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ABSTRACT

MCM-41 with SiO/AI20; ratios =60 were used as a support for heterogenization ofFe (llI) salen complex to
form hybrid catalysts. Flexible ligand method was applied for immobilization ofcomplex onto the supports.
The physical properties ofthese hybrid catalysts were characterized using XRD, FT1R, UV-Vis DR, EDX and
BET The powder XRD data confirmed that the structural order of MCM-41 remained intact after the
encapsulation process. FTIR and EDX studies show the presence of Fe (llI) in the hybrid catalyst sample.
UV-Vis DR analysis reveals that the free and encapsulated complexes exhibit the tetrahedral geometry. BET
results show that the pore volumes ofthe synthesized hybrid catalysts are lower than the neat MCM-41. thus
proved successful encapsulation.
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Introduction

The past decade has seen great advances in the synthesis of new periodical porous materials. These are due to
the importance of porous materials as catalysts in many industrial applications. Their large surface areas
enhance the catalytic and sorptive activity. Two main types of porous materials, according to their pore size,
are mesoporous and microporous materials. Amorphous mesoporous materials represent an important class
of porous inorganic solids, with limited long-range order and usually have a wide distribution of pore sizes.
In contrast, microporous molecular sieves have a crystalline structure with a very narrow pore size
distribution. It is generally presumed that a mesoporous material with uniform pores would have wide utility
in catalysis. Therefore, considerable effort had been devoted to synthesize frameworks with pore diameters
within the mesoporous range (Ravikovitch et al. 1997).

The MCM-41 materials possess a regular array of hexagonal, uniform and unidimensional
mesopores. The high surface area, moderate acidity and distinct adsorption properties of MCM-4 I, open up
new potential applications as catalysts and catalyst supports. Like in zeolites, the framework of MCM-41 is
based on .an extensive three-dimensional network of oxygen ions that occupied tetrahedral cation sites, and in
addition to the Si4

+, other cations can also occupy these sites. MCM-41 exhibits pore system with wide range
adjustable sizes that expands the range on zeoli tic micropores. The development of strategies for the
synthesis of materials with controllable pore sizes within as wide ranges as possible has been targeted by
many research groups lately (Daud, 2006).

Recently, preparation of organic-inorganic hybrid catalysts based on porous materials are gaining
great interest particularly for the synthesis of fine chemicals in the liquid phase at lower temperatures. The
heterogeneous catalysis is obviously advantageous in the catalyst recovery and eco-benignity. Most of
industries today are still using homogeneous catalyst, which is the main factor of environmental pollution
because of the uses of solvents. Thus, the heterogenization of homogeneous catalysts has emerged as a focus
of nowadays research (Domenech et al. 2000). One elegant way involves the immobilization of active
catalytic site onto a solid having a large surface area such as zeolites and mesoporous materials to form the
hybrid catalyst. Hybrid catalysts prepared by immobilization of catalytically active organometallic complexes
on certain supports produce both high activity and selectivity of homogeneous catalysts and easy separation
of reaction products by heterogeneous catalyst. These hybrid catalysts can be synthesized by a number of
methods such as adsorption of the organic species into the pores of the support, construction of the organic
molecule piece by piece within the confined space of cavities of the support, attachment of the desired
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The surface area and pore volume analyses were in good agreement with data collected from XRD analyses.
As shown in Table 2, the surface area increases proportionally with the increase of surfactant length.

Table 2: Specific surface area (BET) and pore volume data of AI-MCM-41 samples

Sample

AI-MCM-41(C IO)

AI-MCM-41(C I6)
AI-MCM-41 (CIS)

Synthesis of Salen Ligand

Specific surface area, BET P I (3/ )
(m2/g) ore vo ume em g

665 0.71
904 0.97
1017 1.09

Generally, about 93 ± 5% yield of yellow shiny plates of salen was obtained and the melting point of the
ligand is 125.3°C. Figure 5 shows the FTIR spectrum of synthesized bright yellow salen ligand. This ligand
shows seven main absorption peaks around 3500, 3100-2900, 1600, 1570-1490, 1450-1410, 1300-900 and
800-600 cm- I, which show the presence of O-H stretching, C-H Sp2 and C-H Sp3 stretching, C=N stretching,
C=C aromatic stretching, CH2 bending, C-N and C-O stretching and C-H aromatic bending, respectively.
Table 3 below lists the bond vibrational frequency of the prepared salen ligand (Daud, 2006).
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Figure 5: FTIR spectrum of synthesized salen ligand

Table 3: Vibrational modes of the synthesized salen ligand

Characteristic vibration
O-H stretching
C-H Sp2 stretching
C-H Sp3 stretching
C=N stretching
C=C aromatic stretching
CH2 bending
C-N and C-O stretching
C-H aromatic bending

Synthesis of Fe (salen) Complex

Wavenumber, VA. (em-I)
3501
3095
2900
1635
1577 and 1497
1460
1371-980
857-647

The FTIR spectrum of Fe (salen) complex is shown in Figure 6. Like salen ligand molecule, the main
absorption peaks of metal-salen complex were observed in two different areas; 3000 cm- I-2800 cm- I and
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1600cm· I -400 cm-'. The formation of metal-ligand interaction results in shifting of the C=N absorption peak
to a lower wavenumber due to the decrease in electron density as a result of covalent coordinate bond
formation (Daud, 2006; Kim & Park, 2000). The C=N bond now shows a single bond characteristic and
absorb infrared light at much lower frequency (Daud, 2006). Table 4 lists the vibrational frequencies of
synthesized ligand and complex.
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Figure 6: FTIR spectra of salen ligand and Fe (salen) complex

Table 4: Vibrational modes of salen and Fe (salen) complex

Characteristic vibration

C-H Sp2 stretching
C-H Sp3 stretching
C=N stretching
C=C aromatic stretching
CH2 bending
CoN and CoO stretching
C-H aromatic bending

Wavenumber, VA. (em-I)
Salen
3095
2900
1635
1577 and 1497
1460
1371-980
877-647

Fe(salen)
3025
2915
1629
1545 and 1445
1384
1305-905
757-618

Figure 7 shows the UV-Vis spectra of Fe (salen) complex. The complex gives a broad absorption at
455 nm assigned to the charge transfer transition between the metal and ligand (d-n·) in the -e=N-M group.
The presence of this charge transfer band is due to the excitation of electron from a predominantly metal
centered orbital to a predominantly ligand centered orbital. Another broad adsorption band observed at 538
nrn is due to dod electronic transition (Daud, 2006; Balkus & Gabrielov, 1995). This dod transition occurs in
the visible region of the spectra, thus contributes to the bright colour of complex. The interaction, which
occurs as ligand, is near to the metal ion center results in splitting of the metal d orbital (Daud, 2006). Since
the d-dtransition is not allowed, the intensity of this peak is very low (Rino, 2003; Shriver, 1999).
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