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Photon-stimulated desorption of solid neopentane
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The positive-ion yields and kinetic-energy distributions resulting from the photon bombardment
of solid neopentane [(CH3)4C] have been measured for photon excitation energies between 17 and 45

eV. The ion ( & 94% H+) appearance potential is at 20 (+1) eV with a yield maximum at 24 (+1) eV
of 2)&10 ions/photon. For all photon energies, the ion-kinetic-energy distribution peaks at
1.9 (+0.25) eV and is broadened asymmetrically to higher kinetic energies. These results indicate
that the process responsible for H+ desorption near threshold is a C 2s ~Rydberg-type level excita-
tion followed by decay to a final state involving several valence holes and at least one electron in a
Rydberg-type level.

I. INTRODUCTION

The low-energy (&1000 eV) electron- and photon-
stimulated desorption (ESD and PSD, respectively) of ions
and neutrals from condensed organic materials has been
the subject of a number of recent investigations. ' These
studies have shown that ion desorption, mainly H+, re-
sults from the creation of states with two or more valence
holes. More specifically, studies of hydrocarbon and
fluorocarbon molecular solids ' have demonstrated that
such states are localized within functional groups (e.g. ,
—CH3) of the molecule. An unresolved question, howev-
er, is the extent to which such multihole states are associ-
ated with electrons in bound levels which lie above the
highest ground-state-occupied orbitals (e.g., Rydberg orbi-
tals). Since such "excitonlike" states may cause the
desorption of electronically excited neutrals as well as
ions, this question is of technological as well as scientific
interest for hydrocarbons and related materials. For ex-
ample, protons and atomic hydrogen with greater than
thermal ( —1 eV) kinetic energy are generally believed to
play important roles in polymer degradation processes re-
sulting from polymer exposure to ionizing radiation.

In the extensively investigated dissociation of gas-phase
methane, it has been demonstrated that either the
direct creation of the (1t2, 3a I ) state or autoionization
following a 2a~~3a~ Rydberg excitation results in the
production of both H+ and H" (electronically excited neu-
tral atomic hydrogen) with kinetic energies of —1.5—4.5
eV. The excitation of a "bare" multihole state in gas-
phase CH4, the approach to which is marked by the pro-
duction of both H+ and very high Rydberg H [n &20
(Refs. 7 and 8)] produces species with kinetic energies of

-8 eV or more. ' These results are in accord with recent
theoretical studies which indicate that a bare two-hole
state in methane ( 1 t2 ) will produce H+ with kinetic en-
ergies of —10 eV„while a particular excitonlike state
(1t2, 3a I) will result in H+ kinetic energies of 4 eV. '

The reason for this reduction in kinetic energy is that, as
one would expect, hole-hole repulsion is partially reduced
by the screening electron. ' Therefore by measuring the
kinetic energy of ESD- or PSD-produced H+ from a hy-
drocarbon surface, one may infer whether the final predis-
sociative state is a bare multihole state of a multihole-
electron excitation.

In comparing the H+ produced from an organic surface
to that produced from the dissociation of gas-phase
methane, we have chosen to examine solid neopentane
[(CH3)qC]. This system has been well characterized by
previous ESD studies which show that multihole states
which produce H+ are localized on —CH3 groups. Thus
the dissociation processes should be similar to those ob-
served for CH4.

II. EXPERIMENT

The measurements reported here were carried out on
the stainless-steel Seya-Namioka beam line at the Univer-
sity of Wisconsin Synchotron Radiation Laboratory
(Stoughton). With this beam line, the photon energy
could be varied between 10 and -45 eV, although
second-order radiation made measurement at energies less
than —17 eV extremely difficult. The base pressure of
the vacuum system was —1 & 10 ' Torr. Neopentane,
more than 99.8%%uo pure, was obtained from a commercial
source and used without further purification. The neo-
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pentane was condensed from a doser tube onto an Ag or
Cu substrate at pressures of —3&&10 Torr for exposure
times of -3 min. The temperature of the substrate dur-

ing dosing and PSD measurements was -30 K but would
be raised to -500 K for cleaning. These dosing parame-
ters have previously been shown to result in the deposition
of thin films which do not charge under exposure to ion-

izing radiation. ' To observe possible charging effects in

our experiments, the position and shape of ion-kinetic-

energy distribution curves (IEDC's) were observed as the
photon flux was varied. In some cases, after long dosing
times, the IEDC's were observed to shift to higher kinetic
energies at full flux (i.e., the slits in the beam line were
wide open), indicating that thick films charged positively.
In the data reported here, no shifts were observed.

Ions were detected using a commercially available
double-pass cylindrical mirror analyzer (CMA) with stan-
dard pulse-counting electronics. The CMA was operated
in a constant-pass energy mode (62.5 eV), with the inner
cylinder and retarding grid at the same potential. The de-
tails of using such an instrument to detect positive ions
have been presented elsewhere. " Since time-of-flight
methods were not employed in this experiment, the ion
flux from the surface was not mass analyzed. " However,
ESD studies on solid neopentane have established that the
only observable cation products at excitation energies

vai
kin
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kin

& 110 eV, are H+, H2+, and CH3+. At excitation ener-
gies between 20 and 50 eV, the conditions relevant to our
studies, the combined H2+ and CHs+ yield is &6% of
the total ion yield. ' Ion flux from a clean substrate was
found to be negligible compared to that observed for a
substrate exposed under the conditions described above,
indicating that effectively all the ions observed in our
measurements originated from the neopentane overlayer
and not from the metal substrate.

The ion yield per photon as a function of photon excita-
tion energy (iruo), shown in Fig. 1, was obtained by in-
tegrating the area of each IEDC and dividing by the pho-
ton flux. This latter quantity was determined by measur-
ing the photoelectron yield from an 85%%uo transmission
tungsten mesh placed in the beam path and dividing by
the known tungsten emission efficiency as a function of
photon wavelength. Since the combined effects of sub-
limation and beam damage were observed to lead to an ex-
ponential decay of signal with time at constant fico, the ion
yield per photon was corrected by an exponential time de-
cay factor to give a normalized ion yield. This correction
did not result in any major modification of features in the
ion-yield curve. At maximum, a yield of 2)& 10
ions/photon was observed, which is comparable to that
obtained in other PSD experiments. '

In comparing IEDC's obtained from a surface to those
reported from gas-phase measurements, we note that the
gas-phase kinetic energies are all reported relative to the
vacuum level of the molecule. In measuring the energies
of ions desorbed from a surface, the Fermi levels of the
spectrometer and the metal substrate are the same (see
Fig. 2). The kinetic energy of a particle relative to the
vacuum level of the sample (Ei„'„') is equal to the observed
kinetic energy (Eq;„') plus the difference between detector
and sample work functions (PD and Ps), respectively,

&i':=Ek"+AD —0s . (1)

pD was obtained by measuring, at a given irido, the kinetic
energy of electrons ejected from the Fermi level of the Ag
substrate and was found to be 5.25 (+0.1) eV. Ps can be
approximated from photoemission experiments on gas-

2 0 0 0 O 0 00 oOoo o oo
0 0

VACUUIN LEVEL/
CPNDUCTION BAND EDGE

p i I i I I I c I I I I I I I I I I I I I I I ~ I I

25 30 35 40 45

PHOTON ENERGY (QV)

FIG. 1 ~ Normalized ion yield for photon-stimulated desorp-
tion from solid neopentane [(CH3)4C]. (a) The near-threshold
region. (b) For 21 & fun &46 eV. Error bars increase as the pho-
ton flux falls off for %co & 30 eV. Data for (a) and (b) are from
different runs.
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FIG. 2. Energy diagram for measurement of ion-kinetic ener-
gies for adsorbates on metal substrates.
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phase and solid hydrocarbon thin films'i and photoemis-
sion threshold measurements of polyethylene' as 4.5
(+0.25) eV. The correction factor [Eq. (1)] is therefore
0.7 (+0.25) eV. The uncertainty in this correction factor
is the major source of uncertainty in the energies of the
peaks in the IEDC's. h~= 40 eV

~ ~

III. RESULTS AND INTERPRETATION

The normalized ion yield, Fig. 1, for irico (30 eV, was
consistently reproduced in all our runs and is quite similar
to that obtained by Rosenberg et al. ' for H+ desorbed
from solid CHsOH, in which all the desorbed H+
originates from the —CHi group. 'The similarity of our
results to those of Rosenberg et al. ' indicates that desorp-
tion of H+ from —CHi groups in different molecules
occurs by a similar process. The 20 (+1)—eV threshold
in the ion yield from solid neopentane (Fig. 1) is quite
close to the C 2s photoemission threshold observed for a
variety of hydrocarbon molecular solids in x-ray excited
photoemission experiments. ' This confirms previous
ESD results which show that excitations leading to ion
desorption result from an initial excitation of the C 2s
shell. ~ The PSD ion appearance potential, 20 (+1) eV
(Fig. 1), differs from the H+ appearance potential of 25
(+1) eV reported for the ESD studies. The reason for
this difference is that the electron excitatiori energy re-

ported in the ESD studies corresponds to the applied volt-

age difference between the Fermi levels of the substrate
and cathode, corrected for the cathode work function and
temperatures of the thermionic emitter. The electrons
emitted by the cathode may finally be located in the bot-
tom of the sample conduction band (nearly degenerate
with the vacuum level for most hydrocarbons' '

) or, for
very thin films, may tunnel to the substrate Fermi level.
An electron which is finally located in the sample conduc-
tion band should deliver an excitation energy (E) to the
system given by

(2a)
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where V is the applied potential and Ps the sample work
function. For photons, we simply have

(2b)

Therefore, ESD and PSD appearance potentials should
differ by Ps. For solid neopentane, the ESD and PSD
thresholds differ by 5 (+2) eV, which compares well to
the nominal Pz value of 4.5 eV. '

While the normalized ion yield (Fig. 1) displays addi-
tional maxima near 34 and 40 eV, these features were not '

consistently reproduced in our experiments, although a
minimum near 30 eV was always observed. The reason
for this uncertainty is. the low photon flux for fico & 30 eV,
so that small uncertainties in the photon flux produce
large uncertainties in the normalized yield. Therefore,
while the normalized yield does increase for fico & 30 eV,
the energies of any maxima in this region are unknown.

The IEDC's (Fig. 3) consistently display a major peak
near 1.9 (+0.25) eV, with a smaller broad feature centered
near 3.5 eV and some ion intensity out to -7 eV. These
data resemble those reported by Madden et al. ' for the

FIG. 3. Ion-kinetic-energy distributions for photon energies
between 24 and 40 eV. The curves have a11 been normalized to
the same intensity.

ESD of H+ from a hydrogenated Si surface; a peak near
2-eV kinetic energy asymmetrically broadened to higher
kinetic energies. The data reported here are also compar-
able to that reported for H+ and H' produced by electron
impact of gas-phase methane, except that in the latter
case the maximum in the IEDC was 2.5 eV. Above
%co =30 eV, signal-to-noise ratio in the IEDC's is too poor
to determine any significant change in shape as fico is
varied. Below these photon energies there is no signifi-
cant change in shape, suggesting that the desorption pro-
cess at threshold remains the dominant decay channel up
to 30 eV. Since experimental and theoretical studies of
the electron-impact-induced dissociation of gas-phase
methane indicate that a bare two-hole state should result
in the production of H+ with -8 eV or greater kinetic en-

ergy, ' ' then whatever uncertainties are introduced in
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comparing the IEDC's of solid- and gas-phase systems, a
peak in the IEDC of solid neopentane of 1.9 (+0.25) eV,
cannot be ascribed to desorption from a bare two-hole
state. At least one electron in a bound virtual level must
be involved.

IV. DISCUSSION

While the predesorptive final state which gives rise to
1.9-eV protons in solid neopentane must include at least
one electron to partially screen the two final-state holes,
the exact nature of this excitonlike final. state cannot be
deduced from the current data. It is not unreasonable
that the process which gives rise to 1.9-eV protons in con-
densed neopentane is similar to the process which yields
2.5-eV protons and excited neutrals in gas-phase, methane.
The 20 (+1)—eV PSD threshold for the solid corresponds
closely to the 22.17 (+0.1)—eV ESD threshold for non-
thermal H+ observed for gas-phase methane. The work
of Sambe et al. ' indicates that ions desorbed from a sur-
face will be retarded by the interaction potential between
the positive ion and its induced polarization at the sur-
face. Since the bulk polarization of polyethylene is 1.5 eV
(Ref. 13) and the surface polarization might be less, this
could account for the 0.6 (+0.25)—eV difference in the
IEDC's of solid neopentane and gas-phase methane. As-
suming this correspondence to be the case, the exact na-
ture of the state in gas-phase methane which gives rise to
2.5-eV protons and excited neutrals is unknown. The pro-
duction of 4-eV protons and excited neutrals froin
methane has been associated with the direct excitation of
the ( 1 t2, 3a i ) state, with a minimum excitation energy
of -25 eV. Any two-hole one-electron state giving rise
to 2.5-eV particles would presumably have to have the
screening electron more tightly bound than the 3a& level,
and this does not appear possible for methane. ' A simi-
lar argument can be made for neopentane, ' suggesting
that the states which are associated with the 1.9-eV
kinetic-energy channel in solid neopentane and the 2.5-eV
channel in gas-phase methane include two or more elec-
trons in bound virtual levels.

A problem with the above arguments, however, is that
if the state excited near threshold in solid neopentane is of
the multihole, multielectron variety, one would expect a
significant shift of the IEDC maximum to higher kinetic
energies once Ace becomes greater than the minimum
necessary to excite the (3tz 3a i ) (two-hole —one-electron)
state. While the normalized ion yield shows that there are
other resonances at %co&30 eV, the maximum in the
IEDC remains at 1.9 (+0.25) eV up to fico-45 eV. This

would be explained if in neopentane the (3t2 3a i ) state
has a much lower excitation probability, even near reso-
nance, than the state which gives rise to the 1.9-eV pro-
tons. A definitive answer to this question, however, re-
quires a better signal-to-noise ratio for both the ion yield
and IEDC's for fico & 30 eV.

A final point involves a comparison of the neopentane
and H+/Si:H data. ' The Si—H bond length in SiH4 is
1.48 A (Ref. 20) and presumably is close to that for an
SiH surface. For solid neopentane, the C—H bond length
is —1.09 A. If in both cases H+ ions were being pro-
duced from a bare two-hole state, one would expect that
the ratios of the H+ kinetic energies would be in inverse
proportion to the ratios of the bond lengths. That this is
not the case is evidence that, in at least one and probably
both cases, the final-state hole-hole repulsion is moderated
by. electron-hole attraction due to at least one screening
electron associated with the final-state holes.

V. SUMMARY AND CONCLUSIONS

The ion-kinetic-energy distributions and normalized ion
yield resulting from the PSD of solid neopentane have
been observed for photon-excitation energies between 17
and 45 eV. The normalized ion yield has a threshold at
20 (+1) eV and maximum at 24.5 eV, indicating that at
these energies the ion ( & 94% H+) desorption process is
associated with excitation of the C 2s level. The possible
existence of maxima at higher photon energies, indicative
of other resonances, cannot be determined due to the
small photon flux at energies & 30 eV. Ion-kinetic-energy
distribution curves, at all photon energies, display a main
peak at 1.9 (+0.25) eV. This kinetic energy is too small
to correspond to desorption from a bare two-hole state,
and indicates the presence of at least one electron in a
bound virtual level.
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