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Low-energy-electron stimulated desorption of metastable particles from condensed N2 and CO
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The impact of low-energy electrons (7—19 eV, AE =60 meV) is found to induce desorption of metasta-
ble particles (N2 and CO ) from condensed multilayer N2 and CO films. For N2 films, the yield function
of the metastable-particle signal, which shows two regions (below and above 11 eV) of large intensity
di6'erence, is assigned to excitations to the valence state B'IIg and to the Rydberg state E X~, respec-
tively. Desorption of N& above 11 eV is believed to be due to the repulsive interaction between the excit-
ed molecules and the solid surface. The desorption yield of CO*, which is much weaker than that for
N2, is discussed in terms of vibrational energy transfer from the vibrational excited a' X+ state.

I. INTRODUCTION

Electron impact on surfaces leads to a mixture of
events, including the desorption of positive and negative
ions as well as neutral species in ground and excited
states. These events show the diversity of relaxation pro-
cesses following electronic excitation. Desorption of
species in long-lived electronically excited states (i.e.,
metastable species) has been observed in electronically
stimulated desorption from condensed rare-gas solids, '

as well as from chemisorbed layers on metals. ' To
our knowledge, there exists no report on the desorption
of metastable particles from a molecular solid. However,
desorption of ground-state neutrals from molecular solids
like N2 and CO has been investigated by excitation with
high-energy electrons, photons, or fast light ions. " ' A
microscopic model has been derived from yield data of
condensed N2 and 02." The first step is assumed to be
the primary excitation of singly charged positive molecu-
lar ions, which then dissociate upon neutralization. From
the same model, it has been suggested" that the total
amount of energy transferred to the dissociation frag-
ments by the electronic decay reactions is 3 eV in the case
of N2. These fragments would desorb neighboring mole-
cules via collision cascade when the decay occurs near
the surface. However, the kinetic-energy distributions
for N2 and N desorbed from solid N2 (Refs. 14 and 15) in-
dicate that the kinetic energy of the fragment N reaches 6
eV. Furthermore, the amount of the fast particles is
smaller than expected from the above model with the
maximum of translational energy lying between 30 and
200 meV. ' It has been concluded' ' that other elec-
tronic relaxation processes have to be considered in order
to obtain a more complete understanding of the micro-
scopic nature of the desorption phenomenon.

Here we report results of metastable-particle (MP)
desorption from molecular solids. MP desorption is in-
duced by a monochromatic electron beam impinging at
low energy on condensed N2 and CO multilayer films. N2
and CO are isoelectronic and have many similar physical
properties as shown in Table I. ' ' A comparison of

their electron-stimulated desorption (ESD) behavior is
therefore expected to be revealing.

II. EXPERIMENT

The experiment was performed in an ultrahigh-vacuum
system reaching a base pressure of —10 ' Torr. The ap-
paratus has been described in detail previously. Briefly,
a well-collimated low-energy (1—20 eV) electron beam
impinges on a Pt(111) single crystal at 18 with respect to
the surface normal; the desorbed metastable particles are
measured with a large area microchannel plate (MCP) ar-
ray which is superimposed on a position-sensitive anode.
The electron beam has an intensity of 5 nA and an energy
resolution of 60-meV full width at half maximum. In the
present experiment, the electron energy is swept between
5 and 19 eV with respect to the vacuum level. As ex-
plained in Sec. III, this range limits the detected metasta-
ble species to molecular excited states (i.e., N2 and CO').
The energy of the vacuum level is calibrated within +0.3
eV by measuring the onset of the target current as the
voltage applied between the electron source and the tar-
get is slowly increased. The crystal, which is mounted on
the tip of a closed-cycle helium cryostat, can be cooled to
20 K and cleaned by electrical heating and Ar bombard-
ment. The target films are grown on the Pt(111) surface
by condensing from the vapor phase N2 and CO gases.
The latter were supplied by Matheson of Canada Ltd.
with a purity of 99.9995% and 99.99%, respectively.

N2
CO

2.2~10 2 1.09
2.2X 10 1.13

15.6
14.0

9.8 0.29 0.075
11.1 0.27 0.088

TABLE I. Molecular properties of CO and N2. n, molecular
number density; R, equilibrium separation of atoms in the mole-
cules; I, ionization potential; Do, dissociation energy; h v, vibra-
tional energy spacing in ground state; and U„sublimation ener-

gy. Properties are gas phase except for n and U, (from Refs. 12
and 16).

Molecule n (A ) R (A) I (eV) Do (eV) h v U, (eV)
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where M is the mass of the metastable particle (28 amu
for N2 and CO), and t is the time of flight. From this re-
lation, we find

EE(t)= d d+ b,r-Md d
2 (2)

for the resolution in translational energy of the metasta-
ble particles.

III. RESULTS

The MP desorption yield function obtained for a N2
film having a thickness of 50 ML is shown in Fig. 1. The
distribution can be divided in two parts: one has a
threshold of about 7.2 eV and reaches a plateau at 9.0 eV;
the other has a threshold near 11.5 eV and rises sharply
with increasing electron energy up to 14.5 eV. At higher
electron energies, the desorption yield increases further
with a smaller slope up to 50 eV (not shown).

The MP signal is interpreted as due to N2. Considering
the possibility of N* production, any such species would
involve dissociation of a N2 state having an energy

The thickness of a film is estimated from the amount of
gas introduced and the quantity required to build the first
layer. The latter is inferred from temperature pro-
grammed desorption.

Metastable species reaching the surface of a MCP
detector transfer their excitation energies via an Auger-
type process causing secondary-electron ejection. In the
present detector the threshold energy for the detection of
metastable particles is estimated to lie around 6 eV. We
use a pile of three standard MCP's (Galileo) with an In-
conel metallic coating facing the sample. According to
the manufacturer, the UV detection efficiency without a
high-yield photocathode coating lies around 5 —10% for
photon energies above 10 eV and drops by about three or-
ders magnitude for 8-eV photons. The low secondary-
electron emission coefficient for photons is due to their
weak interaction with the bulk of the MCP material,
which results in a relatively large penetration depth. On
the average, secondary electrons will be excited far away
from the MCP surface and only a small fraction of them
will be able to leave the bulk and start an electron
avalanche. Owing to the much lower detection efficiency
for UV compared to that of metastable particles, we con-
sider the measured signals to arise essentially from
desorbed metastable particles. This assumption is
verified by the time-of-Right (TOF) measurements which
show a near-zero magnitude from prompt photons. TOF
measurements are performed by switching on the elec-
tron beam for a short period (10 ps) and subsequently
recording the arrival time of those particles which trigger
the MCP's. The accuracy of the TOF measurement is
limited by the duration of the electron pulse (i.e., b.t =+5
ps). The path length (d) between the target and the MCP
is 5.2+0. 1 cm. This parameter is related to the kinetic
energy E (t) of the metastable particles by the relation

E(&)= M d
(1)
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higher than at least 16 eV since the lowest dissociation
limit is close to 10 eV (Ref. 16) (see also Table I) and the
internal energy of a fragment must be about 6 eV to be
detected. This excludes atomic nitrogen (N') as being the
metastable species responsible for the 7.2- and 11.5-eV
thresholds and the broad maximum at 14.5 eV.

Experimental results have been reported on yield func-
tions for metastable states of N2 and CO in the gas
phase. ' ' The yield function for the production of
metastable nitrogen reported by Horst and Zipf' is
shown in Fig. 1 for comparison. It exhibits a threshold at
about 7 eV. For N2 metastable excitation in the gas
phase, ' ' the 8 II state is excited with a much higher
relative intensity than the A X„+ state in the threshold
region. Electronic transitions from the nitrogen-molecule
ground state to the lower vibrational levels of the A X„+
state are not possible, owing to the difference in equilibri-
um internuclear separation of these states. ' The a'II
state also appears to have a low relative intensity in the
threshold region. ' A narrow peak in the metastable
yield at about 12 eV has been assigned to excitation of the
E X+ state. The broader peak at about 15 eV is due
mainly to contributions from the a 'H state. ' ' The MP
desorption threshold of 7.2 eV for the N2 film lies near
the threshold for excitation of the B II~ state of N2,
while the energy of 11.5 eV corresponds to the excitation
threshold of the E Xg+ state. '

TOF distributions for Nz from a 50-ML Nz film bom-
barded with 8.5-, 13.5-, and 27.0-eV electrons are shown
in Fig. 2. For an incident energy of 13.5 and 27.0 eV,
the TOF distributions look similar to each other. With
8.5-eV electrons, the MP signal peaks around a kinetic
energy of 70+12 meV. For 13.5- and 27.0-eV incident
electrons, a fast component is superimposed on this lower
kinetic-energy distribution. It results in a MP desorption

Electron energy (eV)

FIG. 1. Yield function of metastable-particle desorption
from a 50-ML N2 film and production from gaseous N2 (Ref.
18). The yield in the threshold region is enlarged by a factor of
10 ( X10).
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FIG. 2. Time-of-flight distributions of metastable particles
desorbed from a 50-ML N2 film by the impact of electrons of (a)
8.5 eV, (b) 13.5 eV, and (c) 27.0 eV.

yield having a TOF peak located at a kinetic energy of
204+54 rneV. These TOF distributions are incompatible
with the expected distribution from N' states arising
from dissociating Nz states (i.e., N2~N+N*). Such
atomic metastable particles should be produced with eV's
of energy thus forming TOF distributions which, accord-
ing to Eq. (1), would peak around 8 ps (i.e., near the ori-
gin).

The yield function for MP desorption from a 50-ML
CO film is shown in Fig. 3. The signal is approximately
an order of magnitude weaker than that for N2 films. The
threshold of the MP desorption lies around 8.0 eV, and
the yield increases continuously with electron energy. A
broad peak is observed at about 15 eV. As in the case of
N2, interpretation of the signal as due to metastable CO'
is dictated by the elimination of the other possibilities.
The metastable yield function for CO in the gas phase,
taken from Ref. 18, is shown at the top of Fig. 3. It ex-
hibits an onset at 6 eV due to excitation of the a II state.
The higher-lying state b X+ is considered to contribute
to the signal at electron energies above 10.5 eV. ' ' The
MP desorption threshold of 8.0 eV for the CO film is
higher than that in the gas phase.

The TOF distributions for CO* from 50-ML CO bom-
barded with 11.0-, 15.0-, and 23.0-eV electrons (not
shown) are very similar to each other in shape and ener-
gy. They exhibit a single TOF peak whose position corre-
sponds to a kinetic energy of 195+51 meV. As in the case
of the N2 TOF distributions, the photon signal at t =0 is
barely perceivable.

Electron energy (eV)
FIG. 3. Yield function of metastable-particle desorption

from a 50-ML CO film and production from gas-phase CO (Ref.
18).

IV. DISCUSSION

In recent high-resolution-electron-energy-loss
(HREEL) experiments, it has been found that the ener-
gies and amplitudes of the valence electronically excited
states of multilayer N2 and CO films are only slightly
changed from their gas-phase analogs. ' The energy lev-
els of the observed valence states are shifted down by a
few tens of meV with respect to the gas-phase values,
while Rydberg states fuse into a broad continuum. Above
the energy for excitation of Rydberg states, only the
valence state manifold bears a resemblance to the gas-
phase spectra. In fact, below this threshold, we can as-
sume that in the bulk and near the film surface, the same
states as in the gas phase are excited with essentially the
same magnitude and energy. The yield function of rneta-
stable states in the gas phase can therefore be of consider-
able help in understanding the desorption of metastable
particles from a condensed film. Below the Rydberg state
energies, large differences between the gas- and
condensed-phase data are expected to result from
modifications of the yield by the desorption mechanism
operative at the film surface. In other words, only those
metastable particles that desorb can be measured in our
experiment. The difference in the metastable yield be-
tween the condensed films and the gas phase is therefore
directly related to the desorption probability and mecha-
nisrn. We first discuss the assignment of the states pro-
ducing the MP signal and then explain the possible
desorption mechanisms.

Some profound differences are observed in the yield
functions between condensed- and gas-phase N2. Howev-
er, since the same states are excited electronically with
essentially the same magnitude in both phases, we assign
the signal threshold of 7.2 eV and that between impact
energies of 7 and 11 eV in Fig. 1 as due to excitation of
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the B II state, in compliance with the gas-phase inter-
pretation. ' ' The TOF distribution for an impact ener-

gy of 8.5 eV in Fig. 2(a) is therefore assigned to a MP sig-
nal induced by excitation of the B II state. The lifetime
of that state is 4—8 ps, ' but the detected signal in Fig.
2(a) has an average fiight time of 75 ps. Desorbed N2
molecules in the B II state are therefore expected to de-
cay to a lower state during their TOF. We conclude that
the detected species are in the A X„+ state.

For the energy region above 11 eV, we observed a
sharp increase in MP signal starting at about 11.5 eV.
This energy agrees well with the excitation threshold for
the first Rydberg state E X+. Thus we tend to assign the
MP signal in this region to excitation of this state. The
lifetime of the E X+ state is 190 ps;' i.e., sufficiently
long to be detected in our experimental arrangement. The
E X+ and a"'X~+ states (11.87 and 12.25 eV) are the two
lowest triplet-singlet Rydberg states derived from the
X X+ ion core of N2. The E X+ state is the upper state
of the E X+-A X„+ Herman-Kaplan system and the
a"'X+ states is the upper state of the a"'X+-X'X+

16Dressier-Lutz system. The cross sections for low-
energy electron-impact excitation of the a" state is about
one order of magnitude larger than that for the E state.
However, the lifetime of the a" state has been accurately
measured to be 3.49+0. 10 ps, ' and its main decay mode
is believed to be predissociation rather than emission of
radiation. ' This lifetime is much smaller than our TOF
resolution. Desorbed N2 in the a" state (if any) should
decay to atomic N ( S + S or "S + D ) in their TOF,
which is not expected to contribute to the MP signal.

In the gas phase, the excitation of the E X+ state is
enhanced by the decay of a core-excited shape resonance
near 12 eV into its parent, the E state, producing a nar-
row peak in its excitation function. This resonance seems
absent in N2 films, but a broad peak appears at 14.5 eV
where a peak is also found in the gas-phase yield func-
tion. The peak, at about 15 eV in the gas phase, arises
from excitation of the configuration a 'II . As seen in Fig.
1, the contribution from this state is much weaker in the
N2 film. Being a valence state, the MP signal from the
a'II~ state is expected to be of similar magnitude as that
from the B II state. From Fig. 1 its contribution to
desorption is estimated at its maximum to be about 15%
of the Rydberg state signal, which is about three times
the magnitude of the MP signal of the II state.

The MP desorption threshold for CO films is observed
at 8.0 eV (Fig. 3), while for metastable production in the
gas phase the excitation threshold lies at 6.0 eV and is
due to the excitation of the a II state. Below 10 eV,
HREEL spectra' are similar for gas and solid, so we
must conclude that although considerable excitation to
the a II state also occur in a CO film it does not desorb.
The threshold energy of 8.0 eV can be related to the exci-
tation threshold of the A 'Il state, ' but this state under-
goes an allowed transition to the ground state with a ra-
diative lifetime of about 9 ns, and therefore should not
contribute to the MP signal. According to HREEL spec-
tra, ' the only other state which is produced with a non-
negligible amplitude by 8 —10-eV electrons in solid CO

has the configuration a' X+. We therefore believe it is
this state that contributes to the MP signal from a CO
film in the range 8 —10 eV.

At low electron-impact energies, the desorption pro-
cess must be simple since ionization, desorption of disso-
ciation fragments, and desorption via collision cascade
can be excluded. There are only two possibilities for the
desorption of excited molecules from a molecular solid.
In one case, the excited molecule at the surface has an en-
ergy higher than in the gas phase. Motion along a repul-
sive molecule-surface potential-energy curve can lead to
acceleration and desorption of the excited molecule. Such
an energy balance has been found to allow desorption of
Ar* from Ar films and Xe* from Xe/Kr films (i.e., Xe
adsorbed on a Kr multilayer film), but not the desorption
of Kr* from Kr films and Xe* from Xe films. The so-
called cavity expulsion mechanism can be included in this
scheme. This mechanism was introduced for Ar crystals. '

The excited atom or molecule located at the surface ex-
periences a repulsive interaction with all neighbors if the
matrix has a negative electron afFinity, and this repulsive
potential propels the excited species into vacuum. Inside
the bulk, this repulsion would lead to a cavity around the
excited particle. In crystals with a positive electron
affinity, the excited particle is not expelled owing to the
attractive interaction of the excited-orbit electron cloud
with the neighboring atoms. Quantitative calculations
were able to predict details of the Ar* desorption and
the absence of cavity expulsion of Kr* from Kr crystals.
However, the desorption of Xe* from the Xe/Kr film ob-
served by Mann, Leclerc, and Sanche cannot be ex-
plained by cavity expulsion, since the electron affinity is
positive. Local repulsive Xe*-Kr interaction near the
film surface must be considered to account for the ejec-
tion of Xe* atom since, in this simple system, no other
energy is available for desorption.

For vibrationally and electronically excited adsorbates
having a lower energy than in the gas phase, another op-
tion is available for desorption: energy transfer from in-
tramolecular vibrations to the molecule-surface bond fol-
lowed by desorption of the molecule in lower vibrational
levels of the excited state. Experimental and theoretical
evidence has been given in the literature for this pro-
cess. ' Photon-stimulated desorption due to internal
vibrational excitation of adsorbed molecules has been
demonstrated by Heidberg, Stein, and Riehl for the sys-
tem CH3F on NaC1, by Chuang for pyridine on KC1
and silver, and by Chuang and co-workers for NH3 and
ND3 on Cu(100), NaC1, and Ag films. Generally, for phy-
sisorbed systems, the energy of the internal vibrational
mode of the adsorbed molecules AQ is much larger than
the spacing between the energies (E;+i E; ) of bound—
states (i) in the surface potential; i.e., the internal vibra-
tional frequency of the molecule is larger than the
molecule-surface (i.e., external) oscillation vibrational fre-
quency. In the harmonic-oscillator approximation, the
energy of the internal vibrational modes of the adsorbed
molecules is given by E,'=E; +(v+ —,

' )AQ, where v is the
excited internal quantum. If the adsorbed molecule is ex-
cited into a vibrational state such that its total vibrational
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FIG. 4. Energy values for excitation of the state a II of CO,
8 II~ and E X~+ of N2, and the lowest electronically excited
state of Xe in the gas phase, at the surface and in the bulk. The
Xe /Kr levels represent a Xe-doped Kr matrix.

energy E =E;+(U+ —,')fiQ=(P /2m)+(v'+ —,')AA is de-

generate with the continuum state of momentum P, then
elastic tunneling into the latter state or inelastic tunnel-
ing (i.e., aided by the emission and adsorption of pho-
nons and/or molecule-surface librational energy ) will
lead to desorption of the molecule in a lower vibrational
level (U'). However, such a transfer of vibrational energy
must take place over times of the order of 10 —10
s, and would be ineffective if the excited-state lifetime is
much shorter.

N2 and CO are similar in various physical properties as
shown in Table I. Some known energy levels for excita-
tions in the bulk and in the gas phase are shown in Fig. 4;
for N2 and CO, the energies at the surface are taken to be
intermediate between the gas- and condensed-phase
values, as expected from HREEL measurements of sur-
face excitons; those for the Xe/Kr system are taken
from the results of Mann, Leclerc, and Sanche. In such
a relatively simple atomic system, desorption is possible
only when the energy at the surface is higher than that in
the gas phase. The excitation energy for Xe* at the Kr
surface must therefore be higher than that of the free Xe*
( P2 8.31 eV) as shown in Fig. 4 since desorption of Xe*
in vacuum is observed.

The bulk N2(E) state in Fig. 4 is given a large energy
width because of the broad continuum observed for Ryd-
berg states in HREEL spectroscopy. N2 has a negative
electron affinity with the energy level of the bottom of the
conduction band with respect to the vacuum level ( Vo ) at
0.8 eV, and CO has a positive electron affinity with
Vo= —0.5 eV. This means that the cavity expulsion
mechanism should be effective for N2 but not for CO. It
is therefore reasonable to assume that at the surface the
Rydberg excited states of N2 lie above the vacuum level,
while all states for CO lie below. However, the energy of
the valence states of Nz have been measured precisely by

HREELS (Ref. 19) to lie slightly below the vacuum level.
Rydberg states have a larger radius than valence states,
so that the larger repulsive forces between Nz and their
neighbors place them at higher energies than those in
valence orbital configurations. As observed in Figs. 1 and
2, this is consistent with a much stronger MP signal
above 11 eV and metastable species of greater velocity,
respectively. We therefore attribute Nz desorption above
11 eV to cavity expulsion. Excitation of Nz(E) in the gas
phase shows that essentially only U=O is excited. ' '
This excludes the possibility of desorption via vibrational
energy transfer. N2 desorption below 11 eV [i.e., desorp-
tion from the Nz(8) state] will be addressed below.

The energy values for the CO(a) state in Fig. 4 is such
that its desorption is energetically forbidden, in accor-
dance with the experimental finding. According to the
cavity expulsion mechanism the other CO states behave
similarly so that no desorption should occur at all. A vi-
brational energy-transfer mechanism must therefore be
involved to account for CO* desorption. Recent calcula-
tions by Dzegilenko, Herbst, and Uzer and Galloway and
Herbst shows that desorption of ground-state CO phy-
sisorbed on nonpolar substrates is highly dependent on
the initial vibrational and librational populations. Ac-
cording to these results, for initial values of the stretching
vibration quantum number lying within the range
U=0 —4, desorption does not take place at all at short
times (t (22.5 ps) unless there is also significant libra-
tional excitation. On the other hand, if high values of
these vibrational quanta are considered, desorption
occurs on a picosecond time scale, even when the system
is characterized by low phonon frequencies. In our ex-
periment, the vibrational population of the CO molecules
at the surface are determined by the Franck-Condon fac-
tors for the electronic transitions producing the metasta-
ble CO states. Using potential-energy diagram of CO and
known molecular constants, ' a simple estimate gives a
considerable magnitude for excitation of only the U =0—4
levels of the CO a II state (total internal excitation ener-

gy 6—7 eV) as observed experimentally by HREELS. ' It
can be concluded that the vibrational excitation frequen-
cies and energies in the a II state are too low to allow
sufficient energy transfer to the molecule-surface bond
during the lifetime of the surface a II state. Vibrational
levels of v =7—24 for the CO a' X+ state, however, are
estimated to lie within the Franck-Condon region, and a
threshold energy of 8 eV would correspond to U =8 for
the a' X+ state. It has been assumed by Mann et al.
that the a' X+ and d 6 states of CO are formed by the
energy transfer from the Xe exciton by excitation of a Xe
film covered with CO, like the gas-phase reaction be-
tween Xe and CO. The TOF data for CO in Ref. 34
looks very similar to that for a pure CO film in this work.
This is consistent with the assignment of the a' X+ state
as the metastable configuration responsible for the MP
signal. The a' X+ state has a lifetime of 4—10 ps,
which is sufficiently long for vibrational energy transfer.
This state is expected to decay to the a II configuration
during the TOF.

Coming back to N2 desorption in the 8 state, we sug-
gest that it is also induced by vibrational energy transfer.
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The observed threshold would mean that, unlike the case
of CO, low vibrational levels (u = 1 —4) in the N2(B) state
could induce desorption. Energetically, this is possible
since in condensed N2 the electronic states between 6 and
11 eV lie less than 35 meV lower than the corresponding
ones in vacuum. Within this energy range, MP desorp-
tion can also occur from higher vibrational levels of the
A X„+ state following the decay of the N2(B) state at the
surface. However, at higher electron-impact energies,
dissociation of N2 may occur causing a reduction in

N2( A) desorption due to a coupling of the A triplet state
with N atoms, as observed by Oehler, Smith, and
Dressier; e.g. , N2( A, u')+N( S)—+N2{X,u")+N{ D).
With the present system, we cannot distinguish between
N2 desorption in the 2 or 8 state.

V. CONCLUSION

We have shown that the use of monochromatic low-
energy incident electrons can limit the number of induced
events and therefore help to specify the orbital
configuration of desorbing metastable molecules. By con-
tinuously varying the incident energy, we have also
shown, that while Rydberg state excitation leads to a
stronger desorption due to a repulsive interaction be-
tween the surface and the metastable particle, emission
from the valence state is also possible by energy transfer

from the intramolecular vibrations to molecule-surface
vibrational motion. Comparing the intensity of the MP
signal of N2 films to that of CO films, it appears that the
cavity expulsion mechanism is more e%cient than vibra-
tional energy transfer for the desorption of metastable
species from the surface of diatomic molecular solids. A
more precise estimate of the contribution of each mecha-
nism would have to include calculation of the metastable
state lifetime at the surface and the magnitude of energy-
transfer processes reducing the initial vibrational and li-
brational populations of electronically excited states. Vib-
ronic energy can be deexcited in b U =2 steps by the ex-
change interaction with a ground-state molecule at a
neighboring site, e.g., AB*(u )+ AB(u') —+ AB*(u
—2)+ AB(u'+2), thus reducing the vibrational energy
of the metastable ( AB*) state and consequently desorp-
tion. Possible quenching of excited states by dissociation
products, such as the strong coupling of N2( A ) with
N( S) in the nitrogen matrix, should also be taken into
account in a more complete description of the desorption
phenomenon.
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