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ABSTRACT

Metal-Organic Framework, Fe-BDC was synthesized by solvothermal
method from iron salt and terephthalic acid using N, N-Dimethylformamide as the
solvent. The aim of this study is to see if the Fe-BDC metal organic framework can
be used for the Biginelli reaction. Further spectral studies were done which Fourier
Transform-Infrared Spectroscopy, X-ray Diffraction, Scanning Electron Microscopy,

Energy Dispersive X-ray analyser.

KEYWORDS: Metal organic framework, iron, benzene dicarboxylic acid,
DMF.



CHAPTER
NO

TABLE OF CONTENTS

TITLE

ABSTRACT

TABLE OF CONTENTS
LIST OF ABBREVIATIONS

LIST OF FIGURES

INTRODUCTION

LITERATURE SURVEY

2.1 Synthesis of MIL-53(Fe) MOF Material and Its
Application as a Catalyst for Fenton-Type Oxidation

of Organic Pollutant

2.2 Iron based MOF for efficient removal of

methylene blue dye from industrial waste

2.3 Fe-based MOFs for photo catalytic N2 reduction

2.4 In-situ ethylenediamine-assisted synthesis of a
magnetic iron-based MOF MIL-53(Fe) for photo

catalysis

2.5 MOFs of lanthanum and iron using BDC linker
as catalysts for glucose conversion into 5-

hydroxymethylfurfural

2.6 Design and development of amine

functionalized iron

PAGE NO

vi

Vii



based MOFs for selective fluoride removal .

2.7 Functionalization effect of Fe-type MOF for

methylene blue adsorption
2.8 Facile synthesis of mesoporous Fe-based MOFs
loading bismuth with high speed adsorption of iodide

from solution.

2.9 Synthesis and Structural-Energy Characteristics
of Fe-BDC MOFs

2.10 Ultrasound-assisted biodiesel production by
Fe(lll)-based MOF and phosphotangestic acid as

efficient and reusable catalyst

AIM AND SCOPE

3.1 AIM

3.2 SCOPE

MATERIALS AND METHODS

4.1 Cleaning of Apparatus

4.1.1 Materials and Chemicals required

4.2 Methods

4.2 .1 Preparation of Fe-BDC

10

11

12

13

14

14

14

15

15

15

15

15



4.3 characterization Techniques

4.3.1 Fourier Transform- Infrared

Spectroscopy

4.3.2 X-ray Diffraction

4..3.3 Scanning Electron Microscopy

4.3.4 Energy Dispersive X-ray Analyzer

4.4 Application of Fe-BDC

RESULTS AND DISCUSSION

5.1 Fourier Transform- Infrared Spectroscopy

5.2 X-ray Diffraction

5.3 Scanning Electron Microscopy

5.4 Energy Dispersive X-ray Analyzer

5.5 Application

SUMMARY AND CONCLUSION

REFERENCES

18

18

19

19

20

20

22

22

23

26

28

30

31

32



LIST OF ABBREVIATIONS

ABBREVATIONS EXPANSIONS

BDC Benzene dicarboxylic acid

DMF Dimethylformamide

MOF Metal organic frameworks

FT-IR Fourier Transform Infrared X- ray
XRD X-ray diffraction

SEM Scanning Electron Microscopy

EDX Energy Dispersive X-ray



FIGURE
NO.

2.4

2.8

4.2

4.4

5.1

5.2

5.3

54

5.5

5.6

5.7

LIST OF FIGURES

TITLE

In-situ ethylenediamine-assisted synthesis of a
magnetic iron-based metal-organic framework

MIL-53(Fe) for visible light photo catalysis

Mesoporous Fe-based MOFs loading bismuth with

high speed adsorption of iodide from solution

Schematic flowchart of preparation of Fe-BDC

Schematic flowchart of preparation of Biginelli

Reaction

FTIR spectrum for 3:1 Fe-BDC, 2:1 Fe-BDC and
pure BDC

XRD pattern for 3:1 Fe-BDC, 2:1Fe-BDC, 1:1 Fe-
BDC and pure BDC

XRD graph for Fe-BDC

SEM images of Fe-BDC and BDC

SEM graph Fe-BDC

EDX graph for Fe-BDC and BDC

Reaction scheme of Biginelli reaction

PAGE
NO.

11

16

21

23

24

26

27

28

29

30



CHAPTER 1

INTRODUCTION

MOFs are organic-inorganic hybrid crystalline porous materials made up of
a standard array of positively charged metal ions surrounded by organic 'linker'
molecules. The metal ions form nodes, which join the arms of the linkers to form a
cage-like structure. MOFs have a very wide internal surface area due to their
hollow nature. MOFs with a surface area of more than 7800 square metres per

gram have been generated by researchers.

In comparison to other porous materials, MOFs have a remarkable
structural diversity: uniform pore structures, atomic-level structural uniformity,
tunable porosity, a wide range of varieties, and versatility in network topology,
geometry, dimension, and chemical functionality. This enables researchers to

successfully monitor the topology, porosity, and functionality of frameworks.

The special structure nature and tunability of MOFs — crystalline porous
materials made up of both organic and inorganic components in a rigid periodic
networked structure — is not readily available in traditional porous materials, such

as solely inorganic zeolites.

They are commonly used in adsorption, catalysis, sensing, energy storage,
and drug delivery, among other applications. Many MOF materials, on the other

hand, can be used only.

Metal-organic frameworks (MOFs) have attracted the attentions of
adsorption researchers in recent years due to the existence of a standard
nanoporous structure with a high porosity and surface area, which are critical for
the storage, transport, and separation of various gases such as methane (CH4),
carbon dioxide (CO2), and hydrogen (H2).

Metal-organic frameworks are crystalline polymeric materials made up of
metal atoms or clusters connected by polydentate ligands. Coordination polymers
of this subclass are well known for their structural versatility, which allows them to

form a variety of structures, each with its own set of physical properties.



Metal-organic frameworks are crystalline polymeric materials made up of

metal atoms or clusters connected by polydentate ligands.

The structural flexibility of this subclass of coordination polymers is well
established, resulting in a variety of structures, each with its own set of physical
properties. Since MOFs have such a wide range of design possibilities, choosing a

starting point is crucial.

The aim of this study was to build a metal-organic framework based on the

transition metal, iron, which has a high adsorption activity.

The ligand BDC from terephthalic acid was chosen to achieve the required

structural-energy characteristics of Fe—MOF.

The best solvent for metal-ligand coordination is N,N-dimethylformamide.
This method allows for the development of a high-activity metal-organic
framework structure, Fe— MOF, with a large micropore volume and sufficient

surface area for the adsorption of energetic gases including CH4 and H2.

They also discovered that the presence of Fe3+ ions in the MOF structure

increases the hydrogen—MOF interaction significantly.

H2 interaction is twice as strong in the MOF—Fe system as it is in the MOF—
Cu and MOF-Zn systems. The metal site of MOFs can be used to increase the

interaction energy of H2 in the MOF structure, according to this research.

The Fe-MOF structure synthesized with the BDC ligand forms a more
stable compound than other Fe—MOFs synthesized with other organic acids,

according to data from the thermo gravimetric study.

CHAPTER 2

LITERATURE SURVEY



2.1 Synthesis of MIL-53(Fe) Metal-Organic Framework Material and Its

Application as a Catalyst for Fenton-Type Oxidation of Organic Pollutants

Under different conditions, the iron (lll) benzene dicarboxylate metal-
organic framework content (MIL-53(Fe)) was synthesized using either the solvent-
thermal or hydrothermal process. The effect of solvent form, precursor-to-solvent
molar ratio, temperature, and reaction time on the structure of MIL-53(Fe) was
investigated. X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FT-
IR), scanning electron microscopy (SEM), high-resolution transmission electron
microscopy (HR-TEM), X-ray photoelectron spectroscopy (XPS), and the N2
adsorption/desorption isotherm were used to characterize the sample.In N’, N-
dimethylformamide (DMF), and methanol (MeOH), but not in water, the MIL-53(Fe)
structure developed. The crystal structure of MIL-53 was significantly affected by
the molar ratio of precursors and solvent, temperature, and reaction time in DMF
(Fe). MIL-53(Fe) has high crystallinity and a wide specific surface area ( = 88.2
m2/g) under ideal conditions. The MIL-53(Fe) obtained could be used as a
heterogeneous catalyst for the oxidation of phenol (PN), rhodamine B (RhB), and
methylene blue (MB) in the Fenton-like reaction system at the different solution
pHs.The MIL-53(Fe) metal-organic framework material can be successfully
synthesized using the solvent-thermal process with DMF or MeOH as solvents,
with DMF being the better option. Moreover, the molar ratio of precursors and
solvents, temperature, and reaction time all affect MIL-53 formation (Fe). MIL-
53(Fe) has high crystallinity, a wide specific surface area (SBET 88.2 m2g1), and
an even porous structure when made in DMF with a Fe (lIl)/BDC molar ratio of 1:
2. MIL-53(Fe) is a possible heterogeneous Fenton catalyst for the oxidation of
organic compounds in aqueous environments by hydrogen peroxide at pH 2-12.
(Pham Dinh and Pham Ngoc Hoai-2021)

2.2 Iron based metal organic framework for efficient removal of methylene

blue dye from industrial waste

This study aims to see whether the Fe-BDC metal-organic system can be
used to extract the toxic dye methylene blue from industrial waste. The effect of

contact time, dye concentration, amount of adsorbents, and temperature on the



adsorption characteristics and dye removal efficiency of Fe-BDC MOF has been
investigated. By growing the adsorbent dose and temperature, up to 94.74 percent
dye removal was achieved. After 24 hours, applying 25 mg of FeBDC MOF to a
dye solution of MB with a concentration of 5 mg/L resulted in a maximum dye
removal of 94.74 percent.The isotherm models of Langmuir, Freundlich, and
Tempkin have been used to assess the ongoing adsorption process. It was
discovered that the Freundlich adsorption isotherm is best suited to the adsorption
process. Using pseudo-first-order, pseudo-second-order, and intra particle
diffusion kinetic equations, various kinetic parameters have been calculated. The
best fit for adsorption of methylene blue on FeBDC MOF is a pseudo-second-order
kinetic model with a rate constant (k2) 4.9 102 g/mg min, suggesting that the dye
is removed primarily by chemisorption. Using batch and column techniques, an
iron-based metal-organic system Fe-BDC MOF effectively extracted methylene
blue dye from its aqueous solution. The effect of various parameters on the
removal of MB, such as contact time, adsorbent dose, pH, temperature, and initial
dye concentration, has been studied. At 50 °C temperature, 92% MB dye was
removed from 5 ppm dye solution within 6 h. In an acidic medium, excess H+ ions
present in the dye solution inhibit the adsorption. The equilibrium adsorption data
showed a significant correlation to Freundlich's adsorption isotherm. The results
indicate that the FeBDC MOF can be used for the removal of the entire range of
concentrations of methylene blue dye. The adsorption mechanism is spontaneous
and endothermic, and it continues by chemisorptions, according to thermodynamic
parameters. There are three kinetic model. The interaction behavior of the MOF
surface with the MB dye was interpreted using pseudo-first-order, pseudo-second-
order, and intra-particle diffusion models, with the pseudo-second-order model
proving to be the most suitable for interpreting the interaction between MB dye and
Fe MOF.(Charu Arora, Sanju soni-2019).

2.3 Fe-based MOFs for photo catalytic N2 reduction: Key role of transition

metal iron in nitrogen activation

In photo catalytic nitrogen fixation, nitrogen activation is the Achilles' heel.
For the first time, metal-organic frameworks (MOFs) are proposed as a solution to

the aforementioned bottleneck in this paper. Photocatalytic nitrogen fixation activity
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was demonstrated in a series of Fe-based MOFs (MIL-101(Fe), MIL-100(Fe), and
MIL-88(Fe),MIL-101(Cr) and MIL-101(Fe), which have the same molecular
structure except for the central metal ions, were chosen for device comparison to
gain insight into the reaction mechanism. MIL-101(Fe) and MIL-101(Cr) have
photocatalytic nitrogen fixation activities of 50.355 mol L 1 h 1 and inactive,
respectively. This meant that the Fe catalytic core was responsible for nitrogen
fixation. Fe catalytic centers have a higher electron density, lower reaction
activation energy, and more generation of N-H bond than Cr catalytic centers,
according to in situ FTIR and quantum computation performance. Due to the
similar outer electron configurations of Cr and Fe, it was hypothesized that two
extra d-orbitals electronics of Fe are the primary cause of the high photocatalytic
nitrogen fixation operation.This study introduces a new application of MOFs in the
field of photocatalytic nitrogen fixation, emphasizing the importance of d-orbitals
electronics in the nitrogen activation process.In summary, we used a variety of Fe-
based MOF materials for photocatalytic nitrogen fixation, including MIL-88(Fe)-
40.035 mol L 1 h 1, MIL-100(Fe)-46.532 mol L 1 h 1, MIL-101(Fe)-50.355 mol L 1
h 1, and MIL-102(Fe)-50.355 mol L 1 h 1. This will open up new possibilities for
low-energy green ammonia production. MIL-101(Cr) (inactivity) and MIL-101(Fe)
(activity) were chosen for device comparison because they have the same
molecular structure except for the central metal ions. Fe catalytic centers have a
higher electron density, lower reaction activation energy, and more generation of
N-H bond than Cr catalytic centers, according to in situ FTIR and quantum
computation performance. Due to the similar outer electron configurations of Cr
and Fe, it was hypothesized that two extra d-orbitals electronics of Fe are the
driving force behind the high photocatalytic nitrogen fixation operation. This study
introduces a novel application of MOFs in the field of photocatalytic nitrogen
fixation, emphasizing the importance of d-orbitals electronics in the nitrogen
activation process.(Guogiang Li, Feifei Li-2020)

2.4 In-situ ethylenediamine-assisted synthesis of a magnetic iron-based
metal-organic framework MIL-53(Fe) for visible light photocatalysis

An in-situ ethylenediamine (EDA)-assisted solvothermal process was used
to make a novel magnetic MIL-53(Fe) photocatalyst (MAG-MIL). The c-Fe203
nanoparticles embedded in the MAG-MIL system lead to a red change of the light

11



absorption edge as well as the superparamagnetism property. An in-situ
ethylenediamine (EDA)-assisted solvothermal method was used to make a

superparamagnetic MIL-53(Fe) photocatalyst with a red-shifted light

+ti+f%é

(&
DMF

T b :

FeCl, EDA BDC MAG-MIL

150 °C, 15h

Fig 2.4.1 A super paramagnetic Mil-53(Fe) Photo catalyst with a Red shift of the
light absorption edge was synthesized by an in-situ ethylenediamine (EDA)
assisted solvothermal method

absorption tip.The increased light-harvesting ability of MOFs from ultraviolet light
(UV) to visible light for further enhancement of photocatalytic activity is a major
challenge. The photocatalytic activity of MOFs such as NH2-MIL-125(Ti), NH2-
MIL-88B(Fe), and UiO-66-NH2 (MIL and UiO stand for two kinds of MOFs) has
been stated to be increased by ammoniating or hydroxylating the organic linkers.
By adding ethylenediamine, a magnetic iron-based metal-organic framework was
successfully fabricated using an in-situ solvothermal process. The procedure was
simpler and more convenient than previously published methods. As a ligand,
ethylenediamine has the potential to react with Fe3+ and form magnetic cFe203
nanoparticles. Ethylenediamine, as a stabilizer, also regulated the size of magnetic
particles to fit the pores of MIL-53 (Fe). As a result, c-Fe203 and MIL-53(Fe) could
shape at the same time, saving time over the previously stated step-by-step
assembly process. In comparison to the MIL-53 catalyst, the synthesized MAG-
MIL catalyst with many c-Fe203 nanoparticles injected into the matrix had a wider
absorption peak in the visible light field (Fe). Under visible light irradiation, the
surface area normalized photocatalysis degradation rate of MB on MAG-MIL was
higher than that of MIL-53(Fe) and registered Fe304@MIL-100 (Fe). Moreover,
the superparamagnetism property made it simple to extract MAG-MIL particles
from the solution. Recycle tests also revealed that MAG-MIL was much more

reusable and stable for dye degradation than MIL-53 (Fe). Furthermore, the

12



preparation method described here can be applied to the synthesis of other

magnetic MOF materials.(Xiangwen Feng,Huan Chen-2017)

2.5 Metal organic frameworks of lanthanum and iron using BDC linker as

catalysts for glucose conversion into 5-hydroxymethylfurfural (5-HMF)

Lanthanum and Iron-Metal Organic Frameworks (La-MOFs, Fe-MOFs)
have been successfully synthesized and used as catalysts to transform glucose
into 5-Hydroxymethylfurfural using a solvothermal process (5-HMF). 5-HMF is a
promising energy source that is widely used in the chemical and polymer
industries. MOF is used as a source of Lewis and Brnsted acids, which can help
improve the conformation of 5-HMF during the glucose transformation process. X-
Ray Diffractometer (XRD), Scanning Electron Microscopy-Energy Dispersive X-
Ray (SEM-EDX), Fourier Transform Infrared (FTIR), and Brunauer-Emmelt-Tellers
were used to determine the XRD pattern, surface morphology, chemical
composition, absorption spectra, and surface area (BET). On the XRD pattern, the
unique peaks of La-MOF corresponded to MIL-88B structure at 2 = 8°, while Fe-
MOF corresponded to MIL-88B structure at 2 = 9°. The morphology of La-MOF
and Fe-MOF was revealed by SEM analysis to be rod-like and rhombic. The
broadening peak for O-H stretching vibrations was found in the FTIR spectrum of
La-MOF at 3526 cm1, while the sharp peak strength for C-H bending vibrations
was found in the FTIR spectrum of Fe-MOF at 749 cm1. The surface area of the
La-MOF was 107.107 m2/g and the surface area of the Fe-MOF was 215.435
m2/g, respectively. The behavior of La-MOF and Fe-MOF as catalysts was tested
in a 10 mL vial glass reactor at T = 403 K for 0—8 hours with a catalyst loading of
8-12 mg. The product was analyzed using High-Performance Liquid
Chromatography (HPLC), which revealed that Fe-MOF had higher activity, yielding
26.79 percent versus 19.2 percent for La-MOF in a 6 h reaction period with 10 mg
catalyst in DMSO as solvent.

For the conversion of glucose to 5-hydroxymethylfurfural, La-BDC and Fe-BDC

MOF were used as catalysts (5-HMF). The catalytic experiments were carried out

13



in a 10 mL vial glass reactor at T = 403 K for 0, 3, 6, and 8 hours, with different
quantities of catalysts (0, 8, 10, and 12 mg). The reactor was then filled with 2 mL
of a 10% wt. glucose solution in H20 or DMSO, which was combined with the
catalyst. The experiment was conducted without the use of a catalyst. To stop the
reaction, the vial was immediately put in an ice bath at 5 °C after being heated for
different reaction periods. The product was analyzed with High-Pressure Liquid
Chromatography using LC200 Quantine Isocratic Pump with Inertsil ODS column
packaged, UV detector with 285 cm1 wavelengths (for 5-HMF), and UV detector
with 285 cm1 wavelengths (for 5-HMF).The solvothermal method was used to
successfully synthesize La-BDC and Fe-BDC using DMF and H20O as solvents.
According to the findings, the XRD pattern of the materials has similar peaks to
MIL-88B. The La-BDC was rode-like, while the Fe-BDC was rhombic, according to
SEM photographs, with a specific surface area of 107.107 m2/g for La-BDC and
215.28 m2/g for Fe-BDC. According to this research, the best conditions for
glucose conversion to 5-HMF are 10 mg of catalysts mixed with glucose in 10 mL
of DMSO (10% wl/v solution) and heated to 403 K for 6 hours, yielding 19.21
percent for La-BDC MOF and 26.79 percent for Fe-BDC MOF, respectively. To
summarise, Fe-BDC MOF is a more active catalyst for converting glucose to 5-
HMF.(N Riezzati et al-2020)

2.6 Design and development of amine functionalized iron based metal

organic frameworks for selective fluoride removal

Because of their large surface area and high porosity, metal-organic
frameworks (MOFs) play a critical role in the adsorption process. A trivalent metal
ion, iron (Fe3+), was used to fabricate benzene-1,4-dicarboxylic acid (BDC) and 2-
aminobenzene-1,4-dicarboxylic acid (ABDC), resulting in Fe@BDC and
Fe@ABDC dependent metalorganic frameworks (MOFs) for selective fluoride
resorption.The Fe@BDC and Fe@ABDC MOF composites had enhanced
defluoridation capacities (DCS) of 4.90 and 4.92 mg g-1 toward fluoride
adsorption, respectively. The Fe@BDC and Fe@ABDC MOF composites were
characterized using FTIR, TGA, SEM, BET, EDAX, XPS, and XRD. The batch

14



level investigated the responsible parameters for the defluoridation process, such
as adsorption time, solution pH, initial fluoride concentration, adsorbent dosage,
interfering anions, and temperature. For fluoride adsorption, the adsorption
isotherms, kinetics, and thermodynamic parameters of Fe@BDC and Fe@ABDC
MOF composites were investigated. The process of fluoride adsorption in
Fe@BDC and Fe@ABDC MOF composites was thoroughly discussed. Field test
applicability and recyclability of Fe@BDC and Fe@ABDC MOF composites were
also investigated. The fluoride removal studies were successfully carried out using
the produced Fe@BDC and Fe@ABDC MOF composites. The strengthened DC
of Fe@BDC and Fe@ABDC MOF composites against maximum fluoride
adsorption was 4.90 and 4.92 mg g-1, respectively. The surface-atmosphere of the
synthesized Fe@BDC and Fe@ABDC MOF composites is primarily affected by
the adsorbate pH of the fluoride concentration solution. Furthermore, enhanced
DC was obtained in a neutral pH setting. Bicarbonate ions were found in potable
water and competed with fluoride sorption for the most part. The prepared
Fe@BDC and Fe@ABDC MOF composites were investigated using
characterization methods such as TGA, EDAX, FTIR, XPS, BET, XRD, and
SEM.Adsorption isotherm studies confirmed the chemical adsorption existence of
Fe@BDC and Fe@ABDC MOF composites against fluoride adsorption, confirming
the Langmuir isotherm as a valid model for defluoridation systems.Moreover,
kinetic studies show that the pseudo-second-order and intraparticle diffusion
models are more applicable to defluoridation. The results of the thermodynamic
parameters showed that the fluoride adsorption mechanism was feasible and
endothermic. Electrostatic attraction and complexation mechanisms dominated the
fluoride adsorption mechanism of Fe@BDC and Fe@ABDC MOF composites. The
Fe@BDC and Fe@ABDC MOF composites were recycled for six cycles, and field
tests of Fe@BDC and Fe@ABDC MOF composites confirmed that they are

suitable for use in the field.(Antonysamy Jeyaseelan-2020)

2.7 Functionalization effect of Fe-type MOF for methylene blue adsorption

Pollutants in the water, such as dyes, posed a threat to the water's safety.
Porous materials have a lot of potential for dye adsorption from water sources

these days. The iron-based metal-organic structure (MOF-Fe) of MIL-101 is

15



synthesized using a simple solvothermal method in this analysis. The adsorptive
removal of methylene blue (MB) from MOF-Fe (amine-MOF-Fe) is investigated
using the amine-functionalization effect of the MOF-Fe (amine-MOF-Fe). Because
of the porous MOF-Fe structure's pore-filling mechanism, the adsorption behavior
showed rapid MB adsorption within the first hour of the operation. The high
adsorption potential was due to the electrostatic interaction between the amino
group of amine-MOF Fe and MB. The amine-functionalization effect also revealed
that amine-MOF-Fe has a two-fold higher adsorption potential than non-
functionalized MOF-Fe when used with a two-fold lower loading. The maximum
equilibrium adsorption capacities for MOF-Fe and amine-MOF-Fe, respectively,
were 149.25 and 312.5 mg/g, with optimum MOFs loading of 0.8 and 0.4 g/L.
Electrostatic contact, pore filling, hydrogen bonding, and — stacking are all
proposed as adsorption mechanisms. The MOFs could be recycled without
affecting the removal efficiency,according to the regeneration report. As a result,
the findings suggest that the MOFs have desirable reusability for the practical
adsorption of cationic dyes due to their quick absorption and high capacity
properties.The adsorption process can effectively extract hazardous dye (MB) from
polluted water. The cationic MB adsorption potential of the MOF-Fe and amine-
MOF-Fe synthesized in this study was 149.25 mg/g and 312.5 mg/g, respectively.
The effect of amine functionalization demonstrated that the amine group was
crucial in the adsorption process, as it resulted in a two-fold increase in MB ion
adsorption capacity. Furthermore, when the MOF-Fe is functionalized with an
amine group, the MOF loading can be cut in half.

The Langmuir isotherm was found to be the best fit for MOF-Fe in the adsorption
isotherm. Meanwhile, the Freundlich isotherm for amine-MOF-Fe had been better
identified. Furthermore, both MOFs adopted the pseudo-second-order kinetics
model, according to the adsorption kinetics. Attempts to reuse both MOFs showed
that after two cycles, the amine-MOF-Fe could retain adsorption efficiency.
Regardless, both MOFs are promising adsorbents for the removal of cationic dyes
from aqueous solutions.(Syafikah Huda Paiman-2020)

2.8 Facile synthesis of mesoporous Fe-based MOFs loading bismuth with

high speed adsorption of iodide from solution

16



To improve the uptake effect of iodide anions from aqueous solution,
mesoporous Fe-based MOFs (Bi@MIL) were made by solvothermal synthetically
mixing Bi(lll) and MIL-101(Fe) in a Teflon-lined autoclave. The crystal structure of
MIL-101(Fe) was preserved when the addition of Bi(lll) species in the synthesis of
Bi@MIL was less than 5.0 percent, as determined by IR, XRD, SEM, BET, and
XPS. Mesoporous Fe-based MOFs were obtained when the amount of Bi(lll)
reached 15.0 percent. The adsorption equilibrium was reached in 20 minutes in
200 mg L-1 of iodide anions solution concentration at neutral medium in Bi@MIL
composites with fast adsorption kinetics. The adsorption of iodide anions was
affected by the pH of the solution, and the highest adsorption capacities were
found at pH 3.

] "‘” bismuth nitrate
i ._-:.

MIL-101(Fe)

100 °C, 24 h

¢ Fe(Ill)
Bi(I11)

15%-Bi@MIL

2.8.1 Mesoporous Fe-based MOFs loading bismuth with high speed adsorption
of iodide from solution
Mesoporous Fe-based MOFs (Bi@MIL) were rendered by solvothermal
synthetically mixing Bi(lll) and MIL-101(Fe) until the amount of Bi(lll) reached
15.0 percent. The adsorption kinetics of Bi@MIL composites were quick, and
the adsorption equilibrium was reached in 20 minutes. 15 percent -Ni@MIL has
a maximum adsorption capacity of 189.6 mg g-1.Finally, a new method for
producing mesoporous MOF materials is presented. The adsorbents (Bi@MIL)
were easily made by solvothermal synthetically integrating Bi(lll) into MIL-
101(Fe).The crystal structure of Bi@MIL was almost unchanged when the sum
of Bi(lll) species in the synthesis was less than 5.0 percent. When the
concentration reached 15.0 percent, the MOFs crystal structure became
defective, resulting in the formation of mesoporous MOFs. In a 200 mg L-1

iodide anions solution at neutral medium, Bi@MIL composites have fast
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adsorption kinetics, with adsorption equilibrium achieved in just 20 minutes.
The adsorption potential of iodide anions is affected by the pH of the solution,
with overall adsorption capacities of 189.6 mg g-1 in a 200 mg L-1 iodide
anions solution at pH 3. Bi@MIL composites have a promising future in the
field of rapid iodide ion aggregation, such as that of radioactive iodide
ions.(Wenjing Xu-2018)

2.9 Synthesis and Structural-Energy Characteristics of Fe-BDC Metal-

Organic Frameworks

Using N, N-dimethylformamide as the solvent, a metal-organic structure,

Fe-BDC, was synthesized by solvothermal process from iron salt and terephthalic
acid. The data from the Dubinin-Radushkevich, Kelvin, and BET equations were
used to measure structural-energy characteristics. SBET = 2240 m2 /g and WO
=0.83 cm3/g are the specific surface areas and micropore volumes of the Fe-BDC
sample.This sample's morphological and X-ray characteristics were investigated.
The inorganic iron salt hydrate, terephthalic acid, and N, N-dimethylformamide as
the solvent was used to make the Fe-BDC metal-organic system structure. The
structural-energy characteristics of the microporous structure were calculated for
each sample using the Dubinin—Radushkevich equation based on nitrogen
adsorption data at 77 K.
The Fe-BDC sample has the following adsorption parameters: WO = 0.83 cm3/g
micropore length, SBET = 2240 m2/g, x0 = 0.90 nm, EO = 13.4 kJ/mol normal
characteristic energy of benzene adsorption and a0 = 23.87 mmol/g limit nitrogen
adsorption in micropores. The mesopore volume was Wme = 0.47 cm3/g, the
mesopore surface area was Sme = 110 m2, and the total pore volume was Ws =
1.30 cm3/g, according to the Kelvin equation. Over 200°C, the synthesized Fe-
BDC structure is thermally unstable, and the adsorption behavior is unstable in
cyclic adsorption processes.( M. K. Knyazeva-2018)

2.10 Ultrasound-assisted biodiesel production by a novel composite of Fe

(1iM-based MOF and phosphotangestic acid as efficient and reusable catalyst
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Esterification of oleic acid by various alcohols is achieved with high yields
under ultrasonic irradiation. MIL-53, a novel heterogeneous catalyst made of
heteropoly acid and Fe(lll)-based MOF, was used in this reaction (Fe). Ultrasound
irradiation at room temperature and pressure was used to synthesise and
encapsulate MIL-53. The prepared composite was characterised using a variety of
techniques, including XRD, FT-IR, SEM, BET, and ICP, and showed excellent
catalytic activity while being extremely simple to make. The results showed that
ultrasound irradiation could be used to make biodiesel efficiently and effectively.
Finally, we have successfully fabricated PTA-MOF composite as a novel catalyst
using a functional method suitable for oleic acid-based biodiesel processing. High
yields of esterification of oleic acid by different alcohols are achieved under
ultrasonic irradiation and completely heterogeneous conditions. The materials
were extremely catalytic and easy to separate from the reaction medium. (Ahmad
Nikseresht-2017)
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CHAPTER 3

AIM AND SCOPE

3.1 AIM:

The aim of the project is to compare the preparation of Iron-Benzene

dicarboxylic acid Metal organic framework from chemical precursor .
3.2 SCOPE:

The aim of this study was to create a metal-organic framework
based on a transition metal, such as iron, that has a high adsorption activity. The
ligand BDC from terephthalic acid was chosen to achieve the necessary Energy
Dispersive X-ray analyser characteristics of Fe-BDC MOF. The best solvent for
metal-ligand coordination is N, N-dimethylformamide. This method allows for the
development of a high-activity metal-organic framework structure, Fe-MOF, with a

large microspore volume.
Main objectives of the study

o To prepare lron-benzene dicarboxylic acid Metal Organic Framework as a
catalyst from chemical precursor.

o To characterize the prepared catalyst by Fourier Transform — Infrared
Spectroscopy (FT-IR), Powder X-ray Diffractometry (XRD), Scanning Electron
Microscopy (SEM) and Energy Dispersive X-Ray Analyzer (EDX).
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CHAPTER 4

MATERIALS AND METHODS

4.1 CLEANING OF APPARATUS

All the apparatus were washed in sulphuric acid, washed with tap
water followed by distilled water. It is cleaned with acetone and dried before

using them.

4.1.1 MATERIALS AND CHEMICALS REQUIRED

e Ferric Chloride Hexa hydrate (FeCls.6H20)

¢ 1,4 Benzene dicarboxylic acid (CgH4(CO2H),)
e N, N-dimethylformamide (C3H7NO)

e Ethyl alcohol (C2H50H)(LR)

4.2 METHODS
4.2.1 PREPARATION OF Fe-BDC

0.4g of Ferric Chloride Hexahydrate taken in 100 ml Beaker. 0.21g of 1, 4
Benzene dicarboxylic acid is taken in another 100ml beaker with 15 ml of N, N
dimethylfarmamide as a solvent. The solution of mixed solvent is added to
FeCl;.6H,0. The beaker solution is kept in magnetic stirrer for 6 hours at 30% of
temperature. When the solution reaches the intermediate stage 15 ml of ethanol is
added. After 6 hours the solution cooled and centrifuged. The obtained precipitate
is added with 2.5ml of DMF and 2.5ml of ethanol approximately and dried in hot air
oven at 150 for 1 hour. Fe-BDC (CgHsFeQ,) is obtained by recrystallizing the dried
sample with Ethanol.

The same procedure is repeated for 1:1, 3:1, 4:1 proportions of Fe: BDC

respectively.
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Washed with DMF
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4.2 Schematic flowchart of preparation of Fe-BDC
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Table 1. Description of the resulting MOF sample, Fe-BDC, and starting

compounds used in the synthesis

dimethylformamide

Substance Chemical formula Molecular Appearance
name weight
Fe-BDC metal- | CgHgFeO, 604 g/mol Pink-brown
organic framework particles
Source of metal | FeCl;.6H,O 270.29 g/mol Brownish  yellow
cation: Iron(lll) solid
Chloride Hexa
hydrate

CsHsOy4 166 g/mol
Organic ligand: Colourless
terephthalic acid crystals
Organic solvent: | CsH;NO 73.09 g/mol Colourless liquid
N,N-

4.3 CHARACTERIZATION TECHNIQUES

4.3.1. Fourier Transform - Infrared Spectrometer

Fourier Transform Infrared Spectrometer (FTIR) is primarily used to

measure the light absorption at mid-infrared region, with a wavelength range

of 4,000 to 400 cm-1 (wavelengths of 2.5 to 25 ym), in order to distinguish

and quantify different materials.

FTIR spectroscopy is a molecular spectroscopy which is employed to

characterize each organic and inorganic sample. The sample is bombarded

with infrared radiation. Once the frequency of the infrared radiation matches
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the natural frequency of the bond, the amplitude of the vibration will increase

and therefore the infrared is absorbed.

The characteristics peak is observed for each functional group or a
part of the molecule. The graph is plotted relative absorbance versus wave

number

The attenuated total reflection (ATR) technique can be used to
analyze strongly infrared adsorbing materials like rubbers, silicone films, and
aqueous solutions. ATR analysis needs little to no sample preparation.

450ZnSe and 450Ge are the two types of crystals we have in our lab.

The KBr disc approach was used to generate infrared spectra on a

spectrum 100 FT-IR spectrophotometer (Perkin-Elmer, USA).

4.3.2 Powder X-Ray Diffraction

When an X-ray is incident on a crystal, it diffracts in a pattern
characteristic of the structure. In powder X-ray diffraction, the diffraction
pattern is obtained from a powder of the material than an individual crystal.
Powder X-Ray diffraction (XRD) also obtains a diffraction pattern for the bulk
material of a crystalline solid than a single crystal. The purity of a sample can
also be determined from its diffraction pattern and the composition of

impurities present.

Powder X-ray diffraction (PXRD) on a Rigaku smartlab diffractometer with
Cu Ka radiation (A= 1.5406) confirmed the crystalline structure. To record the

pattern in the 20 range of 5-90°, a scan speed of 8° min1 was used.

4.3.3 Scanning Electron Microscope

SEM can produce very high-resolution images of a sample surface,
revealing details less than one nm in size. The signals employed by a
scanning electron microscope provide an image resulting from the
interactions of the electron beam with atoms at varied depths within the
sample. Various forms of signals are produced together with secondary

electrons (SE), reflected or back-scattered electrons (BSE), characteristic X-
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rays and light (cathode luminescence, CL), absorbed current (specimen
current) and transmitted electrons. Secondary electron detectors are standard
equipment in all SEM.

JSM-6700F scanning electron microscopy was used to assess the
micro morphologies of the materials (SEM, JEOL Ltd., Japan). The samples'
precise surface area was determined by nitrogen adsorption on a specific
surface analyzer (ASAP 2420, Micrometrics, USA).

4.3.4 Electron Dispersive X-ray Spectroscopy

EDX (energy dispersive X-ray spectroscopy) is an analytical technique for
determining the chemical or analytical properties of materials. EDX devices are
typically used in conjunction with an electron microscope, such as a transmission
electron microscope (TEM) or a scanning electron microscope (SEM) . The EDX
method is based on the emission of a specimen's unique X-rays. The investigated
sample is bombarded with a beam of high-energy charged particles (electrons or
protons). As an electron from a higher binding energy electron level falls into the
core hole, it emits an X-ray with the energy of the difference between the binding
energies of the electron levels. The peaks correlated to the elemental composition

of the examined saline are shown in an EDX spectrum.

4.4 Biginelli reaction

A weighted amount of 5 mL Benzaldehyde, 10 mL of acetonitrile,
6 mL of ethyl acetoacetate, 3grams of urea and again 10 mL of acetonitrile is
taken in round bottom flask. To this round bottom flask prepared amount of
0.5 gram Fe - BDC is added. This round bottom flask is placed in a magnetic

stirrer for 2 hours. The end product was recrystallized with ethanol.
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4.4 Schematic flowchart of preparation of Biginelli Reaction
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CHAPTER 5

RESULTS AND DISCUSSION

Experiments were conducted to synthesize iron-BDC (Fe-BDC) as
described in the section 3.5 by varying the amount iron and BDC ratio. The as-
synthesized samples are named as Fe-BDC (1:1); Fe-BDC (2:1) and Fe-BDC(3:1)
which represents the ratio of iron and bdc in 1:1; 2:1 and 3:1. The synthesized
samples were characterized by FTIR, XRD and SEM. The prepared Fe-BDC was

used as a catalyst for biginelli reaction for the preparation of dihydropyrimidones.
Characterization of Fe-BDC
5.1 FOURIER TRANSFORM-INFRARED SPECTROMETER (FTIR)

The Fe-BDC samples were scanned in the range of 4000cm™ to 400cm™ to
explore the nature of functional groups present in the molecule and the results are
presented in Fig. The peak at 1673 cm™, 1538 and 1525 cm™ was due to C-O
bond stretching of COOH group in BDC. The sharp peaks at 1409 cm™ represents
the symmetrical and asymmetrical vibrational bands of- O-C-O- groups. A broad
band at 3734cm™ and 3870 cm™ can be assigned to weakly bonded OH groups at
the surface indicating the presence of moisture within the framework. The low
intensity sharp peak in the finger print region at 734 cm™ indicates the C-H
bending vibration of benzene in BDC. The emergence of new peak in the finger
print region at 677cm™ in the Fe-BDC spectrum alone reveals the presence of Fe-
O bond where the iron is linked to the organic linker BDC through oxygen site. It is
further confirmed as the peak intensity at 677cmincreases as the ratio of iron

increases as withessed in Fe-BDC (3:1).
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Fig 5.1 FTIR Spectrum for 3:1 of Fe-BDC, 2:1 of Fe-BDC and pure BDC

5.2 X-RAY DIFFRACTION (XRD)

XRD is one of the characterization methodology which results from the
diffraction pattern of the samples and is associated with the crystallinity of the
sample. The XRD diffraction pattern of Fe-BDC synthesized from its chemical
organic linker BDC is shown in the Fig. The XRd pattern is obtained by scanning
from 5 to 60° with a scan rate of 0.001%sec. A sharp peak at 26 values of 9.74°;
12.52°,18.70° 21.93° are typical peaks of Fe-BDC which synchronizes with the
Cambridge crystallographic Data Centre (CDCC) with the card no-690315
belongs to monoclinic crystal with a space group of ¢1/2/C1and nomenclature of
MIL-53 (Materaux de I'Institut Lavoisier) . The observed peaks in Fe-BDC at lower
than 10° (9.74°) indicates the crystalline nature of the sample. The peaks of pure
BDC are at 16.75° ; 25.02 °%; 27.77 °; which are entirely different from the observed
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peaks of Fe-BDC which confirms the formation of the product belongs to MIL-53
(Fe) type.

| —— Fe-BDC(3:1)

kY "

— -

X 2 : 2 L L | ) | L | )
i | —— Fe-BDC(2:1)|

intensity
T

" Fe-BDC(1:1)|

L | L
pure-BDC

| L 1 L | L 1 L 1 A | L 1 i 1

0 10 20 30 40 50 60 70 80 90
20

Fig 5.2 XRD Pattern for 1:1 Fe-BDC, 2:1 Fe-BDC, 3:1 Fe-BDC and pure BDC

The average crystallite size for synthesized Fe-BDC by Scherer was found
to be 126nm, 278nm and 366nm indicating the crystalline nature of Fe-BDC and
the crystalline size found from Williamson-Hall plot for Fe-BDC (2:1) is presented
in Table

Sample Crystallite | Lattice strain | Crystallinity
size (hm) (nm)
Fe-BDC (2:1) 366 2x10° 608
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The crystalline and strain induced due to line broadening (B) can be
deduced by Williamson-Hall method. The line broadening in Fe-BDC structures is

a combination of both size and strain and is given by,

BCOSG = Bsize + Bstrain
On rearranging the equation can be represented as,
BcosB = (kA/D) + 4¢esinB.

where 'k' is the shape factor assumed to be 0.9 for crystalline materials; 'A'
is the wavelength of the Kq.ine =1.5406A; 'D ' is the size of the crystal and '¢' is the

strain induced.

A plot of BcosB as y-axis and 4sinB as x-axis gives a straight line with slope
gives the value of strain and intercept= kA/D can be used to determine the crystal
size. The Williamson-Hall plot for Fe-BDC (2:1) is plotted and is depicted in the
Fig. The linear graph is plotted by taking into considering the major XRD peaks of
Fe-BDC (2:1). The intercept '¢', the intrinsic strain was found to be 2x10. The
positive value of the intrinsic strain indicates that the crystals experience tensile

strain. The intercept value of 2.28x10™ was used to determine the crystal size and

is presented in the above table.
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5.3 Williamson-Hall plot for Fe-BDC

5.3 SCANNING ELECTRON MICROSCOPY (SEM)

The structural morphology of the Fe-BDC crystal along with the crystal size
is deduced. The SEM images for Fe-BDC (2:1) and pure BDC is presented in the
Fig.5.3. The morphology of pure BDC is in the form of flakes while the Fe-BDC
assumes the form of bulky triangular rod shape with an average diameter of
700nm in the sample ratio of 2:1. Similar bulky rod like structures were obtained in
the other samples of Fe-BDC. An histogram of average crystal size of Fe-BDC is
shown in the Fig. As seen from the Fig, the frequency of crystal size is in the

range of 0.7um i.e 700nm.
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Fig 5.4 SEM images of Fe-BDC and BDC

The average crystal size for Fe-BDC (2:1) obtained from the SEM images
coincides well with the crystal size calculated from XRD data using Williamson-Hall

plot which is around 608nm.
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5.4 ENERGY DISPERSIVE X-RAY ANALYZER (EDX)

The elemental composition of the synthesized Fe-BDC is monitored by EDX
and is presented in the fig. 5.4. The EDX of BDC confirms the absence of Fe while
in Fe-BDC, the presence of iron is confirmed by the peak at 0.67Kev and at
6.78Kev. The atomic weight % of Fe was determined as 2.58% which corresponds

to 4Fe atoms in the crystal structure of Fe-BDC.
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Fig 5.6 EDX graph for Fe-BDC and pure BDC
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5.5 BIGINELLI REACTION

Biginelli reaction is a multiple-component Chemical Reaction that
creates 3, 4-dihydropyrimidin-2(1H)-ones from Benzaldehyde, Ethyl
acetoacetate, Urea, Acetonitrile and Prepared catalyst of Fe-BDC. The yield

product of Biginelli Reaction is 3.5 grams.

Fecl, 6H,0

o o i j\ Et
+ + —
Eto)J\/k g HoN™ “NHo

Ethyl Benzaldehyde 3, 4-dihydropyrimidin
2(1H)-ones

acetoacetate

Fig 5.7 Reaction scheme of Biginelli reaction
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CHAPTER 6

SUMMARY AND CONCLUSION

The Fe-BDC metal-organic framework structure was synthesized
using the inorganic iron salt hydrate, terephthalic acid and N, N-
dimethylformamide as the solvent. We have synthesized the metal organic
framework Fe-BDC using the effective solvothermal method with optimized

synthesis conditions.

e The FTIR shows the vibrational frequencies 1673 cm™, 1538 and
1525 cm™' for C-O bond, 1409 cm™ for —O-C-O- groups, 3734cm’

and 3870 cm™ for OH groups, 734 cm™ for C-H bending vibration
and 677cm’ for Fe-O bond.

e The X-ray diffraction of the sample shows the peaks 9.74° 12.52°
18.70° and 21.93°.

e SEM image displays Triangular rod shape structure of Fe-BDC and

Flake structure for pure BDC.

e EDX shows peak at 0.67Kev and at 6.78Kev which confirms the

presence of iron in Fe-BDC.

e |t can be applied for the Biginelli reaction for the preparation of the

dihydropyrimidinones.
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