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A 4-Pyridyltetrazole-based Zinc Metal-organic framework for photocatalytic
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Metal organic frameworks (MOFs) have been found to be potentially effective for treatment of industrial
wastewater.  In the present work, a  metal-organic  framework  [mono(5-(4-
pyridyl)tetrazolato)hydroxylzinc(Il)] monoaqua (1) has been synthesized and characterized. The
average particle size of the product was calculated to be 43 nm by X-ray diffraction. In addition, the
efficacy of the synthesized MOF as a photocatalyst was investigated by taking a common wastewater
dye methylene blue (MB). The photocatalytic activity MOF (1) has been found to be 86 % within one
hour for 16 ppm of methylene blue (MB) dye using 0.8 g/L of catalyst.

Keywords: Metal-organic frameworks, Industrial wastewater, Photocatalyst, Degradation, Methylene
blue

conveniently used as photocatalysté’. These
types of catalytic activities are quite common
for degradation of organic dyes in case of
metal oxides® but are relatively new fields of
research in MOFs. Recently, significant efforts
have been made to develop highly crystalline
porous MOF materials for industrial
wastewater treatment®. These materials
demonstrate excellent chemical stability under
extremely acidic conditions that exhibit
significant photocatalytic CO. reduction under
visible light'®. Furthermore, we have also
reported'-"® few MOFs that had elongated
morphology (tube/needle rod-shaped) with

Introduction

Metal organic frameworks (MOFs) are
synthesized by the systematic joining of metal
centres and organic ligands, resulting in
crystalline and porous materials'. MOFs based
on tetrazole ligands are a comparatively new
class in coordination polymers due to a vast
structural range and interesting topologies?.
The tunable structures of MOFs via careful
selections of metal ions and organic moieties,
make them attractive for various applications
like adsorption, water harvesting, gas storage,
gas separation, drug delivery, catalysis and

sensing®® etc. Like structural tunability, the
optical characteristics of MOFs can also be
controlled by the correct choice of organic
ligand and metal ion, and they can be

better porosity and induced properties.
In this paper, we discussed the
synthesis of a MOF, [Zn(OH)(4-PTZ).H,0]"



(1), using fast and facile microwave assisted
solvothermal method through in-situ [2+3]
cyclic addition of —-CN and -Ns; groups
(Scheme 1). As synthesized hexagonal rod-
shaped MOF compound has been
characterized through Fourier transform
infrared spectroscopy, X-ray powder diffraction

(XRPD), Scanning electron  microscopy,
Surface area analysis, and
photoluminescence. Also, the photocatalytic
decomposition of the methylene blue (MB) dye
has also been investigated using UV-visible
spectrophotometer.
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Scheme 1 Synthesis of compound (1).
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Experimental
Materials and methods
Zn(NO3)2.6H:0, 4-Pyridine

carbonitrile and NaNs; were purchased from
Sigma-Aldrich, India. The RIGAKU Smartlab X-
ray diffractometer using Cu Ka (X-ray
wavelength () for Ka = 1.54 A) was used for
calculating the crystal size and for structure
confirmation. Morphology of the synthesized
MOF compound was determined using SEM of
Zeiss EVO MA 15 make. Surface area
investigation was carried out using Smart Sorb
93-surface area analyzer.

Method for synthesis of MOF (1)

The measured amounts of Zn
(NO3)2.6H20 (1 mmol), 4-pyridinecarbonitrile (2
mmol) and sodium azide (3 mmol) were
dissolved in 10 ml double distilled water and 3
ml dimethylformide. Subsequently, the sample
was heated in a microwave oven at 160 °C for
12 minutes and kept to cool to room
temperature (RT). Lastly, washed powdered
crystals of compound (1) were collected after

drying in an electric oven for six hours at 60
°C. Elemental analysis (%) calc. for
ZnCeNsH;02: C, 29.21; H, 2.79; N, 28.38.
Observed for (1) (%): C 28.88, H 2.29, N
28.42.
Photocatalytic Experiment

For photocatalytic activity test, a light
source with a wavelength range 200 to 600 nm
having a maximum intensity at a wavelength of
365 nm was used. The photocatalysts in
specific amounts (0.8 mg/mL) were dispersed

in 5x10°° mol L of MB aqueous solution.
Subsequently, two drops of 30% H.0. solution
was added to the solution. For one-hour
adsorption-desorption was maintained to
achieve equilibrium in the dark. 1mL of the
suspension was taken at fixed intervals of 10
minutes for analysis. UV-Vis
spectrophotometer was used to record the
absorption spectrum for determining the
residual MB concentration at 650 nm.



Results and discussion

In the IR spectrum (Fig. 1), presence
of a broad band at 3400-3500 cm-' shows that
coordinated water molecule is present in the
compound. The presence of peaks in series
1657-1447 cm shows the occurrence of [2+3]
cyclization reaction between -CN and —N;
groups.

The structure of Zn(OH)(4-PTZ).H.0 was
analyzed and confirmed by matching XRPD
pattern against the simulated pattern of the
single  crystal  structure™of  Zn(OH)(4-
PTZ).H,0. From the XRPD pattern, it was
found that compound (1) was formed without
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any impurities (Fig. 2). The characteristic
peaks are designated to be (002), (102), (202),
(300), (212), (204), (020), (122) and (124).
The average crystallite size of compound (1)
was calculated using Debby-Scherer equation
which was 43 nm. The SEM image depicting
the elongated hexagonal  rod-shaped
morphology of the synthesized microcrystals is
shown in Fig. 3. The micrometric hexagonal
rods of 10-15 um in length and 1-2 um in
width are clearly visible in image. From the
BET technique, the specific surface area of
compound (1) was found to be 54 m2g.
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Fig. 1. The IR spectrum of compound (1).
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Fig. 2. Comparison of XRPD patterns of synthesized compound (1) with the simulated data of single

crystal2,
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Fig. 3. SEM image of compound (1).

Subsequently, photoluminescent property
of compound (1) has been examined at RT
(Fig.4). After irradiation of 360 nm of ultraviolet
light, the maximum wavelength of the emission
spectrum observed was 390 nm. The emission
peak in compound (1) is occurring due to
5sce— T metal-to-ligand charge transfer
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transition. In UV-Vis absorption spectrum a
broad absorption band centred on 353 nm
(Amax) Can be seen, which is apparently due to
the optical transition of ligand-to-metal charge
transfer (Fig. 5). The bandgap value at 3.13 eV
is obtained from the same Ama, Calculated
using Tauc plot (Fig. 5 (inset)).
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Fig. 4. The emission spectrum of compound (1) at room temperature.



Absorbance

(xhv)2(ev em*1)2

ETanr. Plat,

/ Eg=313 eV

T T T T
26 28 30 32
Energy (eV)

T T
300 350

T
400

T T T
450 500 550

Wavelength (nm)

Fig. 5. UV-Vis absorption spectrum of compound (1). The tauc plot is shown in inset

The photocatalytic activities of MOF
(1) and Degussa P-25 (as a reference
photocatalyst) put together in Fig. 6.
Experimental details have already been given
in the experimental section. It is quite notable
that the addition of a small quantity of H,0; as
an oxidant significantly improves the activity of
the photocatalyst. The photocatalytic reaction
was initiated with the generation of electron—
hole pairs. Here the improved
photodegradation efficacy can be described by
Equation (H20; + e- — OH- + «OH)!". For the
given time of 60 min, degradation of MB using
(1), degradation of MB using Degussa P-25 (as
a reference photocatalyst) and degradation of
MB without using (1) were found to be 86%,
70% and 11% respectively. Fig. 7 shows the
scatter plots of In(Co/C) versus irradiation time
(min) for different reactions along with their

linearly fitted trend-lines. Value as given in
brackets of the legends is the rate of
degradation k (min-'). This indicates that good
photocatalytic activity was achieved for MOF
(1) (table 1), due to its small average crystallite
size, elongated shape, optimum surface area,
and judicious band gap'.'2. In addition, a
diverse structure with an elevated aspect ratio
contributes to ballistic photo-generated carrier
transport and propagates charge across
longitudinal lengths™. Some studies have
reported that ballistic charge transfer in the
range of one-dimensional structures is much
more useful than higher dimensions'. This
may be the reason for good decomposition
rate of MB dye with a micrometric hexagonal
rod-like photocatalyst.

Table 1. Summary of results of MOF (1)

MOF Synthesis  Porosity  Crystallite
Sample Time (m2(g) size
(min) (nm)
Rod- 12 54 43

shaped

Band-gap [MBlo R/60 k
Value (ppm)  Min (min-1)
(eV) (%)
3.13 16 86 0.0231
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Fig. 6. Photocatalytic activity of Zn-MOF photocatalyst: [—a—A] Dye/without photocatalyst in light,
[—e—B] Dye/photocatalyst in dark, [—A —C] Dye/ without photocatalyst/with H,O in light, [
D] Dye/P-25/ H20, under radiations, [—<—E] Dye/ photocatalyst/ H,O, under radiations.
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Fig. 7. Graphical determination of reaction rate of the photocatalytic degradation of MB by [—
m—] MOF (1)/with H,0, (k=0.0231 min-1), [—e—] P-25/with H,0, (k=0.0167 min-'), [—A —] MOF
(1)/without H20 (k=0.0015 min-").

Conclusions expected to be widely used in large scale
The  synthesis, characterisation, production of MOFs.

morphological property and photocatalytic

activity of MOF based on 4-pyridyltetrazole

ligand are discussed. MOF (1) was

synthesized using the microwave assisted
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