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ABSTRACT

Objective(s): According to the unique properties of magnetic nanoparticles, Nickel Metal-Organic Frameworks (MOF)
were synthesized successfully by ultrasound irradiation. Metal-organic frameworks (MOFs), are organic—inorganic
hybrid extended networks that are constructed via covalent linkages between metal ions/metal clusters and organic
ligands called a linker.

Materials and Methods: The nanoparticles were synthesized by Ultrasound Method Under a synthesis conditions, All
chemicals were used as received without further purification. Scanning electron microscopy (SEM) images were obtained
on LEO- 1455VP equipped with an energy dispersive X-ray spectroscopy at university of Kashan in Iran. Transition
electron microscopy (TEM) images were obtained on EM208 Philips transmission electron microscope with an
accelerating voltage of 200 kV.

Results: Results showed that Ni-MOF synthesized by this method, had smaller particle size distribution and It was found
that the different kinds of ligand leads to preparation products with different morphologies and textural properties.
Moreover, ultrasound irradiation method has significant effect on microstructures of as-synthesized MOFs and can
improve their textural properties compared to method without using hydrothermal route.The XRD patterns of the
samples obtained from ultrasound irradiation was well matched with that of as-prepared Ni-MOF by solvothermal
method.

Conclusion: This rapid method of ultrasonic radiation as compared to the classical solvothermal synthesis, showed
promising results in terms of size distribution, surface area, pore diameter and pore volume.
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INTRODUCTION

Recent advances in nanostructured materials
have been led by the development of new synthetic
methods that provide control over size, morphology,
and nano/microstructure [1]. As a new class of
microporous/mesoporous materials, metal-organic
frameworks (MOFs) are currently investigated as
potential candidates for gas storage and separation
[2-5]. MOFs exhibit unique shape and size dependent
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properties such as more accessible active sites within
the porous nanocrystals, the ability to functionalize
the surfaces of MOF nanocrystals. Also they possess
tailorable molecular cavities, adjustable
functionality and extremely larger surface area. They
have been shown to have potential applications in
gas storage and separation [6], catalysis [7], and CO,
capture [8]. Because it usually consists of two parts,
linker (organic ligand) and node (metal cluster), types
of MOFs having different textural structures can be
easily generated by the simple combination change
of these two parts. With the help of above synthesis
of MOF, specific pore size and structure based on the
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molecular level design was obtainable and it
characterized MOF as a very novel material compared
to zeolites. Thus it has been widely investigated for
the application purposes[9-11].

A group of these structural compounds with open
metal ions, such as Ni-MOF are found with many
promising applications [12]. Ni-MOF is a versatile
metal oxide having numerous applications in many
fields. It has been used as a catalyst and catalyst
support for various organic reactions [13-15]. The
relative long synthesis time is always a problem for
the solvothermal method. In the past few years,
several new synthesis techniques including
ultrasound [16], surfactant assisted method [17], and
microwave assisted method [18, 19] have been
applied in the MOFs synthesis process. compared to
the conventional microwave method, the ultrasound
method has attracted a great attention because it
sharply reduces the overall processing time,
increases the product yield and improves the quality
of the product. In this work, we synthesised the Ni-
MOF in order to understand the influence of the
ultrasound irradiation on the pore textural properties
and crystalline phase.

MATERIALS AND METHODS

Nickel structures were synthesized by ultrasound
irradiation. All chemicals, Ni(NO,),.6H,0, (+99%,
Merck), 2,6-Pyridinedicarboxylic acid (99%, Aldrich),
ethanol (+99.8%, SigmaAldrich), N,N-dimethyl
formamide (DMF) (99%, Merk), were of analytical
grade.

Synthesis of Ni-MOF Nanostructure

1.43 mmol (0.4 g) of Ni(NO,),.6H,0 and 0.45 mmol
(0.36 g) of pyridine 2,6-dicarboxilic acid were
dissolved in 20 mL of ethanol. The mixture was
continuously stirred for 2 h at room temperature,
and then was placed in a Teflon-lined stainless steel
autoclave with 55 mL capacity. Then, the mixture was
transferred into a teuon reactor with a tight cap and
kept at 60 °C for 4 h. Ultrasound irradiations were
carried out on a SONICA-2200 EP, (maximum 305 W
at 22 kHz) and TecnoGaz, S.p.A, Tecna 6, (maximum
200 W at 22 kHz) spectra. The products were washed
twice with fresh DMF. After mixing and dissolving the
reactants, the clear solution was transferred into a
Teuon reactor and irradiated in the ultrasonic bath
for speciuc sonication time at the predetermined
temperature.

Nanoparticles characterization

The FT-IR spectroscopy and XRD analysis were
performed in Kashan university, SEM image and N,
adsorption techniques were obtained in Tehran
university. The FT-IR was recorded on a Nicolet Fourier
Transform IR, Nicolet 100 spectrometer in the range
500—-4000 cm? using the KBr disk technique. The XRD
pattern was carried out on a Philips difractometer.
Samples for SEM analysis were coated with a thin
layer of gold by a sputter coater device, heating rate
was 10 K/min during the experiment from room
temperature up to 773 K. N, adsorption technique
with Belsorp mini model was employed to determine
pore textural properties including the surface area,
micropore volume and pore size distribution at 80 K.

RESULTS AND DISCUSSION

The ultrasonic irradiation method reduced the
reaction time for the synthesis of Ni-MOF (Table 1)
and affected the crystalline phase (Fig. 3), particle
size (Fig. 4), pore diameter, surface area and volume
pore (Table 1) [17-19].

The Fourier transform infrared spectrum of the
precursor (Fig. 1) exhibits adsorption peaks including
the broad adsorption band centered at 3426 cm!
which was attributed to hydroxyl stretching
vibrations, the bands at 2851 cm®and 2961cm™ which
were due to the banding stretch of C-H, the peak
appearing around of 1645 cm™ confirmed the
presence of carboxylate group in the precursor, the
peak appearing around 1385 cm™ confirmed the
presence of NO, as counter ion in the structure, the
bands at 1213 cm™ and 1089 cm™ confirmed the
presence of NO and ONO [20], the band at 448 cm™?
confirmed the presence of C-N bond in the structure
and the band at 400 cm™ corresponded to the
presence of Ni-O bond [21]. According to data
obtained from the FT-IR spectra, the structure of
presented in Fig. 2 was proposed for Ni-MOF.

Fig. 3 shows the evolution of XRD patterns of Ni-
MOF following ultrasound irradiation times under a
given set of the synthesis conditions of 200 W power
and 320 K ultrasound bath temperature. Ultrasound
irradiation times varied from 10 to 40 min. Although
crystals were not fully grown and the solid phase
yield was relatively low, Ni-MOF began to crystallize
out within 10 minutes. XRD intensity of the 1st peak
at two theta of 6.75° increased with synthesis time
until 20 min, indicating that structural deterioration
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Fig. 2. The structure of Ni-MOF according to spectral data

of Ni-MOF began after 20 min of irradiation. The XRD
patterns of the samples obtained from ultrasound
irradiation was well matched with that of as-prepared
Ni-MOF by solvothermal method [21].

As shown in Fig 4, it was evodent that the size of
crystallin particles and the thickness of Ni-MOF
increased with increasing the ultrasound irradiation
time. This result was further confirmed by the
corresponding XRD patterns (Fig 3). Furthermore, under
synthesis conditions, uniform crystals with average
size of 3-12 micrometer were produced (Fig. 4 )
compared to previous reports [22, 23]. Fig 5 illustrates
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Fig. 1. FT-IR spectra of Ni-MOF produced by ultrasound irradiation
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Fig. 3. XRD patterns of Ni-MOF synthesized (a) without
ultrasound irradiation, (b) by ultrasound irradiation

SEM images of samples 3 and 4. The morphology of all
samples were particle-like; however, by increasing the
reaction temperature, the particle size of the products
increased.

The N, adsorption technique was used to determine
the pore textural properties including the surface area,
pore diameter and micropore volume of Ni-MOF (Table
1). Textural properties of the Ni- MOF in this work was
different with those reported previously [24] by others
in terms of the surface area and pore volume which
could be attributed to the effect of ultrasonication on
the textural properties of the final product.
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Table 1. Effect of ultrasound parametres on on characteristics of Ni- MOF

Ultrasound Ultrasound N2 adsorption technique
samples Bath temperature irradiation Frequencies SEM
(K) Time (min) (Hz) images Pore Surface Pore volume

diameter (A)  area (m2/g) (cm3/g)

1 20 120 30 A 11.7 950 0.312

2 20 120 30 B 10.1 1030 0.318

3 30 120 30 C 104 1530 0.409

4 30 120 30 D 10.3 2230 0.483

/HY  I0KXK  1um KYKY-EMIZOD  SN:0697 | 26KV 30.0KX  1um KYKY EM3200  SN:0BS7
Fig. 5. SEM images of MOF samples c) 3 and d) 4

Absorbance (a.u)

Wavelength (nm) structures. Such a large blue shift of excitonic
Fig. 6. PL spectra of Ni-MOF nanoparticles at room absorption band could be attributed to the small
temperature crystallite size of the samples [20].

251

The relationship between ultrasound irradiation
time and pore textural properties of Ni- MOF was
/ shown in Table 1. Based on these results, increase in

the ultrasound irradiation time would lead to

/ \ increase in the surface area, pore diameter, volume
| pore and particles size. Optical properties of the Ni-

S \ MOF nanoparticles at difference reaction conditions
investigated by photoluminescence (PL) spectroscopy

are given in Fig 6. The spectrum shows the emission
peak at 353 nm. The emission spectrum shows a blue
200 250 300 350 400 450 500 shift (1.16 eV), compared to that of the bulk Ni-MOF
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CONCLUSION

In this investigation for first time, hierarchical
nanospheres-like Ni-MOFs were successfully
synthesized with hydrothermal method. The Ni-MOFs
were synthesized at 200 °C for 6-15 h. According to
SEM and TEM images, hollow and hierarchical
structures for Ni- MOFs were confirmed. This method
shows promising results in terms of morphology
(surface area about 3000 m?/g). The ultrasound
irradiation time affected on the surface area, particle
size, crystalline phase, pore volume and pore
diameter. The estimated optical band gap energy is
an accepted value for the photocatalytic activities in
visible light as well as for application in the drug
carriers.
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