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ABSTRACT
Metal organic frameworks (MOFs) belong to the emerging class of porous materials,
which in view of their high surface areas, thermal stability and uniform pore size
appear to be excellent candidates for various applications including gas storage,
separation, sensing and catalysis. The availability of in-pore functionality and
possibility of outer-surface modification in MOFs render these materials expedient
over aluminosilicates such as zeolites for specific applications. Furthermore, it is
possible to tune the pore size and geometry of MOFs, by judicious choice of metal
ion and the organic linker units.
There is abundant empirical literature, where MOFs with tailorable uniform pore
size have been prepared, which exhibit extremely high surface area, selective uptake
of small molecules and optical or magnetic response upon inclusion of guest
molecules. Transition metal ions with varying oxidation states and geometries have
been used as inorganic constituent of MOFs. In general, rigid ligands are preferred
as organic linkers for synthesizing MOFs, as the inherent rigidity of the resulting
framework permits the sustenance of the open-pore structure after removal of the
solvent, which remains entrapped during the reaction. The linkers can be electrically
neutral, anionic or cationic. The purity requirement of reagents for preparation of
MOFs is rather stringent, i.e. the ligand, metal ion and even the solvent need to be
extremely pure to avoid competitive reactions. The presence of even small amounts
of impurities e.g. water in DMF, has been reported to lead to the formation of
competitive phases.
For the last two decades, the field of MOFs has seen rapid growth, primarily related
to the design of new MOFs and exploring their potential for different applications.
What renders MOF interesting is their hybrid nature, which results from the
combination of both inorganic metal ions as well as the organic linker. However,
their commercial application is still in the stage of infancy.
Chapter 1 provides a brief account of the literature survey performed on selected
MOFs. The type of ligands and metal ions used for preparation of MOFs has been



discussed. The underlying motivation behind the present work has also been brought
out in this chapter.

Chapter 2 discusses the results of our studies on the structural landscape of MOF 5,
perhaps the most celebrated MOF prepared through the supramolecular assembly of
zinc ions with benzene dicarboxylic acid. This chapter has been subdivided in two
sections. Part A deals with the influence of water in DMF during the preparation of
MOF 5. The hydrolytic decomposition of DMF under solvothermal conditions led to
the formation of formate and dimethyl ammonium ions in the reaction medium,
which altered the course of crystallization resulting in the formation of different
competitive phases.

Chapter 3 discusses our attempts at deriving a high purity ligand (benzene
dicarboxylic acid) from polyethylene terephthalate (PET) wastes. A microwave
assisted alkalolytic procedure was explored for tertiary recycling of PET which led
to the formation of high purity BDC. The same was subsequently used for the
synthesis of two MOFs, namely copper benzene dicarboxylate Cu(BDC) and
Zn4O(BDC)3 [MOF 5].

In chapter 4, we have demonstrated the applicability of core-shell MOFs for use as a
stationary phase towards aiding gas chromatographic separations. Techniques for
large-scale preparation of MOFs at gram level generally rely on solvothermal
methods, which lead to the formation of crystalline powder with particle size almost
always lower than 0.5 microns, which result in huge pressure drop when filled in
packed chromatographic columns. For using MOFs in GC packed columns, it is
imperative to increase their particle size. In this context, we have prepared core-shell
structures, where the shell region comprises of MOF 5 and ZIF 8, with the core
(polydimethylsilcone) being a result of suspension polymerisation of the vinyl
macromonomer. In the subsequent section we have discussed representative
chromatographic separations obtained with MOF 5@PDMS and ZIF 8@PDMS. In
view of the hydrolytic stability of ZIF-8, the same could be used for effecting
separations of aqueous media, an application not accomplishable with water-
sensitive MOF-5.
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In Chapter 5, we have demonstrated the potential of MOFs in the context of epoxy
toughening, by preparing epoxy-MOF 5 composites and systematically studying the
mechanical properties of the resulting composites.

Chapter 6 presents our results on the adsorption of toluene on MOF 5, HKUST 1
and ZIF 8, a common pollutant in air.

The summary and conclusions drawn from the studies performed during this
research work are discussed in Chapter 7. In addition, key areas, where future work
needs to be carried out are also highlighted.
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16) SHPB = Split Hopkinson Pressure Bar

17) ASTM = American Society for Testing and Materials

18) CP = Coordination polymers

19) MOF = Metal organic framework

20) PCP = Porous coordination polymers

21) SBU = Secondary building unit

XXi



22) TLC =Thin layer chromatography
23) VOC = Volatile Organic Compound
24) PXRD = Powder X-ray diffraction
25) HPLC = High performance liquid chromatography
26) FTIR = Fourier transform infrared
27) ATR = Attenuated total reflectance
28) EG = Ethylene glycol

29) PET = Poly(ethylene terephthalate)
30) SEM = Scanning electron microscopy
31) PDMS = Poly(dimethylsiloxane)

32) FID = Flame ionization detector

33) CNT = Carbon nanotubes

34) SBA = Santa Barbara Amorphous
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