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Compression and caging of CD 3Cl by H,O layers on Ru (001)

Y. Lilach and M. Asscher
Department of Physical Chemistry and the Farkas Center for Light Induced Processes,
The Hebrew University, Jerusalem 91904, Israel

(Received 15 February 2002; accepted 17 July 2002

The interaction of two similar coadsorbed dipolar moleculg®tand CRRCl has been studied as a
function of coverage over R001) under ultra high vacuum conditions. The complementary
techniques of temperature-programmed desorption mass spectrome®yTRD) and work
function change in & »-TPD mode were employed. Adsorption of water on top of;CDreveals

two major trends: At submonolayer methyl chloride coverage, post-deposited water compresses the
methyl chloride molecules and forces them to flip over to the methyl down configuration at the
second layer, leading eventually to three-dimensional islands. This is indicated by bg@ CD
AP-TPD and differential work functiofd(A ¢)/dT] data. Higher water coveragef(H,0)

>1.2 bilayers(BL)] causes full detachment of the @0l molecules from the ruthenium surface, to

be encapsulated within the amorphous solid wg&W) layer that is formed. At even higher water
coveragd 6(H,0)>5 BL], methyl chloride desorbs in an explosivelike mode at 165 K. The caged
methyl chloride molecules lack any permanent dipole moment as indicated from differential
A¢-TPD analysis, explained in terms of a high level of disorder within the ASW. The relevance of
the hydrophobic caging process to clathrate-hydrate formation is discussed00® American
Institute of Physics.[DOI: 10.1063/1.1505858

I. INTRODUCTION an opposite manner cannot be predicted on the basis of the
behavior of each separately. The goal of the study to be pre-

Electrostatic interactions among coadsorbates on soligented below is to explore the unique outcome of strong
surfaces are of great importance at moderate to high surfacgectrostatic interactions among repelling (1) and at-
coverages, conditions that often exist in realistic industriakracting (H,O) molecules on a smooth metallic surface—
catalytic processes. Dipole—dipole interactions betweefRu(001), on which the interaction of the separate molecules
neighbor adsorbates were considered in the literature for sewtave been studied extensivéy?'®1"In one instance, this
eral model systems, such as alkali métisand alkyl combination of molecules has been studied on top of
halides?=® in order to explain their unique temperature- Cu(110),° with the sole interest, however, in the adsorption
programmed desorptioiTPD) and work function change properties and characteristics of & on top of pread-
spectra, as a function of coverage. In most of these casesorbed water. A different study used,® layers as spacers
repulsion is the dominant feature as coverage increases, leadetween a P111) surface and layers of GJ€I to understand
ing to a significant decrease in the desorption temperature. lihe behavior of the photochemical cross sectffs will be
many of these systems this is associated with a concomitaemonstrated below, the opposite adsorption order—namely,
decrease in the work function, e.g., for alkali metals andmethyl chloride first and then water—enables us to explore a
alkyl halides on transition metals. When large dipoles arevhole new type of phenomena that originate from the
close enough to each other at high coverages, depolarizatiatrongly repelling dipoles.
effects that tend to decrease the effective dipole moments The first observation of the formation of cages of coad-
need to be accounted for. sorbates under water layers on metallic surfaces was that of

On the basis of this introduction a particularly interestingN, molecules on R@01). This study was reported by
pair of dipoles to compare and interact is that of methylLivneh et al,'* who studied this system utilizing comple-
chloride and water molecules. Both have identical dipoles omentary TPD and work function change measurements. An
1.89 D in the gas phase, and both change to similar dipolesxplosive desorption peak of,Nlisplaying a width of 2 K
upon adsorption on metal surfadem RU001) the measured has been observed near 165 K, at the onset of the ice layer
dipole is 2.2 D(Refs. 6 and 8. While having identical di- desorptiort! In a subsequent study Smith al? observed a
poles, they display an opposite type of interaction on metalsimilar behavior in the case of CLlnder a thicker layer of
lic surfaces: methyl chloride molecules repel each otherice over Al11l) and Ry{001) surfaces. They have inter-
while the water molecules strongly attract each oftithe  preted this explosive desorption as a “volcano”-like behav-
attraction arises from the unique hydrogen bonding that ocior that originates from the onset of crystallization of the
curs among neighbor adsorbed water molecules, thus oveamorphous solid water layer to ice near 165 K. Similar be-
coming the repulsion due to similar and possibly parallelhavior has recently been observed also when oxygen was
dipoles. trapped under water over TjGurface'?

The interaction between such molecules that behave in In this report we utilize a combination d&fP-TPD (the
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typical thermal desorption mass-spectrometry modéh =400

A¢-TPD, where the work function change is monitored § 1. gﬁc:a (@)
while adsorption takes place and then during the temperature 3391 % Coverages:
ramp used in normal TPD. The combination of these two g, ] é A, 0ol
techniques provides a unique ability to monitor structural o A d25
changes made by adsorbed molechleforeandduring their 3100- . - Y3
desorption and thus provides deeper insight into the structure c§5 oLLZ oL e '1“' ML‘ LT ITIPIONY
and stability of the adsorbed molecuf$. The current study 160 1éo 1,'40 1é0 1;30 260 250 2"1,0 2éo géo
focuses on the interaction between two strong dipoles that Temperature [K]
form a cage, unlike the previous repoftst®where nondi- 00l (b)
polar molecules were trapped inside the cage, and therefore g4 ]
their packing process and rearrangement could not be moni->" 4 g
tored. Ta2] \ouHO L e
5 1 \"~--z2l_ (T
ET-E rean w - {
Il. EXPERIMENT 20 D Cl
The experiments were performed in a UHV chamber, ;) I ; e 1 -4mé

described previousf,with a base pressure of X210 1° Expgsure{L]4

Torr. Briefly, a Ri001) sample[oriented within+0.1° off

the (001 crystal orientatioh was mounted to two Ta legs, 004 3y ©
attached to a liquid nitrogen reservoir. The sample could be § 1 M

cooled down to 82 K by pumping over the reservoir and was @, %9 1st. ML

resistively heated via 0.5-mm Ta wires spot-welded to the 5 1

sample edges. Work function change measureméhis 20 \,'\/

were performed using a Kelvin prob@esocke, Kelvin 5 2nd.

probe type § attached to a translation stage, with its gold 002 ' ""”- . . . - I
reference electrode shielded against sputter and other evapao 160 150 1)10 160 180 200 220 zl,o 260 280
ration impurities. An ac-current heating scheme enalAlés Temperature [K]

measurement and sample heating simultaneously, to obtain

. . . . FIG. 1. () AP-TPD of CD,Cl at 53 amu(solid line) and H,O (dashed ling
Ad’ TPD spectra with a typ|cal resolution of 2 meV. Thesefrom a clean R(001) surface. CRCI coverages are from 0.4 to 4.5 ML, as

spectra were recorded by 1ZaBVIEW computer program, ingicated. Water coverage is 1.3 BL. Heating rate was 2 K/sec throughout.
which also generated the spectra to obtain difA ¢)/dT  (b) Work function change during adsorption of T (solid line) and HO
plots presented belowh P-TPD were measured by monitor- (das'hed lingon a clean R(00Y) surface. The inset is an expansiqn of the
ing Simutaneously masses 53 and 14 for,COand mass 17 _fecien Suesn 50 e e e i st S aen o
for H,O (the signal at mass 18 cannot be utilized because Qlecong and fourth layera ¢>0. () d(A)/dT of CDCl on a clean
the CD; signal background at this mass, obtained fromru001) surface obtained from thie-TPD spectrum, initially at a coverage
CD4ClI fragmentation at the ionizerThe heating rate in all  of 3 ML.
TPD measurements was 2 K/sec.

CD;Cl and triple-distilled HO were introduced into the
chamber via standard leak valves backfilling the chambetion of the first layer. This suggests that the first layer is
CDsCI of 99.5% purity was further cleaned by a few freeze-adsorbed with the chlorine facing the metal surface. At
pump-thaw cycles. It was monitored regularly by measurinchigher coverages a second TPD peak emerges at 140 K,
its mass spectra to follow possibyD exchange in the gas which does not broaden upon further coverage increase. In

introduction lines. this coverage range the work functioimcreases (A ¢
=0.4 eV), explained by a flipped adsorption geometry, on
Ill. RESULTS AND DISCUSSION average, of most of the second layer molecules, with the

A. CD,Cl and H,O separately on Ru (001) chlorine facing up, as discusseq bel_ow. This ﬂipped—layer
structure resembles the packing in crystalline methyl

1. CDsClI on clean Ru(001) halides!®

CD;Cl adsorbs molecularly on R001) at 82 K and de- A turnover and increase of the work function at a certain
sorbs intact at all coverage ranges, as indicated from the lactoverage, as seen in Fig. 1, resembles the work function
of any deuterium desorption. Exposure of 4.5 L{D(cor-  change of alkali metas® However, there is a major differ-
rected for ion gauge sensitivityleads to four distinct ence between these two systems regarding the physical ori-
Ap-TPD peakdFig. 1(a)]. These peaks are associated withgin of this phenomenon. In the case of the alkali metals, the
three layers of CBCI and one unsaturable multilayer. The turnover occurs at a coverage near 0.5 ML, as a result of a
first layer adsorption is dominated by strong repulsivegradual change from single ionic metal adsorbates to neutral
dipole—dipole interactions and depolarization efféatssult-  clusters’® which also affects the polarizability of the ad-
ing in a broad TPD peak which stretches between 220 andorbed specie¥? It was shown that this turn over cannot be
150 K. A¢ measurement during adsorptifffig. 1(b)] shows explained on the basis of depolarization o).
adecreaseof —2.04 eV in the work function at the comple- The methyl chloride case is different. The actual charge
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and permanent dipole of the molecule are not expected tbon change is depicted for each of the desorbing layers. This
change significantly with coverage. Moreover, the coveragéndicates that no significant restructuring takes place within
where the turnover takes place in the case of methyl chloridéhe adsorbed methyl chloride molecules during the tempera-
has been very carefully determined to be at the completion dfure ramp in TPO Fig. 1(c)] and the molecules are packed
the first monolayef:!* The only explanation, therefore, for structurally similar to their state during adsorption at 82 K
the turnover of the slope of the work function change with[Fig. 1(b)].
coverage in this case is that most of the second-layer mol- We thus conclude that the reason for the diminishing
ecules flip to the methyl down configuration upon adsorptiormagnitude of the alternating work function change at the
at 82 K. thicker layers is a lack of order within these layers.

We assume that the size of the dipole moment of the
methyl chloride molecule§u) in each of the layers is fixed 2. H,0 on Ru(001)
(ignoring minimal _d_epolarization effects and imag_e _charge H,O adsorbs on Ri00Y) in a bilayer structuré.The ex-
Under these conditions we may estimate a lower limit for the

) . , ct nature of the two TPD peakls, and A; associated with
fraction of molecules in the second layer that are onentecf1

h their chlori N « function € first bilayer is still in debaté®-®Ahove one bilayer
with their chlorine atom up, on average. The wor unCtIOI’Iwater grows as amorphous solid Wa[t(a‘kS\N) at a tempera-

change is given b3A¢:4H{“n’ with n the density of sur- .0 pejow 140 K, which desorbs at 162 KFig. 1(a), dashed
face molecule'ﬂA¢| for the'f|rst layer is 2.04.and 0.4 eV for line]. This peak slowly shifts to higher temperatures as cov-
the secondFig. Ab)]. This leads _tc,’ a'ratlcnzlnl=0.4/' erage increases, typical to zero-order desorption kinefigs.
2.04=0.19, wheren,, are the densities in eaqh of thg first measurements during adsorption reveal a gradual decrease of
two layers. In the extreme case of only vertically orlented:L5 eV[Fig. 1(b), dashed ling Most of the change in work
molecules(pointing either straight up or downthat means function is due t,o the first bilaydd..33 eV}, while the rest is
that an excesdower Iimit. valug O.f 19%.0f a mpnolaygr of attributed to ASW layers. The slope afp v’ersus coverage is
CD,Cl molecules are ahgneq with the!r chlorine up in the rapidly decreasing already at very low coverages. Since the
second layer. A more realistic description of the layer, W'thsticking probability of water is close to unity and does not
varying molecula_r orientations, should result in a larger ex'change with coverage, this change of slope has to be associ-
cess of the .chlorme up molecules. ) ated with structural changes that lead to a decrease of the
Adsorption of the third Iaye(pbservgd in TPD as a o0 ctive dipole of absorbed water molecules. These changes
sharp peak at 114 Kis accompanied again by a smalg- were discussed in terms of water cluster formation upon ad-

crease in the work function. Finally, an u_nsat_urable sorption at 82 K, by employing the kinetic modeais well as
multilayer peak appears at 10.8 K. The inset in Figh)1 molecular dynamics simulatio$. A recent Fourier-
reveals that molecules at the third and fourth layers are agaif, <formed infraredFTIR) study of this system suggested

on average flipped over with re§pgct to each other, but &hat indeed the first water layer grows initially via clusters
diminishing excess. The lower limit for excess mOIeCUIesformation2°

that are oriented as discussed above is 6% at the third layer
and a very small excess at the fourth. laystill resolved B. H,O adsorption on top of CD  5CI/Ru(001):
experimentally, as seen in the inset of Fi¢h)] to molecules :

. . . - . h.0<1 BL, compression
that are oriented with the chlorine up. The alternating orien- "2
tation structure is clearly demonstrated by e\ ¢)/dT Figure 2 shows a set of TPD spectra following the coad-
spectrum shown in Fig.(t), where the opposite work func- sorption of HO and CRCI. Here 0.7 (monolayey ML
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0o} ML, as magnified in the inset to Fig. 3. Another important
o2 ol observation is that the asymptotic change in work function

—  HO a2 coincides with that of pure water adsorption on clean
04 ’ o section of o] Ru(001) [Fig. 3@)], regardless of the initial methyl chloride
06 e coverage.

-1.504
-1.52]
-1.541
-1.564
-1.58
-1.60]

The observed\¢ spectra can be explained as follows:
Water adsorbs via cluster formatft?? as if there are no
coadsorbed methyl chloride molecules. The growing clusters
force the CRICI molecules at submonolayer coverage to
compress into islands of increasing density. This gradual
compression leads to structural rearrangements inside the
methyl chloride clusters that mimic the clean £Ib adsorp-

-0.8

46 [6V]

T - T T y v
10 12 1.4 186 18 20
Exposure {L]

' A P L IR S tion behavior(opposite molecular orientation at the first and

0.0 05 1.0 15 20 25 3.0 35 4.0 45

Exposure [L] second layepsat far higher coverages. The TPD results sug-

gest that a layered structure has been formed with three
FIG. 3. Work function change measurement during adsorption ofQCD peaks at the expected temperatures for the first three layers.
followed by H,O deposition. The initialA ¢ response to CECI exposure is The A data(see inset of Fig. Bindicate that each of the
indicated as a dotted lingnitial CD;Cl coverages of 0.7b) and 1.1 ML PD K Fig. 2. 0.44 BL of t b . dt
(0)]. The subsequent work function change due to water deposition is showI pea S(S(:j'e 9. £, U. i orwa QBICa_n e _aSS|gne 0
as solid line. The inset reveals the case of water adsorption on top of 0.7 M& corresponding work function change, displaying alternating
CD;Cl. The finalA¢ is practically identical in all cases. orientation(on averaggin each of the layers within the com-

pressed molecules inside the three-dimensi@i) islands.

Similar behavior was observed in the adsorption of clean

CD;ClI were deposited first at 82 K, and then increasing cov—CD3CI (s_ee Fig. J‘_ ) )
erages of water were added on téfn a previous work by The. inset of Fig. 3 displays A¢ curve obtained after
Maschhoffet al® the adsorption order was reversed, result-2dsorption of 0.7 BL CECI (1.0 L exposurk followed by
ing in a completely different behavipr. The CD,Cl TPD water adsorption. In section 1 of this inset, adsorption of 0.2
signal shows a complex dependence on water coverage, butof water (0.2 L water are added to 1.0 L of preadsorbed
the total uptake of the methyl chloride remains constanfDsCl in the abscissaleads to a further work functiode-
within 10%, as determined by integrating the area under th@reaseof 170 meV. This value is a smaller decrease than that
TPD peaks. Water molecules repel the {{IDcoadsorbates caused by the same amount of water on the clean r(&zal
out of their normal adsorption sites, squeezing them into aneV). This difference can be explained by the relocation of
gradually more densely packed phase. At the same tig®, H CD;Cl from the first layerbroad peak at high temperatures,
TPD spectra remain practically unchanged compared toegative effect on the work functiprio the second layer
those of HO from RU001) in the absence of methyl chlo- (desorption at 140 KA ¢>0).
ride. In section 2, arincreaseof work function by 12 meV is
Up to water coverage of 0.44 bilayéBL), the CDyCl  the result of a combination of further compression and trans-
TPD signal has significantly shifted from a broad peak in thefer of CD,CI from first (negative contribution td ¢) to sec-
range 150-200 K down to a narrower peak between 110 anghd layer(positive contribution ta\¢). This effect combines
160 K. This is a result of dipole—dipole repulsion caused byyith the negative contribution of further water adsorption of
the neighbor water molecules. The peak observed at 13040yt 250 meV(still less than its contribution in section.1
140 K is characteristic of CiTI desorption from the second gre \yhere the negative contribution of water molecules is
layer on the clean R00D). Adsorption of more than 0.44 BL 0,4, flipping of the CETI molecules becomes the domi-
of water on the same Gl coverage leads to a third, nar- ant effect, resulting in the actual switch of the work func-

rower TPD peak that emerges at 117 K, while the 150-16 ion from negative to positive change. In section 3, the water

K peak of the squeezed first layer is still there. The 117 K . .

: coverage increases to 0.7 BL and a decrease of 27 meV in
TPD peak appears at the same temperature as the third Iayt ré work function is recorded. In this coverage range TPD
of clean methyl chloride molecules, or to @O adsorbed on ' 9 9

top of thick ASW layergsee dash-dotted line in Fig(1]. shows the on_set of population of the third. layer of LID
At higher water coverages up to 1 BL, practically all the (peak desorption at 117)Kas a result of the increased com-

CD,Cl molecules desorb within a single narrow peak atpres;ion by the water molecules. An increase in 'Fhe number

117 K. of third layer molecule$A ¢<0, see Fig. (b)], while de-
More information on structural modifications within the créasing second layer populatioh4>0) in addition to fur-

adsorbed layers of CTI, as a result of water coadsorption, ther water adsorptionX¢<0) necessarily results in a net

is obtained by monitoring work function chang®¢) during ~ decrease of the work function.

water adsorption. This is shown in Fig. 3. Water deposition ~ To conclude, at least three layers of £I) are formed

on top of 0.7 ML[Fig. 3(b)] and 1.1 ML[Fig. 3(c)] of CD;Cl  within 3D molecular islands upon water post-adsorption.

results in oscillatory behavior of the work function change.This is evidenced by botAP-TPD andA¢ data, when 0.7

This is best demonstrated for initial GOI coverage of 0.7 ML of methyl chloride is predeposited. Other gC initial
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FIG. 4. Comparison betweehP-TPD (CD,Cl, dotted ling andd(A ¢)/dT (solid line) for the indicated water coverages on top of preadsorbed 0.7 ML
CD;Cl. The A¢-TPD peaks at 195 and 215 K are the work function response @ d¢sorption(d) shows a comparison betwed(A ¢)/dT of clean HO
(dashed lingand HO caging CR3CI (solid line). Note that there is practically ntvg response to the desorption of caged;CD(see text for discussion

coverages undergo the same compression process, but revbeations of both CRCl and HO during their respective des-
more complex behavior. As a result, it is more difficult to orptions. In order to distinguish between these different con-
resolve the changes ifa¢. tributions, theAP-TPD signal of CRCI is plotted (dotted
Moreover, at higher water coverages, an asymptotigine) while the corresponding water coverage is indicated.
work function change value of pure water is obtained, inde-The AP-TPD spectrum is normalized to adjust its scale with
pendent of the methyl chloride coverage. This observatiofhat of thed(A ¢)/d T plot. After adsorption of 0.4 BL water
indicates that at high water coverage, water molecules pensp op of the 0.7 ML CRCI, two water peaks appear at 216
etrate underneath the methyl chloride clusters, avoiding an¥,4 192 K in thel(A ¢)/d T spectrum. The broad peak in the
direct contact of these molecules with the metal surface. Th?ange 150-170 K& ¢>0) and the small opposite peak at
desorbing CRCI molecules do not affect the measured Workf,l35 K (A¢<0) are attributed to the first and second com-

function change under these conditions. This penetration ePressed layers of CITI, respectively. At 0.7 BL water cov-

fect under the methyl chioride layer starts already at.wateterage, the contribution of the first layer is significantly re-

change in the TPD spectrum, shown in Fig. 2, 0.98 BL Ofduced, while a peak at 120 KA(>0) appears. As

water. This spectrum is practically identical to that observedj'SCUSS('JOI above, m°|eCl,J|.eS n the. th|r.d layer are mdeed ex-
after adsorbing CECI on top of initially adsorbed 5.3 BL of Pectéd to lead to a positive contribution . At higher
water[dash-dotted line in Fig. (®)]. water coverage$l.9 BL in Fig. 4 the contribution to the

Evidence for orientation changes within the compressedtal A¢ due to ASW appears at 165 K, while the sole con-
three layers of CECl is obtained also from differentiation of tribution from CD;Cl desorption is at 120 K. There are no
the A¢-TPD spectra. By plottingl(A ¢)/d T versus tempera- traces of CRCI molecules desorbing from “typical” first or
ture, one can resolve the individual TPD peaks according teecond layers. It is concluded that at water coverages above
their contribution to the work function. Three such plots arel BL, the 3D methyl chloride islands become rather disor-
shown for different water coverages on top of 0.7 MLLID  dered and therefore do not affect the measured work function
in Figs. 4a)—4(c). The signal is a combination of the contri- change.

Downloaded 05 May 2004 to 132.64.1.37. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 117, No. 14, 8 October 2002 Compressed and caging of CD,;Cl by H,O layers on Ru(001) 6735

5000 - CD,.Cl &
' | Clean: ?
4000 :
] H,0
3000 - 2 v .
2000 4
1000 -

QMS Sig. [arb. units]

=

e G B Tt R LS B i b e Ean |
100 120 140 160 180 200 220 240 260 280 300

2 5000 - Compressed:
Sa40004 :
£
3, 3000
O‘) -4
& 2000 - .
» 4 FIG. 5. CD;Cl/H,O coadsorption sys-
g 1000 tem. The CRCI layer is initially com-
0 i pressed into 3D islands. The methyl
T 1 1 vy e g :
100 120 140 160 180 200 220 240 260 280 300 chloride molecules are eventually en-
q q capsulated and caged within the water
6 Qd g 6 hydrogen-banded network.

.

R Hh AT e

.n 5 vﬂ‘\ \"ﬁ

o]
o o e o @ +4°] v, e e
7 2 828 o vv @

. Caged:

20000 -
15000
10000

QMS Sig. [arb. units]

I LI L | L LI L | L DL L LI LI 1
100 120 140 160_ 180 20 zzﬁ( 240 260 280 300
Temperature [K]

C. H,0O adsorption on top of CD ;CI/Ru(001): A sharp “explosive” TPD peak of molecules that are
0n,0>1 BL, caging trapped under layers of water is indicative of cage formation.

At water coverages above 2.2 BEig. 2), desorption of This phenomenon was reported for the first time by Livneh
et al. in the case of N molecules covered by water on

CDsCI shifts from 120 to 115 K and at the same time a new

11
broad peak appears at 160 K. The peak at 115 K is identicdt/(C0D- The CD;Cl molecules can desorb only after the
onset of water desorption, as shown in Figd)4The CD,Cl

to a TPD peak obtained following a reversed adsorption or= ) -
der: post-adsorption of GIZI on topof 7 BL of water, su- o_Iesorpt_lon temperature under water-cage conditions was ear-
perimposed as a dash-dotted line in Figb)2 5.3 BL of lier attributed for the case of CLlo the phase transition
water. At coverages of 3 BL and above a very sharp nevemperature of ASW to crystalline id8.This phase transi-
peak emerges at 160 K. Further increase of the water covefon could be recorded as a change in the slope of the water
age results in three trend&@) The peaks at 115 and 150 K TPD peak at the crystallization temperattfeThe small
gradually vanish(b) The peak at 160 K slowly moves to CDsCl peak observed at higher temperat(t@2 K in Fig. 2,
higher temperaturéup to 165 K, while becoming increas- 10 BL of water: this peak contains 15% of the total peak
ingly narrow in an explosive desorption mode. The cagedarea follows precisely the desorption peak of bulk ice. This
methyl chloride molecules eventually desorb within a peakcodesorption suggests that about 15% of the;€CIDmol-
width of 2 K. (c) A new desorption shoulder appears atecules are dissolved within the bulk crystalline ice and code-
172 K. sorb with it.

Downloaded 05 May 2004 to 132.64.1.37. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



6736 J. Chem. Phys., Vol. 117, No. 14, 8 October 2002 Y. Lilach and M. Asscher

Figure 4d) demonstrates, by means of comparative  This caging effect is a general phenomenon that has been
d(A¢)/dT plots, the absence of any influence of cageddemonstrated already for several different molecules, e.g.,
CD;Cl on the measured¢-TPD spectrum. Adsorption of N,, CCl,, CO,, and Q. Unlike the previous systems, in the
0.7 ML of CD5Cl on clean R(001) decreases the work func- case of methyl halides with their permanent and relatively
tion by 1.3 eV. When this amount of GBI is caged under large dipole moment, 3D clusters are formed during the first
thick water layers, the resultind(A ¢)/d T spectra are iden- stage of water adsorption, up to 1 BL. At higher coverages,
tical to those obtained when only water is adsorbed orthe methyl chloride molecules are pushed away from the
Ru(001). This suggests that the caged molecules are not isurface, to be encapsulated and caged within the amorphous
direct contact with the metal surface. solid water layer, disordered enough to have no effect on the

Moreover, the dipoles of the encapsulated, layered molmeasured work function change during TPD.
ecules seem to cancel each other, indicating a high degree of
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