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SUMMARY AND CONCLUSIONS

Heterogenisation of homogeneous systems are carried out to get the
advantages of both homogenous and heterogeneous systems. One effective
method of heterogenisation is encapsulation of homogenous metal complex
catalysts inside zeolite Y cages. The work embodied in this thesis is mainly
centered on the synthesis and characterization of some encapsulated transition
metal complexes. The use of metal complexes for the preparation of well
dispersed metal oxide catalyst for hydrodesulphurization reaction is also
highlighted in this thesis. The thesis is divided into nine chapters. Chapter 1
presents a general overview of the supported metal complex systems and the
catalytic activity studies reported on such systems. The scope of the present

investigation is also presented in this chapter.

Details regarding reagents and materials used, general procedures used for
the preparation of the metal exchanged zeolites, synthesis and purification of the
ligands, and the characterization techniques employed are given in Chapter 2.
The characterization techniques used in the present study for the zeolite
encapsulated complexes include chemical analysis, CHN analysis, TG, XRD, SEM,
BET, surface area, magnetic moment measurements, diffuse reflectance, FTIR and
EPR spectroscopies. Low temperature oxygen chemisorption, temperature
programmed reduction and Laser Raman spectroscopy were used to characterize
the hydrodesulphurization catalysts. Gas chromatograph equipped with FID
detector was used to monitor the cyclohexanol oxidation. X-Ray fluorescence

spectroscopy was used to estimate the sulphur content in the diesel.



Chapter 3 deals with the synthesis and characterization of zeolite
encapsulated cobalt(II), nickel(Il) and copper(II) complexes of the Schiff base N,N'-
bis(quinoxaline-2—carbéxalidene)—o—phenylenediamine (QOPD). The NaY zeolite
used for encapsulating the complexes has the wunit cell formula,
Nase[(AlO2)56(Si02)36]x.H20. The Si/ Al ratio of metal exchanged zeolite was found
to be approximately in the range 2.3-2.4 and it is almost near to that of parent
zeolite indicating that there is no collapse of the zeolite framework. XRD patterns
also indicate the retention of zeolite framework. The elemental analysis of the
zeolite encapsulated QOPD complexes indicate complex formation inside the
zeolite cage. The unit cell formulae of the zeolite encapsulated complexes were
also derived from the elemental data. The Si/Al ratio and the XRD patterns
confirm that the crystallinity of the zeolite is maintained even after the
encapsulation of the complex. Moreover the change in intensities of the
characteristic peaks of XRD patterns indicate the redistribution of the cations due
to encapsulation. Surface area and pore volume of the encapsulated metal
complexes are found to be lower that that of the metal exchanged zeolite Y, which
further confirms the effective encapsulation of complexes inside the pores of the
zeolite Y. The scanning electron micrographs of the encapsulated complexes
before and after Soxhlet extraction indicate the absence of surface adsorbed
complexes. Some of the IR bands of the complex were obscured by the zeolitic
peaks. However, the IR band at 1596 cm! due to vc-n) of the QOPD is seen shifted
to a lower energy (~1545 ¢cm1) indicating coordination azomethine nitrogen to
metal. Magnetic moment values calculated give a qualitative idea about the
structure of the complex. A low spin octahedral structure in which metal is in the
+3 oxidation state was assigned for the cobalt complex. The nickel(II} complex
was also assigned to have the octahedral structure. Square planar structure was
assigned for the copper(ll) complex. EPR spectrum of the copper(Il) complex
taken at liquid nitrogen témperature also favour a square planar structure. The
conclusions arrived from diffuse reflectance electronic spectra are in agreement
with that of magnetic moment studies. The thermal stability of the complexes was

ascertained from the TG/DTG data. However due to the small concentration of
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the complex in the zeolite no quantitative inference could be drawn from the

TG/DTG data.

Details regarding the studies on the metal complexes of the Schiff base,
indole-3-carboxalidene semicarbazone are presented in Chapter 4. The Si/Al
ratio of ~2.4 and XRD patterns of the complexes rules out the possibility of
collapse of the crystalline nature of the zeolite Y due to encapsulation. The drop in
surface area and pore volume further confirms the successful encapsulation of the
metal complexes inside the zeolite cage. FT-IR spectra of the complexes reveal that
the coordination takes place through the nitrogen of the azomethine and oxygen of
the C=0 group, and the presence of some of the ligand bands further confirms the
encapsulation. The electronic spectra of the cobalt complex suggest a tetragonally
distorted octahedron. An octahedral geometry was assigned for the nickel
complex. The magnetic moment values of the complexes also supports the
inferences arrived from the electronic spectra. A broad EPR spectrum was
observed for the cobalt complex, suggesting a high spin octahedral geometry. The
EPR spectrum of the copper complex suggests a flattened tetrahedral structure.

Chapter 5 of this thesis is on the synthesis and characterization of zeolite
encapsulated cobalt, nickel and copper complexes of the Schiff base indole-3-
carboxalidene-3-amino-1,2,4-triazole. Elemental analysis, surface area and XRD
studies provide strong evidence for the encapsulation of the complex without loss
of crystallinity. TG/DTG patterns show two decomposition stages, confirming the
encapsulation inside the supercages of the zeolite. The FTIR spectra of the
complex reveal that coordination of the ligand is through the azomethine nitrogen
and the 4t nitrogen of the triazole ring. The electronic spectra of the complexes
suggests an octahedral geometry for the cobalt and nickel complexes and a
distorted tetrahedral geometry for the copper complex. Magnetic moment values
of the complexes are also in agreement with structures arrived from the electronic
spectra. A broad pattern was observed for the EPR spectrum of the cobalt

complex. The hyperfine splitting observed in the EPR spectrum of the copper
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complex suggest the coordination of nitrogen atom to the metal ion. The g,/A.,

value of 150 cm suggest a flattened tetrahedral geometry.

Chapter 6 deals with the studies of the encapsulated cobalt(II), nickel(Il)
and copper(ll) complexes of the Schiff base N,N'-bis (4-hydroxy-3-methoxy
benzalidene)-o-phenylenediamine (VOPD). The elemental analysis and the drop
in surface area and pore volume suggest successful encapsulation of the
complexes inside the supercages of zeolite Y. XRD pattern shows that there is no
change in crystalline nature of the zeolite support due to encapsulation. The
changes in the intensities of the characteristic peaks of the XRD patterns indicate
cation redistribution due to encapsulation. The v(c-n) band (azomethine) of the
ligand was found to be shifted to the lower region in the case of complexes
suggesting coordination through the azomethine nitrogen. Thermo gravimetric
analysis exhibits two decomposition stages one corresponding to the removal of
coordinated water and the other corresponding to the decomposition of
complexes. The electronic spectra and the magnetic moment values suggest an
octahedral geometry for the cobalt and nickel complexes. A broad EPR spectrum
was observed for the cobalt complex. A high g,/A, value of 220 cm obtained for
the copper(Il) complex suggest a tetrahedrally distorted square planar structure

for the complex.

Details regarding the studies of metal complexes of curcumin, the pigment
which impart yellow colour to the natural product turmeric, are given in
Chapter 7. Curcumin was separated from the other curcuminoids by column
chromatography. Only nickel(Il) and copper(Il) form stable encapsulated
complexes of curcumin. Cobalt complex of curcumin formed was found to be
leached out during soxhlet extraction. The analytical data, XRD patterns and
surface area and pore volume data reveal that the crystalline nature of zeolite is
intact after encapsulation. The FTIR spectra of the complexes shows that the ~-C=0
group of the curcumine is coordinated to the metal. The electronic spectra and

magnetic moment values of the nickel complex suggest an octahedral geometry
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and the EPR parameters for the copper(ll) complex suggest a square planar

structure.

Chapter 8 deals with the studies on catalytic activity of the prepared
complexes for the oxidation of cyclohexanol. Tert-butyl hydroperoxide was used
as the oxidant. In order to optimize the reaction conditions, the effect of various
parameters like oxidant to substrate ratio, temperature, amount of catalyst and the
effect of various solvents were studied. The activity was found to increase with
increase in temperature. The oxidant to substrate ratio of 2:1 was found to the be
optimum condition for the reaction. The increase in amount of the catalyst does
not appreciably much increase the conversion and in fact, it results in the decrease
of the turn over number (TON). The copper complexes exhibit much higher
activity than that of the cobalt and nickel complexes. The selectivity towards the
product, cyclohexanone, was >98% in all the cases. The geometry of the
complexes was found to influence the catalytic activity. The octahedral complexes
are found to be less active than the four coordinate complexes. The vacant sites
provided by the square planar/distorted tetrahedral structure of the copper
complexes facilitate the coordination of the oxidant and substrate and thus

increase the conversion. The catalysts were also found to be recyclable.

Sulphur emissions from the automobile exhaust create a lot of
environmental problems. Hydrodesulphurization (HDS) is the technique used to
remove sulphur compounds from the diesel. Chapter 9 of the thesis deals with the
studies on the preparation, characterization and hydrodesulphurization activity of
some new HDS catalysts. The catalysts were prepared through molecular
designed dispersion (MDD) method and also through the conventional wet
impregnation method. In the MDD method, a neutral transition metal complex is
anchored to the surface of a high surface area support and then the adsorbed
complex is decomposed in an oxygen containing atmosphere at an elevated
temperature yielding the supported transition metal oxide catalyst. Molybdenum
and cobalt pyrrolidine-N-carbodithioate complexes were used as the catalyst
precursors. The prepared catalysts were characterized using elemental analysis,
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low temperature oxygen chemisorption, temperature programmed reduction and
laser Raman spectroscopy. The studies indicate that the catalysts prepared
through MDD method show high molybdenum dispersion, smaller molybdenum
clusters and high reducibility of MoOs than those prepared though conventional
methods. The catalysts prepared though the new method exhibits ~35% increase
in activity, in comparison to that of the catalysts prepared through conventional
method. Thus a superior hydrodesulphurization catalyst in all the respects was

developed though the molecular designed dispersion method.

FOCR KD IR KD LIR KD
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"If we knew what it was we weve doing; it
would not be called reseawch, would it?"

- Albert Fingtein
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