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Angular and energy distributions of D, molecules desorbing
from sulfur and oxygen modified V.  (111) surfaces
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The energy and angular distribution of deuterium molecules desorbing from a vané&bidm
surface modified either by oxygen or by sulfur has been studied, using time-of-flight spectroscopy.
It has been shown that the desorption flux contains two contributions, a thermal and a hyperthermal
contribution. The mean translational energy of the hyperthermal part can be descrifé&d by
=8.3 kT, and 5.8 kT, for the sulfur and oxygen covered111) surface, respectively. Interestingly,

the mean translational energy of the hyperthermal contribution is independent of the desorption
angle. The angular distribution of the hyperthermal desorption flux is forward focused and can be
described by cd's’ ¢ and coé3 6 functions for the sulfur and oxygen modified surface, respectively.
From the angular flux distribution and the angle independent mean translational energy of the
hyperthermal contribution one can conclude that normal energy scaling does not exist for this
adsorption/desorption channel. This is mainly due to the strong geometric corrugation of the
modified M(111) surfaces. ©2002 American Institute of Physic§DOI: 10.1063/1.1483849

I. INTRODUCTION age because vanadium is able to store huge amounts of

. L hydrogen/deuterium in the bulk. On the other hand vanadium
. The |nvest|g§1t|on of energy and angle resol\_/ed adsorppaq also a great affinity to other elements like carbon, oxygen
tion and .desorptlon paramgters has Igd to a qwte.good U5y sulfur, which segregate to the surface. This means that
derstanding of the adsorption/desorption process in the r%chnologically relevant vanadium surfaces are always cov-

cent past. Fron:ﬁtsg\e experimental point of view w_eII deﬁr_'edered with additives to some degree. The detailed understand-
m_ole_cular beg_ can_be prepared to study differential ing of the interaction of hydrogen/deuterium with such modi-
sticking coefficients. Time-of-flighTOF) spectroscopi/ fied vanadium surfaces is therefore of great interest, both

and resonance enhanced multiphoton ionizaiREMPY) ., the experimental as well as from the theoretical point of
spectroscop}? can be applied to investigate all degrees Ofview

freedom of desorbing molecules. From the theoretical point
of view a number of computational methods exist which al-
low the modeling of the adsorption and desorption process i
detail. These methods reach from classical trajectory The experiments were performed in an ultrahigh vacuum
calculation$ via guantum-classical calculatidhgo pure  chamber with a base pressure ©f3x 10 ! mbar, which
quantum treatments in several dimensidf¥Although great  was equipped with Auger electron spectroscépES) and
progress has been made in this context in the recent yeangw energy electron diffractiofLEED) for surface analysis
experimentally obtained adsorption and desorption paramand a sputter gun and gas dosers for surface preparation. A
eters are still the essential ingredients for the proper modetecently constructed TOF spectrometer was attached to the
ing of the adsorption/desorption dynamics. The most thormain chamber, which will be described in some detail below.
oughly investigated systems concerning the adsorption anfihe vanadiun(111) single crystalMatek company, 10 mm
desorption dynamics involve hydrogen and deuterium orgiam, 2 mm thicknegswas polished with diamond paste
well defined single crystal metal surfaces. The reason for thigown to 0.25um grain size. The crystal was fixed to the
is that hydrogen plays an important role in a number of modsample holder via thin molybdenum wiré8.25 mm diam
ern technologies, like heterogeneous catalysis, nuclear fusiaghich were inserted into grooves at the rim of the sample. A
or energy storage. From the theoretical point of view theChromel—-Alumel thermocouple was spot-welded to the rear
interaction of hydrogen with surfaces can be treated with thef the crystal. The single crystal could be cooled to 100 K
highest accuracy possible so far. via a LN, cooling system and heated to 1300 K via resistive
In this article we will present experimental results on theheating. The sample could be tilted within60° around a
desorption of deuterium from a vanadiufil) single crystal  horizontal axis for angle resolved measurements.
surface covered with either sulfur or oxygen. These adsorp-  The preparation of individually modified(¥11) surfaces
tion systems are of technological importance for energy storwas accomplished by proper sputtering and annealing cycles.
A freshly installed (111) sample usually exhibits sulfur, car-

dAuthor to whom correspondence should be addressed. Electronic maipo_n and oxygen on the Surface-_After short SpUtte'ﬁh@_
a.winkler@tugraz.at min) and annealing to 1300 K5 min) only sulfur contami-

H. EXPERIMENTAL DETAILS
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nation can be detected with the Auger spectrometer. The col

responding LEED pattern shows &3 X /y3)R30° structure

which can be attributed to a sulfur coverage of 0.33 mono-

layers (Auger ratio S152/V473 0.90. Extended annealing

(some hours of the vanadium sample finally increases the

sulfur coverage to a saturation coverage of about 0.4 mona ¥ |

layers of sulfur(Auger ratio of 1.05. In this case the LEED Al A2A3 CPl A4 P2 ASCB OS 10em

pattern changes to a very complex structure, with strong evi-

dence for a microfaceted surface. For all the experimentsic. 1. Schematic drawingop view) of the time-of-flight(TOF) spectrom-

described below we have used the sulfur saturated surfa@%er- N?: Sr?mple, K: fnugSBen sourge, Al-AS: aperturfetSH CP1, CP2: Ctryopatn-
‘hili : els, M: chopper motor, . Crossbeam Ion source o € mass spectrometer

for the reasons of reproducibility. In order to obtain a pur- Qus withp9pO° o s SEV. P

posely oxygen covered vanadium surface we have sputtere

the vanadium sample for about 100 h at a temperature of

1000 K. After this procedure and additional heating/ : ;

: o cross chambers differentially pumped by turbopurimsnp-
sputtering cycles the sulfur concentration n fthe bulk haﬁng speed 500 I/s eaghln addition, in both chambers spe-
been reduced to such an extent that no significant Surfaccﬁfically designed LN cryopanels are installed to get opti-

segregation could be observed. However, in this case oxygen |, pumping speed for hydrogen and deuterium. The base
is the dominant species on the surface due to surface segrec. . 1o in both chambers is in the +bmbar region. The

gation, which again shows a highly reproducible saturatio_ irst chamber, containing the chopper motor, is attached to
coverage after annealing to 1300 K. Recently we have call,fhe main chamber via a tube extension terminated by an
brated the Auger spectrometer in our lab for carbon and Oxyéperture of 8 mm dianA1). The distance between this en-

gen on vanadiunf, which allows us to determine the oxygen trance aperture and the sample is 30 mm. Within the tube

saturation coverage to 1.0 monolayers in the present CaS&stension the first cryopanéCP)) is located. It consists of a

However, 0.3 monolayers of carbon were co-adsorbed aftelsz cooled copper tube with several apertuta, A3, di-

this prgparation procedure, .dl.Je to coTsegregatior'L The COMemeter 10 mmand two titanium filamentgnot shown to
sponding LEED pattern exhibited again strong evidence for ?)roduce a getter film on the inner surface of the tube. The

11 ; ; ;
facet_ed tsurf?ce. \ﬁrr?at al.™ have mves&g{;lated fthe m'iLo' chopper motor(M) is attached to a linear motion system
scopic structure of the oxygen coveredl¥1) surface wi which allows either to chop the molecular beam or to with-

the help of scanning tunnelling MicroscoggTM). They draw the chopper. The aluminum chopper blade with a diam-

have observed a strong faceting of thel11) surface result- eter of 80 mm contains two opposite sector siitd mm

ing in pyrar_nids made up 33 planes, which are inclined long, 6° radial opening The chopper motarMinimotor SA

aboZttSt \I/:nthlrespecltltf thafll) plahr!eh . | (Ref. 15] is a brushless three-phase motor with a specific

after Ioona gncnizrl}r:( at)lzl:)roarc(ei;v dli(f:ficﬁaitmtilr(lnst)tcéi%aph?sven vacuum compatible lubricant for the ball bearings. This
9 9 ) : rather cheap conventional motor turned out to be very suit-

would require extremely long cleaning procedures and/or an; le for this purpose. At a motor frequency of 400 Hz and

?he_almg lt(empertatu_res a;pO\:e chOO(.) f||<' Since fthe pu;_poi_e uring water cooling15 °C) the pressure in the motor cham-
IS work was 1o investigate the influence of an actvalion, g, e maing in the low 10:° mbar region. An optical gate

barrier on the desorption characteristics, which only exists O'&onsisting of a photodiode and a photodetector served as a

(?rigger device. The second six way cross chanibetection
chambey is separated from the motor chambea d 6 mm
diam aperturéA4). It contains again a specifically designed
LN, cooled cryopane(CP2 and titanium getter filaments.

. . The exit apertur€A5) of this device is directly in front of the
rium). In this case the gas flows through an electron bea"auadrupole mass spectromef@MS, Balzers QMA 140

heated tungsten tube which yields nearly 100% of deuteriur’O\lith cross beaniCB) ion source, entrance aperture 5 mm in

;gyggolgeg '? ﬁomlc dforén;) |fvt/hehtube tempttlaratrl:re 'St ak_)ov: diameter, and 90° off-axis SHVThe distance between the
(Bertel-type doser). We have recently characterize sample(or the Knudsen sourgeand the mass spectrometer

this doser with respect to the degree of dissociation and thgntrance aperture is 870 mm, the distaficeetween the
angular variation of the effusing flux, which allows us to chopper blade and the QMS is’476 5 mm

determine the impingement rate of atomic hydrogeeute-
rium) quantitatively**

t

did not attempt to get a totally clean surface.
Adsorption and in particular absorption of rather large

amounts of deuterium in the (¥11) sample has been per-

formed with the help of a doser for atomic hydrogeeute-

B. Data acquisition and data analysis

A. Experimental setup of the time-of-flight The QMS is operated in the counting mode. The TTL
spectrometer pulses are fed to a multichannel analy@@6&G Ortec with

A schematic drawing of the homebuilt TOF spectrometerTurbo MCS T914 in which they are recorded either as func-
can be seen in Fig. 1. In this drawing the actual main chamtion of mass(mass spectrometepr as function of time at
ber is replaced by a simple 8 in. six way cross chambeconstant mas§TOF spectrometer In the TOF mode the
containing the sampl€S) and the Knudsen sourd&) for ~ MCA is triggered by the signal from the optical gate. Unfor-
calibration. The TOF apparatus consists of two 8 in. six waytunately, the obtained TOF spectrum is not only a function of
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the velocity distributionf (v) =f(1/t) which has to be evalu- 124

ated but depends also on some experimental parameters lik

the sensitivity of the detector, the chopper gate function, the 1.0

dwell time of the MCS, the finite extension of the ionization @

region and the phase jitter of the motor. Whereas it can be § 087

shown that the last three factors are of negligible importance & (¢4

the influence of the gate function and the detector sensitivity 5 :

on the measured TOF spectrum have to be considered. # = 0.4+

mass spectrometer with a cross beam ion source is in the 5 02:

ideal case a detector which is sensitive to the gas defrsity RZ

to the gas flux However, deviations from this ideal case can 0.0 -Jupitat: R el e
appear if the potentials of the ion source are not properly 000 030 040 060 080 100 120 140 160 180

adjusted(trapping effeck Therefore we have carefully opti-
mized the individual potentials of the ion source to obtain the
lowest sojourn time of the generated ions in the ionizationg g, 2. Time-of-flight spectra obtained for deuterium effusing from a Knud-
region. The validity of the sensitivity to gas density of the sen source at different temperatures—Ts. The curves are best fits of
QMS for hydrogen and deuterium has been checked with th#axwellians convoluted with a rectangular gate function. Fit parameters are
help of a Knudsen source. For this purpose (inechoppeyi 1 9ate opening time and the trigger delay time.

QMS signal at constant effusion flgshas been measured for

different Knudsen cell temperatures. In the case of a perfe :
density detector the obtained signal should be proportional t%e moment method to evaluate the TOF spettidwhich

L . Boes not require any assumptions. The first moment of the
ts?gni??:;gr] _SIJJ /tftl:;:tjiéféfI?ﬁsegécigrlgtr?; tzg):;i?zz;ed velocity distribution yields the mean velocity and the second
T~ Y2 resulted in a perfect straight line. Then the correlationmom(.ent the mean energy of the desorption ﬂL.JX' Howev_er,
between the measured time-of-flight spectreft) and the for this method one needs again a very good signal to noise
original velocity distributionf(v)=f(l/t) of the molecular ratio and we have applied it only for test and control pur-

beam is given by the convolution integral, poses.

time-of-flight (ms)

dt’, (1) Ill. EXPERIMENTAL RESULTS

z(t)=ftp(t—t’).t|—,.f

0 ! The TOF-desorption experiments for deuterium from the
with P(t) being the chopper gate function ahthe distance sulfur and oxygen covered (¥11) surfaces have been per-
between the chopper blade and the quadrupole ion sourctarmed as follows. Atomic deuterium has been used for
The actual gate function is determined by the slit width ofsample dosing. This is necessary, because the sticking coef-
the chopper, the cross section of the molecular beam at thicient for molecular deuterium on the modified vanadium
chopper location and the chopper frequency. This functiorsurfaces is very smah®® (s,~2x107%). However, for
will in general be of trapezoid form, but it can be shown thatatomic deuteriurt??' the sticking coefficient is in the range
a rectangular gate function with proper effective gate openef 0.1-0.2. Similarly as in the case of thé\0) surfacé®
ing time is sufficient for proper deconvolutidhA second adsorbed deuterium can easily diffuse into the bulk. The ab-
experimental factor which determines the position of thesorption coefficient depends on the sample temperature and
TOF spectrum is the trigger delay time. We have determinedeaches a maximum of 0.36 at about 500 K. Typically the
both the effective gate opening time as well as the triggei/(111) sample has been dosed at 520 K with atomic deute-
delay with the help of well defined Maxwellian beams atrium using the Bertel-type dosérfor about 60 min at a
different temperature. The experimentally obtained TOFdeuterium partial pressure increase of aboxtl® ' mbar.
spectra as shown in Fig. 2 have been fitted by using(Bq. This results in absorbed deuterium of several hundred mono-
Correlating the fit temperatures with the actual Knudserayer equivalents. Previous investigatibhsave shown that
source temperatures led in all cases to the same effective gaddsorbed deuterium desorbs in the temperature range of
opening time and the same delay time. 100-500 K, but the huge amount of dissolved deuterium
For the evaluation of TOF spectra from real desorptiondesorbs only above 800 K, with a desorption peak maximum
experiments we have applied different methods. Although irat about 1200 Kheating rate, 3 Kjs For the measurement
principle the deconvolution of the TOF spectra according toof the time-of-flight spectra we have heated the pre-dosed
Eqg. (1) would vyield the velocity or energy distribution di- sample to 950 K and then almost all of the absorbed deute-
rectly, in general the data statistics is not good enough forium has been desorbed at this temperatisethermal de-
this method. It is therefore common to assume that the unsorption.
known velocity distribution of a desorption flux can still be Before we present the experimental data concerning the
fitted by one or by the sum of several well known velocity desorption flux we have to mention that also some scattered
distributions, but usually of Maxwellian-type. The mean ki- particles contribute to the total flux originating from the sur-
netic energies of these distributions are describedBy face. To take into account this contribution in the TOF spec-
=2-kTes, or by (Ey=nkTs, with n>2 for hyperthermal tra we have first investigated the accommodation behavior of
andn=2 for thermal beams. Finally we have also applieddeuterium molecules at room temperature as a function of
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FIG. 3. Time-of-flight spectrum of deuterium molecules scattered on a sul- 50 0.8 — "
fur covered \(111) surface into normal direction after isotropic impinge- 7
ment. Gas temperaturg,,=300 K, surface temperatur;=1173 K. The 0.6
sum of two Maxwellians withT; =330 K andT,=950 K gives the best fit i
and yields a mean kinetic energy of the scattered molecules in terms of & 0.4 4
Maxwellian temperaturd ,,=(E)/2k=627 K.
0.2 (b)
sample temperature. In Fig. 3 we present a TOF spectrum fo oo' A .

deuterium at 300 K scattered in normal direction from a sul-
fur covered \(111) surface at 1173 K. Evaluation of this 000 025 050 o075 100
spectrum with the moment method yields a mean kinetic
energy of 0.11 eV. It is more common to express the mean
energy in terms of an effective temperature of a MaxwellianG, 5. ToF spectra of deuterium molecules after desorption from the sulfur
type distribution for a molecular bearii,=(E)/2k. In our (a) and oxygen(b) covered \(111) surface afT,=950 K. The data points
particular case this yields a temperature of 627 K for thewere fitted by the sum of two contributions in the desorption fitnermal
scattered particles. In addition, we have calculated the meaewd hyperthermaland a scattered contribution. For details see text.
translational energy by fitting two Maxwellian distributions

with temperature;l andT, t_o the data points and the sum which correlates the temperatufe,,, of the scattered par-
of the corresponding energies led to the same result as O%'cles to the surface temperatuf, as described by the
tained with the moment method. Similar experiments haveSim le equation

been performed on a(¥11) surface covered with oxygen. In ble eq

Fig. 4 all data for the scattering of deuterium at room tem- Ty =@ - Tst(1—a) T, (2)
peratureT;, from the sulfur and oxygen coveredM1) sur- with «=0.37. The value ok is equivalent with the energy
face at various surface temperatuiigsare compiled. Inter- accommodation coefficient according to

estingly, all data points lay on a straight line with the slape

time-of-flight (ms)

Tin—T
a= %‘I?UI' 3
700 moos
650 For the isothermal desorption experiments which were per-
wl | DyVAILD+S formed at a surface temperature of 950 K one has therefore
s0d | ® DSVALID+O to consider a contribution of sgattered deuterium. molecules
C o0 in the total molecular beam which can be approximated, ac-
~ cording to Fig. 4, by a Maxwell-Boltzmann distribution of
5 07 540 K.

B~ 4004 TOF spectra for deuterium desorbing from a sulfur and
350+ ; =_3°°;( T oxygen covered YA11) surface in normal direction are de-
300 a““__‘(_)_;' G-, picted in Figs. %a) and §b). Comparing these spectra with
250 Fig. 3 one can immediately see that the spectra are shifted to
200+ : ——— T lower flight time, indicating a higher mean translational en-

0 200 400 600 800 1000 1200 ergy. In principle one can again calculate the mean energy of
surface temperature Ts (K) the molecular beam with the moment method, after proper

subtraction of the scatter contribution. However, since this
FIG. 4. Mean translational energy of deuterium molecules scattered froninethod overestimates the signal at very low flight times and
316 oxygen(circular data poingsand sulfur(squared data pointcovered o 11 the rather large scatter of the data points in this region
(119 surface, respectively, as a function of surface temperafyrelso- . . . .
tropic impingement of deuterium at room temperaflige The translational € accuracy is not very high. We have therefore again tried
energy was calculated from TOF spectra using the moment method. to fit Maxwell-Boltzmann distributions to the data points. It
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FIG. 6. Angular distribution of the mean translational energy of desorbed
deuterium from the sulfufa) and oxygen(b) covered \(111) surface at 950
K. The data for the hyperthermdhctivated contribution are shown as
squares, and the data for the total flux are shown as triangles.

polar angle 6 (°)

FIG. 7. Normalized angular flux distribution of the individual contributions
during desorption of deuterium from the sulfi@@ and oxygen(b) covered
V(111) surface at 950 K. Activated desorption contribution: squares, unac-

. . . . tivated desorption contribution: circles, scatter contribution: triangles. The
turns out that a single MB distribution does not yield a goodyata are obtained from Maxwellian fits to the TOF spectra as shown in

fit to the data points. However, we can obtain a good fit if weFig. 5.
assume two contributions to the total desorption flux; a ther-

mal contribution (equivalent to unactivated adsorption/
desorption and a hyperthermal contributiofequivalent to

activated adsorption/desorptiorFor the fit procedure the
P ptio P for the sulfur and oxygen covered(11) surface, respec-

contribution of the scattered particles has been fixedsat ) ) N .
=540 K, with a weight as calculated from the pressure-timet've.ly‘ This result supports n h”?ds'ght our assumpthn of an
integral during desorption. The thermal contribution is fixedacnv"jltGd and unactivated contribution in the desorption pro-
at T;=950 K. The temperature of the hyperthermal contri-¢€SS: S
bution Tpyper, as well as the weight of the thermal and hy- In qrdgr o check the rghablhty of the flux resplved an-
perthermal contributions are open parameters for the fit. Fogular distributions as obtained from TOF .exper.lments we
the sulfur covered Y111) surface[Fig. 5@] we obtain a have also mgasyred the totalldesorptlon "‘"‘.’C'“d'”g the
MB-temperature for the hyperthermal contribution of 3950 Scatter _contrl_butlo)w as a function of angle directly by the .
K, for the oxygen covered surfad€ig. 5b)] we getT, QMS signal increase of the unchopped beam. The experi-
_ 5750 K YPE' mental data are plotted in Figs(aB and 8b) as circles for
We have performed similar TOF-desorption experiments‘.the sulf_ur fand_oxygen covered(111) Sgrface and yleld an-
for both, the sulfur and oxygen covered1) surface, at gule}rl distributions of Cd.$3'9 and co$”9, respgctwely. In
different desorption angles. Interestingly, the mean energy o d?"“on% }:he \/7alues ?btag\ed by prolper_?;:mmlng up the ?ahta
the hyperthermal contribution did not change signiﬁcantlypOIntSO 'g. 7 are plotted as triangles. The agreement of the

with the increase of the desorption angle, as shown in Fig§W° independent experiments is quite good and supports the

6(a) and @b) as squares. However, since the relative contri—applled evaluation procedures.

butions of the thermal and hyperthermal flux change with

desorption angle, the mean energy of the total desorption quQ/' DISCUSSION

changes with angle as shown in Figsa)éand Gb) as tri- The overall conclusions to be drawn from the experi-
angles. The angle dependence of the normalized flux of thmental data set as described above for the desorption of deu-
thermal and hyperthermal contributions are compiled in Figsterium from the sulfur and oxygen coveredIN 1) surfaces

7(a) and 1b). For the distribution of the scattered flux we are straightforward: Apparently, for these adsorption systems
have assumed a cosine functi@inangles. It turns out that an activation barrier for adsorption exists, which, on the one
the angular distribution of the thermal flux is also cosinehand, results in a rather low integral sticking coefficient for

(circles, whereas the hyperthermal flux is somewhat forward
focused(squarey with distributions of co%%6# and coé3¢
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L1 ous from the experimental data points in Fig. 5 that this fit
D_-V(11)+S procedure cannot be unequivocal. In the following we have
2 therefore always set one temperature to the sample tempera-

o~ 087 ture and have only used the second temperature and the in-
2 0.7—+ tensities of both contributions as free fit parameters. The
S 06 mean translational energy of the activatéd/perthermal

£ 05 path can be described either by, e, 0r by nkT. In our

=2 041 particular cas¢Figs. 5a) and §b)] we obtained for the sul-

% 0.3+ fur covered \W(111) surface Tyype=3950 K or (E)=8.3

= 021 -kTg with Ts=950 K (equivalent to{E)=0.68 eV}, and for

‘5 0.1 the oxygen covered surfacg,,=2750K or (E)=5.8

2 0.0 -kTs (equivalent to{E)=0.47 e\}. Interestingly, the mean

o 107 D.-V(111)+ 0 translational energy does not change significantly with de-
g 091 . 2 sorption angldFigs. a) and Gb)]. The flux intensity of the

E

3

:

=

0.8 hyperthermal contribution, however, changes with the de-
0.7 sorption angle according to cos9 for the sulfur covered
0.6 and co&3¢ for the oxygen covered \11) surface, respec-
0.5+ tively [Figs. 7a) and 7b)].
0.4+ The correlation between the angular distribution of the
031 mean translational energy and the angular distribution of the
02+ (b) flux should yield additional information on the particular po-
0.1 tential energy surface, depending on the scaling behavior.
00 T 10 20 30 40 0 e 70 80 % For many systems, in parfucular with flat PES, normal-energy
scaling usually holdé’ This means that only the normal en-
polar angle 6 (°) ergy components of the impinging particles determine the

FIG. 8. Normalized angular flux distribution of deuterium desorbing from StICkmg coefficient,

the sulfur(a) and oxygen(b) covered (111) surface at 950 K. The circular _ . o
data points are directly obtained from the QMS signal of the unchopped S(E,0)=S(E cog 0,0%). 4
desorption flux. The triangular data points are calculated by summing th

individual contributions of Fig. 7. n addition, most of the experimental results concerning an-

gular flux distributions can be described by a "tés
distribution® If one separates the angle and energy depen-

molecular deuterium, and on the other hand in a translationglence of the sticking coefficient in the for&(E,6)=K,
heating and forward focusing of the desorption flux. A closer f(E)-9(#6), one can show that in the case of normal energy
and more quantitative inspection of the data yields more descaling the St'Ck'ng coefficient is determined by the follow-
tails concerning the potential energy surfaces which goverd relation®
the adsorption and desorption process. _ n—1y/2 1

As outlined in the previous section the TOF spectra of S(E,6)=Ko- ET V% cod ™, ®
the desorption flux could be best fitted by the sum of twowith K, being an appropriate factor. Via detailed balancing a
Mawellian beams. Actually, this type of data fitting has beensimilar expression holds for the desorption fl(E,#6),
frequently applied in the literature. Already Comegal?®  having in mind thaD(6) = S(#6) - cosé,
have proposed the so-called “activation barriéhAH) (n=1)12
model with holes” to describe their results of the-+hickel D(E,0)=Ko-E -cos' . (6)
system. More recently Allerst al. have applied fit proce-  pyrthermore, one can show that for any scaling behavior
dures with two or more Maxwellians to a number of adsorp~yhich is described by
tion systems[O,/Pt(111)?* D,/Ni(100),2°> CO/P{111)
(Ref. 26]. Matsushimaet al. have investigated and analyzed ~ S(E,8)=S(E-cos §,0°), (7)
TOF spectra of reaction products also by fitting several

Maxwellians?”? The use of a Maxwellian to describe acti- similar expressions faB(E, 6) andD(E, §) can be deduced,

vated recombinative desorption is of course a compromise to  S(E, ) =K, - E""P/*.cod 1 g, (8)
approximate the flux distribution which is actually governed
by the three-dimensional potential energy surféasivation D(E,0)=Kgy-EM VX cod 6. 9)

barrier height distribution

In the first step of the fit procedure we have used both,
the temperature as well as the intensity of the two Max-
wellians, as open parameters. Interestingly, we always ob-
tained one hyperthermal contribution and one contribution (E)= (—+2
which could be described by a temperature very close to the
temperature of the sample during desorpti@fter proper In the case ohormal energy scalindx=2), Eq.(10) re-
subtraction of the scatter contributiorHowever, it is obvi-  duces t6%3!

Then one obtains the mean translational energy of the
adsorbing/desorbing molecules by proper integration,

kTs. (10
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n+3 V. SUMMARY

E)=|——] kTs. 11
& ( 2 ) ® ) We have investigated the translational energy distribu-

tion of deuterium molecules desorbing froni\ 1) surfaces

From the experimental results as shown in Fidafgle in-  modified either by oxygen or by sulfur. In both cases the
dependent mean translational engrgynd Fig. 7 (angular  sticking coefficient for molecular deuterium is very small,
flux distributiong we can calculate the scaling factors ac-indicating an activation barrier for adsorption. This is mani-
cording to Eq.(10) to x=0.37 and 0.87 for desorption of fested in the desorption flux in form of a hyperthermal con-
deuterium from the sulfur and oxygen covere@l¥l) sur- tribution. The mean translational energy of the hyperthermal
faces, respectively. This clear deviation from the frequentlypart is(E)=8.3- kT for the sulfur and 5.8 T for the oxy-
observed normal energy scaling=2) might, according to gen covered V111) surface, respectively. In both cases the
Darling and Holloway’ be due to a rather strong geometric mean translational energy is nearly independent of the de-
corrugation of the potential energy surface, in addition to thesorption angle. In addition to the hyperthermal contribution a
electronic corrugation. This is plausible if one considers thehermal contribution wit{ E) =2 kTj exists, too. The angu-
intrinsic microscopically rough structure of a §ttl) plane lar flux distribution of the hyperthermal part is forward fo-
in general and the reconstructed and faceted surface of theised and can be approximated by*ctéand coé2 6 func-
oxygen or sulfur covered M11) plane in particular, as ob- tions for the sulfur and oxygen modified surface,
served by LEED and STNt respectively. The thermal contribution can be described by a

Finally a few words about the relationship between thecosine distribution. From a comparison of the angular flux
sticking coefficient and the activation barrier on the surfacedistribution and the angle independent mean translational en-
From the evaluation of all the experimental data as describedrgy of the hyperthermal contribution one can conclude that
above we can conclude that the potential energy surface farormal energy scaling does not exist for this adsorption/
the system B-V(111)+0O, S is highly corrugated. That desorption channel. This is most probably due to the strong
means that the incoming molecules experience different aggeometric corrugation of the sulfur and oxygen covered
tivation barrier heights as function of the impact position inV(111) surfaces.
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