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Zeolite-Y encapsulated Mn-SALEN, Fe-SALEN
and VO-SALEN complexes have been prepared and
characterised by XRD, TGA, UV-Visible, IR and ESR
spectra. They confirm the presence of complex inside
the zeolite cages. These composites are found to be
active redox catalysts. They hydroxylate phenol to the
extent of 23-28 wt%.

The procedure for preparing zeolite encapsulated
complexes involves exchange of desired metal ion,
followed by complexation of metal ion by ligands
and purification of the resulting composite. Once
complex is formed in zeolite cages, it cannot
come through the pores and is also not available
to neighbouring cages because of its bulky nature.
Such zeolite encapsulated metal-SALEN (me-
tal=Co, Mn, Pd, Rh, Ni and Cu), metal phthalo-
cyanine (metal=Ru, Fe and Co) and metal tetra-
methylporphyrin (metal=Fe, Mn, Co and Ru)
complexes have been reported in the literature’.
These encapsulated complexes have been found
to be good redox catalysts. These encapsulated
complexes, mimic properties of cytochrome P450
enzyme and are termed as inorganic enzymes/zeo
zymes. As against enzymes, in zeozymes, the
protein part is replaced by a rigid inorganic ma-
trix?.

Metal-schiff-base complexes with SALEN li-
gand have been prepared, to mimic synthetic re-
spiration®, for selective epoxidation® and for many
other reactions®. On melting SALEN (1,6-bis(2-
hydroxy phenyl)-2,5-diaza-1,5-hexadiene) ligand
with metal exchanged zeolite-Y the two ionisable
protons are readily lost and easily enter into fau-
jasite cages to form, metal-SALEN complex
(Scheme 1). In this investigation, zeolite-Y encap-
sulated metal-SALEN complexes (metal=Mn, Fe
and V) have been prepared, characterised and
used for hydroxylation of phenol.

Experimental
Preparation

Sodium form of zeolite-Y (SiO,/Al,0,=2.6)
obtained from Union Carbide, Tarydown (lot
13076-91) was used in this study. Ion exchange of
zeolite-Y was done using dilute solutions of metal ,
salts at low pH (adjusted with acetic acid) in or-
der to avoid precipitation of metal hydroxides. 10
g of Na—Y zeolite with 500 ml of 0.004 M solu-
tion was exchanged at room temperature for 6 h.
Finally, the materials were filtered and washed
thoroughly. The initial pH values of Mn, Fe and V
complexes are 3.15, 2.57 and 3.10 respectively
and the corresponding final values are 3.76, 3.50
and 3.74.

The required SALEN was prepared by reflux-
ing 1:1 molar salicylaldehyde (66.8 ml) and ethy-
lenediamine (13.4 ml) in ethanol (150 ml) for 2-5
h. The obtained SALEN was recrystallised in eth-
anol and its purity checked by its melting point
(Expt=140°, lit. value = 141°C).

The ion exchanged dried zeolite-Y (7-8 g) and
SALEN (8 g) were taken in a round bottom flask
fitted with a condenser. The mixture was heated
at 140°C for 6 h in an atmosphere of nitrogen.
The resulting material was washed with chloro-
form and subjected to soxhlet extraction using
chloroform to remove the uncomplexed ligands
and extractable complexes. This was done until
the extract becomes colourless (4-6 h). The solid
obtained was exchanged with brine solution for
4 h at room temperature to remove uncomplexed
metal ions in zeolite, washed with water, finally
with acetone and dried at 50°C. The resulting
solids Mn-SALEN-Y, Fe-SALEN-Y and VO-SAL-
EN-Y are bright yellow, blackish red and greenish
yellow respectively in colour indicating encapsula-
tion of complexes in zeolite matrix,

The resulting composite materials were ana-
lysed by powder XRD (Philips PW1710) in the
scan range 20 between 5 and 50° with scan
speed 2°/min using CuKa as X-ray source. TGA
analysis was performed by Mettler TA 3000 in-
strument at a heating rate of 20°/min up to 800°C
in ambient air.

Chemical analysis of the metals (Mn, Fe and V)
was done by wet method. A known amount of
material was calcined at 800°C in a platinum cru-
cible till a black residue disappeared (4-6 h). To
the calcined material, drops of 40% HF were
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added and warmed and then heated strongly to
dryness. This procedure was repeated for 5-6
times and finally heated to 800°C for 1 h and the
loss of SiO, was noted. After this, the material
was fluxed with 2-3 g potassium persulphate to
form clear molten solid, which after cooling was
dissolved in water and if necessary, with dil HCL
The solution was made upto 25 ml. From known
amount of this solution, the metals were estimated
spectrophotometrically’. Vanadium was estimated
as peroxyvanadyl complex obtained by the addi-
tion of hydrogen peroxide (4,,,=450 nm), iron
as phenanthroline complex (4,.,=508 nm) and
Mn as KMnO, by oxidising it by KIO;
(A pax =545 nm).

The complexes released on destruction of zeo-
lite by con. sulphuric acid were dissolved in water
and analysed by UV-Visible spectral (Hitachi
U2000). FTIR spectra were recorded using
Brucker IFS-66V spectrometer by KBr pellet
technique. Prior to the analysis, the spectrometer
was evacuated to 107° torr and the recording
were done in the region 400-1300 cm ™. Similar-
ly, the free complex was also recorded. 1*C MAS-
NMR of the zeolite encapsulated complexes were
recorded by Brucker MSIL-300 spectrometer in
the frequency 75.47 MHz over 1976 scan using
TMS as reference compound. ESR spectra of the
composites were recorded at room temperature
using JEOL FE1X spectrometer operating at 9.2
GHz with 2 gauss modulation and 20 mW power.

The catalytic activity of these composites were
tested for hydroxylation of phenol. The reactions
were performed at 70°C with 200 mg catalyst,
1.95 ml phenol, 5 ml water and 5 ml of 30% hy-
drogen peroxide for 5 h under magnetic stirring
in an oil bath. The products obtained were homo-
genised by 15 ml of water and analysed by
HP5890A gas chromatograph using OV-17 co-
lumn.

Results and discussion

The XRD patterns of the composites show that
the framework of zeolite-Y is maintained. Only in
the case of iron complex, a partial collapse of
zeolite structure is observed which may be due to
ion exchanging at pH 2.5. The absorption spectra
of the complex released from zeolite matches with
that of free complex, confirming the presence of
complex in zeolite. The presence of trace amount
of free SALEN was also observed from the weak
transitions of x— &* at 320 and 420 nm®. The es-
timated metals in zeolite cages were calcualted
per unit cell; Mn=1.61, Fe=0.42 and V=1.32.
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Fig. 1—ESR spectra of zeolite-Y encapsulated Mn-SALEN
complex

The amount of Mn and V are more than 1 per
cage.

TGA analysis shows loss of solvent or water at
~70°C. Subsequent losses, which occurs in the
temperature range 350-450°C are due to decom-
position of complexes. Based on temperature at
which major loss occurs, the stability of the com-
plexes are in the order: Fe(SALEN)-
Y<VO(SALEN)Y <Mn(SALEN)-Y. The analysis
further indicates the presence of 4.85, 4.67 and
5.27 Mn-SALEN-Y, Fe-SALEN-Y and VO-SAL-
EN-Y ligands per unit cell respectively. These va-
lues are higher than the expected values for these
complexes. The excess SALEN ligand might be
occupying the sodalite cages while the complexes
are occupying the supercages. The uncomplexed
ligand in sodalite cages are not removed by chlor-
oform extraction.

In the FTIR spectra, the vibrations due to Mn
complex occur at 1461 and 1401 cm™!, Fe com-
plex at 1546, 1448 and 1401 cm~' and for VO
complex at 1545, 1507, 1469 and 1400 cm™'.
The metal complex peaks in zeolite matrix indi-
cates the presence of complex in zeolite cages.
Due to overlapping of zeolite and complex peaks,
all the complex peaks are not distinctly observed.

BC MAS-NMR spectra of VO(SALEN)-Y gives
a broad signal between 125-135 ppm for aromat-
ic carbons instead of sharp lines for them. Chemi-
cal shift anisotropies of the aromatic carbons in
this sample is not reduced to their isotropic aver-
ages. As the encapsulated SALEN can have mul-
titudes of interactions with zeolite sites, there is
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high degree of chemical shift dispersion contribut-
ing greatly to broadened NMR signal which is al-
so applicable to aliphatic carbons.

The ESR spectra of Mn-SALEN-Y (Figure 1)
shows six peaks, characteristic of /=5/2 of Mn(II)
ion. The Spin-Hamiltonian parameters were cal-
culated to be, g=2.01 and A=90.7 G. The Mn(II)
ion exchanged zeolite ESR was also recorded and
the corresponding values are g=2.02 and
A=86.9 G. On complexing the Mn ion, the g va-
lues are not affected, but there is small increase in
A value from 87.7 to 100 G. A similar increase in
A value from 87.7 to 100 G for Mn(II) in zeolite
3A was observed by Sur er al’ on increasing its
coordination to form MnF} ~.

The ESR spectrum of Fe-SALEN-Y shows two
iron peaks, one at g, =2.15 (A, =181 G, more in-
tense) and the other at g,=4.08 (4,=67.6 G).
These two were characteristic of iron species'®.
The g value ~ 2.0 is attributed to hexa-coordinat-
ed species and the g value around 4 to Fe(Ill) in
cation sites, of slightly distorted coordination.

The VOSALEN)Y complex as such does not
show any intense peak in ESR. This is because of
the oxidation of vanadium to V(V). The material
on reduction with hydrazine hydrate gave ESR
peaks. The spectrum shows eight peaks character-
istic of I=7/2 of 'V and the calculated parame-
ters are given below:

VO(SALEN) & A(G) g, A, (G) Ag/Ag,
Complexes

Encapsulated 1.953 180 1.990 514 3.96
in Zeolite-Y

Free complex 1.995 171.1 1.987 58.0 3.09
(Ref. 11)

The parameters of free VO-(SALEN) reported by
Pandey and Khare!! are also presented. The ratio
Ag/Ag, , measures the tetragonality of the vana-
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dium site which is calculated to be 3.96 for the
complex encapsulated in zeolite Y and 3.09 for
free complex. The higher value of Ag/Ag, com-
pared to free complex, indicates that vanadyl
complex in cages are in more tetragonally distort-
ed state'?.

The hydroxylation of phenol by metal-SAL-
EN-Y composites revealed that the conversion of
phenol ranged between 23 and 28 wt% with more
than 99% selectivity to dihydroxybenzenes.
Among the three composites, Fe-SALEN-Y is
found to be less active than the others. The rea-
son for the low activity could be due to partial
destruction of zeolite-Y matrix because of metal
ion exchange at pH 2.5.

Acknowledgement

We thank for the Sophisticated Instrument Fa-
cility, Indian Institute of Science, Bangalore for
MAS-NMR analysis.

References

Huybrechts D R C, Parton R F & Jacobs P A, Chemistry
of microporous crystals, edited by Inui (Elsevier, Amster-
dam), 1991, 225,

2 Parton R, DeVos D & Jacobs P A, Zeolite microporous
solids: Synthesis, structure and reactivity, edited by E G
Deroune (Kluwer, Netherlands), 1992, 555.

3 Paez-Mozo E, Gabriunas N, Lucaccioni F, Acosta D D,
Patrono P, Ginestra A L, Ruiz P & Delmon B, J phys
Chem, 97 (1993) 12819.

4 Herron N, Inorg Chem, 25 (1986)4714.

5 Bowers C & Dutta PK, J Carl, 122 (1990) 271.

6 Kowalak S, Weiss R C & Balkus Jr K C. J chem Soc,
Chem Commun, (1991) 57.

7 (Eds.), Encyclopedia of industrial chemical analysis, edited
by F D Snell & L S Ettre (John Wiley, New York), 1972.

8 Balkus Jr K J, Welch A A & Ganade B E, Zeolites, 10
(1990) 722.

9 SurSK & Bryant R G, J phys Chem, 97 (1993) 2686.

10 Sommerfeld D A, Ellis Jr W R, Eyring E M, Kuznicki S
M & Thrush K A, J phys Chem, 96 (1992) 9975.

11 Pandeya K B & Khare D, J Indian chem Soc, 69 {1992)
522!

12 Seth V P, Guptha S, Jindal A & Guptha S K, J Non Cryst
Solids, 162 (1993) 263.





