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ABSTRACT

Liquid phase benzylation of benzene with benzyl chloride (BC) were carried out in presence of Iron doped ceria
nanocatalyst prepared by hydrothermal technique. The Fe-ceria was very active benzylation catalysts with almost
100% selectivity to monoalkylated product and showed good stability. The significance of the catalyst was
recovered and reused for the benzylation of benzene for several times.
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INTRODUCTION

Fridel-Crafts alkylation reaction was generally difer the synthesis of diphenylmethane (DPM). Tigaidl phase
benzylation of benzene and other organic compounsi®g benzyl chloride as alkylating agent gives
diphenylmethane and substituted diphenylmethan@uystowhich are industrially important used in theef
chemicals [1] as well as pharmaceutical intermedigl]. The diphenylmethane derivatives posseskdical
importance, used as monomers in macrocycles, aasnand rotaxanes [3,4]. In the fragrance industry
diphenylmethane has been used as both a fixatideanatenting soap, as a synergist in some ins#esi¢b,6]and

as a plastisizer [#pr dyes [8].

A number of reviews are available on the liquid sthand gas phase Fridel-Craft reaction using salids in
general as catalyst [9-18]. Generally for the Hrldefts alkylation reaction mineral acids like HA;SO, and
Lewis acids like BE, AICI; was used but such catalysts produces toxicityjremwmental pollution difficult to
separation from the reaction mixture and recovérthe catalysts. To avoid such drawbacks they eptaced by
using solid acid catalysts which are non-corrogp@lution free, reusable and produce good catabgtivity in the
Fridel-Crafts reactionHeterogeneous catalysts have proved to be centthld strategy, and the careful control of
the reactions can maximize the selectivity anddy@la single desired product, while minimizing foemation of
by-products. The use of solid acid catalysts asauwnventional Fridel-Crafts catalysts, instead fef hazardous
mentioned catalysts, is very interesting from biblh environmental and economic points of view. Dewment of
reusable solid acid catalysts having high actiwith little or no moisture sensitivity for the ligliphase Fridel—
Crafts type reactions is therefore of great pratiimportance.

Reaction rates as well as mechanism are affectddsiiucture of alkylation agent, polarity, soluaia ability of
solvent and nature of catalyst.

V.R. Choudhary et al [19has studied that benzylation of benzene by bentlricde over Fe, Zn, Ga and In
modified ZSM-5 type of catalysts and Ga, In modifle-5 type of catalystshigher activity for the Ga, In-modified
Zeolites assigned to the redox properties of thalysts. He et al. investigated the catalytic perfance of iron
supported mesoporous materials for the alkylatiobemzene with benzyl chloride [20]. Sugunan esaldied the
catalytic performance of H-ZSM-5, H-beta, H-mordentH-Y catalysts etc. for the benzylation of deqe with
benzyl chloride [21]. Advantages of alkylationsliguid phase are longer lifetime of catalyst anagy thermal
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control of process [22]. Bachari et al. [23] stdlithe benzylation of benzene and substituted Inenemploying
benzyl chloride over a series of Cu containing rpesous silica.

In present study transition metals supported orooystalline ceria synthesized by using hydrothérmethod.
Characterization of the catalysts showed good serfaoperties reported in our earlier work [24kr&fore these
catalysts were used in the benzylation reactionodgnthe prepared catalysts, iron supported on mai@ogave
higher selectivity as well as conversion in bentigta reaction. Fridel-Crafts benzylation of benzeared other
aromatic compounds with benzyl chloride have beernfopmed to obtain diphenylmethane and substituted
diphenylmethane products under solvent free canditind various parameters such as catalyst amaattion
time, reaction temperature, molar ratio of the esdg etc. In the catalytic activity catalyst playsergic role in the
reaction mechanism.

MATERIALSAND METHODS

All the materials used for the reaction were ARdgrand purified. Chemicals Benzene (Merck), Befiyloride
(97%), Anisole (99%), Bromobenzene (99%), Chlorateme (99.8%), Toluene (99.8%) were purchased from
Sigma Aldrich and used without purification. XRD svearried out on a Rigaku Miniflex X-ray diffracteter with

Cu Ka-line radiation sourcelé 1.54178 A) scanning rate of 0.8 was applied to record the pattern in tige 2
range of 20- 80 Transmission Electron Microscopy (TEM, FEL TECSf 20 ULTRA-TWIN) technique was
conducted for the study the particle size as wetharphology of the particle. The BET surface arethe prepared
catalyst was determined by, dorption at -196°C using NOVA 1200 (Quanta Chromglipment. Prior to N
adsorption and evacuated at 300°C under vacuumitemmdAcidity of the prepared catalysts was tesbgdusing
titrimetric method. GC-2014 Shimadzu used for thanitor the reaction samples having Flame lonizabetector
and Capillary column.

Catalytic studies

Liquid phase benzylation of benzene was done bggubenzyl chloride in presence of prepared catlyEhe
reaction was carried out in double necked 50 mindolottom flask fitted with reflux condenser. Impial run, a
mixture of benzyl chloride and benzene (1:6) alaith the catalyst (0.2g) (activated upto 20®or 2 hrs) were
taken in a round bottom flask and continuouslyretir The reaction was monitored by gas chromatbyrg&@C-
2014 shimadzu) at regular intervals. After completdf the reaction, the catalyst was separatedtbatibn.

CH2C1
Catalyst
-+  ——
[0°C
Benzene BENZYL Diphenyl IMviethane
CHLORIDE

Regeneration of catalyst

During the course of the reaction, there is a podityaof reacting molecules adsorbed on the sw@fatthe catalyst.
In the reaction mixture after separation of catalbysdecantation, it was first refluxed in ethafmi few minutes to
solubilize and remove the adsorbed molecules,i@tbby drying and calcination. Finally the materigs used as
recycled catalyst. This regeneration process wimsafed in successive recycle reaction.

RESULTSAND DISCUSSION

4.1. Characterization techniques

4.1.1. X-ray Diffraction

The X-ray diffraction patterns of prepared catalystre showed in figure 1. Crystalline nature dtted materials
was confirmed from the diffraction peaks. Formatadrcrystalline a single phase Ce@CPDS file 34-0394) has
been confirmed from the XRD patterns of 773K caldirsamples. The characteristic peaks corresponaifill),
(200), (220), (311) and (222) planes observed at 28.83°, 33.2°, 47.9°, 56.7° and 59.4° respdgtare very close
to the face centered cubic Ce@ystal which indicating that all samples can tentified to ceria with the cubic
fluorite structure. The crystallite sizes of syrdized catalysts were calculated by using Scheorentla;

t= 0.94/fcost
Where, t= Average crystallite sizes wavelength of X-rays§= the position of the reflection in XRD pattern in

degrees, B= integral breadth of a reflection (idiams B) located at @ and by using internal reference standard it
was calculated.
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The crystallite size of pure Cg@as about 17 nm but after addition of the metateoiy the intense peak as well as
crystallite size reduced which showed in table e Trystallite size was considerably reduced byldhading of
metal oxide on ceria. Addition of metal oxide ori@amproved the dispersion of the particles. IideD, Xrd
pattern indicates only-Fe,0; phase which showed major characteristic peak & 2®&d 35.%. Similarly CaO,,
NiO and CuO phases showed peak at33.2.8 and 33.4respectively.

Figure 1. X-ray diffraction patterns of CeO,, Fe/CeO,, Co/CeO,, Ni/CeO, and Cu/ CeO,catalysts calcined at 500°C
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4.1.2.BET Surface Area

The Surface area of prepared catalysts was alssureh by using BET method. The pure ceria show @y
surface area as compare to other prepared catdiysts the below table 1, it was concluded thatradidding the
metal to ceria, the surface area also increaseditidw of metals favors the creation of structudaffects. The
formation of structural defects in turn favors therease of surface area.

From the BET surface area results proposed thasuhface area of doped ceria catalysts stronglgmgmn the
nature and loading of the promoter.

4.1.3.Transmission Electron Microscopy

The surface morphology and structural propertiethefprepared catalysts are illustrated by TEMng&pke, shown
in Figure 2. TEM is commonly applied for studyiniget nature and size of supported catalysts. Deteaio
supported particles is possible provided that tieseifficient contrast between particles of metaties and ceria as
support. Applications of TEM to study the dispersimf supported oxides. From images it was obsetliat the
agglomeration of somewhat rectangular shaped naticipa has taken place. The average particlersizged from
8-16 nm for different prepared catalysts was foasghown in the table 1. These results are in ggogement with
data obtained from XRD peak broadening measurements

4.1.4.Acidity measurement

The nature of active sites as well as its numbersirength have versatile role in determining theversion and
selectivity of acid catalyzed reactions. So theedmination of acid strength was necessary to utalmisthe
catalytic activity and selectivity. Acid strengtf the ceria nano catalysts were measured by usinmetric
experiment. The pure CgQatalyst showed the lowest acidic strength at 7L2iol/g indicating the presence of
weaker acid strength. Addition of metal contenttte ceria support by hydrothermal technique in@ddbe acid
strength of the catalyst which was showed in tdblevith respect to the acid strength. Among all théalysts,
Fe/CeQ catalyst showed the highest acid strength (3.14®liy) which enhances the catalytic activity. Tliere
from the acidity data, acidity played an importesie in the catalysis.
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Figure 2. TEM images of a) Fe/CeO,, b) Co/CeO,, ¢) Ni/CeO,, d) Cu/CeO,

Tablel. Comparative data of XRD, TEM, BET surface area and acid strengths of prepared nanoceria catalysts

Sr.No. Catalyss Xrd(nm) TEM(nm) Surfacearea(m?g) Acid strength (mmol/g)

1. CeQ 16.09 14-16 43 1.217
2. Fe/Ce@ 10.39 9-12 55 3.143
3. Co/CeQ 10.00 9-11 105 2.500
4. Ni/CeQ 09.03 8-10 122 2.333
5. Cu/CeQ 16.48 13-16 130 2.900

4.2. Catalytic Studies

The present study deals with synthesis of dipheatiane from benzylation of benzene with benzyl ritiéo as
alkylating agent. Influence of various reactiongraeters was studied. Lewis acid sites which arsepteon the
surface of the catalysts were responsible for thdadion activity.

Influence of reaction parameters

4.2.1.Effect of Temperature:

Influences of temperature on benzylation of benz&ite benzyl chloride are illustrated in figure Bicrease in
temperature showed strong effect on both convemsmhselectivity of diphenylmethane. Reactions veareied out
at various temperatures. An increase in the coireis achieved with an increase in reaction termipee. At 76C,
63% conversion of benzyl chloride was observed. Wiee temperature was increased froniC7@o 90C,
conversion of benzyl chloride also increases fra3f6t0 99.94%. Above 9@ to 100C conversion of benzyl
chloride slightly decreases but selectivity remaioastant. The high reaction temperature favorgptbeuction of
polymerized products. So the temperaturéC9@as selected for the further studies.

4.2.2 Effect of various catalysts

The prepared catalysts were tested on benzylafidremzene under solvent free condition. The efédctarious
catalysts on the benzylation of benzene reactios stadied and results are depicted in the tabRe2ction was
carried out without catalyst by keeping reactionapaeters constant, it was observed that there wasaction. In
presence of pure ceria there was no conversiorenf\ chloride as well as selectivity observed. Agall the
catalysts, Fe/CefQratalyst showed good conversion of benzyl chloddd 100% selectivity of DPM. From results
it is indicated that after addition of metal oxide ceria the acidity of the catalysts increaseerdfore, Fe/Ce®
showed highest acidity compared to other catalygtéch was responsible for the increase in conwersif benzyl
chloride.
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Figure 3. Effect of temper ature on benzylation of benzenewith BC
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Reaction Condition- Fe/CeO,- 0.2g; Time-90 min; BC: Benzene- 1:6

Table 2. Effect of various catalysts on benzylation of benzene with BC

Sr.No. Catalyst % Conversion of BC % Selectivity of DPM
1 Without catalyst No Reaction -
2 CeQ No Reaction -
3. Fe/CeQ 99.94 100
4 Co/CeQ 6.74 99.92
5. Ni/CeQ, 4.67 99.98
6 Cu/CeQ 7.12 99.99

Reaction Condition- Catalyst- 0.2g; Time-90 min; Tempt.-90°C; BC: Benzene- 1:6

4.2.3.Effect of BC/Benzene Molar ratio

Figure 4. Effect of BC/Benzene Molar ratio on benzylation of benzenewith BC

1My -

% Converelon

...

115

1|:«: ' tlli
BC:-Benzene Molar ratio

.

Reaction Condition- Fe/CeO; - 0.2g; Time-90 min; Tempt.-90°C.

www.scholar sresear chlibrary.com

98



S. P. Dagadeet al Der Pharma Chemica, 2015, 7 (8):94-101

Benzyl chloride to benzene mole ratio was varieinfrl:1.5 to 1:9, by keeping the temperatur€)(@®d catalyst
amount (0.2g) constant showed in figure 4. On iasireg the concentration of benzene it was obsethazt] initial
increase in the conversion was observed on inecrgdbe amount of benzene from 1:1.5 to 1:6. Howefugther
increase in the amount of benzene from 1:6 to lofanratios, conversion slightly reduced. So foe farther

studies 1:6 molar ratio was selected.

4.2 4 Effect of Catalyst amount
The effect of catalysts amount on the benzylatidlbemzene with benzyl chloride was studied. Thalgats amount

was varied between 0.100 to 0.400g by keepingeimperature (RT), mole ratio of BC to Benzene (1:6) constant
showed in figure 5. A linear increase in the rafebenzyl chloride conversion with time was observ€h
increasing the catalyst amount, conversion alseases. Due to availability of Lewis acid sitegatalyst improve

the catalyst activity.

Figure5. Effect of catalyst amount on benzylation of benzenewith BC
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4.2.5 Effect of Substrate

The effect of various substrates on the benzylatibbenzene with benzyl chloride was investigatgdkeeping
catalyst amount (0.200g), temperature’(®0and molar ratio of BC to substrate constantuResre showed in the
table 3. The benzene substrate showed monoalkypatatlict and others gives polyalkylated producigedeing
upon the nature of the substrate. Anisole and t&seibstrates gave faster reaction with 100% ceiorecompared

to other substrates.

Table 3. Effect of substrate on benzylation of benzene with BC

Sr. No. Substrate Time % Conversionof BC % Selectivity of DPM

(min) Ortho Meta Para
1 Benzene 90 99.94 100 - -
2 Toluene 80 100 45.33 - 54.67
3 Anisole 80 100 49.16 - 50.84
4 Bromobenzene 240 86.25 56.93 2.42  40.65
5 Chlorobenzene 90 98.39 38.76 156 59.68

Reaction Condition- Fe/CeO, (0.2g); Tempt.-90°C; BC: Qubstrate- 1:6

4.2.6.Reusability
Finally reusability of the catalyst was investightfer benzylation of benzene with benzyl chlorideioFe/Ce@

catalyst under the optimized reaction conditiormgdd in table 4. After the completion of the reasticatalyst was
separated from the reaction mixture, washed wigtae several times, dried and calcined al®@6r 2 hrs. The
reaction was again performed on the reactivatedlysit It was observed that using the catalystdfaycles, its
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activity decrease from 99.94 to 93%. After fouratémn cycles catalyst was reused, it showed th&tlyst may
performed with significant loss of its catalytictiaty. Upto four reaction cycles, it reveals ththe catalyst was
stable and reusable.

Table 4. Reusability of catalysts per cycles

Cycles % Conversion of BC % Selectivity of DPM

1 99.94 100
2 96.78 99.99
3 94.35 100
4 93.54 100

Reaction Condition- Fe/CeO; (0.2g); Time-90 min; Tempt.-90°C; BC: Benzene- 1:6.

Among other catalyst Fe/Cg@xhibit good acid strength due to which conversisrwell as selectivity increases.
The catalytic activity was carried out with benziga of benzene by using Fe/Ce@atalyst at temperature °@)
catalyst amount 0.2g with molar ratio 1:6 (BC:Bemz) gave higher % conversion of benzyl Chlo(fei94%)
with 100% selectivity of Diphenylmethane as aduat . Reuse of the catalyst for three times wiithilar results
and recycling doesn't affect the efficiency of ttaalyst.

CONCLUSION

Well-crystallized and dispersed nano-ceria andIBeo(ll), Ni(ll), and Cu(ll) ceria catalysts werobtained by
hydrothermal synthesis using an oxidizexOsl From XRD data concluded that all the preparedlgsits showed
nanosized crystalline nature having crystallitee siz range between 9-16 nm. The nano size of theysts was
confirmed by good agreement between TEM and XRDyaisa

Friedal crafts benzylation of benzene was carbigdising Fe/Ce@ catalyst at temperature °@0) with molar
ratio 1:6 (BC: Benzene) gave higher % conversibnbenzyl chloride (99.94%) with 100 % seledtivof
diphenylmethane as a product .

Reuse of the catalyst for three times with simiksults and also proved that recycling does netcathe efficiency
of the catalyst. Lewis acid sites of the catalys®s mainly responsible for the good catalytic penfance in the
benzylation reaction.
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