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slespiizal B Wil 2021 The present work deals with the synthesis of a novel quaternary photocatalyst
Published online: ZrCdPbO,, prepared by co-precipitation method in controlled conditions. The
22 April 2021 prepared material was characterized using XRD, IR, FESEM, EDX, UV-VIS and
XPS analysis to verify the crystalline nature, functional, morphological, chemical
© The Author(s), under  composition, band gap energy and oxidation states of elements. Generation of
exclusive licence to Springer hydroxyl radicals was confirmed by the quenching experiment. These radicals
Science+Business Media, LLC, were further used for degradation of some organic pollutants [Toluidine Blue (TB),
part of Springer Nature 2021 Brilliant Green (BG) and Crystal Violet (CV)] and maximum degradation condi-
tions like pH, concentration of dye, amount of photocatalyst and intensity of light
were extracted by kinetic study. The maximum degradation rate was observed for
CV =108 x 107*(s™"), for TB = 8.62 x 10~*(s™") and for BG = 5.37 x 10~* (s ).

1 Introduction

Abbreviations
AQOP Advanced oxidation process The environment is polluted by numerous human
HPGA  Hierarchical porous graphene aerogels activities. It is the need of the hour to protect the
BPA Bisphenol A environment and proceed towards sustainable
EDX Energy dispersive X-ray spectroscopy development. Wang et al. [1] reviewed various pro-
FESEM Field-emission scanning electron cesses for removal of multi-air-pollutants. One
microscopy amongst the natural resources, which is getting pol-
IR Infrared spectroscopy luted drastically, is water. Effluents from different
XPS X-ray photoelectron spectroscopy sources like dying, printing, colouring industries,
TB Toluidine Blue domestic wastewater, etc. have been continuously
BG Brilliant Green polluting it. Water pollution is one of the burning
cv Crystal Violet issues and it has drawn the attention of researchers
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from all over the world. Different type of pollutants
like phenolic compounds, chlorophenols and other
organic compounds have been degraded by different
methods like biological methods [2-5], oxidation
processes [6, 7], ozonation [8], radiation-induced
methods, [9] etc. and these methods were used for
degradation of water pollutants and several pesti-
cides like alachlor, chlorfenvinphos, diuron, etc.
Removal of carcinogenic gases like polyethylene,
methanol steam reforming, NO,, tetrachloroethylene,
hydrogen sulfide, gaseous formaldehyde, gaseous
acetone, toluene and p-xylene was carried out by
advanced oxidation processes (AOP) [10-16]. Several
photocatalysts are nowadays used for removal of
pollutants from water sources. The effect of TiO, on
de-aromatization of p-toluene sulfonate was studied
and the results were obtained in a time span of two
hours [17].

Heterogeneous photocatalysis is an emerging
technology for treatment of wastewater. The com-
parative study of photolytic and photocatalytic
degradation of Fluvastatin (a material commonly
used in cholesterol lowering drug) in presence of
ZnIn,S, was carried out and the rate of reaction
showed its removal upto 71.07% by photolysis and
99.79% by photocatalysis [18]. Other photocatalysts
like R-WO3;/TNTs composite, ZnO and TiO, [19, 20]
were used for degradation and for other purposes.
Co-catalysts play an important role in increasing the
production of electron-hole pair at any photocata-
lyst’s surface and their stability is also enhanced. A
novel 2D material TizC,T, (T, =-OH, -O) and
BiOCl/TizC,T, (named as BT-n, n =0, 0.5, 1.0, 2.0,
4.0) composite materials, as co-catalysts, were syn-
thesized by electrostatic self-assembly and used fur-
ther for degradation of p-nitrophenol [21]. Magnetic
3D-TiO,@HPGA nanocomposites were synthesized
and tested for degradation of aquatic harmful pollu-
tants like Cr(VI) and bisphenol A (BPA) [22]. Cipro-
floxacin (a chemical drug) was degraded in water, by
a modified photocatalyst laponite clay-based Fe
nanocomposite (Fe-Lap-RD) [23]. Ternary oxide
photocatalysts give excellent results of degradation
like MoQO3/Fe,O5/rGO, La,CuO,/CeO,/rGO and
rGO/Fe;04/Zn0O for degradation of Methylene Blue,
Reactive Blue 160 and Methylene-Violet [24-27].

Several studies reveal that quaternary photocat-
alytic systems are more effective than binary and
ternary photocatalytic systems. Photocatalytic
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activity is more improved with quaternary systems
like LaNiSbWO,-G-PANI, Cu,BaSnS,, tetrahedral
CuZnInSe; nanocrystals, GdCoSnO3, Cup,ZnSnS,, etc.
[28-32].

Present investigations reveal enhanced perfor-
mance of prepared nanosized quaternary photocata-
lyst ZrCdPbO, in removal of organic pollutants
because of the following benefits over other
processes:

e Use of lesser amount of photocatalyst and its
reusability.

e Shorter time span required for completion of the
reaction.

e Complete degradation of the pollutants.

e Use of natural renewable resource of energy that
is solar energy.

e DPurification of the polluted natural resource that is
water.

Different characterization techniques for analysis
of the photocatalyst were used and comparative
studies of the degradation process were carried out.

2 Materials and methods
2.1 Synthesis of photocatalyst

A novel photocatalyst ZrCdPbO4 was prepared by
co-precipitation method, from precursors (0.1 molar
solutions of lead nitrate, cadmium nitrate and zir-
conyl nitrate each). The pH of the solution was
reported 5.0 at 26 °C. The mixture was stirred con-
tinuously on a magnetic stirrer for 2 h. Pre-stan-
dardized base solution was added to the mixture
with continuous stirring to obtain the precipitate. The
complete precipitate was obtained at pH 10.5 and
then it was allowed to settle. The obtained precipitate
was filtered and washed. The supernatant liquid was
checked for further precipitation. Obtained precipi-
tate was exposed to microwave irradiation till com-
plete liberation of various gases like NO,, N, etc. The
resulting powder was then dried in the oven and was
kept in the furnace for 5 h at 500 °C for calcination.
Off white crystalline powder of photocatalyst
ZrCdPbO, was obtained (6.37 g). It was then char-
acterized by EDX, XRD, IR, FESEM, UV-VIS and XPS
spectroscopic analytical techniques.
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2.2 Preparation of dye solutions

Stock solutions (1 x 10~ ° mol/L) of each dye
[Toluidine Blue (TB), Brilliant Green (BG) and Crystal
Violet (CV)] were prepared. These solutions were
used as stock solutions and were diluted further to
obtain the desired concentration.

2.3 Photocatalytic study

Stock solutions of dyes were diluted by distilled
water to obtain the required concentration. 50 mL of
the solution of each dye was taken in a beaker and
pH of each solution was adjusted by pre-standard-
ized NaOH and HCl. pH was recorded by pH meter
(Hena pen type). The required amount of photocat-
alyst was added to each solution and they were
exposed to a light source (200 W tungsten lamp). The
changes in optical density were measured spec-
trophotometrically (CHINO) at different time inter-
vals. A water filter was used to cut off thermal side
reactions. Absorbance was recorded for TB, BG and
CV at 2, =590 nm, 576 nm and 625 nm,
respectively.

2.4 Effect of pH

pH is the major factor affecting the degradation of
dyes. pH of the dye solutions was varied with
keeping all other factors constant and the compara-
tive observation data are summarized in Table 1 for
all the three dyes. The highest rate of degradation
was obtained at pH 8.0 for TB, at 8.5 for BG and at 9.5
for CV.

2.5 Effect of loading dose of photocatalyst

Dose of photocatalyst is one of the factors affecting
the rate of degradation. It was varied from 0.06 to
0.18 g for BG, from 0.08 to 0.20 g for TB and from 0.04
to 0.22 g for CV, while other factors were kept con-
stant. The comparative results are summarized in
Table 2.

2.6 Effect of concentration of dye

Concentration of all the three dyes was varied with
keeping all other factors constant. The comparative
data are recorded in Table 3. Depending upon
absorbance, different concentrations of all the three
dyes were considered to carry out the study.
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Table 1 Effect of pH on degradation rate

pH Rate constant x 10* (s7")
BG B (6\Y%

5.5 2.00 0.51 1.56
6.0 2.46 3.99 3.36
6.5 2.90 431 3.44
7.0 3.35 5.32 3.73
7.5 3.12 7.31 4.50
8.0 4.02 8.62 4.50
8.5 5.37 6.63 8.04
9.0 447 6.63 8.47
9.5 3.58 5.32 10.87
10.0 2.76 4.08 10.44

bold values are represents highest rate constant values

2.7 Effect of light intensity

Light intensity is one of the factors affecting the
degradation rate. The intensity of light was varied
with keeping all other factors constant. Table 4 con-
sists of the data which compares the rate of degra-
dation for three dyes.

3 Results and discussion
3.1 Characterization

The prepared photocatalyst was characterized by
different techniques. X-ray analysis was carried out
in a diffraction spectrometer (Fig. 1a, model Rigaku
Ultima 4, step size 0.02, scan speed 4°/s, voltage
40 kV and current 40 mA using Cu K, 0.154 nm).

Table 2 Effect of amount of photocatalyst on degradation rate

Amount of photocatalyst (g) Rate constant x 10* (s71)

BG TB CvV
0.06 2.34 2.87 222
0.08 2.67 4.83 2.61
0.10 3.69 6.46 6.07
0.12 4.35 8.06 6.67
0.14 5.37 8.62 6.14
0.16 3.34 8.06 8.86
0.18 3.01 7.53 10.87
0.20 2.86 7.53 9.21
0.22 2.54 6.58 9.00

bold values are represents highest rate constant values
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Table 3 Effect of

s 4 —1
concentrations (mol/L) of dyes ~ [BG] x 10" Mk x 107 (s)

[TB] x 10°M &k x 10* (s™") [CV] x 10*M k x 10* 1)

on degradation rate

0.2 3.82
0.4 4.61
0.6 5.37
0.8 4.61
1.0 4.22
1.2 3.82
1.4 3.82
1.6 2.32

1.40 7.05 42 43
1.50 7.84 44 6.4
2.00 8.62 4.6 7.37
2.50 7.05 4.8 10.87
3.00 7.05 5.0 7.25
3.50 5.48 52 6.87
4.00 4.23 5.4 6.15
4.20 2.82 5.6 5.6

bold values are represents highest rate constant values

Table 4 Effect of light intensity on degradation rate

Light intensity (mW/em?) Rate Constant x 10* (s71)

BG TB CcvV
7.0 241 2.85 3.92
14.0 2.92 431 5.06
40.0 341 7.16 5.94
67.0 4.37 7.91 9.42
74.0 5.37 8.62 10.87

bold values are represents highest rate constant values

ZrO,, on calcinations, exists in the monoclinic phase
at temperature 500 °C and at pH 10.5 [33]. The
characteristic peaks of ZrO, were found at
20 = 30.427° (111), 38.53° (200), 50.59° (220), 60.2°
(311) and showed resemblance to the JCPDS (joint
committee of powder diffraction standards, CAS
Number 27-0997) [34]. Peaks of CdO were observed
at 20 = 34.83, 38.9°, 56.78°, 66.106° and 71.72°, having
relations to (111), (200), (220), (311) and (222) planes
and showed resemblance to the JCPDS (File No. 75-
0594) [35, 36] and PbO at 20 = 32.33°, 33.22°, 57.49,
69.45° and 82.18° having relations to (101), (200),
(211), (220) and (310) planes [37-39]. PbO, in pre-
pared nanomaterial, exists in orthorhombic § form as
it was calcined at 500 °C [40, 41]. Average crystal size
of the prepared catalyst was found to be 21.59 & 6.15
nm which was determined using the Debye-Scher-
rer’s formula. The data are given in Table 5.

K
~ fBcos@’

where D is the average crystallite size, 4 is the X-ray
wavelength (0.15406 nm). f is the width of the X-ray
peak on the 20 axis, full width at half maximum value
(FWHM) in radians. 0 is the Bragg angle, and K is
the Scherrer constant (0.9).

The IR spectroscopic analysis was carried out by an
infrared spectrometer (model Alpha Bruker Optik
GmbH Opus) and the results obtained are given in
Fig. 1b. The study suggests crystalline nano-powder
nature of the prepared solid. The IR analysis shows
the peaks at 3855 cm ™, 3739 cm ™, 3606 cm ™' (O-H
bending and stretching vibrations), 3454 cm ™},
2780 em™', 1426 em™', 919.72 cm™!, 696 cm™' and
650 cm™! (CdO stretching and bending vibrations)
[42, 43], 2989 cm™!, 2391 cm™!, 2311 cm
1787 cm™', 1638 cm™', 1515 cm™', 1235 cm™' and
1132 cm™! (PbO stretching and bending vibrations)
[44, 45] and 2884 cm ™', 1910 cm ™', 1857 cm ™' and
854 cm ™' (ZrO, stretching and bending vibrations)
[46, 47]. A shift in peaks was observed and all peaks
were sharp, indicating the presence of strong
stretching vibrations and denying the presence of
impurities.

The morphology of nanoparticles was examined
using a field-emission scanning electron microscope
(FESEM) with an accelerating voltage of 5 kV
equipped with EDX (Model Hitachi PU8010). The
FESEM images of ZrCdPbOgare shown in Fig. 1c, d.
The presence of elements in homogeneous cluster
form and arranged in an organized manner is
observed. The average particle size calculated is
21.59 + 6.15 nm.

Energy dispersive X-ray spectroscopic analysis
(EDX) graph is given in Fig. le and reveals the
presence of four elements Zr, Cd, Pb and O. The
analysis suggests the presence of elements in pre-
pared material in ratio 1.0:1.2:1.2:4.5 for Zr:Cd:Pb:O,
respectively.

UV-VIS-NIR study was carried out (model lambda
750 Perkin Elmer) for the prepared compound
ZrCdPbOy. The peaks obtained in the UV-VIS-NIR
spectrum are at 229 nm. Figure 1f shows the
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«Fig. 1 Analytical techniques for characterization of ZrCdPbO,,
a XRD spectra, b IR spectra, ¢, d FESEM images, e EDX spectra,
f UV-VIS absorption spectra, g band gap determination plot

Table 5 Data for calculation of crystal size

Angle (20) FWHM Crystal size Average crystal size
30.4272 0.3798 22.1829 21.59 £ 6.15 nm
32.7234 0.3024 25.2068

33.2249 0.2091 36.3947

34.9785 0.3213 23.5824

38.5378 0.2830 26.4925

50.5968 0.4132 17.3823

55.4969 0.2813 24.9909

57.2584 0.4314 16.1786

60.0698 0.4519 15.2167

66.1063 0.3053 21.8100

69.4566 0.2861 22.8178

71.2285 0.5054 12.7787

82.1838 0.3370 17.7616

absorption spectra. Band gap of ZrCdPbO4 was
determined by Tauc relation [48]:

ahv = A(hv — Eg)",

where o is absorption coefficient, E is optical band
gap, A is constant, /v is photon energy and n = 1/2
for direct transitions.

A graph (Fig. 1g) is plotted between hv and (ahv)>.
The extrapolation of straight line to (ahv)* = 0 gives
the value of optical band gap of prepared photocat-
alyst. Band gap energy is calculated using the wave
energy formula [49]:

Eg = ? (eV),
where h is the Planck’s constant, c is the velocity of
light and 1 is the wavelength of the sample.

Band gap energy of the prepared photocatalyst was
found to be 5.0 eV [50, 51]. Calculation from meth-
ods, Tauc relation and wave energy formula, gave the
same values of the band gap.

XPS analysis is employed for the estimation of
electronic and chemical states of prepared material.
The analysis is carried out on an instrument model
SOFH PHI versa probe III. A monochromatic X-ray
source Al K, (1486.6 eV) is used with FAT mode with
power of 24.65 W and sputter ion Ar". The source
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analyzer angle is 45.0°, deconvolution pass energy is
6.50 eV with energy step 20 meV. The whole data
were analyzed on software version S52.7.1.22. The
result shown in Fig. 2 represents the full XPS spec-
trum of prepared material and confirms the presence
of relevant elements. The peaks observed for Cd4d,
Pb4f, Zr3d, Cls, Zr3p, Cd3d, Pb4d, Ols, Cd3p, Pb4p
reveal the presence of Zr, Cd, Pb and O. Observation
data are summarized in Table 6 showing relative core
level splitting and their binding energy.

The peaks were observed for the core level spec-
trum (Fig. 3a) of Zr3d components of spin-orbit
splitting (3ds,» and 3d;,,) with binding energy at
179.3 eV and 181.55 eV. Difference of energy between
two peaks is 2.25 eV which favors the presence of
Zr** [52]. Tt is observed that Zr3d peaks are shifted to
the lower binding energy side as compared to the
pure Zr3d peaks with the binding energy range of
182.1 to 182.8 eV [53]. A core level spectrum of Cd 3d
is shown in Fig. 3b with spin-orbit components 3ds,,
and 3d3,, at 402.15 eV and 408.9 eV. These binding
energies are observed in lower range from the stan-
dard value of pure CdO nanocrystal which exists at
405.0 and 411.7 eV [54]. This shifting occurs due to
the chemical environment of other metal ions. Energy
difference between two splitting is 6.75 eV which
confirms the presence of Cd?* [55, 56]. Pb 4f doublet
peaks are correlated to spin-orbit splitting of 4f;,,
and 4f5,, which are observed at 135.05 and 140.1 eV
and core level spectrum is shown in Fig. 3c. The
value of 4f;,, is much closer to the standard value
which represents bonding of Pb** [57, 58]. The
energy separation between 4f doublet peaks is found
5.05 eV which is due to Pb-O, suggesting that Pb**
was bonded with the oxygen group [59, 60].

Figure 3d and e represent Ols spectrum and
deconvolution form of Ols into three peaks. It is
evident that the peak at 529.7 eV is related to the
oxygen anions O°~ bonded to metal cations [61].
Three metal cations, in the prepared material, are
bonded with oxygen. Thus, in 1s spectrum of oxygen,
three peaks are observed at 528.2, 582.4 and 528.7 eV,
which are of equal intensity and which have less
energy difference. These peaks correspond to Zr-O,,
Cd-O and Pb-O bonds. The binding energy for Pb(II)
is found in the range 527.8-529.5 eV in complexes
having activated carbon [62]. Lower binding energy
correlates to the presence of O* and justifies the
presence of Cd-O bond [63]. The binding energy
peak of 1 s for oxygen and 1 s for carbon in Zirconia
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Fig. 2 XPS spectrum of

prepared material
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Binding energy (eV)

Table 6 Observation data of

XPS spectrum for prepared Elements Spin-orbit components Observed binding energy (eV) Energy difference (eV)
material Zr 3ds) 179.3 2.5
3dsp 181.55
Cd 3dsp, 402.15 6.75
3d;p 408.9
Pb 4f,, 135.05 5.05
4fs) 140.1
0] Is 528.2-528.7

is located at 528.23 eV and 284.64 eV, respectively
[64].

3.2 A typical run

A plot between time and 1 + log OD for all the three
dyes was drawn and is given in Fig. 4. It was found
to be a straight line suggesting that the reaction fol-
lows pseudo first order kinetics in case of all the three
dyes. A comparative study shows that CV is degra-
ded faster than other BG and TB. Effects of various
operational parameters on degradation rate were
studied. Rate constant for degradation was calculated
as follows:

@ Springer

k =2.303 x slope.

The maximum degradation rate obtained, at cer-
tain values of parameters (Table?7), is for
CV =108 x 10~ * (s7"), for TB =862 x 10~ * (s
and for BG =5.37 x 10~ * (s71).

Percentage of dye degradation was evaluated for
all three dyes on optimum conditions of parameters
by equation:

A

Degradation efficiency (DE) (%) = AO;

1
Ao x 100,

where Ay and A, are the absorbance at initial time and
at time ¢, respectively.
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Fig. 4 Typical runs for all three dyes

Photocatalytic degradation efficiency calculated for
CV is 88.88% in 32 min, for TB is 78.91% in 30 min
and for BG is 74.78% in 40 min.

3.3 Effect of pH

pH is the major factor affecting the degradation of
dyes. It was observed that with change in pH, the
initial optical density of the solution changes, which
can also be observed in multi line graphs, suggesting
the pH sensitive nature of dyes. Comparative results
are reported in Fig. 5a—c for all the three dyes. Rate of
degradation increases with increase in pH of the
solution. It may be explained on the basis that as pH
rises, concentration of OH™ ions increases. Electrons
from these ions are abstracted by the holes, which are
generated at the surface of photocatalyst by absor-
bance of photons, converting these ions into hydroxyl
radicals ‘OH. These hydroxyl radicals are responsible

J Mater Sci: Mater Electron (2021) 32:12424-12438

for degradation of the dye molecules which is also
confirmed by scavenger study. After attaining max-
ima, rate of reaction decreases with increase in con-
centration of OH ions as the generated OH-free
radicals, with increase in their concentration, now
experience repulsion amongst themselves and with
cationic surface of dyes. Thus, the rate of degradation
decreases.

3.4 Effect of loading dose of photocatalyst

Dose of photocatalyst is one of the factors affecting
the rate of degradation. The effects of dose of pho-
tocatalyst are graphically represented in Fig. 6a—c.
The effect can be attributed to the fact that with
increase in amount of photocatalyst, surface area of
photocatalyst increases, thus a greater number of
hole-electron pairs are generated at its surface by
absorbing photons of light. This produces more ‘OH-
free radicals and rate of degradation is enhanced.
Further increase in the amount of photocatalyst
generates a greater number of hole-electron pairs,
making the place crowded and forcing recombination
of them. Thus, reduction in degradation rate is
observed.

3.5 Effect of concentration of dye

Concentration of pollutants is a factor to be consid-
ered for treatment of wastewater. Figure 7a—c shows
the effect of various concentrations on degradation
rate. It was observed that the rate of degradation
increases with increase in concentration of dye. It is
since more dye molecules are available to absorb
photons from light and get excited. These molecules,
on reaction with OH-free radicals, break down into
fragments and thus, rate of degradation increases.
Further with increase in concentration of dye mole-
cules, they themselves start acting as a filter to the

Table 7 Maximum
degradation conditions for all

three dyes

Factors | BG TB Cv

Rate of degradation (s~')— 537 x 10* 8.62 x 10* 10.8 x 10*
pH 8.5 8.0 9.5

Dose of photocatalyst (g) 0.14 0.14 0.18
Concentration of dye 0.6 x 10° 2.0 x 10° 4.8 x 10*
(mol/L)

Light intensity (mW/cm?) 74.0 74.0 74.0
Degradation efficiency (%) 74.78 78.91 88.88
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Fig. 5 Effect of variation of
pH for a BG, b TB and ¢ CV

incident light and do not permit desired wavelength
to reach the surface of photocatalyst particles. Thus,
decrease in rate of degradation is observed.

3.6 Effect of light intensity

Light intensity is one of the factors affecting the
degradation rate. Figure 8a—c consists of the data of
effect of light intensity. It was observed in all the
three cases that with increase in light intensity, rate of
degradation increases because more photons are
available to strike onto the photocatalyst crystals
surface and dye molecules. Thus, a greater number of
dye molecules get excited and get degraded. Further
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higher light intensities were not considered due to
occurrence of some thermal side reactions.

3.7 Scavenger study

Scavenger study, in presence of light and photocata-
lyst for all three dyes, was carried for interpretation
of the degradation mechanism. Different scavengers
were used to rule out the species taking part in
degradation. The data are graphically reported in
Fig. 9. It is evident from the data that addition of
isopropyl alcohol (hydroxyl radical scavenger) ceases
the reaction efficiently (up to 90%), as compared to
other scavengers, confirming the role of OH-free
radicals as active oxidizing species in the reaction.
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Fig. 6 Effect of dose of
photocatalyst for a BG, b TB
and ¢ CV

3.8 A comparative analysis

Effect of various factors on degradation of all the
three dyes was studied and it was observed that
degradation rate is higher for CV in comparison to
BG and TB. This is explained on the basis of chemical
structures, bond strength and effect of ring strain in
dye molecules. Figure 10 contains the chemical
structure of TB, BG and CV. TB is more stable be-
cause its azo groups are stabilized by resonance.
Therefore, breaking bonds in TB requires more
energy and degradation of TB takes longer time. On
the other hand, the structure of CV has ring strain,
which is distributed in aryl groups, thus breaking
bonds in it becomes easier. BG is a bulky molecule as
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1+log 0.D.

Time (min.)
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compared to the other two and degradation of it
requires greater time. Thus, the order of degradation
is ruled out as: CV > TB > BG with rate constant
108 x 107 % > 862 x 107 * > 537 x 10~ * (s7),
respectively.

3.9 Mechanism

A tentative mechanism is proposed for all the three dyes.

(1)
Dye” + v — Dye' (Singlet excited state)

Dyells—(;Dye3 (Triplet excited state)



] Mater Sci: Mater Electron (2021) 32:12424-12438

Fig. 7 Effect of
concentrations (mol/L) of
aBG, b TB and ¢ CV

2

ZrCdPbOy — [e” (CB) + 1" (VB)]

(electron-hole pair generated)

h* + ~OH — 'OH (Oxidation)

H,O+h"™ — H" + OH

(Hole at photocatalyst surface is quenched)
3)

"OH + Dye® — Leuco Dye
(Break down of conjugation)
Leuco Dye — CO,, H,O, NO,
(Oxidized Products)
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1+log 0.D.

o 10 20 30 40 50

Time (min.)
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1+log 0.D.
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Time (min.)
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4x10-5

4.5x10-5 5%10-5

1+log 0.D.
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——4.2x10-4 —m—4.4x10-4 —a&—4.6%x10-4 ——4.8x10-4

—#—5.0x10-4 —®—5.2x10-4 —+—5.4x10-4 —5.6x10-4

where hv is light photon and ISC is inter system
crossing.

Mechanism shows that electron-hole pairs, gener-
ated at the photocatalyst surface, participate in redox
reactions. The scavenger study suggests formation of
‘OH-free radical which is generated by abstraction of
an electron from OH™ ions. Hydroxyl-free radicals
oxidize the organic dye. A chain reaction starts by
breakdown of conjugation resulting in complete
mineralization of dye molecules. The by-products of
the reaction are NO,, CO,, H,0O, etc.
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Fig. 9 Effect of various scavengers on the degradation of dyes
(concentration of BQ, EDTA, KI, IPA = 1 mol/L)
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4 Conclusions

The quaternary photocatalyst ZrCdPbO, was syn-
thesized and was characterized by different analyti-
cal techniques that are XRD, IR, FESEM, EDX, UV-
VIS and XPS analysis. This photocatalyst was further
used for mineralization of dyes Crystal Violet, Bril-
liant Green and Toluidine Blue. A comparative study
was also carried out which showed that the photo-
catalyst works more effectively over CV than the
other two. The photocatalytic mineralization is found
to be a superior process over others in the following
manner:

e Use of solar light makes the process inexpensive
as far as energy usage is concerned.

e Photocatalyst is prepared by a simple precipita-
tion method and does not add any pollutant to the
environment.

¢ Reusability of the photocatalyst makes the process
economic one.

e The technique removes pollutants from water
completely, purifying it. Although treated water
cannot be used for drinking purpose but may be
used for irrigation, washing, cleaning, cooling and
other purposes.

e The process does not add any pollutant or
degraded product to the environment thus pro-
tecting it from further pollution.

e Minute amount of photocatalyst can purify the
water at large scale.

e Separation of photocatalyst from the source can be
done by simple filtration as the phase is
heterogeneous.

e Regeneration of photocatalyst can be done by a
simple chemical process and calcination.

Thus, in current scenario, the process sounds to be
easier, superior and most beneficial one to the society
over other processes.
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Fig. 10 Chemical structure of
dyes a Toluidine Blue,

b Brilliant Green, ¢ Crystal
Violet
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