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Abstract

Copper and Zinc co-doped titania nano photocatalyst (Cu-Zn-TiO2 NPC) was fabricated and characterized using room temperature
X-ray diffraction (XRD), field emission electron microscopy (FESEM) with high-resolution transmission electron microscopy
(HRTEM) and energy dispersion X-ray (EDX). X-ray diffraction studies of the Cu?*-Zn?>*/TiO2 show the presence of anatase phase
TiOz and in the sample prepared from 0.05, 0.10, 0.15 and 0.20 mmol have also shown the presence of anatase phase only. The
photocatalytic efficiency of the synthesized catalysts was investigated by the photocatalytic degradation of aqueous bispyribac
sodium under sun light irradiation, and it was found that the Cu and Zn co-doped TiOz catalysts has better photocatalytic activity.
It can be also showed that with the addition of dopants to titania hinders the growth of nanoparticles. This can be attributed of the
fact that there is a more efficient electron-hole creation in Cu and Zn co-doped TiO: in sunlight, contrary to un-doped TiO2 which
can be excited only in UV irradiation. Photocatalytic studies of bispyribac sodium at various conditions such as acidic, basic and
neutral reveals that the activity is enormously increased with co-doped TiO2 is proved to be effective for photocatalysis of
bispyribac sodium and is more effective in basic medium.

Keywords: bispyribac sodium, Cu-Zn-TiO2 NPC, DT 50, FTIR, photocatalytic activity, XRD

Received: June, 2019; Revised final: October, 2019; Accepted: November, 2019; Published in final edited form: May, 2020

1. Introduction photocatalysis has emerged recently as a promising

Pesticides enter natural water bodies by direct
application and leaching from the soil and vegetation.
Many of these chemical compounds in aqueous media
can undergo sunlight photochemical transformation
via direct or indirect photoreaction. Among several
agents of the environment, sunlight visible and ultra-
violet is the most powerful to degrade the
environmental contaminants like pesticide residues.
Photocatalysis is being commonly used in industry for
the effective decontamination of large quantities of
effluents and other wastages to protect the
environment and human health. Semiconductor

technology to decontaminate the environment.
Titanium dioxide among other semiconductors has
been under immense investigation for practical
applications such as in antimicrobials, air and water
purification (Byrne et al., 2019; Impellizzeri et al.,
2016) deodorization, and wastewater treatment of
reasons such as their favorable physicochemical
properties (Geraldine et al., 2018), low cost, easy
accessibility and high stability (Fujishima et al., 2000;
Rehman et al., 2009). However, it is active only under
UV irradiation (A=388 nm), which accounts for less
than 5% of solar light (Amoros-Perez et al., 2019;
Mabhy et al., 2018; Pelaez et al., 2012). As a result of

* Author to whom all correspondence should be addressed: e-mail: tnraochemistry@gmail.com



Rao et al./Environmental Engineering and Management Journal 19 (2020), 5, 721-731

vast research various attempts were made to utilize
visible light with TiO, photocatalysis, including dye
sensitization, semi-conductor coupling and impurity
doping (Kim and Choi, 2005; Li and Li, 2001; Moon
etal., 2003). Co-doped TiO> has been shown to exhibit
smaller particle sizes and higher surface area that
significantly increases its activity with other reagents
(Asahi et al., 2001; Choi et al., 1994). Depositing
noble metal nanoparticles (Dawson and Kamat, 2001)
and coupling with secondary semiconductors (Ge et
al., 2000).

Co-doping titania with a few transition metals
and some non-metal ions has been reported (Asahi et
al., 2001; Choi et al., 1994; Li et al., 2003). Few data
are available on co-doping the nano-catalyst TiO, with
Cu (II) and Zn (IT) metal ions (Mohamed et al., 2018;
Tobaldia et al., 2016; Zhang et al., 2018). Keeping that
in view, an attempt was made here to synthesize Cu-
Zn co-doped TiO; nano-catalyst by sol-gel method
and investigate its photo-catalytic performance by
specifically using the bispyribac sodium (Fig. 1)
herbicide under visible light at different experimental
conditions.

Fig. 1. Chemical structure of Bispyribac sodium

2. Material and methods
2.1. Chemicals and reagents

Titanium  tetra-n-butoxide [Ti(O-Bu)4],
Potassium dihydrogen phosphate (KH,PO,), disodium
hydrogen orthophosphate (Na,HPOy4), boric acid
(H3BOs3), potassium chloride (KCl), formic acid
(HCOOH), acetonitrile (ACN) and sodium hydroxide
(NaOH), Humic Acid, surfactants
cetyltrimethylammoniumbromide (CTAB), sodium
dodecyl sulfate (SDS) and Brij-35 obtained from
Analytical grade of Merck (Germany) was used as
titanium, Copper Nitrate and Zinc Acetate sources for
preparing Cu?* and Zn?* co-doped TiO photocatalysts
and bispyribac sodium (purity 99.8%), reference
analytical standard was pursed from Sigma-Aldrich
(USA). HPLC grade Acetonitrile and GR grade
orthophosphoric acid was taken from the Merck India
limited. We used the Milli-Q Plus device (Millipore,
Bedford, MA, USA) to purify distilled water. Super
dry purified ethyl alcohol from Changshu Yangyuan
Chemical, China has been used.

2.2. Preparation of Cu-Zn-TiO, NPs

Tetrabutyl orthotitanate (0.02 mol) was added
drop by drop in 50 ml of ethyl alcohol (98.79%) and
stirred gently for 20 minutes at room temperature.
Three drops of concentrated HNOs has been added to
the solution.
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The desired amounts (0.05<x<0.20 mmol) of
copper nitrate and zinc acetate (the molar ratio of Cu
to Zn was 1:1) were used in the reaction mixture while
continuously stirring for 60 min until dissolving of Cu
and Zn dopants. In the same solution, 2 mL of distilled
water has been added. The solution was maintained at
room temperature with constant stirring for 2 h to
achieve a gel that was agitated at room temperature for
12 hours. The gel was dried overnight at 80+2°C and
annealed for 3 hours at 400 °C. The resulting material
appeared light gray in color. By adopting the above
procedure, a pure TiO, composition was also
synthesized that was used for comparison purpose.

2.3. Characterization

The sample morphology and chemical
composition were explored using FESEM (FEI,
Quanta 200) and EDX (EDX, connected to the SEM)
respectively. Identified the crystal structure using
XRD analysis performed at a scan rate (2 0) of 15" min-
! ranging from 5° to 70°. FT-IR spectra for Cu?*" and
Zn**  the IR-Prestige-21  Shimadzu  FT-IR
spectrophotometer was obtained from KBr pellet
method in the range 4,000 to 400 cm™. HRTEM (FEI,
TECNAI G2 TF20-ST) Assessed particle size with a
200 kV acceleration voltage. The UV-Vis diffuse
reflectance spectra (DRS) was mapped on a
spectrophotometer (Shimadzu UV-3600).

2.4. Preparation of acidic, neutral and basic water

The 8 g of KH,POy4 has been dissolved in 1000
ml distilled water for acidic water preparation. The pH
of the buffer was changed in accordance with 4.0 with
the same. For preparing the neutral water 6.3 g of
Na,HPO4 and 5 g KH>PO, has been dissolved in 1 000
ml of double distilled water. The pH of the buffer was
changed in accordance with 7.0 with the same. On the
other hand, basic water as prepared by dissolving the
12.5 g of H3BOs and 15 g KCl in 1000 ml of distilled
water. The pH was adjusted to 9.0 using 0.1M NaOH
solution.

2.5. Preparation of bispyribac sodium sample stock
solution

Accurately 98.82 mg of sample (purity
10.12%) of bispyribac sodium was taken in a 20 ml
volumetric flask; 5 ml of acetonitrile is added in a
same volumetric flask, sonicated and made sufficient
with the acetonitrile. The solution concentration
achieved 500 mg / L. This solution of the stock sample
was utilized for the preparation of dose samples in
distinct aqueous solutions.

2.6. Instrumental conditions for quantifying
bispyribac sodium

The residue was quantified using Shimadzu
HPLC LC-20AT quaternary pump high-pressure
Liquid Chromatography with diode photo array
detector. The detector wavelength was set at 245 nm.
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The separation of bispyribac sodium was carried out
using the Zorbax® column SB-octadecyl (particle size
(5 um), diameter (4.6 mm) and length (150 mm)). The
mobile phase was used (ACN: 0.1% HCOOH, 55:45,
v /v) and the oven temperature was kept at 30 © C. The
flow rate of 1,0 ml per minute was set. The flow of 1.0
ml per minute flow rate was set. The injection volume
20 ul was set for standard and sample. The bispyribac
sodium was eluted at 3.8 minutes. Unchanged residues
of bispyribac sodium were confirmed by re-analyzing
the representative samples using a High Capacity Ion
Trap LC-MS/MS System of Bruker Daltonik GmbH.
Drying gas nitrogen was generated from the
atmospheric air in a Nitrox UHPLCMS nitrogen
generator. The nebulizer gas nitrogen flow was fixed
to 10 L/min. MS / MS mode operation was performed
with helium as collision gas at 4 x 10-4 millibar
pressure. In positive ionization mode, a capillary
voltage of 3.5 kV was used. The interface temperature
was set at 360 ‘C. The scan range was 50 - 460 m/Z.
Agilent 1200 HPLC system with Zorbax® column
SB-C18 (particle size (3.5 um), diameter (4.6 mm) and
length (75 mm)), gradient program with 0.4 ml per
minute flow rate having 0.1% HCOOH in ACN as
mobile phase A and 0.1% HCOOH in HPLC grade
water as mobile phase B was used. For mobile phase
A, the flow program was used from 5% to 95%.

2.7. Adsorption study of the catalyst

Recovery studies in water and different pH
waters were conducted with 0.1 g L' level of catalyst
and reported % of recoveries in distilled water and
different pH water.

2.8. Limits of Quantification (LOQ)

The LOQ (mg/L) has been determined as the
lowest analyte concentration giving a response often
times the baseline noise.

2.9. Photolytic and photocatalytic study

The photocatalysis of bispyribac sodium in
water was studied by spiking bispyribac sodium 10%
SC formulation at 1 mg L', The study was conducted
in different pH waters at 0.1 mg/L (a.i) fortification
level. We prepared 2 sets; one set was used for
photolytic study (Without added photo catalyst) and
second set of samples were added Cu-Zn-TiO, NPs to
get 0.1 g L' content of photocatalyst (optimum
amount). The sample suspensions of Cu-Zn-TiO, NPs
were sonicated in the dark for 10 min before exposure
to the sunlight, to get even disperses of Cu-Zn-TiO;
NPs in water and attain adsorption equilibrium. The
samples were exposed to direct sunlight. Aliquots of
samples (4 replications) were collected on pre-
determined intervals. The temperature of water
samples during the period was 25 to 42°C. The samples
collected on various sampling occasions and were
filtered using a 0.2 um PTFE membrane filter and
collected in amber-colored vials. All the samples were

stored in dark at <5°C before subjecting to HPLC-
DAD analysis. The samples fortified with Cu-Zn-TiO,
NPC particles were centrifuged using Beckman
cooling centrifuge at 10000 rotations per minute for 4
minutes at 5°C. Transferred the supernet into the
amber colored bottles and stored in dark at<5'C until
analysis to avoid further degradation of residues.

2.10. Effect of surfactants on water decontamination

To study the impact of surfactants on pesticide
decontamination in water, water was spiked with ImL
of 100 mg/L stock solution of bispyribac sodium
formulation to get O0.lpg/mL concentration of
pesticide active in water (each pesticide was spiked
into separate one litre glass bottle) and loaded with 0.1
g L' Cu-Zn-TiO, NPC (optimum amount) were added
with 10-2 mole/L concentration of cationic surfactants
CTAB, anionic surfactant SDS and nonionic
surfactant Brij-35.

The samples were sonicated in the dark for 10
minutes before exposure to the sunlight, to get even
disperse of Cu-Zn-TiO, NPC in water and attain
adsorption equilibrium. The samples were exposed to
sun light in the month of June.

2.11. Effect of humic acid content

To study the impact of humic acid content on
pesticide decontamination in water, water was spiked
with 1 mL of 100 mg/L stock solution of bispyribac
sodium formulation to get 0.1pg/mL concentration of
pesticide active in water, added optimum amount of
catalyst and added humic acid (Prepared by 100 mg of
humic acid dissolved in 0.1 M NaOH solution and
diluted with 1000 mL of distilled water) by varying
the concentration of 0, 10 and 20 mg/L in water. The
samples were sonicated in the dark for 10 min before
exposure to the sunlight, to get even disperse of Cu-
Zn-TiO, NPC in water and attain adsorption
equilibrium. The samples were exposed to sun light in
the month of June.

3. Results and discussion
3.1. XRD Study

Fig. 2 shows the XRD profiles of the pure as
well as the co-doped TiO, powders. Crystals in the
anatase phase were confirmed in all the samples (Gao
et al., 2006). No diffraction peak corresponding to Cu
and Zn were detected. The reason might either be that
the content of Cu and Zn is too low or they are too
well-dispersed in the TiO; particles. The diffraction
patterns of the doped Cu-Zn-TiO, NPC samples are
identical to that of the un-doped TiO,. The inset in Fig.
2 displays intensified crystal plane XRD peaks (101)
for all samples. Compared with pure TiO,, peak shift
is observed in the doped samples. An increase in the
intensity of the pure anatase TiO, sample was
observed with the increasing doping and the peaks
corresponding to copper nitrate and Zinc acetate were
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not detected. The patterns of the XRD match the
JCPDS number: 21-1272.

Two factors mainly determine the doping
mode: electronegativity and the dopants ' ionic radius.
If the electronegativity and the ionic radius of the
doping ions match those of the oxide lattice ions, the
doping ions may replace the lattice ions during the
doping process (Cao et al., 2004).

The lattice parameters and crystal sizes of the
samples were calculated using the diffraction peaks
and the values were presented in Table 1. It is found
that the amount of cell volume of Cu-Zn-TiO, NPC
has been larger than that of un-doped TiO».

Because Zn and Cu metals are incorporated
into the TiO, matrix, the reduction in the particle size
of TiO, could be attributed to an extending effect.
Reducing the intensity and widening the reflection

plane (1 01) resulted in a reduction in the calculated
crystallite size correspondingly. In addition, the (101)
diffraction peak of the Cu-Zn/TiO, samples shifted to
a higher angle (see Fig 2 (b)) implying the
incorporation of copper effect in the TiO, lattice with
the speculation that Ti** position may be replaced by
copper due to their very small ionic radii difference
(L’ opez et al., 2009).

3.2. FTIR Study

The sample FTIR spectra in the 500-4000 cm!
frequency range are shown in Fig. 3. The O-H peaks
appeared due to the stretching and bending vibrations
in the range 3200-3400 cm! and 1600 cm!
respectively were well observed in the FTIR spectra
(Chen et al., 2009; Venkatachalam et al., 2007).

Table 1. Lattice parameters and crystal size of un-doped TiO2, 0.05, 0.10, 0.15 and 0.20 mmol Cu-Zn/TiO2

Sample Lattice Parameters Cell Volume (A3) C_Zrystalllte
(mmol) size (nm)
Un-doped TiO2 a=b=3.78, c=9.48 135.45 18
0.05 Cu-Zn/TiO2 a=b=3.79, ¢=9.51 136.60 16
0.10 Cu-Zn/TiOs a=b=3.78, ¢=9.52 136.02 15
0.15 Cu-Zn/TiOz a=b=3.80, ¢c=9.53 137.61 13
0.20 Cu-Zn/TiOz a=b=3.80, c=9.48 136.89 18

Fig. 2. XRD patterns of a-Un-doped TiO2, b-0.05, ¢-0.10, d-0.15 and e-0.20 mmol
of Cu-Zn-TiO2 NPC. Inset is the enlarged XRD peaks of crystal plane (101)

Fig. 3. FT-IR spectra of a-Un-doped TiOz, b-0.05, ¢-0.10, d-0.15
and e-0.20 mmol of Cu?*-Zn>*/TiO2 nanoparticles
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The broad intense band in the range 450-700
cm! is due to the Ti-O stretching and Ti-O-Ti bridging
stretching modes (Jagadale et al., 2008; Rao, 2019;
Venkatachalam et al., 2007; Andra et al., 2016). The
intensity of the peaks was greatly suppressed with an
increase in the copper and zinc contents in the Cu-Zn-
TiO, NPC compared to un-doped TiO,. No extra
peaks are present on Cu and Zn doping, promoting the
effective dispersion of copper and Zinc, indicating the
lack of copper and zinc clusters, which is a perfect
agreement with the XRD assessment consequence.

3.3. FESEM Study

The surface structure and particle size were
differentiated by FESEM. The sample surface
morphology calcined at 400° C equal to a blend of
nanoparticles is shown in Fig. 4. The electronic
micrographs disclosed that the constituent particles
appeared. The average particle size was about 20 nm.

b 300 nm .

%

FLENEES e S,

Fig. 4. FE-SEM images of 0.10 mmol Cu-Zn-TiO2 NPC
3.4. EDX Study

The EDX spectra of Cu-Zn-TiO, NPC are
shown in Fig. 5. Obviously, peaks associated with
titanium, oxygen and the corresponding doped metal
can be seen in this range. Results from an elemental
assessment verified the homogeneous distribution of
metal nanoparticles in the TiO» lattice.

Fig. 5. EDX images of 0.1 mmol Cu-Zn-TiO2 NPC

3.5. TEM and HR-TEM Study

TEM analysis was performed to investigate the
average particle size and morphology.

It was noted that titania consisted almost solely
of small-sized nanocrystallites. Most of the anatase
TiO, material had a spherical morphology. The TEM
images clearly revealed the spherical shaped
nanoparticles in each sample (Fig. 6a for undoped
TiO, and 6b for 0.15 mmol of copper and zinc co-
doped TiO;). The TiO, NPs being formed using
copper and zinc and the TEM micrograph clearly
illustrated the individual nanoparticles formed has the
almost spherical shape 10-30 nm in size (Ma et al.,
2004). When compared to the literature report (Ma et
al., 2004), our experimental result supports the
efficient synthesis of lesser size anatase TiO;
nanoparticles. The sol-gel method found in copper and
zinc is believed to have reduced titanium dioxide
nanoparticles.

HR-TEM was used to clarify the surface planes
for the TiO, particles. Fig. 6d shows the discrete
apparent crystallites. The obviously spread edge of the
anatase grid shows that the titania was extremely
crystalline. HR-TEM found anatase nanocrystallites
composed of tetragonal particles with (101) plane
surfaces (Shklover et al., 1997).

Fig. 6¢ shows a processed image acquired by
filtering technique after fast Fourier transformation of
the TiO, particle. This technique analyzes the
individual particles and demonstrates that the crystal
composition was anatase with indexed (101) planes,
which refers to the range in the anatase structure
between the planes (101) (Patra et al., 2015, Takashi
et al., 2011). Conclusively, the particle size of the
calcined TiO, was reported that it was a pure single-
phase anatase nanocrystalline material (Masuda and
Kato, 2009).

The TEM images of undoped TiO; and 0.10
mmol of Cu-Zn/TiO; are shown in Figs. 6a and b. The
particles in the TEM picture appeared to have different
shapes and sizes. Agglomeration was obviously
visible seen in the HR-TEM images (Fig. 6¢, d). The
average particle size observed about 20 nm.

3.6. Selected area electron diffraction

Fig. 7 (a) Indicates the crystallinity of titanium
confirmed by the pattern of undoped TiO: chosen area
electron diffraction (SAED) and (b) displays TiO; co-
doped copper and zinc nanoparticles. The SAED
model showed separate and good anatase-
corresponding diffraction rings (Ma et al., 2004),
demonstrating well-resolved bright and intense
polymorphic ring patterns without any additional
spots or second phase rings. Due to the lack of an
amorphous nature it disclosed the typical diffraction
rings for a crystalline powder. Analysis of TEM
micrograph image processing is a helpful way to fine-
tune the microstructure.
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It can be indexed to reflect tetragonal structure
in crystallography, and this outcome has also been
studied through X-ray diffraction. Tropism of the
particles at random and tiny particles leads diffraction
rings to widen, which consists of many diffraction
places, indicating that the nanoparticles are
polycrystalline  structures. Electron  diffraction

100 _nm

a)
T R S RS

indicates that each particle consists of many tiny
crystal nuclei, compelling evidence that the particles
grow in a model of aggregation. The copper and zinc
co-doped TiO, NPs chosen area electron diffraction
(SAED) micrograph (Fig. 7b) demonstrates the
tetragonal crystalline structure with indexed
diffracting planes.

L0 e

b)

EER el o RS AR e AL

Fig. 6. TEM images of: a) Undoped TiOz, b) 0.15 mmol of Cu-Zn-TiO2 NPC, c) and d) HRTEM images
of Undoped TiOz and Cu-Zn-TiO2 NPC nanoparticles ¢) Filtered lattice image of HR-TEM image

Fig. 7. SAED images of: a) Undoped TiO2 and b) 0.15 mmol of Cu?**Zn>"'TiO2 nanoparticles
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3.7. UV-Visible Diffusion Reflectance Spectroscopy

The UV-visible absorption spectra of un-doped
TiO; and 0.05, 0.10, 0.15 and 0.20 mmol of Cu?*'-
Zn?*/TiO, and are shown in Fig. 8. The edge of the
UV-vis absorption band is a strong function of titania
nano clusters. (Li et al., 2004; Anpo et al., 1987). Fig.
8. shows the UV-vis absorption spectrum of un-doped
TiO; and Cu-Zn/TiO,.

Fig. 8. UV-Visible absorption spectra of (a) undoped TiO2,
(b) 0.05 (c) 0.10 (d) 0.15 and (e) 0.20 mmol of Cu?*-
Zn**/TiO2 nanoparticles

In addition, undoped TiO, shows almost no
slight absorption capacity in the visible region (>400
nm), while Zn, Cu co-doped TiO» samples show a red
shift of the absorption edge and a significant increase
in light absorption at 400-600 nm. It is known that
doping with some metal elements can modify the band
gap of TiO,. The reason is that transition metal ions
(Cu?*/Cu’*, Cu'/Cu®, or Zn?*/Zn°) can introduce new
energy levels into the TiO, band gap. Consequently,
the absorption edges of the co-doped TiO, sample
from the dopant energy level electronic transformation
(Zn**/Zn® or Cu**/Cu’, Cu'/Cu®) to TiO, conductive
band should shift towards longer wave lengths for the
Zn, Cu. In view of these, the increased absorption in
the visible region can be attributed to the excitation of
Zn?" or Cu?* 3D electrons to the TiO; conductive band
(charge transfer transition) resulting in a 350 nm
centered band. In addition, the absorption intensity
presents at 400-600 nm, Could be assigned to the d-d
transition of Zn*" (2Tog—2As, 2Tig) or the charger
transfer transition between the copper ions (Cu™+Cu®
—Cu?*+Cu) that interact. In conclusion, the increase
in UV-Visible absorption increases the number of
photogenerated electrons and holes employed in the
photocatalytic process, which can increase the
quantity output and therefore the photocatalytic
activity of TiO2 (Lettmann et al., 2001). Once it has
been reported that there is a strong correlation between
light absorption characteristics and photocatalytic
activity, it is a great way to achieve elevated visible
photocatalytic ~ activity by  enhancing  the
photocatalytic absorption capacity. This shift of the

absorption edge to longer wavelengths for Cu? * -
Zn*"/Ti0, shows the presence of excellent interaction
between TiO, and Cu? ** Zn? * seeds and improves the
photocatalytic activity of catalysts in visible light.
This band confirms the presence of TiO,'s anatase
crystal shape (Venkatachalam et al., 2007). TiO; is
well known to be semiconductor with a 3.0-3.2 eV
band gap. After an energy level of impurity is
introduced, the edge of absorption will change to the
region of visible light. This leads the final product to
change color. Since separate dopants give different
levels of impurity energy, doped TiO, of separate
colors is achieved.

3.8. Adsorption study of the catalyst

The amount of catalyst needed for
decontamination has been optimized as 0.1 g L*! for
degradation of bispyribac sodium, any further increase
of catalyst had no significant effect on degradation.
The adsorption of catalyst study was conducted by
quantifying the concentration of bispyribac sodium in
water for a period of three hours. The recovery was 90
t0 96%, 91 to 95%, 91 to 96% in acidic water, neutral
water and basic water respectively. The results
indicate no significant loss of residues due to
adsorption. In the presence of the catalyst though, the
dissipation was found rapid under sunlight.

3.9. LOQ Determination

The LOQ was evaluated to be 0.02 mg/L. This
quantification limit represents the spiked level at
which an analyte peak was continuously produced
roughly 10 times the baseline noise in the
chromatogram.

3.10. Photolytic and photocatalytic study

The photolytic degradation results of
bispyribac sodium in water showed the residues are
highly stable, the stability decreased with decreasing
pH. The results were shown in Table 2. Comparatively
lower values of bispyribac sodium in the presence of
a catalyst (Photocatalytic) in different pH were
recorded. The results were shown in Table 3.

The dissipation curve was plotted between the
sampling occasions and a concentration of the analyte
is shown in Fig. 9 and Fig 10. The DT50 (time
required to degrade 50% of residues i.e. half-life)
value was calculated using the following formula
(Nageswara Rao et al., 2016, Rao, 2019) (Eq. 1):

DT50 =In(2)/k (1)

Where ‘K' is the slope of the curve occurred from the
dissipation data. The rate constant has been
determined by the linear regression equation

exploiting the first order rate equation (Eq. 2):

K =In(a/(a—-b))/dt (2)
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Table 2. Photolysis of bispyribac-sodium under direct sunlight in different pH waters

. Test dose (bispyribac-sodium @0.1 mg/L)
Occasion (Days) Acidic water Neutral water Basic water
0 0.100 0.099 0.1
5 0.082 0.092 0.097
10 0.051 0.084 0.092
30 0.024 0.071 0.085
50 <LOQ 0.058 0.078
100 0.021 0.063
150 <LOQ 0.036
200 <LOQ
Table 3. Photocatalysis of bispyribac-sodium in different pH waters
. Test dose (bispyribac-sodium @0.1 mg/L)
Occasion (Hours) Acidic water Neutral water Basic water
0 0.099 0.099 0.1
6 0.067 0.092 0.091
12 0.052 0.081 0.080
24 0.037 0.067 0.072
36 0.022 0.052 0.063
72 <LOQ 0.021 0.044
120 <LOQ <LOQ

Fig. 9. Photolytic dissipation curve of bispyribac sodium in
different pH waters

Fig. 10. Photocatalytic dissipation curve of bispyribac
sodium in different pH waters
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The DTS50 of bispyribac-sodium evaluated by
regression analysis of the dissipation data. The
calculated DT 50 values are presented in Table 4. It
shows variation with different water samples (acidic,
neutral and basic).

Table 4. DT 50 values of bispyribac sodium
in different pH waters

DT 50 (Half-life
Degradation pH-4 pH-7 pH-9
Photolytic (Days) 14.57 | 46.35 111.03
Photocatalytic (Hours) 17.60 | 31.98 62.52

3.11. Effect of surfactants

To study the effects of surfactants on pesticide
decontamination in water, experiments were carried
out by adding 102 mole/L concentrations of cationic
surfactants CTAB, anionic surfactant SDS and
nonionic surfactant Brij-35. It was observed that there
was no effect on photocatalytic decontamination of
bispyribac sodium.The summarized results for effect
of surfactants amount are presented in Table 5 and Fig.
11. The dissipation details of bispyribac sodium with
effect of surfactants and catalyst results were shown in
Table 6.

Table 5. Dissipation data for effect of surfactant on of
bispyribac sodium in water

. Residues (png/mL)

Occasion (hours) CTAB SDS Brij-35
0 0.098 0.1 0.099

6 0.091 0.093 0.090

12 0.082 0.083 0.079

24 0.064 0.067 0.061

36 0.054 0.051 0.057

72 0.031 0.034 0.029

120 <LOQ | <LOQ <LOQ
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Table 6. DT 50 (Half-life) values of bispyribac sodium
with influenced surfactants and catalyst

DT 50 (Half-life )
Degradation CTAB | SDS | Brij-35
Photocatalytic (Hours) 42.77 | 44.82 41.27

Fig. 11. Dissipation curve of bispyribac sodium influenced
surfactants and catalyst

3.12. Effect of humic acid content on pesticide
degradation

To determine the effective content of humic
acid for rapid degradation of pesticide in water on the
photocatalytic decontamination, Experiments were
conducted to vary the quantity of humic acid in water
from 0 to 20 mg/L. No increase in the rate of
bispyribac sodium was observed from the
experimental results. The summarized results for effect
of humic acid are presented in Table 7 and Fig. 12.
The dissipation details of bispyribac sodium with
effect of humic acid and catalyst results were shown
in Table 8.

Table 7. Dissipation data for effect of humic acid on
decontamination of bispyribac sodium in water

Residues (ug/mL)
0 mg/L 10 mg/L
Humic Humic 20 mg/L
Occasion acid acid Humic acid

(hours) content content content
0 0.099 0.098 0.096

6 0.090 0.084 0.0075
12 0.079 0.071 0.063
24 0.062 0.057 0.052
36 0.051 0.052 0.047
72 0.029 0.027 0.025
120 <LOQ <LOQ <LOQ

Table 8. DT 50 (Half-life) values of bispyribac sodium
with influenced humic acid and catalyst

DT 50 (Half-life )
0 10 20
mg/L mg/L mg/L

40.41 40.34 40.06

Humic acid content

Photocatalytic
(Hours)

Fig. 12. Dissipation curve of bispyribac sodium influenced
with surfactants humic acid and catalyst

3.13. Confirmation of residues by electrospray mass
spectrometry (LC-ESI-MS/MS)

The presence of residues in water samples was
confirmed by analysing representative samples using
high capacity ion trap LC-ESI-MS/MS. The parent
compound bispyribac sodium eluted at 5.3 min and
obtained a peak of molecular ions at m/Z 453 and the
fragment ions appeared at 435 and 297. The total ion
chromatogram for the residues in standard, on 12th-
hour photocatalytic water LCMS/MS spectra were
shown in Fig. 13.

Fig. 13. LCMS/MS of bispyribac sodium in 12th-hour
sample

4. Conclusions

In the present study, Cu-Zn-TiO, NPC was
synthesized through a sol-gel process and
characterization has been carried out by using XRD,
Uv-DRS, FT-IR, FE-SEM, EDS and HR-TEM. It was
found from the data that doping of TiO, with Cu-Zn
reduces the size of the particle, decrease in crystallite
size and band gap, which ultimately leads to the
efficiency of photocatalytic activity.

Photocatalytic studies of bispyribac sodium at
various conditions such as acidic, basic and neutral
reveals that the activity is enormously increased with
co-doped TiO; as the time frame is fixed for a
stipulated number of hours. It can, therefore, be
claimed that the newly synthesized co-doped TiO» is
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proven to be effective for bispyribac sodium
photocatalysis. The decontamination effect of Cu-Zn-
TiO, NPC under laboratory conditions in water
indicated that lower pH is more favorable for faster
degradation under sunlight.
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