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Surface Rehydration of Variously Dehydrated Eta-Alumina
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The surface dehydration and rehydration of well-characterized eta-alumina have
been investigated by means of gas adsorption microcalorimetry and infrared
spectroscopy.

Dehydration shows a multiplicity of surface hydroxyl species, some of which
are not reformed on water adsorption at room temperature. The creation of an
undissociated water phase takes place from the earliest stages of rehydration.

Differential heats steeply decrease with surface coverage, while the adsorption

energy distribution does not seem to depend on the dehydration degree.

INTRODUCTION

Transition aluminas are widely used as
catalysts and their activity strongly de-
pends on adsorbed water. It is also known
that, when exposed to the atmosphere,
aluminas are covered by molecularly ad-
sorbed water (1-3) and chemisorbed water
in the form of surface hydroxyls (4, §).
On  thermal dehydration, increasing
amounts of surface water are desorbed. A
thorough investigation of the readsorption
of water seemed of some interest in so far
as it could provide information on the
nature of adsorbed species and adsorption
mechanisms,

In a previous paper (6), some of us
were able to distinguish a water phase
reversibly adsorbed at room temperature
on surface hydroxyls from water that
chemisorbs on the bare surface. All of the
available data also seem to suggest that
water chemisorption may occur in several
forms, before a multilayer physical ad-
sorption begins.

Special care has been devoted to the ad-
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sorption in the submonolayer region and ir
spectroscopy has been used together with
calorimetry to understand which species
are formed and what is the influence of
hydroxy! econcentration on the heats of
adsorption.

ExPERIMENTAL METHODS

Eta-alumina was prepared following the
method proposed by Melver, Tobin and
Barth (7). The surface area was 220 m?/g
and the t-plot method indicated the ab-
sence of microporosity. These and other
characteristics have been described in a
previous paper (6).

The calorimetric technique and appa-
ratus have been previously described (6).
Small doses of water vapor were volu-
metrically determined and allowed to ad-
sorb onto the sample placed in a Tian-
Calvet differential microcalorimeter. The
experiments have been carried out using a
number of very small doses (about 30 per
run) and stopping the adsorption runs at
p/Pe = ~0.2 in order to prevent secondary
effects due to the meso-porous structure of
the adsorbent. Water pressures were read
on a Pirani gauge calibrated for water
vapor in the 1 X 10-*-1 X 10t Torr range
and on an oil manometer at pressures up
to ~5 Torr. All untreated samples were
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hydrated at 500°C in the vacuum system
and then dehydrated for ~12 hr at various
temperatures, which will be hereafter indi-
cated with a number following the greek
letter 4 {e.g., -740 means a sample of
g~alumina that was rehydrated at 500°C
and dehydrated at 740°C). The highest de-
hydration temperature used was 740°C in
that it is still far enough from the -8
transformation point to preserve the
n-form and corresponds to an almost com-
plete surface dehydroxylation.

Owing to the important role played by
the data relative to the adsorption on the
material pumped off at room temperature
(shown below) data corresponding to 7-25
were obtained on averaging the results of
several runs.

The samples for the ir determinations
were prepared by compressing into thin
pellets under a pressure of 130-180 kg/
em? some 60-80 mg of alumina from the
same bateh as used for the microcalori-
metric experiments. The pellets were placed
in in situ cells, previously described (8),
and underwent thermal treatments as simi-
lar as possible to the ones carried out in
the calorimetric cells. The infrared spectra
were recorded on a Beckman ir 12 double
beam spectrometer, flushed with dry air to
optimize the working conditions in the
spectral regions of interest in which the
presence of atmospheric humidity might
cause poor reproducibility and background
overlapping.

ResuLts AND DISCUSSION

Calormetric Measurements

Figure 1 shows regular isotherms
(umoles m2 vs p/po) and “calorimetric”
isotherms (cal m2 vs p/po) relative to the
adsorption of water vapor on samples out-
gassed at various temperatures. Whatever
the pressure, adsorbed amounts N, and
evolved integral heats Q'** grow with in-
creasing dehydration temperature owing to
the removal of ever larger amounts of sur-
face hydroxyls. All curves exhibit a con-
stant shape and their final sections are
fairly parallel. Two ranges are distin-
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Fic. 1. Adsorption isotherms (A) and ‘‘calori-
metric”’ adsorption isotherms (B) of water vapor
on n-alumina dehydrated at various temperatures.
(1, 2, 3 and 7) Taken from Ref. (6).

guishable. The first, characterized by non-
detectable equilibrium pressures, probably
corresponds to a chemisorption onto sites
of surface unsaturation. The second, char-
acterized by the appearance of an equi-
librium pressure, mainly corresponds to
the creation of a physically adsorbed layer,
even though at the beginning of this second
range, the two phenomena probably co-
exist. On passing from one range to the
other a relevant change in the adsorption
kineties occurs, revealed by a different
shape of heat evolution peaks: peaks due
to chemisorption are typical of activated
phenomena, while in the pressure-depen-
dent range heat evolutions are practically
instantaneous.

From the end of the chemisorption pro-
cess and for every higher pressure, the iso-
therms relative to increasing dehydration
temperatures exhibit displacements on the
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TABLE 1
HraTs OF ADSORPTION OF WATER ON n-ALUMINA AT 25°C AND RELATED DaTae

Gory = AN o1

Na(Tc) Q(Ti) - t‘Va(Ti) - M AQ(Ti) A’ra(Ti) -

T; Qry  (wmoles/ Qe Nawsy Nazy = Nagsy Qo — Qurip Nacrioo

(°Cy  (cal/m?) m?) (cal/m?) (umoles/m?) (keal/mole) (cal/m?) (umoles,/m?)

740 0.423 19.3 0.291 10.2 27 .4 — —
640 0.392 18.5 0.260 9.4 31.2 0.031 0.8
600 0.368 17.3 0.236 8.2 31.7 0.024 1.2
500 0.314 14.8 0.182 5.7 28.8 0.054 2.5
430 0.264 13.3 0.132 4.2 27.7 0.050 1.5
150 0.169 10.4 0.037 1.4 28.6 0.095 2.9
25 0.132 9.1 — — — 0.037 1.4

a T'; = dehydration temperature; @, = integral heat evolved up to p/pe = 0.1; Nar,y = amounts
adsorbed up to p/po = 0.1; §(ry = mean irreversible chemisorption heat.

ordinate scale proportional to the incre-
ment of chemisorbed amounts and heats
evolved. These amounts, termed AN, and
AQint are reported in columns 7 and 8 in
Table 1, which summarizes some of the
aspects of the adsorption process.

All the data have been calculated at
p/po = 0.1, i.e., at a pressure at which the
first physically adsorbed layer is likely to
be complete (3) and chemisorption pro-
cesses are largely over as revealed by the
absence of any slow kinetic mechanism.
In columns 2 and 3 integral values are
reported, while in columns 4 and 5 the
reversible fractions [i.e., N, o5 and QR']
have been subtracted, in order to isolate
real chemisorptive contributions. A differ-
ence between readsorbed amounts (column
5) and desorbed quantities measured by
other authors (I) can be observed. This
difference decreases with increasing dehy-
dration temperature and cancels out on
samples dehydrated at 740°C where the
adsorbed quantity nearly corresponds to
the total rehydroxylation of the (111) face
of the spinel structure. Mean chemisorp-
tion heats (column 6) do not show any
particular dependence on dehydration tem-
perature and range between 27 and 33
keal/mole. This result agrees with the
linearity of heats of immersion against
water content (over a wide range of dehy-
dration temperatures) found by Mclver,
Tobin and Barth (1) on eta-alumina. The
mean heat on the %-150 sample seems very

high: errors connected with evaluation of
adsorbed amounts, which in the particular
case of %-150 are likely to be quite high,
could possibly account for this. However,
it must be noticed that experiments car-
ried out at different adsorption tempera-
turesi confirm that the adsorbed species
reversible at 150°C involve exceptionally
high heat values.

While these data indicate a relative in-
dependence of the whole process on dehy-
dration temperature, the trends of integral
and differential heats with coverage on
each sample (Fig. 2) show a strong hetero-
geneity as regards water adsorption sites.
Differential heats steeply decrease at low
coverages and approach the water vapor
condensation heat around the completion
of the first physically adsorbed layer. In
particular they all show an exponential
dependence on coverage made up of two
exponential branches characterized by dif-
ferent slopes, as discussed elsewhere (9).

As higher dehydration temperatures
cause higher amounts to be chemisorbed,
differential heats attain their constant
value (condensation heat) at different cov-
erages. They all show the same trend and
extrapolated initial values reported in
Table 2, are fairly similar except for

I Experiments are being carried out in our
respective institutes dealing with the adsorption
of several other molecules at various tempera-
tures on eta and other aluminas.
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Fic. 2. Integral and differential heats of adsorption of water vapor on n-alumina dehydrated at various
temperatures. Differential heats are represented as continuous lines as they were obtained by computer
derivation of the whole integral heat curves (9). (1, 2, 3 and 7) Taken from Ref. ().

TABLE 2 7-25,** even though a slight increase with

INrriaL DIFFERENTIAL HEATS dehydration temperature can be observed.
Although they are of the same order of
magnitude as experimental errors, the dif-

Dehydration temp Extrapolated differential

= heat (keal/mole) ferences could be meaningful and suggest
150 42 that small fractions of higher energy sites
;gg ig ) *k Different.ia.l heat curves of 3-25, reprgsenting
600 48 just the physical ac!s?rptaon, have been discussed
640 45 elsewhfare .(3, 6). Imtu.ﬂ values are lOWEI:, but the
740 51 trend is still exponential and almost entirely con-

sist of the second branch.
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may be produced with increasing dehydra-
tion temperatures. Whether this change of
initial heats is real or fortuitous, the most
relevant feature is that the site energy
distribution is basically the same for ad-
sorption on differently treated samples, in
agreement with the mean values of Table 1.
The experimental data described above
confirm that the degree of surface dehy-
droxylation is dependent on outgassing
temperature, as already observed (I, 6).
As every outgassing run lasted long
enough to reach equilibrium it may be
inferred that, as the hydroxyl concentra-
tion decreases, larger and larger energies
are required to remove the hydroxyls still
present on the surface. On adsorption, on
the contrary, such energies are not given
back: from heat data analysis it is deduced
that for every outgassing temperature, the
surface situation is the same from a quali-
tative point of view (i.e., the site energy
distribution is much the same), while the
number of sites is different. It is most
probable that adsorption and desorption
follow different pathways. At the later de-
hydration stages the surface has isolated
hydroxyls, whose migration is needed to
evolve water: the outgassing temperature
must therefore be increased to obtain
higher surface clearing. Adsorption, on the
other hand, oceurs through hydroxyl
couples. A surface model should be con-
sidered to account for the fact that higher
dehydration temperatures only create more

sites, and not more energetic configurations.

From the data of Table 1 one may ob-
tain an integral heat curve of ‘“virtual”
adsorption, i.e., the curve that would be
obtained, if the sites were occupied in an
exactly reverse order to that in which they
were produced. The graph reported in Fig.
3 (full round points) was drawn plotting
points whose coordinates are: Ng(rsop —
Nacry, 1.e., the difference between adsorbed
quantities on 5-740 and on samples dehy-
drated at the various temperatures em-
ployed, and Q& — Q3% ie., the differ-
ence of relative heats. The plot passes
through the origin and is fairly linear,
with a slope of about 28 keal/mole in
good agreement with mean adsorption heats
of Table 1. Such linearity is probably the
most striking evidence of the constant site
energy distribution with varying dehydra-
tion temperature. In Fig. 3 the integral
heat plot on %-740 has been reported in
order to emphasize how, within a single
chemisorption run, site heterogeneity is
indeed revealed. In fact it can be noted
that up to a certain coverage the »-740
curve lies above the curve of “virtual”
adsorption and that the two plots cross at
a coverage of about 10 umoles/m?, in good
agreement with the quantity needed to re-
build the surface hydroxyls layer. This
means that, even if there is a site distri-
bution that is much the same on every
sample, the first water molecules adsorb
onto more energetic sites so that, for any
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Fic. 3. Integral heats of adsorption on 5-740 (A) (eurve 7, Fig. 2) compared with integral heats of “vir-

tual’”’ adsorption (@).



6 BORELLO ET AL.

coverage before the two curves cross, the
total heat evolved on %-740 is larger than
the corresponding virtual heat. As a con-
sequence, differential heats decrease at in-
creasing coverages.

Figure 3 summarizes the two main as-
pects evidenced by the calorimetric data,
i.e., the homogeneity in site distribution
on different parts of surface freed from
surface hydroxyls at different tempera-
tures, and the heterogeneity of the adsorp-
tion process onto every single part. As a
matter of faet, this homogeneity is rather
puzzling, and a satisfactory explanation
is not easily found. On one hand a surface
structural modification could be the cause;
occurring during thermal dehydration, it
would produce at any temperature the
same site distribution, no matter how many
surface hydroxyls had been removed. On
the other hand one could suggest some
sort of “blindness” of water in revealing
different site configurations, owing perhaps
to the high number of hydrogen bonds
likely to be created on adsorption. Never-
theless, within any part of the surface the
adsorption process is heterogeneous, as re-
vealed by the decrease of differential heats
with coverage; this could be tentatively
ascribed to repulsion effeets among sur-
face species. Lateral repulsions are usually
associated with linear heat decreases (as
in the Temkin isotherm) and in fact linear
falls in differential heats have been found
for systems like water-amorphous silica
(10) in the reversible adsorption range.
Our differential heat curves have steeper
slopes (in fact they are exponential curves
instead of straight lines both in the chemi-
sorption and physical adsorption ranges).
A possible explanation is that, compared
with amorphous silica, stronger repulsions
among both hydroxyls and water mole-
cules are present here, because of their
higher surface concentration on eta-
alumina.

Infrared Spectra

Figure 4A shows the spectra in the
3850-3250 cm™ region of a sample rehy-
drated at 500°C, and further dehydrated
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Fic. 4. Infrared spectra of eta-alumina in the OH
stretching region. (A) Dehydration: (1-8) after de-
hydration at the following temperatures (°C): 25,
100, 200, 300, 400, 500, 600, 740; (B) rehydration:
(1) sample dehydrated at 740°C; (2) after the first
addition of water (1 umole/m?); (3) after evacua-
tion at 180°C; (4) after the second addition of water
(3.5 wmoles/m?); (5) after evacuation at 180°C.

at various temperatures, up to 740°C,
while Fig. 5A shows the 1800-1350 cm™!
region spectra of the same sample in
equilibrium with 14 Torr of water and
dehydrated at 25, 100, 200 and 400°C.

It can be immediately observed that:

1. The existence of a thick layer of
physically adsorbed water is clearly evi-
denced, in spectrum 1 of Fig. 5A, by the
strong broad band centered at ~1640 cm™
(hereafter termed the 1640 em™ band, al-
though its real position is slightly variable,
due to broadness) easily assignable to the
“scigsors” bending mode of molecular
water. It is noteworthy that, in spite of
the high water pressure (p/po=205), a
shoulder is eclearly seen at ~38700 cm™!
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Fic. 5. Infrared spectra of eta-alumina in the
water bending region. (A) Dehydration: (1) in
equilibrium with 14 Torr of water; (2-5) after de-
hydration at the following temperatures (°C): 25,
100, 200, 500; (B) rehydration: (1) sample de-
hydrated at 740°C; (2) after the first addition of
water (1 umole/m?); (3) after evacuation at 180°C;
(4) after the second addition of water (3.5 umoles/
m?); (5) after evacuation at 180°C.

(the relevant curve is not reported in Fig.
4A), ie., in a spectral position typical of
nonhydrogen-bonded hydroxyls.

2. Degassing temperatures of 25 and
100°C are not high enough to destroy the
1640 em™ band completely, while no
molecular water is left after dehydrating
at 200°C (separate experiments showed
that at 150°C the 1640 em™ band is elimi-
nated in a few hours). The dehydration
at 25°C has already provided evidence of
at least two bands probably ascribable to
nonhydrogen-bonded hydroxyls, at 3690
and 3730 cm™, respectively.

3. A dehydration at 740°C does not
cause the complete destruction of the layer
of surface hydroxyls, even though both

their residual spectral intensity and quan-
titative data from other sources (1, §)
suggest a residual concentration not higher
than 5-10%.

4. Dehydration stages between 25 and
740°C show that surface hydroxyls are
strongly heterogeneous, unlike the situa-
tion observed in the case of other oxides
like silica gel and magnesium oxide. This
heterogeneity can be summarized through
the identification of O-H stretching fre-
quencies and temperature ranges of exis-
tence as follows:

a. A band, broad and unresolved with
no apparent maximum and probably com-
plex in structure, ranging down to 3000
em™ Is clearly assignable to the stretching
modes of hydrogen-bonded hydroxyls.
(Note that, as usual, it is impossible to
distinguish between perturbed individual
hydroxyls and hydrogen-bonded undisso-
clated water.) This absorption is eliminated
between 400 and 500°C, no discrete com-
ponents being apparent at any dehydra-
tion stage.

b. A band of medium broadness (A7, ==
80-100 em™) is visible at 3590 em™ after
dehydration at room temperature, despite
its strong intensity, and following a grad-
ual shift to 3600 em™ is eliminated upon
degassing at 500°C.

¢. An absorption, already visible as a
shoulder at ~3700 em™ in the presence
of high water vapor pressures, is evident
on evacuation as a discrete band centered
at 3690 em™ (Avy, =50 em™). It either
grows somewhat or remains constant on
dehydration up to 300°C, and then de-
clines, disappearing above 700°C.

d. A sharper band (AV, =40 em™) is
first revealed at about 3730 ¢cm™ wupon
evacuation at room temperature. It re-
mains fairly weak and, in spite of the
strong overlapping of adjoining bands, does
not seem to decrease much in intensity on
dehydration at higher temperatures. In
practice it is the only species appreciably
present after degassing above 700°C.

e. A sharp peak, centered at 3775-3780
em™, exhibits a fairly variable intensity
from sample to sample and from one ex-
periment to another. When present, it
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grows on dehydration between 100 and
500°C and disappears above 600°C.

f. A band is present at 3800 em™, with
a steady weak intensity, for dehydration
temperatures from 500°C upwards. Not
even a shoulder is visible at 3800 cm™
for degassing temperatures lower than
400-500°C. If the curves 1-6 of Fig. 4A
were not shifted upwards, as they are in
the 3750-3850 cm™ range, they would “cut”
the 3800 cm™ band of curve 8, showing
that no contribution of this band exists
for dehydration temperatures lower than
500°C.

Several experiments have also been car-
ried out, in which variously dehydrated
samples were rehydrated at room tempera-
ture. Among them, the rehydration run of
an almost completely dehydroxylated pel-
let has seemed to us particularly meaning-
ful. Some data, relative to the first water
adsorption stages are reported in Figs. 4B
and 5B. The most remarkable results are:

1. When the first small doses of water
have been adsorbed, i.e., at the very begin-
ning of the rehydration process, some un-
dissociated water is already present, as
revealed by the 1640 em™ band; this is
not eliminated on evacuation at room tem-
perature but readily desorbs between 100
and 200°C. Note that, even after the com-
plete removal of the 1640 ¢cm™ band, the
spectrum does not coincide with the base
line relative to the dehydrated sample, as
the increased surface hydroxylation brings
about a background lowering all over the
spectrum.

2. The reconstruction of the surface
hydroxyl layer does not follow the same
course as the dehydration. In fact the
4000-3000 cm™ region spectra of Fig. 4B
exhibit a poorer variety of components,
than do the spectra of Fig. 4A. In particu-
lar it can be noted that:

a. The broad and unresolved band be-
low 3600 cm starts growing in the earliest
rehydration stages.

b. The band at 3690 cm™ is the only
high frequency hydroxyl species clearly
caused to increase by the first water doses.

¢. The other hydroxyl species, still pres-
ent after degassing, are differently affected

by the beginning of the rehydration pro-
cess. In fact the 3800 cm™ band is scarcely
perturbed, the 3730 c¢m™ band is either
slightly increased or unchanged and the
3780 cm™ band, when present on samples
dehydrated at lower temperatures (see
footnote **), is immediately perturbed
and displaced.

d. After each water addition, a degas-
sing at 150-180°C, whose major effect is the
removal of undissociated water, brings
about a decrease of the broad absorption
below 3600 em, (Note that also in this
case no discrete components of the band
are evident.) Meanwhile, a general in-
crease of intensity is observed in the “free”
hydroxyl region, above 3600 cm™.

e. As larger and larger amounts of water
are adsorbed, all hydroxyl species are in-
volved in hydrogen bonding, leading to a
spectrum practically indistinguishable from
that of the starting material, both in the
4000-3000 c¢m™ region and around 1600
cm™. Nevertheless a further dehydration
at increasing temperatures of the rehy-
drated sample does not retrace all the steps
already outlined when discussing Fig. 4A
(see footnote **).

The most remarkable result to be shown
by the dehydration-rehydration experi-
ments is that, in spite of the very different
temperatures at which surface species are
eliminated upon degassing, the rehydration
at room temperature already involves in
the earliest stages the formation of both
hydroxyls and undissociated water. This
phenomenon has been already observed,
for example during the rehydration of
titania (11, 12) but in that case the undis-
sociated species exhibited a much higher
stability than in the present case. Even
though it is difficult to run good infrared
spectra of highly hydrated materials, the
above result has been confirmed for sam-
ples dehydrated at any temperature from
150°C upwards. We therefore conclude that
rehydration always proceeds through a dis-
sociative mechanism and a “coordinative”
mechanism acting simultaneously and in-
dependently, and that the higher the
dehydration temperature, the lower the
percentage importance of the latter mech-
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anism. In fact the nonreversible fraction
(at room temperature) of the 1640 cm™
band is largely independent of dehydra-
tion temperature. On the other hand,
calorimetric data reported in the previous
chapter showed that the mean integral
heats of rehydration are fairly constant on
varying the thermal dehydration condi-
tions. These results seem to lead to a
rather unexpected conclusion, namely that
the two rehydration mechanisms do not
involve highly different energies. All we
can add at this point is that the heats
of a dissociative chemisorption and of a
nondissociative coordination, though in-
dividually quite different, could be some-
how “balanced” by the secondary forma-
tion of strong lateral interactions of the
hydrogen-bonding type.

However, the major difference between
the two experimental techniques employed
is quite evident in this case: while ir spec-
troscopy tends to emphasize even the
smallest heterogeneity (see, for example,
the variety of species and spectral shifts
in the graphs of Fig. 4A), an “averaged”
information is normally obtained from the
calorimetric approach.

In view of the high sensitivity of the
spectroscopic technique to heterogeneity,
we think that the decreased complexity of
rehydration spectra, in comparison with
the dehydration pattern, lends some sup-
port to the hypothesis of a surface rear-
rangement taking place during thermal
removal of surface water.

ConcLusioNn

Infrared data clearly show that in the
rehydration process at room temperature
the creation of an undissociated water
phase is already involved in the earliest
stages. Parallel to it, there occurs a dis-
sociative mechanism, which is heterog-
eneous in nature and leads to the simul-
taneous formation of wvarious hydroxyl
species. Calorimetric data are therefore
made up of contributions coming from all
the processes. The strong heterogeneity re-
vealed by the fast decrease of differential
heats must therefore be ascribed to cover-
age related effects and not to a separation

of the various processes contributing to the
reconstruction of the surface layer.

The two mechanisms (dissociative and
“coordinative’) spectroscopically reveal a
variable percentage importance with vary-
ing dehydration temperature, but do not
Jead to a change of mean rehydration
heats. On the other hand, the differential
heat plots seem to confirm that the two
mechanisms do not involve greatly differ-
ent energies and that the “coordinative”
adsorption heats fall well within the spec-
trum of dissociative chemisorption heats.

A fairly good constancy has been de-
duced for the site energies distribution on
varying the dehydration temperature. In
this respect several factors that may con-
tribute to such a result should be con-
sidered, particularly:

a. The dehydroxylation process involves,
from a certain dehydration stage onwards,
hydroxyls originally far apart and pos-
sibly located in different configurations,
while the rehydroxylation process always
proceeds through the creation of a pair of
mutually perturbing hydroxyls.

b. Proceeding dehydration probably
causes a gradual surface rearrangement,
minimizing multiplicity and degree of un-
coordination of sites, as can also be proved
by the use of other adsorbed molecules
(see footnote **).

¢. The energy of dissociative chemisorp-
tion is not merely due to the interaction
of a water molecule with a surface anion-
cation couple, but also includes contribu-
tions from the formation of hydrogen bonds
and other lateral interactions which can
balance energy differences among sites.
Note that, after a dehydration at the
higher temperatures, when a production
of high energy sites is to be expected, the
formation of hydrogen bonds between
newly formed and pre-existing hydroxyls
becomes less probable.

The advantage of combining the two
techniques is quite obvious. Calorimetric
data reveal a striking independence of sur-
face heterogeneity with respect to dehy-
dration temperature and infrared data both
confirm this and are of vital importance
to distinguish various surface mechanisms.
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Finally, we would like to emphasize the
peculiar character of water as an adsorbate
which, through the formation of many dif-
ferent species and of strong lateral inter-
actions, at any coverage involves practi-
cally the whole surface. Therefore, the
independence of surface heterogeneity on
dehydration conditions observed here is
unlikely to manifest itself with other
molecules.
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