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Water formation on Pd (111) by reaction of oxygen with atomic
and molecular hydrogen
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In this work we have studied the steady-state reaction of molecular and atomic hydrogen with
oxygen on a PA11) surface at a low total pressurec(0” " mbar) and at sample temperatures
ranging from 100 to 1100 K. Characteristic features of the water formationfhebﬂZ; Po,: Tpo

are presented and discussed, including effects that are due to the use of gas-phase atomic hydrogen
for exposure. Optimum impingement rati@IR) for hydrogen and oxygen for water formation and

their dependence on the sample temperature have been determined. The occurring shift in the OIR
could be ascribed to the temperature dependence of the sticking coefficients for hychZ()anﬁ

oxygen @oz) on Pd111). Using gas-phase atomic hydrogen for water formation leads to an increase

of the OIR, suggesting that hydrogen abstraction via hot-atom reactions competes x@th H
formation. The velocity distributions of the desorbing water molecules formed on tEL®d
surface have been measured by time-of-flight spectroscopy under various conditions, using either
gas-phase H atoms or moleculag Hs reactants. In all cases, the desorbing water flux could be
represented by a Maxwellian distribution corresponding to the surface temperature, thus giving
direct evidence for a Langmuir—Hinshelwood mechanism for water formation @iBd © 2004
American Institute of Physics[DOI: 10.1063/1.1643352

I. INTRODUCTION performed mostly under steady-state conditions, thus also of-
fering the possibility of high resolution time-of-flighiT OF)
Due to its technological importance, water formation onmeasurements on desorbing® formed at the sample sur-
catalytically active crystalline surfaces, such as palladiunface.
and platinum, has been studied extensively over a large pres-
sure and temperature range, using a variety of experimental
techniques. For the investigation of the reactiop+H®D, Il. EXPERIMENTAL DETAILS

—H,0 on palladium under UHV conditions the applied  The experiments have been carried out in an ultrahigh
techniques comprised coadsorption, thermal desorption spegacuum chamber with a base pressure of ¥anbar,
troscopy(TDS),* molecular-beam relaxatiériand scanning  equipped with low energy electron diffractishEED), Au-
tunneling microscopySTM).*~° The reactive surfaces stud- ger electron spectroscofAES), a multiplexed quadrupole
ied were either Pd single crystals or polycrystalline palla-mass spectrometéf)MS), and an extractor ion gauge. For
dium metal-oxide-semiconductor devicéd-MOS.”® For  dosing with atomic hydrogen, a highly efficient capillary
studies in the high pressure regime (1.0 Pa), mostly Pd  doser, designed after the concept of Bischler and Eitals

foils or membranes have been uséd® Directly related to  been used. A detailed characterization of this doser was per-
the water formation itself, numerous investigations also dealformed by Eiblet al.?® which allows the calculation of the
with the interaction of the two single reactants hydrdde  number of incident atoms on the sample surface during ex-
and oxygef®’~**with Pd surfaces, including the determina- posure. For the water formation experiments, oxygen has
tion of corresponding sticking coefficients, diffusion always been dosed isotropically, whereas hydrogen could be
barriers>? desorption energies and their dependence on sudosed either isotropically (§) or via the atomic sourcéH,

face temperature and coverage. It is well known that wateH,) with a variable angle of incidence between 45°—90° and
formation is a thermally activated process with an activatiora distance of about 2.5 cm from the capillary. The UHV
barrier of 0.3-0.42 e\(Refs. 3 and #for OH formation on  system also offers the possibility to measure the kinetic en-
Pd111). Due to this barrier, a minimum surface temperatureergy of desorbing species by a time-of-fligitOF) unit at-

of about 200 K is needed for j@ formation. Recently, also tached to the main chamber. It consists of two differentially
the interaction of gas-phase hydrogen atoms with adsorbgsumped chambergturbomolecular-, and Ti-sublimation-
oxygen on Rtl11) has been investigatéd suggesting a new pumps, the first containing a motor driven chopper-disk and
reaction channel for O formation at low surface tempera- the second the detector quadrupole mass spectrometer. These
tures(85 K) via hot atoms. In this work we have focused on chambers are connected via a system of carefully aligned
differences in the kinetics of water formation on a(P) apertures, integrated into specifically constructed liquid ni-
single crystal surface, by using either molecular or gas-phasteogen cooled cryo panels. The pressure in the TOF-detector
H atoms to react with oxygen. The experiments have beenhamber thus always stayed below 20! mbar, provid-
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ing low background signal even if the total pressure in theof both reactants tad) and Qad) at a certain temperature of
main chamber exceeded 10mbar. Additionally, the rather the active surface. Provided that the reaction proceeds under
long distance of 476 mm between chopper and detectoisteady-state conditions, the product r@éeHz; bo,; Trd

QMS provides excellent time-resolution of the TOF spectrajs, as a first approximation, a function of these three param-
For a more detailed description of the TOF unit and theeters only. As the reactant coveragespeciallyé,;) were not
evaluation of TOF spectra, see Ref. 30. The atomic doser ifjjrectly observable in the steady state regime, the corre-
the main chamber is positioned at an angle of 45° with regponding partial pressurgs;, and po, were used as cover-

spect to the_detectqr ent_rance aperture an_d the optical axis %e related parameters instead. Partial pressures could be
the TOF unit, allowing simultaneous atomic hydrogen exloo'continually monitored via the multiplexed quadrupole mass

sure of the sample during time-of-flight measurements. T e . : :
) X . pectrometer. Regular calibration of the QMS detection sen-
disk shaped RA11) single-crystal sampl€10 mm diametgr sitivity for hydrogen and oxygen allowed for quantitative

was fixed to a liquid nitrogen (L cooled sample holder by determination of the number of -Hand G molecules actu-

:WO moli/bdenunlw dV\SreS for dr(;&tstlve hg:;mnga Iggosimﬁ)_lsally impinging on the active surface. To allow easy subtrac-
C?;?}?‘Z"S:rifctzi sarip\izr:‘?ont ii\élveeevcas e?gure d by régul |rc_>n of any background water contribution, the following ap-
sputtering with Af ions at 900 K and annealing at 1100 K %roach has been chosen for the experimental determination

for about 20—-30 min. To get rid of residual carbon con-OF the water product rateb(py,; Po,; Ted: All measure-

tamination, the sample was subsequently exposed tB'eNts started with the clean, LNcooled sample kept at
5x 108 mbar of oxygen for about 15 min at 550 K Tpq=100 K with a background pressure in the order of

—10
(as proposed in Ref. 14Finally, the sample was heated to 10 mbar. In the next step, constant fluxes of &d G
1100 K at 710~ mbar hydrogen background pressure.Vere admitted into the chamber via separate leak valves. In
After this treatment, thermal desorption spectroscop);h's way, the active surface was exposed to constant isotropic

(TDS) did not show any CO desorption after oxygen adsorp ‘gas mixtures of hydrogen and oxygen at fixed partial pres-

tion at 100 K. By AES surface inspection, further contami-Suré ratios. A slow increase Pf the sample te{nperature
nation by boron or sulfur could be ruled out, too. The rim (~1 K/s), in order to stay in a “near steady state” regime,

and backside of the sample could be considered inactivdin@lly permitted the measurement of the temperature depen-
concerning hydrogen adsorption and water formation. Thiglent water formation on RE11) at a constant reactant sup-

was evidenced by quantitative TDS of the clean(1Rd) ply with the help of the multiplexed QMS. After having
surface, exhibiting a saturation coverage of1.0ML  reached 1100 K, the sample was cooled down agaifip{p

(1 ML=1.53x 10" atomscm?) after exposure to 5-10 <110K. Below ~200K no OH formatio4néand no HO
Langmuir of molecular hydrogen, at a sample temperature ofermation likewisg takes place on Rd#11),"" so the mea-

97 K, in accordance with Ref. 14. sured water rate at the beginning and the end of each mea-
surement(where Tpq<110 K) could be used to determine
lIl. RESULTS AND DISCUSSION the H,0 background_. Figures (8—1(c) show exemplary
) H,O-rates as a function of the surface temperature for fixed
A. The H,+0,=>H,0 reaction on Pd (111) H, and G, partial pressures. Depending on thg,/po, ratio,

The most obvious and straightforward way to analyzethese HO-rate curves vary significantly, concerning the tem-
the reaction of hydrogen and oxygen towards water on anperature at maximum water production and the absolute
given surface comprises the determination of the water prodvalue of the HO rate. Additionally, some kind of hysteresis
uct rate as a function of the concentratigns., coverages occurs in the water formation rate between the “heat-up”
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white circles in the three-dimensional plots of Fig&)2and
2(b). To extract some general results from these data we will
first focus on the qualitative features of the reaction rates.
As the individual reactant partial pressures have been
chosen within the range of @10 °-1.3x10 7 mbar,
which is equivalent to impingement rates of about 0.002-0.2
ML/s for hydrogen and %10 4-5x10 2 ML/s for oxy-
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° W\\““ gen, the H and O coverages are always very small during the
4'70 2 “ 5 4 R 6 A reaction conditions. For the applied; idressures, the hydro-
%‘97 0 W, x\0 b gen coverage is very small due to rapid desorption above 300

K. By in situ Auger electron spectroscopy to monitor the
FIG. 2. Water formation rate®(py,; Po,; Tpd @s a function of Hand G oxygen coverage during water formation, it was found that
pressures at fixed surface temperatiatained from a set of measurements also the oxygen signal became undetectable small a few sec-
as shown in Fig. L The white circles correspond to the water formation gnds after the start of water formation, synchronous with the
rates_g)btalned by Yarylng the,Hpressure at fixed Opressure |()02=6.7 increase of the hydrogen flux. In Figs(a)Z and 2b) it is
X 10" ° mbar) and fixed sample temperaturé®: 450 K and(b) 650 K. . - .
apparent, that the overall,® rate increases with increasing
total pressure piH2+ poz) for a fixed sample temperature.

and “cool-down” cycles, which is partially due to the 1 K/s Therefore, the reactant supply constitutes the main rate lim-
heating rate and a nonequilibrium initial situation resulting initing factor. On the other hand, for a given oxygen pressure,
desorption peaks in the heat up regime. The mean values §icréasing the hyd_rogen pressure _above a certain value does
the water formation rates of the “cool-down” and “heat-up” not lead to an equivalent increase in theQHrate. This bend

cycles for a number of different HO, ratios were used to ©f the ®(pn,; Po,= const,; Tpy=const.)-curve indicates the
plot the ratescp(sz; Po,; Tp9 in the form of three- partial pressure ratiop@z/poz) or the impingement ratio
dimensional diagramigFigs. 2a) and 2b)]. The deviation of (N n,/N; o,), at which practically all adsorbed oxygen and
the water formation rates from the mean value are only aboutydrogen atoms are converted tg® This subject will be
10%, thus quasi-stationarity of these experiments is largelgiscussed in more detail below. At this point the highest wa-
fulfilled. Two exemplary representations of the rate functionter formation rate exists for a given total pressure. We will

@ (pn,; Po, Tpa=const.) for Tp=450 and 650 K are designate this ratio the “optimum partial pressure ratio”
shown in Figs. 23) and 2b). To further confirm the shapes (OPR), corresponding to the “optimum impingement ratio”

of the rate surfaces, an alternative procedure has been af?IR) that will be used for better comparison with the ex-
plied: For fixed sample temperaturésg., 450 and 650 K  Pperiments using gas-phase H atoms. As can be seen from the
and a constant isotropic oxygen fluxpdg=6.7>< 108 shapes of the Water' fqrmation raFe func_tions
mbar), the water formation rate was measured as a functioff (Pr, Po,; Ted presented in Fig. 2, the “optimum ratios”

of the hydrogen pressure, which was slowly varied to acare independent of the total pressure in the studied pressure
count for the relaxation time of water formation. Equivalentrange y,:0,<2x10"" mbar). Detailed analysis of the
measurements apg= 100 K were performed to determine water formation rate, for sample temperatures ranging from
the H,/O,-pressure dependent backgroundQHcontribu- 300 K to 1100 K, revealed a significant temperature depen-
tion. The background corrected water rate curves reproducetence of the OIR which is presented in Fig. 3. In the tem-
quite well the characteristic shapes of the rate surfaces olperature range from about 300 to 500 K, the OIR shows its
tained by the first method. These data are represented asaximum value of 2.7 10% (corresponding to an OPR of
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about 0.67, which is followed by a linear decrease of the 50 —

OIR for higher sample temperatures till a value of about 45{ a B ] L
2.0+-15% is reached at 900 K (ORRD.50). This value re- %40- =l g
mains approximately constant up T¢4=1100 K. The fact f 354 . ;fj a

that the “optimum ratio” approaches the stoichiometric ¢ 301 § o]

value (OIR=2.0) for sample temperatures above the desorp- ;25' 82 7

tion maximum of oxyger(at around 760—800 K, according £ 204 N
to Refs. 21, 22 together with the linear decrease of the OIR ~ « 157, O oo 200 300
in the mid temperature range suggest, that changes of the & 101

sticking coefficients of the single constituents may be the = 59

major causes for these variations. 0

itati s ina the t wre d 100 200 300 400 500 600 700 800 900
Quantitative conclusions concerning the temperature de- Temperature [K]

pendent sticking coefficients can be drawn under the follow-

ing assumptions: First, it is supposed that for water formaFlGF-) 4i11heHrma! desorptiog zmcttﬁgsg of H, after dosagi gfL atorl’nic ||4

H “ H ] n . Ing r: = . ren rum - m r
tion at tglfz optimum ratio” all adsorbed atoms are convertedgz: f 5 I\BIL; ?;t 25? La;‘ﬁmic Hf 1(‘2)0 &f;é)csosff;t_zuo ML @ 180‘9‘3‘ a

to H,0.”* Second, the sticking coefficients for both Bnd 395 ML; (¢) 200 L: 6.0 ML; (f) 250 L: 7.2 ML. The inset shows the

O, should only depend on the sample temperature, as th&rresponding coverage vs exposure data.

total reactant coverages are smaélitial sticking coeffi-

cients. This is confirmed by the fact that the water rate in- ) o .

creases linearly with the single reactant pressure up to thgf Engel etal,” the sticking coefficient of hydrogen on
point where the optimum ratio is reached. Of course, thig 111 is practically independent of the sample temperature
approximation is not valid for temperatures3s0 K, when  for Tee>400 K. An absolute value of ab0|.‘B£,2%0.45 has

H adsorption and site blocking becomes significaratver-  been determined by Beudt al'® Using these values, the
age dependent sticking coefficignEurthermore, any con- “optimum impingement ratios” turn out to be 2:510% at
tinuous loss of adsorbate, due to diffusion into the bulk, canfpg=450 K and 2.#10% at Tps=650 K, respectively.

be neglectedespecially at the “optimum pressure ratiyy. ~ These results reproduce the overall temperature dependence
An estimate of the bulk absorption rate of bn the P@111) of Fig. 3 quite accurately, taking into account the rather large
sample has been determined experimentally by quantitativeariations of sticking coefficients for Hon Pd111) pub-
TDS, confirming the latter statement. Other studies on Pdished in the literaturé™®1"19=?3n addition to that, it can-
membranes and on Pd-MOS devices also revealed, that durot be excluded that some contribution of the beforehand
ing water formation under comparable conditions no permeneglected H-desorption during water formation may be the
ation or diffusion of hydrogen into deeper surface layersreason for the small discrepancy between calculated and ex-
takes plac€:'? Finally, the competing process of,Hlesorp- ~ perimentally obtained OIR.

tion may be neglected in a first approximation, as the water

formation reaction is much fastérThus, according to the B. Atomic H exposure on Pd (111)

evaluation procedure given in Ref. 7, the following relation-
ships should be valid for water formation at the “optimum
impingement ratio”(OIR):

Before discussing the “atomic HO," reaction we will
present the adsorption/desorption features for pure atomic
hydrogen exposure. Concerning the hydrogen desorption fea-

N ads= 2 NG ads. (1) tures and nomenclature, we refer to the work of Gdowski
' ' etal,’* who performed exhaustive TDS studies of the
Nile’Saz(Tpd)ZZ' Ni.o, S%Z(Tpd) (2 H,/Pd(111) system. Similar experiments carried out on our
Pd111) single crystal with molecular hydrogen yielded com-
or in another form, parable desorption spectra as presented in Ref. 14.
N Soo (Trg) By exposure of the clean PHL1) surface to atomic hy-
b, 7% P &) drogen via the hot capillary dosé€2000 K) at a sample tem-
Ni o, Saz(Tpd) ' perature of 100 K, the thermal desorption spectra presented

in Fig. 4 have been obtained. In addition to the surface de-
By using independently determined sticking coefficients forsorption peak 8 peak at ~300 K, a rapid increase of a peak
hydrogen and oxygen, e.g., from Refs. 16, 17, 19-22 in Etat around 170 K could be detected, which we designate as
(3), the corresponding optimum impingement ratios can behe o peak. A similar peak also shows up after extended H
calculated and compared to the values from Fig. 3. As showxposure, which has been attributed to subsurface
by Sjovall etal,'*?° the sticking coefficient for @ on  hydrogent*18 Contrary to the near zeroth order shape of the
Pd11)) (at translational energies corresponding to a gas af, peak after dosing with molecular hydrogen, the atomic H
room temperatufedecreases linearly with increasing samplejnduced peak exhibits a trailing edge towards higher desorp-
temperature and exhibits just a weak angular dependence fgpn temperatures, which leads to a significant increase of the
sample temperatures aboVgy=400 K. From the data of the g peak at higher exposure. Obviously, gas-phase H atom
above mentioned references, the oxygen sticking coefficienisxposure leads to a different distribution of hydrogen in the
have been estimated to 8, ~0.55-0.60 afTpe=450 K sybsurface and bulk-sites thus causing the observed TDS fea-
andS%2~0.45—0.50 al p4= 650 K. According to the results tures. Additionally, a much faster uptake of hydrogen can be
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o
B
obtained by direct impact of atomic hydrogen compared to o
the in-diffusion during H exposure. By quantitative analysis I g
of the TDS areas, a linear relationship between coverage and . E * "H*0,
exposure could be found for exposure with atomicdeée 1 - P o ‘"atomic H+O,"
inset of Fig. 4. The uptake rate was measured to be 00 05 10 15 20 25 30 35
0.025 ML/L*, where L* signifies the Langmuir equivalent N, [10"atoms-cm®s’]
for the number of impinging atoms during atomic H expo- ‘
sure (1 ¥ =2.87x 10*® H-atoms cm 2.5 b, FIG. 6. Background subtracted,8-rates as function of atomic and molecu-

lar hydrogen flux at different sarglgle temperatzuresl. The constant isgtropic
. . oxygen flux was N; o ~3.6X10~ atomscm “-s~ =6.7x10"

C. The atomic H +0,=H,0 reaction on Pd (111) mg/:r) for all experime’r?tzs. Rem.: Some of the dips in trggijzata sets are due to

For determination of the steady state water formatiodrregularities in the manual adj4ustment ofia2 stflaQy hydrogen partial pressure
characteristics via the reaction of atomic H with,,Oa  "creasdeg. atNi ~1.1x10" atomscm™ 5™ in (b)]
similar approach as described in Sec. llIA has been
chosen: The cleaned sample surface was exposed to a con-
stant isotropic oxygen flux o, =6.7X10"° mbar;Nio,  pared to the previous results of Sec. Il A. Significant differ-
~3.6x 10" atomscm™?-s™ 1) at fixed sample temperatures, ences to the “H+ O,” reaction could be found for the OIR
whereas the flux of atomic hydrogen, impinging at normalif atomic H was usedsee Figs. @) and &b)]. At a sample
angle of incidence, has been slowly increased from backtemperature of 450 K, the OIR for the “atomic4H,” re-
ground level to a final hydrogen pressure pf,~1.3  action is measured to B¢ ,;/N; o=3.3+ 15% (compared to
x10~7 mbar (N; y~3.5x 10" atomscm 2.5 ). The O  the OIR of 2.7 for the “H+O,” reaction at the same tem-
rates obtained as a function of the atomic hydrogen flux foperatur¢ and the same value has been found sy
different sample temperatures are presented in Fig. 5. The 650 K. Thus, if gas-phase H atoms are used for water for-
abscissa in Fig. 5 indicates the total number of impinging Hmation on P¢l11), the maximum HO-rates are obtained at
atoms \; ), including the directly impinging atoms from higher hydrogen impingement ratios with no discernable de-
the atomic source as well as the dissociatively adsorbing hypendence on the surface temperat{@eleast in the studied
drogen molecules from the background. As can be seen intemperature and pressure rang€he explanation for this
mediately, the water rate curves measured at 450 and 650 surprising result is most probably the competing reaction
again exhibit a characteristic bend, whereasTgg=110 K  channel of abstraction of already adsorbed hydrogen by im-
only a linear increase of the water signal due to backgrounginging H atoms via hot-atom reactions.
reaction is observed. After the bend, characterizing the com-  Similar to Sec. Ill A, we state that during water forma-
plete conversion of all adsorbed oxygen toward®©OHthe tion at the “optimum impingement ratio” a stoichiometric
rates show the same linear increase as seen for the 110 ¢démposition of adsorbed H and O atoms is maintained on the
curve. Consequently, the water rate measuredTaj  surface, even if abstraction of hydrogen takes place simulta-
=110 K has been considered as pressure dependgdt H neously. Therefore, a modification of EQ) has to be made
background, possibly due to enhanced water formation oby taking into account the number of directly adsorbing H
the copper sample holder. As the absolute water formatioatoms (Naomic H.aad, the loss of adsorbed hydrogen via ab-
rates may change due to variations in pumping speed, onlgtraction reactionsNy apstracd @nd the contribution of disso-
the “optimum impingement ratios{at the bends in the #0  ciative adsorption of K molecules from the background
rate curves represent features that could directly be com-(Ny a¢s (2n))-
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Natomic H,ads.™ NH,abstractT" NH,ads.(ZT) =2 NO,ads.- (4) (a) 500

MB-FIt:T,,,~ 514K @T,, - 500 K

Additional losses of hydrogen and oxygen via further reac- 450 -
tions, e.g. in form of direct abstraction of OH orL® mol-
ecules are not considered in this approximation as no experi-
mental evidence could be found for significant occurrence of
these reactions. By using the appropriate sticking coefficients
(Sy, SHz’ 502) and impingements rates, as well as an ab-
straction coefficient &) designating the probability for an
impinging H atom to recombine with an already adsorbed
hydrogen atom and to desorb as aniriolecule, Eq(4) can 150
be rewritten as follows: 0.0 0.5 1.0 1.5 2.0 25

Time [ms]
N atomic 1 (S(To —Aui(Tod) + N iomy- S5 (Ted sl
(b) o

=2-Nj o(2m" S%Z(Tpd). (5) . ‘MBFit: T__-516K@ T,, = 500 K

%

It has been shown for surfaces comparable t@LPH, e.g.,
for Ni(112),% that the initial sticking coefficient of atomic H
is almost unity 6&%1.0), thus it could be stated that reflec-
tion of hydrogen atoms seems to be a rather minor effect at
low coverage. From this assumption, we deduce the relation:
Sy+Ay=1 as a side condition to E¢5).

Inserting into Eq.(5) the measured total impingement
rate of Ni H-tor= Ni,atomic Ht Ni H2m=~1.2X 10" 15
atomscm™ 2.

Counts

s ! at the bend of the O formation rate sig- 0.0 0.5 10 15 2.0 25
nifying the OIR of 3.3, an experimentally determined ratio of Time [ms]

Ni h-tot./Ni H2m=~1.7 (depending on the doser-sample dis- _ _

tance and the hydrogen pumping sp)eadd sticking coeffi- FIG. 7. Time-of-flight (TOF) spectra of HO molecules, formed on a

. . N . . . Pd111) surface at 500 K(a) H,O formed via molecular bt O,: pi:.
cients as used in Sec. Ill PS"‘2~0'45’ Soz (450 K)~0.57; =1.7x10"° mbar; Ni n, /Ni 0,~2.6; (b) H,O formed via atomic HO;;

So, (650 K)~0.47], leads to the following results: Atpy  p,=4.8x10"® mbar; Ni n+1,/Ni 0,~2.5; Detection angle: normal to sur-
=450 K the abstraction probability for H atoms turns out toface. The black lines correspond to the best fits of Maxwellian TOF-
be A,=0.40=20% and the sticking coefficiers,=0.60 distributions for HO to the experimental data.
+20%. At Tp=650 K, the corresponding values afg,
=0.47+20% andSy=0.53+20%. It should be noted, that
an abstraction probability as defined above will generally bef 300 K, the second by atomic H and isotropig (it
hydrogen coverage dependdwt,=f(6y)]. Therefore, the ~4.8x10° mbar; N; 4, 1,/N; 0,~2.5). Compared to the
obtained values represeAt, only for the small equilibrium  yrevious experiments, the,Hand O, partial pressures for
coverage at the OIR. . _ these measurements have been chosen much higher to obtain
Summarizing, it can be stated that direct dosing ofadequate water product rates for an acceptable signal to noise
atomic hydrogen is rather counterproductive for water for-atio of the TOF spectra. The detection angle was always
mation on P@L11) under the studied conditions, due to the normal to the sample surface. For,®l formation with
generation of hot-H-atoms which possess a high probabilityiomic H, a lower hydrogen flux was used to ensure a high
for hydrogen abstractiofeven at low hydrogen coverages gegree of dissociation of Hthrough the hot capillar’
before dissipating their excess energy. This way, the nejhich explains the different count rates in Figgaj7and
amount of adsorbed hydrogen that is available for furtherp) At lower sample temperaturés.g., Tpg< 220 K for the
reactions towards water is significantly reduced. A mecha«aiomic H+0,” reaction), the resulting HO flux from the
nism involving hot atoms that could possibly lead to desorpsample surface became too small to be detectable with our
tion of water even at temperatures below 20Qtémperature  jnstrumentation. For evaluation of the TOF spectra a method
needed to form OH from adsorbed O and(Rlzefs. 4, 8], as described in Ref. 30 has been used. In both cases of Fig. 7,
which has been found for platmlffn_or cgppeﬁ could N0t the detected flux of desorbing,® molecules could be best
be found with the conditions used in this study. described by single Maxwellian distributions corresponding
closely to the temperature of the active surfaggg(. Other
TOF measurements at sample temperatures of 700 K or at
detection angles of 22.5fmarking the specular direction
In Figs. 1a) and 71b), two examples of time-of-flight with respect to the incoming flux of hydrogen atgnpso-
spectra for desorbing water molecules are preseriédd duced similar results.
sample temperatures of 500.KThe first spectrum was ob- Summarizing, it can be stated that water formed on a
tained by reaction of isotropic molecular, Hind G (Pt Pd111) surface is always completely accommodated to the
~1.7x10 ° mbar; Nin,/Nio,~2.6) at a gas temperature surface under the conditions studied. These results suggest

D. TOF-measurements of generated H ,0
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