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Abstract

The relationship between thermodynamic Brgnsted basicity and reactivity of basic sites of MgO samples was investigated by means of meth:
deprotonation followed by IR and the conversion of 2-methylbut-3-yn-2-ol (MBOH), respectively. The relative distribution of basic oxide ions
OEE, in low coordination (where LG= 3C, 4C, and 5C refer to tri-, tetra-, and penta-coordinated oxide ions, respectively) was modulated

using different preparation routes. The resulting samples were classified on the basis of the relative distributf@a’nofs @etermined by
photoluminescence. The influence of the coordination E)E@ms on the basic properties was studied for clean surfaces obtained after high-

temperature £1023 K) evacuation of C®and water; the lower the coordination ofp ions, the higher the deprotonation ability and the
reactivity of basic sites of the catalyst. The hydroxylation of clean MgO surfaces was studied and its influence on Brgnsted basicity determin
Despite a low deprotonation ability, hydroxylated surfaces are more reactive than clean surfaces. The direct influence of OH groups on reactivit
basic sites was evidenced by correlating the latter and the amount of isolated OH groups evaluated by in situ diffuse reflectance Fourier trans!
infrared spectroscopy. It can be inferred that the peculiar reactivity of OH groups comparedf@iibr@ is due to the variable stability of the
alcoholate intermediate formed on both kinds of basic sites. On hydroxylated surfaces, because OH groups are poor Brgnsted bases, the nt
of alcoholate species is lower than on clean surfaces, but these intermediates are less stabilized and so are more reactive.
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1. Introduction that can be asked concerning the characterization of solid base
catalysts is how a solid base can be recognized. Hé4pbgiave
In the field of heterogeneous catalysis, many reactions infour criteria, summarized as follows:
volve the acido-basic properties of the catalyst surface. The
characterization of acid sites has been much studied. In cor(a) Existence of an interaction between the basic surfaces sites

trast, because of the limited use of solid bases in indU&iry and acidic probe molecules;
the notion of basicity has been less well studied, although interth) Existence of a correlation between catalytic activity and
est in solid bases has been growing since the 182]0§ heir number and strength of basic sites or poisoning of active

applications, ranging from alkene isomerization to fine chem-  sjtes by acidic molecules;
istry, have been reviewgB-5]. Surprisingly, the first question () Behaviour of the material similar to that of well-known ho-
mogeneous basic catalysts;

" Corresponding author. Fax: +33 01 44 27 60 33. (d) Evidence that anionic intermediates are involved in the re-
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In fact, most studie$4,6] report correlations between the sites are generally considered to be oxide ions of low coordina-
basic properties of the surface estimated by the adsorption ¢ion, denoted by @E (where LC= 3C, 4C, and 5C refer to tri-,
a probe molecule (criterion a) and the ability to react along detra-, and penta-coordinated oxide ions, respectively). Usually
basic route (criteria b, ¢, and d), which can be referred to athe influence of the nature of the basic site is studied by treating
reactivity of basic sites and can be evaluated by the reactiothe samples at increasing temperature to remove contaminants,
rate, that is, the catalytic activity. progressively leading to stronger basic sites. However, the influ-
From our point of view, such attempts raise some questionence of the remaining adsorbates in the vicinity of ttﬁg @ns
First, the interaction of probe molecules (like carbon dioxide)liberated, inherent to such a procedure, cannot be neglected.
chosen to be observed by spectroscpfjyor followed by ther-  Moreover, such thermal treatments lead to surface reconstruc-
modesorption techniqud8] is generally nondissociative and tions, thus modifying the relative distribution of@ions[4].
used to evaluate the ability of the surface to share an electron Our approach has been to vary the relative distribution of
pair, hence its Lewis basicity. OLE ions by means of the preparation routes. As described ear-
However, the reactivity of basic sites defined by criterion diier [11,12] the relative distribution of € ions is determined
implies a deprotonation step in which the catalyst behaves ast photoluminescence spectroscopy, one of the few techniques
Bronsted base. Are these two kinds of basicity necessarily cogple to discriminate € ions[14]. The stability of the surfaces
related? Recall Brgnsted's original definitif8}: “der chemis-  versus thermal treatment can be evaluated by comparing the
che Charakter der Salren und Basen ist am einfachsten ugglectra obtained before and after treatment. The nature of the
allgemeinsten durch das Schema: basic sites can also be changed by hydroxylation of the surface,
because basic hydroxyl groups are known to promote some ba-
sic reactiong15,16] The aim of this work is to study, on these
definiert. Das Hydroxylion nimmt prinzipiell keine Sonderstel- MgO surfaces, the relation between thermodynamic Brgnsted
lung als Trager der basischen Eigenschaften ein.” A Branstelasicity, evaluated by deprotonation ability, and reactivity of
base was thus defined as a species able to protonate itself R&sic sites versus the nature of basic site involved.
is not necessarily an hydroxyl anion. Thus a Lewis basic site, The thermodynamic Brensted basicity of dehydroxylated
typically an oxide ion, can also behave as a Brgnsted basic S|t§&1n”lp|eS has been studied by photoluminescence on protonation
but its deprotonating power, which is distinct from its ability to of O7¢ ions by propyng11]. The Brensted basicity Of%g ions
share an electron pair, implies stabilization of the anionic dewas found to increase along the seru{sc(} 02C < O
protonated entity. evaluate the thermodynamic Brgnsted basicity of MgO samples
Second, the basic thermodynamic basic properties of thim the same treatment conditions as those used for the catalytic
surface are determined by the position of the adsorption equreaction, the deprotonation of methanol has been studied on
librium or by the energy of interaction of the oxide surface with such surfaces by infrared spectroscopy.
an acidic probe molecule. Are the latter always related to the The reactivity of basic sites of MgO has been evaluated by
activity of a catalytic reaction known to proceed via a basicmeans of the conversion of 2-methylbut-3-yn-2-ol (MBOH).
mechanism? This catalytic reaction, proposed to avoid controversial inter-
To answer these questions, MgO materials were chosen bgretations arising from the use of secondary alcofiblg, is
cause they are well-known basic catalygth and were pre- often used to characterise the acid—base properties of catalysts
viously studied in our laboratorjf10-12] As proposed ear- [Lauron-Pernotin preparation]. The use of a catalytic probe re-
lier [13], different Mg—O pairs exist at the surface of MgO, action is generally thought to be the best tool for revealing the
where Mgt and G~ ions have different coordination numbers acid—base properties of a solid in real catalytic conditions. The
depending on their location (terrace, corner, or edge). The basathways for MBOH reaction are shown fig. 1 On acidic
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Fig. 1. Reaction pathways of MBOH conversion depending on the nature of catalytifl3ites
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catalysts, MBOH undergoes both dehydration and isomeris&.4. DRIFT
tion to yield 2-methylbut-1-en-3-yne (Mbyne) and 3-methylbut-
2-enal (prenal), respectively; on basic surfaces, MBOH leads DRIFT spectra were recorded on a Briker IFS 66 V
to acetone and acetylene. MBOH may also probe amphcspectrometer in the 3800-600 cirange (4 cm? resolu-
teric catalysts by hydration to 3-hydroxy-3-methylbutan-2-onetion, 256 scanspectrum) using a Thermo Spectra-Tech high-
(HMB) and isomerisation to 3-methylbut-3-en-2-one (MIPK). temperature cell. All spectra were converted into Kubelka—
On MgO, the only route observed is the basic one, so that basidAunk units after subtraction of the spectrum of a KBr sample
ity can be evaluated simply by the level of MBOH conversion. dehydrated at 473 K under nitrogen (70 %min~1) for 2 h.

The high-temperature in situ treatment consisted of an activa-

2. Experimental tion under nitrogen (70 cAmin~1) at the highest temperature
) attainable with this apparatus, that is, 1023 K (5 K minfor
2.1. Sample preparation 2 h.

~ Four samples were studied: MgO-sol-gel, MgO-precipita) 5 Methanol adsorption followed by transmission IR

tion, MgO-hydration, and MgO-CVD, so named according to

the preparation method, as described eafll&]. MgO-sol- Transmission IR spectra were recorded on a Nicolet 750
gel, MgO-precipitation, and MgO-hydration were obtained byspectrometer equipped with a DTGS detector (2 tmesolu-

treatment under dynamic vacuum (arqund 0.13 Pa) at 1273 'ﬁon, 64 scangspectrum). Between 20 and 30 mg of MgO pow-
for 2 h of the corresponding hydroxides. Mg(QHol-gel  yor \yas pressed into a self-supporting pellet und&rP0 The

was prepared from the hydrolysis of magnesium methanolateyean surface was obtained by activation under vacuum for 6 h
Mg(OH),-precipitation was formed by the action of aquUeoUS 4 573 K then to 1023 K for 1 h underdBx 10% Pa of oxygen,

ammonia on magnesium nitrate. Mg(QH)ydration v(\)/as_ob- then under vacuum (final residual pressure-6fx 10~ Pa) at
tained by stirring a commercial MO (Aldrich, 99.99%) in wa- 1023 K, the highest possible temperature reached with this ap-

Ler Er24 hat rlc;o;ng temperagur_e. I\élgﬁ-CVE]), 'f]”d'Y p:ovided paratus. Hydroxylation of the clean surface was performed on
y Knodzinger[18,19] was obtained through chemical vapor introduction in the cell of 133 Pa of water at 373 K for 10 min.

deposition by oxidizing metallic magnesium in a flow of oxy- The pellet was then activated &6 x 104 Pa and 673 K for
gen/argon. 1h

Small aliquots of methanol were introduced on the sample
before or after hydroxylation, at ambient temperature so as to
rseach a final residual pressure of 133 Pa in the cell. The spec-

2.2. Specific surface area measurement

The specific surface area and the pore volume of the solid
were determined using an automatic porosimeter (MicromeritErum of the gas phase was subtracted from the spectrum of the
ics ASAP 2010). The samples were outgassed at 473 K for 15 ﬁample.
and then at 573 K for 2 h before measuring the adsorption of

nitrogen. The specific surface areas were evaluated by the BETS: Methylbutynol reaction

method. . ) . .
MBOH reaction was followed in an automated differential-
2.3. Sample treatment flow microreactor. For each experiment, 20 mg of catalyst
was pressed into wafers under a pressure af BY Pa and
2.3.1. Hydroxylation treatment crushed into pellets of 125-200 pm diameter. The sample was

A 20 mg sample was treated for 1 h at 1023 K under ni-deposited on porous glass, in the centre of a 10 mm-i.d. U
trogen (70 cimin~1). Once cooled to 373 K, the sample was quartz tube. The reaction temperature of 393 K was controlled
treated for 10 min with water vapour (about 840 Pa) diluted inwithin =1 K by a thermocouple located by the catalyst. The
nitrogen (10 crAmin~1). Finally, it was heated (5 Kmint)  desired MBOH partial pressure was obtained by bubbling ni-
under nitrogen (70 cAmin~1) up to the selected activation trogen (100 crimin=?) in liquid MBOH at the selected tem-
temperature and maintained at this temperature for 15 min. Thigerature. Reaction products were analysed every 120 s using a
treatment led to the so-called “hydroxylated” surfaces and wa¥arian micro gas chromatograph equipped with a catharometric
used in situ in the diffuse reflectance Fourier transform infraredietector and a CP WAX 52 CB column.

(DRIFT) cell or in the MBOH reactor.
2.6.1. Standard run
2.3.2. High-temperature treatment In a standard run, the sample was first subjected to a high-

A high-temperature (1023-1273 K) in situ treatment wastemperature treatment leading to clean surfaces consisting of
used to remove water and carbon dioxide, producing the sdn situ activation under nitrogen (70 émin~1) at 1073 K
called “clean” surfaces. The highest possible temperature wa§ K min~1) for 2 h in the reactor. The sample was then cooled
determined by the heat resistance of the experimental setup spge-393 K, and MBOH diluted in nitrogen was introduced at a
cific to each characterization technique and is described belowartial pressure of 1.73 kPa by adjusting the saturator temper-
Only dried gases were used during these treatments, to avo&ure to 293 K. The catalytic reaction was then performed at
hydration. 393 K as described earlier. These conditions were used when
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the conversion was such as to ensure the absence of diffusiorat 460 nm, whereas thei@ ions excited at 230 nm emit at

limitations. 380 nm. The ratio of integrated areas of the excitation bands
reported inTable 1 is equal towO5¢ /O3, Wherea is a con-
2.6.2. Isosurface area experiments on clean surface stant. The position of the emission band of{_cO'ons is also

Because samples have different specific surface areas, it giﬁ'ven in Table 1 The shift of this position from 380 nm to
not possible to compare their catalytic activities in the samey |ower wavelength is linked either to direct contribution of
conditions without bei_ng limited by diffusional phenomena. OEE [12] or to emission of@E located on extended defect-free
Isosurface area experiments have thus been performed adagages [R. Hacquart, Surf. Sci., in press]. In both cases, it probes
ing the mass of catalyst so as to obtain a surface of§M e relative abundance of?D ions located on extended (100)

the reactor. The constant loading of the reactor was obtained ) ; _ :
L . . ; . planes; the lower the wavelength, the higher tHg. @elative
diluting MgO with SiC (Prolabo, 250 um diameter) so as to f"tgﬁbundance g g @:C

nally reach 75 mg of solid. It has been checked that SiC alone The MgO samples differ, particularly in their relative distri-

does not convert MBOH. To avoid diffusional problems for all | . _
. . f . MgO-sol—gel h h surf I
samples, the partial pressure of MBOH was adjusted to 3.3 kautlon ° qc lons. MgO-sol-gel has a rough surface, probably

by increasing the saturator temperature to 303 K. The nitrogeﬁlue to defects created by desorption of the last residual methoxy
fl())/w was maintained at 70 Ghmin-1 ' groups introduced during syntheg0]. MgO-hydration and

' MgO-precipitation exhibit very similar characteristics but for
. o morphology and particle size. The values obtained for MgO-
2.6.3. Conversion and selectivity hydration differ from those published earligk2], indicating

B ne an lene are the only pr - . . . .
ecause acetone and acetylene are the only products dt at the preparation method is not easily reproducible. Indeed,

tected, catalytic data are expressed in terms of conversion Onlye'hydration of commercial MgO strongly affects the corners

The partial pressure of each produgt was calculated from f th rticl nd the erosion or is not vet well under
chromatographic measurements using the appropriate respon%e € particles, a € erosion process 1s not yet well unde

coefficient and the value of the initial partial pressure of MBOHStOOd[Zl’ZZ]' MgO-CVD exhibits a very high surface area but,

in the feed'PI\(/)IBOH' The conversion is given by becau_se _of its cubic particles, mvolve%pons with higher
coordination than for the other samples.

Zi;éMBOH aP; Thus, on the basis of photoluminescence data, the relative
’ distribution of G ions is shifted toward the less coordinated

PO
MBOH o _ o
with a = 1/2 for acetone and acetylene. Selectivities in aceton%‘-c 1ons 'aI.ong the series MgO-CVE MgO-hydration
gO-precipitation< MgO-sol—gel.

and acetylene are given by

T (%) =

S (%) = %Pi 3.2. Typical catalytic activity of MgO on clean surface
l 2_izmBOH P
The DRIFT spectrum of MgO-precipitation is shown in
Fig. 2 before and after high temperature treatment (1023 K
3. Reaults for 2 h under nitrogen) in the DRIFTS cell. It is seen that this
treatment removes carbonates (1300—1500'gmeaving only
3.1. Surface oxide morphology some residual OH groups (3720 th). The MgO samples thus

can be considered to exhibit a clean surface and even more so
Table 1 gives, as described earli¢t2], the textural and for MgO treated in the catalytic cell at 1073 Kig. 3 gives
morphological properties of the four MgO samples studiedthe conversion and selectivity obtained in a standard run for
as well as the relative distribution off@ ions determined by MgO-precipitation; only acetone and acetylene are produced in
photoluminescence after treatment under dynamic vacuum &guimolar ratio, and the conversion versus time on stream is
1273 K for 2 h[11,12] The C%E ions excited at 270 nm emit very stable. The carbon balance between the converted reactant

Table 1

Texture, morphology and populations of théaOions of MgO samples (reproduced frdf®])

Sample Shape of the particfes ~ BET surface aréa(m? g—1) Particle sizé (A) a-05:/03c @ Amax (nm) of OF ions®
MgO-sol—gel Irregular 150 87 .05 380
MgO-precipitation Irregular 198 75 .06 380

MgO-hydratation Cubic 150 159 .@ 378

MgO-CVD Cubic 300 70 ®m5 370

@ Determined from transmission electron microscopy graphs.

b After preparation (SectioB.1), the samples are left in air. BeforeyMdsorption measurements, they are outgassed at 473 K for 15 h and then at 573 K for 2 h
(Section2.2).

¢ Estimated from X-ray diffraction patterns.

d Obtained from photoluminescence experimeatis a constant.

€ Obtained from photoluminescence experiments. The excitation wavelength is 230 nm.
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Fig. 2. DRIFT spectra of MgO-precipitation: (a) before activation treatment
(---) and after activation under nitrogen flow (70€min—1) at 1023 K for 2 h Wave number (cm™)
(—); (b) after activation under nitrogen flow (70 émin—1) at 1023 K for 2 h,
with zoom on the 3000-4000 ¢ region. Fig. 4. DRIFT spectra of MgO-precipitation in thgyy vibration region after
each hydroxylation step. Water is adsorbed at 373 K and the sample is heated
©S (%) under nitrogen flow (70 cﬁmin‘l) at the desired activation temperature and
66 ° maintained at this temperature for 15 min. DRIFT spectra are taken at the acti-
vation temperature at the end of the dwell.
S S . A a 4 A
50'..--.-..!....l..‘ =
CVD < MgO-precipitation< MgO-hydration< MgO-sol—gel,
10 corresponding to mean conversion values of 23, 15, 12, and 7%,
respectively.
o”o oo‘..ooo’o"
301 o ¢
3.4. Relation between catalytic activity and number of OH
20 1 ¢ 1 (%) groups
* S cctone (%)
4 S cetylene (%0) i
10 1 3.4.1. Surface hydroxylation followed by DRIFTS
To evaluate the role of OH groups in reactivity of basic
0 . . . . . sites, the hydroxylation of clean surfaces has been studied. Af-
0 10 20 30 40 30 60 ter treatment with water (see Experimental section), the tem-
Time on stream (min) perature of the sample is increased under flowing nitrogen in

_ _ iy - . 100°C steps to progressively eliminate physisorbed water and
Fig. 3. Conversion and selectivity obtained in a standard run of MBOH reaction P prog y pny

on MgO-precipitation as a function of time on stream. OH groups Fig. 4 shows the DRIFT spectra in the region
obtained on MgO-precipitation after 15 min at each tempera-
i ) o .. ture. They consist of two bands, a broad one around 3500—
and the products is estimated-a80%. A similar behavior is 3650 o1l and a narrow band around 3700—3750-&niThe
observed for the other samples. first is usually assigned to OH groups associated by H-bonding,
whereas the second corresponds to isolated OH gf@3p&5]
3.3. Comparison of the activity of basic sites of MgO samplesBy increasing the desorption temperature, the intensity of the
two bands decreases, and at 973 K, only isolated OH groups
In isosurface area conditions, the conversions of the differremain. The area of the two bands measured after subtraction
ent samples are directly linked to the numbef and strength  of the background decreases with increasing temperature, as
of basic sites. The order of activity thus obtained is MgO-shown inFig. 5.



418 M.-L. Bailly et al. / Journal of Catalysis 235 (2005) 413-422
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Fig. 5. Evolution of MBOH conversion and of the integrated area of two
voHd DRIFTS bands corresponding respectively to the isolated grayps£ 0,0 -
3700-3750 cmt) and to the associated groupg( = 3500-3650 cm?) on

MgO-precipitation as a function of treatment temperature. r- e e e T e T
1160 1140 1120 1100 1080 1060 1040 1020 1000 980

3.4.2. Catalytic activity of hydroxylated surfaces Wave number (em™)
The catalytic properties of MgO-sol—gel, MgO-precipitation, ) )
and MgO-hydration, treated in the same conditions as those dg—?é Z;JLE ipfgfg”prz)(’ob,fa“'ﬂ”;g_ﬁsg?aﬁ‘iff,’rp“‘)” of methanol at room tempera-
scribed for DRIFT experiments, were determined. MgO-CVD
was not tested in these conditions, because the cubic particles
i able 2
ar_e emde,‘?' Or_] rehydra‘uoil tr%a}ment (T,EM results not shown ttribution of the vco bands obtained by adsorption of methanol on MgO
with modification of the C§C /Ojc ratio evidenced by photolu-  (adapted fronj27])
minescenc§l0,12] Fig. 5shows the evolution of conversian

: . iti L Attributi D inati
and of the integrated area of the twgy bands with treatment bco position (ch) rbution enomination
L oo H;C
temperature for MgO-precipitation. The same evolution is ob- \O—H
served only forr and the area of thepy band correspondingto 1060 Species H
isolated OH groups. The same result is obtained for MgO-sol—
gel and MgO-hydration, suggesting that isolated OH groups Mg o
play a major role in the reaction. A similar conclusion can CH,
be drawn from comparison of conversions in isosurface area (I) Species I
conditions of the same MgO-precipitated sample after pretreatl- /N pecies
ment at 1273 K for 2 h under flowing nitrogen (clean surface) Mg Mg
(i.e., 15%) and after hydroxylation at 373 K and further dehy- CH,
i . i . : ]
droxylation at 673 K for 15 min under flowing nitrogen (i.e., 1115 O - Species |
57.6%). [ |
Mg (0}

3.5. Adsorption of methanol followed by transmission IR
(species Il), respectively. The band at 1055 ¢éms as-

The deprotonating ability of MgO surfaces was studied bysigned to molecularly adsorbed methanol involving H-bonding
methanol-IR experiments. Methanol gives simpler spectra tha(species H).
methylbutynol, because the alcoholate formed does not react in Table 3reports the areas of the three bands obtained for dif-
the conditions of IR experiments. Earlier results on adsorptiorfierent MgO, along with the values obtained after hydration and
of methanol on Mg(26,27] show that different species can subsequent evacuation at 673 K (except for MgO-CVD, for
be identified by studying theco region (1000-1150 crt). reasons of erosion, as explained in Sectfoh.2. The sums
Fig. 6 shows the spectrum obtained for MgO-hydration. Theof the band areas corresponding to dissociated species are re-
large vco feature can be decomposed into three bands locatgaorted in the last column (the absorption coefficients of both
at 1115, 1095, and 1055 crh, in good agreement with those species are assumed to be similar). The amount of dissociated
found earlie27] at 1115, 1092, and 1060 crh, respectively methanol on surfaces dehydroxylated at 1023 K under vac-
(Table 2. uum increases in the order MgO-CV\bMgO-precipitation<

On the basis ofTable 2 the bands located at 1115 and MgO-hydration< MgO-sol—gel. On hydroxylated surfaces, the
1095 cnt! are assigned to dissociated methanol species, amount of dissociated methanol is less for all samples, suggest-
monodentate methoxy (species 1) and a bidentate methoxyng that OH groups dissociate less methanol thé@ ons.
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Table 3
Integrated area (normalized to £rof surface area) of the threg,o bands obtained upon adsorption of methanol on clean or hydroxylated MgO surfaces
Sample Pre-treatment Integrated area of the Band Sum of integrated areas of bands
v =1115cmrl v = 1095 cnt vy = 1060 cnmt dl.!e to species land Il
(dissociated CHOH)
MgO-sol—gel 1023 K, vacuum .86 585 7.48 961
H»0, 673 K, vacuum &5 137 753 402
MgO-precipitation 1023 K, vacuum A7 100 1068 577
H»0, 673 K, vacuum D4 083 1118 377
MgO-hydration 1023 K, vacuum .85 374 7.93 659
H»0, 673 K, vacuum 76 205 7.69 481
MgO-CVD 1023 K, vacuum ®4 170 316 264

2 All the integrated areas are given in arbitrary units and come from the deconvolutiomefdgHearge contribution between 1000 and 1150¢m

30
4. Discussion

4.1. Thermodynamic Bragnsted basicity versus reactivity of
basic sites for clean surfaces

® MgO-sol-gel

]

As was noted by Hattorf4], basic sites on MgO are usu-
ally obtained on thermal desorption ob@ and CQ, leading
to surface reconstruction. It thus becomes difficult to compareto
the reactivity of the basic sites obtain@d8,17] Moreover, the
influence of the remaining adsorbates in the vicinity of the liber- 3
ated G ions cannot be neglected. To avoid this difficulty, dif-
ferent MgO samples were treated at high temperature (1273 K)° 2 4 6 8 10 2
to obtain stable surfaces involving different populations @@O
ions.

On thermal treatment of Mng the more basic sites shouldfig- 7. Correlation, for different “clean” MgO surfaces, between MBOH con-
be generated at higher temperatures after desorption of aCidYErSion and thermodynamic Ergﬂnstt_ed bqsicity evaluated from the integrated
molecules (C@, H20) [4,8]. So the stronger the interaction be- area of therco band per MgO  for dissociated methanol
tween the surface anion and the acidic molecule, the stronger
the basic site from a thermodynamic standpoint. In this descripofa distribution toward the less coordinate@pions is still
tion, the basic sites aref@ ions, whose basicity is often related representative of the state of clean surfaces considered here:
to their coordinatior4,8]. As described earligf28], different  \1g0-cvD < MgO-hydrationa~ MgO-precipitation< MgO-
kinds of Mg—O pairs exist on MgO. ﬁg ions located at cor- sol—gel.
ners or edges of particles that adsorbC®Lewis acid, more Thus the dissociation of methanol appears to be favoured on

strongly than @6 located on planes and than OH group} O?= ions of lowest coordination number (3C better than 4C),

thus can be considered the most basic Lewis sites from a ther--C . o .
. . in agreement with preliminary results obtained on the same
modynamic standpoint.

The relative amount of dissociated methanol evaluated bsamples, where the protonation ofplons with propyne is

IR (Table 3 is representative of the number of MgO pairs able)'IOHOW(':'d by photoluminescencll]. This finding is also in

to deprotonate methanol at ambient temperature. It is directif9reement with theoretical calculatiof2g] showing that the
linked to the position of the following equilibriur(L), which deprotonation of methanol on MgO is enhanced in the presence

. . . 2— ;
can be considered an evaluation of the thermodynamic Branst& O3c, acions.

[

MgO-hydration

H Conversion (%)

. MgO-precipitation

MgO-CVD

Vco band integrated area per MgO m? for dissociated MeOH (a.u.)

basicity The activity obtained in MBOH reaction depends on the na-
ture of the surface. For clean surfaces, the order of activity is
OCHz H . . L
CH3OH + Mg?t 0>~ = | | é) (1) clearly correlated with thermodynamic Brensted basicity eval-
Mg uated for each sampléig. 7). The more the catalyst is able

[t can be seen fronifable 3that the amount of dissoci- to dissociate methanol, the higher the activity, in agreement
ated methanol increases from MgO-CVD to Mgo-50|_ge|,with the mechanistic route proposed for MBOH conversion on
with MgO-precipitation~ MgO-hydration being intermedi- basic siteg17] (Fig. 8a). The first step involves the deprotona-
ate. Residual OH groups present on clean surfaces studigign of MBOH to form an alcoholate intermediate and an OH
by adsorption of methanol may modify theégoig ratio  group. Thus the higher the coordination number of the MgO
reported inTable 1 because §E ions are preferentially pro- pairs involved, the lower the concentration of adsorbed alco-
tonated [Bailly, in preparation]. However, it is very probable holate, resulting in a slowing of the kinetics of the following
that the order given in Sectiod 1 for the shift of the relative  step.
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Fig. 8. (a) Mechanistic route for MBOH conversion into acetone and acetylene orf& ®Ig~ pair according to Ref{17]. (b) Proposed mechanistic route for
MBOH conversion into acetone and acetylene on hydroxyl groups, by analogy with the mechanism on clean surfaces (a).

4.2. Thermodynamic Brgnsted basicity versus reactivity of  course, only Lewis basicity was probed, because no deprotona-
basic sites for hydroxylated surfaces tion step is implied in the C@adsorption process.

For all samples, a good correlation was obtained between

To determine the influence of the nature of the sites on thetMBOH conversionr and integrated area of the DRIFTS band

modynamic Brgnsted basicity and on reactivity of basic sites(3700-3750 cm?) assigned to isolated OH grouf]. From
clean MgO surfaces have been hydroxylated and then evacthis correlation, it can be proposed that isolated OH groups are
ated at different temperatures. Thus the number and the n#éae active sites for converting MBOH into acetone and acety-
ture of residual OH groups have been varied on each sampliene. This result suggests that OH groups, even though less
and photoluminescence has been used to check whether thasic than @: ions, are more reactive.
bands due to ﬁz ions are totally recovered after this hydration-

dehydration sequeng#&0]. 4.3. Role of hydroxyl groups in the reactivity of basic sites
On the basis of IR-methanol experiments, it can be shown
that hydroxylated surfaces deprotonate less methdablé 3, Such an enhancement of reactivity of basic sites on hydra-

in agreement with the findings of lizuka et E80], who studied  tion has already been observed on MgO. For example, Zhang
the interaction of isopropanol and hydroxylated CaO. Thus thet al. [15] showed that the activity of the aldol condensation
thermodynamic Brgnsted basicity of OH groups seems loweof acetone is increased when water is present and is not in-
than that of @E ions, in agreement with the findings of Diez et hibited by CQ adsorption. They concluded that OH groups
al.[8] obtained from CQ@ TPD experiments. are the active sites because they weakly interact with &€l

In contrast, for MgO-precipitation/{g. 5, MBOH conver-  are formed when water is introduced. Other examples include
sion T decreases with increasing temperature of evacuationsopropanol decomposition and oxidative coupling of methane
which removes OH groups and liberates Mg-O pairs. In thaf32,33] In the former case, OH groups are proposed to be the
case, reactivity of basic sites is not correlated with thermodyactive sites; in the latter case, the enhancement of activity is re-
namic Brgnsted basicity of the surface. Such a discrepancy waated to the increase of basicity evidenced by a model reaction,
observed by Xu et a[31], who showed that COTPD, com- the 2-butanol conversion. A good overview of the role played
monly used for measuring basic site density and strength, dodsy basic OH groups in fine chemistry has been given by Climent
not provide information on kinetically available basic sites. Foret al.[34], who noted that in reactions like aldol and Claisen—
example, these authors explained that strongly adsorbing sit&hmidt condensations, OH groups are the active sites even if
are unlikely to participate in a catalytic reaction. They usedthey have a medium basic strength. These effects have been ob-
experiments based dACO,/12CO; isotopic exchange to deter- served on hydrotalcite materials, as reported by Rao §35].
mine the amount of reversibly adsorbed £4dthe temperature and Prinetto et a[36].
of a given reaction. They then linked the constant rate of iso- As for MBOH conversion, the influence of the nature of
topic exchange to the reactivity of basic sites. In that case, dhe basic sites has not been investigated, although very good
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correlations have been found between thermodynamic basicity Preparation of clean surfaces, obtained after removal of car-
and activity of basic sitef6,37], as evidenced here for clean bonates and OH groups by thermal treatment above 1023 K,
MgO surfaces. Nevertheless, Constantino and Pinnd@8l allowed us to evaluate the influence of the coordination of basic
observed that hydrotalcites activated below the decompositio@fg ions on the basic properties of the surfaces. These sur-
temperature<£523 K) are more active than the resulting amor-faces transform MBOH according to its basic route, leading
phous oxides. The possible intercalation of MBOH betweerto acetone and acetylene in an equimolar ratio. The compari-
the layers of the material was suggested as an explanation feon of the conversion level measured in isosurface area condi-
its high activity. We can now propose that instead, the MBOHtions gives the following order of activity of basic sites: MgO-
reactivity is due to OH groups, as has been observed on hydr@&VD < MgO-precipitation< MgO-hydration< MgO-sol—gel,

talcites for condensation reactiof®l—36,39] suggesting that the lower the coordination oﬁgO'ons, the
greater the reactivity of basic sites.
4.4, Proposed mechanism for the conversion of MBOH Hydroxylation of the surface performed by hydration of

clean surfaces results in the enhancement of reactivity of basic

To explain the activity of MBOH conversion, let us consider Sites, although basic {a ions of lower coordination are cov-
the mechanism proposedFig. 8a. The rate of formation of the €red by protons. This infers that OH groups are also directly
products can be written as= k6, wherek is the rate constant implied in the reactivity of basic sites, as confirmed by the cor-
of the second step aryl is the coverage of the surface by the relation between the number of isolated OH groups and the
alcoholate intermediate (1). MBOH conversion level. Thus, depending on the hydroxyla-

Because, is directly linked to the thermodynamic con- tion state of the surface, some basigGites may be poisoned
stant of the first equilibrium, the concentration of alcoholatePy Protons, but the number of active basic sites is maintained
increases with the deprotonating strength of the Mg—O pair. AEonstant, because other basic sites (OH groups), even more re-
the same time, the alcoholate intermediate is more stable: its r@ctive than @, are generated on water dissociation.
activity implies the release of the proton located ‘ﬁE@D” and Because the reactivity of basic sites, leading to an anionic
the back-donation of electrons stabilized by the Lewis acid siteéntermediatef4], implies a deprotonation step, we studied the
which is more difficult with an acid—base pair with high depro- relationship between reactivity of basic sites and deprotonation
tonating ability. Thus is expected to decrease with increasing@bility of Bransted basic sites present on clean and hydroxy-
thermodynamic Brgnsted basicity. lated surfaces. The position of the deprotonation equilibrium of

In the case of clean surfaces, these two antagonist effecgsProtic acidic molecule, such as methanol reacting with MgO,
result in a good correlation between thermodynamic Brgndetermines the thermodynamic Brgnsted basicity of MgO sur-
sted basicity and reaction rate. The higher the concentratiot#ces. The ability of the latter to deprotonate methanol was
of O, the more active the catalyst. In contrast, it has beer@valuated by in situ transmission IR and a classification was
shown that the thermodynamic Brensted basicity of the surestablished by comparing the integrated areas of¢ebands
face is decreased on hydroxylation. The coverage is thus lowéglated to dissociated methanol. For clean surfaces, the lower
in alcoholate intermediaté than on the clean surface. How- the coordination of €, the higher the deprotonation ability,
ever, as shown irFig. 8, the deprotonation of an alcohol indicating a correlation between the latter and the reactivity
such as MBOH on a basic OH group forms a likely very re-0f basic sites. Hydroxylation of surfaces results in decreased
active alcoholate, because it is stabilized on a poor Lewis sitéleprotonation ability, indicating that OH groups are less de-
[Mg(OH),]%+. So the high reactivity of basic OH groups can Protonating than @; But despite of their lower deprotonation
be assigned to the Sabatier principi®], which states that to ability, OH groups are very reactive; the lower coverage of al-
be active, a catalyst must adsorb the reactant to give an unstatfieholate intermediate on hydroxylated surfaces is compensated
temporary intermediate that can further evolve on the surfacky its higher reactivity. Indeed, the ©H groups formed during
to finally lead to the product that desorbs. It should be notedleprotonation on clean surfaces are particularly stable.
that the mechanism shown fifig. 8 is tentatively proposed by Further studies combining experimental and theoretical

analogy with the mechanistic route on clean surfafég @a). ~ Methods are in progress to improve our understanding of the
Further studies to validate this are currently underway. exact nature of active OH groups and of the reaction mecha-
nism.
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