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Photochemical processes for CH3X (X=Cl, Br, I) adsorbed on top of thin films of D,O or CH30H on a Cu(110) substrate is stud-
ied by time-of-flight mass spectrometry for a range of UV wavelengths (351-193nm). Photodissociation via dissociative electron
attachment by photoelectrons and by neutral photodissociation is identified and quantified based on the observed dynamics of
the desorbing CHj3 fragments. Photoelectron-driven dissociation of CH3X is found to be a maximum for monolayer quantities
of the D,O or CH30H on Cu(110), but with differing kinetic energy release on the two substrates. The dynamics of CH3Br and
CHj;Cl photodissociation qualitatively differ on CH3OH/Cu(110) as compared to D,O/Cu(110), which is ascribed to differing
molecular structures for these systems. Evidence is presented for an efficient inter-molecular quenching mechanism for neutral
photoexcitation of CH3Cl and CH3Br on the CH3;0H/Cu(110) substrate.

1 Introduction molecules can display low-energy photoelectron driven Dis-

sociative Electron Attachment (DEA) or neutral photodissoci-

There has been much recent work reported on UV photon- and . .
ation processes when in the adsorbed state.
electron-driven chemical processes in heterogeneous molecu-
The solid ices of D,O and CH30H have large bandgaps,
lar thin films, particularly for water ices. These studies are
with the onset of absorption in solid methanol near 6.7eV
driven by interests in astrochemistry and planetary science !>,
(A < 184nm) 8 while for water the absorption onset is 8.5eV?.
as well as terrestrial processes as seen in radiation chem-
However these molecules are known to play roles in electron-

istry*> and photocatalysis®”.

A wide range of surface sci-

driven chemistry in a variety of systems, as the dipolar
ence techniques have been applied to studying these systems.
molecules can solvate low-energy electrons such as photo-

To date there have been relatively few studies of photodissoci-

0 11

electrons '* or impinging external electrons'!. The solva-
ation dynamics in these types of heterogeneous systems. We

tion dynamics of electrons at thin water films on metal sub-
have studied a range of halomethanes (CH3 X, X=Cl, Br, I) ad-

strates has been studied extensively by two-photon photoemis-
sorbed on thin films of D,O or CH30OH on Cu(110) substrate.

sion!'%12, Several studies have implicated electron transfer at
The stimulated dissociation properties of these halomethanes

water-halocarbon interfaces as being responsible for halocar-
have been studied in some detail in both the gas-phase as well

bon dissociation 1314 Photoelectron dynamics and solva-
as condensed on surfaces. Depending on the context, these

tion on CH3OH !3-17 thin films been studied using two-photon

@ Department of Physics, University of Northern BC, 3333 Universiy ~ photoemission by a variety of research groups, and is known
Way, Prince George B.C. Canada V2N 4Z9. Tel: 250-960-6463; E-mail:
ejensen@unbc.ca as a ‘hole-getter’ when adsorbed on TiO, 8.
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The surface chemistry and photochemistry of methyl
halides on a variety of metal surfaces has been the subject

20,21

of many studies!®, as has the adsorption of water and

methanol 2223

. There are several previous studies that have
looked at the coadsorption systems of methyl halides with wa-
ter, most particularly chloromethane and water. Due primar-
ily to the electrostatic dipole moments of these species, the
interactions between CH3Cl and D,O on metals are charac-
terized by repulsion, and has been investigated by tempera-
ture programmed desorption (TPD) and modelling studies by
Maschoff et al** who concluded that the long range electro-
static dipole-dipole interactions are an important factor in the
CH3Cl structures. The CH3ClI binding energies were found to
decrease with increasing coverage of D,O and CH3Cl, and the
repulsive interactions cause CH3Cl islands to form atop the
preadsorbed D,O or between D,0O islands. Similar conclu-
sions are reached by Lilach and Asscher?’, studying CH3Cl
and H>O on Ru(100), and inferred the net orientation of the
CHj;Cl dipoles from work-function changes during adsorption
and TPD. A recent study of CH3Cl and D,O on Pd(111) by
Fournier et al using sum-frequency generation (SFG) spec-
troscopy 2® concluded that the CH3Cl adsorbs onto the D>O
through hydrogen bonding between the D and Cl atoms and
that the O-D—CI-CH3 bonds are aligned close to the surface
normal, though with wider angular variation than for C1-CHj3
on the bare metal surface. Their SFG results also indicate that
the large Cl electronegativity induces a partial charge transfer
between the surface and the D,O. There have been several pre-
vious studies of photochemistry in these systems— using a UV
Hg arc lamp (hv < 5.4¢€V) to irradiate CH3Cl/D,O/Pt(111),

Jo and White?’ highlighted the role of low energy photoelec-

trons in the observed CH3Cl photodissociation, and the rapid
diminution of the transport of the relevant photoelectrons as

the D, O layer thickness was increased.

There are relatively few previous studies of the dynamics
of photodissociation in these heterogeneous systems, in which
the mechanisms of photodissociation can be analyzed from the
photofragment translational energies. We recently published
a study of CH31/D,0O/Cu(110) photodissociation at A=248nm
in which the CH3 photofragment translational energies were
analyzed to highlight the varying contributions from neutral
photodissociation and photoelectron dissociative electron at-
tachment mechanisms2®. A study of CH3I on thick D,0 lay-
ers?® analyzed the ground- and excited state I atoms emitted
subsequent to A=260nm and 290nm photodissociation. These
studies showed evidence for a proportion of the I-atoms hav-
ing larger than gas-phase translational energies which was as-
cribed to “chattering” during dissociation from ‘methyl-down’
oriented molecules on the ice surface as well as fast CHj
photofragments leaving the surface from ‘methyl-up’ oriented

molecules.

1.1 Energetics of Stimulated Dissociation

If one begins by considering the dissociation of a CH3X
molecule in free space, then the requirements of momentum
and energy conservation put a limit on how the excess kinetic
energy is partitioned between the CH3 fragment and the halo-
gen atom. For a DEA process the following can be used to

rationalize the CH3 photofragment kinetic energy in terms of

2| 1-23
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the component energy factors:
Ten, = ey {Ee +EA(X) = Do(C—X)

+AESOIV(X7) _Eint(CH3)} (1)

where m() is the mass of the particular species, E,_ is the
incident electron energy, EA(X) is the electron affinity for
the halogen atom X, Dy is the energy of the bond being bro-
ken, AEy,;,(X ) is the energy of solvation for the product an-
ion in its dielectric environment and E;,,(CH3) is the internal
energy (vibration and rotation) of the departing methyl frag-
ment. In principle the solvation energy can be estimated (e.g.
Refs.3%31) but the uncertainty in various parameters leads to
AE;,;, values that have large uncertainty. This is particularly
true in the heterogeneous molecular environments of dipo-
lar molecules that we are considering in the present work, in
which the solvation energy is structure and site sensitive, and
can shift dynamically as the dissociation proceeds. The pho-
toelectron energy E,- in surface photodissociation is normally
taken to be selected from the range of photoelectron energies
created by the incident photons at the metal-molecule-vacuum
interface®?, and so from the range of photoelectron energies
between the Fermi energy Er and Er + hv.

For neutral photodissociation, the analogous equation is:

TCH3 = m(’n(X)

CT3X) {hv —Do(C—X) — Ejns(X) — Ejne(CH3) }

@

where hv is the photon energy, and E;, (X) allows for the
possible electronic excitation of the departing halogen atom.
In surface systems the parent molecule is not in free space,

but embedded at or near the vacuuum interface of the system

being studied. It is known from prior work in surface photo-
chemistry that the observed fragment kinetic energy distribu-
tions can be altered by chemical or post-dissociation interac-
tions, however Eqs. 1 and 2 provide a basis to begin consider-

ation of the observed kinetic energy distributions.

Gas-phase photodissociation of CH3Br3*3* and CH3C1%
at A=193nm occurs in the ‘A-band’, a set of overlapping ex-
cited electronic states. In contrast to the better known case of
CHj31 A-band photodissociation, the 193nm photodissociation
of CH3Br and CH3Cl is dominated by a perpendicular tran-
sition from the ground state, mainly via the !Q; state, which
correlates to dissociation to CH3 and a ground-state halogen
atom. For CH;Br there is evidence3* for non-adiabatic cou-
pling with the 3Qy state, which leads to CH3 and electroni-
cally excited Br*. Given the experimental geometry used in
our work, these neutral photodissociation channels are acces-

sible in the experiments we describe below.

For either A-band neutral photodissociation or photoelec-
tron driven DEA of the halomethanes, the dissociation process
is direct, with bond-breaking occurring in a few tens of fem-
toseconds. Photodissociation of halomethanes adsorbed on or
close to a metal surface can be inhibited by quenching3®-37.
When several layers of halomethanes are adsorbed, or are ad-
sorbed on top of a spacer layer of another species, both DEA
and neutral photodissociation have been observed. Quenching
of one or both photodissociation pathways by the metal sur-
face at these timescales requires a rapid interaction, such as

resonant electron/hole transfer between the excited molecule

and the substrate 7.

1-23 |3
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2 Experimental Details

The experiments were performed in an ultra-high vacuum sys-
tem that has been described previously 8. The Cu(110) single
crystal sample is cooled by liquid nitrogen (base temperature
90K) and can be heated by electron bombardment to 920K
for cleaning. Sample cleanliness and order were monitored by
Auger electron spectroscopy and low energy electron diffrac-
tion measurements respectively.

Neutral products from surface photodissociation travel
185mm to pass through a 4mm diameter aperture to a differ-
entially pumped Extrel quadrupole mass spectrometer (QMS)
with an axial electron bombardment ionizer. The sample to
ionizer distance is 203mm. Ions created in the ionizer then
travel through the quadrupole region and are mass selected,
in the present experiments using m/q=15amu. Ion arrivals
are recorded using a multichannel scaler that begins count-
ing 50us prior to the initiating laser pulse, and the counts
recorded from multiple laser pulses are summed. Unless oth-
erwise indicated, the spectra shown in the present work are
the result of summing data from 1000 laser pulses into 1000
1us time bins. In order for the ion arrival times to reflect the
neutral fragment time-of-flight, they are corrected for the ion
flight time (for CHgL, 17us at the 50eV ion energy used in
the QMS). This is the leading systematic uncertainty in the
recorded flight times (£1.5us) which does not affect com-
parisons between different TOF spectra but does lead to fixed
nonlinear systematic uncertainty in the reported fragment ki-
netic energies (KE o< 1/(TOF)?), which is most problematic
at short flight times. The TOF spectra N(¢) were converted to
probability distributions versus CHj3 kinetic energy (P(E)) us-

ing the Jacobian transformation with a correction factor 1/¢ to

account for the reduced ionization probability of faster neutral
CH3; fragments.

The laser pulses (~5ns duration) are produced by a small
excimer laser (MPB PSX-100) operating at 20Hz. In this work
351nm (XeF), 308nm (XeCl), 248nm (KrF) and 193nm (ArF)
laser light was used, with laser fluences on the sample of ~
0.8mJ/cm? or less per pulse, depending on the wavelength
used. Linearly polarized light has been used exclusively in
this work. To create polarized light, the beam passes through a
birefringent MgF, crystal to separate p- and s-polarized com-
ponents, which can then be directed at the sample. All of the
TOF spectra shown in the present work were obtained using p-
polarized light, though we also acquired data using s-polarized
light for comparison.” The laser pulses were collimated using
a 6mm diameter aperture and were unfocussed on the sample.
The laser light is incident upon the sample at a fixed angle
of 45° from the mass spectrometer axis— for example, when
the Cu(110) sample is oriented to collect desorption fragments
along the surface normal direction, the light is incident at 45°.

Deposition of molecules on the sample is done using a mi-
crocapillary array directed doser3?, with the sample held nor-
mal to the doser, 25mm away. This was found to enhance the
deposition by a factor of 10 compared to background dosing.
The CH3Br (Aldrich, >99.5%) and CH3Cl (Aldrich, >99.5%)
gas used in this work was transferred via a glass and teflon
gas-handling system. The CH3I (Aldrich, 99.5%) dosing used
room temperature vapour from the liquid. The D,O (Aldrich,
99.9 atom % D) and CH3OH (Aldrich, >99.9%) used in this

work was degassed by multiple freeze/pump/thaw cycles and

T For work at 248nm and 308nm, s-polarized light was derived from the p-
polarized beam by inserting an antireflection coated zero order half-waveplate
into the beam. For 193nm and 351nm, s-polarized light was obtained by
rotating the MgF, crystal to direct the s-polarized beam onto the sample.

4| 1-23
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was contained in a pyrex vial a few cm from the precision leak
valve used to admit gases to the directed doser. The CH3Br
dosing was calibrated by temperature programmed desorption
measurements. In this case, 0.95+0.05L CH3Br was found to
correspond to 1.0ML for that substrate. In the present case
of adsorption of CH3Br on D,0O thin films in which the sur-
face structure is less well characterized and no distinct TPD
or photochemical signatures define what dose corresponds to
monolayer CH3Br, we report CH3zBr doses in terms of effec-
tive monolayers based on this calibration (1.0ML=0.95L). For
D,0 we determined an effective monolayer calibration based
on findings from TPD and titration of CCly on top of varying
D, O films, which formed atomic chlorine on the metal surface
after warming to desorb the molecular layers. From this we
found 1.0ML=0.30L for D,O. A similar procedure was used
to calibrate the dosing of CH3OH, where 0.35L was equiva-
lent to IML coverage. In deposition of these molecules, we
assumed unit sticking probability on the various substrates for

the temperature used for dosing (T<95K).

Details of the adsorption structures found for D,O/Cu(110)
has been the subject of a number of studies, and is sum-
marized in Ref.?!. Less detail is available on the structure
of CH3;0H/Cu(110), though a study using IR spectroscopy *°
indicates that the first layer adsorbs uniformly, and that 3D
crystallites grow in the multilayer regime. It is also possi-
ble that the D,O or CH3OH structures are perturbed by the
coadsorption of the dipolar CH3;X molecules?*. In the results
reported in the present work, we have looked for changes in
photochemical behaviour as the different molecular coverages

were varied, in part as a means to understand what structural

changes might be occurring.

3 Results and Discussion

3.1 Photodissociation at 248nm on D,O/Cu(110)

Time-of-flight spectra at 15amu for CH3Br adsorbed on
D,0/Cu(110) obtained using 248nm (hv = 5.0eV) light show
two main features, as illustrated in Fig. 1-a photodissociation
feature that peaks near 60pLs flight time and a broad, slow pho-
todesorption feature centered around 500us flight time. Both
of the TOF features are the result of photoelectron transfer
from the metal substrate*! to the CH3Br layer atop the D,O
layer. This photoelectron driven dissociation and desorption is
strongly enhanced as the D,O coverage is increased to reach
one layer of adsorbed D,0O. These features then diminish as
the D,O coverage is further increased, as can be seen in the
data of Fig. 2. The overall yields observed for both the pho-
todissociation and photodesorption features are plotted in Fig.
3. The yields reach a pronounced maximum for roughly 1-
1.5ML D, O dosed, and then decrease, roughly exponentially
with a 1/e attenuation distance of 2.7ML of D,O. This atten-
uation of photoelectron driven dissociation and desorption by
ultrathin water layers is consistent with earlier photodissoci-
ation findings (1/e=2ML) of Gilton et al** as well as those
of Jo and White*?, who measured an attenuation distance of
2. 7ML for D,O/Pt(111) for photoelectrons above the vacuum
level. In the present case it is likely that the photoelectrons re-
sponsible for the observed TOF features are subvacuum level
“hot” photoelectrons, as discussed below. Although the data
of Fig. 3 display a smoothly changing photochemical yield as
the D, O coverage is increased, this does not necessarily mean
that the D, O layer growth is uniform. However the diminution

of the photoelectron-driven signal does show that the average
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Fig. 1 Time of flight spectrum from the photodissociation of 0.7ML
of CH3Br adsorbed on 1.0ML D,O/Cu(110) detected at 15 amu
(CH3 ™) following 248nm irradiation. The peak at 58ys flight time
is due to photodissociation of the CH3Br and the slower broad peak
(500ps) is a result of photodesorption of CH3Br molecules that
dissociate in the mass spectrometer ionizer. The inset plot shows the
same data transformed to a probability distribution as a function of
CHj3 kinetic energy.

distance from the substrate to the CH3Br target that is detected

in TOF increases with the D,O coverage.

The photodissociation of CH3Cl on D,O/Cu(110) at 248nm
has also been studied, with a representative TOF spectrum
shown in Fig. 4. The yield of CH3; photofragments from
CH3Cl on D,O/Cu(110) is much lower than that seen for
CHj3Br, and the spectrum shown is an average of 3 spectra, in
order to improve the signal-to-noise ratio. In our experiments
we could only detect 248nm photodissociation of CH3Cl on
D,0O/Cu(110) in TOF spectra for a relatively narrow range
of DO coverages, those close to IML which also gave the
largest photofragments yields seen for CH3Br in Fig. 3. For
the CH3Cl/D,0O/Cu(110), the photodesorption feature near
500us is small relative to that that seen for CH3Br. Detailed
comparison between the 248nm photodissociation of CH3Cl
and CH3Br on D,0O/Cu(110) is shown in Fig. 5- the CH3

photofragments from CH3Cl are roughly 8 to 9uts slower than

2000IIIII|IIIIIIIIII|IIII|IIII|IIII
r E 15ML D,0O 1
\ 7.0ML D,O
1500 |—
I 3.0ML D,O
[2]
*E -
=}
31000 —
T i
O

1.0ML D,0

500

0.33ML D,O

OML D,0 J

0 Loy vt e v v b v v b by v v i by
0 100 200 300uS
Time of Flight (us)

Fig. 2 Sequence of time of flight spectra from 1ML of CH3Br on
D,0/Cu(110) obtained using varying amount of D,O and 248nm
light. The CH3Br photodissociation feature at 58Ls flight time
increases rapidly as the first monolayer of D,O is added, and then
diminishes as the D, O layer thickness is increased.
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Fig. 3 The yield of CH3 photofragments obtained from 248nm
photodissociation (red circles) and photodesorption (blue triangles)
of IML CH3Br on D,O/Cu(110) as a function of D,O dose. The
solid line represents a simple exponential decay fit to the data points
from 1.0ML D, O and higher- essentially the same fitted function is
obtained from either the photodissociation or the photodesorption
data.

those from CH3Br, corresponding to roughly 0.25eV lower
translational energy. Based on the free molecule dissociation
energetics for DEA from Eq. 1 both the absolute and the rel-
ative CHj3 kinetic energies can be considered for the observed
photodissociation of CH3Br and CH3Cl. The electron affini-
ties of the halogen atoms are 3.36eV (Br) and 3.61eV (Cl), and
the dissociation energies Dy are 3.05eV (CH3-Br) and 3.63eV
(CH3-Cl)***. We do not know precise values for the energy
contributions from the incident electrons or the anion solva-
tion (E,— and AE,;, in Eq. 1), but these can be estimated. For
CH3Br condensed in a dielectric medium close to a metal sur-
face, the dissociative anion state is shifted to lower energy*
and results in a DEA process facilitated by very low energy

electrons, close to the vacuum level. Using the estimate for

+ We have used Dggg values without correction for T=90K of our experiment

electrons causing DEA of E,_ = 0eV (at the system vacuum
level E, ;) results in AE,;,=1.06eV for CH3Br, which is a
reasonable value based on estimated values as well as the po-
larization induced shifts seen experimentally in other similar
contexts*®. It may well be the case that the maximum CH3Br
DEA cross section occurs for electrons below E,q*7#%. In the
case of adsorbed CH3Cl, it is also well-known that the anion
state is shifted to much lower energy relative to the ground-

state neutral*

so that low energy electrons can cause DEA
with a large cross section. Assuming E,_=0eV results in an
estimate of AE,,;,=1.31eV. This value for AE;,;, appears too
large in comparison with that for CH3Br, since both anions
would be expected to be in similar dielectric environments and
have similar dissociation times. The value of AE,,; would
be reduced if the relevant E,_ for DEA is 0.25eV larger for
the CH3Cl than CH;3Br. This magnitude of differing incident
electron energy responsible for DEA is compatible with obser-
vations in electron beam experiments on CH3Cl and CH3Br
condensed on Kr/Pt*>. While the magnitudes of the polar-
ization shifts are likely different between the Kr/Pt and the
D,0/Cu(110) substrates, the correspondence between the po-

larization shifts and the requisite incident electron energies

seems to be reasonable.

3.2 Photodissociation at 193nm on D,O/Cu(110)

Irradiation using 193nm (hv = 6.4¢V) light for CH3Br and
CH3Cl adsorbed on D,O/Cu(110) produced TOF spectra that
display neutral photodissociation of the methyl halides in
addition to the photoelectron driven dissociation seen using
248nm light. Figure 6 shows a TOF spectrum for IML CH3Br
adsorbed on 1ML D,O/Cu(110). Although the photon en-

1-23 |7
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Fig. 4 Time of flight spectrum from the photodissociation of 0.5ML
CH3Cl adsorbed on 1.0ML D,0/Cu(110) obtained using 248nm
light. The spectrum shown is the average of three spectra, in order to
improve the signal-to-noise ratio. A photodissociation feature is
observed at 65us flight time as well as a photodesorption feature
centered around 5001ts. The inset shows the same data in a CH3
photofragment kinetic energy distribution, with a peak in P(E) near
0.75eV.
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Fig. 5 Comparison of time-of-flight spectra from 0.5SML CH3Br
(blue data) and CH3Cl (red data) adsorbed on 1.0ML D,O/Cu(110)
obtained using 248nm light. The inset plot shows this data
transformed into the CH3 fragment kinetic energy distributions.
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Fig. 6 Time of flight spectrum for IML CH3Br on IML
D,0/Cu(110) obtained using 193nm light. As compared to Fig. 1,
there is an additional photodissociation component peaking at 38Ls
flight time due to neutral photodissociation of the CH3Br. The inset
data shows the distribution of CH3 photofragment kinetic energies,
with the neutral photodissociation peak at 2.1eV and the
photoelectron driven DEA feature at 1.0eV.

ergy is 1.4eV larger, so that a wider range of photoelectron
energies is generated, the CT-DEA photodissociation feature
appears at the same flight time (60us) and translational en-
ergy (1.0eV) as for the 248nm data. The 193nm photons also
produce a neutral photodissociation peak seen at 39us flight
time, which appears at 2.1eV in the inset photofragment ki-
netic energy distribution. That the neutral photodissociation is
observed for CH3Br using 193nm light but not for 248nm is
consistent with the gas-phase neutral photodissociation cross
section, being 6.0 x 10~ ¢m? at 193nm, and is at least two or-
der of magnitude smaller at 248nm*°. Photodissociation TOF
features for varying D,O precoverages are shown in Fig. 7
in which similar variation in the CT-DEA dissociation is seen
at 193nm as was the case for 248nm, while the neutral pho-
todissociation feature is seen to increase with the initial D,O
coverage and then remains essentially constant for increasing

D> O layer thickness.

Irradiation of CH3Cl adsorbed on D,O/Cu(110) using

8| 1-23
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Fig. 7 Sequence of TOF spectra from 1ML CH3Br on D,O/Cu(110)
obtained using 193nm light for varying amounts of D,O coverage
on the surface. The photoelectron driven photodissociation feature
at 58 s flight time grows rapidly for low D, O coverages and then
diminishes for D, O layer thicknesses beyond 1ML, while the
neutral photodissociation feature at 38 s grows with D,O coverage
and then remains constant for thicker D, O layers.
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Fig. 8 Time of flight spectrum from 0.7ML CH3Cl on 1ML
D,0/Cu(110) obtained using 193nm light. As compared to the same
system at 248nm (Fig. 4), an additional peak is observed at 46Ls
flight time, a consequence of neutral photodissociation. The inset
plot shows the data plotted to show the CH3 kinetic energy
distribution, with peaks at 0.8eV (photoelectron DEA) and 1.5eV
(neutral photodissociation).

193nm light results in TOF spectra such as that shown in Fig.
8, in which both a neutral photodissociation peak (at 461Ls)
and a CT-DEA driven dissociation at 62us are seen, as well
as a small photodesorption feature centered around 500pLs.
As for CH3Br, the photoelectron driven photodissociation and
photodesorption feature magnitudes are strongly enhanced for
roughly 1ML D, O coverage, and diminish rapidly as the D,O
precoverage is increased above 1ML, as shown in Fig. 9
for the photodissociation peaks. The observation of the neu-
tral photodissociation peak of CH3ClI at 193nm is reasonable
based on the gas-phase cross section of 0.7 x 10~ '%cm?, which
is at least several orders larger than at 248nm“°. The observed
relative yields from neutral photodissociation for CH3Br and
CH3Cl at 193nm (for example, Figs. 7 and 9) are also con-
sistent with the relative magnitudes (~ 9x) of the gas-phase

cross sections at this wavelength.
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Fig. 9 A sequence of TOF spectra from 0.5ML CH;3Cl adsorbed on
varying amounts of D,O on Cu(110), obtained using 193nm light.
The amplitude of the DEA feature is strongly modulated by the D,O
coverage, peaking for IML of D,0. The amplitude of the neutral
photodissociation peak is relatively unaffected by the D,O coverage,
beyond a minimum amount.

3.3 Photodissociation at CH3;X on CH;OH/Cu(110)

As a comparison and contrast to the D,O/Cu(110) sys-
tem, we have also studied the photodissociation of the same
small halomethane molecules adsorbed on CH3OH/Cu(110).
Methanol has a similar dipole moment** (1.70D) to water
(1.85D), and on Cu(110) its adsorption results in a compa-
rable decrease in work function (A¢ =-1.35¢V for 1ML at
140K??) as for water (A =-1.0eV for IML>"). In some
respects our photochemical observations from CH3OH lay-
ers are comparable to those from D,O- the photoelectron-
driven DEA processes are strongly enhanced for monolayer
coverages and diminish for thicker CH3OH layers, however
the dynamics of dissociation are significantly altered. Fig-
ure 10 shows comparative TOF spectra for CH3Br adsorbed
on CH30H/Cu(110) and D,O/Cu(110) obtained using 248nm
light. For the CH3;OH/Cu(110) substrate, the CH3;Br CT-DEA
photodissociation signal is slower, reduced in magnitude and
broadened, while the photodesorption signal centered around
500us is substantially increased. The inset plot of Fig. 10
highlights the observation that the CH3 fragments from pho-
toelectron driven dissociation are slower for CH3Br/CH3;OH
than those from CH3Br on D,0O, with the leading edge of the

main TOF peaks separated by ~ 8Ls.

Upon changing the photon energy to 193nm, the TOF spec-
trum for CH3Br adsorbed on CH30OH/Cu(110) of Fig. 11 dis-
plays both photoelectron as well as neutral photodissociation
features and allows comparison with that from D,O/Cu(110).
The inset plot of the CH3 fragment kinetic energy distribu-
tions shows that the slower CH3 photofragments seen from
CT-DEA of CH3Br/CH3OH as compared to CH3B1/D,0 are

unique to the charge-transfer dissociation— the CH3 photofrag-
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Fig. 10 Comparison of TOF spectra obtained from 0.3ML CH3Br
adsorbed on D,O/Cu(110) (top, blue trace) with CH3OH/Cu(110)
(lower, red trace), using 248nm light. When adsorbed on CH3OH
(as compared to D,0), the CH3Br photodissociation feature near
60us flight time is reduced in magnitude but broader, whilst the
photodesorption feature centered around 500 s flight time is
significantly larger in amplitude. The inset plot shows detail of the
CT-DEA photodissociation feature for CH3Br, being slower on
CH3OH as compared to on D,0.
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Fig. 11 Comparison of TOF spectra obtained for 0.5ML CH3Br
adsorbed on 1ML D,O/Cu(110) (top, blue trace) and 1.3ML CH3Br
on CH30H/Cu(110) (lower, red trace), using 193nm light. The inset
plot shows the same data as a function of the CH3 fragment kinetic
energy. The neutral photodissociation peak (40us; 2.2eV) is the
same on both substrates, while the CT-DEA photodissociation
feature is observed to have lower KE on CH3OH as compared to
D»O0, as also seen at 248nm in Fig. 10.

ments from neutral photodissociation at 193nm have the same

translational energy on both molecular films.

Figure 12 highlights another difference seen for CH3Br
adsorbed on CH30H/Cu(110)- though using 193nm light
has a photon energy sufficient for neutral photodissociation
of CH3Br, this is not observed at low coverages of CH3Br
on CH3O0H and is seen only for CH3Br coverages beyond
roughly 1ML, independent of the precoverage amount of
CH3OH. This is in contrast to the analogous situation seen for
D,0/Cu(110), in which the 193nm neutral photodissociation

is not observed to have a minimum onset coverage of CH3Br.

Based on the findings for CH3Br on CH3OH/Cu(110), the
expectations for CH3Cl adsorbed on this substrate would be
for a reduced but broadened photoelectron-driven dissocia-
tion signal and increased photodesorption. In this light, the

observed TOF spectra for this system, such as that of Fig.
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Fig. 12 A series of TOF spectra for varying amounts of CH3Br
adsorbed on 1ML CH3OH on Cu(110), obtained using 193nm light.
While the CT-DEA photodissociation and the photodesorption
features are observed at all CH3Br coverages, the neutral
photodissociation of CH3Br is only observed for coverages of
CH3Br above 1ML.

13 are surprising. The yield of CH3; photofragments from
photoelectron-driven dissociation is very large and also nar-
row in the TOF spectra compared to the analogous case for
CH3Br, and the photodesorption feature is much smaller than
that seen in the previously described systems. In common with
the findings for CH3Br, the CT-DEA photodissociation peak
for CH3Cl on CH3OH/Cu(110) is at a longer flight time than
seen for D,O/Cu(110), as shown in Fig. 14. As compared to
the D, O case, the CH3 photofragments from CH3Cl photodis-
sociation are ~6Ls slower, or as shown in the inset plot of Fig.
14, the peak in the P(E) distribution is at 0.15eV lower kinetic

energy.

That the observed photodissociation for CH3Cl on
CH30H/Cu(110) is photoelectron driven is supported by data
such as that shown in Fig. 15, in which the amount of CH3;0OH

is varied for a fixed CH3Cl dose. The photodissociation yield
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Fig. 13 Time of flight spectrum from the photodissociation of
0.3ML CH3Cl adsorbed on 1ML CH3OH/Cu(110) using 248nm
light. The photodissociation via the DEA mechanism give a large
yield of CH3 photofragments (peak at 71Ls), and a very small
photodesorption feature (the dashed line indicates the CH3
background count level).
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Fig. 14 Comparison of TOF spectra for CH3Cl photodissociation at
248nm, between that adsorbed on D,O/Cu(110) (blue trace) and on
CH3OH/Cu(110) (red trace). The inset plot shows the same data
plotting the probability distribution as a function of the CH3
photofragment kinetic energy. While the yield of CH3
photofragments is much larger for CH3Cl adsorbed on CH3;OH
(note the respective y-axis scales for the TOF spectra), the kinetic
energy release is smaller than when adsorbed on D, O/Cu(110).
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is found to increase dramatically from that of the clean sur-
face, to a maximum yield found for roughly 1ML CH3;OH.
The yield is then observed to decrease, and a simple exponen-
tial fit suggests an attenuation length of 3.0ML for the relevant
photoelectron transport through CH3OH, which is compara-
ble to the 2.7ML discussed above for D,O. Similar variations
with CH3OH dose are also found for CH3Br/CH3;OH for the
photoelectron driven photodissociation peak as well as for the
photodesorption feature. The neutral photodissociation peak
for CH3Br seen at 193nm (the TOF peak at 39us in Fig. 12)
behaves differently— increasing monotonically with for low
CH3O0H doses and remaining essentially constant for higher
multilayer doses. As the CH3Cl coverage is increased for a
fixed amount (1IML) of CH3OH, the CH3 photoyield due to
photoelectron driven dissociation grows monatonically with
the CH;3Cl dose until 1ML is dosed, and then remain essen-
tially fixed for higher doses. We interpret this result as being
due to having only the first monolayer of CH3Cl able to stick
to the CH30OH/Cu(110) substrate at the temperature used for

our experiments.

It is also notable that the CH3 photofragment transla-
tional energy distribution from DEA does not change as the
CH3OH thickness is varied nor over the range of wavelengths
that CH3Cl/CH3OH/Cu(110) photodissociation is observed
(308nm to 193nm)— TOF spectra from different wavelengths
can be overlaid and aside from simple linear scaling, are oth-
erwise identical. This also appears to be the case in our data
for the CH3Br on D,O/Cu(110) and CH30OH/Cu(110), though
the distributions are more complex. This point is salient as
photodissociation via DEA is often interpreted in terms of the

“3-step model’ 3>3! in which the energy available for dissoci-
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Fig. 15 Yield of CH3 photofragments from photodissociation of
CH3Cl/CH30OH/Cu(110) as the CH30H coverage is varied. The
data is obtained using 193nm light and 1ML of CH3Cl. The solid
line is a simple exponential fit to the data points above IML CH3OH
coverage, and represents a 1/e attenuation distance of 3.0ML for
CH3;O0H.

ation should reflect the convolution of the photoelectron dis-
tribution with the anion resonance attachment energy distribu-
tion. This leads to an expectation for lower energy available
(Eq. 1) at the red end of the wavelengths used for photodis-
sociation that should be reflected as a suppression of the high-
energy side CHj3 translational energy distributions, but this is
not observed. One possible explanation for this lack of corre-
lation between photon energy and fragment translational en-
ergy could be that intermediate electron sates modify the den-
sity of states at the vacuum interface, such as image-potential
derived states ! that couple with the anion attachment reso-
nance>2.

A striking observation for CH3ClI/CH3OH/Cu(110) at
193nm is that we do not observe CH3 photofragments from
neutral photodissociation of the CH3Cl at 193nm under any
of the conditions studied— data obtained at 193nm is es-
sentially identical to that from 248nm as shown in Fig.
13. Given the cross sections and intensities measured for

CH;3Cl/D,0O/Cu(110) (e.g. Fig. 9), the neutral photodisso-
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ciation channel should be easily observable. The absence of
neutral photodissociation in the TOF spectra from the first
monolayer of CH3zBr on CH3OH/Cu(110) that is seen in
Fig. 12 indicates that the neutral photodissociation mecha-
nism is suppressed at 193nm for CH3Cl and CH3Br on the
CH3OH/Cu(110) substrate. This observation is discussed fur-
ther in Section 4.

As described above, we see altered kinetic energy distribu-
tions for the CH3 photofragments via CT-DEA for CH3X on
CH3OH as compared to D,O. We have also directly compared
the observed distributions for CH3Cl to those of CH3Br ad-
sorbed on CH3O0H, which are shown in Fig. 16 for 248nm
light. The CH3 photofragments from CT-DEA of CH3Br are
slightly faster than those from CH3Cl in the onset of the distri-
bution as well as the most probable time. As shown in the in-
set plot, the leading edge of the P(E) distribution is at 0.20eV
higher energy for the CH3Br as compared to that of CH3Cl.
This is a smaller kinetic energy difference than was seen for
these two molecules on D,0 in Fig. 5 (~0.3eV). This smaller
difference in kinetic energies is a result of the larger downward
shift in CH3 fragment kinetic energy for CH3Br on CH30H as
compared to DO (ATcy, = —0.20eV) as compared to that for

CH3Cl (ATcy, = —0.15€V).

3.4 Cross Sections

We have measured depletion cross sections for a selection of
the molecular thin films examined in this work. These cross
sections are obtained by recording CH3 photofragment yields
from photodissociation and/or photodesorption for a sequence
of TOF spectra.

Time-of-flight spectra are obtained using

200-300 laser pulses per scan, then repeated for 10 or more

100 04 08 1.2

CH3 KE (eV) 200

50 100

250 LIS N N L L I L L L L L L L Y L L | 700
: __ll|lll|lll|ll__:
r 19 600
200 EE
g CHiBr 4 500
150 14 400
- CH4CI 1]
- o T e ] 300

CHj; Counts (from CH3Br)
(108HO wioy) sunod €HY

0
11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1
0 50 100 150 200 250uS
Time of Flight (us)

Fig. 16 Comparison of the 248nm photodissociation of CH3Br
(blue trace) and CH3Cl (red trace) adsorbed on 1ML
CH;3OH/Cu(110). The inset plot shows the related probability
distributions as a function of the CHj3 fragment translational energy.

successive scans. In the systems studied here, the TOF signals
are observed to diminish as the net laser photon flux was in-
creased, and the resulting yield vs flux curves could be fit by
a simple exponential decay model. Reasonable fits to the data
were obtained, at least in the low flux limit, though this does
not exclude the possibility that more complex photochemical
processes not seen in the TOF data might be occurring in these
heterogeneous thin films. In the cases where multiple features
are observed in the TOF spectra (neutral photodissociation,
DEA, photodesorption) we measured separate depletion cross
sections for each feature. In the cases we examined, we mea-
sured the same (within experimental error) cross sections for
co-present features. The resulting extracted cross sections are
reported in Table 1. The values reported are nearly all ob-
tained using 1ML of the D,O or CH30H, with between 0.5
and 1ML of the methyl halide adsorbed on top. The one ex-
ception is for the A=193nm photodissociation of CH3Br/D,0

in which we also report the value for 15ML of D,O (value
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in brackets) which represents the cross section in which only
neutral photodissociation is observed in the TOF spectra. This
value of 9.2 x 10~ °cm? is somewhat larger than that reported
for gas-phase*® CH3Br (¢ = 6 x 10~ °cm?). This discrep-
ancy may well be due to the rather large error associated with
the absolute cross sections we estimate (£50%)%. In sev-
eral cases we can observe and identify the photochemical pro-
cesses in the TOF spectra (and some of these are shown and
discussed above) but the yields are too low to yield a reliable
cross section estimate, so these are denoted by ‘>0’. Situa-
tions in which no photochemical signals could be discerned
in the TOF spectra are denoted by °-’. The tabulated val-
ues highlight an interesting contrast between the CH3zBr and
CH;Cl photodissociation results- the CH3Br photodissocia-
tion is observed at longer wavelengths on the D,O/Cu(110)
films, while for CH3Cl, the photodissociation is larger and
seen at longer wavelengths on the CH3OH/Cu(110) films. We
are not aware of any previous observations of CH3Cl pho-
todissociation with substantial cross section for A =308nm
(4.02eV) photons. There are few previously reported pho-
tochemical cross-sections for halomethanes co-adsorbed with
D,0 or CH30H. A study of CD3Cl caged within H,O layers
on Ru(100) measured cross sections of ~ 0.5 x 10~ 8¢m? at
193nm and ~ 0.02 x 10~ 8¢m? at 248nm by observation of
CD;Cl depletion3, values that are compatible with those re-

ported for CH3Cl/D,O/Cu(110) in Table 1.

§ Various geometrical factors as well as the variable laser beam profile unifor-
mity lead to this large absolute error. At a given wavelength, the relative
errors of our cross section estimates are quite small- we typically measured
cross sections for different molecular combinations on the same day without
modifying the laser geometry and using the same laser gas fill, so that the
sources of most relative errors are small (<10%) for these values. We do ex-
pect that our absolute cross section values and those for comparing values at
two different wavelengths have larger errors.

3.5 Angular Distributions

The substantive differences observed in the photodisso-
ciation dynamics between CH3Br and CH3Cl when ad-
sorbed on CH3OH/Cu(110) were further investigated by mea-
surements of the angular variation of the signals. For
CH;Cl/CH3OH/Cu(110) we found an angular distribution for
the CH; photofragments well fit by a cos” 8 functional form
with N = 4, which does not change substantially with CH3Cl
coverage. As the detection angle from the surface normal in-
creases, the CH3 photofragment kinetic energy distribution is
hardly affected, as seen in Fig. 17. There is a small diminu-
tion of the fastest CH3z fragments at larger escape angles, but
no increase in the proportion of the lower energy inelastic tail
even for the 60° detection angle. In contrast, the TOF spectra
for CH3Br photodissociation (e.g. Fig. 11) show clear evi-
dence of inelastic interactions on both the D,O/Cu(110) and
CH3O0H/Cu(110) surfaces. The P(E) distributions for a range
of detection angles shown in Fig. 18 for CH3B1/D,O/Cu(110)
display a more pronounced inelastic tail for CHj3 kinetic ener-
gies lower than that of the main CT-DEA peak, and in some
spectra a peak can be discerned near Tcy, ~ 0.4eV (e.g. in-
sets in Figs. 5 and 16). We ascribed a similar feature seen for
CH31/D,0O/Cu(110) to chattering as downward pointing CH3
fragments interact with the substrate before escaping?®. The
inelastic signals are seen to grow in relative size as the detec-
tion angle from the surface normal is increased. The angu-
lar distributions of the CH3 photofragments from CH;3Br are
peaked in the surface normal direction (< cos™ (0) with N=4—
5) but also display a shift to lower kinetic energy in both the
fastest CHz photofragments as well as the larger ‘inelastic tail’

as the angle increases.
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Fig. 17 Comparison of the CH3 photofragment translational kinetic
energy distributions from 248nm photodissociation of CH3Cl
adsorbed on IML CH3OH/Cu(110) as a function of detection angle
from the surface normal.
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Fig. 18 Comparison of the CH3 photofragment probability
distributions from 248nm photodissociation of CH3Br adsorbed on
IML D,0/Cu(110) as a function of detection angle from the surface
normal.

4 Additional Discussion

4.1 Structure and Dynamics

In many respects the structural properties of the halomethanes
are quite similar, with the structure of the solids dominated by
the electrostatic dipole interactions (dipole moments: CH3Cl-
1.90D; CH3Br- 1.82D; CH3l- 1.64D)**. In the bulk solid,
although the molecular ordering is dominated by dipolar in-
teractions, there are distinct differences between the struc-
ture of crystalline CH3C1°* and CH3Br>>, which is ascribed
to differences in the halogen-halogen binding interactions>>.
The observed photochemical dynamics for CH3;Br and CH3C1
on D,0O/Cu(110) do not indicate significant differences in the
structural aspects that impact the observed dynamics. For both
methyl halides, we observe CT-DEA on thin D,0O films over
arange of wavelengths in which hot photoelectrons of the ap-
propriate energies would be generated. In addition we observe
photodesorption of the intact CH3X molecules that correlate
with the CT-DEA dissociation fluxes. The observed dynam-
ics are compatible with an antiferroelectric structure for the
methyl halides, and given the net repulsive interactions with
the D, 0, it is anticipated that CH3X islands are present even
at low coverages. These observations are consistent with our
previous study of CH3I/D>O/Cu(110)%8. At the shorter 193nm
wavelength, we also observe neutral photodissociation of both
CH3Br and CH3Cl, with apparent cross sections comparable
to those for the gas-phase. That these neutral photodissoci-
ation TOF features are very well-defined indicates that the
measured CH3 photofragments are from ‘CH3z-up’ oriented

molecules that do not significantly interact with the surface

during or post bond-cleavage.
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The clean Cu(110) substrate has a work function of
4.48eV*, and the D,0 and CH3O0H adlayers reduce the work
function by 1eV or more for monolayer coverages>>>. In ad-
dition, the CH3X adlayers are known to reduce the work func-
tion on D023 due to the preferred orientation of the dipole.
Hence even for the longest wavelength (351nm, hv=3.51eV)
used in this work, we expect that free photoelectrons (i.e.
above the vacuum level) are present under most conditions
studied, in addition to the subvacuum level ‘hot’ photoelec-
trons. At A=351nm we only observed photoelectron-driven
dissociation and photodesorption in the TOF spectra for the
CH3B1/D,0/Cu(110) and CH31/D,O/Cu(110) systems. Pho-
todissociation was observed for a narrow range of D,O cov-
erages around 1ML, where the work function minimum and
maximum CHj3 yields (e.g. Fig. 3) are found. Since we ob-
serve no photoelectron-driven dissociation of CH3Cl on either
D,0O/Cu(110) or CH30H/Cu(110) using 351nm light, it can be
concluded that higher energy photoelectrons are required for
DEA of CH3Cl than are substantially available. Upon increas-
ing the photon energy by 0.49eV using 308nm light (and con-
sequently producing a similarly increased range of photoelec-
tron energies), we observe not only much stronger dissociation
signals from CH3Br/D,O/Cu(110) but also photodissociation
of CH3CI/CH30OH/Cu(110). This indicates a threshold pho-
ton energy between 3.53eV and 4.02eV for the latter system.
The contrasting behaviour of CH3;Br and CH3Cl photodissoci-
ation yields on D,O/Cu(110) and CH3OH/Cu(110) are high-
lighted near these thresholds. The CT-DEA photodissociation
of CH3Cl is most prominent on the CH;OH/Cu(110) surface,
and is only observed at shorter wavelengths on D>,O/Cu(110)

and with lower CHj3 photofragment yields and cross-section.

In contrast the CH3Br CT-DEA photodissociation is more
prominent on the D,O/Cu(110), and we did not observe CHz
photofragments or photodesorption on CH3OH/Cu(110) using
351nm light. We believe that these observations are related to
the differing molecular structures of CH3Br and CH3Cl on the

CH30OH and D,0 molecular interfaces.

Further evidence for differing molecular ordering of CH3;Br
and CH3Cl on the two substrates considered comes from the
observed CHj3 time-of-flight distributions. The TOF spectra
from CH3;Cl/CH3OH/Cu(110) display a single narrow fea-
tures due to CT-DEA of the CH3Cl (E=0.62eV, AE=0.24eV
FWHM). This system displays almost no ‘inelastic tail’ of
lower energy CHj3 photofragments (E;.q,s <0.4eV, see Figs.
16 and 17) and there is only a very small photodesorption fea-
ture as compared to the other systems studied in this work.
These observations for CH3ClI/CH30OH/Cu(110) lead us to
propose that the CH3Cl molecules are adsorbed primarily with
the CI-CHj3 axis normal to the surface and in the ‘CHs-up’
orientation. Bond-breaking due to DEA leads to the depart-
ing CH3 photofragment having little opportunity for inelastic
interactions as it departs the surface and hence a relatively
narrow translational energy distribution. Due to the solva-
tion shift of the anion, the dissociation probability is high (i.e.
low autoionization or quenching probability) so there is a rela-
tively low probability for excited CH3Cl that do not dissociate
but might have sufficient energy to break the molecule-surface
bond and contribute to photodesorption. On the D,O/Cu(110)
surface the photodissociation of CH3Cl yields fewer CHj
photofragments and a significantly lower cross section (Ta-
ble 1). The data such as in Figs. 4, 8 and 14 show that

there is a similarly small inelastic tail (E;.q,s < 0.5eV) and
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a somewhat larger photodesorption signal as compared to the
situation on CH3OH/Cu(110). An IR-SFG study of CH3Cl
on D>,O/Pd(111) indicates that the CI-CH3 bond is along the
surface normal in the ‘CH3-up’ orientation®, and our own
observations of the angular distributions for CH3; photofrag-
ments on both CH30OH and D,O are in accord with this. De-
pending on the dosing order and amount?, it is possible that
some mixed orientations for CH3Cl on D,O can be formed.
We do believe that the CH3Cl/D,O/Cu(110) TOF data shows
evidence for a minor amount antiferroelectric ordering of the
CHj;Cl- that downward pointing CH3 photofragments will in-
elastically scatter from the surface to contribute to the inelas-
tic tail, and that ‘chattering’ type interactions will also lead to
more quenching and subsequent molecular photodesorption®

on D,0O/Cu(110) than for CH;0OH/Cu(110).

On the basis of the observed energy and angular distri-
butions, we conclude that CH3Br on the D,O/Cu(110) and
CH;30OH/Cu(110) substrates has a mored mixed orientational
ordering than for CH3Cl, most likely an antiferroelectric struc-
ture with both ‘Br-up’ and ‘Br-down’ configurations, though
to a lesser extent on D,O/Cu(110) than for CH;0OH/Cu(110).
The role of local work function modulated by the ordering of
surface dipoles at the interface has been noted previously *7->7,
and in the case of CH3OH/Cu(110), the preponderance of
‘CHz—up’ ordering of the CH3Cl lowers the barrier for photo-
electron interactions to a larger extent than the mixed ordering
of the CH3Br. In an analysis of CH3Br electron- and photodis-
sociation on Ru surfaces it was found that the ‘Br-down’ con-
figuration largely results in photodissociation while the ‘Br-
up’ configuration leads to photodesorption®. We also see that

there are differences in the solvation of CH3Br and CH3Cl an-

ion states on the two substrates considered, as both are found
to have lower CH3 kinetic energies on CH3;OH/Cu(110) but
with a larger downward energy shift for CH3Br. Based on Eq.
1 this indicates that the dissociating CH3Br anion is less well
solvated than CH3Cl on the CH3OH, which could be due to
differences in the orientational structure as discussed above, or
could be due to steric hindrance for the larger neutral CH3Br
precursor.

There has been less previous work for the CH3OH thin
films, but FT-IR spectroscopy indicates that the equilibrium
structure for CH3OH/Cu(110) at low temperatures has the O—
H group close to parallel to the surface, with the CH3 group
oriented toward the surface normal“’. This is responsible for
the sign and magnitude of the surface dipole and the related
change in work function that has been observed. This surface
dipole structure would most likely cause the preferential ori-
entation of the halomethanes in a similar manner as for the

D,0/Cu(110) case.

4.2 Neutral Photodissociation and Quenching

The neutral photodissociation of CH3Br and CH3Cl in the gas-
phase at 193nm has been well-studied**—>> and occurs with
rapid C-X bond scission via a set of excited states referred
to as the ‘A-band’. In many respects this photodissociation is
similar to that of CH3I at 248nm, and we recently reported >8
on the 248nm photodissociation of CH3I/D,O/Cu(110) in
which neutral photodissociation was prominent, and was iden-
tifiable for D,O films from monolayer to many multilayers
in thickness. For both CH3Br and CH3Cl on D,O/Cu(110)
we do identify the neutral photodissociation pathway us-

ing A=193nm light from the characteristic CH3 kinetic en-
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ergy distributions. When these molecules are adsorbed on
CH3OH/Cu(110) however the situation is dramatically differ-
ent. We do not observe neutral photodissociation of CH3Cl,
and neutral photodissociation of CH3Br is not observed for
submonolayer CH3Br coverages. We have also examined
the 248nm photodissociation of CH3I/CH3OH/Cu(110) over
a range of conditions (e.g. Fig. 19) and do indeed observe
characteristic TOF features that can only be a consequence
of neutral photodissociation. While in many other respects
the behaviour of CH3I on CH3OH/Cu(110) was found to be
similar to that of CH3Br, the quenching of neutral photodis-
sociation seen for CH3Br and CH3Cl at 193nm is absent for
the CH3I at 248nm. In the absence of any detailed calcu-
lations for the ground and excited state energy levels of the
CH;3X/CH30H/Cu(110) system, it is difficult to pin down the
precise mechanism by which the excitations are quenched. We
can exclude mechanisms such as orientational or steric block-
ing on the basis of the observed CT-DEA dissociation dynam-
ics of the CH3X on the same substrate, which is not similarly
hindered. It is apparent that an efficient quenching due to a

Dexter energy transfer (DET) mechanism is present for CH3Br

and CH3Cl using 193nm photoexcitation.

Solid methanol has a bandgap of 6.7eV, and UPS study of
CH30H/Cu(110)2? places the HOMO 24" level 5.5V below
Ep, while for HyO/Cu(110) the HOMO 1b; level is located
6.8-7.2eV below Er 0. As for the methyl halides, a study of
CH3X/Ag(111) using UPS placed the halomethane HOMO at
6.0eV below Er for CH3Cl/Ag(111), and at 5.4eV and 4.4eV
respectively for CH3Br and CH3I monolayers on the same
substrate®. The other ingredient required for DET is wave-

function overlap, and based on isolated molecule wavefunc-

05 10 15 20 25
CHj; Kinetic Energy (eV)

0 100 200 300 400 500
Time of Flight (us)

600uS

Fig. 19 Time of flight spectrum for CH3 photofragments from 1 ML
of CH3I adsorbed on a thick (=10ML) film of CH30OH on Cu(110)
obtained using 248nm light. The prominent peaks at 44us and 54us
flight times are characteristic of the neutral photodissociation
pathways for CH3I in the A-band.

tions the HOMO of CH3O0H has more weight on the CHj3
group than the 15 level of D,O does on its free D, and
so is consistent with this requirement. It is of note that in
CH;30H/TiO, photochemistry, it has been remarked in sev-
eral studies '8 that the CH30H is an effective ‘hole getter’
as compared to HyO/TiO,. This is attractive explanation since
the neutral excited state and the DEA anion state both corre-
spond to an excess electron in the CH3X LUMO, so the dif-
ferences between these two dissociative processes are largely
restricted to the differences in time that the excited state lies
above the corresponding ground state prior to curve-crossing
and the presence of the valence hole for the neutral excitation.
However it is unclear if the quenching of the excited state hole
for CH3X by CH30H can be rapid enough to compete with
the very rapid bond scission in CH3X A-band photodissoci-
ation. We are not aware of similar inter-molecular quench-
ing of rapidly dissociative neutral photoexcitation having been
previously identified in the surface photochemistry literature.
A somewhat similar quenching mechanism has been identi-
fied in X-ray absorption studies of homomolecular clusters of

CH3Br6O, although in this case the 3d — 4a; core-valence ex-
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citation has dissociation competing with Auger decay, and the
quenching observed in clusters is ascribed to delocalization of
the CH3Br LUMO, rather than the HOMO implicated in the

present work.
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Table 1 Observed depletion cross sections based on observed
photodissociation and photodesorption yields from CH3X on
different monolayer films on Cu(110), and gas-phase
photodissociation cross section*®. Entries indicated by ‘> 0’ have
detectable yields but insufficient signal to measure a reliable cross
section. Entries indicated by a dash ‘-’ had no detectable
photochemical signal in the TOF spectra. The value in brackets for
CH3B1/D,0 at 193nm is that from a multilayer D, O film

Depletion Cross Section (x 10~ Bcm

%)

A (nm) [Av(eV)] CH3Br/D,0O CH;Br/CH;OH CH3CI/D,O0  CH3CI/CH30H  CHj3Br(gas)*®  CH;3Cl(gas)*
193 [6.42] 1.9 (0.92) 25 0.55 3.4 0.56 0.070
248 [5.00] 0.45 0.93 >0 0.77 0.015 -

308 [4.02] 0.40 >0 >0 0.71 - -
351 [3.53] >0 - - - - -
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