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Abstract. Alkali and alkaline earth metal ions (Na?, K?, Cs?, Mg2?) exchanged MCM-22 zeolites were
prepared and subsequently palladium (2 wt.%; Pd) was dispersed on above exchanged MCM-22 zeolite materials.
All the MCM-22 materials were systematically characterized by FTIR, powder X-ray diffraction, N2 sorption
analysis and temperature-programmed desorption (TPD) of CO2. The XRD pattern and FTIR data conﬁrmed the
existence of the MCM-22 framework structure even after exchanging bulky metal ions and palladium loading. TPD
studies using CO2 supports that the cesium and magnesium incorporated MCM-22 possess a strong and large
number of basic sites. The alkali and alkaline-earth metal ions exchanged MCM-22 catalysts were explored for
industrially important eugenol isomerisation, whereas the palladium containing MCM-22 materials were utilised
for Heck coupling reaction of styrene with iodobenzene. The Cs-MCM-22 showed the best activity for the eugenol
isomerization with the isoeugenol yield of 76%. The Cs/Pd-MCM-22 was shown as promising heterogeneous
catalyst for Heck coupling reaction of styrene with iodobenzene and yield 99% stilbene. For both isomerization and
Heck coupling reaction, the catalysts retain their activities even after several runs.
Keywords. MCM-22; Cesium exchanged; Eugenol isomerisation; Palladium dispersion; Heck reaction.

1. Introduction
Heterogeneous catalysts play an extremely important role
in ﬁne, petrochemical industries, and also in environmental processes with high impact.1 To our knowledge,
the role of platinum on oxidation reaction studied by
Faraday was one of the oldest processes using a heterogeneous catalyst.2 Among the class of heterogeneous
catalysts, zeolites and zeolite like molecular sieve materials have shown great interest since the 1960s, due to their
molecular sieve properties and shape-selective in nature.3
The exceptional stability, uniform porosity, and high surface area of these materials lead the researchers to focus on
developing synthetic zeolite materials and explore its
catalytic behavior.3 Several unique features of these
*For correspondence

materials including uniform channels, cavities, tuneable
active sites with different strengths, high adsorption
capacity, and electronic properties make them viable for
commercial applications. In particular, zeolites have been
commercially used as catalysts for hydrocarbon conversions in petroleum and petrochemical industries, as well as
adsorbents4 for small-molecule separation processes, and
even as ion exchangers in detergents.5
The development of zeolite having unique and
wider pore channel accessible with the large surface
area is one of the current interests in the area of
heterogeneous catalysts. Recently discovered, twodimensional layered zeolite, viz., MCM-22, with a
medium pore opening having an MWW topology is
of great interest.6 The MCM-22 having framework
topology of the material includes two independent

153

Page 2 of 9

pore systems - two-dimensional sinusoidal 10-membered ring (10-MR) and 12-membered large supercages with respective aperture sizes of 4 Å 9 5.9 Å
and 7.1 Å 9 7.1 Å 9 18.2 Å.7 These super-cages are
arranged in such a way that they are stacked one
above the other through Double Six-membered rings
(D6R).8 This unique structure and physicochemical
properties make them as potential catalysts in several
hydrocarbon transformation processes such as isomerisation,
alkylation,
aromatisation
and
cracking.9–11
The modiﬁcation of zeolite surface with different
cations and subsequent dispersion of Noble metals
broadens the scope of the materials for several ﬁne,
petro- and environmental chemical processes.9–12 In
particular, isomorphous substitution facilitates to tune
the surface acidity, whereas the replacement of surface exchangeable cations tunes the surface basicity.12 The presence of extra framework cations on the
channels and cages of the structure, predominantly on
different cationic sites13 is believed to contribute to
the ion exchanging property of these materials. The
positively charged cations, such as Na?, K?/H?,
NH4? are most common charge balancing ions, often
the conventionally synthesized zeolite having Na?
ion.12 Generally, the number of cations within a
zeolite structure depends on the amount of aluminium
ions present in the tetrahedral position of the
framework and the charge balancing cations can be
exchanged with some alkali or alkaline earth metals,
which can help to generate basicity on the surface of
the zeolites.13 To date, a vast number of researchers
have focused on the development of zeolite-based
solid-acid catalysts,14 however, not much captivating
studies have come up for base catalysts. The design
of the base catalyst and exploring its application on
base-catalysed reactions have great signiﬁcance in
both academic and industrial researchers. The basecatalyzed reaction is traditionally carried out mostly
by the routine alkaline procedure such as KOH in
alcoholic solutions at high-temperature, NaOH,
organic amines, etc.15–17 Numerous studies are
known on heterogeneous base catalysts for various
base catalysed organic transformations like isomerisation, condensation and dehydrogenations.18–20
Among the various base catalysed reaction isomerization of alkene is one of the industrially important
base catalysed reaction.21,22 In particular, the isomerization of lignin-derived biomass-model compound viz., eugenol isomerization (Scheme 1), results
in thermodynamically stable isoeugenol, which has
great application in the fragrance and pharmaceutical
industries.23,24
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On the other hand, applying zeolites materials as
solid supports for noble metal catalyst species is
known for many years since they play a vital role in
several catalytic processes25–27 such as hydrogenation, hydrocracking, reﬁning, hydro-isomerisation,
etc.26,27 Also, numerous studies on literature shows
that many of the atomically dispersed Noble metals
(Pt, Pd, Re, etc.) and their complexes on zeolites
supports have great potential for many chemical
processes.28–30 For example, a noble metal dispersed
zeolite improved the catalytic activity and stability
in many petroleum and petrochemical processes.26–30
Further, noble metal catalysts were used for many
organic coupling reactions viz., Sonogashira, Suzuki,
Heck, Stille coupling etc. These were carried out
using phosphine ligand containing palladium catalysts in presence of a base.31 Djakovitch et al., in
1999 reported the ﬁrst heterogeneous Pd catalysed
Heck reaction using zeolite as the catalyst support.31–33 It is found that the use of zeolites as
support for Pd particles offers an advantage to
overcome the problems of leaching of active sites
from the surface under the reaction conditions.33–39
Thus, in this work, the MCM-22 zeolite materials
are ion-exchanged with different alkali and alkaline
earth metal ions (Cs, K, Mg) and subsequently,
palladium was dispersed on the surface and
explored for their catalytic applications. The alkali
and alkaline earth metal-containing zeolites were
explored for the isomerization of eugenol under
ambient conditions, whereas the palladium dispersed catalysts were explored for the Heck coupling reaction.

2. Experimental
The chemicals and materials used for the hydrothermal
synthesis of MCM-22 involve colloidal silica (SigmaAldrich, LUDOXÒ HS-40; 40 wt.%) sodium aluminate
(Sigma-Aldrich, (Al2O3): 50-56% and (Na2O): 37-45%,
template (hexamethyleneimine; Alfa Aesar: 98%) and base
(sodium hydroxide; SRL 98%). The materials required for
subsequent ion exchange as well as impregnation includes
cesium nitrate (Alfa Aesar: 99.5%), magnesium nitrate;
SRL 98%, potassium nitrate (Sigma-Aldrich; [ 99%) and
ammonium acetate (Sigma-Aldrich;[98%). Heck coupling
reaction needs such as iodobenzene (spectrochem; 99%),
styrene (Sigma-Aldrich; [ 99%) and solvent as dimethylformamide (DMF; Sigma-Aldrich 99.8%). Eugenol (spectrochem; [ 98%) isomerisation requires eugenol as the
starting material along with dimethylformamide as a
solvent.
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Scheme 1. Isomerization of eugenol to isoeugenol using M-MCM-22; where (M = Na, K, Cs, Mg and NH4).

2.1 Catalyst preparation
2.1a Synthesis of MCM-22:

The MCM-22 samples
were prepared as per the procedure described earlier with
the following molar gel composition SiO2: 0.3 NaOH: 0.033
Al2O3: 0.5 HMI: 45 H2O.7 First aluminosilicate gel was
prepared in presence of alkali (NaOH) and subsequently,
the template HMI was introduced and the resultant
synthesis gel was transferred to an autoclave and
hydrothermally treated for 7 days at 155 °C. After the
crystallisation period, the sample was washed with distilled
water followed by ethanol to remove excess NaOH and the
organic templates. Then it is kept for drying in an air oven.
The sample obtained is labelled as as-synthesised MCM-22.
The template present in the as-prepared materials was
removed by calcination at 550 °C for 6 h in presence of air
and the sample is labelled Na-MCM-22.

2.1b Preparation of ion-exchanged MCM-22
samples
2.1.1a. Ion exchange of cesium, potassium, magnesium and ammonium ions on Na-MCM-22 In order to
prepare alkali and alkaline earth metal ions exchanged
MCM-22 catalysts the following procedure was adopted.
For example, the preparation of cesium exchanged
MCM-22 was carried out by introducing 30 mL of 1 M
solution of CsNO3 into the round bottom (R.B.) ﬂask containing 1 g of activated (200 °C) Na-MCM-22. The mixture
was continuously stirred at 90 °C for 6 h to get cesium
exchanged sample. The resultant sample was ﬁltered,
washed with distilled water and dried in an air oven, subsequently, it was calcined at 550 °C for 5 h. The resultant
sample was labelled as Cs-MCM-22. The potassium, magnesium and ammonium forms of MCM-22 were prepared
with a similar procedure described earlier by using 1 M
solutions of potassium nitrate, magnesium nitrate, and
ammonium acetate solutions respectively. The samples
prepared by potassium, magnesium and ammonium were
labelled respectively as K-MCM-22, Mg-MCM-22 and
NH4-MCM-22.

2.1.1b. Preparation of Cs-MCM-22 by impregnation
method The cesium containing MCM-22 is also prepared
by the impregnation method by introducing 10 wt. % of
cesium nitrate into the 1 g of Na-MCM-22 sample. First, the
water pore volume of MCM-22 was calculated by the
incipient wetness method and was found to be 1.5 cm3g-1.

The required amount of cesium nitrate was dissolved in
1.5 mL of water and introduced into the well-dispersed 1 g
of Na-MCM-22 sample uniformly through dropwise addition. After all, the sample gets wet by the cesium nitrate
solution, the sample was agitated and is oven-dried at 80 °C
for 1 h and subsequently re-calcined at 550 °C for 5 h. This
is labelled as Cs-MCM-22(imp).

2.1.1c. Preparation of palladium loaded MCM-22
samples The Pd dispersed on Na, K, Mg, NH4?, Cs and
Cs-MCM-22(imp) samples were prepared by using palladium chloride as a palladium source. First, palladium(II)
chloride solution with 2 wt. % of palladium was prepared by
dissolving in deionized water. The resultant palladium
chloride solution (1 mL) was uniformly introduced into the
metal-ion exchanged MCM-22 sample (1 g) by incipient
wetness method. The resultant sample was agitated, and
oven-dried at 80 °C for 1 h and then calcined at 500 °C for
3 h. All the calcined samples were ﬁrst treated using a 0.1 M
NaBH4 solution and subsequently reduced in H2 atmosphere at 500 °C for 5 h. The palladium loaded samples are
represented as Na/Pd-MCM-22, K/Pd-MCM-22, Mg/PdMCM-22, Cs/Pd-MCM-22, and Cs/Pd-MCM-22(imp).

2.2 Physicochemical characterisation
of materials
The structural framework features of the samples were analysed using FTIR spectrometer in the range of 400-4000 cm-1
with Perkin-Elmer Spectrum-two using KBr technique. XRD
patterns of MCM-22 and all the samples were recorded using
Rigaku Miniﬂex 600 diffractometer using nickel-ﬁltered Cu
Ka radiation (k= 1.5405 Å) and a liquid nitrogen-cooled
germanium solid-state detector. The patterns were recorded
in the 2h range of 5-45° with a step size of 0.02°. BrunauerEmmett-Teller (BET) surface area and N2 adsorption-desorption of the Na-MCM-22 and Cs-MCM-22 samples were
determined at -196 °C by an automatic micropore
physisorption analyser (Micromeritics ASAP 2020, USA)
after the samples were degassed at 250 °C for 10 h. The BET
surface area was calculated in the relative pressure range
0–0.1, over the adsorption branch of isotherm. Barrette-Joyner-Halenda (BJH) pore size distribution was obtained from
the desorption branch of isotherm. Other textural properties
like, pore volume was elucidated from the isotherm data. TPD
proﬁle of CO2 was performed (BELCAT-M; Japan) from 50
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to 800 °C at a heating rate of 10 °C/min with the carrier gas
(Ar) ﬂow of about 30 mL/min for all the samples.

2.3 Catalytic studies on ion-exchanged and pd
loaded samples
2.3a Isomerisation of Eugenol:

To understand the
surface basicity, the cations exchanged MCM-22 catalysts
were studied for the isomerization of eugenol in a liquid phase
autoclave reactor at 200 °C for 6 h. All the alkali metal ionexchanged samples were applied for the isomerisation of
eugenol. Prior to the reaction, the catalysts were activated by
heating in an air oven at 70 °C for 1 h. Approximately 0.2 g of
eugenol (*0.188 mL) was introduced into the autoclave
reactor having 2.5 mL of DMF as a solvent. Then, 0.05 g of
the alkali and alkaline earth metal-containing MCM-22
catalyst was added into the reactor. The temperature of the
reactor was set to 200 °C and the reaction was continued for
6 h. After the reaction, the catalyst was separated by ﬁltration
and the products were analysed by gas chromatography (GC)
equipped with ZB-5 capillary column (non-polar column)
and a ﬂame ionization detector. The products were conﬁrmed
based on the retention time of the authentic samples received
commercially.

2.3b Heck

coupling reaction: The palladium
containing MCM-22 catalyst (M/Pd-MCM-22; where M=
Na, K, Mg, Cs, and Cs(imp)) were applied for the Heck
coupling reaction. The reaction was carried out in liquid
phase medium by introducing iodobenzene (1.4 mmols) and
styrene (2.8 mmols) in the ratio 1:2 into the round bottom
ﬂask containing 3.56 mmols of potassium carbonate in
2.5 mL of the solvent (DMF). About 0.05 g of M/Pd-MCM-22
catalysts were subsequently added into the round bottom
ﬂask containing the above mixture. After the introduction of
the catalysts into the reaction mixture, the RB ﬂask was
ﬁtted with a water condenser in an oil bath and the reaction
was carried out at 150 °C for 6 h. After the completion of
the reaction, the catalyst was separated by ﬁltration and
washed thoroughly with ethanol and subsequently recycled
for several runs. The products obtained in different catalytic
reactions were analysed by using gas chromatography
equipped with a ﬂame ionizing detector (FID) (Mayura
analytical 2100) connected with Zebron ZB-5 column (5%
phenyl and 95% dimethylpolysiloxane) of 30 M.

3. Results and Discussion
3.1 Characterization of the catalysts using
various techniques
FT-IR spectra of the as-synthesized and ion-exchanged
MCM-22 materials are shown in Figure 1. All the
samples showed the major vibrational bands, which

Figure 1. FT-IR spectra of (a) Na-MCM-22, (b) K-MCM22, (c) Mg-MCM-22, (d) NH4?-MCM-22, (e) Cs-MCM-22
and (f) Cs-MCM-22(imp).

are characteristic of double six-ring (D6R) of MWW
zeolite framework structure, a symmetric stretching
framework of Si-O-T linkage and as-symmetric
framework stretching of Si-O-T vibrations (T = Al
or Si).40 The vibrational bands appeared for all the
MCM-22 samples around 552 cm-1 and 600 cm-1
correspond to the D6R vibrations of MCM-22.4,7,40
The observed band around 810 cm-1 is characteristic
vibration of symmetric stretching (csym) of Si-O-T
linkage present in MCM-22 framework.4,7,40 The band
around 1070 cm-1 corresponds to asymmetric (casym)
Si-O-T internal vibrations and at 1230 cm-1 corresponds to asymmetric Si-O-T external vibrations. It
is clearly observed that the parent material (NaMCM-22), as well as the ion-exchanged catalysts
(K-MCM-22, Mg-MCM-22, Cs-MCM-22 and NH4MCM-22) showed a similar vibrational spectrum. The
accommodation of cations in the framework led to the
shifting of stretching vibrational bands towards lower
wavenumber is evident. In particular, the introduction
of bulk cesium results in a higher shift in framework
as-symmetric and symmetric vibration bands toward
the lower wavenumber is evident. As the concentration
of cesium increases, the wavelength of T-O-Cs band
increases and a much higher shift of vibration band
towards the lower wavenumber is also evident.7
The FT-IR spectra of Cs-MCM-22 prepared by
impregnation and ion-exchanged samples are shown in
Figure 1(e) and 1(f). Both the samples showed the
characteristic feature of MCM-22 framework, the
decrease in intensity, broadening of framework
vibration and shift in the vibrational band towards
lower wavenumber on the Cs-MCM-22(imp) sample
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due to incorporation of relatively high cesium loading
on the external surface of MCM-22 sample. The XRD
pattern of Na-MCM-22 sample is compared with those
of ion-exchanged samples and the results are displayed
in Figure 2. The parent sample shows sharp and
independent peaks on the planes (100), (101), (102),
(201), (202), (220), (310) which are characteristic of
MWW structure.7,40 The presence of well-deﬁned
X-ray reﬂections are characteristics of good crystallinity of MCM-22 material. All the ion-exchanged
samples (Figure 2) showed X-ray diffraction characteristic of MCM-22 structure with a line broadening
compared to that of the parent sample. The observed
line broadening in the X-ray diffraction pattern for the
cations-exchanged samples is due to the presence of
bulk alkali and alkaline metal ions present in the
exchangeable channels and voids of the MCM-22
framework. The exchange of bulk cations in the extraframework sites also reduces the particle size and
further leads to line broadening.40–42
It is clear from Figure 2 that the cesium exchanged
sample showed a drastic decrease in the intensity as
compared to the ion-exchanged sample. The X-ray
pattern of Cs-MCM-22 has more line broadening
compared to Cs-MCM-22-(imp) which may be due to
strong cesium ion interaction with framework sites on
the ion-exchanged sample.
The TPD experiments were conducted on alkali and
alkaline earth metal ions exchanged MCM-22 samples
and the results are presented in Figure 3. It is clear
from the ﬁgure that, the cations exchange in zeolite
induces speciﬁc changes in the basicity. Most of the

TPD patterns show two distinguished desorption peaks
with the variation in the distribution of basic sites and
strength. The low-temperature peak corresponds to
weak basic sites, whereas high-temperature peak is the
characteristic of strong basic sites. Among the various
cations exchanged samples, the Na-MCM-22, and
K-MCM-22 samples showed a broad peak in the
temperature range of 200-350 °C which may be due to
moderate basicity of the sample. The Cs-MCM-22
sample showed two broad peaks in the temperature
range of 100–200 °C and 500–650 °C with the Tmax of
582 °C which supports the presence of both weak and
strong basicity and uniform distribution on the
framework. Compared to the Cs-MCM-22 sample, the
Tmax for the Cs-MCM-22(imp) sample showed lower
temperature which may be due to a weak interaction of
cesium with the support. Among the various metal ionexchanged samples, the Cs-MCM-22 showed a broad
peak with highest Tmax indicating the strong basicity.
N2 sorption isotherm of Na-MCM-22 and CsMCM-22 is displayed in Figure 4. Both the zeolite
materials showed sharp uptake below 0.1 relative
pressure (p/p0), which is typical for type I isotherm
and is characteristic of monolayer adsorption on a
microporous framework derived from the microporous
channel. And both Na-MCM-22 and Cs-MCM-22
show H4 type hysteresis. From the ﬁgure, it is clear
that the volume of nitrogen adsorbed on Cs-MCM-22
sample decreases noticeably owing to the presence of
bulk cesium ions in the channel as well as in the voids
of Na-MCM-22 framework. The H4 type hysteresis
loop corresponds to the adsorption-desorption in

Figure 2. Powder XRD patterns of (a) Na-MCM-22,
(b) K-MCM-22, (c) Mg-MCM-22, (d) NH4?-MCM-22,
(e) Cs-MCM-22 and (f) Cs-MCM-22(imp).

Figure 3. TPD-proﬁle of (a) Na-MCM-22, (b) K-MCM22, (c) Mg-MCM-22, (d) Cs-MCM-22 and (e) Cs-MCM22(imp).
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Figure 4. Representative N2 sorption proﬁle of (a) MCM22, and (b) Cs-MCM-22.

Figure 5. Isomerization of eugenol using different cation
exchanged MCM-22 Catalyst. Reaction conditions: Eugenol (1.2 mmol; 0.2 g); Solvent (DMF) = 8 mL; Catalyst =
0.05 g; Temperature = 200 °C & duration t = 6 h.

narrow slit-like interparticle pores in the platelet particles of MCM-22 sample. According to IUPAC
classiﬁcation, all the nitrogen isotherms recorded on
MWW samples show this kind of a hysteresis loop.43
Also, the decrease in surface area can be related to the
increase in weight of alkali metal cations. The textural
properties of the parent and Cs-MCM-22 samples are
followed by N2 sorption studies and the results are
summarized in Table 1. The calcined Na-MCM-22
shows BET, the external surface area of 804,
162 m2g-1 with BJH pore volume of 0.42 cm3g-1.
After cesium exchanged, it showed BET, the external
surface area of 217, 38 m2g-1 with BJH pore volume
of 0.10 cm3g-1. A considerable decrease in the surface
area and pore volume is shown by the exchanged
sample, owing to the bulk cesium ions occupation in
the pores and channels of Na-MCM-22.
3.2 Catalytic properties of developed materials
3.2a Eugenol isomerisation: The well-characterized cations exchanged MCM-22 samples were
studied for the conversion of eugenol to isoeugenol
at 200 °C under liquid phase conditions and the

Figure 6. Catalytic activity of palladium containing several metal ion-exchanged MCM-22 with and without an
external base. Reaction conditions: Iodobenzene (1.4
mmol); Styrene (2.8 mmol); K2CO3 (3.61 mmol); Solvent
(DMF) = 2.5 mL; Catalyst = 0.05 g; Temperature = 150 °C
& duration t = 6 h.

Table 1. Textural properties of Na-MCM-22 and Cs-MCM-22.
Surface area (m2/g)

Pore volume (cm3/g)

Sl. No.

Sample name

BET

External

BJH

Micropore

1.
2.

Na-MCM-22
Cs-MCM-22

804
217

162
38

0.42
0.10

0.33
0.18
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Table 2. Effect of different substrates on Heck coupling using Cs/Pd-MCM-22 .
Reactant species
Styrene & Bromobenzene
Methyl acrylate & Iodobenzene
Methyl acrylate & Bromobenzene
Ethyl acrylate & Iodobenzene

Conversion of halo-benzene (%)
5.2
25.0
1.2
23.0

Reaction conditions: Halobenzene (1.4 mmol); Substrate (2.8 mmol); K2CO3 (3.61 mmol);
Solvent (DMF) = 2.5 mL; Catalyst = 0.05 g; Temperature = 150 °C & duration t = 6 h.

results are shown in Figure 5. At ﬁrst, a blank
reaction was conducted without catalyst and the
result showed only 6% conversion of eugenol with
the exclusive formation of isoeugenol as a product.
Among the several cations exchanged catalysts, NH4MCM-22 showed only 10% conversion due to poor
basicity of the materials. The Na-MCM-22, K-MCM-22
and Mg-MCM-22 showed about 44, 41 and 64%
eugenol conversion respectively due to moderate
basicity of the catalyst. The Cs-MCM-22 showed a
maximum conversion of 76% with the exclusive
formation of isoeugenol as a product. Compared to
Cs-MCM-22, the catalyst Cs-MCM-22(imp)
showed poor conversion may be due to the
presence of cesium present as oxide on the
external surface. The most active catalyst (CsMCM-22) was recovered and reused to see the
recyclability of the catalyst. The catalyst showed
improved conversion (94%) after recovery may be
due to the best dispersion of cesium ion under the
reaction conditions that may facilitate the
improvement in conversion. In all the cases
isoeugenol was obtained as the only product.

3.3 Catalytic activity of palladium loaded CsMCM-22 catalyst
The cation exchanged zeolites are modiﬁed by
introducing palladium and the Pd incorporated samples are explored for the Heck reaction using styrene/
methyl acrylate/ethyl acrylate as a nucleophile and
iodo-/bromo- benzene as an electrophile. All the
reactions are conducted at 150 °C for 6 h (Figure 6).
The reaction was studied both in the presence and
absence of potassium carbonate as an external base.
After each reaction, the catalyst is recovered and
checked for reproducibility. The catalyst that yielded
the best conversion is further checked for
recyclability.
Among the various catalysts studied, the use of
Cs/Pd-MCM-22- and Cs/Pd-MCM-22(imp) showed

relatively better conversion of about 40 and 20%,
respectively. In all the cases, stilbene is obtained as the
major product. The strong basicity and presence of a
greater number of basic sites on cesium containing
samples resulted in better conversion. Subsequently,
the reaction was further studied in the presence of an
additional external base. Among the several external
bases were studied, the use of potassium carbonate
facilitates the complete conversion of halobenzene
with the exclusive formation of stilbene. The best
result was produced by Cs/Pd-MCM-22 catalyst in the
presence of the external base. A conversion of
iodobenzene up to 99% was obtained for the reaction
conducted under optimum reaction conditions
(150 °C; 6 h). The results obtained seem to be in
accordance with the order of effective basicity with
respect to cations present in the catalyst. The product
analysis reveals that the major product formed in all
the cases is the trans-stilbene.
The best active catalyst Cs/Pd-MCM-22 was further explored for substrate scope and the results are
summarized in Table 2. Among the various reactants, styrene with iodobenzene yielded maximum
conversion, whereas the use of bromobenzene and
other nucleophiles showed relatively lower
conversion.
The above fact is in congruence with the reactivity of halobenzenes that the heavier halogen
(I) leaves more easily than the lighter one (Br). The
best active catalyst (Cs/Pd-MCM-22) was studied for
the recyclability after the catalyst recovery by ﬁltration, washing with ethanol and drying in an air
oven. Subsequently, the reaction was studied under
similar conditions. The catalyst showed consistent
results with the best recyclability for the chosen
reaction even after three cycles. The yield (95%) of
stilbene remain constant is evident even after the
catalyst were reused for three runs. To summarize,
we have successfully demonstrated a phosphine free
palladium-based heterogeneous catalyst as a
promising catalyst for Heck reaction with good yield
and recyclability.
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4. Conclusions
A series of alkali and alkaline metal ions exchanged
MCM-22 zeolites (Cs-MCM-22, Mg-MCM-22,
K-MCM-22, and NH4-MCM-22) were prepared and
subsequently palladium dispersed. The resultant
materials were systematically characterised using different spectroscopic and analytical techniques. FT-IR
spectral studies and powder XRD analysis supported
the presence of MWW structure of the catalysts. The
powder XRD analysis of different cations exchanged
zeolite showed sharp and independent peaks clearly
support the retention of high crystallinity of MCM-22
framework even after loading bulk metal ions. TPD of
carbon dioxide on the alkali and alkaline metal ions
exchanged catalysts showed a broad distribution of
basic sites. Among the various metal ions exchanged
catalysts, the cesium ion-exchanged catalyst turned out
to be the most basic in nature with two distinguished
desorption peaks, and one of them at the highest
temperature of 550 °C indicating the existence of the
stronger basic sites. The decrease in the surface area
upon ion exchange with bulk cesium ions corresponds
to the accommodation of cesium ions in the pores and
channels of MCM-22 framework. The well-characterized cations exchanged MCM-22 samples were
studied for the industrially important transformation of
eugenol to isoeugenol. The best catalytic activity was
obtained in cesium ion-exchanged MCM-22 and
showed 76% conversion of eugenol with the exclusive
formation of isoeugenol as a product. The Pd dispersed
catalysts were explored for Heck coupling reaction of
styrene with iodobenzene. Among the various catalysts studied, Cs/Pd-MCM-22 catalyst showed 99%
yield of stilbene in the presence of an external base at
optimum reaction conditions. Further, the catalytic
activity remains intact for both isomerizations of
eugenol and Heck coupling reactions.
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