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ABSTRACT
Incorporation of [Fe(bipy)Cl4][bipy.H] (1) (where bipy is 2,2′-bipyridine) in the molecular
sieves of the type LTA, NaY and mesoporous Al-MCM-41 by using a “ship in a bottle
synthesis” approach was investigated. [Fe(bipy)Cl4][bipy.H] was successfullyincorporated in
the channels ofmesoporousAl-MCM-41, and the product was characterized by X-ray diffraction,
FTIR and BET analysis. It was found that size criteria prevented the complex to be incorporated
in smaller cages of the LTA or NaY zeolites.Incorporation of the complex into the channels of
Al-MCM-41, on the other hand,did not affected morphology of the host as it is evident from
SEM micrographs.
Keywords: [Fe(bipy)Cl4][bipy.H]; Incorporation; Mesoporous; Al-MCM-41.
1. INTRODUCTION

Incorporation of transition metal
complexes inside inorganic structures
makes it possible to design catalysts
which combine the advantages of
homogeneous
and
heterogeneous
catalytic systems [1]. Zeolites are
attractive supports for incorporation, as
they combine high thermal and
chemical stability with a quite regular
crystalline framework structure. The
well-defined and ordered structure of
zeolites provides an ideal environment
to entrap active metal complexes, and
the conﬁnement leads to higher
stability by reducing dimerization of
active sites. These modiﬁed systems
can be exploited as catalysts [2–4].
Due to the steric constraint of these
hosts, however, interesting changes in
Online version is available on http://research.guilan.ac.ir/csm

the physico chemical properties of such
encapsulated complexes have been
reported [5–8]. Mixed ligand complexes, on the other hand, can be a
synthetic challenge to tune properties
of transition metal complexes. Metal
complexes contai-ning diimine ligands
such as 1,10-phenanthroline and
bipyridine have attracted attention
because of their versatile roles as
building blocks for the synthesis of
metallodendrimers and as molecular
scaﬀolding for supramolecular assemblies, and in analytical chemistry,
catalysis, electrochemistry, ringopening
metathesis polymerization (ROMP) and
biochemistry. However, most diimine
complexes reported so far, are homo
ligand compounds of the general
formula M(N–N)3 orto a lesser extent
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M(N–N)2X2. To the best of our
knowledge, little attention has been
paid to the incorporation of such
complexes into the molecular sieves.
Our interest in the study of ionexchanged zeolites [9, 10], prompted us
to evaluate incorporation of [Fe(bipy)Cl4][bipy.H] (1) in molecular sieves.
2. EXPERIMENTAL
2.1 Reagents and materials
All materials were purchased from
Merck and used without further
purification. [Fe(bipy)Cl4][bipy.H] was
synthesized according to Safari et al
[11]. In brief, 2,2′-bipyridine (0.155g, 1
mmol) was dissolved in 0.1 M HCl
(10ml).FeCl3.6H2O (0.135 g, 0.5
mmol) in water (10ml) was added to
this solution, and the resulting red
solution was stirred at 55–60 oC for 3h.
The product was obtainedfrom CH3CN
as orange prismatic crystals after 3
days. (Yield: 0.195 g, 76.3%).m.p.: 216
o
C, IR (KBr, cm-1): 3060, 1615, 1599,
1583, 1443, 1311, 1270, 1248, 1229,
1174, 1158, 1021, 764, 733, 652, 630,
357, 333, 309 (Fe–Cl), 291 (Fe–Cl),
258 (Fe–N). AlMCM-41 with a Si/Al
ratio of 39was synthesized and
characterized according to the literature
[12]. Zeolite A with the composition
2.3Na2O:1.0-Al2O3:2SiO2:300H2O,was
synthesized according to Salma et al.
[13]. NaY was synthesized according
to Blatter et al [14]. The Fe3+ ionexchanged zeolites (FeY, FeAl-MCM41, FeA), were obtained by overnight
stirring ofthe corresponding zeolite
with 0.05 M solution of FeCl3.6H2O
(15 mL per g of zeolite), then filtration
and washing with hot deionized water
to remove any physisorbed species, as
was monitored by a conductometer.
The whole process repeated three times
and soxhlet extraction with acetonitrile
removed the ions located on the
zeolite’s surface. Finally, the ionexchanged zeolites were subsequently
filtered and calcined at 550 oC. In order

to encapsulate [Fe(bipy)Cl4][bipy.H] in
the zeolite hosts, 2,2′-bipyridine
(0.155g, 1 mmol) was dissolved in10
mL of a 1:1 mixture of ethanol and
water and titrated by 0.1 M HCl to pH
of 7.0. To this solution, 500 mg of the
corresponding ion-exchanged zeolite
was added and the mixture was stirred
at 55–60 oC for 3h. The red precipitate
was then filtrated and washed with hot
deionized water three times, then
soxhlet extracted with acetonitrile.
2.2 Characterization
X-ray powder diffraction (XRD)
measurements were performed by
using a Philips diffractometer of X’pert
Company with mono chromatized Cu
kα radiation. IR spectra were recorded
on a Shimadzu FTIR-8400S spectrometer. Morphology of the synthesized
samples was characterized with a
scanning electron microscope (SEM)
from Philips Company (XL30 ESEM).
3. RESULTS AND DISCUSSION
3.1 FT-IR and XRD Analysis
Treatment of one equivalent of
FeCl3.6H2O with 2 equivalents of the
bidentate chelating ligand, bipy, in the
presence of HCl solution aﬀords a
compound with the formula [Fe(bipy)Cl4][bipy.H]. The structure of complex
1 is unambiguously identified [15].
Considering our interest in the
transition metal catalytic systems and
difficulty of recovering homogeneous
transition metal complexes, we decided
to encapsulate complex 1in the zeolites,
as a potential heterogeneous alternative. To do so, a “ship in a bottle
synthesis” approach was selected. First,
Al-MCM-41 was selected as the host,
since its pore diameter is large enough
to admit complex 1. Fe3+ loaded AlMCM-41 (FeAl-MCM-41) is yellow in
color. Upon diffusion of the 2,2′bipyridine ligand into the channels of
Al-MCM-41, however, the color
changed to red, which is the first
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characteristic of formation of the
desired complex. Feasibility of the
synthesis, however, was approved by
FT-IR spectra and XRD patterns.
Figure 1a shows the FT-IR spectra of 1,
and Figure 1b shows FT-IR spectra of
the Al-MCM-41 loaded [Fe(bipy)Cl4][bipy.H]. No peaks associated to
stretching vibrations mode of Fe-O in
the region of 580-640 cm-1 were
observed, which diminished the
formation of iron(III) oxide during
calcination. While little could be

deduced from these spectra, which is
due to broad and strong absorption
bands of the host, IR spectroscopy in
the region of 200-400 cm-1 provided
more useful details. As it is obvious
from Figure 2a, complex 1 shows three
characteristic bands at 309 (Fe–Cl),
291 (Fe–Cl) and 258 (Fe–N)cm-1[11].
The same vibrations were observed for
Al-MCM-41 loaded [Fe(bipy)Cl4][bipy.H] (Figure 2b).

Fig. 1. FT-IR spectrum of:(a) [Fe(bipy)Cl4][bipy.H] and (b)Al-MCM-41 loaded
[Fe(bipy)Cl4][bipy.H].

A. Khorshidi, S. Heidari/CSM Vol.1 No.2, 2013 pp.25-32
28

Fig. 2. FT-IR spectrum of complex 1 (a) and Al-MCM-41 loaded complex1 (b) in the region
of 200-500 cm-1.

3.2 XRD analysis
XRD patterns of free and Al-MCM-41encapsulated complex 1, also confirm
feasibility of the synthesis (Figure 3).
Four index peaks of the complex 1
(Figure 3a) at 2θ=12, 25.5, 26 and
29.2o reoccurred in the XRD pattern of

the encapsulated complex (Figure 3b).
Inset of the Figure 3b, also, shows low
angle pattern for the Al-MCM-41encapsulated complex 1, indicating
thatthe crystal structure of Al-MCM-41
was retained after incorporation [16].
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Fig. 3. XRD patterns of: (a) [Fe(bipy)Cl4][bipy.H], (b) Al-MCM-41-encapsulated
[Fe(bipy)Cl4][bipy.H] and (c)zeolite Y encapsulated [Fe(bipy)Cl4][bipy.H]. Inset shows low
angle pattern for the Al-MCM-41-encapsulated complex [Fe(bipy)Cl4][bipy.H].

3.3 SEM Analysis
Incorporation of the complex1 into the
channels of Al-MCM-41 did not affect
morphology of the host as it is evident
from SEM micrographs. As shown in
Figure 4, the Al-MCM-41 crystallites
of about 1 µm, preserved their size and
shape after hosting the complex, and a
close-up image also showed that the
structure of channels were also,
preserved. Meanwhile, BET surface
area of Al-MCM-41 drops from 630.0
m2/g to 403.9 m2/g for impregnated
host. Drop in pore volume was from
0.58 mL/g to 0.19 mL/g. Encouraged
by these results, we decided to
incorporate complex 1 into the
microporous structure of zeolite Y. The
supercage diameter of 12 Å of zeolite
Y which is surrounded by 10 sodalite
cages, is proportional to the dimension

of inner coordination sphere of
complex 1. However, the synthesis was
un-successful as it is evident from the
XRD pattern of the product (Figure 3c).
This may be due to the negative charge
of the complex and necessity of
presence of its cationic counterpart
([bipy.H]+) which destroys the crystal
structure of the zeolite. In fact, the
structure of complex 1 consist of
alternating stacks of [Fe(bipy)Cl4]anions and (bipy.H)+ cations, linked
together by hydrogen bonds. Each
anion binds to organic donors through
N–H…Cl hydrogen bonds [11]. Similar
result was obtained when zeolite A was
used, which further confirmed this
assumption.
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Fig. 4. SEM images of: (a) Al-MCM-41 and (b, c) Al-MCM-41 loaded [Fe(bipy)Cl4][bipy.H].
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4. CONCLUSION
In conclusion, we have successfully
incorporated the complex [Fe(bipy)Cl4][bipy.H] into the channels of
mesoporous Al-MCM-41with no considerable change in the size and shapes
of the host. Size criteria, however,
prevented the complex to be hosted in
the smaller cages of zeolite Y or zeolite
A.Further investigation in this context,
along with catalytic studies of the
product is currently under way in our
laboratory.
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ﺗﺸﮑﯿﻞ ﮐﻤﭙﻠﮑﺲ ] [Fe(bipy)Cl4][bipy.Hدر ﻗﻔﺲﻫﺎي ﻣﻮﻟﮑﻮﻟﯽ :رﻫﯿﺎﻓﺖ "ﺳﻨﺘﺰ
ﮐﺸﺘﯽ در ﺑﻄﺮي"
2

ع .ﺧﻮرﺷﯿﺪي* ،1س .ﺣﯿﺪري
 .1اﺳﺘﺎدﯾﺎرﺷﯿﻤﯽ داﻧﺸﮑﺪه ﻋﻠﻮم ،داﻧﺸﮕﺎه ﮔﯿﻼن ،رﺷﺖ ،اﯾﺮان
 .2داﻧﺸﺠﻮي ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ ﺷﯿﻤﯽ داﻧﺸﮑﺪه ﻋﻠﻮم ،داﻧﺸﮕﺎه ﮔﯿﻼن ،رﺷﺖ ،اﯾﺮان
)ﺗﺎرﯾﺦ درﯾﺎﻓﺖ 6 :اﺳﻔﻨﺪ -1392ﺗﺎرﯾﺦ ﺑﺎزﺑﯿﻨﯽ 13 :اردﯾﺒﻬﺸﺖ  -1393ﺗﺎرﯾﺦ ﭘﺬﯾﺮش 7 :ﺧﺮداد (1393

ﭼﮑﯿﺪه:
ﺗﺸﮑﯿﻞ ﮐﻤﭙﻠﮑﺲ ]) (1) [Fe(bipy)Cl4][bipy.Hﮐﻪ در آن  bipyﻟﯿﮕﺎﻧﺪ 2′و-2ﺑﯽ ﭘﯿﺮﯾﺪﯾﻦ اﺳﺖ( در ﻗﻔﺴﻬﺎي
ﻣﻮﻟﮑﻮﻟﯽ  LTA, NaYو ﻣﺰوﭘﻮر  AlMCM-41ﺑﺎ اﺳﺘﻔﺎده از رﻫﯿﺎﻓﺖ "ﺳﻨﺘﺰ ﮐﺸﺘﯽ در ﺑﻄﺮي" ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار
ﮔﺮﻓﺖ [Fe(bipy)Cl4][bipy.H] .ﺑﻄﻮر ﻣﻮﺛﺮ در درون ﮐﺎﻧﺎﻟﻬﺎي  Al-MCM-41ﺗﺸﮑﯿﻞ ﺷﺪ و ﻣﺤﺼﻮل ﺑﺎ ﮐﻤﮏ
ﭘﺮاش ﭘﺮﺗﻮ  FTIR ،Xو آﻧﺎﻟﯿﺰ  BETﻣﺸﺨﺼﻪ ﯾﺎﺑﯽ ﺷﺪ .ﻣﺸﺨﺺ ﺷﺪ ﮐﻪ ﻋﺎﻣﻞ اﻧﺪازه ﻣﺎﻧﻊ از ﺗﺸﮑﯿﻞ ﮐﻤﭙﻠﮑﺲ درون
ﻗﻔﺴﻬﺎي ﮐﻮﭼﮑﺘﺮ زﺋﻮﻟﯿﺘﻬﺎي  LTAو  Yﻣﯽ ﺷﻮد .از ﺳﻮي دﯾﮕﺮ ﺗﺸﮑﯿﻞ ﮐﻤﭙﻠﮑﺲ در درون ﮐﺎﻧﺎﻟﻬﺎي Al-MCM-
 41ﻫﻤﺎﻧﻄﻮر ﮐﻪ از ﺗﺼﺎوﯾﺮ  SEMﺑﺮ ﻣﯽ آﯾﺪ ﺗﺎﺛﯿﺮي ﺑﺮ رﯾﺨﺖ ﺷﻨﺎﺳﯽ ﻣﯿﺰﺑﺎن ﻧﺪارد.
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