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ABSTRACT
Nanocavity Zeolite Y encapsulated Zn(II) complexes of Histidine and Glycine is synthesized insitu in
Na-Y-Zeolite by the reaction of ion exchanged metal ions, with the flexible ligand molecules that had
diffused into the cavities. The encapsulated complex is characterized by SEM, XRD, FTIR
spectroscopy with a view to confirm the encapsulation of the complex and to arrive at the
composition, structure and geometry of encapsulated complex. Analysis of data indicates the
formation of complexes in the cavities without effecting Zeolite frame work structure (XRD). The
absence of any extraneous species is obtained from SEM.
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INTRODUCTION
Zeolites are hydrated aluminosilicates of the alkali and alkaline-earth metals with fully cross-linked
open framework structures made up of corner sharing SiO4 and AlO4tetrahedra[1]. Both natural
(analcime, chabazite, clinoptilolite) and synthetic zeolites (A, X, Y and ZSM-5) are used
commercially because of their unique adsorption, ion-exchange, molecular sieve and catalytic
properties. The encapsulation of transition metal coordination complexes [2] and organometallics
within the voids of nanoporous zeolite has attracted attention since it provides a simple way of
coupling the reactivity of the metal complex with the robustness and stereochemistry of the host
zeolite [3–5]. Encapsulation provides a convenient route for the heterogenization of homogeneous
catalytic processes, and indeed, these compounds have found application in catalysis and gas
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purification [6–19]. Nanodimensional pores of zeolite -Y are attractive hosts for encapsulation as they
combine a high thermal and chemical stability with a quite regular, crystalline framework structure.
Zeolite complexes posses a number of structural similarities to metalloenzymes and therefore they are
expected to mimic enzyme active sites for the catalytic reactions, they are Oxidation, Hydrogenation,
dehalogenation, friedal-craft alkylation. This study describes the synthesis and characterization of
Zn(II) complex of histidine and glycine ligands. Encapsulation of the metal and the ligands in the
nanocage of zeolite-Y generates the ternary complex. The complex was synthesized employing the
flexible ligand method encapsulation technique. The structures of these encapsulated complexes were
established on the basis of various physico-chemical and spectroscopic studies. The results indicated
that the complexes did not hinder or modify the framework or structure of the zeolite, confirming
successful immobilization of ligands through the voids of zeolite Y.

MATERIALS AND METHODS
Zn(NO3)2 is obtained from Merck co. Na-Y with Si:Al ratio of 2.53 were purchased from Aldrich.
Glycine and L-Histidine were purchased from TCI. Tetrahydrofuran and DMF purchased from
Merck. Methanol and ethanol were purchased from TCI. Hydrogen peroxide was purchased from
Aldrich.
Preparation of zeolite encapsulated Zn(II) complex: The synthetic route of encapsulated complex
is presented in scheme 1. The synthesis was carried out in two steps employing the general flexible
ligand method, preparation of metal exchanged zeolite, M-Y (M=Zn(II)) and synthesis of zeolite-Y
encapsulated metal complex.
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Scheme 1. Flexible ligand Synthesis.

Preparation of metal exchanged zeolite, Zn (II)-Y: Zn(II) exchanged-Na-Y zeolites was
synthesized according to the method described by Xavier et.al [20]. To 2.0 g Na-Y suspended in 100
cm3 deionized water was added Zn (NO)3 (0.025 m) in order to exchange Na-ions of Na-Y with Zn(II)
ions. The reaction mixture was stirred gently at 90°C for 24 h, filtered, precipitate washed with
copious amount of hot deionized water until the filtrate was freed from any metal ion content. The
resulting precipitate was dried at 80°C in hot -air oven for 10 h.
Synthesis of [HIS-Zn-GLY]+2-Y Complex: Encapsulated complex was prepared using the flexible
ligand method (scheme 1). To a stirred Methanol solution of Zn(II)Y (4g) was added 0.45 g of
L-Histidine suspended in 100 cm3 of MeOH and then refluxed for 8 h. The solid consisting of
[Zn(C6H9N3)2]+2 denoted as [Zn(C6H9N3)2]+2-Y was collected by filtration, washed with ethanol, and
dried at 80C under hot air oven for 14 h. To a stirred MeOH suspension (100 cm3) of
[Zn(C6H9N3)2]+2 -Y (2 g) were slowly added 40% glycine (0.632 g). The mixture was heated to reflux
for 24 h. The solution was filtered and the resulting zeolite was soxhlet extracted with N,N-Dimethyl
Formamide (for 4 h), and then Ethanol (for 3 h) to remove excess of unreacted products and any free
metal complexes absorbed by on to the external surface of the zeolite crystallites. The resulting solids
were dried at 90C under hot air oven for 12 h [20].
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RESULTS AND DISCUSSION
Scanning electron microscopy (SEM): In situ flexible ligand synthesis method (Scheme 1), leads to
the encapsulation of Zn(II) Complexes of Histidine and glycine ligands within the nanocavity pores of
zeolite. The ligands, which are flexible enough to diffuse through the zeolite channels, react with the
pre exchanged metal ions in the supercage to afford the encapsulated complex. The product material
was purified by extensive soxhlet-extraction with suitable solvent to remove unreacted ligand and
surface complexes. The samples did not change their color on purification, indicating that the
complexation has occurred in the cavities and that the resulting complexes are too large to diffuse out
of zeolite through channels (figure 1). The SEM photographs of the samples taken before soxhlet
extraction show the deposition of complexes on the external surface. However, the absence of
extraneous materials in the SEM photographs of finished products indicates the complete removal of
surface complexes and the particle boundaries on the external surface of are clearly distinguishable
which could be accomplished by extended extraction procedure.

Figure 1. SEM photograph before and after soxhlet.

X-ray diffraction (XRD): The X-ray diffraction (XRD) patterns of zeolite containing histidine,
glycine ligands complexes are similar to those of Zn(II) Y and the parent NaY. It shows that the
zeolite crystallinity is retained on metal exchange and encapsulating conditions have little impact on
the crystallinity of zeolite host [20]. Crystalline phase of free metal ions or encapsulation ligand
complexes were not detected in any of the patterns as their fine dispersion in zeolite might have
rendered them non-detectable by XRD (Figure 2).

Figure 2. XRD of (HIS-Zn-GLY)+2Y Zeolite.
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FTIR spectroscopy: IR spectra of Y-Na and metal-exchanged zeolites show strong zeolite lattice
bands in the range 450-1200cm-1. The strong and broad band at the region 1024 cm-1 could be
attributed to the asymmetric stretching vibrations of (Si/Al) O4 units. The broad bands at the region
1650 and 3500 cm-1 are due to lattice water molecules and surface hydroxylic groups (19). IR spectra
of encapsulated complexes are presented in figure below. No shift of zeolite lattice bands is observed
in the spectra of encapsulated complex, which further implies that the zeolite framework has remained
unchanged upon the encapsulation of complexes. The coordination in the pores could be identified
from the bands observed in the regions 1200-1600 cm-1, where zeolite has no bands. However, the
bands due to complex are weakly intense due to their low concentrations in the lattice. The vC=N
observed at 1581 cm-1, in the spectrum of free histidine has shifted to 1496, in the case of Y- HisZn(II)-Gly. The lowering of stretching frequency suggests the coordination of imidazole nitrogen
atom. The peaks at 1593, 1330 and 1128 cm-1 corresponds to vassy COO-, vsym COO- and vC-N
stretching frequencies respectively, suggests the coordination of carboxylate and amino nitrogen
group. Hence the encapsulation of His-Ni(II)-Gly complex is confirmed (Figure 3).

Figure 3. FTIR of ( HIS-Zn-GLY)+2Y Zeolite.

APPLICATION
Zeolite encapsulated complexes posses a number of structural similarities to metalloenzymes and
therefore they are expected to mimic enzyme active sites for the catalytic reactions, they are
oxidation, hydrogenation, dehalogenation, friedal-craft alkylation. In addition to these mimicking
other catalytic reactions of zeolite encapsulated complexes include partial oxidation of benzyl alcohol
and ethylbenzene with hydrogen peroxide. These catalysts are also active for oxidation at aerobic
conditions. The catalytic behavior could be mainly attributed to the geometry of encapsulated
complex. Encapsulated complexes can be recovered and reused without the loss of catalytic activity.
To summarize, zeolite-encapsulated complexes have interesting catalytic potential particularly with
respect to the activity for partial oxidation and stability, and offer further scope to design efficient
catalyst systems by an appropriate choice of guest and host materials.

CONCLUSION
In summary, the results show that (HIS-Zn-GLY) complex can be encapsulated in the nanocavity of
zeolite. Furthermore, the spectroscopic data suggest that the encapsulated complexes experience very
little distortion in the super cage and that the chemical ligation to the zeolite surface is minimal. The
zeolite framework keeps the guest complexes dispersed and prevent their dimerization leading to the
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retention of catalytic activity. Further studies include the design and synthesis of zeolite–encapsulated
complexes for catalytic applications.

ACKNOWLEDGEMENTS
Financial support from University Grants Commission, New Delhi, Start Up Grant is gratefully
acknowledged.

REFERENCES
[1].
[2].

[3].

[4].
[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].
[13].
[14].

K. J. Balkus, A. K. Khanmamedova, K. M. Dixon, F. Bedioui, Oxidations catalyzed by zeolite
ship-in-a-bottle complexes, Applied Catalysis A: General, 1996, 143(1), 159-173.
D. E. De Vos, P. P. Knops-Gerrits, R. F. Parton, B. M Weckhuysen, P. A. Jacobs, R. A.
Schoonheydt, Coordination Chemistry in ZeolitesIn: Herron N, Corbin DR, eds. Inclusion
Chemistry with Zeolites: Nanoscale Materials by Design, Dordrecht: Springer
Netherlands,1995, 185-213.
P. P. Knops-Gerrits, F. Thibault-Starzyk, P. A. Jacobs, Adipic Acid Synthesis via Oxidation of
Cyclohexene over Zeolite occulded Manganese Diimine Complexes. In: Weitkamp J, Karge
HG, Pfeifer H, Hölderich W, eds,. Studies in Surface Science and Catalysis, Elsevier, 1994, 84,
1411-1418.
K. J. Balkus, A. G. Gabrielov, (): Zeolite encapsulated metal complexes. Journal of inclusion
phenomena and molecular recognition in chemistry, 1995, 21(1), 159-184.
M. R. Maurya, S. J. J. Titinchi, Chand S, Catalytic activity of chromium(III), iron(III) and
bismuth(III) complexes of 1,2-bis(2-hydroxybenzamido)ethane (H2hybe) encapsulated in
zeolite-Y for liquid phase hydroxylation of phenol, Journal of Molecular Catalysis A:
Chemical, 2004, 214(2), 257-264.
I. W. C. E Arends, R. A. Sheldon, Activities and stabilities of heterogeneous catalysts in
selective liquid phase oxidations: recent developments, Applied Catalysis A: General, 2001,
212(1), 175-187.
D. Chatterjee, A. Mitra, Olefin epoxidation catalysed by Schiff-base complexes of Mn and Ni
in heterogenised-homogeneous systems. Journal of Molecular Catalysis A: Chemical, 1999,
144(2), 363-367.
M. Salavati-Niasari, Nanoscale microreactor-encapsulation 14-membered nickel(II) hexamethyl
tetraaza: synthesis, characterization and catalytic activity. Journal of Molecular Catalysis A:
Chemical, 2005, 229(1), 159-164.
M. Salavati-Niasari, Host (nanocavity of zeolite-Y)–guest (tetraaza[14]annulene copper(II)
complexes) nanocomposite materials: Synthesis, characterization and liquid phase oxidation of
benzyl alcohol. Journal of Molecular Catalysis A: Chemical, 2006, 245(1), 192-199.
M. Salavati-Niasari, A. Amiri, Binuclear copper(II) complexes of new bis(macrocyclic) 16membered pentaaza subunits are linked together by bridging nitrogen of amine: Synthesis,
characterization and catalytic activity. Journal of Molecular Catalysis A: Chemical, 2005,
235(1), 114-121.
Huang X-H, Huang C-C, Qin X-H, Zhai L-S, Liu D-S, A novel mixed-valence vanadium(IV/V)
complex containing linear mono-μ-oxo [V3O5]4+ core. Inorganic Chemistry Communications,
2008, 11(10), 1236-1238.
C. Bowers, P. K. Dutta, Olefin oxidation by zeolite-encapsulated Mn(salen)+ complexes under
ambient conditions, Journal of Catalysis, 1990, 122(2), 271-279.
C. R. Jacob, S. P. Varkey, P. Ratnasamy, Zeolite-encapsulated copper (X2-salen) complexes,
Applied Catalysis A: General, 1998, 168(2), 353-364.
I. F. J. Vankelecom, R. F. Parton, M. J. A. Casselman, J. B. Uytterhoeven, P. A. Jacobs,
Oxidation of Cyclohexane Using FePcY-Zeozymes Occluded in Polydimethylsiloxane
Membranes, Journal of Catalysis, 1996, 163(2), 457-464.

www. joac.info

937

M. Radhika et al

Journal of Applicable Chemistry, 2019, 8 (3):933-938

[15]. P. P. Knops-Gerrits, D. E. De Vos, P. A. Jacobs, Oxidation catalysis with semi-inorganic
zeolite-based Mn catalysts. Journal of Molecular Catalysis A: Chemical, 1997, 117(1), 57-70.
[16]. M. Salavati-Niasari, M. Bazarganipour, M. R. Ganjali, P. Norouzi, Bis(macrocyclic)dinickel(II)
complexes containing phenylene bridges between 13-membered triaza dioxa macrocyclic
ligands: in-situ one pot template synthesis, characterization and catalytic oxidation of
cyclohexene. Transition Metal Chemistry, 2007, 32(1), 9-15.
[17]. N. Herron, A cobalt oxygen carrier in zeolite Y. A molecular "ship in a bottle", Inorganic
Chemistry, 1986, 25(26), 4714-4717.
[18]. M. Salavati-Niasari, M. R. Ganjali, P. Norouzi, Host (nanocavity of zeolite Y)/guest (Co(II),
Ni(II) and Cu(II) complexes of unsaturated 16-membered octaaza; 3,4,11,12-tetramethyl-1,2,
5,6, 9,10, 13,14-octaazacyclohexadecane; Me4[16]aneN8 nanocomposite materials (HGNM):
template synthesis, characterization and catalytic oxidation of benzyl alcoho, Transition Metal
Chemistry, 2007, 32(1), 1-8.
[19]. M. Salavati-Niasari, M. Rezai-Adaryani, Template condensation reactions of formaldehyde
with amines and 2,3-butanedihydrazone: preparation and properties of nickel(II) complexes of
18-membered decaaza macrocycles. Polyhedron, 2004, 23(8), 1325-1331.
[20]. K. O. Xavier, J. Chacko, K. K. Mohammed Yusuff, zeolite-encapsulated Co(II), Ni(II) and
Cu(II) complexes as catalysts for partial oxidation of benzyl alcohol and ethylbenzene. Applied
Catalysis A: General 2004, 258, 251-259.

www. joac.info

938

