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ABSTRACT
In this research, the effect of hydrogen peroxide (H>O,) and benzoyl peroxide (BPO) on the structural properties,
porosity, active pores, and surface area of the MOF-5 (ZnsO(BDC)3) metal-organic framework was studied. For this
purpose, the metal-organic framework was synthesized by direct mixing and the molar ratios of the precursors to the
ligand were modified to minimize the stoichiometric calculation error as well as the washing process to improve the
properties of the synthesized MOF-5. In order to characterize the synthesized compounds and to investigate the effect of
peroxides and washing process on the properties of the samples, X-ray diffraction (XRD), fourier Transform infrared
spectroscopy (FTIR), and thermogravimetric/Differential scanning calorimetry (TG-DSC) analysis were performed.
Structure, pore volume (1.212 ¢cm?/g), and specific surface area (2307 m?/g) were compared to the sample synthesized
with H,O,. DM-P-03 was selected as the optimal sample and prepared for thermal stability. According to TG-DSC
analysis, the remaining zinc compounds in the sample were checked and the thermal stability of MOF-5 structure was

confirmed up to 470°C.

Keywords: Metal-organic framework, MOF-5, Direct mixing, Peroxide, Washing process, Surface area.

1. Introduction

Hydrogen has been known to be a viable
alternative to fossil-fuel systems and much
research activity has now been done on its storage
[1]. Different methods have been used for
hydrogen storage such as liquid, compressed
hydrogen, in the form of metal hydrides and
physisorption. Many materials are being
investigated for storing hydrogen by physisorption
[2,3]. Metal-organic frameworks (MOFs) have
attracted great attention for hydrogen. The MOF-n
materials with various structures were studied by
Yaghi and Eddaoudi et al [4]. The MOF-5 as a
member of the MOF-n family has a zeolite-like
framework by inorganic [ZnsO]®" groups joined to
an octahedral array of [0.C-CsHs—CO2], (1,4-
benzendicarboxylate). A large number of methods
have been applied for the preparation of MOF-5.
However, direct mixing (DM) method has several
advantages over the other methods, as follows:
shorter processing times, cost-effective and
capability to generate new pores by peroxides. In

*Corresponding author; hfallah@nri.ac.ir

this research, the main purpose was to optimize
the synthesis method of MOF-5 by DM method.
Also, in order to increase the pores of the product
and hydrogen uptake, the effect of mineral
peroxide such as hydrogen peroxide (H»O,) and
organic peroxide such as benzoyl peroxide (BPO)
in the structure of MOF-5 was investigated.

2. Materials and Methods

2.1. Raw Materials

Zn(NOs),.6H,O, 1,4-benzenedicarboxylic acid
(H.BDC), N-N dimethylformamide (DMF),
triethylamine (TEA), CHCIls;, C,HsOH, benzoyl
peroxide (BPO), and H,O, from commercial
sources were used without further purification.

2.2. Synthesis of MOF-5

MOF-5 compound was synthesized by direct
mixing (DM) method. The typical synthetic
procedure was as follows: Zn(NOs), 6H,O and
H,BDC were completely dissolved in DMF under
room temperature and atmospheric condition, and
then TEA was gradually added to the solution
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while stirring for 2 h. After this step, H.O, or
BPO was added to the mixture. The resulting solid
precipitates were then collected by centrifugation
and washed well with DMF and CHCl; and
immersed in CHCI; for three days. It should be
noted that the solvent was changed every day. The
CHCI; solvent was then drained and the
precipitates were dried under vacuum at 180 °C
for 12 hours and then the resulting particles were
stored in a dryer.

2.3. Characterization

X-ray diffraction (XRD) analysis operated with
Cu-Ka radiation was used to determine the
crystallinity of the samples. Fourier transform
infrared spectroscopy (FTIR) was carried out for
the comparison of possible bonds formed between
metal and ligand and organic compounds using a
Perkin Elmer spectrum RXI.
Thermogravimetric/Differential scanning
calorimetry analysis TG-DSC analysis was
performed in air with a heating rate of 10 K/min
using a Mettler Toledo DSC.

3. Results and Discussion

3.1. Structural studies

Figures 1 and 2 present the XRD pattern of MOF-5
specimens prepared by DM with the various
washing procedures in the presence of BPO and
H,0, peroxide, respectively. Based on the XRD
patters, all compounds composed of the MOF-5
Framewok. However, small three peaks at 20=31.5°,
34.5° and 36.0° were appeared in the XRD patterns,
indicating a small amount of Zinc compounds were
probably trapped in the MOF-5 framework.
According to Figure 1 (b), by changing the washing
process, the intensity of the peak at 26=6.8° was
reduced and also the peak in the position of 26=8.8°
was not observed. In Figure 1, the intensity of the
peak at 20=6.8° was reduced. This change might be
attributed to the lack of sediment retention in the
DMF solvent and less solvent penetration into the
pores. As shown in Figure 2 (b) and (c), the peak
intensity at 26=8.8° was decreased by changing the
washing process.

Figure 3 exhibits FTIR spectra of DM-P-03
and DM-H-03. Two peaks at 744 cm ' and 826
cm ! were the characteristic of the MOF-5
compounds.

The peaks at 1580 cm™' and 1390 cm™ were
assigned to the symmetric and asymmetric tensile
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Figure 1. XRD patterns of the composites with BPO
and different washing procedures.
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Figure 2. XRD patterns of the composites with H20:
and different washing procedures.

vibrations of the carboxylate anion group (-COO")
in the H,BDC ligand structure, respectively.
Furthermore, the sharp peak at region 1506 cm™!
confirmed the presence of (C = C) bond in the
aromatic ring related to H,BDC. The existence of
the peak in the region of 1000-1300 cm™ was also
related to the tensile bonds (C-O) of the
carboxylate group.

3.2. Thermal analysis

Figure 4 depicts the TG/DSC analysis of the DM-
P-03 sample. The small weight loss (5%) in the
range of 25-420°C was due to evaporation of
moisture and DMF solvent in the structural
cavities as well as the Zn compounds trapped in
the framework. A sharp exothermic peak in the
region of 500°C was related to the decomposition
of the structure of the synthesized MOF-5 sample,
where the starting temperature of decomposition
was about 470°C.
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Figure 4. TG/DSC analysis for the DM-P-03.

4. Conclusions

The effect of H,O,, BPO and washing procedure
on the structure of the MOF-5 was studied.
Samples synthesized using BPO peroxide (DM-P-03)
showed better structural properties compared to
that of synthesized with H,O, peroxide. The
results of TG-DSC analysis in three temperature
ranges of 240-25, 420-240, and 600-420°C
attributed to the evaporation of moisture and DMF

solvent, conversion of zinc-to-zinc hydroxide, and
zinc nitrate to ZnO, and finally decomposition
phenomenon.
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