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The molecular structure and oxidation state of the chromium oxide on MgO ok, ligjla function of Cr
loading were determined by XRD, Raman spectroscopy, and XPS. The effects of preparation method and
the acidity of support were investigated. The Raman study on a series of chromium oxide supported on
MgO prepared by an impregnation method showed that the chromium oxide was present as polychromate
independent of Cr loading due to high acidity of the preparation solution. In samples prepared by a precipitation
method, the chromium oxide was present as monochromate at 5% Cr loading, as dichromate at 10% Cr
loading, and as mono- and polychromate at 20% Cr loading due to a larger surface area of the support prepared
by this method. The chromium in Cg®gF, was present as polychromate and monochromate for impregnated
and precipitated samples, respectively. The oxidation state of Cr(VI) on MgO is maintained independent of
Cr loadings. When the 10 wt % Cr/MgO was calcined at B0OMgCr,O4 and CgOz; were formed. Preferred
formation of MgCpO, was observed for the precipitated sample due to its larger surface area compared to
that of the impregnated sample.

Introduction pregnation method was compared with a precipitation method
in this respect. In contrast to MgO, MghRas a strong acidic
property. Thus, the chromium structure may be different in
two supports. On the basis of XRD, Raman, and XPS, we
attempted to determine the chromium structure and the oxidation
state of supported chromium oxide.

The behavior of chromium oxides supported on metal oxides
has been extensively studied, due to their activity in several
catalytic processes of polymerization, isomerization, dehydro-
genation, aromatization, and oxidation. The identification of
the molecular structure of surface Cr species have been
accomplished on ADs, SIO,, ZrO,, and TiQ. These materials
have been extensively characterized by different spectroscopic
techniques: Raman spectroscdp diffuse reflectance spetros- Sample Preparation Two series of CrgMgO samples
copy (DRS)2-20 |R spectroscop$l?2 electron paramagnetic ~ were prepared: one by impregnation and the other by precipita-
resonance (EPRJ; 26 and X-ray photoelectron spectroscopy tion—deposition. Impregnated samples were obtained by pore-
(XPS)27-30 There is now a general consensus that different filling impregnation of a MgO powder (Alfa, surface area 10
oxidation states of Cr can be present depending on the m?g) with an aqueous solution of Cr(Nj&-9H,O (Aldrich).
pretreatment conditions and that the dispersion of Cr is a The MgO support was checked by XPS for the potential
function of support type/composition, pretreatment condition, presence of basic impurities such as Ca, Na, K, etc., and none
and chromium oxide loading. At low values of Cr loading, the was found. Following impregnation, the samples were dried
oxidation state is predominantly Cr(VI) after calcination in air in air at 110°C for 12 h and calcined at 400, 600, or 800
at 773 K, whereas the Cr(lll) phase appears in catalysts of higherfor 4 h. The Cr content of 1, 5, 10, or 20% was employed.
chromium content. The behavior of chromium oxide supported ~ Precipitation was accomplished from an aqueous solution of
on MgO or Mgk has not been discussed in the literature. Cr(NOs)s*9H,O of a known concentration onto suspended
Although the MgO support has a basic character, CrOx/MgO particles of MgO (10 r#g). The resulting precipitated slurry
catalysts have been used in catalytic reactions such as thewas aged for 10 h in the same stirring vessel to complete the
synthesis of 2,6-dimethylphenol from methanol and cyclohex- precipitation. It was then filtered and washed several times with
anol3! MgF, has also drawn attention as a support due to the distilled water and dried in an oven at 110 for 12 h and then
fact that, when it was used as a support for transition metal calcined at 400, 600, or 80 for 4 h. The loading of Cr was
oxides, it generates new aeitbase and redox active sites useful 5, 10, or 20 wt %.
for the reactions of 2-propanol decomposition, butene double- CrOy/MgF, samples were also prepared by the pore-filling
bond isomerization, cumene cracking, dehydrogenation of impregnation and precipitation methods. For the precipitation
cyclohexane, and decomposition of methyl alcoRol. method, Mgk and an aqueous solution of Cr(§@9H,0O were

The aim of this work is to characterize the chromium oxide introduced into a stirred vessel, and an aqueous solution of
supported on MgO or MgE The influences of the Cr loading ammonia was slowly added to the vessel. The final pH was
and calcination temperature were studied on the structure ofset equal to 8.0, and the precipitated slurry was kept stirred so
chromium(VI1) oxide supported on MgO. A pore-filling im- as to complete the precipitation. It was filtered and washed

several times with distilled water and dried in an oven at 110

*To whom all correspondence should be addressed. °C for 12 h and then calcined at 40C for 4 h. The Mgk
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Figure 1. XRD patterns of Cr@MgO prepared by the impregnation

method, calcined at 40TC, as a function Cr loading.

support (182.9 #ig) was prepared from a reaction between
MgO and an HF solution. All loadings are expressed in weight
percent Cr.

Techniques X-ray diffraction measurements were performed
using a Rigaku DMAX-B diffractometer with Cudradiation.

The scan rate was°4min~! and the range of scan 2 was
10-90°. The specific surface area was determined by the N
BET method on a constant volume adsorption apparatus.

XPS measurements were performed on a Perkin-Elmer PHI
5400 ESCA spectrometer with monochromatic Mg Kadiation
and a pass energy of 80 eV. Binding energies were corrected
for surface charge by referencing them to the energy of C 1s
peak at 284.6 eV.

Raman spectra were recorded from powdered sample presse
into self-supporting wafers. The spectra were obtained in the
18C configuration on a 532-RENS-A01 model, using the 514.5
nm radiation of argon ion gas as the excitation source. The

laser power at the sample wafers was 4 mW, and the spectral

resolution was 34 cnT®. The scattered radiation was detected
by Wright instruments with an intensified photodiode array
cooled thermoelectrically t&-30 °C. The Raman spectra were

recorded using an OMA Il dedicated computer and software.

All Raman spectra were obtained at room temperature and under

ambient conditions.

Results

CrO3/MgO Prepared by Impregnation. The results of
XRD analyses for CrgqMgO (calcination at 400°C) with
different Cr loadings are shown in Figure 1. The samples loaded
with 1 and 5 wt % Cr showed only peaks of MgO, indicating
a high dispersion of chromia. Above 10 wt % of Cr loading,
several new peaks appeared that could be assigneds;@g Cr
and o-MgCrO;y structures. As the Cr loading increased from
10 to 20 wt %, the intensity of GDg peaks increased. The
formation of a-MgCrQ, structure indicates that a solid-state
reaction has occurred between Cr and the support at’@00

Figure 2 shows the effect of the calcination temperature on
the structure of chromium supported on MgO. The sample
containing 10 wt % Cr was calcined at 400, 600, or 8G0for
4 h. There was no difference in the XRD pattern between
samples calcined at 400 and 6@0 However, the XRD pattern
of the sample heated at 80C showed new peaks, indicating
the formation of MgCsO, structure. MgCiOy is known to be
prepared by firing MgO and @D; at 1200°C for 50 h2° Thus,
the chromium oxide structure on the MgO support remains the
same at calcination temperatures of 400 and 800 When
the sample is calcined at 80C, however, the chromium oxide
is transformed to MgG0Osa.

The Raman spectra of a series of chromium oxide on MgO
are presented in Figure 3 as a function of the chromium oxide
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Figure 2. XRD patterns of Cr@MgO prepared by the impregnation
method, as a function of calcination temperature, at a fixed Cr loading
of 10 wt %.
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Figure 3. Raman spectra of CMgO prepared by the impregnation
method, calcined at 40TC, as a function Cr loading.
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TABLE 1: Raman Band Assignments (in cnT?) of
Chromium(VI1) Oxide Species in Solutiong-33-36a

CrO# (ag) CrO#(ag) CrOi?(ag) CuO:i2(ag) assignment
987 a{Cr'Oy)
962 963  v{Cr'o,)
884 943 2{Cr'Os)
847 904 904 902 v{Cros)
776 v{CrOCr")
846 842  v{OCI'0)
557 525  v{Crocr’
368 367 378 365 O(Cros)
348 348 §(Cro,)
217 217 209 o(CrocCr")

3 y,s and vs = asymmetric and symmetric stretching modeés=
bending modes.

loading. The assignment of these spectra was based on literature
data in aqueous solutions presented in Table 1. In general, an
aqueous solution of chromium(VI) oxide compounds possesses
strong Raman bands in the 860000 cnT? region due to C+O
stretching modes and bands of moderate intensity in the-300
400 cnt? region due to the GrO bending modes. The band
positions of our samples exhibit the presence of Cr(VI) oxides
species, and the oxidation state is confirmed by XPS. The
observed spectra are quite similar for all loadings with Raman
bands at 965, 930, 906, 848, 400, and 365 tmAccording to

the literature, the Raman bands at 962, 904, 846, 378, and 217
cm~! have been observed for aqueous chromium solutions under
extreme conditions of strong acidity and high chromium
contents’® They were then assigned to the trichromate ion,
Cr30:10%~ (1), and the tetrachromate ion, 022~ (I1). Taking

into account of the structure of these ions, the Raman bands
are tentatively assigned as follows: 962 dpwy(Cr'O,); 904
cm L, v(Cr0s); 846 cntl, v(OCr'0); 378 cnr?, 6(CroOy);
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Figure 4. Raman spectra of 10 wt % CgMgO calcined at 800C
prepared by different methods: (A) precipitation (B) impregnation.
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Figure 6. XPS spectra of 10 wt % Cr¢fMgO calcined at 800C
prepared by different methods: (A) precipitation (B) impregnation.
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Figure 5. XPS spectra of CrMgO prepared by the impregnation

method, calcined at 40TC, as a function Cr loading.
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217 cnrl, 6(CrocCr’). In our case of supported Cr species,
the bending modes were weak and poorly resolved at 217.cm
The Raman peak at 930 cican be assigned to thg(Cr'Os)
mode shifted from 904 cm, which is caused by increased

interaction between the chromium oxide species and the support.

The Raman peak at 930 chis in agreement with that reported
by Vuurman et af.for chromium oxides supported on #s.
The bending mode of (8Ds) is found at 365 cm®. The intense

26

Figure 7. XRD patterns of Cr@MgO prepared by the precipitation
method, calcined at 40%C, as a function Cr loading.

tion and calcined at 80TC are shown in Figure 4. The samples
exhibit Raman bands at 880 cindue to the symmetric stretch
of the surface chromate species {@) and a new intense peak
at 680 cnt! which may originate from a MgG0, structure.
The Raman band at 540 ciis assigned to the crystalline 03
compound-

Figure 5 shows the XPS spectra for the 5, 10, and 20 wt %
Cr/MgO calcined at 400C for 4 h. For all samples, we
obtained two peaks of similar shapes at binding energies of
579.9 and 588.9 eV, corresponding respectively tgs2mnd
2py2 of Cr(VI) species?

The XPS spectra for the samples prepared by the two methods
and calcined at 800C are also shown in Figure 6. Both Cr
2pz;2 and 2ps, peaks showed doublets revealing the presence
of two types of chromium oxide. The better resolved doublet

800-960 cnT! Raman band is assigned to the stretching mode Cr 22 binding energies are 579.9 eV due to Cr(VI) and 576.7
of Cr—O—Cr groups with an oxygen making a bridge between eV identified as Cr(”l) This result indicates that the chromium
two chromium cations and suggests that tri- and tetrachromium 0xide exists in both Cr(VI1) and Cr(lll) species which have been

species are present in these samples. The presence of oligomerigaused by the formation of Mg&D, and CsOs compounds

species is supported by the 770 and 400 tbands, which are
assigned ta,d CrOCr) andd(CrQ,), respectively. The relative
intensities ofvg(Cr'O,)/v{Cr'O3) decrease with increasing Cr

when calcined at 806C.
CrO3/MgO Prepared by Precipitation. The results of XRD
analyses for CrgqMgO samples with different Cr loadings that

loading, indicating that the species possessing a terminad CrO had been calcined at 40C are shown in Figure 7. The samples

units increased due to increasing:Gy structure. At very low

with 10 and 20 wt % Cr loadings showed only the X-ray pattern

Cr loading (1%), additional weak Raman bands are observedof MgO, indicating again a high dispersion of chromia. None

at 880 cnt!, which are due to chromium oxide monomers
[CrO4]. This Raman band is in agreement with that reported
by Hardcastle and Wachgor chromium oxide supported on
Al,O3, TiOy, and SiQ. Thus, there are mono- and polychro-
mates in 1 wt % Cr/MgO.

of the peaks due to chromium species were observed. The MgO
loaded with 10 wt % Cr showed more intense XRD peaks,
indicating better crystallinity than 20 wt % sample. When the
samples were calcined at 800, they showed the identical XRD
results with those of the impregnated sample, namely, the

The influence of calcination temperature upon Raman spectraformation of the MgCyO, structure.

of 10 wt % Cr/MgO samples was also examined. The Raman

The Raman spectra of chromium oxide on MgO prepared

spectra of the samples prepared by precipitation and impregna-by the precipitation and calcined at 40C are presented in
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Figure 8. Raman spectra of CHMgO prepared by the precipitation
method, calcined at 40%C, as a function Cr loading.

Figure 8 as a function of chromium oxide loadings. The Raman
band positions are indicative of Cr(VI) oxide. The 5 wt % Cr/ . A
MgO sample possesses main Raman bands at 880 and 360 cm
These bands are assigned to the symmetric stretching and
bending modes, respectively, and are consistent with an isolated
[CrO4] surface-chromate species that is shifted due to its
interaction with the oxide support from 846 to 880 ¢m As
the chromium oxide loading is increased, the symmetric
stretching and bending modes shift upward to 894 and 370,cm . ‘ , L
respectively. Even though a new band at 217 tdue to the 1200 1000 800 600 400 200
presence of CrO—Cr linkages does not appear, it is believed Raman shift (cm”)
Fha_t th_e upward Shift in f_reque_ncy of the Raman bands is Figure 10. Raman spectra of 10 wt % CgMgF calcined at 400C
indicative of chromium oxide dimers which have also been prepared by different methods: (A) precipitation (B) impregnation.
found on alumina surfaces at high chromium oxide loadifgs.
The 20 wt % Cr/MgO sample shows different spectra with three though we failed to assign these new bands from the literature
more bands at 962, 930, and 848 ©m From a comparison  data, it could be inferred that the bands were caused by the
with the spectra of the impregnated samples in Figure 3, thesepresence of Mgl The Raman spectra of the precipitated
extra bands are assigned to a tri- or tetrameric species. Thussample possess intense bands at 880 and 358 chmese bands
the 20 wt % Cr/MgO sample possesses mono- and polychro-are assigned to the symmetric stretching and bending modes,
mates. When the calcination temperature was increased to 80Qespectively, of a tetrahedral chromium oxide speties.
°C, the precipitated sample showed Raman results identical with
the impregnated sample as shown in Figure 4. Discussion
The XPS spectra for precipitated samples are in agreement
with those of the impregnated samples as a function of Cr  Effects of Preparation Methods at Varying Cr Loadings.
loadings. When the chromium(VI) oxide was calcined at 400 For the impregnated samples, Raman spectra reveal that the
°C, the compounds do not change their oxidation state with position of all bands does not vary as a function of the Cr
increasing Cr loading as shown in Figure 5 for impregnated loadings. The band positions suggest that polychromates are
samples. On the other hand, chromium oxide calcined at 800 predominant in all samples. However, the intensity ratioof
°C, shown in Figure 6, is partially transformed to Cr(lll) due (Cr'O2) and v{(Cr0Oz) [I(960)1(930+900)] decreases with
to formation of MgCpO; and CpOs, The Cr(lll):Cr(VI) increasing Cr loadings. This may possibly indicate, under the
intensity ratio obtained in XPS measurements shows a higherassumption of unchanging Raman scattering tensor of the
value in precipitated samples (1.16) than in the impregnated different formed polymeric surface species, that the species
sample (0.97). possessing terminal CgQunits increase in concentration due
CrO3/MgF,. Figure 9 shows the XRD results of 10 wt % to the formation of crystalline GDg. The precipitated samples
Cr/MgF, samples that have been prepared by impregnation andwith 5 and 10 wt % Cr contain mostly mono- and dichromates.
precipitation, respectively, and calcined at 400 Both samples  In addition to these two types of chromate species, polychro-
showed the crystallinen-Cr,Os phase without any other mates were found in 20 wt % Cr/MgO.
chromium structure. Deo and Wachs proposed a working model to predict the
The Raman spectra of impregnated and precipitated samplesnolecular structure of surface metal oxide species on different
of 10 wt % chromium oxide on MgFare shown in Figure 10.  oxide support under ambient conditiochslt was found that
After calcination at 400C, Raman spectra show significantly under ambient conditions the support surface was hydrated and
different features between impregnated and precipitated samplesthe hydrated surface metal oxide structures were similar to the
The impregnated sample exhibits Raman bands due to chromiunstructures observed in aqueous solution. The hydrated surface
oxygen stretch at 960, 930, and 848 dmwhich are charac- metal oxide molecules were found to be dependent on the net
teristic of polychromates. Additional Raman bands due to pH at the point of zero surface charge (PZC) which is
antisymmetric and bending modes of the species are present atletermined by the combined pH of the oxide support and the
770, 400, 378, and 360 crh Weak new bands appears at metal oxide overlayer. Application of this model to the
1000-1200 and 730 cmt for the impregnated sample. Even chromium oxide system explains the several hydrated chromium

Intensity (a.u.)
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oxide structures observed on different supports as reported in  The oxidation state of Cr(VI) is maintained independent of
several previous works*12 At low chromium concentrations  Cr loadings. It is known that increasing chromium contents
or under basic conditions, the CfO ion dominates, while in can cause decrease in the proportion of Cr(VI) due to the

acid solutions at higher chromium concentrations, thg¢r crystallization of C§O3 on the surfacé?3%37 This does not seem

ion is present. Under extreme conditions of strong acidity and to be the case in our case as evidenced by the absence®f Cr

high chromium concentrations, £k >~ and probably CjO;2>~ During calcination not only physisorbed water is removed but

ions are formed. In aqueous solution, the following pH- also the polychromate species are anchored to the surface. The

dependent equilibria can be envisagéd: anchoring process is an acilase type reaction: the weaker
acid HO is replaced by the stronger@r,07.12:38 Hardcastle

2Cr0,* +2H' —— Cr0/*+H,0 ) and Wachkreported that the anchoring process was support-

3Cr0; X +2H +—— 2Cn0y>+ H,0 pH increasing 2) dependent. In the presence of high concentrations of surface

4Cr0y > +2H' ——  3Cr,0i> + H,0 3) hydroxyls, as found on the AD; and TiQ, supports, chromium

oxide chains cannot grow very long before encountering surface
The low pH of the agueous solution shifts the equilibria of Nydroxyls. The surface hydroxyls appear to serve as chain
reactions +3 to the right. terminator. Thus, Cr(VI) was more readily anchored to the
surface of AjJO; and TiQ, but the Cr(VI) was partially

In our Raman results, even though a very low concentration converted to GiOs cluster in deficiency of OH groups on silica
0 i i 3 :
(1%) of Cr was impregnated on MgO which has pH 11 at the Therefore, we believe that the Cr(VI) is also easily anchored

point of zero surface charge, the presence of polychromates was . : L
observed. The molecular structure of chromium oxide changed on MgO with enough OH groups, and then Cr(V1) is maintained

only a little with Cr loading. This result can be explained by independent of Cr loading. In this sense, the §¥y0 sample

the fact that Cr(NG)s employed as the precursor was dissolved retains its oxidation state of Cr(VI) up to the high loading of

0 . )
in water and provided an extremely strong acidic solution due 20 wt % due to the properties of MgO having abundant OH
to HNOs;~ (pH < 0). Therefore, the formation of a polychro- groups. o
mate structure in 1 wt % Cr/MgO is attributed to the acidic ~ Effects of Calcination Temperature. The effects of the
chromium solution employed for impregnation. Naturally, the Calcination temperature are basically in agreement with previous

formation of polychromates becomes more favorable with observations made for different supports. All the investigated
increasing Cr loadings. samples with highly loaded chromium oxide showed the

The acidic chromium solution (pH 0), which was also used reduitizggg of Cr(V]) With increasing calgination te”?pera'
for the preparation of the precipitated samples(5, 10, and 20 wt tures=> The only d|sprepancy frc_)m prior reports in the
% CriMgO), may be expected to also cause a preferred literature has been found in the formation of MgQy as a solid-

formation of polychromate species as for the impregnated state reaction at 808C. This result was _also confirmed by
samples. However, samples with 5 and 10 wt % Cr contained Raman and XPS. The effect of calcination temperature was

mono- and dichromate species, respectively. At higher loadings, € Same for both preparation methods as proved by XRD,
polychromates were also observed. Yet, the resuits are signifi- kaman spectroscopy, and XPS. However, the XPS intensity

cantly different from those of impregnated samples which 'atio of Cr(ll)/Cr(V1) for the precipitated sample (1.16) is
showed polychromates for all loadings from 1 wt % Cr/MgO. greater than that of.the impregnated sample (0.97_). Thg Ram.an
The first possible source of the difference in the structure of SPectra of the precipitated sample also show a higher intensity
the surface chromium oxide between the precipitated and at 680 cni*relative to 880 cm* due to the MgC1O, structure
impregnated samples is the difference in the specific surfacethan that of the impregnated sample. This difference can be
area of the supports. The values of the specific surface area§_Jnders'[_ood as follows. The calcination r_esults in an increased
of the impregnated catalysts were in most cases close to that ofNtéraction between the chromate species and the support at
the support. Yet CrOx/MgO prepared by precipitation had a elevated temperatures. This interaction leads to a stablllza_\tlon
much higher specific surface area (93.2 grl) than the of 'the chromate species by the support. Also, the chromium
magnesia support (103g-%). The treatment of magnesiawith  ©Xide species reacts with the support to form the MgLr
water followed by evaporation and drying under the same Structure at high temperatures (800). The precipitated and
conditions as in the preparation of the precipitated sample IMmPregnated samples with 10% Cr have surface areas of 93.7
showed the formation of microcrystalline Mg(O#ijs verified and 10 ni/g, respectively. The precipitated sample accom-
by XRD. Upon calcination the magnesium hydroxide decom- modates chromium 'species which interact directly with the
posed into MgO, which has a higher specific surface area thanSupPPort due to the higher surface area as compared to the case
the original support. This could explain the observed high of the |mpregnated _sgmple. Therefore_, the formation of more
specific surface area of the precipitated CrOx/MgO catalysts MgCr204in the precipitated sample at high temperatures causes
and the formation of mono- and dichromate structure on MgO increase in the intensity of Cr(lll) in XPS and Raman spectra.
since the structure of chromium oxide can be influenced by the  Effects of Preparation Method for MgF, Support., Hard-
surface area of support at high metal loadittg®eo and Wachs  castle and Wachshave reported that the dispersed chromium
reported that the preparation method (aqueous, nonaqueouspxide species anchor to the oxide supports by reacting with the
grafting) will not affect the final molecular structure of the surface hydroxyls and that the absence of a significant popula-
hydrated surface metal oxide species since the moleculartion of surface hydroxyls on SiQis responsible for the
structures are controlled by the pH at PZC in MO, and formation of crystalline GOs at low surface coverage of
V,0s/TiO2.3 In our results, the influence of the preparation chromium oxide (ca. 3 wt %) on SiOsupport, possessing a
method can be understood by the high acidity of the preparationhigh surface area of ca. 30(%g. In contrast, it is possible to
solution of chromium which affects the equilibria of reactions disperse 1315% CrQ on an AbO; support of ca. 180 g
involved in the formation of chromium species and surface area before crystalline GOz is formed because the AD; support

of the support since the dispersion of metal oxide depends onhas more hydroxyl groups than SiOThe presence af-Cr,03

the available surface area. on the Mgk support which has a high surface area (180gn
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can be explained by the lack of significant population of surface (2) Kim, D. S; Tatibouet, J. M.; Wachs, I. B. Catal 1992 136,
209.
hyiroxyls Olnt Mgc? fR tra for the ch . truct (3) Deo, G.; Wachs, I. EJ. Phys. Chem1991 95, 5889.
genera ,ren 0 ar_nan Spectra for the ¢ romlum S ruc,ure (4) Vuurman, M. A.; Wachs, I. E.; Stufkens, D. J.; Oskam JAMol.
on MgF; indicates that impregnated samples contain mainly catal. 1993 80, 209.
polychromate species while a monochromate species is dominant  (5) Vuurman, M. A.; Wachs, 1. EJ. Phys. Chem1992 96, 5008.
in precipitated samples. Thus, even though the support,MgF 199%%2/11%?&”' M. A.; Hardcastle, F. D.; Wachs, I. E. Mol. Catal.
has very acidic propgrtles, the tho_rnlum structure is still ) \’Nach.s,I.E.;Deo,G.;Vuurman,M.A.;Hu,H.;Kim, D. S.: Jehng,
controlled by preparation method like in the case of the MgO J. M. J. Mol. Catal.1993 82, 443.
support. It appears that the pH of the preparation solution is  (8) Vuurman, M. A.; Stufkens, D. J.; Oskam, A.; Moulijn, J. A;
more important than the acidity of the support in determining KaPES;J”F'{_Fth- 'V"’:/'I- Cgtﬁ'hlggq gﬁl 83. 6. Mol. Catal. 1988 46, 79
. . e Icnter, M.; reicn, P.; mann, . Mol. Catal. 3 .
the §tructure of S.urface Chrom.lu.m SPecies. AS the aCIQIC (10) Oskam, A.; Stufkens, D. J.; Vuurman, M. A.Mol. Struct.199Q
solution of chromium was precipitated by adding ammonia 217 325
solution, it can be inferred that the acidic solution was (11) Vuurman, M. A. Spectroscopic Characterization of Supported Metal
neutralized by the basic solution. This precipitation process OX('Clig)C\iltaWkS;S- Ph'DQT&esg'#mvﬁrSI%vsn AAmJStﬁfda”;v &99\3\-/ .
: it ; : eckhuysen, B. M.; Schoonheydt, R. A.; Jehng, J.-M.; Wachs, I.
WOUId cause the. shift of eqU|I|b_r|um to the Ieft'. ThI_S result IS_ E.; Cho, S. J.; Ryoo R,; Kijlstra, S.; Poels,EChem. Soc., Faraday Trans.
in agreement with the mechanism of adsorption discussed in1991 18, 3245.
the previous section that is governed by the solution pH and  (13) Weckhuysen, B. M.; De Ridder, L. M.; Schoonheydt, RJAPhys.

preparation method. Chem 1993 97, 4756. _
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