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Abstract. Metal organic frameworks are the materials of today’s generation and are widely used for
their various physicochemical properties. MOFs are synthesized by various methods such chemical
precipitation method, sol-gel method, hydrothermal method etc. To attain the required optoelectronic
properties of MOFs, synthetic methods play a important role. In the present work, the synthesis of
Cu-MOFs was carried out at 80 °C and 120 °C. The synthesized Cu-MOFs were labeled as RIT 62-
Cu-MOF-1 and RIT 62-Cu-MOF-2. Both the Cu-MOFs were characterized by FTIR, UV-visible
spectra. The FESEM of both Cu-MOFs indicated that spherical particles with 120 to 200 nms. of
particle size. Tauc’s method was employed to compute the band gap of both Cu-MOFs. RIT 62-Cu-
MOF-1 imparted 2.67 eV while RIT 62-Cu-MOF-2 imparted average of 2.06 eV off bandgap.
2.35 eV due to ligand-metal charge transfer observed through UV- visible spectra. Further,
optimization of synthetic procedures to enhance the optical properties of Cu-MOFs.

Introduction

The filed “optoelectronics” deals with the study of interaction of electromagnetic light with the
materials of interest. Various metal-based materials are synthesized to achieve the high conducting
nature for varied applications such as semiconductors, optical fibers in electronic field, biosensing
and bio-imaging in medical filed, solar energy devices an efficient light source, both photocatalysis
and electrocatalysis in bioremediation of dyes and drugs, as a non-invasive technique in determination
of heavy metals, hazardous elements in agricultural crops, etc., [1]. Reflectivity, refractivity,
transparency, translucent, opaque, thermal emission, photoconductivity, luminescence, absorptivity,
optical activity, scattering, turbidity, fluorescence and phosphorescence, birefringence, etc., are all
the properties of optical active material [2-7]. The optical properties of the materials are significantly
dependent on various factors such as particle size, thickness, composition of substance, ratio of
conducting substance, structure of the material, dielectric constant etc., accounting to internal
properties and external properties such as humidity, light, temperature, and wavelength of light and
angle of illumination [8]. In recent years more than one metal is added as dopants to enhance the
conducting nature of the materials. Transition metals and their metal oxides are believed to enhance
the optoelectronic properties of the materials and are widely used as dopants [9-18]. In fact, the size
reduction of metals into nanometallic form have enormously increased the physico-chemical
properties of the materials [19]. Metals such as cobalt, antimony, zirconium, gadolinium, strontium,
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yttrium, palladium, molybdenum, titanium, cadmium etc., have enhanced the conducting, chemical,
magnetic, thermal, electronic properties of the metals and used widely for their photovoltaic
applications, photoluminescence, perovskite, photocatalytic degradation, semiconductors, organic
reactions etc. [20-32]. Even the small heterocyclic compounds, polymers having greater number of
conjugation and easily accessible free electrons present in the heteroatoms aids in enhancing the
optical properties and biological activities off the materials [33-39]. In recent years, the application
of hybrid materials such as organic metal frame works have also resulted in significant contribution
towards increasing the optoelectronic properties of the material [40]. Various organic linkers
containing functional groups such as carboxylic acid, amine functionality, sulfur are used along with
the transition metals to fine tune the required optical energy for the requisite applications [41-42].
Similarly, various metals containing iron, copper, cobalt, chromium, cadmium, vanadium, zinc,
nickel, manganese, scandium, etc., along with organic framework have been reported [44]. Copper
based metal organic framework having band gap energy of 2.54 eV, 2.33 eV, and 2.56 eV were
obtained for the copper based with organic linkers as 1,4-benzene dicarboxylic acid, 2-amino-1,4-
benzene dicarboxylic acid, and benzene-1,3,5-tricarboxylic acid synthesized by ultrasonication
method and were used to trap the H»S gas at room temperature [45]. Similarly, 1,3,5-
benzenetricarboxylic acid with copper metal synthesized by the hydrothermal method reported to
possess 3.86 eV band gap energy was used in photocatalytic degradation of rhodamine B dye present
in the water sample [46]. Synthesis of the material plays a crucial role in attaining the required optical
property of the material. Precipitations, Co-precipitation, hydrothermal method, sol-gel method,
micro-emulsion, chemical- vapor deposition, electrochemical method of deposition etc., are all well
reported methods in the literature for the synthesis of metal organic frame works to obtain the required
optical properties. Apart from conventional heating, ultrasound and microwave heating are all
employed in the synthesis of MOFs to obtain uniform crystal size, regular shape, thin films,
membranes, and various other shapes are reported in the literature. Variation in temperature,
stoichiometric ration of starting materials, solvent ratio, pressure, stirring time, speed, pH of the
reaction etc., [47], are important parameters that aid in acquiring the requisite morphology of MOFs.
In direct precipitation method, the synthesis of MOFs is carried at room temperature in presence of
greener solvents [48]. The present work focuses on the investigation of temperature effect on the
synthesis of copper-based MOF. The synthesized Cu MOFs are characterized by UV- Visible
spectrum, FTIR and XRD. The optical properties of the MOFs are also studied.

Experimental

Materials: All the chemicals and reagents procured from Avra Synthesis Private Ltd, Sd-Fine
Chemical Ltd., Sigma Aldrich, India and used without any further purifications. 1,1,3,3-tetramethoxy
propane 99 % (Sigma Aldrich), 4-Mercaptobenzoic acid 99 % (Sigma Aldrich), Cu (NO3)2.3H20
98 % (Sigma-Aldrich Ltd).

Preparation of 2-bromomalonaldehyde: Starting material 2-bromomalonaldehyde was prepared
using the procedure given in literature. To a 100 ml of aqueous solution of 1, 1, 3, 3-
tetramethoxypropane (100g, 0.12M), concentrated HCI (4.3mL) was added and stirred until it forms
homogeneous solution, wherein temperature of the reaction mixture was maintained below 35 °C and
later bromine (0.15M) solution was added drop wise slowly and stirring was continued for another
30 minutes. Then, reaction mixture was concentrated under vacuum maintaining temperature below
50°C until thick slurry was obtained, and further washed using 200 mL cold water, 100 ml of cold
dichloromethane and dried in vacuum. Yield: 65%, MP: 148 °C (Lit: 148°C).

General Procedure for Synthesis of 4-((1,3-dioxopropan-2-yl)thio)benzoic acid (RIT 62): Mixed
both 4-mercaptobenzoic acid (0.250 g, 0.0016 mol) and 2-bromomalonaldehyde (0.245 g,
0.0016 mol) in a 4 ml glass vail and did the microwave irradiation using domes- tic microwave own
at high power for 2 min. Completion of the reaction was monitored by TLC and crude product was
purified by column chromatography on silica gel using ethyl acetate/n-hexane (1:2) and yield is 75%
(0.272 g).
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Synthesis of Cu-MOF’s: Cu-MOF synthesized through solvothermal method in which an equimolar
amount of RIT-62 and Cu (NO3)2.3H20 were collected in DMF and kept at 80 °C and 120 °C in an
oven for 48 hours. Centrifuged the reaction mixture (7000rpm for 5 min) by repeatedly washing the
composite formed with DMF, then with ethanol and dried the composite in vacuum oven at 1500C.

O<_OH
80°C . u-MOF
H + Cu(NOs),.3H,0 -DMF 1
S o 120°C_ CurMOF
H” OH
RIT-62

Figure 1. Preparation of Cu-MOF’s: compound 1 and 2.
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Figure 2. UV-visible spectra of (a) RIT 62-Cu-MOF-1 and (b) RIT 62-Cu-MOF-2

UV-Visible Spectral studies: The UV-Visible spectrum of the Cu-MOFs are shown in Fig No.2. The
RIT 62-Cu-MOF-1 showed three characteristic bands at 259 nm, 357 nm and 733 nm. There was a
slight increase in the wavelength of RIT 62-Cu-MOF-2 that showed bands at 261 nm, 363 nm whereas
a decreased band at 720 nm. It is evident from the graph that there was not much temperature effect
on the absorption spectrum of both Cu-MOFs. Further increase in the temperature while synthesis of
Cu-MOF was avoided due to the possibility of breakage of linker which is organic molecule. Hence
only two different temperatures were monitored during the synthesis. [49].

FT-IR Spectral Analysis: Figure 3. inferes the FTIR spectrum of the both Cu-MOFs. In RIT 62-Cu-
MOF-1, a broad for O-H str band was observed at 3422 cm™ , where as a fermi resoance band at 2917
cm’! was observed for the aldehyde C-H str along with a band at 1657 cm-1, a decreased wavenumber
for the aldehyde C=0 streching due to the co-ordiantion band between the aldehyde carbonyl group
and the copper metal oxide. Alkene C-H str was observed at 2977 cm-1. A similar peaks were
observed in RIT 62-Cu-MOF-2.
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Figure 3. FTIR spectrum of RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-2

XRD diffraction studies: The X-ray diffraction studies of RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-
2 were analyzed on a Bruker, Germany, fitted with D8-fine focus ceramic X-ray tube, Cu-Ka source
radiation (A =1.5406 A) at room temperature and the graphs are depicted in the Fig. 3. The RIT 62-
Cu-MOF-1 showed peaks at 20 values of 10.18°, 12.07°, 17.3°, 26.8°, 36.80 °, 40.32°, 42.57° and
51.05° corresponding to the crystal planes at 015, 020, 032, 040, 102, 014, and 023 respectively
which are in agreeable to the literature (JCPDS card number 76—1393) For RIT 62-Cu-MOF-2 the
20 values were observed at 17.3°, 36.8 °, 40.32°, corresponding to crystal plane at 020, 032, 102,
respectively. The peak intensity increased in the RIT 62-Cu-MOF-2. However, many short shoulder
peaks were absent | the RIT 62-Cu-MOF-2 in comparison to RIT 62-Cu-MOF-1. The crystallite size
of RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-2 were calculated using Scherrer equation and were of
150 nm, 180 nm, 250 nm respectively [51, 59, 60].

kA
~ Bcos® (1)

where K is crystallite shape constant (0.94), B is full width at half maximum, A is wavelength of X-
ray Cu-Ko radiation (1.5406 A) and 0 is glancing angle.

1600

020 1800
(a) RIT 62-CuMOF-1 (b) RIT 62-CuMOF-2
1400 1600
. 1400
= =
é 1200 ;
z £ 1200
= z
E 1000 — = 1000 -
800
800
600 — J\
600 T T T T T T T T =
10 20 30 40 50 60 10 20 30 40 50 60

2-Theta (degree) 2-Theta (degree)

Figure 4. XRD patterns of of RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-2

The surface morphology of the RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-2 are shown in Fig no 5.
The FESEM images of RIT 62-Cu-MOF-1 showed rough surface with round shape with average
particle size between 150 nm to 200 nm. RIT 62-Cu-MOF-2 showed particle size between 120 nm
to 200 nm. Both the images had non uniform particle size unevenly distributed throughout the surface.
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Figure 5. FESEM images (a) RIT 62-Cu-MOF-1 (b) RIT 62-Cu-MOF-2 and histograms (a) RIT 62-
Cu-MOF-1, (b) RIT 62-Cu-MOF-2

Photoluminescence: Photoluminescent characteristics of Cu-MOFs are depicted in Fig. No. 6. A
strong sharp absorption peak at 5-5 nm and 506 nm were observed for RIT 62-Cu-MOF-1 and RIT
62-Cu-MOF-2 respectively. A short bump was observed at 757 nm for both Cu-MOFs. Overall, there
was no much difference in the PL spectra of both Cu MOFs.

500

(a) RIT 62 - CuMOF-1 (b) RIT 62-CuMOF-2

2004 506 nm
400

150

u)

z 300

100

n

j=]

o
1

Intensity (a.u)
Intensity (a

50 100 4

757 nm

T T - T T - 1
400 500 600 700 800 460 S(I)O 660 760 800
Wavelength (nm) Wavelength (nm)

Figure 6. Photoluminescence spectra of (a) RIT 62-Cu-MOF-1 (b) RIT 62-Cu-MOF-2

Optical properties: Band gap analysis: The UV-Visible absorption spectra were recorded using
210 plus UV-Visible absorption Spectrometer. Further, bandgap energy was calculated by Tauc’s
method. The graph was obtained by plotting hv (eV) versus (a¢hv)? (eV/cm)2. The band gap energy
is obtained upon extrapolating the tangential line intersecting x axis at hv = Eg. RIT 62-Cu-MOF-1
showed the band gap energy of 2.76 eV whereas RIT 62-Cu-MOF-2 showed average band 2.03 eV.
This indicates that RIT 62-Cu-MOF-2 showed better optical property compared to RIT 62-Cu-MOF-
1. A slight change in their individual band gaps or lattice distortion hybridization results in shifting
of the energy level [50, 51].

(ahv) = A(hy — Eg)Y/? —eeeeeee- (2)
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Figure 7. The energy band gaps of (a) RIT 62-Cu-MOF-1 (b) RIT 62-Cu-MOF-2

Figure 7 indicates the Tauc plots of the RIT 62-Cu-MOF-1 and RIT 62-Cu-MOF-2. RIT 62-Cu-MOF-
1 showed the band gap energy of 2.76 eV whereas RIT 62-Cu-MOF-2 showed average band 2.03 eV.
This indicates that RIT 62-Cu-MOF-2 showed better optical property compared to RIT 62-Cu-MOF-1.

Conclusion

The focus of this work was to investigate the temperature effect employed during the synthesis of Cu-
MOF and its effect on the optical properties of the Cu-MOFs. CU-MOFs were synthesized at two
different temperatures at 80 °C and 120 °C. The synthesized Cu-MOFs were characterized by UV-
visible spectra, FTIR and XRD. The XRD results infer that there was slight increase in the intensity
of RIT 62-Cu-MOF-2. However, both cu-MOFs showed similar particle size between 150 to 250 nm
with spherical shape randomly distributed on the surface. The PI of RIT 62-Cu-MOF-1 and RIT 62-
Cu-MOF-2 showed a strong peak at 505 nm. The bandgap energy of RIT- 62-Cu-MOF-2 showed
better optical property with average band gap energy as 2.03 eV when compared to the RIT 62-Cu-
MOF-1 observed with bandgap energy at 2. 76 eV. Thus, Temperature parameters play an important
role in obtaining narrow band gap energy. However, in this work only temperature of 80 °C to
120 °C, further increase in temperature was avoided as the change of organic linker to decompose is
high. Future studies include the study of other parameters such a solvent, solvent ration, stirring time
etc., to enhance the optical properties of Cu-MOFS.
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