re-
lease of energy and the formation of molecular hydrogen.
In the study [28], desorption of excited hydrogen atoms
was also detected by their emission of the Ly-a line. This
phenomenon is of high interest for basic science and astro-
physical research.

We continued our research on the desorption of elec-
tronically excited hydrogen atoms to highlight the underly-
ing processes, and extended the study to free clusters
Ar/CHgto get more insight into desorption processes at the
nanoscale level. Gases of the same purity were used to
prepare solid samples and clusters. In experiments of both
types, with solid matrices and with clusters, electrons of
close energy were used. The spectra were measured in the
VUV range, and their transformation caused by an admix-
ture of methane was investigated with an emphasis on the
size effect.

2. Experimental

2.1. Solid Ar matrices doped with CH,

Experiments with solid Ar matrices doped with me-
thane were performed using the setup described in detail in
Sec. 7 of Ref. 37. Mixture of Ar and CH, of chosen con-
centration was performed in the gas-handling system which
was heated and degassed before each experiment. We used
Ar gas (99.998%) and CH, gas (99.97%) without further
purification. Samples of 25 um thickness were grown by
deposition of a certain amount of gas mixture onto a cooled
to liquid helium (LHe) temperature oxygen free copper sub-
strate mounted in a high-vacuum chamber with a base
pressure of 10~ Pa. Pumping out was performed by LHe
cryogenic pump and magnetic discharge pump.

The irradiation was performed in dc regime with elec-
trons of subthreshold energy to avoid the knock-on sput-
tering of samples as well as the knock-on formation of
lattice defects. It should be noted that electronically in-
duced creation of defects, which serve as traps for elec-
trons in the Ar lattice, occurs in solid Ar [38, 39]. The
electron beam energy E, was set to 1.5 keV with the cur-
rent density of 2.5 mA-cm>. The beam covered an icy
sample with an area of 1 cm®. When the beam was turned
on, the increase in temperature of the sample did not ex-
ceed 0.4 K. The sample temperature was controlled with a
Si sensor mounted on the surface of substrate.

Cathodoluminescence (CL) spectra were detected in the
range 100-300 nm with AA=0.16 nm. This region in-
cludes the main features of the emission spectrum of the
matrix, as well as the band of atomic hydrogen localized in
the bulk of matrix (Ar,H)", and the Ly-a line of an excited
hydrogen atom desorbing from the matrix. The presence of
impurities in the samples was monitored by the lumines-
cence spectra. Note, that spectra were not corrected for the
spectral sensitivity of the optical system.
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The preparation of experiments should take into ac-
count the effect of explosive delayed desorption, which
was detected in the CHy-doped Ar matrix [28-30] after
prolonged irradiation with an electron beam. This effect
was found to be similar to that detected in pure solid me-
thane [23, 40, 41]. The effect of explosive desorption from
the surface of solid methane exposed to an electron beam
was discovered upon reaching a critical irradiation dose of
~ 100 eV per methane molecule. Two kinds of self-oscil-
lations of temperature and radical concentration were de-
tected with short and long periods. Theoretical treatment of
the effect was done in [41]. With this in mind, we carried
out experiments presented in this paper at subcritical dose.

2.2. Free clusters Ar/CH,

Experiments with free Ar clusters doped with methane
were carried out using the supersonic jet source [42] for
cluster generation, which has been modified. We used gas-
eous argon (99.998% purity) and gaseous CH,; (99.97%
purity) without additional purification. The initial gas mix-
ture was a mixture of Ar with CHy, with the concentration
of methane C = 0.1%. To generate clusters of chosen size a
conical supersonic nozzle was used with a throat diameter
of 0.34 mm, a cone angle of 8.6°, and an area of the exit
section relative to the throat consisted of 36.7. The pres-
sure Py and the temperature 7, of the gas mixture at the
nozzle inlet were 0.1 MPa and 180-200 K, respectively.
For gas jet pumping a cryogenic pump cooled with liquid
hydrogen was used and pressure in the experimental
chamber did not exceed 10~ Pa. At a distance of 30 mm
from the nozzle exit cluster beam was crossed by the 1 keV
electron beam. The electron beam current was set to 20 mA.
As it was already mentioned electrons of this energy can-
not induce a knock-on defect formation and sputtering and
only electronically stimulated processes are possible. CL
spectra were recorded in the range of 100200 nm with
A'A=0.16 nm. The technique of the optical measurements
of the VUV luminescence of clusters of rare elements in
supersonic jets is described in more detail in [42, 43]. The
temperature and size of the clusters were taken from the
data on electron diffraction studies of pure Ar clusters for
the same nozzle geometry [44] on the assumption that low
methane concentrations do not significantly change these
parameters. In the experiments the width of the size distribu-
tion AN corresponded to the average number N of atoms per
cluster (atom/cluster) [45]. The chosen cluster size was of
1200 atom/cluster.

3. Results and discussion

3.1. Solid Ar matrices doped with CH,

CL spectra of Ar matrices doped with CH4 were meas-
ured at concentrations C = 0.1, 1, 5, and 10%. Figure 1
shows, as an example, the spectrum of CL in the VUV
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Fig. 1. VUV CL spectrum of Ar matrix doped with 1% CHj, re-
corded at 1 keV electron beam excitation.

range taken from a 1% CH, matrix at 4.5 K. It was identi-
cal to that presented in [28, 30].

The spectrum consists of emission features of Ar matrix
and radiolysis products — hydrogen in this spectral range.
The most intense feature of this spectrum at 9.76 eV is the
well-known emission of the molecular type self-trapped
excitons (M-STE), corresponding to the transitions from
133+ states of Ar, to a repulsive part of the ground state
12; [46]. The radiative states of the self-trapped excitons
can be populated via both the processes of exciton self-
trapping and the recombination of the self-trapped hole
(STH), that is (Arz* ), with an electron. Note that this band
was also recorded in the second spectral order and we were
able to detect on the high-energy side of this band the line
of hydrogen atom emission at 5.1 eV (the Ly-a line in the
second order). It should be mentioned that it is difficult to
single out this line in the first order because of its overlap
with the band of self-trapped excitons. The relevant part of
the spectrum recorded in the second order is shown sepa-
rately in Fig. 2. The experimental curve was fitted with
two Gaussian curves (Fig. 2).

The coincidence of the peak 2 with the second order
position of the Ly-a line in the gas phase indicates its con-
nection with desorbing hydrogen atoms in the n = 2 elec-
tronically excited state. It is worthy of note that this line
cannot stem from hydrogen atoms excited by electrons in
the gas phase at such a pressure, 10* Pa. At excitation of
pure solid methane with the same electron beam the Ly-a
line was not observed. Weak features in the range between
11 and 12 eV belong to Ar atoms and molecules desorbing
from the matrix surface in excited states. Hydrogen atoms
appearing in the bulk manifest themselves by the emission
of wide band at 7.47 eV, which has been assigned as the
bound-free transitions of the excimer (Ar,H)" [36]. The
involvement of charged states in formation of excimers
(Rg,H)" and (RgzD)* was considered in [36, 47, 48]. These
complexes were treated as the ion-pair states (Rg;Hf) and
(Rg;Df). The authors [49] suggested an exciton mecha-
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Fig. 2. Decomposition of the M-STE band recorded in the se-
cond spectral order. Peak 1 corresponds to the M-STE band,
peak 2 corresponds to the Ly-a line recorded in the second
spectral order. The resulting curve is shown together with the
experimental points.

nism of D, dissociation which involves an intermediate
complex (RgD,)" formed due to localization of the matrix
exciton near the D, impurity center. The spectrum also
contains the Cameron system a II—X" ¥ bands of CO
and a broad band at 6.7 eV unidentified at present. Note,
that this band disappeared at the CH, concentration C = 5%.

The intensity distribution in the spectra changed dramati-
cally with changes in CH4 concentration. Figure 3 demon-
strates variation of the self-trapped excitons band Arz* .

Such a strong quenching of the intrinsic matrix emis-
sion supposes that the energy transfer to dopants is accom-
plished by free carriers, which are thought to be free exci-
tons and holes. It should be noted that the thickness of our
samples d = 25 um far exceeds the electron penetration
depth 7, which is » = 100 nm for 1.5 keV [50]. Thus, elect-
rons excite directly only thin subsurface layer of the sample.
The rest of Ar matrix (more than 99%) is excited by excitons
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Fig. 3. Quenching of the intrinsic matrix emission, M-STE band,
by doping with methane.
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Fig. 4. Behavior of the relative intensity of the Ly-a line with the
CH,4 concentration change.

and photons [30]. Under excitation above the band gap
energy E, one could expect a contribution of the charge
recombination (neutralization) reaction to the formation of
excimers.

An intensity of the excimer (Ar,H)  band varies
nonmonotonically with the methane concentration in Ar
matrix. It grows with respect to the emission intensity of
the matrix with an increase in the CH, concentration from
0.1% to 1%, and then decreases with an increase in the
concentration of methane to 5%. The ratio [(ArzH)*/I(Ar; )
decreased 5 times with increasing methane concentration
from 1% to 5%. This implies a more rapid depletion of
atomic hydrogen at higher concentrations due to diffusion-
controlled nonradiative recombination of H atoms with the
energy release and the formation of molecular hydrogen.

In contrast to that the relative intensity of the desorbing
atomic hydrogen /(Ly-a) with respect to the band of self-
trapped excitons /(Ar,) varies monotonically with a me-
thane concentration change in the range of 0.1-10%. It
grows linearly with an increase in methane content as
shown in Fig. 4.

It should be pointed out that the total yield of electron-
induced desorption at subthreshold irradiation was not too
high. The pressure in the experimental chamber registered
in the dynamic pumping mode increased only by half the
magnitude when the beam was switched on. In contrast to
this the pressure burst at supercritical irradiation dose was
several orders of magnitude higher [29, 40, 41].

3.2. Free clusters Ar/CH,

In the first series of experiments CL spectra of pure Ar
clusters were measured in the VUV range. Typical example
of the CL spectra of free Ar clusters with the average size
N=1200 atoms/cluster (cluster diameter being 4.4 nm) is
shown in Fig. 5. The most intense wide band (FWHM =
=0.6 eV) of clusters at 9.6 eV is similar to that observed in
solid Ar which stems from the well-known emission of
self-trapped excitons related to the bound-free X+ ! D)
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Fig. 5. VUV CL spectrum of Ar clusters with the average size

N = 1200 atom/cluster recorded at 1 keV electron beam excitation
and beam current of 20 mA.

transitions of the molecular dimer Ar,. The second band at
8.9 eV has no analogue in the emission of solid Ar. It was
assigned to radiative transitions in charged complexes
(Arf )* [51, 52]. Detailed study [42] of the size effect in the
CL spectra revealed that the neutral complexes Ar, radiate
from the whole volume of the cluster, while the charged
complexes (Ary ) radiate from the near-surface layers of
clusters.

The wide bands W at 10.6 and 11.3 eV belong to the
vibrationally excited molecules Ar,(v') desorbing from the
cluster surface. The narrow bands at 11.61 eV and 11.83
correspond to the *P,—'S, and 'P,—'S, transitions in Ar
atoms desorbing from clusters on exposure to the electron
beam. These features were also observed in the bulk Ar
solids [46] but with a much lower intensity.

Even small addition of methane, C = 0.1%, into the gas
mixture used for clusters generation resulted in strong
modification of the CL spectrum. Bands of Ar; and (Ary)"
at 9.6 eV and 8.9 eV, respectively, appeared to be comple-
tely quenched as well as the wide bands at 10.6 and 11.3 eV
belonging to the vibrationally excited molecules Ar;(v')
desorbing from the clusters. The bands at 11.61 and 11.83 eV
appeared to be strongly suppressed, in fact these remaining
bands of Ar atoms stem from the gas component of the jet.
The only feature detected in the range 8.5-10.5 eV turns
out to be the Ly-a line. Its position 10.2 eV coincides with
the position of this line in the gas phase, which indicates
that hydrogen atoms are desorbed in an excited state and
their emission occurs in the gas phase. Figure 6 shows the
spectrum for mixed Ar/CH, clusters in the energy range
8.5-10.5 eV recorded under the same conditions which
were used for the registration of CL from clusters of pure
Ar: Py=0.1 MPa and T, = 180-200 K.

An increase in the concentration C of CH, to C=0.5%
and a decrease in the initial pressure to 0.05 MPa resulted
in an increase in the intensity of the Ly-a line by about
1.5 times.
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Fig. 6. CL spectrum of mixed Ar/CH, clusters under exposure to
1 keV electron beam. Pressure and temperature at the inlet of a
nozzle were Py = 0.1 MPa and T, = 180-200 K, methane concen-
tration in the initial mixture C = 0.1%.

These experimental facts provide clear evidence that the
mixed Ar/CH, clusters are formed in the jet, in which the
impurity CH4 molecules effectively intercept the excitation
from the Ar environment.

3.3. Discussion

Electronically stimulated desorption occurs due to con-
version of electronic excitation energy into kinetic energy
of atoms. A necessary condition is the localization of elec-
tronic excitation on the hydrogen atom in the near-surface
region with the release of energy exceeding the binding
energy per atom g, (for atom of Ar matrix g, = 88.8 meV
[46]). For the case of Ar matrix desorption of excited H
atoms as well as excited atoms Ar of the matrix is facilitat-
ed by the negative electron affinity of Ar x =—-0.4 eV [46],
in other words, excited atoms are ejected under the repul-
sive forces between an excited atom and atoms of sur-
rounding lattice.

Despite the close energies of exciting electrons in experi-
ments with clusters and solid films, the excitation conditions
turned out to be different. The practical range » of 1 keV
electrons in Ar lattice (» = 20 nm [50]) exceeds the clus-
ter’s diameter 8 = 4.4 nm (at N = 1.2:10° atom/cluster),
while in solid films the practical range » of 1.5 keV inci-
dent electrons 7 ~ 100 nm is much less than the films thick-
ness d = 25 pm. This results in an electron trapping and the
accumulation of excess negative charge in the Ar matrix
[54]. It has been shown [30] that because of the small pen-
etration depth of electrons the bulk of the matrix is excited
preferentially by free excitons and photons with an energy
of 9.76 eV, the most intense emission band of the matrix
(excitons self-trapped into the configuration of Ar)) and
only thin subsurface layer ~ 100 nm is excited by electrons.
In view of relatively low CH,4 content an energy transfer by
excitons and holes should be considered in both cases.
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+ Ar Valence band

Fig. 7. Energy band scheme of Ar doped with methane and hy-
drogen atom levels.

Let’s discuss possible scenarios for the desorption of
excited hydrogen atoms. Figure 7 presents the energy band
scheme of Ar doped with CH, along with its fragment —
H atom.

Because the ionization potential of Ar exceeds the ioni-
zation potential of CH,, efficient charge transfer with the
formation of CH," can occur — the first step of the “hole-
induced” scenario (i):

Ar +CH, — Ar+ CH, . (5)

Deprotonation to the matrix can proceed according to
[32] via the reactions:

CH, +hv — CH;+H', (6)
CH, +hv— CH,+H +H, (7)
CH, + hy — CH+H + 2H, 8)
CH, +hv — CH+H + H,, 9)
CH, +hv— C+H +3H, (10)

CH, +hv —>C+H,+H +H. (11)

Then the H' proton recombines with the electron, which
results in the formation of a highly excited H™ atom, fol-
lowed by its relaxation to the n = 2 level and the Ly-a
emission by the H" atom desorbing into the gas phase:

H +e —H" —H — hv(Ly-0) + H. (12)

It should be pointed out that all of these reactions are
endothermic and energy transfer by free excitons can stim-
ulate, in fact, only reaction (7) as follows from an analysis
of the breakdown curves [32]. The Branching Ratio (BR)
of this reaction with an appearance of H+, H, and CH,
products is BR = 0.25 according to [32]. Because of this
the contribution of mechanism (i) in the excited H atom
desorption appeared to be limited.

More effective looks the scenario (ii) based on the dis-
sociative recombination (DR) of CH," with an electron:

CH, +e¢ — CH;+H (0.18 £ 0.03), (13)
CH, +e — CH,+2H (0.51 +0.03), (14)
CH, +e¢ - CH+H,+H (023+0.01). (15)
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The BRs of the DR products are shown in parentheses
according to the results of experiments performed at the
heavy ion storage ring CRYRING [55]. The charge trans-
fer from the Ar hole to the neutral H atom results in a
proton formation and its recombination with an electron
via Eq. (12).

The desorption scenario (iii) suggests the direct charge
transfer from the Ar hole to the H atom appearing at the
fragmentation of the neutral CH; molecule via Egs. (1),
(3), and (4). Proton formation by this scenario looks quite
efficient given high BRs for the H atom formation at an
energy of 12.1 eV in Egs. (1), (3), and (4). BRs in these
channels are BR = 0.25, 0.5, and 0.2 respectively [32]. The
contribution of secondary products CH; and CH, in H atom
formation is expected to be also high according to [32].
Radiative recombination of H™ with an electron leads to the
population of highly excited H™ levels with subsequent re-
laxation to the excited level » = 2 and emission of the Ly-a
line upon desorption of H" atoms [Eq. (12)].

Another conceivable scenario (iv) involves excitons.
Taking into account that the n = 3 level of hydrogen atom
coincides with the exciton band » = 1 T" 3/2 a direct popu-
lation of the n = 3 level is possible followed by relaxation
to the n = 2 level and the Ly-a emission by desorbing atoms.

Although the desorption of excited H atoms has some
common features for clusters and solids, there is a pro-
nounced difference in their dynamics. As can be seen from
the experimental data presented above small addition of
methane (0.1%) to Ar in clusters completely quenched
emissions of Ar centers both in the bulk of clusters — band
Arz*, and near the surface — band (Ar4+)*. Note that the
bulk H centers manifesting themselves by the (Ar,H)" band
at 7.47 eV in the Ar matrix were not observed in the clus-
ters. The reason is believed to lie in the formation of an H
atom with an excess of energy (about 1 eV) in all CH, frag-
mentation channels and even 3.1 eV in Egs. (1) [32], which
facilitates the removal of H atoms from the cluster bulk.

In solid matrix at a concentration of CH, by two magni-
tudes higher than that in clusters emission of the matrix,
the Arz* band, is still detectable and H centers in the matrix
bulk exist in the entire concentration range. The first step in
the formation of an excited H" atom via scenario (iii) is the
dissociation of a neutral CH, molecule. As it was mentioned
the band Ar," falls into CH, absorption band, while the band
(A, is near the onset of absorption [54]. The formation of
excited H' atoms in the “exciton-induced” scenario (iv) is
based on the excitation of the ground state H atoms, formed
via fragmentation of CHy [Egs. (1), (3), and (4)] or via DR
of CH," (Egs. (13)—~(15)), with excitons. Their production is
quite efficient since the diffusion length Lg; of therma-lized
free excitons in solid Ar Ly = 12.5 nm [56, 57] exceeds the
distance between the dopants already at C = 0.1%. Note that
excitons in Ar clusters with N ~ 10° atom/cluster were found
to be at 12.1 eV according to [58] and can excite an H atom
to the n = 3 level. The “hole-induced” scenarios (ii) and
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(ii1) involve the charge transfer with the proton formation.
Under these scenarios, the H™ atom can be produced via
neutralization of the proton only at the fourth and third
steps, for (ii) and (iii) cases, respectively. The third step of
scenario (i) also involves neutralization of the proton. The
existence of slow electrons required for the neutralization
reaction was demonstrated in solid Ar doped with CH,4 by
observing exoelectron emission [28]. The probabilities of
neutralization reaction in the bulk of pure Ar clusters and
on their surface differ — neutralization in the bulk is quite
efficient, but on the surface, electrons leave the surface
[42] that inhibits neutralization reactions and (Ar4+)* cen-
ters survive in pure Ar clusters. However, addition of CH,
molecules completely quenched this band. In view of the
low absorbance of CH4 near 9 eV [54] this fact points to
the participation of Ar holes in H atoms desorption in
clusters. Quenching of both components of Ar emission —
neutral Ar, and charged one (Ars"), points to the involve-
ment of both scenarios of H* atoms desorption in clusters:
via excitons and holes.

Summary

Comparative study of the electronically stimulated de-
sorption of excited hydrogen atoms H™ from two systems,
free nanoclusters Ar/CH, and CH4-doped Ar matrices, was
performed. Pure and doped Ar clusters were generated in a
supersonic jet. Solid doped matrices were grown on the Cu
substrate at LHe temperature. Close-energy electrons were
used in the experiments with clusters and solid matrices.
The emission spectra were measured in the VUV range,
and their transformation caused by doping with CH,; was
investigated. Emission of the desorbing H' atoms was
monitored by the Ly-a line. Registration of the excited
state of desorbing atoms made it possible to obtain infor-
mation on the final stage of relaxation of hydrogen atoms.
In combination with an analysis of energy transfer paths,
this allowed us to reconstruct scenarios of electronically
induced desorption of H" atoms.

Four scenarios of the excited H atoms desorption from
clusters and Ar matrix are suggested: (i), (ii), and (iii) via
holes, and (iv) via excitons. The first three scenarios for
the generation of an excited hydrogen atom H' in a matrix
or Ar cluster have a common last stage — neutralization of
the proton H + ¢ — H™ — H" — Ly-0. However, the
ways of proton formation are different. In scenario (i) H'
appears due to deprotonation to the matrix. The second
scenario (ii) assumes dissociative recombination of CH,"
with the formation of neutral H atoms in the ground state
with their subsequent ionization. In the third scenario (iii),
neutral H atoms are formed in the ground state by CH,
fragmentation reactions followed by proton formation. The
fourth “exciton-induced” scenario (iv) suggests a direct pop-
ulation of the level n = 3 of the H atom by excitons I" 3/2
with subsequent relaxation to the level » = 2 and radiation
of the Ly-a line by desorbing into the gas phase H™ atoms.
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The appearance of the Ly-a line together with the quench-
ing of the neutral and charged components of the cluster
emissions indicates the involvement of both types of the
desorption scenarios: via excitons and via holes. The re-
sults obtained are of importance for cluster physics, surface
science and astrophysical research.
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Hecopbuis 30ymkeHnx aTtomis H’ 3 BinbHUX KnacTepis
Ar/CH,4 Ta TBepgoro Ar, sikuii gonosaHmni CH,

Yu. S. Doronin, V. L. Vakula, G. V. Kamarchuk,
A. A. Tkachenko, I. V. Khyzhniy, S. A. Uyutnov,
M. A. Bludov, E. V. Savchenko

JecopOuisi 30y/PKEHHX aTOMIB BOJHIO Oyja BHSBICHA SIK 3
TBeporo Ar, momoaHoro CHy,, Tak i 3 BUIPHMX HaHOKJIACTEpiB
Ar/CH; mpu omnpoMmiHEHHI eNeKTpOHHHM IydkoM. [lecopOrmiro
BiICTeXKyBanu 3a JiiHielo Ly-a. BumiproBaHHs CrieKTpiB KaTomo-
mominecuennii (KJI) y nmiamazoni BY® npoBommmm B Mexax
xoHuenTpauii CHy 0,1-10 % y tBepniit marpuui. KJI BinbHUX
KJIacTepiB 13 cepenHim po3mipoM 1200 aTomiB Ha KiacTep peect-
PYBaJIM 3 YHCTOTO KJIACTEPHOTO CTPyMEHsT Ar Ta 3 KJIacTepiB Ar,
nomoanux 0,1 % CHy. Ha ocHOBI aHanizy nuIsxiB nepenadi eHe-
prii 3 KiHLIEBOIO CTai€l0 peslakcanii — 3aceleHHsIM n = 3 cTaHy
aTOMIB BOJHIO, 3aIIPOIIOHOBAHO MEXaHI3MH AecOpOLil elneKTpOoH-
HO-36yDKeHnx atomiB H' 3 TBepaux Tin i KimacTepis.

KirouoBi croBa: BoJIeHb, 130JIA11isSI MATPHITi, KITACTEPH, CICKTPOHHE
OINPOMIHEHHS, JIFOMIHECIICHIIisI, JeCOPOILLis.
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