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Using a common purity Pt foil, the character of adspecies adsorbed from the residual gases in a
stainless-steel UHV system was studied by the electron-stimulated desorption (ESD) method.
Hydrogen adatoms and dissociatively adsorbed water vapor were found as a deposit from the gas
phase. The alkali metal ions, Na* and K*, were readily observed by secondary ion mass
spectrometry even after sputter cleaning the sample. It is suggested that alkali metal impurities
could be the active sites on the Pt surface for dissociative adsorption of water. The fluorine
observed on the Pt surface was thought to be a result of surface segregation of fluorine bulk
impurities, with the standard enthalpy of segregation being 1600 cal/mole. A correlation between
ESD of fluorine and an increase in ESD active surface hydrogen was observed. It is concluded that
surface sites released by fluorine desorption are particularly active for hydrogen adsorption. Also,
ESD parameters, such as total cross section, ion energy distributions, and the ion yield dependence
on electron beam energy, were measured for various adspecies observed on the Pt foil.

INTRODUCTION

The aim of this work was to study the
influence of electron bombardment (by
means of electron-stimulated desorption
(ESD)) and temperature on the adsorption
phenomena that occur on a Pt foil surface
exposed to the residual gases in a UHV
stainless-steel system. Only a few papers
concerning ESD studies on Pt have been
reported up to now. Huber and Ret-
tinghouse (7, 2) investigated the ESD
process using a Pt sample exposed to the
gases H,, O,, CO, and H,0. For H, ad-
sorbed on Pt, strong H* ESD signals were
observed. They observed ESD of small
amounts of CO*, but no O*, for CO ad-
sorbed on Pt. Coadsorption of CO and H,
reduced the hydrogen ESD signal consider-
ably—probably due to competitive adsorp-
tion. Investigating a Pt-Ir (5%) sample us-
ing a high current density electron beam
(10~* A/cm?) they measured the total cross
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section for ESD of hydrogen to be 2 x 1016
cm?. Similar measurements on a Pt sample
produced values ranging from about 5 X
1077 to 1 x 107'* cm?. Because of the
presence of O" and OH* ESD signals, they
suggested that H,O was dissociatively ad-
sorbed on their Pt-Ir sample. By means of
ESD and thermal desorption Baldwin and
Hudson (3) studied a Pt(111) surface ex-
posed to H, and CO. Their results were
contradictory to those of Huber and Ret-
tinghouse in that they observed strong O*
ESD signals and no CO* when CO was
adsorbed on their sample. This behavior is
the normal behavior for CO adsorbed on
most metals. Using 1.5-keV electrons Lam-
bert and Comrie (4) studied ESD of CO on
Pt(111) indirectly by means of Auger spec-
troscopy. They found that oxygen was the
main desorption product. They also con-
cluded, as have others (5), that secondary
electrons, returning through the adsorbed
layer, play a significant role in the ESD
process.

In our study we have concentrated on
ESD of fluorine and hydrogen from Pt foil.
This was done because under the condi-
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tions of these experiments fluorine and hy-
drogen produced the predominant ESD sig-
nals. Bombarding electrons of 1000 eV
were used in this study, except where oth-
erwise noted.

ELECTRON STIMULATED DESORPTION

Electron-stimulated desorption (ESD) is
the process whereby an electron, incident
upon a surface, excites an adsorbed species
to a repulsive state from which it subse-
quently desorbs. Desorbing species may be
charged (positive and/or negative) or un-
charged (ground state or excited state neu-
trals). The technique can be used as a
highly surface-sensitive probe for species
which are active to this process; in particu-
lar it has been used to study many systems
in which hydrogen and oxygen are impor-
tant surface species. Because of the
difficulty involved in analyzing and detect-
ing small numbers of neutral particles, the
charged species (positive and/or negative
ions) are most often the desorption prod-
ucts that are studied. In this study we
analyze and detect only the positively
charged desorbing ions.

For the reader unfamiliar with the ESD
process and analysis technique and desiring
additional information we refer to the list of
review articles (i-ix) at the end of the
standard reference list.

EXPERIMENTAL

A previously described (5), highly sensi-
tive, ESD detection system was used in this
study. A 6-in. 60° magnetic sector mass
spectrometer served as the ion analyzer.
With this system we are able to obtain
information such as: (1) total cross sector
(Qy) for ESD, (2) ion energy distribution
(IED) for ESD species, and (3) ESD ion
yields vs bombarding electron energy. Sec-
ondary ion mass spectrometery (SIMS) is
also an available technique. Because of the
versatility and stability of the ESD system,
long-term bombardment studies could be
performed with minimal variation in the
experimental parameters.
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Pressures of 107* to 107! Torr (1 Torr =
133.3 Pa) were routinely achieved in this
ion-getter pumped UHV system. A second
magnetic sector mass spectrometer was
used to monitor gas-phase composition dur-
ing the experiments. Generally, the main
components of the residual gas were H, and
H,O, with some CO, CO,, and CH,. Small
amounts of other hydrocarbons were also
present. Reagent-grade gases (e.g., H,, O,,
Xe) could be introduced into the system at
specified pressures via an automatic pres-
sure controller.

The target used was made of common
purity (99.9%) Pt foil. Before ESD mea-
surements were begun, the Pt sample was
sputtered (Xe™ bombardment) and an-
nealed (700 K at 107® Torr).

Because the ion gun-sample arrange-
ment is set up primarily for the purpose of
performing static SIMS, sputter cleaning is
not highly effective when restricted to rea-
sonable duration of ion bombardment.
SIMS data indicate that surface impurity
concentrations were still relatively high af-
ter the sputtering process. These impurities
may be, in large part, responsible for much
of the observed results reported in the
following sections. However, for our pur-
poses, this is somewhat desirable because
our primary aim is to study practical sur-
faces such as those which may exist under
production situations or in other real appli-
cations (5). In our ESD studies, electron
beam current densities of =5 x 107% A/cm?
were used in order to minimize sample
heating by the electron beam.

RESULTS AND DISCUSSION
A. SIMS Spectra

After the Pt foil had been partially
cleaned by Xe* bombardment, a SIMS
spectrum was obtained (Fig. 1). Na*, K™,
and Ca* correspond to the largest peaks.
These elements are only present on the
surface in trace quantities (i.e., ~ = 107%'2
atoms/cm?), but because of their very high
secondary ion sensitivity (5, 6), they
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FiG. 1. SIMS spectrum from Pt foil at room temperature, using 1000-eV Xe* ions. The presence of
Fe, Cr, and Mo ions is probably due to interaction of part of the ion beam with stainless-steel sample

holder.

produce the largest peaks in the SIMS
spectrum. It has been suggested by Ford
and Lichtman (7) that one possible source
of alkali metal impurities on surfaces may
be a result of deposition of alkali halides in
the form of aerosols from the atmosphere.
In our opinion, this seems a likely source
(rather than bulk impurities) in this case.

At this sensitivity fluorine is not ob-
served in the SIMS spectrum. Although
fluorine has relatively low secondary ion
sensitivity as a positive ion, this result
would still indicate that the fluorine impu-
rity concentration is low.

Part of the ion beam impinged upon the
304 stainless-steel sample holder; this ex-
plains the presence of Fe, Cr, and Ni peaks
in this SIMS spectrum. This is not a prob-
lem for the ESD studies; the electron beam
is directed and focused so that it hits only
the sample. The source of the Mo and Cu,
which are seen in the SIMS spectrum, is
not known at this time.

B. ESD Spectra and Equilibrium Studies

An ESD spectrum, obtained from the Pt
foil at 298 K, is shown in Fig. 2. Fluorine
and hydrogen produce the predominant
peaks, with smaller peaks corresponding to

oxygen, chlorine, and OH. (Although the
fluorine signal is quite large it should be
realized that the cross section for produc-
tion of F* by ESD is very large; hence, these
large F* ESD signals still represent very
low fluorine concentrations at the surface—
perhaps =1072 to 107% monolayer). In order
to obtain temperature-dependent equilib-
rium ESD data, ESD spectra were obtained
with the Pt sample at a variety of tempera-
tures in the range 300-700 K. To illustrate,
spectra taken at 298, 363, and 580 K are
shown in Fig. 2. Prior to electron bombard-
ment, the Pt sample was maintained at the
temperature of interest for 15-20 hr. The
graph in Fig. 3 is a summary of the whole
set of these experiments. One can see that
the equilibrium concentration of fluorine on
the surface (as determined by ESD) in-
creases with sample temperature. How-
ever, the population of H adatoms which
are active to ESD decreases with increasing
temperature. Because hydrogen adsorption
on Pt is an exothermic reaction with an
enthalpy of 24,700 cal/mole at low cover-
age (8), this observed temperature depen-
dence for the H* ESD signal should be
expected. The decrease in the H* signal
due to the incorporation of H adatoms into
the bulk probably can be neglected because
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F1G. 2. ESD spectra from Pt foil, at various tempera-
tures, having adsorbate species concentration on the
surface in equilibrium with their concentration in the
gas phase and in the bulk of metal. The spectra are
shifted in the graph with respect to each other in order
to show peak height dependences on the temperature.
All spectra were obtained using electron beam of
energy 1000 eV and current density of 4.5-107°
A/cm?.

of the very small solubility of hydrogen in
Pt.

20,
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Fluorine was absent from the gas phase;
consequently, the most likely sources are
platinum bulk impurities or impurities
present on either the Pt surface or at the
surface of the stainless-steel sample holder.
(Another possible source might be the hot
filament in the electron gun (9). This seems
unlikely in this case because an ‘‘off-axis”
(5) gun was used in these studies.) By
moving the electron beam we could check
for fluorine concentration gradients across
the Pt sample. Within experimental error,
no concentration gradient was observed
between the center of the target and its
edge. This suggests that the increase in the
equilibrium F* ESD signal with tempera-
ture is due to surface segregation of fluorine
from bulk impurities rather than from sur-
face diffusion of fluorine adspecies from the
stainless-steel sample holder to the sample.

As long as surface segregation is not too
highly pronounced, the above suggestion
would indicate that, even for a low fluorine
impurity bulk concentration, the number of
fluorine atoms in the bulk (NF) is much
greater than the number of fluorine atoms at
the surface (NgF) for samples which are
very thick in comparison to atomic spac-
ings. We can then write

F!
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o OH
g 15+
E H *
<
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FiG. 3. ESD ion signals as a function of temperature. The concentration of adsorbate species on the
surface had come to equilibrium with their concentration in the gas and in the bulk of the metal before

the data were obtained.
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where

A H is the standard enthalpy for a mole of
fluorine atoms going from the bulk to
the surface,

C is a constant, and

N.F is the total number of fluorine atoms in

the sample.

For a very low bombarding electron beam
current density, N.F is very nearly constant
with time; thus it follows from Eq. (1) that

NgF = k, exp (:ﬁATﬂ)

If the ionic cross section (o*) for ESD of F+
does not depend on temperature, it can be
shown (/0) that the detected F* ion current
(i) is directly proportional to the fluorine
coverage

)

is"(T) = i.Ka"Ns"(T), 3

where

i, = bombarding electron current, and
K = transmission of ESD analyzer.

Using Eq. (2), this can be rewritten as
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(D) = kexp (Tpal), @
where
kg = kl ieK0'+

In Figure 4 we show data plotted as
In(ic*) vs 1/T. From these data and Eq. (4),
we estimate the standard enthalpy of
fluorine segregation on Pt foil to be =1600
cal/mole.

In our investigation we observed an O*
and OH* ESD signal—presumably from
adsorbed H,O—at H,O partial pressures of
=10"? Torr. We also observed an increase
in the O* signal and a decrease in the OH*
ESD signal with increasing sample temper-
ature (Fig. 3). It has been reported (/1)
that, at room temperature or higher and
H,O partial pressures of <10~¢ Torr, H,0O
does not adsorb onto clean Pt surfaces. The
contradiction which our data present can be
explained if the water is adsorbed onto
alkali metal impurity sites or other impuri-
ties present on our Pt sample (see SIMS
results). If this were the case one would
expect the water to be dissociatively ad-
sorbed. This conclusion is further substan-
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FiG. 4. A plot of the F* ESD data from Fig. 3 as In iy* vs 1/T. From the slope of the line the standard
enthalpy of surface segregation of fluorine in Pt is caiculated to be AH = 1600 cal/mole.
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tiated by the fact that no definite ESD H,O*
signals were observed. (It is our opinion
that nondissociatively adsorbed H,O would
be bound with the oxygen atom near the
surface; hence, in this case, if OH* ESD
signals are observed, we would also expect
to observe H,O* ESD signals.) The behav-
ior of the O* and OH" signals with increas-
ing temperature is also consistent with dis-
sociative adsorption of H,O at alkali
impurity sites: at higher temperatures the
dissociation of H,O at alkali impurities can
lead to the complete dehydrogenation of
H,O adspecies resulting in the formation of
oxygen adatoms. (We should note, for fu-
ture reference, that because of the presence
of the OH* signal, it is very likely that part
of our H* signal is due to ESD of H* from
dissociatively adsorbed H,0.) As men-
tioned earlier, Huber and Rettinghouse
(1, 2) also observed O* and OH* ESD
signals. In view of our findings and other
work (/1) it is very likely that their sample
also contained surface impurities which
served as active sites for dissociative ad-
sorption of H,O.

When the system was backfilled with H,
gas to a pressure of ~5 x 107% Torr, there
was no change in the Of or OH* ESD
signals. This would further indicate that the
OH adspecies were formed by dissociative
adsorption of water—not by the reaction of
hydrogen with oxygen adatoms. The possi-
ble existence of some inactive oxygen ad-
atoms on Pt (and even Pd) surfaces has
been previously reported (10, 11).

C. Nonequilibrium ESD Studies

When the bombarding electron beam cur-
rent density (J,) was increased to values
=107 A/cm?, decay of the F+* ESD signal
was readily observed. By measuring the
rate of signal decay, the total cross section
for ESD of fluorine (Qy) can be obtained
according to the well-known equation (10)

@) = i) exp [ 22| (5
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where

ix*(7) is the detected F* signal after time ¢
of electron bombardment,
ix*(0) is the signal at the beginning of bom-
bardment, and
e is the electronic charge.

During electron bombardment for pe-
riods of ~15 min using a beam current
density of 5 x 107% A/cm® we observed a
decay in F* signal (see Fig. 7) which corre-
sponded to Qr = 1 X 107'7 cm?. The uncer-
tainty in this value is approximately 50%. It
has been found (5) that the total cross
section for ESD of fluorine from ‘‘as is”
304 stainless steel is also ~1 x 107'7 cm?.
Furthermore, Q for ESD of fluorine from
CCIL,F, adsorbed on polycrystalline W has
been found to be 4 x 1078 cm?® (/3)—very
nearly the same as that found here. The
available data would tend to indicate, at
this time, that the cross section for ESD of
fluorine is relatively substrate indepen-
dent—at least for systems in which fluorine
is readily observed.

When the target was bombarded for an
extended time (~35 hr) using a high beam
current density (J, = 1 X 107 A/cm?), the
observed behavior of the F* signal was not
(just) as predicted by Eq. (5). Prior to the
collection of these data the sample had
been allowed to come to equilibrium for 15
hr at 298 K with no electron bombardment.
In Fig. 5, curve A, we show the observed
behavior of the F* ESD signal; curve B
shows the expected behavior calculated
according to Eq. (5) and using Qr = 1 X
100'7 cm?. A comparison of these two
curves leads to the conclusion that there
existed a source of fluorine which would
repopulate the surface. We believe this
source to be fluorine diffusion from the
bulk. This same claim was made earlier on
the basis of our equilibrium ESD studies.
We can now further substantiate this claim
in the following discussion.

The difference between curves A and B
was determined and integrated. This gave a
value proportional to the amount of fluorine
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Fi1G. 5. Curve A shows the observed behavior of the
F* ESD ion signal as a function of time, at room
temperature, using an electron current density of
1-10~* A/cm™. Curve B shows the expected behavior
which should have been observed in the absence of
any repopulation source, assuming Qr = 1 - 107" cm?,

repopulation vs time. Plotting this value as
a function of the square root of time (¢'/%),
we obtained the graph presented in Fig. 6.
For the case where the bombarding elec-
tron beam is dense enough, the F* ESD ion
current will be controlled by the diffusion
process (if there are no other sources of
fluorine) and consequently described by

ig@®) =B (6)

where B is a constant independent of time.
Indeed, in the results shown in Fig. 6, for
t2 > 11, one can see that Eq. (6) is valid.
For ¢!2 < 11, the surface concentration is
controlled by both the ESD process and
diffusion. This behavior agrees with the
expectation that, if there were no diffusion,
the ESD F* signal would be nearly zero
(Fig. 5, curve'B) at 12 = 11. When taking
this diffusion effect into account, our calcu-
lated value for Qf will not be changed by
more than the original experimental uncer-
tainty.

It might be possible for the preceding
results to be explained on the basis of

12
e,
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‘“‘uncovering’’ fluorine during the bombard-
ment rather than a diffusion process. How-
ever, for this to be the case more assump-
tions would have to be made about the

special behavior of the overlayer than were

made in the previous discussion. We be-
lieve that diffusion of fluorine is the more
probable phenomenon. In the course of
obtaining data for the determination of Ok
we ODSCTVCQ Iﬂa[ me uecrease OI I‘ Slgﬂal
was accompanied by an increase in the H*
ESD ion signal. At room temperature the
rate of H* signal increase was very nearly
the same as the rate of F* decrease, as
shown in Fig. 7. This behavior suggests the
possible explanation that surface sites re-
leased by fluorine desorption were particu-
larly active to hydrogen adsorption.

The number of surface sites, N*(¢), ‘‘re-
leased’” due to fluorine desorption can be
estimated by applying Eq (3) to the data of
Figure 7:

ix* ()
N*(¢t) = N, |1 - i)’

&)

CSMINUTES )

FiG. 6. The ‘‘integrated difference’’ between curves
A and B from Fig. 5 vs £'/2 for F*. As it was expected
for 112 > 11 the diffusion equation (6) holds.
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FiG. 7. It was observed that while the F* decayed
during electron bombardment, the H* signal in-
creased. Data obtained at electron current density
5-107% A/cm?.

where N,F is the number of sites occupied
by fluorine at the beginning of the electron
bombardment. We can expect that read-
sorption of hydrogen will be very nearly
complete during the electron bombardment
because:
(1) the enthalpy of hydrogen adsorption
is high (~25 kcal/mole) (8),
(2) the target was kept at room tempera-
ture in these experiments,
(3) the hydrogen partial pressure was of
the order 107* Torr, and
(4) the data were acquired over a rela-
tively long period of time (15 min)
using an electron beam current den-
sity that was rather low (~107%
A/cm?).
If we assume that hydrogen adsorbs on
all the sites, N*(¢), “‘released’’ by desorp-
tion of fluorine, we can write:

NU) = No*' + N*(@), ®)

where NH(¢) is the hydrogen population at
time ¢, and N,H is the hydrogen population
at the beginning of the electron bombard-
ment. Combining Eq. (3), (7), and (8), we
can write

iy () — ™ (0) — [
i (0) — (@) apt’
According to this model and assuming that

o' is known, the ionic cross section (og*)
for ESD of hydrogen from Pt foil can be

&)
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calculated using the data presented in Fig.
7.

In work done in our laboratory (13, 14)
there is a strong indication that the ESD
cross sections for desorption of fluorine are
relatively substrate independent. Further-
more, it is very likely that ozt = Qp. It has
been very carefully determined (/3) that Q¢
for ESD of fluorine from CCLF, adsorbed
on polycrystalline tungsten is 4 x 107'%
cm?. Therefore, let us use the above obser-
vations and assume that the ionic cross
section (o") for ESD of fluorine from our
Pt sample is 4 x 107'® cm? Then, using the
data presented in Fig. 7, we calculate (ac-
cording to Eq. (9)) oy* to be ~3 x 107 c¢m?
for ESD of H* from Pt foil. This value is
approximately 100 times smaller than the
Oy measured by Huber and Rettinghouse
(2) for ESD of hydrogen from Pt. This
difference of a factor of 100 should be
expected when comparing Qy to oy*; a
ratio of Qy/oy* = 100 has been observed in
nearly all studies of hydrogen desorbed by
ESD from metal surfaces.

It should be emphasized that Eq. (9) is
valid only under the assumptions that: (1)
thermal desorption of hydrogen is negligi-
ble, and (2) hydrogen readsorption during
electron bombardment is complete. When
the bombarding electron beam current den-
sity was increased above what it was for the
previous results by 10 times, so that condi-
tion 2 no longer holds, we observed that the
hydrogen signal did not behave as the in-
verse of the change in the F* signal.

Our proposed mechanism is further sub-
stantiated by the fact that, for low enough
beam current densities, Eq. (9) is satisfied
for all times ¢. This behavior is shown in
Fig. 8. Also, we have an independent check
on gyt as indicated in Eq. (3). The trans-
mission coefficient, K, of our analyzer was
measured to be ~6 x 1073, If we estimate
the hydrogen coverage on our Pt sample to
be 0.001-0.01 of a monolayer (a reasonable
estimate) we calculate o7 to be ~10~ ¥ cm?,
This is in rough agreement with our results
obtained using Eq. (9).
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FiG. 8. The ratio of the difference signals
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continpously behaves according to Eq. [9] with oyt/cs* ~0.75 for long bombardment time. This
behavior is consistent with our interpretation. The electron beam density was 4.5 - 10~¢ A/cm?.

We observe that the chlorine and oxygen
ESD signals descreased slightly during
electron bombardment. Total cross sec-
tions for ESD of these species were deter-
mined (according to Eq. (5) to be

QC] =5+3x 10—18 Cm2,

Qo=2=x1x 10718 cm?

D. Electron-Assisted Desorption of Alkali
ITons

During the course of our investigation we
observed large thermal desorption ion sig-
nals corresponding to K* ions—even at
moderate temperatures (i.e., 700 K), as
shown in Fig. 9A. Thermal desorption of
Na* was also observed, but not in
significant quantities. Surface thermal ion-
ization is a well-known phenomenon
(16, 17) so these observations are not sur-
prising considering our SIMS results (Fig.
1) which indicate the presence of Na and K
on the Pt surface.

When the temperature of the Pt foil was
lowered to 580 K, thermal desorption of K+
ions was not detectable (Fig. 9B). How-
ever, with the sample still at 580 K, we
observed small signals corresponding to

Na* and K™ ions when the electron beam
was turned on (Fig. 9C). At lower tempera-
tures this effect was not observed. For the
beam power densities used here, the maxi-
mum increase in sample temperature was
calculated (/8) to be no more than 10 K.
Hence, it is unlikely that electron beam
heating of the sample was responsible for
this observed behavior. It is more likely
that we observed ESD of thermally excited
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Fic. 9. At 700 K the Pt target shows strong K~
thermal desorption. At 580 K, K* ions are observed
only with the electron beam bombarding the target.
(A) e~ beam off, target temperature = 700 K; (B) e~
beam off, target temperature = 580 K, sensitivity =
x20; (c) e~ beam on, target temperature = 580 K;
sensitivity = x20.
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alkali metal adatoms. Electron-induced de-
sorption of alkali metal ions has been ob-
served before (/9), but more work is
needed to adequately explain this behavior.

E. Ion Energy Distributions of Ions
Desorbed by ESD

The IEDs for H*, F*, O*, OH*, and Cl*
ESD ions were measured at various target
temperatures. It was found that, within the
range 300-700 K, temperature has little
effect on the IEDs. The normalized results
obtained at 298 K are presented in Fig. 10.
The fact that the H* and F* IEDs are
similar might be correlated with our hy-
pothesis that hydrogen and fluorine are
adsorbed at similar surface sites. This sup-
position is supported by the observation
that: (1) species which we believe to be
adsorbed at sites dissimilar to hydrogen and
fluorine adsorption sites (namely, O, OH,
and Cl) do not have IEDs like H* or F*, and
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FiG. 10. Normalized ESD ion signal vs retarding
potential applied to analyzer entrance grids. The ion
energy distributions (IED) can be obtained by differen-
tiation.
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FiG. 11. The bombardment of the Pt target with Xe*
ions shifted the IED of hydrogen ions. IED of hydro-
gen ions before XE* bombardment is indicated by
open dots, and IED after Xe* bombardment by black
dots. Annealing of the Pt foil caused return to IED of
previous shape (squares).

(2) the H* IED can be significantly changed
by bombardment of the Pt foil with Xe*
ions. (This bombardment probably changes
the character of the surface sites accessible
for hydrogen adsorption. Annealing the Pt
foil caused the previously observed H* IED
to return. See Fig. 11.)

F. ESD Ion Yields vs Bombarding
Electron Energy

The ESD ion yield for H*, F*, and O*
was measured as a function of bombarding
electron energy (in the inverval 50-3000
eV), and sample temperature (in the range
300-700 K). Results similar to those ob-
tained using a stainless-steel substrate (5)
were observed (Fig. 12). The maximum H*
and F* yield was measured for an electron
energy of ~150 eV. The O* yield was a
maximum for electron energies near 250
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FiG. 12. ESD ion yields vs bombarding electron
energy. The curves have been normalized so that the
maximum has the same height in each case.

eV. The H* yield vs electron energy
showed a small temperature dependence
with the maximum yield shifting to ~250
eV at a target temperature of 580 K. The
measurements for F* and O* showed little
variation as a function of temperature.

SUMMARY

We have investigated ESD of various
desorption species from Pt foil as a function
of several different parameters.

(1) H*, F*, O, OH*, and CI* were the

principal ESD species.

(2) The source of fluorine on the surface
was very likely surface segregation of
bulk impurity fluorine. The standard
enthalpy of fluorine surface segrega-
tion was calculated to be ~1600
cal/mole.

(3) For our Pt sample, water is probably
adsorbed dissociatively at alkali
metal or other metal impurity sites.
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The total cross section for ESD of
fluorine was determined to be ~1 x
1077 cm?. This is very nearly the
same as that determined for ESD of
fluorine from stainless steel (5), poly-
crystalline tungsten (/3), and nio-
bium foil (20).

Our ESD data are consistent with a
mechanism in which hydrogen is ad-
sorbed at sites which have been
“freed”” by ESD of fluorine. There
may be adsorption of hydrogen else-
where, but the adsorbed hydrogen
which is active to ESD is apparently
associated with these ‘‘freed”’ sites.
The corresponding ionic cross sec-
tion for ESD of this hydrogen is oy*
=3 x 107'® cm?®.

Thermal desorption of alkali ions was
observed. We also observed what we
call “‘electron-assisted desorption’’
of alkali ions.

The ion energy distributions of ESD
ions were measured. The IEDs were
relatively insensitive to temperature
changes over the range 300-700 K.
Our results indicate that the IED may
be sensitive to the particular type of
adsorption site as well as the type of
desorbing species. In this case the
adsorption site is probably character-
istic of a metal atom impurity.

The relative ESD cross section vs the
energy of the bombarding electrons is
very similar to that reported for a
stainless-steel substrate (5).  The
overall behavior is similar to gas-
phase ionization cross sections, but
somewhat broadened. There are vari-
ations for different desorbing species,
but these variations are minor, as in
the case of gas-phase ionization of
different molecules. As in previous
work (4, 5), these results indicate
that secondary electrons passing
through the adsorbed layer as they
leave the surface produce significant
desorption as compared to the pri-
mary beam.
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It should be emphasized that the sample
used in this investigation was contaminated
with various surface impurities. Conse-
quently, it is difficult to compare our results
to results of others working with an ultra-
clean Pt surface. However, surfaces en-
countered in real and practical applications
are seldom without high levels of contami-
nation. The fact that a solvent-cleaned Pt
foil (nominally 99.9% pure) shows such a
high level of surface impurities and a high
reactivity to ESD is important to keep in
mind when dealing with Pt in real applica-
tions—especially in catalytic reactors
where conditions are quite different from
those encountered in the laboratory under
ultra high vacuum, using atomically clean
surfaces.
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