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The desorption yields of excited hydrogen atoms from the surfaces of KCI, KBr, NaCl, NaF, and LiF have
been measured as a function of incident photon and electron energy and flux, time of irradiation, dosing
pressure of Hand sample temperature. As these surfaces are exposeggasHiuring electron or photon
bombardment, the fluorescence from excited hydrogen atoms ejected from the surface is monitored. The
desorption yields are found to be contingent upon surface damage induced by the incident particle radiation,
leading to dissociative adsorption at surface sites containing an excess of alkali metal. A desorption mechanism
is presented in which incident electrons or photons induce a valence excitation to a neutral, antibonding state
of the surface alkali hydride molecule complex, leading to the desorption of hydrogen atoms possessing several
eV of kinetic energy.

I. INTRODUCTION AND BACKGROUND different alkali halide surfaces. The observed behavior of the
hydrogen yields correlates well with the identity of the alkali

One of the prime objectives in surface physics is to un-constituent of the sample as well as the metal’'s time-
derstand the nature of the surface-adsorbate bond, includirdependent accumulation on the surface, due to radiation
mechanisms of bond making and bond breaking. As the hydamage, and subsequent removal by active heating. Mea-
drogen atom serves as a paradigm for atomic physics, ssurements were also performed with an alkali-metal-dosed
adsorption and desorption of hydrogen is a natural and profglass surface which exhibited a similar excitation function in
itable choice for investigation of the most basic adsorbatethe absence of a halogen component. We conclude that free-
surface interactions. Recently, interest has been attached sarface metal is required for hydrogen adsorption and a di-
studies of adsorption and desorption of hydrogen and soligdect, wavelength-dependent desorption mechanism is in-
surfaces such as Si, SiQdiamond, and GaNIn contrastto  volved in the photon-stimulated emission of neutral, excited-
the small hydrogen signatures characteristic of most surfacstate hydrogen from these systenaiz. a resonant, valence
science spectroscopies, the hydrogen—alkali-halide surfa@citation to neutral dissociative levels of the surface alkali
system has been found to exhibit large electronically stimuhydride molecule or complex. An analogous electron-
lated desorption yields of excited hydrogen atoms upon exstimulated desorption mechanism is also proposed.
posure at room temperature to gaseoys Fhe goal of the Knotel correlated incident electron energy thresholds of
present work is to determine the fundamental interactions oprotons desorbing from metal-oxide surfaces veitiie-level
hydrogen with surfaces that can lead to the desorption*of H ionization potentials. This correlation permitted the identifi-
under electron and photon bombardment. Insights derivedation of hydrogen bonded to reduced-valency metal ions on
from this work include the preconditions for room- the surface, and demonstrated that electronically stimulated
temperature hydrogen adsorption on alkali halide surfaceglesorption can be a surface-, site-, and adsorbate-specific
the physical nature of the bond, and the mechanism of deprobe. Recently, Rombergt al3 showed atom-selective
sorption. bond breaking of B chemisorbed on R001) surfaces. In

To understand better these fundamental interactions, wihat study, synchrotron radiation was tuned to give rise to
have measured the excitation functions as well as temperalesorption of either neutral N or,Nand this was attributed
ture, incident particle flux, dosing pressure of &hd time to inducement of core excitations of the two N atoms in
dependencies of the electron- and photon-stimulated desorgifferent chemical environments. The present study shows
tion (ESD, PSD yields of neutral hydrogen from several that ESD and PSD of neutral hydrogen atoms followirag
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lence excitations of surface species can provide energyeach other by ceramic spacers. An osmium-coated dispenser
selective bond breaking and bonding-site information. cathode is heated internally and emits thermal electrons with
Molecular and atomic hydrogen as point defects in thean energy spread of0.1 eV. The beam energy could be
bulk of alkali halides have been well characteriZdalit very  varied under computer control. The incident electron flux at
little work to date has dealt with the desorption of hydrogen20 eV was nominally 2QuA, focused to a spot about 2—3
from alkali halide or alkali metal surfaces. Parks, Shirley,mm in diameter. To eliminate problems of sample charging
and Loubriel studied the emission of'"Hrom alkali fluo-  which could cause irreproducible excitation threshold mea-
rides under photon bombardmérnthey postulated that hy- surements at low electron energies, the crystal faces were
drogen, as an intrinsic impurity in their study, was photonoverlaid with an electrically grounded 80% transmission mo-
activated in the bulk, migrated to the surface, formed a bondybdenum mesh for the ESD measurements. The electron
with an alkali atom, and finally desorbed due to a photonbeam was incident at 45° from the sample normal, which
induced core excitation followed by Auger decay. In con-also tends to reduce such charging.
trast, the first observation of PSD of*Hrom alkali halide The PSD experiments utilized the 6-m TGHbroidal
surface8 required continuous dosing of the surface with gas-grating monochromatpheamline at the University of Wis-
eous H. The present study of neutral hydrogen desorptiorconsin’s Synchrotron Radiation Center. This is a 6-m toroi-
reveals that hydrogen bonding to a simple-metal surface caslal grating monochromator that provides a first-order flux of
serve as a prototypical physical system involvinglieect — about 18*photons/s mrhon a 20-mr spot(particle current
bond-breaking process in contrast to bulk-mediated desorgiensity ~0.04 uA/mm?). During these measurements, the
tion mechanisms. entrance and exit slits were opened wide, giving an energy
resolution of 100—200 meV. The photon beam was incident
along the surface normal. The zero-ordendispersedflux
IIl. EXPERIMENT is about two orders of magnitude larger than that of first

The ESD and PSD experiments were conducted irPrder. During measurements that employed zero-order light,

ultrahigh-vacuum chambers evacuated by a 220-I per secorfdf! 80-nm-thick aluminum filtetbandpass 17-70 ¢\vas
ion pump system with a base pressure of X188 Pa used to block visible radiation from the spectrometer. The

(10"°Torr). During hydrogen desorption measurements €nergy-dependent measurements reported here employed a

research-gradé99.9999% pureH, gas was dosed through a |OW-€nergy grating permitting first-order radiation to be
capillary, so as to maintain a partial pressure of about 1.5Un€d from 7 to 35 eVv.

X 10 °Pa (10 ’ Torr) within the vacuum chamber. The de-
sorption experiments were performed on ti€0 faces of
single-crystal KCI, KBr, NaCl, NaF, and LiF. These com- A. Spectra

pounds are readily procured, easily cleaved, and were chosen Fiaure 1 shows fluor n tra from KCl while d
so as to include combinations of three different alkali and gure 1 shows fiorescence spectra 1ro € dos-

three different halogen components* tdesorption signals ing the surface with hydrogefESD) or deuterium(PSD) at

i —8 7

were generally most intense from the potassium halides; corf: patrtlal pressure dOfE 163110 hl'ja I('lgt Tor(rj). t'-:—bgg tgg
sequently KCI data are shown here as representative in thogg;)e_cﬂr]unl] was protuce . dy Wt Ite-1g ||rrat 1 lb ;(7
cases where the only difference between different substr:% A/’mmez) Ov\\l/\?tek: zrr)le?n::lijorlgrlﬁ eﬂir;yaoﬁszeg\/ror:n tehae PSD
compounds was signal strength. The samples were gro , ,

SR ~ . spectrum, one observes the first resonance line from desorb-
from the melt, and prepared by cleaving in air and heating mSnF; excited-state potassium atoms, a couple of the Balmer
vacuum at 400 °C for several hours to remove adsorbed at '

; o i from desorbing atomic deuteriurte.g., D,, n=3
mospheric watef.Above 25 °C, the sample temperature was INes b
controlled by a resistive button heater, and measured with _’|2k’6563 dli\),thbro%dgand ﬂuprescerflc?hchzagagterlsltlc OJ. thle
chromel-alumel thermocouple attached to a copper sampl%u N ag . N Pyl emissions o € hydroxyl radica
holder. D* (A “X " —X “II). The ESD spectrum is similar except

Fluorescence emitted as a result of electron or photoﬁr_‘at due tobtr:e racrillatlon h|_story Oflt(;"S sa.mplﬁ, t.hbm.'ls'
impact with a sample surface was collected by one- or twoSlons are below the experimental detection limit. lle not

lens systems which had an optic axis parallel to and just ir?xplored with aII_ of thg samples of this study,.we d.id observe
front of the surface. This fluorescence was then focused Inverse relationship between the desorption yields of H

through the slits of a 0.3nf(5.3) grating spectrometer anq t.he gxcited alka_lli signals in the ESD of KCI and LiF.
(1200/mm grating and photomultiplier tube combination This is discussed briefly in Sec. IV A.
with subsequent signal processing with photon-counting
electronics. The spectrometer and the 1200-line/mm grating
and photomultiplier tube efficiencies permitted observation If the active dosing of Kis terminated, the ESD vyield of
of emissions in the 200—-800 nm region. Th& kields pre-  excited-state hydrogen decays with time. The total cross sec-
sented as a function of various experimental parameters refion o for the electronic desorption of hydrogen in all pos-
resent the counting rate above background, normalized to thsible final charge and excitation states can be derived from
incident particle flux. this decay timé? One such ESD measurement from KCI at
The electron irradiation measurements were performe®50 eV givesor~10 " cn?.!! Hence, this physical system
using a low-energy electron gua0-350 eV based on the exhibits relatively large desorption yields since typical total
design of Stoffel and JohnsériThe electron gun was con- ESD cross sections for various adsorbate-adsorbent systems
structed from gold-plated copper electrodes insulated fronare <10~ cn?.1?

IIl. RESULTS

B. Time dependence
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FIG. 3. Comparison of ESD thresholds of, Hrom five alkali
Cathodoluminescence halide surfaces. All of the data except LiF represent the sum of four

200 300 4(')0 ' 5(')0 ' 660 ; 7(')0 : 300 consecutive trials, which gives counting statistical error bars on the

order of the size of the plotting symbols used. The beam current
was 35 uA (5 pAlmmP); the partial pressure of H 1.3

X 10" % Pg10 " Torr). For presentation, the data from KCl were
scaled by 0.6, and those from LiF by 6.3.

Wavelength (nm)

FIG. 1. Fluorescence spectra taken under phétimp) and elec-
tron (bottom irradiation of KCI. The PSD spectrum was produced
with white light (25—70 eV while dosing the surface with a partial
pressure of 1.810 5 Pg10 7 Torr) of deuterium; the ESD spec-
trum is due to a 350-eV, 5pA electron bean{(7 ,uA/mmZ), while
dosing with hydrogen at 13310 ° Pg10™ 7 Torr).

heated for 10 h at 400 °C, and then allowed to cool to room
temperature. At=0, 125-eV electron irradiation was initi-
ated at 240uA (34 pA/mm?) in the presence of a 1.3
X107 °Pa (10 ' Torr) partial pressure of hydrogen.

The hydrogen desorption signals also vary in time during
the initial irradiation of a freshly cleaved and baked sample.
At the initial stages of sample irradiation while dosing gas- A comparison of the ESD excitation functions of Hire
eous H, all of the alkali halide compounds examined haveshown in Fig. 3 for each of the targets used in this study. The
displayed little or no desorbing™H followed by growth and  energy axis hasiot been corrected for the contact potential
saturation of M yields as electron or photon irradiation is difference between gun and targ&tThis is not a factor in
continued. Heating the samples can reverse this phenonPSD, and, in light of those results, the absolute electron en-
enon, as discussed in Sec. IlID. Figure 2 shows the timergy calibration for these ESD measurements is considered
evolution of H, signals from a KCI crystal which had been accurate to within an eV. The data were acquired while dos-
ing continuously at room temperature with about 1.3
x 107 °Pa (10 ' Torr) of H,. Because of the different cross

C. Energy dependence

1000 o o sections for the production of desorbing Hin Fig. 3 the
&%Q,%"odwm“‘* o KCl results are scaled by a factor of 0.6, and the yield of LiF
2001 g by 6.3 for presentation. Of note here is the grouping and
i ordering of the thresholdéor, rather, extrapolations of the
coo =240 uA linear part of the excitation functiopsccording to the iden-

Yield of H, (cps)

tity of the alkali component of the compound being irradi-
ated. Again, the observation that the ESD thresholds are not

4001 equal from surfaces containing the same alkali species is
i attributed to contact potential differences, or residual sample
charging, and no such shift is observed in the corresponding
200 - ' ' PSD excitation functi h bel
0 20 40 60 20 excitation functions, as shown below.

FIG. 2. The time evolution of the Hdesorption yield from KCI
at room temperature under 125-eV electron irradiatizn0 fol-

Time (mins)

The incident photon energy dependence at room tempera-
ture of desorbing H is displayed in Fig. 4. In Fig. @), the
yield of H,, due to irradiation of KCI, exhibits a prominent
resonance centered around 20.4 eV. To determine the contri-

lows 10 h of sample heating at 400 °C without electron bombardbution to this signal by incident photons of second or higher
ment or hydrogen dosing. At=0 the background pressure ofH order, a tin-foil filter was inserted into the path of the inci-

was brought to 1.810 °Pa (10 " Torr), and electron irradiation
commenced with a beam current of 248 (34 uA/mm?).

dent photon beam. This filter passes only first-order light up
to about 24 eV. The data in Fig(® show the resonance
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o
‘e o D. Temperature dependence
Transmission . . .
of Sn Filter As mentioned previously, the *Hsignals could be re-
60k moved from the fluorescence spectra by heating the sample
substrate. This was found for all five of the samples studied.
e . The exact shapes of the temperature dependencies were a
' LiF . . X
- , function of sample history and the rate of heating. For ex-
/// ’ 2° 'g\ ample, if the temperature were raised rapidly, the desorption
ol /eSS TN yield might show an initial increase before decreasing as is
15 16 17 18 19 20 21 22 23 24 25 commonly observed in the thermally programmed desorption

technique. Also, the level of the high-temperature asymptote
was higher from samples which had been exposed longer to

FIG. 4. Desorption yield of excited hydrogen atoms as a func_parUCIg |rraQ|at|on and hydrogen dosing. It is possible that
tion of incident photon energy and normalized to incident photonthere is a time-dependent source of hydrogen that accumu-
flux. (@) Yield from photon irradiation of KCI without filtering lates in the bulk of alkali halides during the active dosing of
higher-order light.(b) Yields from KCI (black dot3, KBr (open  hydrogen. H is known to diffuse about 30 A/s at 150 °C in
squares and LiF with a Sn filter in the path of the incident beam KCI.'* As the temperature is slowly lowered, as in Fig. 6,
and from NaCl and NaF without a filter. The Sn filter passes onlyover a 2-h period, the desorbing ignals increase for both
first-order light with the transmission function shown. The error ESD and PSD of KCI. In addition, after the samples returned
bars shown are typical for each excitation function and indicateto room temperature, the desorption yields were observed to
uncertainty due to counting statistics. return to their room-temperature levels. The ESD data were
acquired using an ultraviolet spectrometer, and the strength

Incident Photon Energy (eV)

from KCI (black dot$ to be the primary energy threshold for
the emission of Bi(n=3). A similar resonance from KBr
(open squaress identical in position and width to that from 1000
KCI. A resonance threshold from LiF is observed, and with-
out the cutoff of the Sn filte(not shown, is found to be
centered at about 24 eV. Due to relatively small desorption
cross sections, the resonances from NaCl and NaF were
taken without the filter. These two resonances are centered at
about 21.8 eV, and have similar widths. The error bars
shown represent statistical counting uncertainties. Again
there is a clear correlation between the resonant energy
thresholds for B desorption and the identity of the alkali 2007 g )
constituent of the compound. \%“\-OMN
To test that the excitation functions from at least the po- 0 ' ' '
tassium halides were independent of the halogen constituent, 35 33 73 95
a glass slide was doséa situ with potassium metal forming Sample Temperature (°C)
an opaque layer. The potassium-dosed glass surface was then
exposed to hydrogen and monochromatized UV photons. giG. 6. Comparison of K yields from KCI under electrof300
The photon-energy-dependent yield of excited hydrogen atev and 80uA into 7 mn?) and photor(zero-order lightirradiation
oms was resonarifig. 5, and occurred at the same energy while slowly lowering the substrate temperature,, lgenotes the
and with the same width as the results from the potassium=2-1 transition of atomic hydrogen at 1216 A, ang tie tran-
halides. No H desorption was observed from untreatedsition fromn=3 to 2 at 6563 A. The two data sets were normalized
glass. at 50 °C.

« Ly (ESD
800 1 Y, (ESD)
° H, (PSD)

600 1

400 -

Yield of H* (arb. u.)
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600 and constant pressure because it is rate limited by the arrival
1 . 1 of new surface hydrogen. At high dosing pressures and con-
— 3007 stant current, the desorption yield is limited by the availabil-
5 4004 . ity of adsorption sites. Similar behavior was found in the
"6 PSD of H as a function of H pressure. The PSD vyield of
T 3004 H, from KCI was found to be linear with the current mea-
G . . . .
5) ] sured on a gold diode, as the beamline entrance slits were
% 2004 e adjusted from 400 to 300@m. This zero-order flux, how-
o le ever, has a neutral particle current of about two orders of
100, magnitude less than that of the ESD electron currents that
. produced saturation.
0 100 200 300 400
Partial Pressure of H2 (10-9 Torr) IV. DISCUSSION AND CONCLUSIONS
A. Time dependence
2000 ) _ ) )
The time evolution of B mirrors the results of studies of
. the metallization of alkali halide surfaces. When alkali halide
:.Z 1500 1 samples are exposed to photons above the band-gap energy,
= . halogen atoms are preferentially sputtetetbading to a par-
Eﬁ tially metallized surface at room temperature. This photon-
= 1000 . induced accumulation of excess alkali metal then evaporates
i thermally from the surfac® at a rate determined by its cre-
3 5004 o ation (related to incident flux and migration rates of bulk
>~ . defects, vapor pressure, and substrate temperature.
q If incident electrons or photons are energetic enough to
0 . T . produce electron-hole pairs in alkali halide samples, defects
0 50 100 150 200 are efficiently produced, leading to sample erosion and sur-
Electron Current (UA) face modification. Cota Araiza and Powéltlocumented the

evolution of surface metallization during electron irradiation

FIG. 7. Pressure and current-dependent measurements, of byt glkali halides. They used electron-energy-loss spectrom-
during 2ESD of KCI. Top: electron-beam curreht 160 A (23 etry (EELS) to monitor the surface and bulkolume plas-
pA/mm?), electron-beam energl = 125ev. Bottom: the partial ,qn heaks associated with both the alkali halide and the free
pressure of bP is 1.3<10"° P{10"" Torr), and the electron beam a1 aii metal at the surface. During bombardment of a KClI
energyE=125eV. surface which had previously been cleaved in air and baked

in vacuum, the EELS peak associated with the potassium

of the hydrogen Lyman alpha line was recorded-2—1,  metal bulk plasmon increased dramatically, and saturated af-
1216 A). These two data sets were normalized at 50 °C. Inter about 60 min. During the same elapsed time the surface
another measurement, the temperature of a KCl sample wagd bulk plasmon signals associated with bulk KCI de-
lowered from room temperature t6145°C, resulting in a creased. This was interpreted as the growth of free metal on
factor of 4 increase in H emissions as compared to the the surface severe enough to mask much of the bulk from the
yields at room temperature under the same irradiation condilectronic probe. The study of Cota Araiza and Powell also
tions. reported the same time evolution of the lithium surface plas-

An important substrate dependence was observed in bo#fion during irradiation of LiF. The Li bulk plasmon, how-
the ESD and PSD temperature-dependent measurementser, did not appear until the sample was heated above room
when the substrate temperature was slowly stepped higheemperature. This suggested that on LiF at room temperature
maintaining thermal equilibrium, desorbing* tsignals from  the excess metal remained atomically thin. Upon heating it
the potassium halides were found to have generally disaghen became mobile enough to aggregate and give rise to the
peared from fluorescence spectra by about 100 °C, from theulk plasma oscillations. The time evolution of free lithium
sodium halides by about 200°C, and from LiF by aboutmetal was also documented on the surface of LiF due to
300 °C. This will be discussed in Sec. IV B in relation to the photon bombardmen Finally, Auger electron spectroscopy
vapor pressures of alkali metals. (AES) was also used to document the temporal evolution of
the KCI surface during ESD. Tokutaka al'® measured the
time evolution of the potassium and chlorine AES peaks dur-
ing irradiation with 1.5-keV electrons of intensity 2

Typical pressure and current dependent measurements gu#\/mm?. They reported that the chlorine signal decreased
shown in Fig. 7 for ESD from KCI. The yields of Hise and  while the potassium signal increased slightly until a metal-
then tend toward saturation with increasing dtbsing pres-  rich equilibrium was achieved after 45 min.
sures and incident electron current. This behavior is qualita- As mentioned in Sec. Il A, desorption yields of excited-
tively consistent with sources and sinks of an adsorbate ostate alkali atoms were observed to be anticorrelated with the
any adsorbate-substrate system. In the present study, thefgsorption yields of M. It is not thought that the introduc-
the desorption yield does not remain linear at high currentsion of hydrogen quenches the desorption or excitation of the

E. Pressure and current dependencies
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alkali species. Incoming electronic energy imparted to areagith the surface. Desorbing OHwas detected only from the
of the surface which are metallized is not localized suffi-potassium halides of this study. Here surface hydroxides are
ciently to result in desorption of metal. Hence, th& K formed from H reaction with oxygen impurities, probably
present in the PSD spectrum of Fig. 1 along with a relativelyforming surface K-O-H.
D* signal weak(with respect to the desorbing*Hin the Since the energy thresholds for desorption of Hre
ESD spectrumis thought to be indicative of a weakly modi- grouped by the identity of the alkali atom of the adsorbent,
fied (metallized KCL surface under an incident photon flux and both the B and OH yields appear correlated with the
which is low relative to our electron-irradiation studies. creation and removal of excess metal on the surface, the
most likely desorption precursor of*His a metal hydride
(M-H) or, at least from the potassium halides of this study,
metal hydroxide ¥-O-H). Above some incident particle

The results of the temperature-dependent measuremerédergy, one would expect at least a component of desorbing
may also be understood in terms of changes in the surfagg* to originate fromM-O-H where present, and so the ques-
stoichiometry as a result of incident particle irradiation. Thetion becomes whether tHd-H species is formed at all, and
temperature ranges through which electron-induced, excegminates or whether the catalytic process of this study nec-
potassium, sodium, and lithium are thermally depleted fromessarily requires the presence of surface oxygen impurities.
the surfaces of their corresponding alkali halides was studiegthe |arge variation of the relative yields of*Hand OH
in Ref. 20 USing EELS. Peaks in EELS SpeCtra aSSOCiateguggestS the existence of an independﬂnH formation
with surface and bulk plasmons of free alkali metal werechannel. OM was not observed from NaCl, NaF, and LiF
seen to decrease and disappear from the surface of KBr Qynder similar experimental conditions. The exclusive
100°C, from KCI by 110°C, from NaCl by 200°C, from \m.0-H desorption precursor is also unlikely, since the en-
NaF by 235°C, and from LiF by 315°C. This is in good grgy thresholds of K from compounds containing a differ-
agreement with the ranges in which we found té be de-  ent alkali constituent differ in energy by several eV. A com-
pleted from the potassium halides100 °O, sodium halides  parison of the spacing of resonant thresholds, as in Fig. 4, is
(=~200°Q, and LiF (~300°Q. These observations strongly an indication of the difference between bonding and anti-
suggest that diminution of the *Hdesorption yields with  ponding energy levels of desorption precursor systems. It is
increasing substrate temperature is not due to direct thermgjfficult to account for a 3—4-eV separation of thresholds due
desorption of physisorbed or chemisorbed hydrogen, ratheg, rupturing the O-H bond, as tHd-O-H metal is changed
the H* yields are correlated with the creation and subsequergom potassium to lithium. Such a spacing of ithresholds
thermal removal of excess surface alkali metal. is not unreasonable if due to a valence excitation of surface
MH species as discussed below.

Hence we propose that,Hlissociation occurs at, and is
. ) ) contingent upon, metal-rich surface sites. While dissociation

We turn now to a discussion of the @ of hydrogen  of H, is thermodynamically favorable on a lithium surface, it
adsorption and KM _desorption. Partial pressures of s not expected to occur on smooth, defect-free potassium
H,>1.3x10°Pa(10" " Torr) can evolve HO from vacuum-  and sodium surfacé However, as mentioned above, three-
system surfaces, thereby creating the possibility that desorkfimensional island€?*form on these surfaces, reflecting the
ing hydrogen was initially deposited by water rather thantendency of atomically thin metal layers to aggregate. Due to
directly by H,.** The desorption yields of H and, from the  the incommensurability with the underlying lattice, such a
potassium halides of this study, the yields of QHare cor-  metallic overlayer on an alkali halide surface will contain a
related with the introduction of ji and each shows the same high concentration of defects, greatly enhancing the prob-
dependence uponzhpartial pressure. One must consider OH ahility of dissociatior® That the energy thresholds are iden-
as a primary desorption precursor of* Hhowever, this tical (in the PSD results where surface charging does not
would seem unlikely since the ratio of*Hand OH was  affect incident particle energyfor compounds bearing the
observed to vary widely on both sides of unity as a functionsame alkali component further suggests that the surface al-
of sample, sample history, and compound. The desorbing Hkali hydride molecule or alkali hydride complex is also the
and OH are detectable in our pressure dependencies,at Hiltimate desorption precursor of hydrogen. Similar conclu-
partial pressures in the mid-16-Pa(10 °-Torr) range, and  sions have also been drawn in electron-stimulated desorption
increase by a factor of six, tending toward saturation byexperiments of proto$ and H:,?® both from alkali-
1.3x10 > Pa(10 ' Torr). Over this same kipressure range, promoted Ni and Pt surfaces, respectively.
residual gas analysis within our vacuum system revealed less
than a 10% increase of all other background gases including _ i
0, OH, H0, CO, and CQ Above about 1.310 °Pa D. Desorption mechanism
(10 "Torr), we find that background water begins to in- When assigning a mechanism to neutral particle desorp-
crease markedly, consistent with the findings of Ref. 21 thation, one must in general consider the possibility of resonant
proton desorption due to adsorption of evolved water wasunneling or Auger neutralization of desorbing ions as they
only observed at K dosing pressures greater than 1.3recede from the surface. In this study, however, we seek a
X 107°Pa(10 ' Torr). Since the desorption yields of*H mechanism for photodesorption @ixcited neutral atoms.
(and OH") are found to be uncorrelated with the evolution of Since the uppermost filled levels of the alkali metals and
water and other residual gases asddsing pressure is var- alkali halide surface states are energetically belowntke3
ied, we conclude that molecular hydrogen is reacting directilevel of atomic hydrogen, we immediately discount desorp-

B. Temperature dependence

C. Desorption precursor
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~ FIG. 8. Comparison of the photon-stimulated energy-dependeny,,qe| excitation proposed for the electron- and photon-stimulated
yields of OH', secondary electron yield,"§ and H, from KClI. desorption of H from alkali halide surfaces. A valence excitation

) ) ) to a neutral, antibonding state of a surface alkali hydride molecule
tion by the Knotek-Feibelmafi or other Auger-stimulated complex leads to the desorption of excited hydrogen atoms with

desorption mechanisnié,which in some physical systems several electron volts of kinetic energy. Also shown is an experi-
have been shown to result in ion emission. This observatiofental excitation function of H desorbed by photons from KCI.
also excludes models of primary valence excitations of the
surface-adsorbate complex to repuléfer attractivé® ionic L L X
states, which lead to subsequent neutralization and desorﬁh‘:’ln be very ang lived in the y|cm|ty of a me_tal surfate,
tion arising from crossings with occupied energy-level sur-N€reby enabling the desorption and detection df €h
faces. =3). This desorption mechanism would result in resonant
Only a few PSD mechanisms for excited neutral atoms of SD  thresholds  with  typical = Franck-Condon-mediated
molecules have been proposed. The desorption yields of eXidths, as measured here and shown schematically in Fig. 9.
cited alkali atoms from alkali halide surfaces exhibit energyAt present, no experimental or theoretical values are avail-
thresholds and structure which are correlated to metal coregable for the high-lying, dissociative excitation states of gas-
level ionizatiorf® and exciton creation. In the case of KCI, phase alkali hydride molecules, but energy thresholds up to
potassium excitongreflected in the structure of the desorp- 25 eV are reasonable for such valence excitations. In contrast
tion excitation function of K) occur in the vicinity of the to the selective bond-breaking capability of photons, the in-
H* PSD excitation resonance, as shown in Fig: 8low- elastic nature of electron interactions would be expected to
ever, the threshold energies fot kh the present study show result in linear excitation threshold functions, such as mea-
no systematic correlation to either the core-excitation orsured in Fig. 3.
exciton-creation energies of hydrogen, the alkali metals or The valence excitation mechanism proposed above pre-
the alkali halides; nor to features in the excitation functionsdicts the desorption of hydrogen atoms with several eV of
of bulk fluorescence, total electron yield, or excited- orkinetic energy. The energy distribution of these desorbates
ground-state alkali atoms. A recent stdayf the PSD of N was not measured directly, but the fluorescence techniques
and N, from Ru(002) surfaces attributed the core excitation employed here permitted measurement of the Doppler profile
of nitrogen energy levels as the first step of the desorptiof the fluorescence lines emitted by the excited hydrogen
process. atoms as they receded from the surface. The spectral profile
In contrast to these indirect processes leading to desorpf the H, and H; lines in these experiments are Gaussian,
tion, a mechanism of direct excitation to the repulsive statevith a full width at half maximum of a little more than 0.1
of the adsorbate-substrate complex has been applied to timen after correction for experimental resolution. This is much
results of photori? and electroff -stimulated desorption of broader than that of hydrogen atoms in thermal equilibrium
neutral molecules from metal surfaces. Here we assign a di=9 pm at 400 K, H), or that due to the natural lifetime of
rect valence excitation mechanism to the present measuréhe excited state<£160ns,AA~10"%nm, H,).3® Assuming
ments of electron- and photon-stimulated desorption of neuthat pressure broadening is not significant, this width is then
tral atoms from a surface. The antibonding kh=3) state  principally due to Doppler broadening.
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The Doppler profile of K (desorbing M with n=4-2,  alkali halide surfaces suggest that these surfaces are initially
4861 A) due to 150-eV electron irradiation of KCI was taken inert to gaseous 4 but as radiation damage produces sur-
in second order, for improved resolution, with a 1200 I/mmface metallization, it is rendered vulnerable to adsorption and
grating blazed at 7500 A. The instrumental resolution in thisalkali hydride formation. The electronic desorption mecha-
region was estimated by using the 4046-A line of Hg fromnism postulated here, namely, a direct valence excitation to a
room lights, also in second order. The corrected width due t@eutral, dissociative excitation state of the surface alkali hy-

Doppler broadening was found to be 1.1 A. From the geomyride, then leads to the electronic ejection of energetic
etry employed, a lower bound on the average transverse Vezomic hydrogen.

locity corresponds to a kinetic energy of 6 eV. This is quite
similar to the average energies of excited hydrogen atoms
(n=4) fragmented during electron dissociative excitation of
gas-phase K’ HCI,® NH;,%° and CH, (Ref. 40 at compa-

rable incident electron energies and is consistent with va- ,
lence excitation to high-lying, antibonding molecular states. 1N€ authors acknowledge the able assistance of the staff

At these relatively large velocities we expect the survival@t the University of Wisconsin's Synchrotron Radiation Cen-
In summary, the time-, temperature-, and energy-of Scientific Research, the Office of Naval Research, and the

dependent desorption yields of neutral hydrogen atoms frorfRobert A. Welch Foundation.
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