
J O U R N A L O F

C H E M I S T R Y

Materials
Synthesis and characterization of MgO–B

2
O

3
mixed oxides prepared

by coprecipitation; selective dehydrogenation of propan-2-ol
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The synthesis of MgO–B2O3 mixed oxides by coprecipitation from Mg(OH)2 and B(OH)3 (0–10 wt%) led to solids
with textural and acid–base properties rather different from pure magnesium oxide. DRIFT and 11B MAS NMR
studies showed that boron atoms are in a flat trigonal environment, as part of the magnesium oxide structure.
Titration of acid and basic sites by TPD–MS of probe molecules (pyridine and 2,6-dimethylpyridine for acid sites,
and carbon dioxide for basic ones) indicates that the presence of boron leads to an increase in the acid sites surface
density as well as to a decrease in surface density of basic ones, together with a change in strength distribution
profile of the later. Propan-2-ol conversion over MgO–B2O3 mixed oxides showed an increase in the selectivity to
the dehydrogenation process with an increase in the amount of boron in the catalyst.

dimethylpyridine for acid sites and carbon dioxide for basicIntroduction
ones) following a precedure described elsewhere.27,28

Magnesia is considered, together with CaO and BaO, as a The solids prepared have been tested in the dehydration–
typical basic oxide (Hammett constant H−=+26.0).1–4 This dehydrogenation of propan-2-ol, widely used to correlate the
solid can be obtained by thermal treatment of the hydroxide catalytic activity with the surface acid–base properties.29–31
or carbonate, or by the so-called ‘sol–gel method’. Textural
and acid–base properties depend, to a great extent, on the

Experimentalsynthesis conditions (pH, gelifying agent, sequence of addition
of reagents, calcination temperature, etc.).5–7 Catalyst synthesis

The basic sites in magnesium oxide are due to the presence
The mixed oxides (MgO–B2O3) were prepared fromof low coordination surface oxygen anions (O2−). Such anions
magnesium hydroxide [Mg(OH)2, Merck Art. 5827] and boricare located in corners, edges, etc., and are responsible for
acid (H3BO3 Sigma Art. B-7660), by the coprecipitationbasic sites of different strength. By contrast, acid sites are
method. An aqueous Mg(OH)2 solution is acidified withrelated to electron-deficient surface magnesium atoms
concentrated nitric acid and the required amount of boron(Mg+2).8–12 The modification of such acid–base properties is
was added from an aqueous solution of B(OH)3 . To this

usually carried out by mixing MgO with other oxides,13
continuously stirred mixture was added a solution of 3 M

metallic ions14–17 or noble metals,18 and is a very effective way NaOH from a Braun perfusor at a rate of 300 mL min−1 until
of tailoring the activity towards many organic processes. a white solid was obtained (pH=10). The gel obtained was

Boron oxide is one of additives widely used to modify held at room temperature for 24 h and then filtered, thoroughly
textural and acid–base properties of metal oxides such washed and dried in an oven at 120 °C for 24 h. The dried
Al2O319–21 and TiO2,22 leading, in general, to an increase in solid was crushed and calcined in flowing air (40 mL min−1)
the number of acid sites together with a decrease in that of in a quartz reactor from room temperature up to 600 °C at a
basic ones. The preparation procedure of such mixed oxides rate of 6 °C min−1. The final temperature was held for 3 h and
can be either by coprecipitation or impregnation, the former the solid was then cooled in flowing air. The nomenclature
leading to higher acidity.23 Al2O3–B2O3 mixed oxides are very used for the mixed oxides is MgB-x, where x is the wt% of
suitable for many organic reactions such as but-2-ene selective boric acid in the initial mixture (0, 1, 5 or 10%).
synthesis from ethanol,24 or the Beckmann rearrangement,25
and are more resistent to deactivation by coking. Thermal analysis of the precursors

However, the preparation of MgO–B2O3 mixed oxides, as
Thermal analysis of the precursors was performed on ayet, has not been thoroughly studied. Ueshima and
Micromeritics temperature programmed desorption-tempera-Shimasaki26 have shown that the addition of small amounts
ture programmed reaction instrument (TPD/TPR 2900) thatof boron oxide (<1%) resulted in an increase in acidity
was fitted to a VG Sensorlab quadrupole mass spectrometer(Hammett constant between +7.0 and +12.0). Those modifi-
from Fisons Instruments plc/VG quadrupoles (East Sussex,cations change the catalytic behaviour of the solids towards
UK) operating in the multiple ion monitoring (MIM) mode.some organic reactions, such as the improvement of the
An amount (ca. 40 mg) of precursor was placed in the middleselectivity to unsaturated alcohols in the gas-phase hydrogen-
of the reactor (1 cm id, 20 cm long) and flowing nitrogentransfer reduction of a,b-unsaturated carbonyl compounds.
(50 mL min−1) was set at room temperature for 15 min. Then,This work deals with the preparation of MgO–B2O3 mixed
the temperature was raised to 600 °C at a rate of 5 °C min−1 .oxides from coprecipitation of Mg(OH)2 and B(OH)3

[0–10 wt% B(OH)3 ]. Textural characterization of the resulting
Adsorption isotherms and surface areasolids has been carried out from adsorption–desorption iso-

therms of nitrogen, XRD, DRIFT and 11B MAS NMR. Acid- The textural properties of the solids (specific surface area, pore
base properties have been obtained from temperature-pro- volume and mean radius) were determined from nitrogen
grammed desorption experiments with detection by mass spec- adsorption–desorption isotherms at liquid nitrogen tempera-

ture by using a Micromeritics ASAP-2000 instrument. Surfacetrometry (TPD-MS), of probe molecules (pyridine, 2,6-
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areas were calculated by the BET method32 while pore distri- desorbed by heating from saturation temperature to 600 °C in
a programmed fashion. The selected mass peaks were moni-butions were determined by the BJH method33 (adsorption

branch, cylindrical pores open on one side only and adsorbed tored throughout the process. Each experiment used ca. 100 mg
of fresh catalyst. Full details of the TPD–MS method andlayer thickness calculated by the Halsey method). All samples

were degassed at 350 °C to 0.1 Pa prior to measurement. equipment are given elsewhere.27,28

Propan-2-ol conversionX-Ray diffraction and 11B MAS NMR spectra

Propan-2-ol test reaction was carried out in a pulse micro-X-Ray diffraction patterns for the solids were recorded on a
reactor fitted to a gas chromatograph HP Mod. 5890 equippedSiemens D-500 diffractometer equipped with an automatic
with a semicapillary column Supelcowax-10 (30 m, id=control and data acquisition system (DACO-MP). Patterns
0.53 mm). The pulse size was 0.5 mL and the carrier gas waswere run from nickel-filtered copper radiation (l=1.5405 Å)
nitrogen at a rate of 75 mL min−1. The reaction temperaturesat 35 kV and 20 mA, the diffraction angle 2h being scanned at
varied from 300 to 400 °C with a stabilization time for each2° min−1.
temperature of 15 minutes. The weight of catalyst used in eachRoom temperature 11B MAS NMR measurements were
experiment was 20–30 mg. Prior to the reaction, several experi-carried out on a Bruker ACP 400 spectrometer. Samples were
ments were carried out to ensure that the reaction is underheated in a nitrogen flow (50 mL min−1) for 4 h at 150 °C,
kinetic control. The absence of any diffusional effect wasthen cooled down in an N2 flow and transferred to the sample
verified in each case.holder in an environmental chamber (in nitrogen atmosphere).

Spectra were acquired with a 90° pulse (0.4 ms) and the
repetition time was 2 s. The rotation frequency was 5.5 kHz. Results and discussion
The chemical shifts were expressed relative to BF3 ·Et2O.

Thermal analysis of the precursors

Diffuse reflectance IR spectroscopic experiments The thermal analysis of both isolated precursors [Mg(OH)2
and B(OH)3 ] is presented in Fig. 1 (profiles a and b) togetherDRIFT experiments were conducted on a Bomen MB-100
with the profile corresponding to the solid MgB-5 (profile c).instrument with an ‘Environmental Chamber’ from Spectra-
The comparison between the profiles corresponding to mag-Tech. The instrument was operated at a resolution of 8 cm−1
nesium hydroxide and MgB-5 indicates that the temperatureover the range 4000–400 cm−1 to gather 256 scans.
of transformation of magnesium hydroxide is not modified by
the gel formation proccess in which 5 wt% boric acid is added.Temperature-programmed desorption–mass spectrometry
This seems to indicate that low percentages of boric acid do(TPD–MS) experiments
not significantly alter the structure of the magnesium oxide,

TPD–MS experiments were carried out on the above described the boron atoms are considered located in a trigonal or
Micromeritics TPD/TPR 2900—VG Sensorlab quadrupole tetragonal environment within the magnesium network. As we
mass spectrometer. The optimum TPD conditions were as see later, XRD and 11B MAS NMR studies give more infor-
follows: heating rate 10 °C min−1 and an Ar flow-rate of mation on this matter. Moreover, Mazza et al.,35 from crystal-
50 mL min−1 . The mass spectrometer, which was operated in lographic studies of Al2O3–B2O3 mixed systems, proposed
the MIM mode, was programmed to perform 6 scans min−1. theoretical models in wich the mullite Al2O3 structure does

The amines used as probe molecules in order to determine not suffer any alteration when boron atoms are located within
the acid properties of the solids were pyridine (pK=5.25) and the net structure.
2,6-dimethylpyridine (pK=7.3). In a previous diffuse reflec-
tance IR (DRIFT ) study of the bands for the two amines in Adsorption isotherms and surface area
the region 1400–1700 cm−1 , Marinas and coworkers34 found

All nitrogen adsorption–desorption isotherms correspondingpyridine to be adsorbed at Brönsted and Lewis acid sites, and
to the catalysts MgB-x were classified as type IV in the2,6-dimethylpyridine to be adsorbed on the former site type

only owing to the steric hindrance of its two methyl substitu-
ents. The peaks used to quantify pyridine were the base peak
(m/z 79) and the secondary peak at m/z 52 (80% abundance).
The MS peaks chosen for 2,6-dimethylpyridine were the base
peak (m/z 107) and the secondary peak at m/z 66 (60%
abundance). Calibration was done by injecting pulses of
variable size (1–10 mL) of a 10−5–10−6 M amine solution in
cyclohexane.

Carbon dioxide was the probe molecule used to determine
the basic properties of the catalysts. The gases used in the
CO2 TPD–MS experiments, CO2 and 5% CO2 in argon, were
both supplied by Sociedad Española de Oxı́geno S.A
(>99.999%). Carbon dioxide was quantified by its base (m/z
44) and secondary peaks (m/z 12, 10% abundance). Calibration
was performed by injecting variably size pulses of pure CO2
or 5% CO2 in Ar. Several replicates of each experiment
provided a mean error of 2% in peak areas.

Prior to adsorption of any probe molecule, each catalyst
was cleaned by passing an Ar stream at 110 °C at 50 mL min−1
for 30 min. The solids were then saturated by passing an
amine–N2 or CO2–Ar stream (50 mL min−1) at 25 and 50 °C,
respectively. Subsequently, a pure N2 or Ar stream
(50 mL min−1) was passed at the saturation temperature for
2 h in order to remove any physisorbed molecules. Once a Fig. 1 Thermal analysis of the precursors of MgB-5 catalyst:

(a) Mg(OH)2, (b) H3BO3, (c) gel corresponding to the MgB-5 catalyst.stable baseline was obtained, chemisorbed amine or CO2 was
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Table 1 Textural properties of the MgB-x catalysts: specific surface
area, SBET, mean pore volume, Vp and mean pore radius, rp

Catalyst B/Mg SBET/m2 g−1 Vp/cm3 g−1 rp/Å

MgB-0 0 63 0.33 213
MgB-1 0.01 45 0.26 198
MgB-5 0.04 32 0.15 176
MgB-10 0.10 18 0.05 119

Brunauer, Emmett and Teller classification,32 associated to
mesoporous solids. Table 1 shows the specific surface area
(SBET), pore volume (VP) and mean pore radius (rP) obtained
from such isotherms. The most important feature in this table
is that the surface area decreases as the amount of boric acid
increases in the final solid (63 m2 g−1 for the MgB-0 and
18 m2 g−1 for the MgB-10). There is also a substantial loss of
pore volume.

X-Ray diffraction

Fig. 2 shows the X-ray diffraction patterns for the solids
studied in this work. They are similar and exhibit three
characteristic peaks for periclase variety of MgO at d=2.44,
2.11 and 1.49 nm (2h=36.7, 42.8 and 62.2°, respectively).5
Curtin et al.25 describe the appearance of bands corresponding
to B2O3 in mixed systems at 2h=14.2 and 27.6. Those bands
are absent in our systems, leading to the conclusion that the Fig. 3 DRIFT of the MgB-x catalysts: (a) MgB-0, (b) MgB-1,
structure of our solids is a periclase MgO network with boron (c) MgB-5, (d) MgB-10.
atoms forming part of the structure in a trigonal or tetragonal
environment. Similar models were proposed by other authors 2000 cm−1 . The bands appearing between 4000 and 3000 cm−1
for mixed systems in wich boron oxide is not the main are associated with hydroxy group stretching. Kirlin et al.36
component, such as Al2O3–B2O320,24,35 and TiO2–B2O3.22 established the existence of eight different bands in this region,

due to different kinds of OH groups found on the magnesium
Diffuse reflectance IR spectroscopic experiments (DRIFT) oxide surface. López et al.5 assigned the narrow band at

3745 cm−1 to OH groups not forming hydrogen bonds. TheyFig. 3 shows the DRIFT profiles obtained for the solids studied
proved that even after calcination at temperatures abovein this work. Such profiles present bands in two spectral
900 °C some hydroxy groups from Mg(OH)2 are still present.regions, between 4000 and 3000 cm−1 as well as below
The broad band between 3640 and 3500 cm−1 , is assigned to
OH groups forming weak hydrogen bonds, in a previous state
of dehydration.

As far as the region below 2000 cm−1 is concerned, two
type of bands can be distinguished; those appearing in all
solids and those present only in boron containing systems.
Thus the 1700–1400 cm−1 region includes bands corresponding
to O–H and Mg–O stretching,37–38 that appear in all four
catalysts. Moreover, all systems present a broad band below
1000 cm−1 , assigned to Mg–O bending. However, the band at
1256 cm−1 appears only in boron containing systems. Mazza
et al.35 studied the active bands in Raman and IR spectroscopy
corresponding to borate ions in trigonal and tetragonal
environments. As far as the IR absorption is concerned, the
borate ions in trigonal environment present three bands, the
most important appearing at around 1300 cm−1 , assigned to
B–O asymmetric stretching, and present if the borate has
calcite type structure disappearing when the structure is ara-
gonite. By contrast tetragonal borate species give two active
bands in the IR in the spectral region 1200–1100 cm−1 .
According to Ramirez et al.,19 all those bands suffer a shift to
lower frequencies when boron atoms are neighbours of other
atoms in mixed systems (aluminium, titanium, silicon, etc.).

Bearing in mind the above comments, it can be concluded
that the IR band at 1265 cm−1 could be assigned to B–O
assymetric stretching of boron atoms in a trigonal environ-
ment, shifted to lower frequencies by the neighbouring mag-
nesium atoms (1300 cm−1 for isolated trigonal borate ions).

11B MAS NMR

11B MAS NMR spectra of MgB-x mixed oxides (Fig. 4) allowFig. 2 XRD of the MgB-x catalysts: (a) MgB-0, (b) MgB-1, (c) MgB-
5, (d) MgB-10. confirmation of the coordination of boron atoms (trigonal or
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Fig. 5 PY (continuous line) and DMPY (discontinuous line)
TPD–MS profiles of the MgB-x catalysts: (a) MgB-0, (b) MgB-1,
(c) MgB-5, (d) MgB-10.

Fig. 4 11B MAS NMR of the MgB-x catalysts: (a) MgB-0, (b) MgB-
1, (c) MgB-5, (d) MgB-10.

Table 2 Acid–base titration of the MgB-x catalysts by TPD-MS of
preadsorbed probe molecules (PY for total acidity, DMPY for
Brönsted acidity and CO2 for total basicity). rt=basicity/acidity

tetragonal ) in our catalysts. Peil et al.39 established that for
tetragonal borate species the spectra obtained are rather Acid sites density Basic sites density
symmetrical. By contrast, for a trigonal environment, a broad

Catalyst PY/mmol m−2 Lewis (%) PY/mmol m−2 CO2/rtband including a doublet is obtained. The asymmetric spectra
corresponding to our solids (Fig. 4) indicate clearly that boron

MgB-0 0.5 14 4.7 8.7atoms are located in the magnesium network in a trigonal
MgB-1 0.7 15 4.6 6.9

environment, in agreement with the conclusions obtained from MgB-5 1.1 22 4.4 4.0
DRIFT experiments. MgB-10 2.0 26 4.2 2.1

Temperature-programmed desorption–mass spectrometry
(TPD–MS) experiments

The characterization of solids catalyst from probe molecules of acidity, mainly in Lewis acid sites, although of lower
strength.TPD–MS experiments allows us to determine not only the

number of active sites but also their strength. Thus the probe The modification of the basic properties as the amount of
boron increases can be seen from two different viewpoints.molecules used were pyridine (PY ) to measure the total

(Brönsted and Lewis) acidity, 2,6-dimethylpyridine (DMPY ) First, from Table 2 it is clear that basicity suffers a slight but
significant decrease on passing from MgB-0 to MgB-10. Onto determine Brönsted acidity and carbon dioxide to obtain

total basicity. the other hand, the strength distribution clearly changes as
the boron content increases (Fig. 6). Thus, MgB-0 exhibitsFig. 5 presents the PY and DMPY TPD-MS profiles while

Fig. 6 shows the CO2 TPD–MS profiles obtained for the MgB- three different kind of basic sites whose desorption maxima
are at 208, 341 and 577 °C. These peaks become less clearx mixed systems. Table 2 collects the numeric values of

Bronsted and Lewis acidity and basicity arising from such until an single, rather broad peak appearing in MgB-10 solid
(apex at 298 °C). As results, a decrease in the basic strengthexperiments. In general, as the amount of boron increases the

acid sites density notably increases while the basic sites density of the basic sites is detected as the boron content increases.
The overall change in acid–base properties as the amountshows a small decrease. Colorio et al.,20 working with mixed

oxides, being B2O3 minority (Al2O3–B2O3 , LiO2–B2O3 , etc.), of boron increases can be visualized by the factor rt, the ratio
between basic and acid sites density. Thus, while the MgB-0found similar variation in acid–base properties of such systems.

As far as the acid sites are concerned, the surface density of (non-boron containing solid) is a mainly basic catalyst (rt=
8.7) the MgB-10, although still basic, has more equilibratedacid sites in MgB-10 is four times higher than in MgB-0.

Moreover the ratio Lewis/Brönsted acid sites increases as with acid and basic properties (rt=2.1). This is crucial for some
organic reactions that require pairs of acid–base sites to occur,increased boron content, going from 14% in MgB-0 to 26% in

MgB-10 (Table 2). On the other hand, a redistribution of acid such as cyclohexane dehydrogenation, n-hexane cyclization22
or the selective synthesis of but-2-ene from ethanol.24strength occurs, since the strength of Lewis acid sites decreases

with increasing amount of boron in the catalyst, as indicated Those results allow us, by changing the amount of boron
on the catalyst, to prepare the optimum catalyst, as far as theby the shift to lower temperatures of the PY desorption peak,

corresponding to Lewis sites (those appearing at 197 °C in textural and acid–base properties is concerned, for a given
organic reaction.22MgB-0 solid, Fig. 5). Therefore, the overall effect is an increase
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Fig. 6 CO2 TPD-MS profiles of the MgB-x catalysts: (a) MgB-0,
(b) MgB-1, (c) MgB-5, (d) MgB-10.

Propan-2-ol transformation over MgB-x mixed oxides

Both dehydrogenation and dehydration of the alcohol were
found to follow first-order kinetic behaviour as described by
the Basset–Habgood equation,40

ln [1/(1−x)]=kK(W/F )RT

where k (s−1) is the kinetic constant, K is the adsorption
constant on the catalyst surface (mol atm−1 g−1), W is the

Fig. 7 Overall pseudokinetic constant (a) and selectivity to thecatalyst weight (g), F is the reactant flow-rate (mL s−1), and
dehydrogenation (b) on the propan-2-ol conversion over the MgB-xx is the conversion [(mol%)/100]. This equation allowed us to
catalysts: (+) MgB-0, ($) MgB-1, (,) MgB-5, (2) MgB-10.obtain the product kK (the so-called pseudo-kinetic constant)

for both processes (dehydration and dehydrogenation), at each
temperature tested. The activation energies (Ea) and pre- mechanism would give us valuable information on this change
exponential factor ( ln A) were derived from the Arrhenius of selectivity. From a general point of view, three different
equation. elimination mechanisms can be proposed, E1, E1cB and E2.

Table 3 shows the overall conversion X, pseudo-kinetic E1 is a mechanism that takes place by steps on acid solids
constants kK and specific pseudokinetic constants kKesp for leading exclusively to dehydration (propene). The E1cB mech-
the propan-2-ol transformation process over the MgB-x mixed anism occurs on basic solids and accounts for both dehydration
oxides at a reaction temperature of 350 °C. and dehydrogenation processes. Finally, the E2 mechanism is

It is clear from Table 3 that the catalytic activity decreases a concerted process that takes place on amphoteric solids,
as the amount of boron increases in the solid. However, since those having similar number of acidic and basic sites, and
the specific surface area also decreases with the boron content, accounts for the dehydration process.41,42 In previous work, a
the more appropriate parameter to compare activities is the detailed study of those mechanisms was carried out on different
specific pseudo-kinetic constant (kKesp) in which the decrease oxides.7 Following this work, the reaction mechanism that
in surface area is compensated for. takes place on our mainly basic solids would be E1cB. Fig. 8

Propan-2-ol reacts to give acetone and propene and no shows the reaction mechanism proposed leading to dehydro-
diisopropyl ether was detected in any experiment. Fig. 7 shows genation and dehydration. The first step is the interaction of
how the overall pseudokinetic constant and selectivity to the the alcohol with a basic site (O2−), together with the loss of
dehydrogenation [defined as Sacetone=(Xacetone/Xtotal )×100] a proton, either from the ß-carbon by forming an adsorbed
change with the reaction temperature. The most important carbanion 1 or from the hydroxy group by forming an
feature is the increase in the selectivity to dehydrogenation as adsorbed alkoxide 2. The second step would lead to a nega-
the amount of boron increases in the catalysts. The reaction tively charged species as a leaving group. Following the

adsorbed species 1, the leaving group would be OH− , leading
Table 3 Propan-2-ol conversion over MgB-x catalysts at 350 °C (X, to propene (dehydration), while from 2 the leaving group
molar conversion; kK, pseudo-kinetic constant, kKesp, specific pseudo- would be H− from the carbon attached to the hydroxy group,
kinetic constant) leading to acetone (dehydrogenation). In this sense, Tamaru

and other workers43,44 proved that, working with deuterated105 kK/ 106 kKesp/ propan-2-ol, the preceding step to the formation of acetone isCatalyst B/Mg X(%) mol atm−1 g−1 s−1 mol atm−1 s−1 m2
the abstraction of hydride ion. Therefore, the selectivity of the

MgB-0 0 9.4 11.6 213.7 propan-2-ol process over MgB-x mixed systems depends on
MgB-1 0.01 6.3 6.6 198.4 the relative populations of the intermediate adsorbed species
MgB-5 0.04 2.9 3.4 176.7 (1 or 2) formed on the catalytic surface. If the main speciesMgB-10 0.10 1.5 1.8 119.5

formed is 1, the process would lead to dehydration whereas if
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Fig. 9 TPD–MS profiles corresponding to propan-2-ol desorption
over the MgB-x catalysts: (a) MgB-0, (b) MgB-1, (c) MgB-5, (d)
MgB-10.

Table 4 Activation parametres (preexponential factor, ln A and
activation energy, Ea) in propan-2-ol conversion (dehydration–
dehydrogenation competitive process) over MgB-x catalysts

Dehydration Dehydrogenation

Catalyst ln A Ea/kJ mol−1 ln A Ea/kJ mol−1
MgB-0 7.0 86.1 13.0 121.7Fig. 8 Propan-2-ol conversion following an E1cB mechanism for the
MgB-1 8.6 114.2 8.7 100.7dehydration (a) and dehydrogenation (b) processes.
MgB-5 10.2 117.1 7.5 94.6
MgB-10 16.6 140.1 5.1 82.0

the species formed is 2, the dehydrogenation product would
be obtained. Since the alcoholic hydrogen of propan-2-ol is
more acidic than those of methyl, the step corresponding to and confirms that the adsorption of propan-2-ol on the catalyst

surface changes from 1 to 2.the proton abstraction to form species 1 or 2 would depend
on the strength of the catalytic basic sites. Over strong basic Application of the Arrhenius equation to the kinetic data

of Fig. 7 allows the pre-exponential factor and activationsites both types of protons can be abstracted out leading to
both species in Fig. 8 and therefore both dehydration and energy for the two competing processes (dehydration and

dehydrogenation) on each catalyst to be calculated (seedehydrogenation processes would take place to a similar
extent. On the other hand, only the more acidic proton (the Table 4). Interestingly, the activation energy for the dehy-

dration process increases along the catalyst sequence whereasalcoholic one) would be abstracted by weak basic sites, leading
to the dehydrogenation product with high selectivity. that for the dehydrogenation process exhibits the opposite

trend. If the rate-determining step in the transformation ofFollowing this, the increase in the dehydrogenation selectivity
in our MgB-x catalysts with the boron loading is in accord propan-2-ol on the solids via an E1cB mechanism is assumed

to be the uptake of a proton to form an adsorbed specieswith the decrease in the strength of the basic sites of those
solids. (Fig. 8), then this will differ for the two processes, with that

giving the lower activation energy being more favoured. AsExperiments involving the adsorption of propan-2-ol on the
catalyst surface and its subsequent desorption (TPD–MS noted earlier, the presence of boron in the MgB-x catalysts

decreases the activation energy for the dehydrogenation;profiles) can help to determine the mechanism for the competi-
tive dehydration and dehydrogenation processes. Fig. 9 shows consequently, this process will be favoured over dehydration.
the TPD–MS profiles for propan-2-ol preadsorbed on the
MgB-x catalysts. One must bear in mind that the alkoxide Conclusions
form 2 which leads to the dehydrogenation product interacts
more strongly with the catalyst surface than does the car- Doping magnesium oxides with boron (by using magnesium

hydroxide and boric acid as precursors) introduces a verybanionic form 1 which yields the dehydration product because
the O–Mg interaction is stronger than the C–Mg. Therefore, interesting change in the textural and acid–base properties of

MgO. In principle, increasing amounts of boron decrease thewhen the TPD for previously adsorbed propan-2-ol is recorded,
form 2 will be desorbed at higher temperatures than 1. This specific surface area of the resulting solid, which is about 30%

in MgB-10; in any case, all the solids can be classified asis clearly reflected in the profiles of Fig. 9 from solid MgB–0
(no boron) to MgB-10 (10% boron in the synthetic procedure) mesoporous. Consequently, an excess of boron atoms dramati-
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27 M. A. Aramendı́a, V. Borau, C. Jiménez, J. M. Marinas, A. Porrasdehydrogenation in the E1cB mechanism (typical of essentially

and F. J. Urbano, Rapid Commun. Mass Spectrom., 1994, 8, 599.basic catalysts such as magnesium oxides). 28 M. A. Aramendı́a, V. Borau, C. Jiménez, F. Lafont,
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