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Abstract In this study, we improved the catalytic per-

formance of manganese porphyrin encapsulated HY zeolite

for alkene epoxidation reaction. For this purpose, Manga-

nese tetra pyridyl porphyrin encapsulated into modified

dealuminated Y zeolite (MnTPP-MDAZY) was synthe-

sized using zeolite template synthesis method. This heter-

ogenized catalyst was characterized by FT-IR, UV–Vis,

XRD and atomic absorption spectra (AAS) technique.

Catalyst loading was 0.263 mmol/g support. In this way,

high catalyst loading is probably related to the decrease of

the size of metalloporphyrin and the post-synthesis treat-

ment. The latter one causes the increase of the diameter of

the mesoporous structure as a result of the dealumination of

zeolite with EDTA treatment. High catalyst loading effi-

ciently enhances the epoxidation of alkenes.

Keywords Manganese porphyrin � Dealuminated zeolite
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Introduction

Zeolite-encapsulated metal complexes have attracted spe-

cial attention as modern catalytic systems and as model

compounds for enzyme mimicking [1]. In this case,

metallocomplexes act as an active site enzyme and the

zeolite framework represents a rigid protein mantle of

enzymes [2–6]. Therefore, they will have many advanta-

ges including high thermal and chemical stability that

related to the reducing of self-destruction and degredation

of metallocomplexes. Thus, the recovery and reusability of

these systems may be because of heterogeneity of these

systems [7–11]. In addition, these catalytic systems indi-

cate the shape and size selectivity due to the molecular size

channels and pores in three-dimensional network of well-

defined crystalline structures [7, 12].

Typically, zeolites are considered as crystalline micro-

porous aluminosilicate materials with periodic arrange-

ments of nanocages and nanochannels. These compounds

have industrial applications including adsorbents, ion

exchangers and catalysts which are related to high surface

area, high stability, exchangeable cations and uniform

cavities. Zeolites have been thus categorized according to

their porous dimensions as small, medium and large pore

sizes [10, 13, 14]. In other words, in these porous materials,

some of the macromolecules cannot incorporate inside the

pores of zeolite owing to their large size. To facilitate the

interaction between the support and macromolecules, the

supports with large pores are likely suitable to incorporate

supramolecules such as porphyrins, phthalocyanines,

Schiff bases and polyoxometallates. Therefore, several

interesting strategies have been performed in this field

including the usage of mesoporous material, for instance,

MCM-41 and SAPO-21 or post-synthesis treatment. In the

post-synthesis treatment, secondary mesoporous structure

is formed using the dealumination of zeolite [7, 10, 15–17].

It leads to high Si/Al ratio and consequently the replace-

ment of large macromolecules such as porphyrin in the

supercage of zeolite becomes possible [18]. All of Mn

porphyrins encapsulated into zeolite which have been
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studied until now have oxidative states that equal 3. They

are scarcely reported in the literature for the oxidative state

of Mn(II) porphyrin encapsulated into dealuminated Y

zeolite. This can related to the anionic structure of zeolite

which mostly allows the formation of cationic species more

than neutral and anionic species into nanocage of zeolite

[19]. However, upon the dealumination of zeolite with

EDTA treatment, Si/Al ratio increases because of the

replacement of AlO4
- by SiO4. Consequently, the negative

charge of zeolite is reduced; therefore, it probably facili-

tates the inclusion of neutral complexes into zeolite cages.

In this study, we attempted to continue and modify our

previous work on the encapsulation of metalloporphyrin

into supercage of zeolite using built-bottle-around-ship

method [20] and post-synthesis treatment. Here, we wish to

report the preparation and physicochemical characteriza-

tion of manganese (II) tetra pyridyl porphyrin into modified

dealuminated Y zeolite (MnTPP-MDAZY) through zeolite

template synthesis method for the first time (Scheme 1).

Then, the catalytic activity of this system was investigated

in the epoxidation of alkenes with NaIO4 under mechanical

stirring (Scheme 2). Based on the usage of modified dea-

luminated Y zeolite with EDTA treatment, the catalyst

loading increased and therefore, effective epoxidation

reaction occurred.

Experimental

All solvents and reagents were of commercial grade and

attained from Merck, Fluka and Sigma-Aldrich. AAS were

recorded on an Analytikjena nov AA 400 Spectropho-

tometer using a flame approach. Gas chromatography (GC)

experiments were carried out with a Shimadzu GC-2010

instrument using a 2-m column peaked with silicon DC-

200 or Carbowax 20 m using n-Decane as internal stan-

dard. The electronic spectra of free complex and encap-

sulated complex in the UV–Vis region were recorded in

methanol solution for MnTPP and in sulfuric acid for

MnTPP-MDAZY to digest zeolite structure using UV-1700

PharmaSpec Shimadzu. FT-IR spectra were obtained in the

range 400–4,000 cm-1 with a Tehsor 27-BRUKER

instrument. Powder X-ray diffraction of the free complex

and encapsulated complex (samples) was performed with

Cu Ka radiation. NaY zeolite was purchased from Sigma-

Aldrich. Y zeolite was dealuminated using (ethylenedia-

minetetraacetic) acid H4EDTA by chemical operation

according to the reported procedure. In this case, the rate of

H4EDTA addition, amount of H4EDTA and reaction tem-

perature should be controlled to minimize the amorphiza-

tion of zeolite [21]. The dealuminated sample was washed

with hot distilled water dried and finally was used in the

synthesis of manganese porphyrin inside nanocage of

zeolite [22]. In a typical procedure, a solution of 3 g

Mn(OAC)2, 4H2O was ion-exchanged with 6 g of modified

dealuminated zeolite (MDAZY) in 100 ml deionized water

and then was stirred at 50 �C for 24 h. The slurry was

filtered off and pinkish white solid product was washed by

hot distilled water. To prepare manganese tetra pyridyl

porphyrin in the supercages of zeolite, 900 ll (equal

0.873 g) pyrrol, 1,320 ll (equal 1.386 g) fresh distilled

benzaldehyde and 2 g MDAZY were mixed in 50 ml with

propionic acid according to the reported procedure

(Scheme 1) [22]. The final mixture was refluxed in oil bath

for 18 h at 393 K under nitrogen atmosphere and then

filtered off. The crude solid was then purified with soxhlet

extractor for removal of metal complexes on the external

surface and a brown solid was obtained. To remove the

unreacted species of Mn cations in the pores of zeolite, the

sample was exchanged with aqueous 0.01 M solution of

NaCl for 24 h under vigorous stirring. Finally, the catalyst

was filtered, washed with distilled water and it was dried at

363 K. To confirm the location of MnTPP into supercage

of zeolite, the sample was studied by spectroscopic tech-

niques such as FT-IR, UV–Vis and XRD technique. The

catalyst loading was also determined using AAS and the

Scheme 1 Synthesis of manganese (II) tetra pyridyl porphyrin into modified dealuminated Y zeolite

Scheme 2 Oxidation of alkenes with NaIO4 catalyzed by MnTPP-

MDAZY
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progress of reaction was monitored by gas

chromatography.

The catalytic activity of this system was investigated in

the alkene epoxidation reaction. In a typical procedure, to a

mixture of alkene (0.5 mmol), imidazole (1.4 mmol),

manganese porphyrin (0.05 mmol of MnTPP-MDAZY)

and CH3CN (5 ml) was added a solution of NaIO4

(1 mmol) in H2O (2.5 ml) and was stirred at room tem-

perature. The progress of reaction was tested by GLC. The

reaction mixture was filtered and thoroughly washed with

Et2O (20 ml). The crude filtrates were purified on a silica-

gel plate or a silica-gel column and identified by IR and 1H

NMR spectral data.

Result and discussion

Preparation and characterization of MnTPP-MDAZY

The synthesis of modified dealuminated Y zeolite-encap-

sulated Mn(II)-porphyrin, MnTPP-MDAZY was carried

out by a zeolite template synthesis method [22]. For this

purpose, first we prepared MDAZY using post-synthesis

treatment [21]. In this method, unlike to other dealumina-

tion processes, not only the further dealumination takes

place but also the extra-framework aluminum species are

removed from the secondary pores [24]. Thus, Si/Al ratio,

number and diameter of mesoporous structure increase.

Consequently, the probability of the formation of catalyst

inside nanocage of zeolite enhances, too [23]. Then,

MnTPP was synthesized into supercage of zeolite by

template synthesis method [22].

In accordance to the immobilization of metallocom-

plexes on zeolite surface, the leaching of catalyst occurred

from the external surface of zeolite during washing and the

color of the zeolite was changed. Meanwhile, in the

encapsulation method, upon formation of metalloporphyrin

into supercage of zeolite, the color of originally white zeo-

lite has been turned to brown (harsh brown). After purifi-

cation with soxhlet extraction, the color of obtained material

remained unchanged. This proves the incorporation of me-

tallocomplex into zeolite cage not on the external surface.

Figure 1 shows the XRD patterns of the MDAZY and

the modified dealuminated Y zeolites-encapsulated

Fig. 1 X-ray diffraction patterns of a MDAZY, b MnTPP-MDAZY
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manganese porphyrin (MDAZY-MnTPP). The second

pattern (MDAZY-MnTPP) has crystallinity almost similar

to that of the parent MDAZY. Upon the encapsulation of

metallocomplex in the supercage of zeolite, the crystal-

linity of zeolite remains unchanged. This is related to the

formation of metallocomplex in the zeolite structures

without any disruption which in turn can be attributed to

their fine distribution in the lattice of zeolite [25, 26].

Also, UV–Vis spectrum of MnTPP-MDAZY after

digestion in concentrated H2SO4 shows bands relating to

metalloporphyrin (Table 1). These bands confirm the

incorporation of MnTPP into the supercage of the zeolite.

The comparison of UV–Vis spectrum of MnTPP-MDAZY

with free MnTPP reveals no shift in the position of Q and

soret bands. This means that the location of metallocom-

plexes into supercage of zeolites without any spatial con-

finement can be related to the size and the pore diameter of

metallocomplexes.

The FT-IR spectra can also provide information about

the formation of MnTPP inside the supercage of the zeolite

which is shown in the Fig. 2a, b. The strong band in the

region of 1,000 cm-1 could be attributed to the asymmetric

stretching vibrations of (Si/Al) O4 units (Fig. 2b) [27]

where the main bands associated with vibrational transi-

tions of porphyrins can be observed (Fig. 2a). The broad-

ening of peaks or shifts in the position of peaks in the

regions of 1,000 and 3,400 cm-1 can be due to dealumi-

nation of the zeolite [22]. The band at the 1,639 and

3,439 cm-1 is related to lattice water molecules and sur-

face hydroxylic groups (Fig. 2b). However, the bands

observed in the 1,200–1,600 cm-1, where zeolite has no

bands, prove the existence of metalloporphyrin in the

zeolite nanopores. In addition, bands at 1,150–1,650 and

2,800–3,200 cm-1 are attributed to C–C and C=N vibra-

tions of the porphyrin ring and C–H vibrations for the

MnTPP-MDAZY, respectively [28] (Fig. 2a, b).

Furthermore, the amount of manganese porphyrin into

supported catalyst was determined by atomic absorption

spectroscopy which shows the value of 0.263 mmol/g

support for MnTPP-MDAZY. In comparison with our

previous work [20] and others’ results [22] which refers to

post-synthesis treatment, these results indicate an interest-

ing trend. When the Si/Al ratio enhances based on the

dealumination of zeolite, the capacity of cations exchange

and consequently, the number of occupied sites increases.

So, catalyst loading enhances [29].

In general, the change in color and amount of catalyst

loading in comparison with our previous work can be

attributed to the following factors: (1) the size of the me-

tallocomplex and (2) post-synthesis treatment. The second

factor causes the more formation of secondary mesoporous

structure, which results to the increase in catalyst loading

Table 1 Amount of

metalloporphyrin into the

MDAZY and UV–Vis

absorption bands for MnTPP

Entry Catalyst Metalloporphyrin loading

(mmol/g zeolite)

Wavelength (nm)

CT-band Q-band Soret band

1 MnTPP – 420 470 (k max) 560

2 MnTPP-MDAZY 0.263 419 471 560

Fig. 2 FT-IR spectra of a MnTPP, b MnTPP-MDAZY
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and the color of product to be intense. These results are

consistent with atomic absorption spectroscopy data.

Accordingly, this factor effects on the reactivity of encap-

sulated metallocomplexes in the epoxidation of alkenes.

Catalytic alkene epoxidation with NaIO4

in the presence of MnTPP-MDAZY

under mechanical stirring

First, the optimum amount of catalyst in the epoxidation of

cyclooctene was investigated. The best results were

obtained with 0.2 g/g support (eq 0.053 mmol of MnTPP)

(Table 2). Epoxidation of alkenes with sodium periodate in

the presence of MnTPP-MDAZY under magnetic stirring

produces the corresponding epoxides in aqueous acetoni-

trile at room temperature. The obtained results have been

compared with our previous work [20] and are shown in

Table 3. The investigation of results shows that the

increase of the catalyst loading causes the reduction of

reaction time and the increase of reaction efficiency, too.

During the dealumination of NaY zeolite by EDTA treat-

ment, the extra-framework Al species are removed from

the secondary pores which are followed by increasing the

number and diameter of secondary mesoporous [24, 30].

Therefore, the catalyst loading increases and the epoxida-

tion reaction is followed by a decrease in reaction time.

The other key factor, here, is related to the size of metal-

locomplexes into zeolite cage. It seems that by decreasing

complex size, the access to active site is likely easy, thus,

the epoxidation of metallocomplexes is more rapid. Con-

sequently, the time of reaction will be shorter and the

efficiency of the reaction enhances. In addition, Table 4

compares the efficiency of our catalyst with the efficiency

of some other catalysts in the epoxidation reaction of

cyclooctene. It is clear that the high efficiency with the

short time is obtained for our system in comparison with

other heterogeneous system.

Two main routes have been known for the mechanism of

alkene epoxidation via metal-catalyzed oxygen transfer

including either peroxometal or oxometal species as the

active intermediate. The metaloxo-catalyzed route is

favorable for many first row transition metals [20].

Meanwhile, for MnTPP-MDAZY, the probable mechanism

is shown in Scheme 3. In this Scheme, it seems that the

epoxidation of alkenes is performed from metaloxo-cata-

lyzed pathway.

Conclusion

In summary, in this paper, MnTPP was synthesized

inside modified dealuminated Y zeolite by template

Table 2 The effect of catalyst amount on the epoxidation of cyclo-

octene with NaIO4 catalyzed by MnTPP-MDAZY at room

temperature

Entry Catalyst loading (mg) Time (h) Epoxide yield (%)a

1 100 6 75

2 150 5 80

3 200 3.5 100

4 300 3 100

Cyclooctene (0.5 mmol), NaIO4 (1 mmol), Catalyst, CH3CN/H2O

(5 ml/2.5 ml)
a GC yield

Table 3 Epoxidation of alkenes with NaIO4 catalyzed by Mn(TMPyP)-NaX, Mn(TMPyP)-NaY and MnTPP-MDAZY under mechanical stirring

Entry Alkene Mn(TMPyP)-NaX Mn(TMPyP)-NaY MnTPP-MDAZY

0.0069 mmol/ga 0.0135 mmol/ga 0.263 mmol/ga

Conversion

(%)b
Epoxide

selectivity (%)

Time

(h)

Conversion

(%)b
Epoxide

selectivity (%)

Time

(h)

Conversion

(%)b
Epoxide

selectivity (%)

Time

(h)

1 Cyclooctene 95 100 5.5 97 100 5 100 100 3.5

2 Cyclohexene 97 76 8 100 53 6.5 100 75 6

3 Styrene 83 79 11 100 70 10 95 85 4

4 a-Methyl

styrene

97 100 10 100 100 8 100 98 5.5

5 1-Hexene 89 100 18 97 100 12 95 100 8

6 1-Decene 50 100 18 52 100 16 70 100 10

Reaction conditions: alkene (0.5 mmol), NaIO4 (1 mmol), catalyst (600 mg for Mn(TMPyP)-NaX, Mn(TMPyP)-NaY and 200 mg for MnTPP-

MDAZY, CH3CN/H2O (5/2.5 ml)
a Catalyst loading
b GC yield
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synthesis method. The amount of catalyst in the cage of

zeolite was 0.263 mmol/g support. In comparison with

other methods, high catalyst loading in this method is

probably related to the small size of metalloporphyrin

and the increase of mesoporous structure diameter

because of removing extra-framework aluminum species

from zeolite cage. Finally, the activity of catalyst was

studied in the epoxidation of alkenes. The results of this

study show that in this case, the time of reaction

becomes shorter and the yield of reaction enhances.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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