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Abstract:

Zn(Il) complex was prepared of hydrazone,

HsL, ligand derived from the condensation of S-

methyldithiocarbazate and 4,6-diacetylresorcinol, in the molar ratio 1:1, has been synthesized. Zn(Il) complex is dimmer.
All the samples were characterized. These composites were applied for photo-irradiation of Reactive Black 5 (RB5) textile
dye from textile industrial waste water under several conditions.
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1 Introduction

Environmental pollution has become one of the demanding
challenges to the sustainable improvement of modern
human society, owing to industrialization, population
growth and urbanization. We must use unlimited and
sustainable energy influx from the Sun to the photo
catalysis using solar energy because it was recognized as
one of the most advantageous strategies to eliminate
organic  pollutants  for relieving and resolving
environmental issues facing mankind [1]. For the efficient
utilization of sunlight, the development of visible-light-
responsive photo catalyst is of great significance. Many
metal oxides and sulfides such as WO3 [2],CdS [3] and ZnS
[4] can respond to visible light because the band gaps of
these materials are generally narrower than those of TiO2,
which is only photoactive under ultraviolet (UV) light
[5].Semiconductor nanostructures are ideal systems for
exploring a large number of novel phenomena at the
nanoscale and investigating the size and dimensionality
dependence of their properties and potential applications
[6]. ZnO oxide (ZnO) is an important oxide material with a
wide direct band-gap (3.3eV), n-type semiconducting
properties, with binding energy (60meV), has been
extensively studied dueto its potential applications [7,9]. In
addition, ZnO is one of the ideal photo catalyst due to the
low cost, nontoxic, and the photo generated holes with high
oxidizing power for the degradation of environment

pollutants [10,12]. There are two major reasons to reduce
the photo catalytic efficiency of ZnO. First, ZnO exhibits
innately limited photoconversion performance under solar
irradiation, which is attributed to its wide band gap and
only allowed light absorption in the UV region [13].
Second, ZnO is also revealed the fast recombination of the
photo generated electron-hole pairs to obstruct
commercialization of the photocatalytic degradation
process [14].

Metal-organic frameworks (MOFs), constructed from metal
clusters interconnected by polydentate organic linkers, are a
class of newly developed crystalline hybrid porous
materials [15]. Their diverse structure features, such as
large specific surface areas, uniform but tunable cavities
and easily tailored chemistry, have endowed them with
outstanding properties and potential applications in
molecular sensing [16], gas storage [17], separation
[18],and catalysis [19].Unfortunately, the relatively fast
recombination of photogene rated electrons and holes leads
to unsatisfactory photo catalytic efficiencies of the reported
MOFs [20]. To date, many attempts have been paid to
enhance the photo catalytic performance of photo catalysts
by suppressing electron-hole recombination, such as doping
and surface modification [21]. Among them, modification
of single photocatalyst materials with metal or metal oxide
nano particles(mostly noble metal or metal oxide) to form
metal/MOFs hetero-structured photo catalysts is a popular
strategy [22,23], but the inevitable disadvantages of high
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price and limited abundance of noble metal restrict its
practical application [20]. Alternatively, another important
and feasible strategy to reduce charge carrier recombination
probability is the addition of oxidants such as hydrogen
peroxide (H20;), per sulfate (PS) and peroxymonosulfate
(PMS) as electron acceptors to the photocatalytic reaction,
owing to the immediate trapping of photo generated
electrons by the oxidants [24,26].The work from Du et al.
[27] was one of few attempts to introduce external electron
acceptors to the MOF-based photo catalysis system, which
confirmed that ammonium per sulfate ((NH4)2S20g) could
be used as an efficient oxidant to enhance the photo
catalytic property of MOF photo catalyst for the
depolarization of methylene blue (MB) under UV or visible
light irradiation. However, ((NH4)2S20s) is rather unstable
in the photo catalytic process and the detailed mechanism
of their action is not clarified. Ai et al. [28] found that the
introduced H20- could increase the photo catalytic activity
of MOF.

In this study, Zn- complex [29] was in situ wrapped in
nanopowders via a simple and facile preparation method
from a single precursor solution of Zinc(ll) nitrate hex
hydrate.Photo catalytic properties of the prepared complex
were investigated by photo degradation of RB5 under UV-
light irradiation through different conditions. Furthermore,
the factors influencing photo catalytic activity,the photo
stability and the possible mechanism for the improved
performance were also discussed.

2 Experimental
2.1 Synthesis of Zn- Complex

Zinc (I1) nitrate hex hydrate, Zn(NOs),.6H,0, ( 0.891 g, 3.0
mmol) in methanol (30 mL) was added gradually with
constant stirring to a solution of the deprotonated, HsL,
ligand (0.894 g, 3.0 mmol) in methanol (30 mL). The
stoichiometry of the metal ion to ligand was 1:1. The
solution was heated to reflux for three hours. A yellow
precipitate was formed on cold and washed with small
portions of methanol then ether. The yield was1.68 g (68%)
and the melting point was over 320°C (Figure 1) [29].

H,C N=< OH

COCH,
6H,0
H,cOC

HO CH,S

Figure 1. Structures of Zn(11) complex

2.2 Characterization of the Prepared Samples

The morphology of nanostructures was examined with a
field emission scanning electron microscope (SEM) using a
JEOL JSM-6500F SEM operating at 10 kV accelerating
voltage. A JEOL-2010transmission electron microscope
(TEM) operating at 200 kV was used to examine the
microstructures. The crystalline phase of the nanostructures
was determined using the X-ray powder diffraction method
(Shimadzu XRD-6000, CuKal radiation (I % 0.1505
nm)).The cathode luminescence (CL) spectra were acquired
with an electron probe micro analyzer (Shimadzu EPMA-
1500) attached to a TEM. CL spectra were accumulated in
a single shot mode within an exposure rate of 1 nm/s. All
the CL spectra were taken at room temperature. The
degradation of Reactive Black 5 (RB5) solution was used to
evaluate the photocatalytic activity of Zn-complex
nanoparticles. The RB5 solution was exposed to a6 W UV
lamp. For the photo catalytic activity evaluation, the
concentration of photodegradedRB5 solution was recorded
by a HitachiU-2900 UV-vis spectroscopy.

2.3PhotoCatalytic Activity

All experiments are proceeded in a 200ml thermostatic
batch glass reactor as in our previous work [30], equipped
with a magnetic stirrer. The photo-reactor consists of 8
xenon lamps each one has 254 nm wavelength of 6 watt.
To0200 ml of the solution, to be investigated which could be
phenol of different concentrations or with proper catalyst,
were added and the resulting solution was subjected to UV
irradiation within the photo reactor where a total radiant
flux of 20 MWcm2 was applied. The radiation flux was
measured by a UV radiometer (Digital, UVX, 36). The
aqueous suspension was magnetically stirred throughout the
experiment. At different time intervals, aliquot was
withdrawn which was subsequently filtered through 0.45um
(Millipore) syringe filter. The collected aliquots were then
analyzed using UV-Vis Spectrophotometer.

3 Results and Discussion
3.1 Photocatalyst Characterization

3.1.1 XRD

The crystal structure and orientation of Zn- Dar complex
nanopowder arrays and nonmaterial arrays are investigated
by XRD diffraction in Figure 2. The sharp diffraction peaks
suggest that the as-synthesized nanostructures have a highly
crystalline nature. Moreover, there is no diffraction peak
corresponding to any clusters, which demonstrates that the
as-synthesized nanostructures have high purity. The
average nanocrystallite size ( D ) of the Zn-Dar complex
nanostructures was estimated using the Debye—Scherer
formula ( D = 0.89 A/ B cos 0, where A is the wavelength of
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the Cu K « irradiation, B is the FWHM of the diffraction
peak, and 0 is the diffraction angle of the (002) planes of
cubic Zn-Dar complex ) to be ~49.5 nm. For the Zn-Dar
complex nanostructures, all the diffraction peaks can be
perfectly indexed to the pure cubic phase of Zinc bis(2-
aminobenzoate) dehydrate (Ci4 Hiz N2 O4 Zn -2 H, O)
(JCPDS no. 00-040-1617). The presence of this phase may
lead to increase the photo catalytic activity of the prepared
sample as the presence of the OH- enhances the behavior of
the materials towards the degradation.
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Figure 2.XRD pattern of Zn(Il) complex
3.1.2TEM

Detailed information on the assembled Zn(Il) complex
pseudo-spherical can be obtained by TEM (Figure 3). It can
be seen that the bundled nanopseudo—spherical samples are
really composed of chains, which are made up of one-
dimensionally assembled nanoparticles with diameters
ranged from 12 to 32 nm. Such a synthesis is interesting
because though the synthesis of spherical - like
nanopowderare composed of orderly assembled particles is
rather uncommon with lots applications [31,32]. It can be
envisioned that such ZnO powders may cherish the merits
of both high specific area and structural stability, the
hierarchically nanostructure spherical-like nanopowders are
expected to be potential candidates for the catalysis based
applications, where the assembled crystals may provide a
significant enhance of effective electrode surface in
comparison with its flower-like solid counterpart [33].

3.2 Photocatalytic Activity Results

3.2.1 RB5 Photo Stability

RB5 shows absorption peaks at 318, 390, 445 and 588 nm
in Visible and UV regions respectively as shown in Figure
4. The rate of decolorization was recorded with respect to
the change in intensity of the absorption peak at 588 nm.
The absorption peaks, corresponding to dyes did not
diminish during reaction, which indicated that the dyes had
a marked stability towards degradation.

3.2.2 Effect of Zn- Complex Concentration

The effect of concentration of Zn-complex on photo
catalytic degradation of RB5 dye have been investigated by
Appling different concentrations of Zn-complex catalyst in
photo degradation process as follows (0.025, 0.05, 0.0. The
data represented in Figure 5 illustrate that, when wt of the
Zn-complex is 0.025 gm, 90% of RB5 dye have been
removed within 210min. However, upon increasing the
percentage of Zn-complex concentration to 0.1 almost
100% degradation has been achieved. The data indicates
also that the reaction rates are very fast during the first 50
min and decrease gradually with time; this may be due to
the concentration of .OH which is very high at the start of
reaction leading to the initial increase of degradation rate
.Further, upon consumption of -OH radicals, the rate of
degradation decreases gradually to reach a steady state at
150 min with 0.05gm Zn-complex. However, with 0.075
gm and 0.1gm Zn-complex a lowering in the reaction time
was observed at 75 min. However, the rate of degradation
started fast and decreased with time and become steady
from 50-210min. This finding may be due to the
consumption of .OH radicals by the RB5 molecules at
longer times.

3.2.3 Effect of PH

One important feature in the photo degradation reaction is
the pH change which should either be followed up during
the reaction or adjusted at different values to evaluate the
effect of its change on the degradation process.

3.2.3.1 PH Change during the Degradation

In all experiments of RB5 dye degradation, the pH was
monitored under all conditions. These results are shown in
Figure 6. The variation of pH of the solutions occurs when
the degradation process takes place and can be used as an
evidence for the Commence of degradation. For example,
during the degradation of RB5 dye (10* M) solution using
different concentrations of Zn-complex catalyst the pH was
found to decrease from 6.66 to 5.21 at room temperature
upon exposure to UV irradiation this behavior may be due
to the formation of some intermediates with acidic
properties.
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Figure 4. UV-VIS spectra of RB5 dye

1.0x10™ -
. ] Zn- Complex

— 8.0x10° = +Olg
=3 . e 0.075g
S 6.0x10° - —a— 0.05¢g
IS | —v— 0.025¢g
s 5
§ 4.0x10° -
o -
(&)

2.0x10° -

0.0 . .

T T
0 50 100 150 200 250
Time (Min)

Figure 5. Effect of Zn-complex concentration on the photo catalytic degradation of RB5 dye
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Figure 6. Variation of pH during the degradation of RB5 dye using different concentrations of Zn-complex

3.2.3.2 Effect of PH on the Degradation of RB5
Dye

Wastewater containing dyes is discharged at different pH;
therefore, it is important to study the role of pH on
decolorization of dye. To study the effect of pH on the
decolorization efficiency, experiments were carried out at
various pH values, ranging from 2 to 10 at a constant RB5
dye concentration (10* M) and catalyst dose (0.1
0/200mL), respectively. Figure7 show the relation between
concentration of RB5 dye solution and time on changing
pH. It has been observed that the decolorization efficiency
decreases with increase in pH exhibiting maximum rate of
degradation at pH 6 for 0.1 gm Zn-complex. Similar
behavior  has also been reported for the
photocatalyticdecolonization of azo dyes [34]. The
interpretation of pH effects on the efficiency of the photo
catalytic degradation process is not straight forward
because of its multiple effects. First, it is related to the acid
base property of the metal complex surface. The adsorption
of water molecules at surficial metal sites is followed by the
dissociation of OH™ charge groups leading to coverage with
chemically equivalent metal hydroxyl groups (M-OH) [35].
Due to amphoteric behavior of most metal hydroxides, the
following two equilibrium reactions are considered [Egs.
(1) and (2)]
M—OH + HY ——— M-OH* (1)
M-OH — M-0 +H" (g

The presence of large quantities of OH™ ions on the particle
surface as well as in the reaction medium favors the

formation of OH" radical, which is widely accepted as
Principal oxidizing species responsible for decolonization
process at acidic pH level and results in enhancement of the
efficiency of the process [36].

The experimental results revealed that higher degradation
of the dyes occurred in acidic region than in case of basic
region. For Zn-complex, the rate of photodecolonization
decreases with the increase in pH, exhibiting a maximum
efficiency (95 %) at pH 2 after 160 min from the start of
irradiation, beyond which the rate of degradation remained
constant. This may be attributed to the electrostatic
interactions between the positive catalyst surface and dye
anions.

3.2.3.3 Effect of H202 as AOxidant in the Photo
Degradation of RB5

The photocatalytic degradation of RB5 dye has been
studied at different hydrogen peroxide concentrations and
the results are illustrated in Figure 8. The degradation rate
of RB5dye increases with increasing H,O2 concentration.
The higher reaction rates after the addition of peroxide are
attributed to the increase in the concentration of hydroxyl
radical. According to Eq. (3), Hydrogen peroxide may split
photocatalytically to produce hydroxyl radical directly, as
cited in the studies of homogeneous photo-oxidation using
UV/H,02[34, 37].

H,0; + *OH — HO2* + H,O (3)

Therefore, the proper addition of hydrogen peroxide can
accelerate the photo degradation rate of RB5 dye. However,
to keep the efficiency of the added hydrogen peroxide, it is
necessary to choose the proper dosage of hydrogen
peroxide, according to the kinds and concentrations of
pollutants.
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Figure 7.Photo degradation of LBR (10*M) at different pH (2, 4, 6 and 10) in presence of 0.1 g of Zn-complex
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Figure 8. Degradation of (10*M) RB5 dye versus time at different concentrations of H,O,
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4 Conclusion

The experimental results revealed that 0.1gm of Zn-Dar
complex was sufficient for the photodegradation of 200ml
10° M RBS5 textile dye. The rate of photodecolonization
decreases with the increase in pH, exhibiting a maximum
efficiency (95 %) at pH 2. The proper addition of hydrogen
peroxide can accelerate the photo degradation rate of RB5
textile dye.
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