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Surface morphology and reactivity of microcrystalline MgO
Single and multiple acid–base pairs in low coordination revealed

by FTIR spectroscopy of adsorbed CO, CD3CN and D2
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Abstract

The surface morphology of two types of high specific surface area MgO powders (an ex-hydroxide MgO and a smoke one,
eroded by H2O and CO2 attack) was studied by high resolution transmission electron microscopy (HRTEM) and infrared
spectroscopy of adsorbed probe molecules. HRTEM images show that significant morphological defects are present on the
surface of MgO microcrystals in both cases. Insights at a molecular level provided by the IR spectra of adsorbed probe
molecules (CO, CD3CN, D2) indicate that Mg2+ ions on corners, edges and (1 0 0) faces are exposed in comparable amount
on the surface of the microcrystals of both kind of powders. By contrast, relevant differences were found for multiple cationic
sites and reactive Mg2+O2− pairs located in region with enhanced irregularity, constituted by steep successions of steps of one
unit-cell dimension. This suggests that, besides the presence of different types of single morphological defects, the presence
of ensembles of such sites must be taken into account when adsorption properties and surface reactivity of different type of
microcrystalline MgO materials are compared. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

MgO is often adopted as a model system in studies
of dispersed oxides, because it can be easily obtained
in the form of high surface area powders, and the
particles, as observed by electron microscopy, are mi-
crocubes limited by (0 0 1) faces containing a series
of morphological defects such as steps, terraces and
kinks [1,2]. As a result, the surface is characterised by
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families of well-defined sites in low coordination (LC),
Mg2+

LC and O2−
LC ions [3–5]. The coordination number

is 5 (Mg2+
5C and O2−

5C ) at the planar (0 0 1) surfaces, 4

(Mg2+
4C and O2−

4C ) at the edges and 3 (Mg2+
3C and O2−

3C ) at
the corners of the crystals. Extensive studies have evi-
denced that Mg2+

LCO2−
LC pairs in the lowest coordination

are able to promote the heterolytic dissociation of X–H
bonds (X = H, C, O, N, S) [6–12] or to react with CO
[2,13–17], NO [18], and carbonylic compounds [19],
while those on the (0 0 1) planes are essentially inert.
The attention was focused on the relationship between
coordination, electronic properties and reactivity of
ions belonging to the different Mg2+

LCO2−
LC pairs. These
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sites are undoubtedly responsible for the primary
events of the reactivity of MgO towards adsorbed
molecules, but some aspects of the overall reactivity
indicated that the surrounding structure can also play
a relevant role, promoting the formation of peculiar
species, such as polymeric oxoanions resulting from
the reaction with CO [2,17] or the reversibility or ir-
reversibility of some reactions, such as the heterolytic
dissociation of H2 (or D2) [6,7]. In this respect, the
presence and role of multiple cationic sites, formed by
ensembles of Mg2+ ions properly located on adjacent
corners and/or edges, was postulated on the basis of the
vibrational features of adsorbed species [6,7,10,17].
Two levels of surface heterogeneity can be then recog-
nised on the surface of MgO: one is associated with
the presence of ions differing for the coordination, the
second resulting from the location of such ions in dif-
ferent surface structures. Several studies, comparing
the properties of MgO powders of different origins,
have shown that the relative populations of the various
sites (3C, 4C, 5C) heavily depend on the morphology
of the microcrystals [1,2,20], and provided prelim-
inary information on role of surface heterogeneity
[2].

In this work, further evidence about this aspect is
reported on the basis of the results of an infrared in-
vestigation of various probe molecules (CO, CD3CN,
D2) adsorbed on two types of high specific surface
area MgO powders obtained through different prepa-
ration routes.

2. Experimental

Home-made ex-hydroxide MgO, hereafter referred
to as MgO-h, was prepared by thermal decomposi-
tion of the parent hydroxide [2,21,22]. The Mg(OH)2
powder, in the form of a self-supporting pellet, was
placed in a quartz IR cell equipped with KBr win-
dows properly designed to carry out spectroscopic
measurements both at room temperature (r.t.) and
liquid nitrogen temperature. The cell was connected
to a conventional vacuum line (residual pressure:
1 × 10−5 Torr; 1 Torr = 133.33 Pa) allowing all
thermal treatments and adsorption–desorption experi-
ments to be carried out in situ. The hydroxide was then
slowly decomposed in vacuo at ca. 523 K and finally
outgassed at 1123 K. This procedure gives MgO with

high specific surface area (SSABET = 200 m2 g−1)

which is assumed to be completely dehydroxylated,
as no OH stretching vibration bands were observed
in the background IR spectrum.

The second material was a commercial MgO smoke
powder, obtained by burning magnesium in air (MgO
UBE 100, SSABET = 95 m2 g−1). This powder had
been stored in air for months before use, exposed
to the attack of water and CO2 present in the at-
mosphere; it will be hereafter referred to as MgO-sa
(smoke attacked). Also this material, in the form of
self-supporting pellet, was thoroughly decarbonated
and dehydroxylated by outgassing in the IR cell at
1123 K.

FTIR spectra were obtained using a Bruker IFS 48
spectrometer (resolution: 2 cm−1) equipped with an
MCT detector. The spectra of adsorbed molecules are
reported in absorbance, after subtraction of the back-
ground spectra of the MgO samples before adsorption.

High purity CO, D2 (Matheson) and CD3CN (Carlo
Erba) were used. CO and D2 were employed with-
out any additional purification except liquid nitrogen
trapping, whilst CD3CN was purified through several
freeze-pump-thaw cycles.

For high resolution transmission electron micro-
scopy (HRTEM) studies, small portions of both types
of MgO powder, outgassed at 1123 K, were suspended
in isopropyl alcohol and then deposited on a copper
grid coated with a lacey carbon film. Electron micro-
graphs were obtained by a Jeol 2000 EX instrument
equipped with a top entry stage.

3. Results and discussion

3.1. TEM studies

TEM images showed that MgO microcrystals in the
MgO-sa sample were cubelets with an average edge
length of 30 nm (evaluated on the basis of a statistical
measuring of ca. 300 particles) and rounded corners.
At high magnification, details of the surface of these
cubelets were observed, showing terraced structures
(Fig. 1). Both rounded corners and terraced structures
result from the erosion due to water and CO2 attack
to the MgO microcrystals during the storage in air. In
fact, MgO smoke particles stored in vacuo exhibited
an almost perfect cubic shape, with highly smooth



G. Martra et al. / Catalysis Today 70 (2001) 121–130 123

Fig. 1. Electron micrograph of the MgO-sa sample. Original magnification: ×600,000.

faces and straight borders, whereas rough surfaces and
edges and rounded corners were produced by exposure
to water vapour in controlled conditions [1].

In the case of MgO-h, cubic-like MgO particles
were also observed, but significantly smaller in size

Fig. 2. Electron micrograph of the MgO-h sample. Original magnification: ×800,000.

(average edge length: 5 nm) and exhibiting steep suc-
cessions of steps and terraces (Fig. 2), as reported
in previous studies [2]. These morphological features
well account for the measured value of SSABET (ca.
200 m2 g−1).
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The comparison between the HRTEM images of
the two MgO powders evidences that in both cases,
morphological defects are present in relevant amount
on the surface of the microcrystals, although corner
and edge terminations seem to be less abundant in the
MgO-sa sample.

To obtain a more detailed estimation of the relative
population of Mg2+ and O2− ions in different LC in
the two cases, an investigation at a molecular level of
the surface of the MgO powders has been carried out
by studying the vibrational features of adsorbed probe
molecules.

3.2. FTIR spectra of adsorbed species

3.2.1. Preliminary remarks
The adsorption of molecules on the surface of

MgO can produce: (i) reactions with Mg2+
LCO2−

LC cou-
ples which, due to the very low concentration of both
cation and anion (LC = 4C, 3C), behave as strong
acid–base pairs able to promote the heterolytic dis-
sociation of X–H bonds (X = H, C, N, O, S) or the
nucleophilic attack of a highly basic O2− ion to the
carbon atom of CO, CO2 or carbonylic functionalities
of molecules polarised on the adjacent Mg2+ cations;
(ii) molecular adsorption on Mg2+ or O2− sites which
belong to Mg2+O2− pairs where one or both ions
exhibit a weak Lewis acid or basic character, respec-
tively; in this case, the adsorptive features of Mg2+
and O2− ions can be monitored separately.

In this study, probe molecules sensitive only to
reactive Mg2+O2− pairs (i.e. D2) or both to Lewis
acid Mg2+ sites and acid–base Mg2+O2− pairs (CO,
CD3CN) were used. For the sake of clarity, the
data dealing with Mg2+ ions and reactive Mg2+

LCO2−
LC

couples will be presented and discussed in separate
sections.

3.2.2. Relative abundance of single and
multiple Mg2+ sites

3.2.2.1. CO adsorption at 77 K. The adsorption
of CO on Lewis acid sites such as Mg2+

LC produces
IR bands at frequencies higher than the stretching
frequency of the free molecule in the gas phase.
Consequently, surface features of MgO-h related to
the presence of single Mg2+

LC cations and of multiple
Mg2+

LC sites were investigated by IR spectroscopy of

Fig. 3. IR spectra in the 2220–2120 cm−1 range of CO adsorbed at
77 K on MgO-h (section A) and MgO-sa (section B). Curves a–h
in both sections are spectra recorded under increasing pressure of
CO from: (a) 0.02 Torr to (h) 10 Torr.

CO adsorbed at 77 K [2]. A typical spectral pattern
observed in the 2220–2120 cm−1 range at increasing
CO coverage is reported in Fig. 3A. At very low CO
coverage, only a weak band at 2202 cm−1 is present
(Fig. 3A, a). By increasing the amount of adsorbed
CO, this band progressively vanishes and is replaced
by a new component at 2184 cm−1 (Fig. 3A, b–h); at
the same time, a band at 2164 cm−1 appears, progres-
sively shifting to 2159 cm−1, while another absorp-
tion grows in at 2148 cm−1 (Fig. 3A, b–f). At even
higher CO coverage, these two components merge in
a complex band characterised by a quite flat and broad
maximum, due the appearance of a new component
located at ca. 2155 cm−1 (Fig. 3A, g). This absorption
becomes the dominant spectral feature at the highest
CO coverage and shifts to 2152 cm−1 (Fig. 3A, h).

The progressive outgassing of CO resulted in a se-
quence of spectra almost inverse to that observed by
increasing the CO coverage: absorptions at 2152, 2159
(shifting to 2164 cm−1) and 2148 cm−1 disappeared
in the order, while the component at 2184 cm−1 was
transformed in the weak signal at 2202 cm−1, which
was not reversible by outgassing at 77 K (spectra not
reported).

On the basis of their position, relative intensity
and reversibility, the bands at 2202, 2164–2159 and
2155–2152 cm−1 were assigned to CO molecules
polarised on Mg2+

3C , Mg2+
4C and Mg2+

5C single sites,
respectively [2]. The shifts from 2164 to 2159 cm−1
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and from 2155 to 2152 cm−1 are due to dynamic and
static adsorbate–adsorbate interactions among CO
oscillators at high coverage. As for the 2202 cm−1

component, recent ab initio and DFT calculations on
cluster models evidenced that its transformation in
the absorption at 2184 cm−1 can be attributed to the
addition of a second CO molecule to the CO–Mg2+

3C
adduct, resulting in the formation of a dicarbonylic
species [23].

The 2148 cm−1 band is due to CO molecules
bridged, through the carbon atom, over pairs of Mg2+

4C
and Mg2+

5C sites at one-unit-cell steps [24].
All these components were present in the spectra of

CO adsorbed at 77 K on MgO-sa (Fig. 3B), indicating
that also this sample exhibits a significant amount of
cationic sites in corner and edge positions. It is worth
noticing that in the case of almost perfect MgO smoke
cubelets, only a sharp component due to CO molecules
polarised on Mg2+

5C sites was observed, as in that case
the overwhelming surface terminations of MgO crys-
tallites are extended (0 0 1) faces with a smoothness
down to the level of few angstroms [2,25].

Some differences in bandshape, dependence on the
CO coverage and relative intensities are observed with
respect to the case of MgO-h. For the MgO-sa sample,
the band at 2164–2159 cm−1, due to CO molecules
adsorbed on Mg2+

4C ions on edges, appears narrower
and better resolved, so that it can be clearly observed
that its shift to lower frequency as the CO coverage
is increased results from the succession of forma-
tion/depletion of a series of absorptions progressively
located at lower frequency (Fig. 3B, c–h). Such be-
haviour can be ascribed to the creation/destruction of
mono-dimensional clusters of CO oscillators on the
edges of MgO microcrystals, their size progressively
increasing as the amount of adsorbed CO increases. It
may be of interest to note that a similar behaviour was
observed for two-dimensional CO clusters on regular
crystal planes [25,26], whilst to our knowledge no ev-
idence of such a phenomenon for mono-dimensional
array of CO oscillators has been reported so far.

Furthermore, the downward shift of these compo-
nents as the CO coverage increases seems to be larger,
and finally this signal merges into the growing band
due to CO molecules adsorbed on cations on (0 0 1)
faces. As a result, a quite well shaped and symmetric
peak centred at 2152 cm−1 is observed (Fig. 3B, h),
without the evident shoulder observed at ca.

2159 cm−1 in the case of MgO-h (Fig. 3A, h). As both
the bandwidth and the entity of the shift depend on
the number of coupled oscillators [27–29], it appears
that the coupling among CO molecules adsorbed on
edges of MgO-sa involves a larger number of oscilla-
tors than in the case of MgO-h. Therefore, if cationic
sites which accommodate the adsorbed species are
considered, it can be concluded that MgO-sa micro-
crystals exhibit more regular edges, exposing longer
array of Mg2+

4C cations. More regular edges should re-
sult in a lower number of corner sites, and indeed the
components at 2202 and 2184 cm−1, due to mono-
and dicarbonyl adduct on Mg2+

3C , respectively, exhibit
a slightly lower relative intensity with respect to the
band due to CO molecules stabilised on edges and
terraces. Besides the differences in the features related
to CO adsorbed on the three families of single Mg2+

LC
ions, it can be noticed that the main difference in the
spectral pattern of CO adsorbed on the two types of
MgO deals with the band at 2148 cm−1, assigned to
CO molecules adsorbed on two cations at steps of a
unit-cell dimension. In the case of MgO-sa, this com-
ponent appears significantly reduced in intensity with
respect to the other absorptions (Fig. 3B), strongly
suggesting that this kind of steps is less abundant on
the relatively more regular MgO-sa powder.

3.2.2.2. CD3CN adsorption at r.t. In order to further
investigate differences between the extension of the
“one unit-cell roughness” of the two MgO powders,
the adsorption of CD3CN was studied. The admission
of successive small doses of CD3CN on MgO-h pro-
duced in the spectral region of the ν(CN) band two
absorptions at 2317 and 2293 cm−1 (Fig. 4A), which
were assigned to CD3CN molecules bridged by the
nitrogen atom on two Mg2+

4C sites on adjacent steps
and to molecules linearly adsorbed on single Mg2+

4C
sites, respectively [30]. The same experiment was per-
formed with MgO-sa, and in this case the component
at 2317 cm−1 appeared strongly reduced in intensity
with respect to the main band at 2293 cm−1 (Fig. 4B),
confirming that steps of one unit-cell dimension are
less abundant on this type of MgO powder.

On the basis of the spectroscopic features of ad-
sorbed CO and CD3CN commented on above, it can
be concluded that the MgO-h and MgO-sa samples
appear quite different if the relative amount of one
unit-cell dimension steps is considered. Apparently,
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Fig. 4. IR spectra in the 2340–2260 cm−1 range of CD3CN ad-
sorbed at r.t. on MgO-h (section A) and MgO-sa (section B).
Curves a–d in both sections are spectra recorded under increasing
pressure of CD3CN: (a) 0.02; (b) 0.05; (c) 0.08; (d) 0.15 Torr.

this kind of surface structure is less abundant on the
MgO smoke sample exposed to the attack of water
and CO2 during its storage in air. Similarities and dif-
ferences in the types of single and multiple Mg2+

LC
sites exposed at the surface of the two MgO powders,
as monitored by the IR bands of adsorbed CO and
CD3CN, are summarised in Table 1.

To investigate if such differences in surface mor-
phology resulted in some difference in the reactivity
of the two kinds of MgO powders as well, the for-
mation of anionic species by contact with CO both at
77 K and at r.t. and the heterolytic dissociation of D2
at r.t. were studied.

3.2.3. Influence of the surface roughness on the
reactivity of MgO

3.2.3.1. Reactivity towards CO at 77 K. Extensive
studies evidenced that, besides the polarisation on
cationic sites, the adsorption of carbon monoxide on
thoroughly dehydroxylated MgO results in the for-
mation of anionic species, which are produced by
nucleophilic attack of basic O2−

LC sites exposed in the
lowest coordination (3C) onto the surface of MgO
microcrystals to CO molecules stabilised on adjacent
Mg2+

LC cations [2,13–17]. At low temperature, such
reactivity is limited to the production of monomeric

CO2
2−, dimeric C2O3

2− and trimeric C3O4
2− species

[16,17]. The IR spectral features of dimers and trimers
observed after admission at 77 K of 10 Torr CO on
MgO-h are shown in Fig. 5a. Following the estab-
lished band assignment and labelling [17], the peak
at 1473 cm−1 (T′) can be ascribed to dimeric species,
while the other signals result from the overlapping of
the absorption due to two families of trimeric anionic
adducts, KD1 and KD2. It can be noticed that in the
complex absorptions at 2100–2000, 1600–1500 and
1400–1300 cm−1, where the contributions due to the
two species are partially resolved, the components
assigned to KD1 species appear significantly more in-
tense than those ascribed to the KD2 ones. No signal
related to monomeric CO2

2− species was detected, as
at this level of CO coverage they are fully transformed
into the dimeric ones.

Similar features were observed in a parallel experi-
ment carried out on MgO-sa. In this case, besides the
lower intensity of the overall spectral pattern, reflect-
ing the lower specific surface area of this sample, the
signals due to trimeric species are dominated by the

Fig. 5. IR spectra in the 2120–1000 cm−1 range of CO (10 Torr)
adsorbed at 77 K on: (a) MgO-h and (b) MgO-sa. In the inset are
the spectra obtained after contact with 10 Torr CO at r.t. for 10 h:
(a) MgO-h and (b) MgO-sa.
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KD2 components (Fig. 5b). Furthermore, two new
bands are observed at 1581 and 1268 cm−1.

As KD1 and KD2 species have very similar spectra,
and, consequently, similar geometric and electronic
structures, the small differences must be ascribed to
differences in surrounding surface structures. It has
been shown in the previous section that MgO-h ex-
hibits steps of the order of unit-cell dimensions into
a larger extent with respect to MgO-sa. It can be
proposed that the formation of KD1 species mainly
occurs in the parts of the MgO microcrystals where
this kind of surface roughness is present, and, specif-
ically, by reaction of CO with O2−

3C ions located
in corner position where the edges of such steps
intersect.

This proposal is in agreement with previous obser-
vations that only KD1 species can evolve into larger
polymeric anions adducts resulting from the merging
of KD1 trimers formed on defect sites on adjacent
steps [17]. Confirmatory evidences of this statement
were obtained by CO adsorption at r.t. In these con-
ditions, in the case of MgO-h intense bands due to
polymeric species (labelled as P in the inset of Fig. 5)
grew at the expenses of the KD1 components, whereas
for the MgO-sa sample, where the trimeric species are
mainly of the KD2 type, only traces of components
due to polymers were observed (inset Fig. 5, curves a
and b, respectively).

Finally, the bands at 1581 and 1268 cm−1 observed
in the spectrum of CO adsorbed on MgO-sa must
be commented on. Systematic experiments evidenced
that they are related to the same species and are imme-
diately destroyed upon oxygen admission. On the basis
of these observations, it can be inferred that these com-
ponents are due to two vibrational modes of a reduced
species. Carbon monoxide can be easily reduced at the
surface of MgO, i.e. by interaction with surface F-type
centres [31,32]. These defects cannot be formed on the
surface of pure MgO crystallites by simply outgassing
at high temperature, while they can be produced in the
presence of metal impurities. It can be then supposed
that few of these sites are present in the MgO-s a sam-
ple, perhaps due to the presence of traces of metal-
lic magnesium left unburned during the preparation
of this kind of MgO powder. Additional IR, EPR and
UV–Vis experiments devoted to a deeper investigation
of this point and to the recognition of the nature and
structure of the reduced species are in progress.

Fig. 6. IR spectra of D2 adsorbed at r.t. on: (a) MgO-h, in the
presence of 200 Torr D2; (b) MgO-h, after subsequent outgassing
10 min at r.t.; (c) MgO-sa, in the presence of 200 Torr D2. Curve
a′ as curve a reported for the sake of comparison.

3.2.3.2. Heterolytic dissociation of D2 at r.t. Further
insights on the influence of the surrounding struc-
ture on the reactivity of Mg2+

LCO2−
LC were obtained by

studying the adsorption of D2. The IR spectrum of
D2 (200 Torr) adsorbed on MgO-h is shown in Fig. 6.
Two sets of bands are present, one exhibiting three
absorptions at 2737, 2640 (very weak and broad) and
2576 cm−1, and the second comprising two peaks at
970 (narrow) and 820 (broader) cm−1 (Fig. 6a). The
2576 and 970 cm−1 components disappeared after
evacuation of the D2 at r.t., whereas the weak signal at
2640 cm−1 and the bands at 2737 and 820 cm−1 were
left essentially unchanged (Fig. 6b). A subsequent
D2 readimission restored the initial spectral pattern
(not reported). The bands observed in the 2800–2500
and 1000–800 cm−1 ranges were attributed to the
stretching vibrations of deuteroxyl (OD) and deu-
teride (MgD) species, respectively, derived from the
heterolytic dissociation of deuterium molecules on
Mg2+

LCO2−
LC pairs in the lowest coordination [6,7]. The

peak at 2737 cm−1 is most likely due to isolated
three-coordinated OD species. The 2576 cm−1 com-
ponent can be assigned to the stretching mode of OD
groups with a similar coordination; its lower frequency
is likely due to H-bond interactions with suitably lo-
cated neighbouring surface oxygen anions on adjacent
corner position [7]. On the other hand, the bandwidth
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of this signal (∼20 cm−1) is unusually small when
compared with conventional H-bond formation in the
gas phase or in liquids [33] as well as on solid sur-
faces [34,35]. It can be proposed that in the present
case, the proton donor and the proton acceptor form a
relatively rigid framework, which does not favour an
efficient coupling of intra- and intermolecular modes
as observed in H-bonded molecular aggregates [36].

The weak and broader signal centred at 2640 cm−1

could be attributed to another minor fraction of hy-
drogen bonded OD groups. The surrounding structure
of this species might differ to some extent from the
2576 cm−1 OD groups, resulting in a different hydro-
gen bonding and therefore a different shift of the OD
band. Furthermore, the broader bandwidth indicates
that in this case, proton donor and proton acceptors
form a less rigid framework.

The second set of bands at 970 and 820 cm−1 have
been attributed to linear (MgD) and bridged (MgnD)
deuteride species, respectively. In the latter case, on
the basis of strong analogies with the IR features of
MgH2 [6,7] the bridged D− anions should be sta-
bilised by three Mg2+

3C cations suitably located in
three adjacent corner positions, simulating a (1 1 1)
microplane. It is clear from these results that two dif-
ferent processes of D2 heterolytic dissociations occur.
The deuteroxyl groups absorbing at 2737, and deu-
teride species responsible for the band at 820 cm−1

are essentially unaffected by D2 desorption at r.t. and
are produced through an irreversible splitting of D2
molecules, whereas the OD and MgD species charac-
terised by the 2576 and 970 cm−1 peaks, respectively,
that disappear after D2 evacuation, must be formed
through a reversible D2 dissociation.

The same experiment was performed with the
MgO-sa sample, and both sets of bands due to the
irreversible and reversible splitting of D2 molecules
were observed (Fig. 6c). Because of the lower specific
surface area, the overall spectral pattern appeared
less intense, and with some significant changes in
the relative intensity of the various components. In
fact, the 2576 and 970 cm−1 peaks due to reversible
deuteroxyl and deuteride species appeared reduced
in intensity with respect to the components due to
irreversible OD and MgD.

As stated above, the position of the band attributed
to the reversible deuteroxyls suggested that this
species interacts through hydrogen bonding with an-

ions located on nearby corners. Apparently, structures
of this kind, resulting from the presence of O2−

3C in
corner positions on adjacent steps of a unit-cell di-
mension, are less abundant on the surface of MgO-sa
microcrystals.

4. Conclusions

The study by IR spectroscopy of the adsorption of
CO, CD3CN and D2 allowed the evaluation of the
relative amount of single and multiple surface sites on
two types of MgO powders.

The results obtained by CO and CD3CN adsorption
indicated that the relative population of single Mg2+
ions with different coordination (3C, 4C, 5C) is similar
for the two samples investigated, while the occurrence
of double cationic sites constituted by two cations at
steps of a unit-cell dimension is significantly different
in the two cases. The microcrystals of both MgO pow-
ders exhibited Mg2+O2− couples able to react with
CO and D2. However, in the case of the sample with
higher specific surface area, this reactivity appeared
more markedly affected by the structure surrounding
these reactive pairs, suggesting that they are located in
regions with enhanced irregularity, resulting perhaps
from a surface roughness at a one unit-cell dimension.

The overall collection of spectroscopic data suggest
that not only the relative amount of surface sites in
LC (Mg2+ or Mg2+O2− pairs), but also their location
in different surrounding structures must be considered
in the investigation of the surface adsorptive and reac-
tion behaviour of MgO. This can become even more
important in the evaluation of the structure sensitivity
character of specific reactions.
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