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Adsorption of Methanol on the MgO(100) Surface: An Infrared Study at Room
Temperature
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Methanol adsorbed on the (100) face of MgO has been studied at room temperature and elevated methanol
pressures using transmission Fourier transform infrared spectroscopy. From these investigations, we find
evidence of two structures for the adsorbed methanol. At low coverages, the methanol molecules congregate
into two-dimensional islands that are strongly associated with the substrate. The properties of this submonolayer-
to-monolayer thin film are similar to those of solid methanol. Once the available surface sites are occupied
and a complete monolayer has formed, the methanol begins to condense in multilayers, creating a thin film
on the surface with properties similar to liquid methanol.

Introduction the surface, and two reacted methoxy species. The first reacted
species is bonded by a monodentate linkage through an oxygen

having a simple rock salt structure, a single valence state, andatom. to a magnesium |on,'W|th an adjacent hydrggen atom
only one stable low-index surface orientation: the (100) face. forming a hydr_oxyl group with an exposed oxygen lon of the
MgO has been shown to catalyze the hydrogenation of 1,3- surface, resulting from the breaking of the-@ bor_ld in the
butadiene, the Hand D» exchange reaction, and the dehydro- adsorbed methanol. .The sec;ond reacted species is bonded
genation of methanol and formic adids such, it is well suited ~ through a bidentate linkage via the methanol oxygen atom to
to fundamental studies of adsorption and catalysis at oxide WO magnesium ions on the substrate. Recent theoretical
surfaces. The surface chemistry and physics of metal oxides,nvestigations of methanol on MgO support these assign-
and the characterization of adsorbates on these materials, ar&ents’&4/
important to many natural and industrial processeBespite Under typical ultrahigh vacuum (UHV) conditions at both
the evident need, few surface spectroscopic studies have beeryogenic temperaturés? and room temperatufé;*?methanol
reported on well-characterized mineral surfaces. Such studiesadsorption has also been studied on thin films of MgO(100) by
have been hampered by the inherent complexity of oxide exposing the substrate to a known pressure or coverage of
surfaces and the experimental difficulty of using electron and methanol and then reestablishing UHV before examining the
ion spectroscopies for the analysis of insulating materials. As a surface. For this reason, only the cryogenic studies showed any
result, although they are essential for a more complete under-type of physisorption between the methanol and the MgO(100)
standing of reactions on oxide surfaces at the molecular level, surface with methanol wetting the surface and growth occurring
studies using a surface science approach are limited, and then layers, that is, the methanol monolayer is saturated before
investigation of magnesium oxide adsorption systems has beenmultilayer formation begin&8 Any reaction occurring on the
confined, in general, to the less well-defined surfaces of thin film MgO(100) substrate has been linked to defect sites
powderst® To avoid the problems associated with analysis of such as terrace steps, edges, and vacancies on the stiffage.
single-crystal samples of an insulating material, a number of When reactions were seen between methanol and the thin films
studies have made use of thin films of well-characterized MgO- of MgO(100), they occurred through cleavage of thekDbond
(100) grown on a conducting substrate, typically either iy the methanol, forming a surface methoxide species similar
Mo(100)~° or Mg(0001)}**2 However, the use of optically o the monodentate linkage described above on MgO powidérs.
based spectroscopy such as transmission infrared (IR) spectros- Few studies have been performed to investigate meth-
Co_ﬁ’_%ea\;?j'sd;ﬂ:iiﬁscﬁ geiggg%fiﬁﬁtgliseg:%gfggz has beenanoI adsorption on single-crystal MgO(100) substrates, and they
investigated gn powder samples Well-gcharacterized thin films were always under UHV conditiori$> These investigations

- o . ’ concur with those on the thin films of MgO(100) in that the
and single-crystal substrat&<.1> The interaction of methanol . . .

; ) . . . atomically smooth terraces show no reaction with methanol.
with magnesium oxide powders has been studied with IR Only when the substrate has been intentionally damaged b
spectroscopy:” temperature-programme_d desorption (TPD) spui/tering is limited reactivity seen between me%/hanol a%d thg
mass spectrometfyand nuclear magnetic resonance (NMR) MgO(100) surface. It is important to reiterate that these studies

spectroscopy to show four distinct species on the surface: ¢ d under UHV libri diti d
methanol physisorbed to the substrate, methanol chemisorbedV€'® Performed under » honequilibrium conditions and,
until now, no studies have been performed under ambient

to the substrate through a hydrogen bond to the oxygen ion in . : L .
g ydrog ¥o conditions on the dynamic equilibrium occurring between

*To whom correspondence should be addressed. Telephone: 1-617-Methanol in the gas phase and the single-crystal MgO(100)
287-6096. FAX: 1-617-287-6066. E-mail: michelle.foster@umb.edu. surface.

Magnesium oxide is often described as a model basic oxide,
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This paper describes a study that uses transmission Fourier
transform infrared (FTIR) spectroscopy to study methanol on
MgO(100) at room temperature and methanol pressures ranging IO'OOS au
from 0.1 Torr up to 105 Torr. In this manner, it is possible to
investigate the surface interactions of adsorbed methanol in
dynamic equilibrium with the gas phase on the MgO surface.
Frequency shifts, bandwidths, and absorbance values of the OH a /\”\
stretching features are used to interpret the structure and phase
of the interfacial region, giving both a qualitative and a
guantitative understanding of methanol adlayers.

Experimental Section

For spectroscopic measurements, 16 crystals, cleaved along
the (100) faces of MgO (MTI Corporation) under dry nitrogen
purge, were placed in a cylindrical stainless steel sample cell
that has been described elsewh€r®Spacers made of 0.1 mm
diameter Ta wire were sandwiched between the crystals so that
the MgO faces did not touch. Calcium fluoride windows
(Infrared Optical Products, Inc.) were attached to both ends of
the cell and then sealed with Viton O-rings.

The cell was attached to a vacuum line and then pumped
with a diffusion pump to a base pressure of 4Torr. The cell b
and line were baked under vacuum at 11D for 2 days to
remove contaminants. The methanol vapor was obtained from L L S S B S
a liquid sample (Aldrich, HPLC grade) and further purified by 4000 3500 3000 2500
a number of freezepump—thaw cycles. Methanol vapor was -1
introduced at the desired pressure, and the dynamic equilibrium Wavenmber (cm )
occurring between the methanol and the MgO(100) surfaces wasFigure 1. (a) FTIR spectra of 1.04-Torr methanol vapor and (b) ATR-
monitored by transmission FTIR spectroscopy (Nicolet, Nexus FTIR spectra of pure methanol liquid. Both spectra are sampling

. . . identical number densities of methanol, 710 molecules/crh
670) using 8 cm! resolution. An InSb detector was used during
these studies that, coupled with the Gakndows, limits the
frequency range of the FTIR spectra collected to 450800
cm L, 1. Methanol Vapor. The OH stretch of methanol in an IR

The MgO crystals were monitored, using transmission FTIR Spectrum shifts according to the phase and hydrogen-bonding
spectroscopy, for the presence of carbonaceous contaminatiorffangement. Figure 1 shows the infrared absorption spectra of
in the form of a G-H stretch at~3000 cnt® (ref 21) and a  1.04-Torr methanol vapor (top) and that of a drop of liquid
C=O0 stretch at~2200 cnt? (ref 22). Concurrent studies using  Methanol on the ATR crystal (bottom). The number of molecules
identically prepared crystals in a different cell and using ZnSe exa7m|ned for each of these spectra is nearly identical ak1.7
windows and an MCT detector allowed for the inspection of 10" molecules/cri The OH stretch appears at 3700 ¢nfor
the crystals for the suspected reaction between MgO ang cO the vapor phase, while in the condensed phase the OH stretching
to form MgCQ; by probing the spectra for the carbonate feature is enhanced by a factor of 10 and red-shifted 350tcm

features, bands centered at 1660 and 1310'¢ref 23). Atno {0 @pproximately 3350 cnt as a function of the hydrogen
time during this series of experiments were any carbon- bonding and condensation. The CH stretching features remain

containing features seen in any of the IR spectra. This is virtually unchanged at 2950 and 2830 chwith a doubling

predictable in light of recent experiments on single-crystal MgO, of the intens_ity because Of_ the condgnsatio_n of mef[hanol.
indicating that any reaction occurring between MgO(100) and ~ Methanol is very much like water in that its physical state,

COy s reversible These results indicate that it is very unlikely ~and thus the extent and the rigidity of its hydrogen bonding,
that the surfaces of the crystals used in these experiments ar&@"! be_ |nves_t|ga_ted W'th.FTIR Spectroscopy. In previous studies,
contaminated with carbonaceous compounds while investigating the interactions between water and MgO-

. o (100)1° the water vapor features in the FTIR spectra of water
For the methanol \{apor_spectroscopm mvestlgatl_o ns,a Seco'ndthin films on MgO(100) could be removed via subtraction using
sgrr(ljple ce;l was bw:ct u5|gg a 'QU?rtZ géﬁyoress-flt against . a reference water vapor spectrum. This procedure is possible
windows of ZnSe (Infrared Optical Products, Inc.), once again .46 the OH stretching feature in the FTIR spectrum of water

using Viton O-rings as the sealing medium. The combination 4,1 does not vary as a function of pressure under ambient
of the MCT detector and the ZnSe windows allows the FTIR jngitions (the vapor pressure of water is 17.6 Torr at@p

Absorbance

Results and Discussion

1 L.
spectra to access a frequency range of 48D cm~. The This is not true of methanol vapor. The vapor pressure of
methanol vapor was introduced into the cell by a method methanol at ambient temperatures is an order of magnitude
identical to the one described for the adsorption studies. greater than that of water, 110 Torr at 22, and there are

The ATR-FTIR spectra of liquid methanol (Aldrich, HPLC  slight changes occurring in the spectra as a function of pressure.
Grade) were taken by using a Nicolet Avatar spectrometer with This can be seen in Figure 2a, which shows the OH stretching
a room-temperature DGTS detector and a germanium-window, region for methanol vapor at pressures of 5, 25, 50, 75, and
single-bounce, attenuated total reflectance (ATR) accessory100 Torr. This region of the spectrum is dominated by the
(Nicolet Omni Sampler) installed into the sample compartment. monomer gas-phase features with its OH stretch appearing at
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Figure 2. (a) FTIR spectra of methanol vapor at 5, 25, 50, 75, and Methanol Pressure (TOI'I‘)

100 Torr (from bottom to top). (b) Gas-phase hydrogen bonding in Figure 3. (a) Concentration of methanol molecules hydrogen bonding

methanol vapor, obtained by the subtraction of FTIR spectrum of 5-Torr in the gas phase as a function of methanol pressure, calculated as

methanol from spectra at 25, 50, 75, and 100 Torr (from bottom to described in the text. (b) The number of methanol molecules undergoing

top). hydrogen bonding presented as a percentage of the total number of
methanol molecules present.

~3700 cntl. However, there are also features appearing at

lower wavelengths, a shoulder at 3600¢rand a peak at 3400  monomeric stretch (the concentration of methanol monomers)

cm?, that cannot be explained by noninteracting gas-phasegives a rough estimate of the concentration of methanol

methanol molecules. molecules undergoing hydrogen bonding.

The spectra in Figure 2b have been modified using a 5-Torr ~ This concentration of hydrogen-bonded methanol molecules
methanol vapor spectra to subtract out the monomer featuresas a function of total methanol pressure is presented in Figure
leaving only the peaks that may be attributed to hydrogen- 3a. If the hydrogen-bonding arrangement in the gas phase is
bonded methanol vapor. These features have been assigned ithe same as that calculated by Dixon etahamely an open
a recent investigation by Dixon et #.Using ab initio dimer and cyclic tetramer, then the concentration of methanol
calculations and comparisons with dilute liquid solutions, the monomers calculated from the integrated area of the feature at
peak at 3600 cmt was assigned to an open methanol dimer, 3700 cnt? includes both true monomers and one-half of every
while the feature seen at 3400 chwas due to higher-order  dimer pair, and thus is a high estimate. This means that the
methanol polymers, probably trimers and/or tetramers in a cyclic calculated value of the concentration of molecules hydrogen
configuration. No attempt was made to quantify the hydrogen- bonding in the gas phase is a low estimate. Attempts to use
bonded methanol. these data to calculate the concentration of methanol dimers

The quartz cell used for the methanol vapor studies has aversus the molecules hydrogen bonding in larger clusters have
known path length (5.08: 0.05 cm), and using this value ina been unsuccessful, since the two configurations of hydrogen-
Beer’s Law calculation, along with the integrated areas of both bonded clusters have led to drastically different molecular cross
the non-hydrogen-bonding OH peak a8700 cnt! and the sections for the OH stretch.

CH feature centered at 2900 ciifor a number of methanol Figure 3b presents this same calculation in terms of the
vapor FTIR spectra at pressures lower than 5 Torr, values werepercentage of molecules participating in hydrogen bonding, the
calculated for the molecular cross sections for methanol using ratio of the difference between methanol concentrations calcu-
these two features. For the CH stretching region (integrated from lated using the CH stretch peak, and the OH stretch feature with
2725 to 3140 cml) the molecular cross sectiofigcn, was respect to the total concentration of methanol present, multiplied
calculated to be 9.% 10718 cm/molecule. For the monomeric by 100. It is interesting to note that at pressures below 55 Torr,
OH stretching region (assuming there is minimal hydrogen the percent of hydrogen-bonded methanol molecules is fairly
bonding occurring in the gas phase at these low pressures)constant at about 4% with a slight increase with increasing
integrated from 3560 to 3780 crh the molecular cross section,  pressure; yet, at methanol pressures of 60 Torr up to 105 Torr,
Ogom, Was calculated to be 1.6 10718 cm/molecule. These there is a notable increase in the percentage of hydrogen-bonded
values were then used to calculate the concentration of themethanol.

methanol vapor present at pressures up to 105 Torr. The This fact is very important in the current study, which
difference between the methanol concentrations calculated frominvestigates the interactions occurring between the MgO(100)
the CH stretch (the actual methanol concentration) and the OH surface and many different pressures of methanol vapor during
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\ vapor but also the hydrogen bonding occurring in the gas phase,
- I).OZ au M I}_z au as indicated by the sharp feature at 3600 tnand the
i asymmetry of the adsorbed feature culminating in a peak at 3400
i SR .i |I cm~L. By comparing this subtraction result with the spectra in
| Figure 2b, it is clear that these two features are due to methanol

l,a' '| f f vapor.

3600 3400 3200 ' \ Figure 4a also shows the gas-phase FTIR spectrum of 90 Torr
| of methanol, indicated in dark gray. In the full-scale versions
| of all three spectra, it is difficult to see any differences, but the
© inset shows the hydrogen-bonding region for all three spectra,
§ """”“‘I'/ IO i L P I'f"j‘ 5-Torr methanol vapor, 90-Torr methanol vapor, and 90-Torr
2 4000 3800 3600 3400 3200 3000 2800 2600 methanol vapor in the presence of 16 MgO crystals. In this
2 expanded graph, it is easy to see the differences and similarities
;% b Io‘o(}] au of the three spectra, most notably a shoulder at 3600 @nd

the feature at 3400 cm, which are absent in the 5-Torr
methanol vapor spectrum. When the 90-Torr methanol vapor
spectrum is used as a reference for the subtraction of the vapor
features from the spectrum of 90-Torr methanol in equilibrium
with the MgO(100) surfaces, the black spectrum in Figure 4b
is the result. The peak associated with the CH stretches can be
seen between 2750 and 3050 dimnthese features are due to
both adsorbed methyl groups on the surface and subtraction
artifacts. Likewise, the feature centered at 3690 tim most

Tyl Ty e re o e ey ; i
4000 3800 3600 3400 3200 3000 2800 2600 likely due to gas-phase methanol andaresult of poor subtraction;
however, it could also be due to either non-hydrogen-bonded

Wavenumber (cm']) adsorbed methanol or the reversible dissociation of methanol

Figure 4. (a) FTIR spectra of 5-Torr methanol vapor (light-gray O the surfgce. The peak _of interest is the very broad feature,
spectrum on bottomy 17), 90-Torr methanol vapor (dark-gray spectrum ~ With @ full width at half-maximum (fwhm) of 400 crt, centered
in middle), and 90-Torr methanol in equilibrium with 16 MgO(100) at 3300 cm®. This feature, which strongly resembles that of
crystals (black spectrum on topx5). (Inset) Enlarged view of the  liquid methanol, is the OH stretching vibration of methanol
hydrogen-bonded OH stretching region of the same three spectra. (b)adsorbed on MgO(100).
Subggd‘or.‘ rei“':hoihgoégo_rlf me'[hat?]m inl association tWith lz/tl)?o%om’d Absorption spectra of methanol adsorbed to MgO(100) at
n= , usin [0} e -1orr metnanol vapor spectrum ack) an . N .
the 5-Torr mgethanol spectrum (light gray) ai a rgference spectra for room temperature for a variety of pressures are shown in Figure
removal of the vapor features. 5. The bands are all broad, and the fwhm slightly decreases
) o o with increasing pressure, from a value of 460¢rat 5 Torr to
dynamic equilibrium. The presence of hydrogen bonding in the 390 cnrt at 105 Torr. The peak center of the OH stretching
FTIR spectrum is not enough to distinguish between methanol featyre of the adsorbed methanol also shifts as a function of
in the vapor phase and methanol condensed on our substratecgyerage. At the lower pressures, the peak center is relatively
When investigating the interaction between a model surface andgnstant at 3266 10 cnT; but beginning at approximately
any molecule at elevated pressures, extensive knowledge of howzg Toyr, the peak center becomes increasingly blue-shifted until,
that molecule behaves when Fhe sub;trate is absent_ is essentiakt 105 Torr, the highest pressure investigated in this study, the
2. Methanol and Magnesium Oxide.The experimental  heak center occurs at 3330 chFigure 6 shows this peak shift
apparatus used for this study has been designed to minimizeyeng as a function of methanol vapor pressure. The low-pressure
the number of molecules in the gas phase probed during ourpethanol peak centers are close to the peak center seen for
adsorption studies. However, even with these extreme measuresyitrequs solid methanol cooled t6180°C: this feature has been
the signal from the gas-phase methanol drowns out the signalgpserved at 3235 cm (ref 32). At approximately 70 Torr, the
from adsorbed methanol, as can be clearly seen in Figure 4a3peak center begins to shift toward the 3337 érbserved for
the black spectrum is that of 90 Torr of methanol in the presence 1k liquid methanoB? This seems to indicate that, at the lower
of 16 MgO(100) crystals. The adsorbed methanol is representedyessures, the molecules are oriented in such a way that their
by the slight mound appearing in this spectrum at approximately hydrogen-bonding network is more solidlike; whereas as the
3300 cmr. However, because of the residual gas-phase pressure increases, the intermolecular interactions become
methanol in the sample cell, it is difficult to quantify this decidedly more liquidlike.
adsorbed feature. The residual gas-phase features can be gjnce the high-pressure absorption resembles that of bulk

subtracted out of this spectrum, leaving only those features i iq methanol, its optical properties were used to estimate
representative of the adsorbed methanol adlayer. Typically in adlayer coverage. By making use of a modified Beleambert

this type of investigation? " a low-pressure, vapor-phase iq|ationshipi334the integrated absorbance of a surface species
reference spectrum is chosen and used to subtract the vapo[g yescribed by the following equation:

features from all the resulting sample spectra. For instance, the
5-Torr spectrum, shown in light gray in Figure 4a, could be NS
used to remove the vapor features from the 90-Torr MeOH/ A= H,OH

MgO(100) sample spectrum, resulting in the light-gray adsorp- 2.303

tion spectrum shown in Figure 4b. However, because of the ~

hydrogen bonding of methanol in the vapor phase, the resulting The integrated absorbane®(cm1), of the adsorbed methanol
subtraction spectrum shows not only the features associated withvas determined by numerical integration over the frequency
methanol adsorbed to MgO(100) when at equilibrium with the range 3636-3030 cm?, Sch,on is the surface density of
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Figure 5. Absorption spectra of 5, 25, 50, 75, and 100 Torr (from
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frequency-dependent, imaginary componenf the index of
refraction of bulk methan&? using2®

5= () frand?

where p is the molecular density of methanol at the given
temperature. For methanol at room temperatarejas found
to be 1.02x 107 ¢ cm/molecule. Onc&cp,on is calculated,
the coverage® = SchioH/Sugo, is easily determined sin@ugo
for the MgO(100) face is 1.1& 10 surface ions/crh(ref 37).
Using this procedure, all integrated absorbances are converted
to coverages@, in terms of methanol molecules per surface
ion. Using this method of analysis, the methanol adlayer shown
in Figure 4b corresponds to a coverage of 1.3 monolayers.
While we can justify the use of liquid methanol optical
constants to calculate coverages when the band profiles of the
bulk liquid and adlayers are similar, there is a systematic error
introduced when the profiles differ as they do in the lower
coverage features, which we shall associate with the submono-
layer adlayer. It would be useful to make use of the optical
properties of solid methanol for the low-pressure regime;
however, those proved difficult to find in the literature, and thus,
all calculations were made using the optical constants of liquid
methanol. By comparing the properties of water, whose optical
constants are very well represented in the literatémr, with
those of methanol, an estimation of the error associated with

bottom to top) of methanol adsorbed on MgO(100) at room temperature. . . . . .
These spectra correspond, respectively, to 0.45, 0.70, 0.90, 1.05, and?Ul calculations might be possible. The optical qualities of
1.50 monolayers of methanol adsorbed to the MgO(100) surface. The Methanol and water are similar upon transition from the vapor
number of MgO(100) crystal faces for these experiments #s 32. to the liquid phase, namely, the myriad rotationaibrational

Gas-phase features have been removed from these spectra by usingeatures of the gas transform into a single diffuse absorption

the corresponding pressure of methanol vapor spectrum.
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circles, respectively. The lines are merely a guide for the eye.

adsorbed methanol, amds the number of exposed MgO(100)

band with a corresponding increase by a factor of 10 in the
oscillator strength of the OH bond because of the hydrogen
bonding within the syster#f:4! Therefore, perhaps the optical
qualities of water during the liquid-to-solid transition may be
used as a guide; liquid water has a peak center at 3400 cm
(ref 39), which shifts to 3250 cn (ref 40) upon condensation

to ice, while the oscillator strength of the OH stretch doubles.
In correlations between the integrated cross section and band
center for hydrogen-bonding systems just reviewed, we antici-
pate higher values df for the lower vibrational frequency of
the low-coverage region, and thus, calculated coverage values
are most likely underestimated by as much as 50%.

Isotherms may be determined from the pressure-dependent
adlayer spectra through the photometry analysis just described.
By using the spectra shown in Figure 5 and others as well,
the room temperature adsorption isotherm for methanol on
MgO(100) was calculated and is shown in Figure 7. The
methanol coverage is plotted as a function of the methanol
pressure at equilibrium within the cell. In this figure, the closed
circles represent adsorption measurements, and the open circles
are the desorption measurements. The highest pressure used in
this series of experiments was 105 Torr. There is significant
hysteresis shown in the isotherm. This hysteresis is not
permanent, and the substrate is returned to virtually its initial
state after being evacuated overnight. The reactivity between
methanol and MgO(100) at high pressures and room temperature
was recently investigated by this researcher using atomic force
microscopy, and there were no topographical changes recorded
yhen MgO(100) was allowed to sit in an atmosphere of pure
methanol vapor for 100 #¥.

According to the adsorption isotherm presented in Figure 7,
a monolayer of methanol on MgO(100) occurs at a pressure of

faces, 32 for this series of experiments. The integrated cross70 Torr. We have defined one monolayer as a single methanol

section,o (cm/molecule), was determined from the measured,

molecule adsorbed onto every available surface ion, bothMg
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Figure 7. Adsorption isotherm of methanol on MgO(100) at room Band Center (cm”)
temperature. Data taken on ascending and descending pressures afeigure 8. Band center change with methanol coverages on MgO(100)
given by closed and open circles, respectively. at room temperature. Data taken on ascending and descending pressures

. are given by closed and open circles, respectively.
and G~. At pressures above 70 Torr, multilayers of methanol g y P P Y

begin to form on the substrate. The crystal structure of ~. | sions

MgO(100) has a cation interatomic distance of 2.8A&yhich

is a close match to the hydrogen-bonding oxygen interatomic ~ Methanol molecularly adsorbs to the magnesium oxide

distance of 3.0 A3 seen in hexagonal ice, and is most likely a surface, forming reversible thin films at room temperature and

distance that will allow the methanol molecule to interact with under moderate-to-high methanol pressures. Film growth occurs

a surface ion and have the added stability of hydrogen bondingby layers, with the completion of the monolayer before

with a neighboring methanol molecule. Once all the surface sites multilayer growth begins. At submonolayer coverages, the

have been filled, the impinging methanol molecule adsorbs onto methanol forms a rigid, solidlike hydrogen-bonding network,

this methanol monolayer, creating a second layer. Even atwhile at multilayer coverages, the methanol adlayer has a

methanol pressures as high as 105 Torr, the methanol adlayetiquidlike hydrogen-bonding network. The monolayer of metha-

is minimal, with 1.63 layers being the maximum film thickness nol on MgO(100) is a fairly stable structure, as shown by the

observed in this investigation. Once the methanol molecules hysteresis seen during a full adsorption/desorption series. The

begin three-dimensional growth on the surface, the hydrogen-maximum coverage obtained was less than two layers at a

bonding network in the adlayer loosens up and becomes moremethanol vapor pressure of 105 Torr. All of the thin films

liquidlike. discussed in this investigation are the result of the dynamic
This supposition most likely explains the shift in band center equilibrium occurring between methanol in the gas phase and

that begins at a pressure of 70 Torr, as seen in Figure 6. Thea series of MgO(100) crystals.

correlation between coverage and band center is better revealed

by Figure 8, which plots the band center of the adsorbed Acknowledgment is made to the donors of the Petroleum
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