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Abstract—Bis(ethylenediamine) copper(ll) complex was encapsulated in NaY, KL, NaB and NaZSM-5 zeolite. The
redox properties of metal complexes in neat and encapsulated state were studied by cyclic voltammetry. The redox
potential of metal complex is altered towards negative value upon encapsulation in various zeolites. This may be due
to axid interaction with various zeolite matrix. The redox properties of biologica systems are aso dtered (cytochrome-
C, and Vitamin-B,,) when they are immobilized on NaAIMCM-41 materials. The copper ethylenediamine complex
in constrained environment shows higher activity for the oxidation of dimethyl sulfide compared to that of neat com-

plex.
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INTRODUCTION

The catalytic properties of trangition metal complexes encapaulated
in various zeolites have been examined exdusvely [Visvanathan,
1996]. These maerias hald the promise of combining the advan-
tages of homogeneous and heterogeneous cataytic systems. The
active trandgtion metd dte differs from the solution speciesin that
the species are condrained by the zeolites [Chavan et d., 2000]. It
alows reectionsto occur under milder conditions.

Thelifetime of the catdys can be influenced by its encgpaulation,
since degradation pathways involving reactions such as dimeriza-
tion of cataysts can be prevented. Due to these features the zedlite
encaged metd complexesresambleto acartain extent enzymeswhere
the cataytic center might be a trangtion metd ion, and the protein
provides the ability and stearic condraints. Inorganic complexes
encgpsulated in such porous systems can therefore be termed as
zeozymes [Deshpande et d., 1999)].

The biomimetic process requires a sysem, which exhibits mul-
tifunctiona properties such as charge separation, eectron transport
and multi dectron transfer. One of the possble ways of obtaining
thistype of multifunctiona property isby encapsulaing metal com-
plexesin various zeolites. Sdectivity isimposed in naturdl sysems
by virtue of dtering redox potentid of metd complexesin various
protein mantles[Clark, 1960]. Asin the bidlogical sysems, one can
dter the redox potentid of synthetic complexes by encapsulating
them in various zedlites. By knowing the redox potentid of metal
complexesin various zeolites, one can choose a good system for a
particular reection. The reasons for the ateration of redox potentia
of metdl complexesin biologicad sysemsaswell asin zeozymes are
not wel known. By using the physica properties of various zedlites,
one can corrdate the redox potentid of metal complexes with vari-
ous properties of zedlites. In this present work, bis(ethylenediamine)
copper(I1) (Cu-en) was encapsulated in NaY, KL, NgB, NaZSM-5
and NaAIMCM-41 materids. The redox properties of metd com-
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plexes were udied by using cydic voltammetry. In order to com-
pare biologica sysem with zeozymes, cytochrome-C and Vitamin
B,, were immobilized in NaAIMCM-41 materids. The oxidaion
of dimethyl sulfide was carried out using neat and zeolite-encapsu-
lated copper ethylenediamine complex.

EXPERIMENTAL

Nest bigethylenediamine) copper(ll) nitrate complex and copper
exchanged zeolites and NaAl-MCM-41 were prepared according
to the method given in literature [Vogd,, 1964; Herman and Hentge,
1978; Bassh, 1998]. Encapaulation of copper ethylenediamine com-
plexes in various zedlites was done as follows Copper exchanged
zedliteswere cadned at 473 K. About 1 g of dried copper exchanged
zeolites were sugpended in 25ml of ethylenediamine in a seded
round bottom flask and tirred for 24 hours. The resulting violet
colour meterid wasfiltered, washed with excesswater and dried &
room temperature.

Immohilization of cytochrome-C was done by taking 10 mg of
cytochrome-C in 5mL of 0.1 M phogphate buffer (pH=6) and dirred
with 100 mg of MCM-41 for 2 hours in an ice bath. The red col-
oured s0lid was filtered, washed with excess phosphate buffer and
dried a room temperaturein air.

Immohilization of vitamin B, was done by taking 100 mg of vita-
min By, in 10ml of 0.1 M phosphate buffer (pH=9) and dirred with
100mg of MCM-41 meterid for 24 hours a room temperature.
The red coloured solid was filtered, washed with excess phosphate
buffer and dried a room temperature.

The cydic voltammograms of neat and encapsulated complexes
were recorded on a Wenking potentioscan POS73 with digital 2000
X-Y recorder. The working eectrode was prepared by taking 1: 1
weight ratio of zeolite-encapsulated metd complexesMCM-41-
immobilized biologicd system and vulcanXC-72 carbon and dis-
persed in 1 ml of weter. This sugpension was ultrasonicated for fif-
teen minutes. 10 pL of this digperson was coated on glassy carbon
and 5uL of 5% nafion (Aldrich, binder) was added on these co-
aingsand dried. This glassy carbon was used as working eectrode
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Pt foil was used as counter electrode and AQ/AQCI/KCl (saturated)
asreference dectrode. A cydic voltammogram of neat Cu-en com+
plex was taken in solution mode by dissolving 001 M of metd com-
plex in 0.1 M phosphate buffer (pH=7). The cydic voltammeao-
gram for neat cytochrome-C and negt Vitamin B,, was recorded in
phosphate buffer (pH=6 and 9 respectively).

Liquid phase oxidation of dimethyl sulfide was carried out in a
glass reector (double necked round bottom flagk (50 mL). The reac-
tor was equipped with reflux condenser. In a typica experiment,
100 mg of the desired catadyss was dispersed in 5ml of water and
1:1 moleratio of DMS and 30% hydrogen peroxide were added
and gtirred for 24 hours: At the end, the reaction mixture was cen-
trifuged and the products were andyzed in a gas chromatograph
(Nucon) equipped with OV 17 column.

RESULTS AND DISCUSSION

The cydic voltammogram of neet complex shows a couple of
pesks with vaues of E,. pesk (cathodic) a 238 mV and E,, pesk
(anodic)a 4 mV (Fig. 1(a)). Thisredox process associated with the
cathodic pesk is reduction of copper ethylenediamine to copper (Cu
(en)2"/Cu) and the anodic pesk is oxidation of deposited copper
metal to copper cation (CW/CU) [Senarane et dl., 1996] (Fig. 1(a)).
A summary of these messurements is given in Table 1. The peek
potentid dtered with respect to scan rate and plot of peak current
with respect to square root of scan rate shows linear behavior. This
shows that redox process (Cu(en)s'/Cu) is quas-reversible in nature.
Upon encgpsulation in various zedlites, the reduction potentia (Cu
(en)2/Cu) is dtered towards more negative vaue and pesks are
broadened (Fig. 1(b)). The dteration of pesk potertia towards more
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Fig. 1. Cyclic voltammogram of (a) Cu-en (Neat) (b) Cu-en-NaY.

Table 1. Cyclic voltammetric data for neat and zeolite-encapsu-
lated Cu-en complexes

Catayst E. (MV) E. (MV)
Cu-en -238 -4
Cu-en-NaY -672 -96
-308
Cu-en-KL —-268 -64
-504
Cu-en-Naf -516 -96
Cu-en- MCM-41 -504 -20
Cu-en- NaZSM-5 —397 +86
Cu-NaYy -252 276
Cu-KL —240 -36
Cu-Nag —-268 172

negative val ue upon encgpaulation indicates the Sabilization of CuP*
oxidetion gete in zeolite cages. This may be due to axid interac-
tion with zedlite matrix. The dteration of peek potentids indicates
that the metal complex is not having the same geometry asin the
neat complex but undergoes digtortion ingde the zeolite matrix. In
thecase of NaY and KL zedlites, different dectrochemicd responses
were observed. In order to ascertain whether different dectrochem-
ica responses were due to uncomplexed copper cations or copper
complexes present on the externd surface, acydlic voltammogram
was recorded for copper exchanged NaY, KL and Nap zedlitesand
physica mixture of copper ethylenediamine and NaY zeolites The
peek potentias for copper exchanged Na, KL, NajB and physicd
mixture of copper ethylenediamine and NaY zelites (Cu?*/Cu redox
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process) are totdly different from that of copper ethylenediamine
complex encgpsulated in various zedlites Thisindicates thet copper
ethylenediamine complex is encapsulated indde the zeolite matrix
and not present on the externad surface. When copper exchanged
zeolites were tregted with ethylenediamine, the redox potentid of
Cu*/Cu shifted towards a more negative vaue. Thisis due to the
increase of crydd fidd abilization energy as one goes from hexa
agua copper complex to bis ethylenediamine copper complex. Due
to axid interaction with various zedlites and digtortion of metd com-
plexes indde the zeolite matrix, pesk potentids are dtered in vari-
ous zeolites. Different dectrochemica responses are due to copper
ethylenediamine complex present in different pogtions of zeolites.,
Because of the partid covdent character of the duminoglicate crys
tds, dectrons are not locdized on the framework atoms, rather they
are patidly ddocdized [Sauer, 1989]. When ametd complex inter-
actswith an active Site, it will perturb dl the active Stes present within
the zedlite, so that the complex will have different interaction energy
and dtered redox potentia a different places of zedlite. Charge dis-
tribution dong the framework owing to the partid ionic character
of the duminoglicate crysd generates a strong columbic field in-
Sde the cavities, which might activete the metd complex. Fidd gra:
dients exist because of the zedlite geometry, cages, channds, side
packets and charge digtribution [Utterhoeven et d., 1992]. Thismay
dter the energy levels of the metd complex so that meta com-
plexes presant at different locations of zeolite have dtered redox
potentias.

The redox potentid of ametal complex is dtered when it is en-
cgpaulated in zeolite matrix. In order to determine the redox prop-
ertiesof biological system in condrained environments, cytochrome-
C and Vitamin B,, were immohilized on MCM-41 materids. The
eectrochemicd data for nest and encapsulated cytochrome-C are
given in Table2. The redox potentid of cytochrome-C is dtered
towards more postive vaue upon encapsulaionin MCM-41. This
isfurther supported by the observation reported in the literature where
cytochrome-C isimmobilized on MCM-48 [Krid et d., 2000]. In
the literature, this shift is attributed to the conformationa change of
the protein mantle. These obsarvations can be explained as fol-
lows. There are two possible interactions when the cytochrome-C
is encgpulated in zeolite matrix. The protein mantle can interact
with Brongted acid site of the zeolite matrix, which may dter the
geometry of the iron porphyrin active Ste. Moreover, the axid po-
stion of iron porphyrin moiety can do interact with surface hydroxyl
groups of zedlite matrix. The net effect leads to the dteration of the
redox potentid. The redox potentid of biologica enzyme can dso
be dtered in zedlites as in the metd complexes.

The vitamin By, undergoes redox process & E,, of =790 mV and
E,,. of —958 mV. Theredox process corresponds to Co(I1)/Co(1) (Fg.

Table 2. Electrochemical propertiesof neat and immoabilized bio-
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Fig. 2. Cydicvatammogram of (a) Vitamin-B,, (Negt) (b) Vitamin-
B.-NaAIMCM-41.

2(a). Upon encapaulaion in NaAl-MCM-41 the reduction poten-
tid is shifted towards more postive vaues (Table 2) while the an-
odic pesk potentia is not affected (Fig. 2(b)). This may be due to
change of axid coordination ingde the zeolite matrix asin the zeo-
Zymes.

CATALYTIC ACTIVITY

The catdytic activity towards oxidation of dimethyl sulfide was
carried out by using neat and encapsulated copper ethylenediamine
complexes. The results are given in Table 3. The neat complex is
showing lower activity for the oxidation of dimethyl sulfide. Turn

Table 3. Catalytic activitiestowar dsoxidation of DM Sby neat and
encapsulated Cu-en complexes

Conversion dimethy!

logical systems Catalyst sulfoxide mole (%) TON
Catdyst E.(mV) E.(mV) Ejp(mV) Cu-en 0 0
Cytochrome-C 93 26 59.5 Cu-en-NaY 75.1 466
Cytochrome-C 150 110 130 Cu-en-KL 99.3 1,383
Cytochrome-C 170 130 150 Cu-en-Naj 95.0 1,050
Vitamin-B,, -790 -958 - Cu-en-ZSM-5 98.8 1,597
Vitamin-B,,/MCM-41 -791 -841 -816 Cu-en-MCM-41 81.3 1,313
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over number increases upon encapsulation of copper ethylenedias:
mine complex in various zedlites. This may be due to dteration of
redox potentia of copper ethylenediamine complex in various zeo-
lites.

CONCLUSION

Copper ethylenediamine complexes are encapsulated in Nav,
KI, MCM-41, NaB and NaZ3SMI-5 zedlites. Alterationsin redox prop-
erties of zedlite-encgpsulated complexes can be accounted for on
the bads of physca properties of zeolites employed. The redox
potentid of cytochrome-C can be dtered in the zeolites as in the
metd complexes. Catdytic activity of copper ethylenediamine com-
plex shows higher TON upon encgpsulaion in various zeolites.
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