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A difference in the UV photodissociation dynamics of chlorine and tricholorofluorocarbon has been observed
when those molecules were adsorbed on water ice surfaces. This difference is mostly attributable to the
difference in the interaction of the adsorbed molecule with surface water molecules of ice. In the
photodissociation of Glat 300-414 nm, the branching ratios of the formation of(&,,,) with respect to
Cl(?Ps)) are different from those reported in the gas-phase photodissociation. However, in the photodissociation
of CFCk at 193 nm, the ratio is in good agreement with that reported in the gas-phase photodissociation. The
kinetic energy distributions of the photofragment chlorine atoms reflect the interaction between the adsorbates
and the surface water molecules.

Introduction reacts with ice above 130 K to form HOCI and HE€IThe
interaction between a water ice surface and GHGIs been

. Chemlstry on water ice films depends on the nature of investigated experimentalf2® Horn et al. have studied the
interaction between adsorbed molecules and ice surfaces. The

interactions of adsorbed molecules with the surfaces of amor- adsorption of CFGlon the DO ice surface at 110 K using
) S . . .~ reflection—absorption infrared spectroscopyThey conclude
phous and crystalline water ice films were investigated using

thermal desorption spectroscopy (TDS), infrared absorption that CFC{ molecules are weakly and reversibly adsorbed onto
P P by ! P the surface of ice film. According to Ogasawara et al. the bond
spectroscopy, and X-ray photoelectron spectrostdioy carbon .
suboxide? ozone? thiophen? cyanoacetylen&,chlorodifluo- between the ice surface and Cg{la hydrogen bond between
romethan€,ammonia® and trichlorofluoromethan&Theoretical chlorine and free OH.
calculations were carried out to study the interactions of small Experimental Section
nonpolar compound¥, acetone and methan®i, hydrogen ; o
chloride, and hydrogen fluorid with ice surfaces. The Surface photodissociation of molecules adsorbed on crystal-
reactivity of ice surfaces toward certain molecules varies lin® and amorphous water ice surfaces was carried out in an ul-
appreciably with phase and morphology of ice. Schaff and trahigh vacuum chamber, which was equipped with two turbo
Roberts reported compounds possessing a functional groupmolecular pumps in tandem, a pulsed molecular beam, an exci-
capable of accepting a hydrogen bond from the OH group of Mer laser, and a dye laser. The experimental details are described
water ice show one or more thermal desorption states from an€lsewheré? In brief, ice films were prepared on polycrystalline
amorphous ice surface that are absent from crystalliné ice. AU substrates with (111) domaifsTwo types of ice films were
Photochemical reactions on ice have attracted attentionUS€d in this experiment: porous amorphous solid water (P-
because of their relevance in atmospheric procéddddce ~ ASW) and polycrystalline ice (PCI) films. The P-ASW film
mediates chemical- and radiation-induced processes in interstelWas grown by deposition of water on the polzxcz:‘rlystalllne Au
lar, cometary, or planetary conditiolsln this paper, we have  Substrate at 8699 K with the backfilling method?~2* The PCI
performed photodissociation of £and CFC4 by measuring f|Im was prepa(ed by depQSItlng water vapor at 13(_) K for 60
the translational energy distributions and the sqirbit branch- ~ Min and anneallné:] for 25 min. The exposure was typically 1800
ing ratios of the CRPs;) and CI(2Py;) photofragments. The L(1L=1x 10 °Torr s), which resulted in the formatlo_n of
low-temperature study of the interaction of,@lith water ice 600 ML of HxO on the Au substrat& An amorphous ice film
surfaces was reported by Banham et%alThe desorption is characterized by the existence of free OH groups and the
temperature of Glfrom an water ice surface is 110 K. A TPD porosny_of (|)ce surface, Whlle a crystall_me ice f_||m has grain
study for the interaction of Gith an amorphous ice surface Poundaries? The gas mixture of Glwith N diluent was
was reported by Graham and Robéft§hey found that an introduced into a vacuum chamber and exposed with the
exposure of 0.09 L at 100 K is sufficient to saturate the surface backfilling method. CFG molecules without diluent was
with Cl,, because Gldoes not condense intoGhultilayers at introduced into a vacuum chamber. The_charr_lber pressure was
100 K. Cb desorbed mainly at 125 K. A secondary ion mass 0.5 x 1078 without sample molecule injection. From our

spectrometric measurement by Donsig et al. implied that CI Previous experimerit; we supposed that €br CFCk formed
a submonolayer on the ice films at 90 K after exposure of several

* Corresponding author. Fax481-75-753-5526. E-mail: kawasaki@ L- Cl2 was photodissociated at 36@14 nm with the YAG
photon.mbox.media.kyoto-u.ac.jp. pumped dye laser (Lambda Physik, SCANmate, 1 mJ%m
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Figure 1. Time-of-flight spectra of CRPs,) and CI(?Py;) from the 193 nm photodissociation of CR@n a polycrystalline ice surface and an
amorphous ice surface. Ice temperatlire 90 K, 1 L of CFCk. These spectra are resolved into two distributions: a Gaussian translational energy
distribution marked by A withE[4 = 0.42 + 0.02 eV andE[d+ = 0.71 + 0.03 eV for both amorphous and crystalline ice surfaces; a flux-
weighted Maxwel-Boltzmann translational energy distribution marked by B With.s= 540+ 50 K for a crystalline ice surface and 108050

K for an amorphous ice surface. The smooth solid curves correspond to the sum of these two distributions defined by eq 1. Details of curve fitting
were described in ref 20.

pulse® at UV). CFCk was photodissociated at 193 nm with an  Boltzmann translational energy distributioRgs(E), respec-
ArF excimer laser (Lambda Physik, COMPex, 10 Hz, typically tively. Pg(E;) is characterized by the average enerdy,)] and
reduced to 0.4 mJ cm pulse! by optical filters). While the the energy widthw. Pus(E:) is characterized by the average
adsorbed molecules were photoirradiated, the sample moleculekinetic energyE[1= 2kgTyans Where kg is the Boltzmann
was slowly introduced accordingly, to keep amount of the constant andiansis the translational temperature. Conversion
adsorbate constant. Actually, the sample molecule was intro- from the energy distribution to the time-of-flight distribution
duced through a leakage valve, typically in the effective pressure was performed using the Jacobian listed by Zimmerman and
range of 10° Torr, to keep the signal intensity constant at a Ho.?” The details of the simulation of the TOF spectra were
fixed time delay between photolysis and probe pulses. Another described in our previous pap#r.

YAG pumped dye laser pulse (Lambda Physik, SCANmate, 0.2

mJ pulse?! at UV) was used to ionize the photofragment by (2 S(C,t) = CS4(t) + (1 — C)Sys(t) Q)
+ 1) resonance-enhanced multiphoton ionization (REMPI) at
235.336 nm for CRP3/2) and 235.205 nm for C2Py/,) with a P.(E) = w(2r)*3 exp[-2(E, — [Et[ﬂz/vvz] )

lens = 0.20 m). For each spirorbit state, the REMPI

intensity, |, depends both on the quantum state populatign, >

and on){[he iorF\)ization efficiency. ghuE(,CI*)/I(CI) i [Kl(cr)/ Pug(E) = (KTrand Ei eXPE/(Tiandl  (3)

N(ChH]/f. The scaling factof was reported to be 1.06& 0.17 . . ) . )

by Regan et a1 The subsequent REMPI signals of the chiorine Where C is a coefficient, and is the time-of-flight of the

atoms were detected by a time-of-flight mass spectrometer angPnotofragments.

normalized to the UV probe laser intensity. The distarice,

between the substrate and the detection region was varied fromResults

3 to 5 mm to change the effective flight lengths for neutral Photodissociation of CFC} on Water Ice Surfaces at 193

photofragments, which was set typically to 3 mm. TOF spectra nm. Cl and CI* photofragments from the 193 nm photodisso-

were taken as a function of time delaybetween photolysis  ciation of CFC} adsorbed on amorphous and crystalline water

and probe pulses, which correspond to the flight time betweenice surfaces were observed, which have both fast and slow

the substrate and the detection region. components. Typical TOF spectra are shown in Figure 1. Solid
The TOF spectra were collected with the detector located curves are a best-fi(C, t) of eq 1. The fast component (channel

along the surface normal. To simulate the obtained TOF spectra,A) is a Gaussian distribution. The slow one (channel B) is a

we used a composite of normalized TOF functiogg(t) and flux-weighted Maxwel-Boltzmann distribution. Both ClI and

Sus(t). These functions correspond to a Gaussian translational ClI* photofragments have the same threshold TOF of @80

energy distributionPg(E;) and a flux-weighted Maxwetlt 0.05us. On the assumption that the angular distribution of the
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TABLE 1: Average Translational Energies of CI(2Ps;) and CI*(2Py,) Photofragments from CFCl; and Cl, Adsorbed on Ice

Surfaces

Gaussian distribution for

Maxwell—Boltzmann distribution

Channel A for Channel B
average average translational
parent detected energy coefficient energy temperaturg coefficient
molecule species (eV) ca (eV) (K) ca

CFCk Cl 0.42+0.02 0.65+ 0.07 0.174 0.01 (P-ASWY 1000+ 50 (P-ASW) 0.35+0.07

0.09+ 0.01 (PCIy 540+ 50 (PCI)
cr 0.71+0.03 0.49+ 0.07 0.174+ 0.01 (P-ASW) 1000+ 50 (P-ASW) 0.51+ 0.07

0.09+ 0.01 (PCI) 540+ 50 (PCI)
Cl, Cl 0.38+ 0.04 0.65+ 0.05 0.13+0.01 770+ 40 0.35+ 0.05
cr 0.48+ 0.04 0.87+ 0.02 0.13+0.01 770+ 40 0.13+ 0.02

2 Average energy, translational temperature and coefficient appear in’é2tASW stands for porous amorphous solid water ice surfae€l

stands for polycrystalline ice surface.

TABLE 2: Branching Ratios of Cl*(2Py,) and CI(2Ps,) from
Photodissociation of CFC} and Cl, on a Polycrystalline Ice
Surface and in the Gas Phase

ice surface
adsorbate wavelength (nm)(CI")/I(CI)2 N(CI")/N(CI)* gas phase
CFCk 193 0.24+ 0.02 0.25+0.02 0.30
Cl, 300 0.20+£ 0.03 0.30+ 0.05 o
325 0.19+ 0.02 0.29+ 0.03 ¢}
351 0.19+ 0.01 0.29+ 0.02 0.008
400 0.16+ 0.01 0.24+ 0.02 0.43
414 0.10+£ 0.01 0.15+0.02 0.68

a Experimental signal intensity rati®.Population ratio after correc-

photodissociation of Gl The exponenh = 2 for the angular
distribution of the photofragments was adopted for channel A
according to Giorgi et & The Gaussian distribution of Cl is
characterized by ¢ = 0.38+ 0.02 eV andv = 0.37+ 0.02
eV for both amorphous and crystalline id&;[g- is 0.48 +
0.02 eV andw = 0.37 £ 0.02 eV. The average energies of
channel B, RgTyans are 0.13+ 0.01 eV for Cl and Cl These
translational energy parametdi&]and XgTians Were found
to be independent of photolysis laser intensity up to 5 mJ%cm
pulsel, under an exposure @ L and the states of ice surfaces
(amorphous or crystalline).

The time-integrated TOF signal intensity ratig€l")/I(Cl)

tion for detection efficiency and electronic relaxation; see text for details. on polycrystalline ice surface at 36@14 nm are almost

¢ From ref 38.9 From ref 29.

photofragments from the substrate is a function of@pahere

independent of the dissociation wavelengths as shown in Table
2. In the TOF spectra, the Cl atoms have an appreciable portion
of the slow component in their broad TOF distributions while

6 is the desorption polar angle, the best fitting value of the the CI atoms have only a limited portion of this component in
exponent I(]) for the TOF spectra was decided to be 2 for channel their narrow TOF distributions. The contributions of channel B

A. The Gaussian distribution for Cl is characterized [Byfg,
=0.42+0.02 eV, andv = 0.91+ 0.09 eV, for both amorphous
and crystalline ice. For Cl &g is 0.714 0.03 eV andv =
0.654+ 0.06 eV. For the slow MaxweliBoltzmann distribution,

to the total TOF spectra of Cl on amorphous and crystalline ice
are 35+ 5%, while that for Clis 13+ 2%. We assumed that
(a) the contribution of channel B should be the same for both
CI" and Cl, and (b) the electronically excited-staté &oms

n = 0 was adopted for the angular distribution. The energy are internally relaxed to the ground-state Cl atom. Based on

distribution is characterized bykgTians= 0.09+ 0.01 eV (540
+ 50 K) for crystalline ice, and BTyans = 0.17 £ 0.01 eV

this assumption and after correction for the relative sensitivities,
the population ratiod\(CI")/N(CI), are listed in Table 2, which

(1000 + 50 K) for amorphous ice. These translational energy are different from those reported in the gas-phase photodisso-

parametersk;Jand XgTyansWere found to be independent of
photolysis laser intensity for 041 mJ cnt? pulse ! and under
an exposure of 1 L.

ciation?®
Effects of the States of Water Ice Surfaces on Cl Photo-
fragment Yields and Photodissociation Cross Section3.he

The contributions of channel B to the total TOF spectra of Cl signal intensity from the photodissociation of CE@las 6

Cl on amorphous and crystalline ice are 85/%, while that

4+ 2 times weaker on P-ASW than on PCI under the same

for CI* is 51 &+ 7%. Table 1 summarizes these results for the €xposure conditions, and that of,@tas about 10 times weaker.

energy distributions.
The time-integrated TOF signal intensity ratid€!l")/I(Cl)

For measurement of the relative photodissociation cross sections
of CFCk or Cl, on amorphous and crystalline ice surfaces, the

were 0.24+ 0.02 for both amorphous and crystalline ice decay curve of the Cl signal intensity was measured as a function
surfaces. After correction for the relative sensitivity of the each Of irradiation time after the sample molecules were once exposed
REMPI transition, the ratio of the quantum state population is On ice surfaces at 90 K undé L condition.
N(CI")Y/N(CI) = 0.25+ 0.02, which is close to the ratio observed ~ Since the photodissociation process follows a single expo-
in the gas-phase photodissociation at 193 nm (Table 2). Becausé€ntial law, eq 4 determines the photodissociation cross section,
of the weak interaction, no spectral shift is expected. When we Odiss
performed the photodissociation at 248 nm as a reference
experiment, no Cl signals were observed due to the small
absorption cross section, which is below30cn?¥ in the gas
phase.

Photodissociation of C) on Water Ice Surfaces at 306-
414 nm. The TOF spectra of Cl and Clatoms from the

N = Ny exp(=ogisd,) 4)

whereN is the residual amount of the sample molecules on an
ice surfaceNp the initial amount of the sample molecules, and
nhy the number of photons irradiat8dFrom the initial part of
the slopes of these curves, we derivegls or the absorption

photodissociation of Glon water ice surfaces are essentially
the same as those described previoé$kigure 2 shows typical
TOF spectraS(C, t), of Cl and CI atoms from the 351 nm

Cross sectiomwypstimes dissociation quantum yieltd ogisd P-
ASW)/o4is{ PCI) = gapd P-ASWH(P-ASW)loap{ PCl)p(PCI) =
1.2 for CFC}, and 0.15 for Gl.
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Figure 2. Time-of-flight spectra of CRPs/2) and CI(?Py;) from the 351 nm photodissociation of &In a crystalline ice surface and an amorphous

ice surface. Ice temperatufe= 86 K, 1 L of Cl, for crystalline and amorphous ice surfaces. Gaussian translational energy distribution marked by
A is characterized withi;[d) = 0.38+ 0.04 eV, and a flux-weighted MaxweiBoltzmann translational energy distribution marked by B Wighs

= 770+ 40 K. The smooth solid curves are the sum of these two distributions. The TOF spectra(Br4;|which consist mostly of channel

A with [Ed- = 0.48+ 0.04 eV.

Photodissociation of HCIl on Water Ice Sufaces at 193 nm.  reversibly adsorbed onto the surface of ice film, the GFCI
As a reference experiment, the ice surface at 8% K was fragment was removed from the surface immediately after
exposed with a mixture gas of HCl and bb to a few Langmuir photodecompositio
exposure, and then, was irradiated at 193 nm. No REMPI signal  Based on the thermodynamic daf(CFCL—CI) = 3.25
of chlorine atoms was observed. The interaction between HCl ey, the maximum available energy for the 193 nm photo-
and ice is completely different from that for&ind CFC3.3+-% dissociation would be 3.17 eV. In the present experiment,
By using a combination of the infrared transmission spectro- the maximum translational energy of the Cl photofragment,
scopy and Monte Carlo ab initio simulations, Devlin et al. gmaxc|) = 2.6 &+ 0.3 eV from the threshold TOF gives the
reported that HCI dissolves into ice layers to form # CI~ at maximum center-of-mass translational energy"® (Cl +
the surface of ice film even at 50 R Near 90 K, the formation CFCh) = 3.5+ 0.4 eV, which is in fair agreement with the

of contact hydroniumchloride ion pairs abruptly occurs,  calculated maximum available energy. Thus, the fast TOF

resulting in an ionic hydrate layer rich in Zundel catidfighus, component with the Gaussian distribution could be attributable
no photodissociation of HCl occurred on the ice surface at 89 tg the direct photodissociation of CRGin the ice surface. In
93 K. the gas phase, the average kinetic energy of the product chlorine

atoms from the photodissociation of CEG@lt around 190 nm
was reported to be 1.0 €¥.36Based on the average translational
energiedE;[Jof Table 1, the energy relaxation of the chlorine
photofragments is efficient on the ice surface. Due to rapid
energy flow to ice, some of chlorine photofragments from the
photodissociation of CFghre translationally relaxed by surface
CFCl,+ hv — CFCl, + Cl (5) water molecules. Thus, the average kinetic eneligy] of
channel A is lower than that in the gas phase. The discrepancy
At higher laser fluence a fraction of the nascent GR@tlicals ~ With [Eilé| — [Eid- could be due to the fact that the Cl channel
absorbs a further photon and dissociates into GFCl in the deposits a greater fraction of available energy in GHi@érnal
gas phase. In the present experiment, since ArF laser fluence iexcitation?”38
less than 0.4 mJ cm pulse™?, this secondary process does not For Channel B processes, flux-weighted Maxw&bltzmann
occur. Therefore, reaction 5 is the dominant primary process. distributions with XgTyans= 0.094+ 0.01 eV for PCl and 0.17
The UV photodecomposition of CFLbn an ice surface was =+ 0.01 eV for P-ASW were observed. This process is attributed
studied by Ogasawara and KawaiThey reported no IR  to the photofragment atoms that have translationally relaxed by
absorption peaks assignable to adsorbed €iRCRAS during collisions with water ice molecules and/or other C§@lol-
the irradiation with 193 nm light. Because CE@& weakly and ecules.

Discussion

Photodissociation Mechanisms of CFGl on Water Ice
Surfaces.The photodissociation of CF€at 193 nm in the gas
phase leads to the following reaction with a nonthermal
translational energy distribution for the photofragmefts:
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Figure 3. A schematic diagram of a chlorine molecule adsorbed on
the surface water molecules after a theoretical calculation by Bi&nco.
The interaction between €and HO is attractive while that between
Cl, molecules is repulsive.

We examined the polarization dependent yields of Cl in
channel A with s- and p-polarized dissociation laser light for
PCI. Supposing CFgls randomly oriented on the ice surface,
the theoretically calculated polarization ratid$, = 4/3. This
ratio is close to what we observed], = 1.4+ 0.2. Therefore,
orientation of CFGJ on the ice surface is likely to be random.

The branching ratios [(J[CI] from the 193 nm photodis-
sociation of CFG on the ice surfaces are essentially the same
as that in the gas phase. The interaction of GR@ih the ice
surface is so limited that the electronic structure of the molecule
is not affected by adsorption on ice. In fact, the solubility of
CFCk in water is 0.0086 mol kg bar-1, which is much lower
than 0.095 mol kg! bar for Cl,.3940

Photodissociation Mechanisms of Glon Water Ice Sur-
faces. Adsorption states of Glon ice surfaces have been
described in our previous pap®The polarization ratiddl,
was 1.2+ 0.1 for PCI. Therefore, orientation of £bn the ice
surface is likely to be random.

Based on the thermodynamic dai(CI—Cl) = 2.475 eV,
the maximum available energy for the 351 nm photodissociation
would be 1.1 eV. The interaction energy for,C{(OHy), is
0.124+ 0.01 eV# The maximum translational energy for each
Cl atom is calculated to be™® = (hw — Dy — 0.12)/2= 0.46

Yabushita et al.

The Interaction between Ice and MoleculesSadtchenko
et al. reported that C@ladsorption on ice prepared at 130 K
results in the formation of metastable two-dimensional islands,
while CCl, adsorption on ice prepared at 95 K proceeds through
formation of three-dimensional clusters in the pores of micro-
scopically rough icé* CFCkiis likely to have the similar nature
to CCl, on an ice surfac&’ Based on the study for Cglit is
likely that CFCk adsorbed on the ice surface can nucleate.
Therefore, CFGl photoprepared at 193 nm is electronically
guenched efficiently. The photofragments from the photodis-
sociation of isolated CFgladsorbed on the ice surface are
mostly detected. Hence, the photodissociation dynamics re-
semble that in the gas phase and the ratigs(P-ASW)/
oapd PCI) and¢(P-ASW)kp(PCI) are considered to be close to
unity. Actually the ratiazapd P-ASW)p(P-ASW)band{ PCI)p(PCI)
was 1.2. However, under the same exposure condition of £FCI
on the higher porous ice surface (P-ASW) or the lower porous
ice surface (PCI), the CI signal intensity from the photodisso-
ciation was weaker on the P-ASW surface than the PCI surface.
This can be explained by assuming that the nucleation occurs
more heavily on P-ASW than PCI, that is, the electronic
guenching is more efficient on P-ASW than on PCI.

According to Geiger et &t and Biancd'2 Cl, molecules on
the ice surface interact with water with attractive force of the
order of 0.1 eV. Due to the repulsion force between, Cl
nucleation cannot occdf.Hence, the electronic quenching of
the photoprepared €by neighbor G would not occur. In our
experiment, the Cl signal intensity from the photodissociation
was weaker on the P-ASW surface than the PCI surface, and
also the ratiarapd P-ASW)p(P-ASW)bap{PCI)p(PCI) was 0.15.
Photoprepared glis more rapidly electronically quenched on
the P-ASW surface than on the PCI surface due to the interaction
between CJ and the surface water. In other words, the ratio
d(P-ASW)ip(PCI) is much less than unity because the surface
OH groups are more abundant on P-ASW than PCI, which
interact with C}. Hence, the photodissociation dynamics on ice
is different from that in the gas phase.

Adiabaticity of Cl, Potential Curves. The Chb—water
complex, C4—Hy0, has a dipole moment of 0.24 D, and.€l
3H.0 has that of 0.54 D, which are calculated by Bianco at the
MP2 level of theory using effective core potentials for all the
heavy atomg2 The bond length of GI(2.011 A in the isolated
molecule) is enlongated to 2.037 A for,£I13H,0.42 Since the
interaction of the adsorbed £With H,O is relatively strong
and the potential curves are strongly distorted, adiabaticities of
the Cb potential curves change so much that the sqirbit
branching ratios of the ClIPs;) and CI(2Py,) photofragments

eV. This value is close to the average energy we observed forgre different from those of the isolated molecules.

channel A, that is, 0.38: 0.04 eV for Cl, and 0.48 0.04 eV
for CI". Thus, channel A could be attributable to the direct
photodissociation of Glon the ice surface.

According to a theoretical calculation by Bian®Cl,

When C} absorbs a UV photon, it dissociates through either
the parallel or perpendicular transitions:

Cl, + hv — CL(B%1, Q = 0") —

molecules adsorbed on the surface water molecules do not

nucleate due to repulsive force between @lolecules, as
depicted in Figure 3. Actually @ldoes not condense into Cl
multilayers at 100 K7 The hydrolysis of molecular chlorine

CICP,,) + CI'(*Pyy) (6)

Cl, + hw — CI(C'TI,, Q = 1) — CI(Py),) + CI(Py,) (7)

and its reverse reaction have been studied by ab initio molecular

dynamics®® The hydrolysis reaction involves £land HO

Gaseous Glhas an absorption continuum in the region of 300

molecules to produce solvated chlorine and hydrogen ions. Static400 nm and weak absorption at< 250 nm. The absorption
secondary ion mass spectrometry measurements reported bgpectrum at 351 nm is dominated (99%) by the GI1,) state

Donsig et al. imply that Glreacts with ice above 130 K to
form HOCI and HCI8 Therefore, Gl strongly interacts with
water molecules of the ice surface. The solubility of iBlwater
is much larger than that of CF£394° Hence, the reaction
dynamics differs from that for CFgl

that is correlated with the formation of two Cl atoms, while the
0, (B 3I1,) state which produces one‘Gind one Cl contributes
to photoabsorption less than 145 The CI/Cl branching ratio,
following gas-phase photolysis of £lhas been extensively
measured in the region 33@70 nm and results show variation
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in the dissociation wavelength. Samartzis et al. reported theB 19(% Eggt%reigrfamburelli, I.; Chiavassa, T.; Pourcin).Phys Chem
branching ratios for the gphotodissociation at 330470 nm?° AT e

Their branching ratio8(CI)/N(CI) at 300, 325, 351, 400, and 5 »(0n Spa gy H+ Schriver-Mazzuoll, L Schriver, APhys Chem
414 nm, are 0, 0, 0.003, 0.43, and 0.66, respectively. However,  (5) Haberkern, H.; Haq, S.; Swiderek, Surf Sci 2001, 490, 160.
those on PCI at the corresponding wavelengths are 0.30, 0.29, (6) Borget, F.; Chiavassa, T.; Allouche, A.; Marinelli, F.; Aycard, J.
0.29, 0.24, and 0.15, respectively (Table 2). J. Phys Chem A 200Q 104, 6962.

The nuclear kinetic energy operator gives rise to a nonadia- 200(17)1956‘1‘?5';" D. J.; Meyer, R. J.; Mullins, C. B. Vac Sci Technol A

batic interaction on the adiat_)atic potenﬁ%_Ihe Rosen-Zener- (8) Ogasawara, H.; Horimoto, N.; Kawai, M. Chem Phys 200Q
Demkov (RZD) type nonadiabatic transition from thelll, 112, 8229. _ _
state to the third @ (3=, state of C} that is correlated (9) Ogasawara, H.; Kawai, MBurf Sci 2002 502-503, 285.

. . : * ; ; (10) Monca, C.; Allouche, AJ. Chem Phys 2001, 114, 4226.
adiabatically with CH- CI” is responsible for the production of (11) Picaud, S.- Toubin, C.: Girardet, Gurf Sci 2000 103 178.

CI 4748 The photodissociation wavelength dependence of the  (15) pyssolin, G.; Casassa, S.; Pisani, C.; Ugliengd, Bhem Phys
product branching ratidl(CI")/N(CI) depends on the degree of 1998 108 9516.

interaction of the potential cun8.The ratios in the gas phase (13) Honrath, R. E.; Peterson, M. C.; Guo, S.; Dibb, J. E.; Shepson, P.
are well reproduced by the RZD transition mechanism. B.; Campbell, E'GEOpr_‘ySReS Lett 1999 26, 695. bak - Dibb
The 330 nm at_)sorption band of the adsorbed chlorine is E.;(J‘A‘geﬂgﬂﬁt,\,l’.%E'éggsgs'h':?g[)soo&’l&%4138"30. ak, M. P.; Dibb, J.
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