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Abstract

Pt/C catalysts were prepared on oxidized activated carbons. Different oxidation treatments were used both in liquid and
gas phase using HNand 5% Q/N3 as the respective oxidizing agents. Thus, different surface chemical properties were
achieved. The enantioselective hydrogenation of methyl pyruvate wjtbifichonidine as modifier revealed that the catalytic
activity is dependent on the concentration of the surface oxygen remaining after activation as measured by XPS. Itis suggested
thatitis a result of the increase in the carbon hydrophilicity that would enable the reactants to go through the catalyst. Itis also
suggested that the active sites created by the decomposition of the functional groups would allow hydrogen chemisorption
and, therefore, the€D polarization via hydrogen bond interaction. The chemical nature of the surface functional groups did
not seem to influence either the catalytic activity or enantioselectivity. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction tional catalysts in the presence of a chiral compound
can drive, in some cases, the reaction for the formation
A wide range of products, such as pharmaceuticals of a preferential enantiomer. Unfortunately, however,
and agrochemicals, can be listed as examples of com-the use of modified heterogeneous catalysts is effec-
pounds whose biological activity is strongly attached tive only over a few systems, Ni/tartrageketoesters
to their configuration, i.e., to a specific enantiomer. and Pt/cinchona-ketoesters hydrogenation.
The most significant studies focused on the develop- Regarding thex-ketoesters hydrogenation, most of
ment of suitable catalysts for chiral compounds pro- the reports have been focusing on the mechanistic as-
duction were published over the last few years [1-8]. pects of substrate-modifier interaction [1-3,5,9-11]
Biocatalysts have drawn much attention as they lead even though some studies related to the preparation
to high enantioselectivities. The use of heterogeneous of Pt/Al203 and the effects of their textural and bulk
catalysts, on the other hand, is still limited. Conven- structural properties on activity and enantioselectivity
have also been reported [6,7]. Nevertheless, there is a

_— lack of discussion on the nature of the other supports,
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Carbon-supported catalysts have drawn attention as5. C6 was obtained by removing the oxygen surface
it is possible to tailor the physical and surface chem- groups of C5 under pflow at 1273 K. The sample
ical properties of the carbons. Indeed, the surface  was cooled immediately after reaching such tem-
chemistry of such supports is widely studied and pub-  perature.
lished in the literature [12—-14] and it is well known . )
that the nature of the functional groups on the carbon ~ The supports were characterized for their texture
surface can strongly affect the physical and chemical @nd surface chemistry properties by nitrogen adsorp-
characteristics of a catalyst. Despite such knowledge, tion and temperature-programmed decomposition
the features of carbon-supported catalysts and their (TPD) and X-ray photoelectron spectroscopy (XPS),
influence on enantioselective reactions are hardly respectively.
described in the literature. Recently, some carbon The nitrogen adsorption isotherms were obtained
support effect was investigated in the enantioselec- at 77K in a Coulter Omnisorp 100CX equipment.
tive hydrogenation of a €C double bond over Pd  The mesopore areasi{e) were determined by the
catalysts [8]. t—method using the stangard isotherm for carboq ma-
In this work, the studies were focused on liquid terials proposed in the literature [16], and the micro-
phase hydrogenation of methyl pyruvate on different Pore volumes\o) were calculated by the Dubinin—

activated carbon supported platinum catalysts. Enan- Radushkevich equation. o
tioselectivity was induced using—{-cinchonidine The surface functional groups were qualitatively

as a modifier. This pair substrate/modifier is by far a@nd quantitatively determined in an apparatus de-
the most studied system in the literature and enan- Scribed elsewhere [17]. A SPECTRAMASS Dataquad
tioselectivity as high as 95% has been reported over duadrupole mass spectrometer was used to monitor
Pt/Al,03 [4]. Hence, this particular reaction has been the evolution of CO and CPproceeding from the
pointed out as the most suitable one to investigate the decomposition of the surface groups. The temperature
factors that affect the enantiodifferentiation process Was raised linearly up to 1373K at 5K/min under a

[15]. The aim of this work is to describe and dis-

cuss the influence of the chemical surface properties

helium flow (25 ml/min).
The oxygen surface groups were also analyzed by

of activated carbons used as support on the catalystXPS in a VG Scientific ESCALAB 200A spectro-

performance.

2. Experimental
2.1. Supports

The following supports were used for the prepara-
tion of platinum catalysts:

1. acommercial activated carbon (ROW 0.8 s NORIT)
after being extensively washed with hydrochloric
acid 2 M and subsequently with distilled water until
constant pH (C1),

2. supports C2 and C3 resulting from an oxidation
treatment of C1 with nitric acid 5M in soxhlet for
3 and 6 h, respectively,

3. C4 obtained by adding C1 to a nitric acid 5M so-
lution and keeping the mixture at boiling tempera-
ture for 6 h,

. C5 was prepared by oxidizing C1 with 5%/
at 723K for 10 h;

meter using a non-monochromatized Mg Kadia-
tion (1253.6 eV). Quantification was carried out using
the O 1s sensitivity factor (2.850) [18]. The high-
resolution spectra for O 1s were evaluated by decon-
voluting the peaks using mixed Lorentzian—Gaussian
functions. The distinct surface groups were identified
according to the different oxygen binding energies as
stated in the literature [19,20]. The groups and their
corresponding binding energy are shown in Fig. 1. The
width at half-height was fixed at 2.0 eV, and the peak
center was allowed to vary withit0.2 eV.

2.2. Catalysts

The catalysts were prepared by impregnation using
aqueous solution of hydrated hexachloroplatinic acid
as the metal precursor. After 12 h, the excess solvent
was removed by filtration and the catalysts were dried
overnight at 383K. The metal content is expected
to be different as the carbon surface was chemically
modified disturbing their adsorption capacity. The
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Fig. 1. Oxygen atoms in the carbon functional groups and their corresponding binding energy: group (1), 531.1eV; group (2), 532.3¢eV,
group (3), 533.3eV; group (4), 534.2¢eV.

catalysts are named according to their parent support, (—)-cinchonidine as a chiral modifier. The reaction

e.g. Pt/C1.

The platinum load was determined by UV-Vis
spectroscopyA = 2618 nm) after burning away the
support and dissolving the ash in aqua regia.

scheme is presented in Fig. 2.

Reactions were carried out in the same semibatch
reactor currently used in our studies on selective hy-
drogenation [21-23]. The hydrogenations were carried

The platinum surface area was calculated by hydro- out in ethanol at 313 K and 1 MPa with continuous ad-
gen chemisorption at 308 K, assuming the stoichiom- dition of hydrogen. The experiments were conducted
etry H:Pt=1. The measurements were carried outin a at 1400 rpm as it was seen to prevent hydrogen mass
Micromeritics ASAP 2000 equipment after an in situ transfer and ensure kinetic control.
reduction treatment under hydrogen at 673K for 5 h. Before reaction, the catalysts were submitted to the

The concentration of surface oxygen remaining same reduction treatment used before the hydrogen
after such reduction treatment was also investigated chemisorption measurements, i.e., under a hydrogen
by XPS and is given as O/C ratio. flow at 673K for 5h, and then transferred to the re-
actor. Next, the catalyst (0.1g) was conditioned in
situ for 1 h at 333K and the final hydrogen pressure
(1 MPa). The reactor was then cooled to the reaction

The catalysts performance were evaluated in the temperature and 2 ml of methyl pyruvate and 50 mg
liquid phase hydrogenation of methyl pyruvate using of (—)-cinchonidine were injected after starting the

2.3. Enantioselective hydrogenation

Fig. 2. Reaction scheme.
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reaction. Both substrate and modifier were purchasedthermal treatment efficiently removed the functional
from Aldrich. groups although their texture remained unchanged.
Samples were taken periodically and analyzed by = Comparing these spectra with the data available in
gas chromatography. Enantioselectivity was evaluated the literature [17], one may identify the first G&ype
by the enantiomeric excess iR)(methyl lactate. The  group (<800 K) as carboxylic acid and the higher tem-
initial reaction rate was derived from the pressure drop perature CQ@ peak (800-1000 K) as carboxylic anhy-
in relation to time; it is given as reactant uptake per drides and lactones.
second per platinum surface argar(ols 1 m—2). The surface groups that originate CO in the TPD
have been identified as weakly acidic functional
groups such as phenols, carbonyls and quinones [17].
3. Results and discussion The CO spectra are exhibited in Fig. 3b. Although
all carbons released CO upon heating, it can be
Table 1 collects the data obtained from the car- noticed that such groups are preferentially created
bons nitrogen adsorption isotherms. It can be seen thatby the gas phase oxidation treatment. This trend is
all of them present similar textural properties, spe- clearly illustrated by the values of CO/G@atio ob-
cially those oxidized in the liquid phase with HNO  tained for the supports (Table 1), which decreases
(C1-C4). The mesopore area and micropore volume from C1 to C4 while a dramatic increase can be ob-
are affected when the support is treated with(O5). served for C5. The ratio obtained for C6 is consistent
These changes are a consequence of the weight lossvith the one from non-oxidized carbon C1 and evi-
during oxidation with Q@ expressed as burn-off that, dences the removal of the surface groups. Table 1 also
in this study, reached 13%. Exposing the carbon C5 at lists the amounts of CO and G@volved from each
1273 K (leading to carbon C6) does not further affect support.
the support texture. The use of XPS to characterize surface groups in
Regarding the surface chemistry, it is well known carbon-based materials, especially of carbon fibers,
that different oxidation treatments lead to distinct has increased rapidly. The evaluation of oxygen sur-
oxygen surface groups [13,14,17]. The spectra dis- face groups is based on the deconvolution of the
played in Fig. 3a show that the liquid phase treatment high-resolution spectra for O 1s according to the dif-
(C2—-C4) creates surface oxygen groups, which de- ferent oxygen binding energies as schematically rep-
composes as COat low temperatures (between 400 resented in Fig. 1. Table 2 shows the oxygen atomic
and 800 K). It must be stressed, however, that a small surface content for all supports. The oxygen surface
amount of CQ in this temperature range is already content of the supports oxidized in the liquid phase
detected with the starting material C1, which can increases with the severity of the oxidation. The ab-
be attributed to the oxygen adsorption from air dur- sence of oxygen in the C5 sample at 534.2 eV, energy
ing storage [24,25]. A peak at higher temperatures associated with carboxylic acid group, is in agreement
(~900K) can be seen in the G@pectrum of C5 and  with the results obtained by TPD and with the postu-
corresponds to more stable oxygen surface groups.late that such group is not stable at the temperature
The spectra of supports C5 and C6 reveal that the used in the gas phase oxidative treatment.

Table 1

Textural and surface chemical properties of the carbons

Carbon Oxidation treatment Sme (M2/g) Vo (cmP/g) CO (mmol/g/s) CQ@ (mmol/g/s) Co/CQ

C1 Commercial carbon 122 0.441 0.570 0.126 4.52
c2 5M HNG; in soxhlet for 3h 128 0.448 1.082 0.380 2.85
C3 5M HNG;s in soxhlet for 6h 125 0.454 2.253 1.099 2.05
c4 5M HNG; for 6h 116 0.405 4.292 2.576 1.67

C5 5% /Ny at 723K for 10h 143 0.580 3.036 0.248 12.24

C6 C5 exposed at 1273 K undep N 140 0.593 0.520 0.099 5.25




Table 2

M.A. Fraga et al./Journal of Molecular Catalysis A: Chemical 179 (2002) 243-251 247

1.0

-1 -1
CO, (umol.g .s")

=]
N}
T

e
(o))
T

o
~
T

‘é\

0.0

(a)

600 800

1000 1200 1400
T (K)

1.2

© o o =
IS oy % o

CO (umol.g'l.s'])

o
o

0.04

(b)

600 800

T (K)

Fig. 3. TPD spectra of: (a) COand (b) CO evolved from the carbons.

Oxygen surface composition of the supports

Support  Oxygen surface composition (%)
531.1 (eV) 532.3 (eV) 533.3(eV) 534.2(eV)

C1 1.263 2.852 2.019 1.537

Cc2 2.063 3.928 3.067 1.969

C3 2.567 5.010 4.108 2.608

C4 3.034 7.471 6.771 3.972

C5 2.830 2.777 3.717 -

C6 0.723 1.949 1.182 0.884

The nature and the concentration of surface groups
on the supports are expected to influence the adsorp-
tion process of the noble metal precursor ions dur-
ing impregnation. Accordingly, the results displayed
in Table 3 reveal that the more oxidized is the support,
the lower is the metal content of the catalyst after im-
pregnation. It was also found that the oxygen surface
groups have a negative effect on dispersion translated
in Table 3 as the platinum surface area.

The catalysts performances were evaluated in
terms of activity and enantioselectivity, which are
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presented and compared in Figs. 4 and 5, respec-

Differences in the catalysts behavior can be clearly
seen, especially in the catalytic activity that is par-
ticularly affected. Enantioselectivity, on the other
hand, is revealed to be independent of the catalysts
features and is around 30% for all systems. Such
performances should be analyzed based on the type
and extension of the oxidizing treatment applied

248
Table 3
Catalysts characteristics and their catalytic performance tively.
Catalyst Pt (%) Spt (m?/g)  ro (wmolisinf)  ee (%)
Pt/C1 5.74 105 0.62 29
Pt/C2 5.46 57 1.34 30
Pt/C3 4.64 27 4.72 31
Pt/C4 2.57 7 9.34 35
Pt/C5 5.84 25 9.05 33
Pt/C6 4.64 62 1.18 34
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Fig. 4. Catalytic activity of Pt/C catalysts in the enantioselective hydrogenation of methyl pyruvate.
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Fig. 5. Enantiomeric excess ifRf-methyl lactate achieved with each catalyst.



M.A. Fraga et al./Journal of Molecular Catalysis A: Chemical 179 (2002) 243-251 249

to the supports as it is the basic difference in the more stable than those created in the liquid phase ox-
samples. idation (C3). Accordingly, the content of surface oxy-
Comparing the activity of the first four samples gen after reduction at 673K is expected to be higher
(Pt/C1-Pt/C4), which were prepared on carbons oxi- for Pt/C5 spectra (Fig. 3). This observation suggests
dized in the liquid phase and which present the same that such surface groups remaining after activation act
textural properties, it can be observed that the more by increasing the carbon hydrophilicity thus enabling
oxidized is the carbon the more active is the parent the reactants to go through the catalyst and improving
catalyst. The oxidation degree may be taken as the to-its activity.
tal amount of CO and C@released by the supports It can be inferred therefore that differences in the
and detected by TPD (Table 1). chemical nature of the surface functional groups do
Conversely, the performance of Pt/C5 is rather not directly influence the catalytic activity. The per-
comparable to the Pt/C4 even though it is less oxi- formance of the catalyst Pt/C6 also provides support-
dized. In fact, Pt/C5 performance should be faced with ing evidences. Its textural properties are the same as
Pt/C3 due to its similar characteristics (Table 1), and the Pt/C5 as their supports were submitted to the same
such results could suggest an influence of the chemi- treatment and reached the same burn-off. Nevertheless,
cal nature of the surface groups. However, it must be the thermal treatment under, Mt 1273 K efficiently
outlined that some functional groups are not stable removed all the functional groups and, therefore, its
at high temperatures as shown by TPD experiments. activity is seen to decrease. Its performance is in close
Decomposition occurs under either inert or reductive agreement with those from the non-oxidized or less
atmosphere though the profiles are slightly different oxidized samples (Pt/C1 and Pt/C2) listed in Table 3.
[26]. Therefore, to avoid a misleading conclusion and  In addition to the increase in hydrophilicity, we
for better evaluation of such an influence, the catalytic can also question the role played by the surface func-
activity must be correlated to the content of surface tional groups in the activation of the methyl pyruvate
oxygen remaining after the reduction step. In this C=O bond. The thermal decomposition of surface
work, the reduced catalysts were analyzed by XPS and groups upon activation creates active sites capable
the surface oxygen content is given by the O/C ratio. of chemisorbing hydrogen following the steps pro-
As shown in Fig. 6, the influence on activity indeed posed for the process of carbon gasification with
seems to be brought about by the remaining oxygen hydrogen to methane formation [27]. In this mecha-
in the carbon surface. Despite the equivalent degree nism, the hydrogen chemisorbed on such active sites
of oxidation achieved over the supports C3 and C5, generates —Cispecies, which are subsequently hy-
the groups formed in the gas phase (C5) are thermally drogenated to —Cldand, lastly, desorbed as methane,

12
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Fig. 6. Correlation between catalytic activity and the surface oxygen concentration on the catalysts after activation procedure.
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allowing the reaction to proceed continuously on the hydrophilicity facilitating the reactants transport.
free sites. The platinum presence on carbon makesA hydrogen bond interaction between the oxygen
hydrogen chemisorption easier as the hydrogen disso-atom from the substrate=® bond and the hydro-
ciatively chemisorbed on the metal may be transferred gen species chemisorbed on the support is also sug-
to the support via spillover mechanism. It can then gested to be responsible for the catalysts activity.
react with the active sites generated by decomposi- The chemisorbed hydrogen species are located on the
tion [24,28]. Such hydrogen species present on the active sites created after the thermal decomposition
support and near the metallic sites can polarize the of the surface groups. Enantioselectivity did not seem
substrate carbonyl group through hydrogen bond in- to be affected either by the surface content or by the
teraction with the oxygen atom from the=O bond. chemical nature of the functional groups.
This interaction would weaken the carbonyl bond
and facilitate the hydrogenation. According to this
mechanism, we can expect that the higher the surfaceAcknowledgements
groups concentration, the higher will be the forma-
tion of active sites for hydrogen chemisorption onthe  The authors are indebted to Profs. J.L. Figueiredo
support and, therefore, the higher will be the catalytic and J.I.P. Martins from Universidade do Porto, Por-
activity. The results obtained in this work indeed fol- tugal, for their assistance in the preparation of the
low such a trend. This €0 polarization mechanism  catalysts. They also thank Dr. C.M. Sa from Centro de
has been accepted to explain the increase in selec-Materiais da Universidade do Porto (CEMUP) for the
tivity towards unsaturated alcohols in the hydrogena- XPS analyses and Dr. S.C. Castro from Laboratério
tion of a,B-unsaturated aldehydes over monometallic de Supeiities do Instituto de Bica/lUNICAMP for
catalysts supported on carbon [12]. carrying out complementary XPS measurements. This
Regarding enantioselectivity, one could expect work was carried out with financial support from
some support effect, especially from carbon char- CNPg and CAPES (Brazil). Norit N.V., Amersfoort,
acterized by the presence of surface groups such asthe Netherlands is acknowledged for kindly supplying
lactones, quinones and carbonyls. The interaction be-the activated carbon.
tween the substrate carbonyl group and the nitrogen
atom in modifier quinuclidine ring could be somewhat
disturbed by the competing surface carbonyl groups.
Such a behavior was indeed observed by Farkas et al. o ] _
[8] for Pd based catalysts used irFC asymmetric [1] i\'";blMg;gtflaIX'E‘lT(‘;'ggb)E'ﬂT;'rSt‘ C.V. Kumar, A. Gergely,
hydrogenation. Nevertheless, in this work we could 5] R, Augustine, S.K. Tanielyan, J. Mol. Catal. A 112 (1996)
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