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ABSTRACT

In this work, ZnO nanoparticles (ZnO-NPS) were synthesized, characterized and used in photo cat-
alytic degradation of tinidazole (TNZ) aqueous solution. A medium pressure Hg lamp (35 W) was
used as radiation source. To study the interactions between the key operating parameters, the exper-
iments were designed by using response surface methodology (RSM). The best run to achieve the
maximum response was included C,: 2.5 mg/L at pH 6.3, 0.76 g/L of ZnO and irradiation time of

TNZ®

90 min. To confirm the degradation extent of TNZ, HPLC and COD were used. Based on HPLC and
COD results 62% and 70% of TNZ molecules have degraded during 90 min photo degradation of

sample, respectively.
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1. Introduction

Nowadays, high pharmaceutical consumption by
human has led to presence of high level of pharmaceutical
compounds in the aquatic environment. Antibiotics are one
the most common pharmaceutical water pollutants. Some
of these water pollutants, with high toxicity, cannot be eas-
ily biodegraded. Hence, their presence in water causes to
mutagenic and carcinogenic effects [1-4]. Unfortunately,
traditional wastewater treatment techniques cannot com-
pletely remove many antibiotics from the treated waste-
water samples. Hence, discharging of such wastewater
to the environment causes there leasing of a high level of
antibiotics into surface water. This causes the antibiotics
in the surface water to be present at higher amounts of the
allowed dosages. In general, long exposure to low dosages
of antibiotics causes the induction of resistance in bacterial
strains. Finally, transferring of this resistance to humans
via environmental exposure causes serious problems in
body life. Such organic compounds have complex molecu-
lar structure and hence the conventional biological process
cannot adequately remove them from water/ wastewater
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samples [5]. In general, the most effective techniques for the
removal of different organic pollutants are advanced oxida-
tion processes (AOPs) based on the production of powerful
oxidants such as hydroxyl and super oxide radicals [6,7].
In semi conducting based photo catalysis excitation of
a semi conducting material, such as transition metal sul-
fides or oxides, by suitable photon energy provides electron
and hole (e/h) pairs in its conduction and valence bands,
respectively. The resulted e/h pairs act as active centers
for reaction with dissolved oxygen and water molecules/
hydroxyl anions to produce super oxide and hydroxyl radi-
cals, respectively. These powerful oxidants (E°: *OH/OH =
2.27V, *OH/H,0 = 2.38 V) can rapidly and non-selectively
attack to organic pollutants are present in the media and
cleavage them to smaller fragments. The produced holes
can also directly attack to organic matters in the solution
and brake them. Final goal of heterogeneous photo cata-
lytic degradation (or other AOP methods) is mineralizing of
the organic matters to water and carbon dioxide molecules
[8-17]. One of the most important limiting factors in hetero-
geneous photo catalysis is recombination of e/h pairs which
significantly decreases the degradation efficiency. One strat-
egy for diminishing of this drawback is using of semicon-
ductors nanoparticles. These materials have high effective
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surface area which reduces the path length for rapid migra-
tion of photo generated electrons to the surface of the cata-
lysts before they can combine with the generated holes. High
effective surface area of nanoparticles adsorb high amount
of the pollutant at the catalyst surface, where hydroxyl rad-
icals produced. Hydroxyl radicals have very short life time
about a few nanosecond and they should immediately react
with pollutant molecules [18]. Hence, the produced radicals
immediately degrade the adsorbed pollutants on the surface
of semiconductors nanoparticles [19,20].

ZnO, with a direct band gap of 3.3 eV, has unique phys-
ico chemical properties, long term photo stability with
respect to many metal oxides, environmental stability,
strong oxidizing power and non-toxicity. Hence, it has been
widely used in semi conducting based photo catalysis pro-
cesses [21-31]. The most important advantage of ZnO is its
capability to absorb in over a larger fraction of the UV-Vis
spectrum with respect to titanium dioxide [32].

In this work a simple method was used for the synthesis
of ZnO nanoparticles (NPs) and the as synthesized ZnO-NPs
were then used in photo degradation of tinidazole (TNZ)
aqueous solution. Tinidazole (a derivative of 2-methylimid-
azole and a prominent member of the nitroimidazole anti-
biotics) as an anti-parasitic drug can use against protozoan
infections (for a variety of amoebic and parasitic infections.
It has some side effects. Drinking alcohol while taking tin-
idazole can cause an unpleasant disulfiram-like reaction,
which includes nausea, vomiting, headache, increased
blood pressure, flushing, and shortness of breath [33].

The work focused on the study the interaction effects
between the influencing factors on the degradation extent
of the pollutant. Hence, the experiments were designed by
response surface methodology (RSM). In spite of the ‘one
factor at a time (OFAT)" as common method for analyti-
cal chemists, RSM provides much informations about the
interaction effects of the parameters. It also decreases the
numbers of needed experiments for performing a research
work [34].

2. Experimental
2.1. Reagents and preparations

All reagent used with analytical grade purity were pur-
chased from Merck or Aldrich. Distilled water was used for
preparation of the solutions.
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For synthesis of ZnO-NPs, 4 g of zinc nitrate and 2.99 g
of glycine was added to a 50 mL porcelain crucible and
mixed thoroughly. Then, exactly 15 mL of water was added
and pH of the solution was adjusted at 6 by adding ammo-
nia. The content of the crucible was magnetically shaken
for 7 h while it was located in a water bath at 60°C. Then,
the resulted gel was placed on a flame for auto combus-
tion. Finally, the resulted material was calcined at 600°C
for 2 h [35]. In general, capping agent/surfactant/stabi-
lizing agent plays an important role for prevent uncon-
trollable growth of particles and particle aggregation,
also controls growth rate and particle size. It also allows
particle solubility in different solvents. All the mentioned
parameters can be achieved by electrostatic stabilization.
On the other hand, when metal ions adsorbed on the sur-
face, an electrical double layer can form which results in
a Columbic repulsion force between individual particles
and prevent from aggregation of NPs. Also, in steric sta-
bilization,the metal center can be surrounded by layers of
material that are sterically bulky. Hence, these bulky spe-
cies cannot be aggregated. Here, glycine plays such roles.
It has an iso-electric point at pH 6 which in this point it is
present as dipole-ion species as predominant species. In
this case, it can complex Zn(Il) cations from its negative
head group, and the positively charged head groups are
present at the opposite head. These positively charged
head groups repel the resulted species and prevent from
their aggregation.

For preparation of tinidazole solution, the content of a
500 mg capsule (Kimia Ara Co., IRAN, with total powder
weight of 6710 mg) was thoroughly mixed and 134 mg of
the powder was dissolved in water and shaken for 30 min
for complete dissolution. The resulted solution was diluted
to 100 mL in a volumetric flask. This stock solution (with
concentration about 1000 mg L~ TNZ) was used for prepa-
ration of much diluter solutions via serial dilution method.
Some chemical information of tinidazole are summarized
in Table 1.

2.2. Catalyst characterization

The as-synthesized ZnO-NPs were characterized by the
following instruments. X-ray diffractometer (Bruker, DSAD-
VANCE,Germany, X-ray tube anode: Cu, wavelength: 1.5406
A (Cu Ko, filter: Ni); Infrared spectrometer (Nicollet single
beam FT-IR Impact400D); Scanning electron microscope

Table 1
Some chemical information of tinidazole
Structure Formula Trade names Acidity Solubility
N CH.N,O,S Fasigyn, Simplotan, pKa: 3.1 199 g/L in water
/Q@\ 57 MW: Tindamax
BT W 247273 g/mol
0
0=5=0
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(SEM, Philips XL30); UV-Vis spectrophotometer (Carry100,
Australia); Brunauer-Emmett-Teller (BET, F12).

2.3. The photo catalytic degradation experiments

A 10 mL TNZ suspension (5 mg L™ TNZ, 1 g L ZnO
NPs) was irradiated with a medium pressure Hg lamp
(85 W, Philips, A = 254 nm, 0.15W/m?, 60 cm length, Japan)
located at 10 cm above the reactor, a cylindrical Pyrex-glass
cell with 5 cm inside diameter and 10 cm height). After sam-
pling at definite time intervals and centrifugation of the sus-
pension (>13,000 rpm), absorbance of the cleaned solution
was recorded at A__= 318. Using absorbance of the TNZ
solutions before (A with C) and after irradiation at time
t (A, with C) the degradation extent of TNZ was estimated
according to the following equation. The corresponding
C/C, values were also considered for these calculations. A
schematic diagram for photo reactor is shown in FSD1 (see
supplementary data).

. (Co_ci) (Ao_Af)
TNZ degradation% = T x100 = —a x100 (1)
t t

3. Results and discussion
3.1. Characterization
3.1.1. XRD pattern and FTIR spectrum

The X-ray diffraction (XRD) pattern of the as-synthe-
sized ZnONPs is shown in Fig. 1A. All peaks were assigned
based on their corresponding hkl planes for the wurtzite
hexagonal phase of ZnO according to JCPDS 36-1451. This
confirms production of high crystallite pure ZnO phase.
Based on the Scherer equation [36], average crystallite size
of ZnO NPs was estimated about 28 nm.

In the FT-IR spectrum of the ZnO-NPs in Fig. 1B, the
broad absorption peak around 3416 cm™ belongs to the nor-
mal polymeric O-H stretching vibration of H,O. The located
peak at 1633 cm™ belongs to bending vibration of adsorbed
water molecules onto ZnONPs. The absorption band at 1385
cm™ may show the presence of C-O group that remained
from the initia' reactants. Nitrogen contained groups can
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show absorption peaks around 2800 cm™. Overlapping of
these peaks with the absorption peak of O-H stretching
vibration at 3400 cm™ caused to creation of a broad peak in
this region [37-39]. The main peak of the Zn-O bond is pres-
ent at 564 cm™ for pure ZnO, reported also in literature [40].

3.1.2. Morphology and surface properties of ZnO-NPs

Typical SEM images (A,B) for the ZnO- NPs are shown
in Fig. 2 which show that the morphology of ZnO includes
cauliflower-like androd shapes. The images also show for-
mation of nanoparticles for ZnO. X-ray mapping image is
also shown in Fig. 2C, confirming well dispersion of Zn and
O atoms through the ZnO structure. EDX spectrum of the
sample in Fig. 2D confirms high purity of the as-synthe-
sized sample.

The N, adsorption/desorption curve and the corre-
sponding Brunauer-Emmett-Teller (BET) curve for the
ZnO-NPs are shown in Fig. 3. This method was used to esti-
mate the surface properties of the catalyst that play very
important role in the catalytic activity. The BET surface area,
pore volume, and pore diameter of ZnO were obtained
about 11.14 m?/g, 0.235 cm®/g and 84.2 nm, respectively.

3.1.3. Diffuse reflectance spectra

For estimation of energy gap of the as synthesized NiO
NPs, its optical absorption behavior was studied using
UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS).
The obtained data were subjected by the following Kubel-
ka-Munk equation, in which E_is the semiconductors’ band
gap (eV), B is the absorption constant and o is the absorp-
tion coefficient defined by the Beer-Lambert’s law as o =
([2.303xAbs]/d), ("d” is the sample thickness). The index ‘n’
has different values of 1/2, 2, 3/2, and 3 for allowed direct,
allowed indirect, forbidden direct and forbidden indirect
electronic transitions [41-43].

(cthv) = B(hv - Eg)”

To estimate the band gap energy, typical Tauc plot
((ahv)'= hv curve) was drown for the allowed direct transi-
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Fig. 1. XRD pattern (A) and FTIR spectrum (B) of as-synthesized ZnO NPs.
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Fig. 2. SEM images (A,B), X-ray mapping image (C) and EDX spectrum (D) for the as-synthesized ZnO NPs.

tion and by extrapolation of the linear portion of the curve,
the value of 3.39 eV was estimated (Fig. 3B). The value is
relatively greater than the value of 3.3 eV for bulk ZnO, con-
firming formation of ZnO NPs in this work.

3.2. Preliminary photo catalytic experiments

As shown in Fig. 4A, surface adsorption and direct pho-
tolysis under Hg lamp irradiation have no considerable role
in TNZ removal after 90 min. Hence, before all photo degra-
dation experiments, all suspensions were shaken at dark for
20 min to reach equilibrium adsorption/desorption processes
(surface adsorption remained constant after 15 min). Ability
of ZnO NPs for the degradation of TNZ is confirmed in Fig.
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4A at the applied conditions (C,,: 5 mg/L at pH 6, 0.6 g/L
of ZnO, irradiation time 90 min). Under these conditions, the
C/C, value of 0.46 correspond to degradation extent of 54%
was obtained. Due to positive role of ZnO photo catalyst in
the removal of TNZ, effect of calcination time on the activity
of ZnO was studied. As shown in Fig. 4B, among the ZnO
catalysts calcined at 600°C for 2, 4 and 6 h, the best activity
was obtained for 2 h. At longer times, ZnO NPs may aggre-

gate and effective surface area tends to decrease.

3.3. Experimental design (RSM) studies

Before construction a RSM matrix, screening of exper-
imental variables was done to select the most important
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Fig. 3. A) The N, adsorption/desorption isotherm at 77 K and the corresponding BET curve (inset) of ZnO-NPs; B) Typical Tauc plot
obtained based on DRS spectrum of ZnO-NPs for estimation of its band gap energy.
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Fig. 4.(A) Effects of surface adsorption, direct photolysis and photocatalysis processes on the removal of TNZ, (C,,: 5 mg/L at pH
6,0.6 g/L of ZnQ, irradiation time 90 min); (B) Effect of calcinations time on the activity of ZnO-NPs calcined at 600°C in photodeg-
radation of TNZ at the above mentioned conditions (results averaged based on triplicate measurements).

influencing variables on the response (degradation extent
of TNZ). For this goal all experimental variables including
TNZ solution pH, C_,,, dose of ZnO NPs, calcination tem-
perature used for ZnO preparation, irradiation time and
intensity etc were used and the ‘Plackett-Burman design’
was applied. Among the tested variables, four variables
including TNZ solution pH, C,, ,, dose of ZnO NPs and its
calcination temperature were suggested by software as the
most important influencing variables. Importance of cal-
cination temperature can be related its important role on
crystallite extent as well as phase purity and crystallite size
of ZnO NPs, all are influencing factors that control its photo
catalytic activity. Solution pH can control both surface
charge of ZnO NPs and charges specieses of TNZ molecules
in solution [44]. TNZ solution controls collision probability
between TNZ molecules and OH radicals where produced
at the catalyst surface as an important controlling factor for
degradation extent of TNZ because OH radicals have a very
short life time about a few nano-second [45]. Finally, dose

of ZnO NPs provides sufficient active sites for production
of e/h pairs and finally OH and super oxide radicals as the
main agents require for TNZ degradation.

Table 2 shows the actual and coded values of the most
important influencing factors on the photo catalytic activity
of ZnO-NPs in photo degradation of TNZ. Different factors
involved in selected range for each variable. For example,
selected pH range of 3-9 is based on pKa value of 3.1 for
acidity of TNZ and pHpzc of ZnO NPs obtained at pH 7.8.
A selected range for calcination temperature of ZnO NPs is
based on the reported values in literature because it deter-
mines crystallite phase and purity of ZnO and also affects
its crystallite size. In preliminary experiments, a 0.6 g/L
of ZnO NPs showed a degradation extent of 54% for TNZ
solution. Hence, a range was selected around this value.

For designing the experiments, the selected levels were
inputted to design expert software. All suggested runs (30
runs including 6 center points for estimation of random
errors) and the obtained degradation extents of CNZ after
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Table 2
Coded and actual levels of the experimental variables

Factor Name Units Low Actual High Actual Low Coded High Coded  Mean

A pH 3.10 9.00 -1 1 6.05

B Coy ppm 2.50 5.50 =l 1 4.00

C Ctal. Dos. g/l 0.45 0.95 -1 1 0.70

D Cal. Temp. C 300.00 800.00 -1 1 550.00
performing the experiments based on the suggested condi-  lack of fit term (LOF, FCXP= 24<F ,, ,=873) shows that rep-

tions in each run are summarized in TSD1 (see supplemen-
tary data). As shown in TSD2, among the different models,
the quadratic model was suggested for modeling the deg-
radation process.

Hence, the following quadratic Eq. (1) was suggested by
the model (B, B, B, B; and & are intercept or independent
term, linear, squared, interaction coefficients and the exper-
imental error, respectively) and after determination of the
coefficient it was completed as Eq. (2).

Y =B, + 2B, x,+ 2B, x>+ ZBinin +g )

%D =49.18 + 6.59pH - 24.50 C, , —4.23 Dos + 0.08 Tem
+0.09 pHxC,, —0.04 pH x Dos + 6.91E-003 pH x Tem +
3.59 C,, x Dos + 7.74E-003 C . x Dos + 0.06 Dos x Tem —
0.83(pH)* + 1.88 (C,,,)* — 24.32(Dos)* — 1.83E-004 (Tem)* (2)
The residuals were normally distributed around the
normal straight line. The plot of the studentized residuals
versus runs and predicted one confirms the observed errors
were normally distributed in + 3¢ confidence interval.
Some diagnostic plots including normal plot residuals,
plot of residuals versus predicted and actual versus pre-
dicted are shown in FSD2, all confirm the goodness of the
suggested model. In a well statistical model, residuals or
random errors should be normally distributed. This can be
shown by normal plot of residuals (or plot of normal prob-
ability % versus internally studentized residuals) (Fig. A in
FSD2). As shown, a random distribution trend of residu-
als around the normal straight line is present, confirming
a good model was suggested for the processing of data.
Fig. FSD2B shows a plot of actual response values versus
the predicted one. This plot helps us to detect a value (or
group of values) that are not easily predicted by the model.
As shown, the predicted responses by the model were well
distributed around the actual responses. Plot of residuals
versus predicted (the ascending predicted response values)
measures the assumption of constant variance (FSD2-C).
In this plot, generally, a random scatter is desired for the
plot (constant range of residuals across the graph) and as
shown here, the residuals were randomly distributed in
the allowed range of + 3.Well discussion on diagnostic and
influencing plots is present in our previous work [46].
Based on the ANOVA (analysis of the variance) results
in Table 3, the suggested model can well process the data
obtained in the experiment for each suggested run. Here,
F__ for the model (28.76) is greater than its critical value of

exp

F = 2.67. This means that the significance of the sug-

0.05, 10, 13
gested model at 95% confidence interval. A not significant

licate measurements on center points have good precision.
LOF is a measure of random errors in the obtained data and
evaluate the variation in the data around the fitted model.
The F-value of 2.4 was obtained by dividing of mean square
of the residual term to mean square of pure error term [46].

The R? values can also be sued for evaluation of the
goodness of the model, so the values near the unit are bet-
ter evidences for the goodness of regression of the data
by the model (R*is 0.9687, Adj R* = 0.9350 and Pred. R*=
0.8626). On the other word, the predicted data suggested
by the model and the obtained experimental data have
good agreement and the model could well interpret the
process. In addition, the values for adj-R? and R?* are close
that confirms all the selected variables have significant role
in the response variable and the suggested model was not
included by the non-significant terms [47,48].

The following formula was used for the Pareto analysis
for showing the importance of each term in creation of the
response.

_[ B :
P _(ZB?JX1OO(1¢O) 3)

As shown in Fig. 5A, for the terms including the sin-
gle factors TNZ concentration, solution pH and dose of the
catalyst have 47.3, 3.4 and 1.4% importance, respectively.
For the terms including interaction effects and quadratic
factors, C,,,-Dose and Dose® have the most importance on
creation of the response, respectively.

The best response was obtained in TNZ degradation
in the run including pH 6.3, catalyst dosage 0.76 g L7,
C2-5 mg L™ for the ZnO calcined at 525°C. The appli-
cability of the suggested model was evaluated by carry-
ing out triplicate measurements in these conditions. The
average degradation extent of 56.6% was obtained while
the predicted value was 49.6 + 4.2%. Hence, the predicted
and experimental values have good agreement, confirming
goodness of the model to modelize the process.

Interactions between calcination temperature and dose
of the catalyst are shown by the corresponding 3D response
surface in Fig. 5B. As shown, at the hole of the used dosage,
the catalysts calcined at 400-600°C have the best activity in
TNZ degradation. At lower calcination temperatures major-
ity of ZnO NPs may be present as amorphous phase. At
higher calcination temperatures above 600°C ZnO NPs may
be aggregated, which significantly decreased the effective
surface area and degradation efficiency.

Fig. 5C shows the simultaneous effects of solution pH
and calcination temperature on the degradation extent of
TNZ. As shown the best activities were obtained for the cat-
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Table 3
ANOVA results obtained for the results
Source Sum Sq. d, Mean Sq. F-Value P-Value
Block 979.94 2 489.97
Model 7010.69 14 500.76 28.76 <0.0001 Significant
A:pH 106.98 1 106.98 6.14 0.0277
B: C, 234.44 1 234.44 13.46 0.0028
C: Catal. Dose 144.80 1 144.80 8.32 0.0128
D: Cal. Temp. 1391 1 1391 0.80 0.03877
AB 3.07 1 3.07 0.18 0.6814
AC 0.015 1 0.015 8.618E-004 0.9770
AD 415.85 1 415.85 23.88 0.0003
BC 29.13 1 29.13 1.67 0.2184
BD 134.85 1 134.85 7.74 0.0155
CD 238.32 1 238.32 13.69 0.0027
A? 1430.26 1 1430.26 82.14 <0.0001
B? 491.09 1 491.09 28.20 0.0001
C? 63.36 1 63.36 3.64 0.0788
D? 3589.61 1 3589.61 206.14 <0.0001
Residual 226.37 13 1741
Lack of Fit 201.21 10 20.12 2.40 0.2552 Not sig.
Puer Error 25.16 3 8.39
Cor Total 8217.00 29

alysts calcined at 400-600°C at pH range of 5-8. The pH_
for the catalyst was obtained at 7.8 based on the typical pro-
cedure illustrated in literature [49]. The catalyst surface has
negatively and positively charged at pHs above and below
of this value, respectively, while it has net zero charge at
this pH. pKa value of TNZ is 3.1. Hence, at pHs below 3.1
majority of TNZ molecules may be present in the proton-
ated form and repelled by the positively charged of ZnO
surface at this pH. Similarly, the anionic/ or neutral forms
of TNZ (due to presence of free electron pairs of nitrogen
atoms) can be repelled by the negatively charged of ZnO
surface at pHs > 8. In the pH range of 5-8, ZnO surface has
net positive charge which attracts neutral TNZ molecules.
Hence, degradation efficiency was increased.

3.4. Confirmation of TNZ degradation

To confirm the results obtained by UV-Vis spectra in
photo degradation of TNZ, HPLC chromatograms of TNZ
solution before and after photo degradation process were
recorded and are shown in Fig. 6. As shown, the peak area
of the main peak at retention time of 3.25 min was decreased
after 90 photo degradation of sample. This corresponds to
62% degradation of TNZ molecules.

Also, COD (chemical oxygen demand) of TNZ was
decreased from initial value of 980 mg/L to 288 mg/L after
90 min of photo degradation of solution (photo degradation
conditions: C: 2.5 mg/L at pH 6.3, 0.76 g/L of ZnQO, irra-
diation time 90 min). This corresponds to 70% degradation
of TNZ molecules. Hence, HPLC and COD results confirm
degradation of TNZ molecules to smaller fragments during
the photo degradation process.

3.5. Comparison of the work with other works

Based on our literature review, there are a few works on
photo degradation of TNZ in aqueous solution. In a study,
silica xerogels (XGS) have doped with different doses of
Fe(Ill) by the sol-gel method and used in photo degrada-
tion of TNZ [50]. In our idea, the activity of this catalyst
can be limited in pHs above 3 because in these pHs Fe(III)
cations may be deactivated by hydrolysis process. In other
work, UVC and solar lights assisted by H,0,, K,S,0, and
photo-Fenton have used in photo degradation of TNZ [51].
The TNZ degradation percentage, its mineralization extent
and its degradation products have been studied. The best
results have been obtained in photo-Fenton process in the
presence of both UV and solar lights. The used method is
a homogeneous process which has some drawbacks such
as pollution of water by secondary pollutants. In addition,
Fenton process can be limited in activity at higher pHs. In
the present work, a heterogeneous photo catalysis process
was used and simultaneous interaction effects of the influ-
encing variables were studied by experimental design.

4. Conclusions

In this work, ZnO nanoparticles (ZnO NPs) were syn-
thesized in the presence of glycine as a stabilizing agent at
pH 6. In this pH (iso-electric point of glycine), glycine pres-
ent as di-pole ions as the predominant form in solution. It
complexes Zn(II) cations from its negatively charged head,
and its positively charged head repels the resulted complex
species and prevents from their aggregation. Hence, condi-
tions for production of nanoparticles was provided. Based
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Fig. 5. A) Parreto plot for showing the importance of each term
in the model; B-C) Some 3D response surfaces for showing the
important interaction effects.

on RSM results, interaction effects of ZnO-dosage and calci-
nation temperature caused the best photo catalytic activity
thorough the used ZnO dosage in calcination temperature
range of 400-600°C. This confirms that amorphous ZnO at
lower calcination temperatures was formed that has little
photo catalytic activity. In contrast,at higher calcination

10 -
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—— After photodegradation

mAU

Retention Time (min)

Fig. 6. HPLC chromatograms of TNZ solution before and after
photo degradation process (C,,: 2.5 mg/L at pH 6.3, 0.76 g/L of
Zn0O, irradiation time 90 min).

temperatures aggregation of ZnO NPs caused to decrease
in its photo catalytic activity. The as synthesized ZnO NPs
had pH_, of 7.8 and pKa value of TNZ is 3.1. In pH rang of
7-8 the best degradation extent was obtained, because in
this pH range, neutral TNZ molecules can be adsorbed by
positively charged ZnO surface.
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Supplementary Data

TSD1
The suggested run and response variable Y (D%) in TNZ degradation by ZnO-NPs.

Std Run Block pH Cyy (mg/L) Zn0, . g/L Cal. Temp.C %D
12 1 Block 1 9.0 5.50 0.45 800 224
15 2 Block 1 3.1 5.50 0.95 800 23.3
8 3 Block 1 9.0 5.50 0.95 300 161
17 4 Block 1 6.1 4.00 0.7 550 439
5 5 Block 1 31 2.50 0.95 300 30.48
9 6 Block 1 31 2.50 0.45 800 10.0
2 7 Block 1 9. 2.50 045 300 28.2
18 8 Block 1 9.0 4.00 0.7 550 43
3 9 Block 1 6.1 5.50 0.45 300 219
14 10 Block 1 31 2.50 0.95 800 329
11 Block 2 9.0 5.50 0.45 300 11.00
12 Block 2 3.1 5.50 0.95 300 194
13 Block 2 9.0 2.50 0.95 300 199
14 Block 2 31 2.50 045 300 31.5
10 15 Block 2 9.0 2.50 0.45 800 179
20 16 Block 2 6.1 4.00 0.7 550 349
16 17 Block 2 9.0 5.50 0.95 800 34.5
11 18 Block 2 31 5.50 0.45 800 31
13 19 Block 2 3.1 2.50 0.95 800 17.8
19 20 Block 2 6.1 4.00 0.7 550 420
27 21 Block 3 6.1 4.00 0.7 50 5.8
25 22 Block 3 6.1 4.00 0.2 550 423
30 23 Block 3 6.1 4.00 0.7 550 434
23 24 Block 3 6.1 1.00 0.7 550 775
28 25 Block 3 6.1 4.00 0.7 1050 49
26 26 Block 3 6.1 4.00 1.2 550 47.6
29 27 Block 3 6.1 4.00 0.7 550 439
21 28 Block 3 0.2 4.00 0.7 550 159
24 29 Block 3 6.1 7.00 0.7 550 58.5

22

O8]
o

Block 3 12.0 4.00 0.7 550 28.5
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TSD2
The statistical values obtained by RSM for the validation of the ‘quadratic model’ among all models

(& GANov 24 2016 rsm\NEW.dx7 - Design-Expert 7.0.(
File Edit View Display Options DesignToels Help

D|c|e| &[5 8]2[¢
[ MNotes for NEW. dx7
.. 551 Design (Actual)

Summary I I I I I I i
L] Graph Columns 1 A Transform: None

y]\ Transform
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- E| Analysis
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. thd Optimization —
g Sum of Mean F value
i1 Numerical — N
ﬁ Graphical o Source Squares df Square Value Prob >F
=1 Point Prediction __| Meanvs Total 2537579 1 2537579
Block vs Mean 597594 2 439.97
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2F| vs Linear 821.24 ] 136.87 0.39 0.8731
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Quadratic 201.21 10 2012 2.40 0.2552 Suggested o
Tinidazole aqueous solution -U\'Y Lamp

ZnQ._NPs

Magnetic stirrer
Magnet

FSD1. Schematic diagram for the used photo-reactor.
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Normal Plot of Residuals
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FSD2. (A) Normal probability plot of residuals, (B) Plot of actual
vs predicted values in photo degradation of TNZ, (C) Plot of
residuals versus model predicted values.





