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Abstract

Sulfated CeZr; O, catalyst was found to exhibit solid super-acidity and good catalytic activity for syntheBisofino ketones by a three-
component Mannich type reaction in the liquid phase under solvent free conditions at ambient temperature. To make the sdtatgd, Ce
catalyst, Ce-Zr hydroxide gel was prepared by a coprecipitation method ajfd 8@s were deposited by treating the gel with sulfuric acid
and calcined at 923 K. Surface and bulk properties of thezGe,O, and SQ> /Ce.Zr,_,O, samples were investigated by means of X-ray
powder diffraction, thermogravimetry, ammonia-TPD, Raman spectroscopy and BET surface area methods. Characterization results indicate
impregnated Sg¥ ions strongly influence the physicochemical characteristics of thErcgO, solid solution. Powder XRD profiles reveal the
presence of cubic GeZrysO; in the case of unpromoted sample and tetragonahéZe, ssO. phase along with zirconium sulfate compounds
in the case of S¢¥~ promoted sample. In particular, the XRD and Raman results suggest a selective interaction of the sulfate ions with zircon
portion of the CeZr;_, O, solid solution leading to the formation of zirconium sulfate compounds. The NPD profiles indicate significant
changes in the distribution of acid sites on theZe .0, upon sulfation. The Sg3-/Ce,Zr,_,0, sample exhibits strong as well as super-acidic
sites.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction results in a highly acidic material that exhibits superior catalytic
activity than that of 100% sulfuric acid in many catalytic reac-
The use of conventional acids such asS@y, HF, AICls, tions [2,3-5] However, the unsupported $©/ZrO, catalyst
BF3, SbF, H3PO, and HCI for organic reactions pose signif- suffers from the disadvantage of relatively small specific surface
icant risks in handling, containment and disposal due to theiarea and thereby limited availability of the acid sites. The term
toxic and corrosive nature. Owing to high reactivity, ease ofsuperacid’ was first proposed by Conantin 1923 to describe acid
handling, recovery, low waste generation and environmentadystems that are stronger than conventional mineral acids. Later,
friendliness, heterogeneous solid acid catalysts are emergir@illespie defined the superacid as “an acid system stronger than
as very attractive alternatives to the conventional homogenoubat of 100% sulfuric acid, i.e., Hg —12" [6].
acidic reagents. Among various solid acid catalysts such as Sulfated zirconia with a large specific surface area has always
zeolites, clays and heteropolyacids, the sulfated metal oxidebgen sought. The activity, selectivity and stability of sulfated
based on zirconium oxide have emerged as powerful catalysigrconia catalysts were also improved by the addition of noble
due to their super-acidity, high reactivity at low temperaturesmetals and transition metal oxides such as Ni an{i7F8]. In
and reusabilitf1,2]. The ZrG when modified with sulfate ions some instances, it has been claimed that metal promoter is nec-
essary in order to produce acid sites by for example, hydrogen
« Corresponding author. Tel.: +91 40 27160123; fax: +91 40 27160921,  SPillover that generate Brgnsted acid s[t&8-12] Approaches
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[14] and other[15,16] methodologies have been attempted to2. Experimental
overcome the problems associated with unsupported catalysts.
Although mesostructured sulfated-zirconia materials have beeh /. Catalyst preparation
successfully synthesized, their catalytic activitiesAdsutane
isomerization were still relatively low or similar to that of  The SQ2 /CeZr1_,O» (SCZ) catalyst was prepared by
conventional sulfated zirconia cataly§t§,18] The incorpora- adopting a two-step route. In the first stage Ce—Zr hydroxide
tion of SQy2~/Zr0O, into the pores of mesostructured materialsgel was prepared and in the second stage sulfate ions were
has successfully generated catalysts which show stronger aditipregnated over its surface. The Ce(@Hjr(OH) (1:1 mole
strength than that of the parent materials. However, the successaio based on oxides) was obtained by precipitating a mixture
very limited since S@/ZrO, blocks some of the pores and the solution of ammonium cerium nitrate [(Nf}bCe(NQG)g-6H20]
specific surface area of the materials is thus significantly reduceshd zirconium nitrate [Zr(Ng)4-6H>0] with dilute aqueous
[19]. In some cases, mesoporous materials modified by sulfatesmmonia solution (pH 8) under vigorous stirring. Thus, obtained
zirconia showed lower acid strength than that of conventionaprecipitate was filtered, washed and then dried at 373 K for 12 h.
SOy?~/ZrO;, catalystg20]. The uncalcined hydroxide gel was sulfated by adding a measured
Other reliable techniques adopted in order to improve thevolume of 0.5 M BSOy solution, so as to reach the equivalence
catalytic performance of sulfated zirconia catalysts includeof 5 ml of pure BSOy per gram of Ce(OH)-Zr(OH), gel. This
forming mixed oxides of zirconia with other transitional and process was performed under mechanical stirring (shaker) and
non-transitional metals and sulfating them. Some mixed oxidemaintained for 1 h, subsequently dried at 393 K for 3 h and cal-
exhibited strong surface acidity (Bragnsted or Lewis) due to theined at 923K for 4 h. The finished catalyst was activated at
generation of excess negative or positive charge in the mod&R23K for 5h in vacuum before catalytic runs. An unpromoted
structure of the binary oxides. For example, the SiZXrO, [21] CeZr1_,0Oy (CZ) solid solution was also prepared for compar-
and AbO3—ZrO, [22] combinations lead to very strong acidic ison purpose by calcination of the hydroxide gel at 923K for
properties, whereas Tg2ZrO, was not only a strong acid, but 4 h.
also had a distinct basicit23,24] Recently, Sn@ [25] and
Ga03 [26] incorporated Zr@ and promoted with sulfate ions 2.2. Catalyst characterization
were also reported which show good acidic properties and an
improved catalytic performance. Powder X-ray diffraction (XRD) patterns were recorded on
Among zirconia based mixed oxides, the Ge@2rO, com- a Siemens D-5000 diffractometer, using Ni-filtered Ca K
bination has emerged as a fascinating catalytic material an@.15418 nm) radiation source. Crystalline phases were iden-
attracted much attention recently owing to their superior oxy+ified by comparison with the reference data from International
gen storage/release and redox propefft2d3. The incorpora- Centre for Diffraction Data (ICDD) files. The BET surface
tion of zirconium cations into the ceria unit cell or vice versaareas were measured by, Mdsorption at liquid N temper-
modifies the surface acid—base sites, as the expostdadd ature using a Micromeritics Gemini 2360 instrument. Raman
Zr** ions act as Lewis acid sites andOions as Brgnsted spectra were obtained on a DILOR XY spectrometer equipped
or Lewis base sites. Both CeGand ZrGQ exhibit the same with aliquid nitrogen cooled CCD detector. The emission line at
metal-oxygen stoichiometry but possess different ionic charac14.5 nm from an Af ion laser (Spectra Physics) was focused
ters. Cerium oxide is considered to be more ionic than zirconiunen the sample under the microscope, and width of the ana-
oxide. The acid strength of the mixed oxides varies dependintyzed spot was-1 um. The power of the incident beam on the
on the charge to radius ratio of the cations as well. TH& Zr sample was 3mW. The wavenumber values reported from the
ion has an ionic radius of 0.8% which is smaller than that of spectra are accurate to within 2th The NHs-temperature
Ce4+(0.97,&) and is expected to generate strong acid sites irprogrammed desorption (TPD) measurements were carried out
their solid solutiong28]. Moreover, surface hydroxyl groups on an Autochem 2910 instrument (Micromeritics, USA), in the
could be generated due to dissociative adsorption of water olemperature range 373-873K at 10 K mimamp. A thermal
highly polar Mi—O—M> bonds. In this direction, we were inter- conductivity detector was used for continuous monitoring of
estedto investigate the effect of sulfation on the physicochemicdahe desorbed ammonia and the areas under the peaks were inte-
characteristics of Ce2ZrO, solid solutions, and to explore grated using GRAMS/32 software. Prior to TPD studies, the
their acidic properties. In the present study, the Ce—Zr solidample was pretreated at 473K for 1 h in a flow of ultra pure
solution hydroxide gel was synthesized by a homogenous cdde gas (40 mImint). After pretreatment, the sample was satu-
precipitation method and impregnated with sulfate ions to obtaimated with 10% ultra pure anhydrous ammonia gas (balance He;
the novel SQ%/Ce.Zr1_, O, solid superacid catalyst. The pre- 75mIimin~1) at 353K for 2h and subsequently flushed with
pared catalyst and its precursor were characterized by meaht (60 mimirr!) at 373K for 2h to remove the physisorbed
of X-ray diffraction (XRD), thermal analysis (TGA/DTA), BET ammonia.
surface area, Raman spectroscopy (RS) and-iMkhperature
programmed desorption (TPD) techniques. The catalytic activ2.3. Activity studies
ity of the SQ2~/Ce,Zr1_,O» sample was evaluated in the liquid
phase for an interesting three-component Mannich type reaction All chemicals used in this study were commercially avail-
at room temperature under solvent free conditions. able. All the reactions were carried out in the liquid phase batch
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mode taking the mixture of reactants and the catalyst in a rounthble 1 o .
bottom flask and stirred at room temperature under nitrogeﬁEszgrfazce a(r)ea' CrylS‘a”"el _S'Zs ?’;‘;gtga' acidity of.Ze .0 and
atmosphere for appropriate times. Completion of the reactio >/ C&Zf1-:02 samples calcined &

was monitored by TLC. After completion of the reaction, cata-Sample Surface area Amount of ammonia  Crystallite
lyst was recovered by simple filtration, and reused. The products (m?g™?) desorbed (mlg") size (nm)
were recovered from the filtrate, concentrated on a rotatory evagge,zr,_.0, 84 1.35 4.8
orator and chromatographed on a silica gel column to afford pur80s? /Ce.zri_,O, 126 19.98 nd.

products (isolated yields). NMR and mass spectroscopic tech-a from XRD measurements.
nigues were used to analyze the products and compared with theé Not determined due to composition heterogeneity.
authentic samples.
sulfate species when compared to that of Zeone. Our ear-
3. Results and discussion lier study also revealed similar type of weight loss peaks in the
case of S@%/Al,03-ZrO, samples indicating the decomposi-

The temperature stability of the samples prepared in thiéon of different surface sulfate species at higher temperatures
study was investigated by TGA/DTA method. The obtained therwhen compared to that of $&/ZrO, sample[22]. Thus, the
mograms of uncalcined CZ and SCZ samples are presented {iermogravimetry studies reveal that ceria enhances the thermal
Fig. 1 The thermogram of the Ce—Zr hydroxide gel exhibits onestability of the S@?~/ZrO; catalyst.
prominent (373 K) and two less prominent473 and 573 K) The as synthesized Ce(O4H¥r(OH)4 hydroxide gel exhib-
weight loss peaks. The major peak in the low-temperature regioted a high specific surface area of 162gt. However, upon
is due to the loss of physisorbed water, while the other twcealcination at 923K a drastic decrease in the surface area
minor peaks are due to dehydration of water from micropore84 7 g~1) due to crystallization of the sample is observed.
and subsequent dehydroxylation of the sample, respectively. ihhe sulfate ion impregnated sample calcined at 923 K exhibited
the case of sulfated sample, loss in weight between ambie@ BET surface area of 126g~* (Table J. This is in agree-
to 923K is nominal. At high temperatures beyond 923K, twoment with previous literature reports where impregnated sulfate
major weight loss regimes are observed (903—-1103K), whickns were found to enhance the surface area of the, driten
can be attributed to decomposition of surface sulfate groups &ompared to that of other promoters such as Cr-, Mo-, W-oxides
higher temperatures. This observation indicates the presence [82,29,30] The increase in the surface area of sulfated samples
at least two types of surface sulfate species in the case of Sdg due to the formation of porous surface sulfate compounds
sample. It is a known fact in the literature that when zirconiaPetween the sulfate species and the supporting oXgfs
is mixed with other oxides, which influence the thermal stabil-  The powder X-ray diffraction patterns of CZ and SCZ sam-
ity of the resulting, sulfated materials. Recently, Signoretto eples calcined at 923K are shownFig. 2 The unpromoted CZ
al. [26] reported that incorporation of gallium oxide into zirco- sample exhibits broad diffraction patterns due to small particle

nia increases the thermal stability of the impregnated surfacéize (Table 1) and poor crystallinity. Nevertheless, diffraction
patterns attributable to a ggZro502 (PDF-ICDD 38-1436)

phase could be identified from the XRD analysis indicating the

®) scz g formation of solid solution between Ce- and Zr-oxides. As can
70 f\(\ L0.00 & be noted fromFig. 2 that the diffraction patterns of CZ and
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ples calcined at 923 K. Peak legends is as follows: (#) lines duedte Z¥g s0>;
Fig. 1. TGA/DTA profiles of (a) Ce(OH)-Zr(OH), and (b) SQ2% /Ce (O) lines due to Cg16Zr0.8402; (c) lines due to Zr(OH)SOy; (A) lines due to
(OH)4—Zr(OH) samples before calcination. Zr(SQy)2; (T) lines due ta-ZrOy; (*) lines due tom-ZrO;.
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SCZ samples differ very much indicating a strong influence
of the impregnated sulfate ions. Close inspection of the XRD
patterns pertaining to the SCZ sample reveal changes in the
composition of the Cgr,—,O2 phase and formation of zirco-
nium sulfates. An interesting observation to be noted is that CZ
sample exhibits diffraction patterns due to a cubig 60 50>
solid solution, while a tetragonal gesZro.gs0> (PDF-ICDD
38-1437) phase could be identified in the case of SCZ sample.
As per the literature, the presence of sulfate ions retards the
crystallization process in the case of $0/ZrO, samples and
stabilize the tetragonal ZrOmodification[29]. Under identi-
cal calcination conditions, sulfated samples displayed a smaller
crystallite size and increased amounts of tetragonal phase, in
contrast to the corresponding non-sulfated samfdgg This 2
is primarily due to the influence of impregnated surface sul- ~—
fate groups, which prevent the phase modification in the surface
region from undergoing transformati¢®@0,31] It appears from
the present study that sulfate ions exhibit similar influence on
the ceria—zirconia mixed support. As can be noted from the —
diffractograms that the characteristic peaks corresponding to 1100 1000 900 800 700 600 500 400 300 200
tetragonal zirconia @=30°, 35°) are more intense than that of Raman Shift [cm-1]
monoclinic zir.conia}phasefez 28,31°).The interaction ofsul—' Fig. 3. Raman spectra of G2ry_,O, (CZ) and SQ?-/Ce,Zr_, O (SCZ) sam-
fate groups with mixed oxide supports leading to the formation,es caicined at 923 k.
of surface sulfates have been observed and change depending
on the type of mixed oxide employed. In the case of sulfated
titania—zirconigd32] formation of both T3(SOy)3 and Zr(SQ)» This band arises due to the perturbation of local®bond sym-
were noted. However, in the case of SO/Al,0s—-ZrO, sam-  metry generated by oxygen vacancy. The appearance of week
ple only lines pertaining to the tetragonal zirconia phase werands at 267 and 309 cth could be attributed to the displace-
identified[22]. In the case of Sg¥—/CeQ,-ZrO, sample lines ment of oxygen atoms from their ideal fluorite type lattice of
due to a different type of surface zirconium sulfates namelycerium oxide[34,36] Upon impregnating with sulfate ions, a
zirconium sulfate hydroxide [Zr(OHEO4] (PDF-ICDD 26-  drastic change in the Raman scattering pattern of the sample
1001) and zircosulfate [Zr(S»] (PDF-ICDD 08-0495) could could be noted. As can be noted frdfig. 3 that the intensity
be manifested. No XRD lines pertaining to cerium sulfate com-of the RS band observed for CZ sample at 472 tmlecreased
pounds are observed. Similar findings were reported by Gao substantially in the case of sulfated sample. This indicates a
al.[33], who prepared Sg3—/CeQ, sample by macerating ceria significant change in the normal structure of the Ge¥O,
nanoparticles in sulfuric acid solution and obtained g@@r-  solid solution. Furthermore, there is a gain in the intensity of
ticles with strongly bonded S~ groups on the surface. Their the band at~630cnt! upon sulfation which corresponds to
XRD patterns revealed characteristic peaks of ceriawith noindian increase in the disorder in €&—0O bonding and oxygen
cation of cerium sulfate formation. It can be pointed out fromvacancies, as discussed earlier. Noticeably, this is accompanied
the XRD patterns of the current SCZ sample that both tetragddy the appearance of several other bands in the Raman spec-
nal and monoclinic phases of zirconia are present and the forménum of the SCZ sample. Interestingly, the zirconia features are
have gained more intensity. not observed in the case of unpromoted CZ, but all zirconia
Raman spectroscopy continues to be a powerful tool in catakelated bands become obvious in the SCZ sample at the expense
ysis in order to elucidate the structure of the active metal oxidesf cerium oxide features, indicating a very strong interaction of
supported on various catalytic support materials. To follow thesurface sulfate species with zirconia portion of the ceria—zirconia
changes in the structure due to sulfate modification, and to obtaimixed oxide. The typical Raman bands due to tetragonapZrO
additional structural information, Raman spectra of both samare observed in the 150-700 chregion. Strong bands at 268,
ples were obtainedFig. 3represents the Raman spectra of the~460 and 648 cm! together with a shoulder at 605 ctand
CZ and SCZ samples calcined at 923 K. The Raman spectrum smaller features around 312, 382 and 560 &are indicative for
CZ sample exhibits typical bands due to,Zg_, O, solid solu-  the tetragonal modification of zirconia. A sharp doublet observed
tion at 472, 630, 309, 267 cm. Pure cerium dioxide exhibits at 178 and 189 crmt along with a sharp peak at 473 thare
strong band at 465 cnt,which corresponds to the symmetric indicative for the presence of monoclinic zircorj@7]. The
O—Ce-O stretching mode. This band appears at about 47G-cm peaks pertaining to tetragonal and monoclinic modifications are
for CeQ—ZrO; (1:1 mole ratio) samplg84]. The Raman spec- in agreement with the XRD measurements. It is well known in
tra of the CZ sample shows additional week bands@R0, 309 the literaturgl37—40] that doping of zirconia with sulfate ions
and 267 cm®. The band observed at630 cnT corresponds  inhibits the formation of low-temperature monoclinic zirconia
to the non-degenerate Raman inactive LO mode of 86  modification and leads to the stabilization of high-temperature

SCz

Intensity [a.u.]

630
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4.5 Table 2
40 - CZ SO4%~/Ce,-Zr1_,0O, catalyzed three-component Mannich type reactions
—_ Entry Amine Aldehyde Ketone Isolated
3 35 yield (%)
&
5 %0 NH, CHO 0
“é_ 2.5
o
1.0 I
os| Rt s NH, CHO 0
OAO'.{“'l'I‘I'I'I'W'l'l'..hhl“' Cl (J:
400 450 500 550 600 650 700 750 800 850 2 ™~ 70
Temperature (K)
Fig. 4. Ammonia-TPD profiles of G&r;_,0, (CZ) and SQ? /Ce,Zr;_,0»
(SCZ) samples calcined at 923 K.
CHO
NH, o
tetragonal phase. In the present study we observed the same
phenomena in the case of sulfate ion promoted ceria—zirconia ~
sample. The RS bands due to surface sulfates are visible in ti3e 73
range of 1000-1100 c(Fig. 3). The presence of bands in the =
Zr-0-S stretching regiof41] at 1017, 1050 and 1032 crth Cl
indicate the existence of more than one type of surface sulfate NG,
species, in line with XRD analys[42], and support the forma-
tion of [Zr(OH),SOx] and [Zr(SQ),]. The bands observed at NH, CHO o
1068 and 1079 cmt could be tentatively assigned to stretching OMe
mode of surface sulfate groups connected to Ce. The substantial ™~ 72
reduction in the intensity of the band at 472chtorrespond-
ing to the cubic fluorite type lattice of cerium oxide occurs upon 7
sulfate modification and the zirconia related bands gain intensity
showing a preferential interaction of the sulfate promoter with NH, CHO o
the zirconia portion leading to the formation of surface sulfates
which have been revealed by the Raman spectroscopy study. AN 83
The TPD profiles of CZ and SCZ samples calcined at 923 K
are shown inFig. 4. Sulfate groups can generate strong acid- -
ity, when adsorbed on the mixed oxide supports. Sulfate species COOCH
themselves are Lewis acids or by attracting electrons they gen- CHO
erate Lewis acid centers on the oxide surfaces. These Lewis acid NH o
sites increase the Brgnsted acid strength of the surface hydroxyl 2 AN
groups present on the surfaces. Further, the chemical states of AN
the sulfate groups sometimes determine the acidity of the oxid® ‘ _ 80
surfaces. Calcination at higher temperatures leads to change in _
ionic to covalent character witiF® bond order close to 2, which NO
is responsible for generating strong acidic active centers on the 2

oxide surfaces. The profile of CZ sample reveals continuous

NH3 desorption in the 400-700 K temperature range, signifying

a broad distribution of surface acid sites. The TPD profile of SC4n addition to this broad peak, two high temperature desorp-
shows a different pattern signifying a marked increase in the acition peaks are also observed at 857 and 870 K, respectively. The
strength and its distribution as there is a dramatic increase in tHermation of superacid sites could be responsible for the obser-
amount of desorbed ammoni@aple 1. This clearly indicates vance of these high temperature desorption peaks in agreement
that impregnated sulfate groups strongly influence the acidiwith literature report§43]. The position of ammonia desorption
properties of ceria—zirconia mixed oxides. A broad ammonigeak corresponding to the super-acidic sites is influenced by the
desorption profile in the range 500-750 K with highest desorpnature of the mixed oxide with zirconia. In the case of sulfated
tion around 580K could be noted in the case of SCZ samplealumina—zirconia and sulfated titania—zirconia samples a single
This broad peak can be considered as an indication for the prebigh temperature desorption peak was observed at about 873 K
ence of high concentration of acid sites with moderate strengtf§32,44] However, in the case of sulfated ceria—zirconia sample
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H
NH, 1 CHO o /
R 80,2~ [Ce,-Zr,, O, e

R2 . solvent free,(r.t)

Re R¢

Scheme 1.

two close peaks at 857 and 870 K are noted. These observed hifgiwer yield of product, presumably due to the decreased sta-
temperature peaks represent two different types of superachllity of imines formed in the reaction. Hence, all the other
sites with slightly differing their super-acidity. examples were carried out under solvent free conditions and at
The Mannich reaction is one of the mostimportant methods irB03 K. As can be noted froifable 2 in all reactions with various
the preparation of-amino carbonyl compounds and has wide substituted aldehydes and amines, the corresponding Mannich
applications in organic synthegi45,46] Mannich bases and bases were produced in good yields in short reaction times, in
derivatives such as, 1,3-amino alcohols, or Michael acceptertine with the observed strong acid sites of the sulfate promoted
which are easily formed from Mannich bases are particularlyceria-zirconia catalyst. The unpromoted CZ sample exhibited
versatile synthetic intermediates and find great use in, for examrmegligible activity under the identical reaction conditions, which
ple medicinal chemistrj47]. Several methods using a variety clearly signifies the involvement of solid superacid sites in this
of Lewis acids in anhydrous conditions have been reportedeaction.
[48-52] However, many of these methods involve toxic and
hazardous Lewis acids including TiJh chlorinated solvents, 4. Conclusions
which is not favorable from environmental point of view. Thus,
in recent times a number of procedures using less hazardous A novel solid super-acidic S§&8~/Ce,Zr1_,O, catalyst was
Lewis and Brgnsted acids in aqueous media have been developgepared from the uncalcined cerium-zirconium hydroxide gel
[53-56] In this study we successfully synthesized fhamino  obtained by a coprecipitation method and impregnating with sul-
carbonyl compounds by employing $9/CeQ-ZrO, cata-  furic acid. The physicochemical characterization of the synthe-
lyst (Scheme ) In a typical reaction procedure benzaldehydesized catalyst was carried out using various techniques including
(0.539), aniline (0.47 g) and cyclohexanone (1.9 g) were takeRaman spectroscopy and ammonia-TPD. The sulfate promoted
in a 10 ml round bottomed flask (1:1:4 mole ratio of benzalde-ceria-zirconia catalyst exhibited good structural stability up to
hyde, aniline and cyclohexanone), 0.1 g of30Ce,Zr;_, 0> 913K, above which thermal decomposition of surface sulfates
catalyst (20 wt.% with respect to the weight of benzaldehydepccurs. The powder XRD and Raman spectroscopic results
was added to the reaction mixture. The reaction mixture wasevealed a strong interaction of the sulfate ions with zirconia
stirred in nitrogen atmosphere, under solvent free conditionteading to the formation of surface sulfates, accompanied by
and at room temperature. After the completion of the reactiorthe formation of a tetragonal gesZro.s402 phase. Sulfation of
(monitored by TLC), 10 ml of acetone was added to the reactioiCe—Zr hydroxide gel, and calcination at 923K, resulted into
mixture and the catalyst was separated by filtration. The excessgnificant changes in the physicochemical characteristics of
acetone was removed by using rotatory-evaporator and the pro@e—ZrO, mixed oxide and its acidic character. The ammonia-
uct was purified by column chromatography. The wet catalysTPD experiments showed that sulfation of ceria—zirconia mixed
was washed with dichloromethane many times, and recycledxide can lead to the formation of super-acidic sites in the cata-
to test the reusability of the catalyst. No appreciable change ityst, while the unpromoted ceria—zirconia mixed oxide possesses
the reactivity was observed for 2-3 runs. However, a progresenly a broad distribution of week acid sites. The synthesized
sive decrease in the activity was noticed with increasing numbe®0,2~/Ce,Zr1_,O, catalyst was found to efficiently catalyze
of cycles. The three-component Mannich-type reaction betweethe three-component Mannich type reaction at room tempera-
benzaldehyde, aniline and cyclohexanone proceeded smoothtiyre. Mild reaction temperature under solvent free conditions,
to afford 82% of product, with &/ ratio of 82:18. Same reaction high yield of products and shorter reaction times are some of the
was carried outwith dichloromethane as a solventand 1:1:2 moladvantages associated with these protocols.
ratio of benzaldehyde, aniline and cyclohexanone, with 20% cat-
alyst (with respect to weight of the benzaldehyde). There waa cknowledgment
no appreciable change in the yield of product compared to that
of solvent free reaction. However, the reaction time increased P.M.S, A.K and P.L thank Council of Scientific and Industrial
when solvent was used for the reaction under identical condiResearch, New Delhi, for the award of senior research fellow-
tions. The increase in the reaction temperature resulted in thehips.
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