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Abstract− N,N’-Bis(salicylidene)ethylenediiminocobalt 
(Cosalen) was encapsulated into the supercage of micro-
porous NaY zeolite via “ship-in-a-bottle” technique. The 
impregnated Cosalen complex immobilized on the outer 
surface of the zeolite was also prepared in order to further 
prove the encapsulation by the flexible ligand method. The 
samples were characterized by FT-IR, UV-Vis, XRD, 
TG/DTA and SEM techniques. The oxidation of cyclohex-
ane using oxygen was chosen to evaluate the catalytic per-
formance of encapsulated complex. The encapsulated Co-
salen was stable than the neat Cosalen complex and the 
conversion of cyclohexane reached 24.4% at 130 ℃ for 3 h 
in the CH3CN solution without adding any inducing 
agents. The higher selectivity for acid including adipic acid 
indicated that the encapsulated Cosalen exhibited the abil-
ity to produce acid from cyclohexane by one-step reaction. 
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I. INTRODUCTION 
It is well known that Y-type zeolite can incorporate and 
immobilize various catalyst complexes in its structure of 
the large supercage (diameter~1.2Å) and the restricted 
pore opening (~7.4Å) (Joseph et al., 2001; Fan et al., 
2003; Salama et al., 2006). Typical complexes that have 
been incorporated are metal phthalocyanine complexes, 
metal porphyrin complexes and metal Shiff base com-
plexes. As such complexes are synthesized in the super-
cage of zeolite just like building a ship in a bottle, such 
conformations are often referred to as “ship-in-a-bottle” 
type catalysts.  There have been three main approaches 
to the preparation of these ship-in-a-bottle chelate com-
plexes, namely, (I) a flexible ligand method (Bowers 
and Dutta, 1990) (synthesis of the metal complex in situ 
in the zeolite cavity by reaction of the ligand with the 
exchanged metal cations), (II) a template synthesis 
method (Balkus et al., 1994) (condensation of ligand 
inside a zeolite modified with the metal ion to be com-
plexed), or (III) a zeolite synthesis methods (Varkey et 
al., 1998) (synthesis of the zeolite in the presence of the 
preformed metal complexes). In the first approach, the 
ligand must be able to diffuse freely through the zeolite 
pores having an advantage to complex with a previously 
exchanged metal ion. The shaped complex becomes too 
large and rigid to escape from the cage. The template 
synthesis method is exemplified by the preparation of 
intrazeolite metallophthalocyanines in this case because 

of the ligands size. The newest zeolite synthesis method 
has the obvious advantage that the nature of the in-
trazeolite species is well-defined and no free ligand 
need to be removed. However, there is a heterogeneous 
distribution of metal complex in the precursor gel and 
the complexes cannot be evenly distributed within the 
zeolite crystals, which have a direct effect on the load-
ings of the metal complex in the zeolite host.  

Encapsulation of transition metal complexes with 
redox catalytic activity in zeolites is a theme of current 
research due to their potential use as heterogeneous re-
dox catalysts. N,N’-Bis (salicylidene) ethylenediimi-
nocobalt (Cosalen) is analogue of metalloporphyrin with 
ability to activate oxygen (Sharma et al., 2004; Das and 
Punniyamurthy, 2003) by the formation of monomeric 
metal oxygen adducts (Co-O2), which was expected to 
play an important role in the field of aerobic oxidation 
of hydrocarbons. Whereas the Cobalt Schiff base com-
plex is easily deactivated due to the formation of μ-oxo-
dimers and simple dimmers. To improve the stability of 
Cosalen complex, N-(4-pyridylmethylidene)–chosten–
supported Cosalen was prepared and used for the oxida-
tion of DOPA to its aldehyde (Hu et al., 2001). Silica-
supported Cosalen coordinated with chitosan as catalyst 
has been used for the oxidation reaction of ethanethiol 
(Ma et al., 2001). Salicylaldehyde -o-phenylenediimine 
cobalt encapsulated in zeolite-Y catalyzed the oxidation 
of α-pinene and β-isophorone to isophorone (Joseph et 
al., 2002). The facts show that the formation of μ-oxo-
dimers and simple dimmers of the metal complex can be 
effectively prevented by employing the site isolation 
effect of polymers or inorganic materials.  

In this work, we prepared the Cosalen complex en-
capsulated in NaY zeolite using the flexible ligand 
method (as the ligand Bis (salicylidene) ethylenedia-
mine (salen) diameter is smaller than the apertures of 
the NaY zeolite). By the conventional method the ligand 
is first melt at high temperature and then allowed to 
diffuse for a long time into the zeolite to complex with 
ion-exchanged NaY zeolite. It was found that adding t-
butyl alcohol as solvent can also realize the encapsula-
tion even at relatively low temperature for shorten peri-
ods of time. The synthesized samples were character-
ized by the technique of FT-IR, UV-Vis, X-ray diffrac-
tion (XRD), TG/DTA and scanning electron microscope 
(SEM). At the same time, the impregnated Cosalen im-


