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a b s t r a c t

In this work, the ethanol adsorption on a perfect MgO(100) surface, and also on topologic surface defects
of MgO, is studied. Terrace, edge and corner sites were analyzed, whose O and Mg ions are five, four and
three fold coordinated, respectively. All the calculations were performed using a cluster approach and the
DFT based method. The ethanol molecule chemisorbs non-dissociatively on terrace sites of MgO by
means of a two fold interaction while strong dissociative chemisorptions are produced on edge and cor-
ner sites. The weakened alcohol OH group is always oriented so that its oxygen (Oa) atom is linked to a
Mg cation and the H atom to a surface O anion. The MgAOa distance for edge and corner sites is smaller
than that for the terrace site. This indicates that lowering the coordination number of ions in the adsorp-
tion site yields an increase of molecule-surface bond strength in agreement with a greater basicity of low
coordinate sites. The behavior of the adsorption energy and the charge transfers are in accord with the
idea of a strong basic character for the MgO substrate, which is more pronounced as the coordination
number of ions decrease.

Published by Elsevier B.V.

1. Introduction

Magnesium oxide is a useful material in many applications in
electricity, optics and ceramic industry due to its isolating and
dielectric properties. On the other hand, MgO is a base solid used
in various and important chemical applications, particularly in het-
erogeneous catalysis. Its surface presents strongly electron-donat-
ing oxygen ions and moderate electron-accepting magnesium
cations, making it a catalyst for several catalytic reactions, such
as the dehydrogenation of alcohols [1], the aldol condensation
[2], the hydrogenation of olefins [3] and, more recently, the transe-
sterification of alkyl esters to produce biodiesel [4]. It is commonly
accepted that these processes imply the abstraction of an H atom
in the initial step of the reaction, where the basic character of an
O2� anion predominates over the acid character of a Mg2� cation.
The activity for acetaldehyde and subsequent n-butanol produc-
tion is low on pure MgO in comparison with Mg(1�x)Alx hydrotal-
cytes with low content of Al because, in the first case, the most
active Lewis O2� sites are relatively more isolated [5].

As a support, MgO improves the behavior of other metallic and
oxide catalysts, for example, in the oxidative dehydrogenation of
propane on supported V2O3 [6], the CO2 reforming of methane on

supported Ni [7] and the condensation of alcohols on supported
Cu [8]. Moreover, recently the steam reforming of bio-ethanol
was investigated over MgO supported Ni, Co, Pd and Rh catalysts
[9]. The use of MgO as support allowed to work with modest coke
formation, a fact attributable to the inhibition of the ethanol dehy-
dration reaction and to the electronic enrichment of supported
metal.

In order to study the surface acid–base properties of oxides sev-
eral experimental techniques have been proposed, including the
adsorption of specific acidic or basic indicator molecules [3], the
dehydrogenation/dehydration selectivities [10], and the method
of titration/displacement reactions [11]. In this sense, the adsorp-
tion of ethanol on MgO can be considered as a test reaction to
probe the strength of basic sites of MgO surface, in comparison
to other molecules such as methanol or acetic acid, which are com-
paratively less and more acidic than ethanol in the gas phase,
respectively [12].

The adsorption of ethanol on smoke MgO was studied in an ear-
lier work of Kagel and Greenler [13] by measuring the IR spectra at
several temperatures. At 298 K and after evacuation an ethoxide
species was observed; the increase of the temperature to 358 K is
followed by the appearance of an acetalike species. Ethanol ad-
sorbed on MgO powder was bombarded by a stream of hydrogen
atoms and thus the radicals formed were detected by EPR [14].
The results are compatible with the presence of CH3C(�)HOH and
CH3C(�)O radicals, related to physisorbed and dissociated ethanol,
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respectively. Subsequently, more detailed IR spectra [11] per-
formed for ethanol adsorbed on powered samples of MgO at
300 K confirmed the dissociation of this molecule and the presence
of an ethoxide species. Moreover, from these spectra it was in-
ferred that the adsorption kinetics follows a Langmuir behavior.
On the other hand, the adsorption of ethanol at 150 K on MgO thin
films grown on Mg(0001) was studied by means of XPS [15],
showing that the ethanol molecules undergo heterolytic
dissociation.

From the theoretical point of view, the interactions of ethanol
with Brönsted and Lewis acid sites [16] and the mechanisms of
ethanol dehydration and dehydrogenation on MgO [17] were stud-
ied using the DV-Xa method and a cluster approach for the adsorp-
tion sites. Two possible dehydration mechanisms via the
generation of surface ethoxy groups have been proposed. In the
first mechanism, the surface Mg and O ions interact concertedly
with the O and H atoms of the ethanol OH group, respectively. Sub-
sequently, an a-hydrogen atom of the ethoxy group shifts to the
near surface proton and a H2 molecule and an acetaldehyde are
produced. In the second mechanism, due to the interaction with
surface Mg and O ions the ethanol molecule undergoes the simul-
taneous abstraction of two H atoms, one a-hydrogen atom of eth-
anol and another hydrogen atom from the OH group, respectively.
On the other hand, theoretical studies of protonated molecules,
such as methanol [18,19], isocianic acid [20] and water [21] ad-
sorbed on the MgO (100) surface with and without defects have
revealed that these molecules do not dissociate on perfect sites
(terrace sites). Moreover, the reactivity of the adsorption sites fol-
lows the order: terrace < edge < corner. In particular, the capacity
to produce the proton abstraction is, in general, associated with
the ion coordination number L, the ions with lower coordination
numbers (L = 3) being more reactive than those with higher ones
(L = 5) [18–21]. The greater reactivity of defective MgO has also
been theoretically studied in the adsorption of CO [22], NOx [23]
and H2O [24] on this material. This behavior has been compared
with that of other alkaline earths and has been related to the
Madelung potential of the oxide [22–25].

To our knowledge, no recent studies related to the ethanol/MgO
system have been published, notwithstanding the relevance of this
subject for heterogeneous catalysis. The aim of this work is to
study the ethanol adsorption on a MgO(100) surface without de-
fects (terrace sites with L = 5) and on defective sites related to
the intersection between {100} planes (edge and corner sites with
L = 4 and 3, respectively). In particular we are interested to make a
comparison with the available experimental IR data and the
adsorption of similar protonated molecules.

2. Computational details

The molecular properties of ethanol adsorbed on different sites
of a MgO surface were studied considering a model representation
of this surface based on an embedded cluster approach. In this ap-
proach the adsorption site is represented by a finite number of ions
and the rest of the solid by a convenient embedding potential. MgO
has almost 100% ionic character and a large array of +2e point
charges (PC) is aimed to reproduce the Madelung potential at the
adsorption site. On the other hand the positive PCs at the cluster/
charges-array interface were replaced by effective core potentials
(ECPs) [26]. They mimic the finite size effects of the Mg+2 cation,
avoiding the artificial polarization of the O�2 anions induced by
the PCs [27,28], and will be designed as MG. This approach has
been used in the past to study the ground state properties of
MgO and has been compared to periodic approaches and more
elaborate embedding schemes based on Green functions [29]. In
the present work four different adsorption sites of MgO surface

were considered, each of them allowing the adsorption of an etha-
nol molecule on a highly symmetrical MgAO pair: on the (100)
plane, on an edge whose bisecting plane is oriented along the
[110] direction, on an O-apical corner whose bisecting axis is ori-
ented along the [111] direction and on a similar corner but with a
Mg-apical ion. The formulae for the corresponding cluster-plus-
ECP structures are Mg13O25MG37, Mg10O20MG28, Mg13O19MG18

and Mg7O13MG15, respectively. Each cluster-plus-ECP structure
and the rest of its embedding preserve the stoichiometry of the
oxide.

The electron molecular orbitals and energies were calculated
within the density functional theory (DFT) formalism. The hybrid
functional which mixes the Lee, Yang, and Parr functional for the
correlation part and Becke’s three-parameter functional for ex-
change (B3LYP) [30,31] was used. The molecular orbitals were ex-
panded with a Gaussian basis set; specifically, the locally dense 6-
31G. An extra basis function was added in atoms which were di-
rectly involved in the adsorption process. Thus, d-type orbitals
for O, Mg, and C atoms and p-type orbitals for the H atoms were
incorporated.

The geometry for adsorbed ethanol molecule was fully opti-
mized by means of analytical gradients with no symmetry con-
straints and also the Mg and O ions directly linked to ethanol.
Taking into account that MgO undergoes negligible relaxations
around neutral defects [32] the rest of the ionic cluster was not re-
laxed, keeping the MgAO distance at its experimental value
(2.106 Å [33]). The adsorption energy Eads was evaluated according
to the following total energies difference: Eads = ET (molecule/MgO
cluster) � ET (molecule) � ET (MgO cluster). The full counterpoise
procedure was applied to correct the basis set superposition error
(BSSE) [34]. Due to the fact that this method is particularly suitable
when the fragments do not undergo important modifications of
their geometries after bond formation in the adsorption process,
the correction was applied only to the case of the terrace site
(see below).

Electron delocalization interactions that takes place in the
methanol molecule and between the methanol and the MgO clus-
ter were studied considering the NBO (Natural Bond Orbital)
[35,36] population analysis. Within this approach, localized orbi-
tals with occupation numbers close to 2 correspond either to core,
bonds, and/or lone pairs. Besides, localized orbitals with occupa-
tion numbers notably smaller than a value of one correspond to
antibonds and Rydberg orbitals. Their respective occupation num-
bers are given by the density-matrix element as calculated in the
NBO basis. Since the Fock-like matrix is not diagonal in the NBO
basis, it is also possible to evaluate, by means of second-order per-
turbation theory, the delocalization energy, DE(2). The latter is
associated with the charge delocalization from a highly occupied
orbital to an almost unoccupied orbital [35,36].

For the later analysis of vibrational frequency spectra of ad-
sorbed ethanol a careful study for the case of the free molecule
was performed. In Table 1, the main stretching modes calculated
for the isolated molecule together with experimental data of etha-
nol monomers trapped in argon and nitrogen matrices [37] and
also from ethanol clusters are shown [38]. The calculated frequen-
cies have been scaled with a 0.96 factor according to the procedure
described in Ref. [39]. We can identify one stretching mode for
OAH, two asymmetric and one symmetric modes for CAH in
CH3, one asymmetric and one symmetric modes for CAH in CH2

and three modes for CACAO. As it can be observed, the calculated
and experimental results are very close, the differences being in
general in the interval ±0.5%, with the largest discrepancies (�1%
to �3%) for the CACAO modes.

All the calculations reported in this work were performed using
the GAUSSIAN’03 package [40].
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3. Results and discussion

In Figs. 1–4 the views corresponding to the optimized geome-
tries for ethanol adsorbed on different sites: terrace, edge, O-apical
corner and Mg-apical corner, are shown, respectively. Besides, in
Table 2 the main molecular properties of ethanol adsorbed on
these sites are summarized. They comprise: ethanol intramolecu-
lar distances (OaAH and CAOa), methanol-surface distances (OsAH
and MgAOa), and the adsorption energy, all of them at equilibrium.
Notice that while on the MgO (100) perfect surface (terrace site)
the hydroxyl group maintains its integrity, on the topological de-
fects the H atom of OH establishes a strong link with an Os anion
of oxide surface. Indeed, the OaAH distance stretches progressively
from near 1 Å to near 2 Å as the coordination number of the surface
ionic sites decreases from L = 5 to L = 3. On the other hand, the
OsAH distance has a value (�1 Å) typical for that of a hydroxyl
group for edge and corner defects. Then, the ethanol molecule is
clearly dissociated on these defects by the abstraction of the alco-
holic H atom.

When the ethanol is adsorbed on the surface without defects
two bonds link the substrate with the adsorbate: a hydrogen bond
between the alcoholic H atom and an oxide Os oxygen anion, which
is 1.65 Å long, and a weaker bond between the alcoholic Oa atom
and a Mg cation of the surface, which is 2.68 Å long. Previous works
of methanol adsorption on MgO have shown similar results, these
bonds having �1.7 and �2.6 Å distances, respectively [18] In this

non-dissociative adsorption the ethanol OaAH bond undergoes a
small (0.05 Å) stretching from the value for the isolated ethanol,
while the CAOa bond undergoes a very slight shortening (0.01 Å).

Table 1
Main stretching modes for the ethanol molecule. Calculated values and spectroscopic data from IR experiments have been summarized.

Freea ethanol Exp. datab Exp. datac

Ar matrix N2 matrix Monomer in vapor Dimer in vapor

t(OAH) (cm�1) 3675 3656 3653 3682(T) 3678
3667(G) 3573d

t(CAH3)a (cm�1) 3009 2995 2991 2994 3000
3004 2985 2984

t(CAH3)s (cm�1) 2932 2939 2941 2946 2952
2936

t(CAH2)a (cm�1) 2880 2917 2905 2902 2890
2893

t(CAH2)s (cm�1) 2856 2900 2875 – –
2867

t(CAC AO) (cm�1) 1078 1092 1091 – –
995 1025 1028
873 886 888

a This work.
b Ref. [36].
c Ref. [37].
d Bonded OAH stretching mode.

Fig. 1. Optimized geometrical structure of one ethanol molecule adsorbed on a
perfect (terrace) site of MgO (100) surface. H: white spheres, C: gray spheres, O: red
spheres, and Mg: yellow spheres. The cluster-plus-ECP structure Mg13O25MG37, has
been schematized. The ECPs correspond to the more distant yellow spheres from
the adsorption site. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Fig. 2. Optimized geometrical structure of one ethanol molecule adsorbed on a
defective (edge) site on the intersection of two perpendicular planes of the {100}
family of MgO. H: white spheres, C: gray spheres, O: red spheres, and Mg: yellow
spheres. The cluster-plus-ECP structure Mg10O20MG28, has been schematized. The
ECPs correspond to the more distant yellow spheres from the adsorption site. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

Fig. 3. Optimized geometrical structure of one ethanol molecule adsorbed on a
defective (O-apical corner) site on the intersection of three perpendicular planes of
the {100} family of MgO, remaining an O atom in the cusp. H: white spheres, C:
gray spheres, O: red spheres, and Mg: yellow spheres. The cluster-plus-ECP
structure Mg13O19MG18, has been schematized. The ECPs correspond to the more
distant yellow spheres from the adsorption site. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version
of this article.)
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On the other hand, when ethanol is adsorbed on defective edge
and corner sites the dissociative adsorption takes place without
activation energies. Along these lines, a surface hydroxyl is gener-
ated and a strong OaAMg bond is formed between the Oa atom of
ethoxy group and a vicinal Mg cation of the substrate. Indeed, as
the coordination number of the surface ionic sites decreases, the
MgAOa bond becomes stronger, being �2.7 Å on terrace, �2.0 Å
on edge and �1.9 Å on the corner sites. Notice that the surface hy-
droxyl on the edge is highly oriented towards the Oa atom in the
border and O-apical corner defects. The CAO distance undergoes
a very slight shortening (0.01–0.02 Å) on the edge and corner sites
in comparison with the terrace site. Looking at Figs. 3 and 4 we no-
tice that the dissociative adsorption on corner sites implies an
important relaxation of Mg and O atoms of the MgAO involved
in the adsorption process: the corresponding MgAO distance
stretches by �0.72 Å in O-apical corner, and by �0.26 Å in the
Mg-apical case with respect to the MgAO experimental distance
(2.106 Å [33]).

From Table 2 we can infer that the geometrical results are in di-
rect correlation with the adsorption energies: the Eads values for
dissociated methanol are much larger (2–3 times larger) than the
corresponding to the non-dissociative case on the perfect (100)
surface. A similar trend was obtained in the past for methanol ad-
sorbed on different surface sites of MgO [18]. In order to make a
more quantitative comparison between these two molecules with

respect to the substrate basicity, in Table 3 are reported the varia-
tions of Eads as a function of the coordination number of ions in the
adsorption site and expressed relative to the non-dissociative case.
We notice that the chemical reactivity of MgO surface is larger for
ethanol than for methanol. Particularly, the edge site that is disso-
ciative for ethanol is not for methanol, where a ‘‘strong methanol
associative adsorption” is obtained [18]. This observation is in
agreement with the experimental results showing that ethanol
has a comparatively larger Brönsted acidicity than methanol in
the gas phase [12].

Concerning the case of the non-dissociative adsorption of etha-
nol on the terrace site it was possible to apply the BSSE correction
to the adsorption energy. Although there is not available an exper-
imental or a theoretical value with the same level of accuracy in
other to compare our result, we can consider the non-dissociative
adsorption of methanol also on the terrace site as a Ref. [41]. The
corresponding values for ethanol and methanol are 0.75 and
0.63 eV, respectively. We notice that both molecules have similar
adsorption energies and that they are in the range of a moderate
chemisorption with the substrate.

In an early work related to the method of titration/displacement
reactions [11] it was reported that dissociated methanol displaces
77% of pre-adsorbed ethanol and that dissociated ethanol displaces
42% of pre-adsorbed methanol. The authors concluded that meth-
anol would be more acidic than ethanol [11]. We believe that the
last experimental results are not in disagreement with ours be-
cause the latter are valid for very low coverage. In the case of high
coverage the repulsive interaction between the ethoxides should
be larger than that between the methoxides owing to steric effects.
In this way the displacement of pre-adsorbed ethoxide by methox-
ide would be easier than the opposite situation.

In Table 4 the most relevant atomic NBO charges for ethanol
adsorption on terrace, edge and corner sites of MgO are summa-

Fig. 4. Optimized geometrical structure of one ethanol molecule adsorbed on a
defective (Mg-apical corner) site on the intersection of three perpendicular planes
of the {100} family of MgO, remaining with an Mg atom in the cusp. H: white
spheres, C: gray spheres, O: red spheres, and Mg: yellow spheres. The cluster-plus-
ECP structure Mg7O13MG15, has been schematized. The ECPs correspond to the
more distant yellow spheres from the adsorption site. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

Table 2
Main molecular properties of methanol adsorbed on several adsorption sites of MgO surface.

Terrace Edge O-apical corner Mg-apical corner Free ethanol

d(OAH) (Å) 1.01 1.44 1.67 2.10 0.96
d(CAO) (Å) 1.41 1.39 1.40 1.39 1.42
d(OsAH) (Å) 1.65 1.04 1.00 0.98 –
d(MgAOa) (Å) 2.68 2.00 1.90 1.89 –
Eads (eV) �0.75 �1.37 �1.74 �2.10 –

(�0.75)a

a Eads calculated applying the BSSE correction (see the text).

Table 3
Variation of the Eads magnitude for ethanol and methanol adsorbed on topological
defects of MgOa. The values are referred to the non-dissociative adsorption on the
perfect (1 00) surface.

Edge (L = 4) O-apical corner (L = 3) Mg-apical corner (L = 3)

Ethanol 0.83 1.32 1.80
Methanolb 0.71 1.15 1.71

a |Eads(L = 3 or 4) � Eads(L = 5)|/|Eads(L = 5)|. L indicates the coordination number of
ions in the adsorption site.

b Values extracted from Ref. [18].

Table 4
Variation of atomic NBO charges for ethanol adsorbed on different adsorption sites of
MgO surface. They have been calculated with respect to the free molecule or the pure
MgO surface.

Terrace Edge O-apical corner Mg-apical corner

Dq(Oa) �0.08 �0.26 �0.12 �0.31
Dq(H) +0.02 +0.04 +0.05 +0.04
Dq(Os) +0.04 +0.17 +0.06 +0.25
Dq(Mg) 0.00 +0.02 0.00 +0.05

1096 M.M. Branda et al. / Surface Science 603 (2009) 1093–1098
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rized expressed as variations with respect to the free molecule
or pure MgO surface. We notice that the most important modi-
fications correspond to the O atoms: on these sites the O atom
of the alcohol receives negative charge, while the O atom of
MgO loses negative charge. Nevertheless, the magnitude of this
charge transfer is quantitatively small. However, this result is
in accord with the strong basic character of the substrate. The
transfer is larger for the dissociative adsorption on the defective
sites than that for the non-dissociative case on the terrace site.
An interesting observation is that in the amount of the negative
charge gained by Oa there is also a donation coming from the H
of the alcohol. In fact, the sum of these two contributions gives
the majority of the transfer. In almost all cases, the Mg atom
does not participate in this process, excepting when the Mg
atoms is located in the corner of the MgO oxide. A similar mech-
anism has been observed for the adsorption of methanol on the
MgO surface [18].

The main vibrational frequencies for adsorbed ethanol and the
species formed from its dissociative adsorption are summarized
in Table 5. Regarding the case of non-dissociative adsorption on
the terrace site and comparing with the frequencies for the free
molecule in Table 1 we notice several relevant changes. First, an
important red-shift (�750 cm�1) of the O-H mode is produced. This
result is consistent with the enlargement of OAH bond (�0.05 Å)
due to the hydrogen bond between the alcoholic H atom and a sur-
face Os oxygen anion which weakens this bond. On the other hand,
only two CACAO modes are active and both present a small blue-
shift (�15–40 cm�1), which can be related to the small shortening
of the CAO bond. In general, the CAH modes of CH2 and CH3 under-
go small red-shifts (�15–25 cm�1), with the exception of one of the
asymmetrical modes of CH2, for which a blue-shift (�15 cm�1) was
obtained.

The dissociative adsorption of ethanol on edge and corner sites
implies the appearance of stretching modes for surface hydroxyl
and the ethoxy group. From Tables 1 and 5, it is noticeable the very
large red-shift (�1400 cm�1) of the edge OsAH stretching mode in
comparison with the OAH group at free ethanol. This result is in
agreement with the different bond distances found by the geomet-
rical optimization. Note that OsAH bond is longer than the corre-
sponding to the hydroxyl group of the free ethanol: the
vibrational frequency decreases when the OAH bond is enlarged.
The weakening of this bond can be explained by the very close po-
sition of the ethoxy group. This effect is much less important for O-
apical and Mg-apical corners (�600 and 200 cm�1, respectively)
where the distance between the ethoxy and the surface hydroxyl
is longer. It is noteworthy that all the CAH modes of CH2 and
CH3 undergo red-shifts which are larger than the red-shifts ob-
served for the terrace site: �25–40 cm�1 for the CAH modes of
CH3 and �25–130 cm�1 for the CAH modes of CH2. Besides, the
CACAO modes present blue-shifts which are at least twice those

observed for the terrace site: �40–60 and �50 cm�1 for the first
and second active CACAO modes, respectively.

The IR spectra reported for the adsorbed ethoxide species com-
ing from the dissociation of ethanol [11] and ethyl iodide on MgO
[42] show the same trends obtained here for the red-shifts of the
stretching modes. In particular it is noticeably the very good agree-
ment between the calculated frequencies for edge or O-apical cor-
ner sites and the experimental values of reference [11]. Indeed, for
the second asymmetric CAH mode of CH3 the computed values are
�2969 cm�1 while the experimental one is 2967 cm�1 [11]; for the
symmetric CAH mode of CH2, �2833 and 2834 cm�1, respectively;
for the first CACAO mode, �1118 and 1115 cm�1, respectively;
and for the second CACAO mode, �1046 and 1063 cm�1, respec-
tively. In the last case, however, the experimental reported value
was not well resolved [11].

Combining the available experimental information and the
above presented theoretical results, an important consequence
can be outlined. From all the experiments for adsorbed ethanol
on powered MgO we know that this molecule dissociates. On the
other hand, our results show that this dissociation is only possible
on topological surface defects of MgO. Therefore, we deduce that
the role of these sites is predominant to analyze the ethanol
adsorption on powered MgO. As it is generally assumed that the
ethanol dehydrogenation implies as a first reaction the abstraction
of a hydrogen atom, we can infer that the role of these sites is also
predominant in order to have a highly active catalyst and therefore
a perfect MgO surface would be inactive.

4. Conclusions

From the theoretical results presented in this work we conclude
that the ethanol molecule chemisorbs on terrace sites of MgO by
means of a two fold interaction: a hydrogen bond with an oxygen
anion of MgO and a weaker OaAMg bond with magnesium cation
of the substrate. On low coordination sites a dissociative chemi-
sorption is produced; the OAH bond of the alcohol is broken, giving
an ethoxide linked to the Mg cation and producing a surface hydro-
xyl on the vicinal Os. The dissociative adsorption on corner sites
implies an important relaxation of Mg and O atoms of the MgAO
involved in the adsorption process.

The magnitude of the adsorption energy is a decreasing function
of the coordination number of the ions of the adsorption site.
Moreover, the MgAOa bond decreases as the strength of the mole-
cule–substrate increases. The oxygen atom of ethanol acquires a
negative charge when the molecule is adsorbed; the charge trans-
fer being larger for the dissociative adsorption. The behavior of the
Eads and the charge transfers is in accord with the idea of a strong
basic character for the MgO substrate, which is more pronounced
as the coordination number of adsorptive sites decreases. We no-
tice that methanol and ethanol molecules have similar adsorption

Table 5
Main stretching vibrational modes for ethanol adsorbed on MgO. Calculated values and spectroscopic data from IR experiments have been summarized.

Site Terrace Edge O-apical corner Mg-apical corner Exp. data ethoxide/MgOb Exp. data ethoxide/MgOc

t(OAH) (cm�1) 2930 2284a 3080a 3467a – –
t(CAH3)asym (cm�1) 2994 2983 2981 2984 – –

2978 2965 2973 2964 2967 2960
t(CAH3)sym (cm�1) 2911 2901 2906 2898 – –
t(CAH2)asym (cm�1) 2901 2825 2855 2787 – –

– 2756 – 2747 – –
t(CAH2)sym (cm�1) 2840 – 2833 – 2834 2855
t(CACAO) (cm�1) 1093 1115 1121 1141 1115 1118

1037 1045 1048 1049 1063 1047

a Stretching frequency values corresponding to OsAH.
b Ref. [11].
c Ref. [42].
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energies but the second one presents a slightly higher acidic
character.

The stretching frequency modes associated with the dissociated
species indicate that the CAH and CACAO modes must undergo
non negligible shifts as it corroborated by the experimental data.

The results obtained in this work show, as previous studies of
methanol on MgO, that the MgO surface with defects such edges
and corners is much more reactive than a perfect MgO substrate.
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