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Metastable Induced Electron Spectroscopy, Ultraviolet Photoelectron Spectroscopy (He I), X-ray Photoelectron
Spectroscopy, and QuadrupoleMass Spectrometry are employed to study the interaction of water with Ag nano-
particles on cinnamyl alcohol films. The films have been prepared on Au(111) substrates by thermal evaporation.
The water adsorption does not result in any chemical interaction with the silver nanoparticles at all, but the
cinnamyl alcohol changes its chemical structure significantly. While water molecules induce a reduction of the
organic groups, the film thickness seems to decrease. Thus, a decomposition of the cinnamyl alcohol films is
proposed. Since no effects are observed during water interaction with pure cinnamyl alcohol films at all, a cata-
lytic reaction appears to take place. No decomposition is found for cinnamyl alcohol adsorbed on a closed silver
film, indicating that Ag nanoparticles are required for this catalytical decomposition. The MIES and UPS spectra
indicate the existence of a closed metallic film directly after silver adsorption on cinnamyl alcohol, while they
suggest the presence of silver nanoparticles after the exposure to water. The formation of silver nanoparticles
therefore seems to happen concurrently to the catalytic decomposition of cinnamyl alcohol.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The adsorption of silver on various organic substrates is of great
technological interest for diverse applications, such as corrosion protec-
tion, RF shielding, reflective coating, and many more. Over the last
20 years, especially silver nanoparticle coatings received drastically
increased attention, due to their additional functions. For instance, silver
nanoparticles are known to enhance the efficiency of organic light
emitting devices [1], whereas silver films on TiO2 nanoparticles
enhance photocatalytic reaction rates [2,3]. One of themost common
applications of silver particles is the functionalization of surfaces be-
cause of their antibacterial properties [4,5]. This may be useful espe-
cially on wood surfaces to preserve them from decay through attack
of microorganisms by other means than lacquering or impregnation.

The presented investigation is part of a research project concerning
the interaction of metals (Ag, Ti) with wood surfaces. Furthermore,
the reactions with atmospheric gasses as well as typical volatile organic
compounds are investigated, with perspective to future applications.

To understand the interaction behavior of Ag with wood surfaces,
several molecular precursors are used to represent the organic groups
of lignin and cellulose. For lignin, these precursors are sinapyl alcohol
and coniferyl alcohol as two main monolignols from which lignin is
synthesized in plants. Since these two are derived from cinnamyl alco-
hol (also known as 3-phenylprop-2-en-1-ol, the skeletal formula is
included in Fig. 6), we also used this less complex molecule for our
investigations [6–8]. The effect of plasma treatment of the presented
molecules has been studied previously [9].

Moreover, cinnamyl alcohol is an ingredient in various cosmetic
products as perfumes, deodorants or oils [10]. Unfortunately, many
people experience allergic reactions through contact with this com-
pound [11,12]. Thus, the interaction with different catalysts that may
be able to reduce this allergen when added to cosmetic products is of
great technological interest.

This study extends our recent investigations on the adsorption of sil-
ver on cinnamyl alcohol, which have been found to form chemically
inert nanoparticles [13]. For all applications given above, the interaction
of the adsorbed silver in combination with the underlying cinnamyl
alcohol is of value. During these investigations, Atomic Force Microsco-
py (AFM) measurements were carried out ex vacuo. Hereby, the inter-
action of the Ag covered cinnamyl alcohol film with the components
of atmospheric air, especially with water could not be avoided. Further
investigation of this interaction is required.
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This paper is organized in the following way:
At first, the interaction of water vapor with a pure cinnamyl alcohol

film (Cinnamyl alcohol/Au(111)) was examined (see Section 3.1). It is
the intention to investigate possible interactions.

Then, the interaction of cinnamyl alcohol with water on top of a
closed silver film (Cinnamyl alcohol/Ag) is presented (see Section 3.2).

Finally, the cinnamyl alcohol filmwas exposed to silver and to water
subsequently (see Section 3.3).

2. Experimental details

An ultra high vacuum (UHV) apparatus with a base pressure of
5 × 10−11 hPa, which has been described in detail previously [14–18],
is used to carry out the experiments. All measurementswere performed
at room temperature.

Electron spectroscopy is performed using a hemispherical analyzer
(Leybold EA 10) in combination with a source for metastable helium
atoms (mainly He* 3S1) and ultraviolet photons (HeI line). A commer-
cial non-monochromatic X-ray source (Fisons XR3E2-324) is utilized
for XPS.

During XPS, X-ray photons hit the surface under an angle of 80° to
the surface normal, illuminating a spot of several mm in diameter. For
all measurements presented here, the Al Kα line with a photon energy
of 1486.6 eV is used. Electrons are recorded by the hemispherical ana-
lyzer with an energy resolution of 1.1 eV for detail spectra and 2.2 eV
for survey spectra, respectively, under an angle of 10° to the surface nor-
mal. All XPS spectra are displayed as a function of binding energy with
respect to the Fermi level.

For quantitative XPS analysis, photoelectron peak areas are calculat-
ed via mathematical fittingwith Gauss-type profiles using OriginPro 7G
including the PFM fitting module, which applies Levenberg–Marquardt
algorithms to achieve the best agreement between experimental data
and fit. To optimize our fitting procedure, Voigt profiles have been
applied to various oxidic and metallic systems but for most systems
the Lorentzian contribution converges to 0. Therefore all XPS peaks
are fitted with Gaussian shapes. Photoelectric cross sections as calculat-
ed by Scofield [19] with asymmetry factors after Powell and Jablonski
[20], taking into account asymmetry parameters after Reilman et. al.
[21] and Jablonski [22] as well as inelastic mean free paths from the
NIST database [23] (using the database of Tanuma, Powell and Penn
for elementary contributions and the TPP-2M equation for molecules)
and the energy dependent transmission function of our hemispherical
analyzer are taken into account when calculating the stoichiometries.

MIES and UPS are performed applying a cold cathode gas discharge
via a two-stage pumping system. A time-of-flight technique is employed
to separate electrons emitted by He* (MIES) from those caused by HeI
(UPS) interaction with the surface. The combined He*/HeI beam strikes
the sample surface under an angle of 45° to the surface normal and
illuminates a spot of approximately 2 mm in diameter. The spectra are
recorded simultaneously by the hemispherical analyzer with an energy
resolution of 220 meV under normal emission within 140 s.

MIES is an extremely surface sensitive technique probing solely the
outermost layer of the sample, because the He* atoms interact with
the surface typically 0.3 to 0.5 nm in front of it. This may occur via a
number of differentmechanisms depending on surface electronic struc-
ture andwork function, as is described in detail elsewhere [24–26]. Only
the processes relevant for the spectra presented here shall be discussed
shortly:

During Auger Deexcitation (AD), an electron from the sample fills
the 1s orbital of the impinging He*. Simultaneously, the He 2s electron
is emitted carrying the excess energy. The resulting spectra reflect the
Surface Density of States (SDOS) directly. AD-MIES andUPS can be com-
pared and allow a distinction between surface and bulk effects. AD takes
place for all organic systems shown here.

On pure and partly oxidizedmetal surfaces with awork function be-
yond about 3.5 eV, like silver surfaces, Auger Neutralization (AN) occurs

as long as the surface showsmetallic behavior. As a result the impinging
He* atom is ionized in the vicinity of the surface by the resonant transfer
(RT) of its 2s electron into unoccupied metallic surface states. After-
wards, the remaining He+ ion is neutralized by a surface electron thus
emitting a second surface electron carrying the excess energy. The
observed electron spectrum is rather structureless and originates from
a self convolution of the surface density of states (SDOS).

All MIES and UPS spectra are displayed as a function of the electron
binding energy with respect to the Fermi level, thus being able to com-
pare MIES and UPS spectra more easily. Obviously, the binding energy
scale is only valid for the AD process. Nevertheless, all spectra including
structures originating in the AN process have also been displayed in this
particular manner. The surface work function can be determined from
the high binding energy onset of the MIES or the UPS spectra with an
accuracy of ±0.1 eV.

The experiments on cinnamyl alcohol were carried out on inert
Au(111) substrates. These substrates were cleaned prior to the experi-
ments by Ar+ sputtering at 4 kV for 20 min and subsequent heating
up to 1000 K. The Ag reference sample was prepared by adsorption on
a Si(100) substrate, which was preliminary cleaned by flashing up to
1400 K.

Silver (Sigma-Aldrich Co., 99%) was evaporated with a commercial
UHV evaporator (Omicron EFM3) onto the samples. On a clean
Si(100) target metallic silver films grow at a rate of 0.23 nm min−1 at
room temperature when evaporated with an Ag+ ion flux of 1 μA at
the fluxmeter of the EFM3. This flux is a degree for the number of Ag
atoms moving towards the sample per second. The film growth rate
for Ag has been estimated from the Si 2p peak attenuation in XPS, re-
spectively, while the growth mode has been verified to be of the
Frank-van der Merwe-type via AFM measurements. During most of
the experiments, silver adsorption has been carried out at dosages of 9
monolayer equivalents (MLE) as compared to the growth rate on silicon
(c.f. [13]).

Cinnamyl alcohol (Sigma-Aldrich Co., N97.0%) was evaporated in a
preparation chamber (base pressure b10−9 hPa) using a temperature
controlled evaporator (Kentax TCE-BS). The preparation chamber is
directly connected to the UHV chamber. During the experiments,
cinnamyl alcohol has been evaporated at 40 °C for 5 min, leading to a
film with a thickness of about 1.8 nm [14].

Deionized water is offered via backfilling the chamber using a
bakeable leak valve. The gas line is evacuated and can be heated in
order to ensure cleanness. For all gas exposures, dosages have been
given in terms of Langmuir, where 1 L = 1.33 × 10−6 hPa × 1 s. A
quadrupole mass spectrometer (Balzers QMG311 equipped with a
Balzers QMA 140) is used tomonitor the partial pressure of the reactive
gasses simultaneously during all measurements. Additionally, a differ-
entially pumped quadrupole mass spectrometer system (Balzers QMG
422) with a linear motion feed for positioning its faceplate right in
front of the sample is used for detection of possible reaction products
during the decomposition process. Large amounts of water have been
offered in a separate HV chamber, which is directly connected to the
UHV apparatus and its gas inlet system.

3. Results

3.1. Interaction of water with cinnamyl alcohol

Fig. 1 showsMIES (top left) andUPS (HeI) spectra (top right), aswell
as XPS spectra from the C 1s (bottom left) and the O 1s (bottom right)
region of a 1.8 nm cinnamyl alcohol film on Au(111) before (black
lines) and after (blue lines) the exposure to 1415 L of water. All spectra
are displayed as electron count rate versus the electron binding energy.
XPS spectra have the low binding energy side to the left with increasing
binding energy to the right side, whereasMIES andUPS spectra have the
high binding energy side to the left with decreasing binding energy to
the right side.
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The MIES and UPS spectra yield a small increase of the secondary
electron peak while the valence structures of the cinnamyl alcohol
film remain unchanged. These structures include the 1e1g(π) orbital
around 4.4 eV (a), the 3e2g(σCH) and 1a2u(π) orbitals at 7.0 eV
(b), the 3e1u(σCH), 1b2u(σCC) and 2b1u(σCH) orbitals between 8.5
and 10.5 eV (c), and the 3a1g(σCH) orbital at 11.7 eV (d) [9], while
the C 2s peaks at 13.7 eV and 17.3 eV vanish within or beyond the
secondary electron peak [8]. In XPS the increasing contribution of
secondary electrons gives rise to a growing background, while the C
1s and O 1s peaks remain unchanged. Since no water induced features,
like for example OH groups appear in MIES, their coverage must be
negligible.

The exposure of a cinnamyl alcohol film to about 15 hPa of water for
30 min (corresponding to 2 · 1010 L) has been carried out furthermore,
but will not be shown here. As for the small water exposure, the spectra
do neither show any change in shape nor in the intensity of the elec-
tronic structure of the cinnamyl alcohol nor any change of the work
function. All XPS fit results were similar to those obtained in our previ-
ous work [13] and are therefore not shown here.

3.2. Interaction of water and cinnamyl alcohol with a closed silver film

During the interaction of cinnamyl alcohol with water no evidence
for any decomposition was found even for dosages up to 2 · 1010 L.
Therefore in this second step, the interaction of cinnamyl alcohol with
silver was investigated, again in the presence of water vapor. Thus, we
evaporated cinnamyl alcohol onto a closed layer of silver and exposed
this system to water. For the interpretation, these results are opposed
to reference spectra of the closed silver film as prepared as well as a
cinnamyl alcohol film on Au(111), which is known to show no chemical
interaction.

Fig. 2 depicts MIES (top left), UPS (top right), XPS C 1s (bottom left)
and XPS O 1s (bottom right) results for a 14 nm silver film grown on a

Si(100) waver after the adsorption of 1.8 nm of cinnamyl alcohol
(green lines) as well as after the subsequent exposure to 350 L of
water. The MIES (top left) and UPS spectra (top right) of the cinnamyl
alcohol film on silver show the same structures as discussed before in
Section 3.1. The slightly different shape of the features may be due to
a changed adsorption geometry on the roughly structured Ag film com-
pared to the Au(111) crystal face. The intensity of the σCC and σCH
peaks is slightly increased, indicating an adsorption with the propanol
chain sticking out of the surface in contrast to a most probably flat
adsorption on the Au(111). Furthermore, the cinnamyl alcohol mole-
cules should be rather mobile, since the experiment temperatures
were close to the melting point. However, the polycrystalline silver
film on silicon should exhibit a rather large amount of defects, which
can act as traps for the adsorbed molecules. Thus, the defects decrease
the effective mobility of the cinnamyl alcohol molecules on the surface,
leading to much sharper structures in MIES and UPS. After the exposure
to water, the background increases and a small shoulder around 11 eV
indicates some water remaining on the surface. Nevertheless, the
cinnamyl alcohol structures remain unchanged after the exposure to
water. This means, that no interaction between the cinnamyl alcohol
adsorbed on a closed silver film and water takes place at all. The XPS
results show the same structures as in Section 3.1. The O 1s intensity
slightly increases in comparison to the C 1s intensity, indicating some
water remaining within the film. However, the C 1s structure corre-
sponding to cinnamyl alcohol does not change, which means that
again no reactions between cinnamyl alcohol and water take place.

3.3. Interaction of water with Ag coated cinnamyl alcohol

The experiments on the interaction of water with cinnamyl alcohol
(Section 3.1) and the interaction of cinnamyl alcohol with the closed
silver film in the presence of water vapor (Section 3.2) do not show

Fig. 1. MIES (top left), UPS (top right), XPS (Al Kα) C 1s (bottom left) and O 1s (bottom
right) spectra of a 1.8 nm cinnamyl alcohol film on Au(111) before (black lines) and
after (blue lines) in-situ exposure to 1415 L of water.

Fig. 2. MIES (top left), UPS (top right), XPS (Al Kα) C 1s (bottom left) and O 1s (bottom
right) spectra of a 14 nm silver film on Si(100) after the adsorption of 1.8 nm of cinnamyl
alcohol (green lines) and after subsequent exposure to 350 L of water (blue lines).
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any decomposition effects. In the following, we exposed silver to the
cinnamyl alcohol film to study its interaction with water.

Fig. 3 shows MIES (left) and UPS spectra (right) of a 1.8 nm film of
cinnamyl alcohol adsorbed on a cleaned Au(111) substrate (black
lines), 9 MLE silver adsorbed onto the cinnamyl alcohol (red lines)
and the latter after subsequent in-situ exposure to 1040 L of water
(blue lines), as well as a silver reference film from [13] (green lines).
The spectra of the cinnamyl alcohol film reveals exactly the characteris-
tic peaks already described in Section 3.1. After silver adsorption the
MIES spectrum consists of the Ag 4d AN structures with one broad
feature between 2 eV and 6 eV due to the AN process involving two
electrons from the 5s orbital, and another feature between 5 eV and
11 eV caused by the AN process including electrons arising from Ag
4d and 5s [27]. The presence of strong AN features is clearly visible
from the shoulder of the AN 5s,5s orbital around 3 eV, where no struc-
ture of the cinnamyl alcohol could be found. The UPS spectrum consists
of one main Ag 4d doublet feature. Nevertheless, there is still some
intensity from the cinnamyl alcohol peaks remaining besides the silver
features in both spectra, UPS as well as MIES. Therefore, most of the
silver is present at the surface of the cinnamyl alcohol layer, but the
silver coating does not form a completely closed layer. Also, a diffusion
of some part of the silver into the cinnamyl alcohol film cannot be
excluded. After the subsequent exposure to 1040 L of water, the back-
ground as well as the AN structures in the MIES spectrum decrease,
giving rise to a surplus peak at 4.6 eV denoted as Ag*(1) which matches
quite well with the lower binding energy Ag 4d peak in the UPS spectra.
This surplus peak supports the assumption of a structural change on the
surface for its indication of the quite unusual silver ADMIES process. At
the beginning, the closed silver layer allows for the metastable helium
atom to resonantly lose its 2s electron and become neutralized by the
AN process afterwards. Obviously, this preliminary resonant transfer
process is inhibited when the agglomerating silver atoms form isolated
nanoparticles on top of the insulating cinnamyl alcohol film. Thus, the
AD process becomes more likely. There again, the low binding energy
Ag 4d peak in UPS decreases together with the background signal,
while the high binding energy Ag 4d peak at 6.0 eV appears to be
more dominant (marked as Ag*(2)). According to the literature, this is
a typical indication for nanoparticles [28–30].

Fig. 4 depicts the XPS Au 4f (top left), C 1s (bottom left), O 1s (bot-
tom right) and Ag 3d (top left) spectra of the 1.8 nm cinnamyl alcohol
film on Au(111) as prepared (black lines and squares), after the adsorp-
tion of 9MLE silver (red lines and triangles) and after subsequent in-situ
exposure to 1040 L of water (blue lines and circles) corresponding to
Fig. 3. The increasing intensity of the Au 4f doublet clearly indicates a

decreasing overall film thickness on Ag adsorption and even more on
the exposure to water. The Ag 3d structure after Ag adsorption resem-
bles very well the results for a pure silver film, in both cases the under-
ground correction was slightly insufficient between the two peaks. In
contrast to that, the Ag 3d doublet clearly shows a second chemical
state after water dosage at the high binding energy side of each peak.
The intensities of the C 1s and O 1s structures increase during the Ag
adsorption as well as during the water dosage. This is maybe due to
an improved electrical conductance through the cinnamyl alcohol
layer und thus a better charge compensation in the layer. On the one
hand, a significantly charged sample would defocus the emitted photo-
electrons during their travel towards the analyzer and thus lead to a
decreasing overall intensity. On the other hand, some examples can be
foundwithin the literature, wheremetal–organic films exhibited anom-
alously large photoelectron mean free paths, which would also signifi-
cantly influence the photoelectron peaks' intensities [31]. The Au
substrate should not be influenced by these additional adsorbed layer,
thus thesefindings indicate an increased C 1s intensity even on decreas-
ing film thicknesses. The area fraction of the C 1s peak corresponding to
oxidized carbon atoms, i.e. representing C_O and O\C\O bonds,
increases during Ag adsorption and evenmorewith thewater exposure
(see Table 1). This indicates some kind of ongoing oxidation mecha-
nism, which could not be recognized during the measurements
concerning cinnamyl alcohol on Au(111) as well as cinnamyl alcohol
on a closed silver film.

Fig. 5 shows mass spectra from the differentially pumped QMS sys-
tem measured during the water adsorption on 9 MLE silver coated
1.8 nm cinnamyl alcohol film (see Fig. 4). All possible reaction products
weremonitored during the exposure, but only those developing related
to the reaction are shown. The top left diagram shows the spectra of the
fragments of water, the bottom left diagram contains the spectra of
ethanol and its fragments. Formaldehyde and its deprotonated frag-
ments are displayed in the bottom right diagram, while the spectra of
molecular oxygen, the methyl cation and small carbon-oxides are

Fig. 3.MIES (left) andUPS (right) spectra of a 1.8 nmfilmof cinnamyl alcohol adsorbed on
a cleaned Au(111) substrate (black lines), 9 MLE silver adsorbed onto the cinnamyl alco-
hol (red lines) and the latter after subsequent in-situ exposure to 1040 L of water (blue
lines), as well as a silver reference film from [13] (green lines).

Fig. 4. XPS (Al Kα) Au 4f (top left), C 1s (bottom left), O 1s (bottom right) and Ag 3d (top
right) spectra of a 1.8 nmfilmof cinnamyl alcohol onAu(111) as prepared (black lines and
squares), after the adsorption of 9 MLE silver (red lines and triangles) and the latter after
subsequent in-situ exposure to 1040 L of water (blue lines and circles).
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shown in the top right graph. The exposure to water at about
3.5 × 10−7 hPa was started about 120 s after the beginning of the QMS
measurement and was controlled for its purity using the second QMS.

Even though the partial pressure of the water itself exceeded the
chosen sensitivity range, the fragments OH, H2, H and O resemble its
partial pressure inside the differentially pumped system quite well.
The exponential converging behavior may be caused by the small slit
of about 2 mm between the spectrometers faceplate and the sample.
Another factor may also be the uptake rate due to the surface processes.
The slight decrease towards the end reflects the development of the
partial pressure of water.

The spectra of the fragments of ethanol yield a maximum at about
1000 s, corresponding to 260 L and a significant decrease afterwards,
indicating a possible induction period or a change of the conversion pro-
cess. There against, the partial pressure of formaldehyde reaches its
maximum at about 1500 s, corresponding to 390 L and stays approxi-
mately constant until the end of the gas dosage at 1040 L. In between
these two, the partial pressure of ethanol has itsmaximum, even though
a saddle point is visible around 1000 s, thus corresponding to the peak
of its dehydrogenated species.

4. Discussion

The adsorption ofwater onto a cinnamyl alcohol film as presented in
Section 3.1 shows no evidence for any interaction at all. Even an

exposure to 2 · 1010 L (not shown) does not lead to any interaction.
Thus, the degradation of cinnamyl alcohol being stored in water con-
taining atmospheres, which is reported in literature [32], obviously hap-
pens on much larger timescales. Additionally, this excludes any
decomposition of the cinnamyl alcohol due to the Au(111) substrate
in the presence of water.

The timescale for this established degradation of cinnamyl alcohol is
especially different from the dosages necessary for the interaction for
the silver coated cinnamyl alcohol shown in Section 3.3. The decompo-
sition observed during this experiment therefore must involve process-
es including the adsorbed silver. Ex-situ AFM measurements showed
the formation of nanoparticles [13], which might behave differently
compared to a closed silver film. These possible influences of the struc-
ture of the nanoparticles have to be excluded first to understand how
the decomposition process works. Therefore, the results presented in
Section 3.2 deal with cinnamyl alcohol adsorbed on a closed silver
film. No significant differences were found between the spectra of
cinnamyl alcohol on the Ag film before and after exposure to 350 L of
water, whichwould have been sufficient for a significant decomposition
as was shown in Section 3.3.

The investigations on the interaction ofwater vaporwith silver coat-
ed cinnamyl alcohol films presented in Section 3.3 differed very signifi-
cantly from those two discussed before. The overall film thickness of the
cinnamyl alcohol and silver composite layer seems to increase consider-
ably upon water dosage. The determination of this film thickness is

Table 1
Summarized XPS results for 1040 L water on silver coated cinnamyl alcohol.

System Figure Peak Correlation Binding energy/eV FWHM/eV Relative intensity

Cinnamyl alcohol/Au(111) 4 C 1s C\C, C\H 287.4 2.42 0.90
C\O 289.0 2.42 0.01
C_O, O\C\O 290.3 2.42 0.09

O 1s C\O\H 534.4 4.41 1.00
Ag/Cinn. alc. /Au(111) 4 C 1s C\C, C\H 287.3 2.32 0.87

C\O 288.9 2.32 0.00
C_O, O\C\O 290.2 2.32 0.13

O 1s C\O\H 534.3 3.86 1.00
1000 L H2O/Ag/Cinn. alc./Au 4 C 1s C\C, C\H 287.3 2.06 0.81

C\O 288.9 2.06 0.01
C_O, O\C\O 290.2 2.06 0.18

O 1s C\O\H 534.7 4.00 1.00

Fig. 5. QMS spectra of desorption species from 9 MLE silver adsorbed onto a 1.8 nm film of cinnamyl alcohol on Au(111) during in-situ exposure to 1040 L of water.
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uncertain to some extent, since the evaluation was deduced for a sub-
strate that is fully covered by a homogeneous film. In the presented
case, the heterogeneous double layer system did not fulfill this condi-
tion and there might also be some diffusion of silver into the cinnamyl
alcohol layer, which cannot be determined by the appliedmethods. Fur-
thermore, it seems that the silver coated cinnamyl alcohol even went
through a structural change uponwater dosage. Thus, thefilm thickness
calculation typically used for the interpretation of XPS spectra during
adsorption experiments can only be used as a hint rather than an
exact matter of fact.

The apparent decrease of the thickness of the cinnamyl alcohol film
supports the results of the differentially pumped mass spectrometer,
which showed a distinct amount of small hydrocarbon molecules
being desorbed from the sample right from the beginning of the water
dosage. The development of the partial pressures of the molecules
seems to show two phases. During the first 1000 s of the exposure,
mostly CO, C2H3OH and the like are desorbed. There again, the produc-
tion rate for formaldehyde is maximal starting at 1500 s. The partial
pressure of ethanol reached its maximum slightly before the partial
pressure of formaldehyde, but a saddle point is found for ethanol corre-
sponding to its dehydrogenated species. This development suggests a
decomposition process with two distinct reaction pathways at different
reaction rates.

The XPS results yield an oxidation of the carbon species in the silver
coated cinnamyl alcohol film during the exposure to water. The Ag 3d
structure clearly shows the appearance of a second peak at 1.9 eV
higher binding energy compared to the metallic silver peak (see Fig. 5,
Section 3.3), which vanishes during the exposure to 2 · 1010 L of water.
Thus, it is very likely that the surplus Ag 3d peak corresponds to some in-
termediate species being involved in the catalytic decomposition.

The MIES spectrum of the silver coated cinnamyl alcohol film after
exposure to 1040 L of water shows a distinct feature which most cer-
tainly corresponds to Ag 4d via the AD process. This is most unlikely
for silver surfaces due to its high work function of more than 3.5 eV,
which causes a resonant transfer of the electron occupying the He 2s
state during the atoms approach towards the sample's surface. After-
wards, the resulting He− ion relaxes through the AN process as
described in Section 2. The appearance of anADpeak representing silver
states clearly shows that the resonant transfer must be hindered
somehow.

It has been shown earlier by Stracke for Mg clusters on top of a MgO
crystal surface that this kind of surface configuration leads to AD peaks
in MIES, even though AN structures were expected for Mg [33]. When

the metastable helium atom approaches the surface under an angle of
45° to its normal, the MgO surface does not provide surface states
which would allow for the resonant transfer of the He 2s electrons
being the first step of the AN process. Therefore, the helium atoms
reach the Mg clusters as metastable neutral atoms instead of being ion-
ized before. Thus, these metallic clusters lead to an AD peak in MIES,
whereas for a closed film the spectrumwould only show AN structures.

The same reason might induce the AD peak for the adsorbed silver
during water exposure. As found during AFM measurements earlier
[13], silver nanoparticles are present when exposing the silver coated
cinnamyl alcohol film to air. The formation of these nanoparticles
during water dosage would be indicated by the observed AD peak,
since the agglomerating silver would form clusters surrounded by insu-
lating organic molecules. The MIES results therefore might suggest the
formation of the nanoparticles during the exposure of the silver coated
cinnamyl alcohol to water. Therefore, the process leading to this ag-
glomeration of the silver atoms upon water dosage has to be discussed.

All XPS results of this section are summarized in Table 1. Thedescrip-
tion of an actual reaction pathway leading to a decomposition of the
cinnamyl alcohol and the concurrent agglomeration of the silver
atoms would be guesswork rather than reasonable deduction basing
on the hitherto existing results. Therefore, it will not be discussed in fur-
ther detail at this point. A future investigation on the determination of
the exact reaction pathway will be carried out, employing Fourier-
Transform Infrared Spectroscopy in an ultra high vacuum environment
for direct observation of the reaction intermediates as well as some in-
vacuo imaging techniques.

A schematic representation for each of the three described model
systems is depicted in Fig. 6 to clarify the investigated interfaces and
interactions.

5. Summary

The interaction of water with silver coated cinnamyl alcohol films
was found to lead to a catalytic decomposition of the cinnamyl alcohol
film. The silver nanoparticles found afterwards bymeans of AFM inves-
tigations [13] were proven to be essential for this process by excluding
all other possible decomposition pathways. Neither on pure cinnamyl
alcohol films nor on films adsorbed on a closed silver layer, any interac-
tion could be observed. Furthermore, the spectroscopic results during
the exposure of the silver coated cinnamyl alcohol film suggested the
formation of silver nanoparticles concurrent to the water dosage.

Fig. 6. Schematic representations of the investigated model systems.
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The effective pathway of the catalytic decomposition process could
not be proven experimentally until now. Further studies on this decom-
position process including in situ FTIR investigations are in preparation
to clear out the exact process pathway leading to the formation of
ethanol and formaldehyde from cinnamyl alcohol.
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