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Adsoiplion of methanol (MeDH) yieids an instant
reduclion of the inlensibies of the walsr features
(1., 3a and 1b,¥in the MIES spectra.
Furthermare, (he peaks (M) 1o (M), which can be
atiribuled to (he retease of electrons from the top-
mest molecular orbdals of MeOH, start 1o grow fight
aftes [he be gining of e exposure.

Auilary MIEE s for WDt ddheuiien 86,00

e with wark function data
\u Esmmm 19 e monciager complation i

Thet strcture wilh highest inteeisity (M3) results
rom e relessa of electrons of Moecuisr ol
ocaled al e relhyl grous. Therelore the fallowing
sialement can e mas accordng o the MIES spec-
iz

Expasing 3 BL aF ASW to MeOH at 124 K resuits
in an adsorbed methanal toplsyer, wmoym-

© leags o & siang feduction in

g sty From the ASW surface. Diuaiom of
MeOM through the ASW fiim does not occur at

s the experimental selup is capable of perfonming
election s whraonal specioscopy  sarilla
necusly, we have used Me vibralional spactra mea:
sused dusing the sdsarplion of MeOH lo get infar-
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The free emergy profile provides
dsorption site

evidence for @
26 A in font of e corr
respon ur finding that

Hhe MeOH ¢ top adsarbed on the ASW.
A this pasition Ihe MeOH is bound via ta |
Hrbonds 1o Ihe waler surfate, acting as a
proton donot and sccepior simultansausly
These strong H-bands are the cause lof the

high binding energy (60 k¥mof) of the

MeCH al the waler surface. This vakie |5 in the same arder &

.0-0.0

.
inteactan, Theory gives & value of 58 Kiimal for Ihis D.0-D.0 wlersction, which is

alighy higher than for MeOH-Me OH interactions (2]

ia tharariial reauis ol ea rele i fur Ripisituantar R 1O

where we find two sep o
Water.

MO seralsticns bring alio infermalcn regarding the areatation of e MeOH

molecules t low coserage ol ihe

aurface. Th! falowing statements can L!
méde sccording to the anguiar distibution
al'the OH and CO aaes -
The CO axis is tilted in average with an -
angle of =155 degree with respect to the -
,ummnmlmnmmumemm
is adsarbed with its methyl group
pointing sway and its OH group pointing
form H-bonds

with the dangiing water molecutes.

Acatonit interacting with ASW

I

Foor ASW exposed 1 acetonitrile [ACN]. MIES
also lens 1o the conchsion that 3

Ihe binding e 31
Ihe adsorbing MeOH molecules

The RAIRS specira fof very low MeOH exposires
Bl 200 arwiome S SRA Tos adiciplcs
ity of the
40D band, which comespeads 1o e “danging
OD"-groups present atthe ASW surface. This yeelds
the conclusion

The dangling OD group at the waler surface
svems to be the preferred sdsorption site of fite
MeOMmolecules.

Alan vesible s an exposure-dependent change in
ihe siruclure of the vCO band which reflects the
teraclion between neiahboring MeH molecules
the the first edlisyer.

Tt TDS apaciney of o back] lawr ciohey
exceeding | ML, adsorbed on 3 6L ol ASW.
desombion feature on all MeOH fragmeant messes
right undernesth fhe waler desorplion peak el
16BK. This feature fesulls from MeOH molecules
direcly H-bended 1o waler molecidas Lpan adsorp-
ticn, The pesk & can therefote be alirbuied 1o
hieOM molecuies which are nol in direcl contact
with (e AW surface, but are H-banded o MeOH
malecues at the interlsce. therefore bekinging 1o
the secand adleyer. This seems pausible because
S with expasre
A simple analysis of the TDS data using
Redhead's squation yields an activation energy
u! desorption of 40 kJimol for & and
Adimol for the desarption of water and of the

rmm.m.,n
T exgerimerial sl e londng properiza

e ACH molecules do not penetrate e water
Film upon adsorption, and that SLACN expasure
is ennugh to complelly cover e ASW with an
atlayer oACN.
Fi

arbitals cealribute equally to the specta This
shows Ihast & arbitals. sichuding the nilrogen lane
poir electrons, are actessibie for the He* probe
atom.

The RAIRS resuits, shown sbove and o the righ,
cleaely sugges! that e ACN interacts strongly
with o dOD on the ASW susface Furthermore,
detsiled ¥

rmation on the atientalion of the
ohecules can be obtained from the

RAIRS duta
Tha EN axis is nearly parails o the subsirate

Asw.nu»ncr:mcmm.mnmm
The binding energy of the ACN can be cbéained by
Aol e owenliay cliva: fie wndl ACH
exposu B

ymm on sativaton energy of 45 kdimol
For remaving an ACN moiecule from the ASW
surface, This corresponds to the calculated
walue of the potential energy at the iminimun of
it cuve Ui Ref. [3]. To renaus an
from ancther ACN mciecule less Ban
Db ot naste
Foi-other boai of ACHABM ferctn. | & 2.
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1 curves gel aich more compl e,
exhidiling & "volcane” desorption feature in the
case of co-dapastion, ar even two “volcanos”

fthe MeOH
ported by classical un sm.mcm. ot o singie
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ice slab al 100 K (see el I f deads). The b
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Experimental Setup:

(A) Photodetector (G) Bruker IFS 66v/S FT-IR spectrometer

(B) Differentially pumped KBr-viewports (H) PHI Model 04-191 sputter ion gun

(C) Omicron HIS 13 VUV-source (J) Sample load lock

(D) Fisons XR3E2-234 XPS-source (K) Pfeiffer QMG 422 differentially pumped QMS
(E) Leybold Eal0 energy analyzer (L) VSW EGS5 electron source

(F) MIES-source
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MIES: (Metastable Interaction Electron Spectroscopy)
* MeOH is top adsorbed on ASW at 124K
» Methyl group is pointing away from the surface

RAIRS:
» dangling OD group at ASW surface is preferred adsorption site

TPD:

» yields an activation energy of desorption of
40kJ/mol for removing MeOH of MeOH
=245kJ/mol for removing MeOH of ASW surface

Classical MD simulation:

» The free energy profile provides evidence for
a strong adsorption site 2.6 A in front of the surface

» Show that MeOH acts as a proton donor and acceptor,
thus forming two H-bonds with the ASW surface

» Theory also provides information on the binding geometry
of the MeOH on top of the ASW surface

Stephan Bahr



%IEW TU Clausthal
Acetonitrile (CH;CN)/ASW: BB [ e

MIES:
* ACN is top adsorbed on ASW

CH_CN/D O/Ag | ——6L/15L (CH,CN"
’ ’ i —=—6L/15L (D,0")

RAIRS: e
« As for MeOH the dangling OD on the ASW surface is '
the preferred adsorption site g
* CN and CC axes are nearly parallel to the substrate surface 5
at submonolayer-coverages of ACN on ASW Sy A
 Re-organization of the ACN monolayer on ASW occurs D [oMcN-Doie T b ene)
during further exposure c [

TPD:
* yields an activation energy of desorption of
39kJ/mol for removing an ACN from ACN
245 kJ/mol for removing an ACN from the ASW surface

D,0/CH,CN/Ag i ! —— 41L/11L (CH,CN)
. i —=—41L/11L (D,0") |

 other adsorption scenarios result in
much more complicated TPD spectra
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