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For environmental remediation, a novel SrTiO3/Ag20 heterostructure embedded in N-doped carbon (NDC)
nanocomposite has been fabricated by the polymeric precursor method. The prepared SrTiO3/Ag>O-NDC
nanocomposite has been used as a photocatalyst in dichlorodiphenyltrichloroethane (DDT) degradation re-
actions. The results showed that the tuned bandgap increased the photocatalyst’s catalytic efficiency, and about
94.2% of the DDT degraded within 180 min. The role of the photo-generated spices was also determined using

radical scavenging experiments and ESR spectra. The results showed that h* and OH'~ play prominent roles in
DDT degradation under visible light. The intermediate and the degradation mechanism were determined using
GC-MS and DFT calculations. The reusability and excellent catalytic efficiency of the SrTiO3/Ag20-NDC pho-
tocatalyst show its strengths in breaking down of organic pollutants.

1. Introduction

The use of organochlorine pesticides such as dichlorodiphenyltri-
chloroethane (DDT) for insect control in crops, gardens, and household
is due to their long-lasting effectiveness and low cost. Its highly toxic,
resistant to degradation, and a tendency to bio-accumulate, diminishing
its benefits. In addition, studies show a range of human health effects
related to DDT, including breast cancers, male infertility, miscarriages,
and damage to the nervous system and liver [1]. Therefore, it is
imperative to develop effective techniques to remediate DDT-
contaminated soil and water. Advanced photocatalytic degradation
has been used extensively to remove organic pollutants from contami-
nated water [2-3]. Therefore, producing the efficient photocatalysts at a
low cost, excellent catalytic efficiency, and stability under visible light is
essential. SrTiO3 photocatalyst has a wild bandgap of ~ 3.2 eV, which
requires high-energy UV radiation and consumes around less than 10%
of solar energy. The bandgap of the photocatalyst can be tuned by
employing elemental doping or combining two semiconductors and
developing more efficient nanocomposites for visible-light-driven
photo-catalysis [4]. Ag20 is a typical p-semiconductor with a bandgap
of ~ 1.2 eV, has been used as an efficient photocatalyst in wastewater
treatment due to its excellent absorption capacity in visible light [5].
Ag>0/PbBiO,Br heterostrucrures were reported as the efficient photo-
catalysts for dye degradation reactions under visible-light irradiation
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[6]. The development of an efficient photocatalyst for the photo-
degradation of organic pollutants should absorb the full range of sun-
light and charge separation. In addition, according to the previous study,
it was found that the adsorption of the organic pollutants over the cat-
alytic system increases the catalytic efficiency, and N-doped graphitic
carbon is suitable for the adsorption of the DDT and charge transfer in
the catalytic system. Present study focuses on the synthesis of SrTiO3/
Ago0 heterostructure embedded in N-doped carbon as an efficient
photocatalyst in the degradation of DDT for environmental remediation.

2. Synthesis of the photocatalysts

To produce the SrTiO3/Ag20-NDC, 3 gm of urea—formaldehyde pre-
polymer was dissolved in THF and mixed with 5.68 g (0.20 mol) of ti-
tanium isopropoxide. Then 4.23 g (0.20 mol) of strontium nitrate and
0.339 g (0.020 mol) of AgNO3 were added dropwise. The mixture was
heated at 75 °C for 3 h to make the brown color polymer metals complex.
The obtained complex was re-precipitated with methanol and washed
with water. The resulting product was then transferred to a Teflon-lined
stainless-steel autoclave and heated to 150 °C for 24 h. The resulting
product was washed several times with deionized water and further
calcined at 800 °C for 8 h under helium flow. Finally, the SrTiO3/Ag,0-
NDC nanocomposites were washed with dil HNOg, deionized water, and
then dried in a vacuum oven. The molar proportion of Ag,O has been
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Fig. 1. (a) FTIR spectra (b) XRD spectra (c) DRS Spectra (e) N, adsorption desorption isotherm (e) TEM and (f) HRTEM of SrTiO3/Ag,O-NDC based nanocomposites.

changed with 5, 10 and 15 mol% to the SrTiO3 and labeled as SrTiO3/
Ag>0(5)-NDC, SrTiO3/Ag>0(10)-NDC, and SrTiO3/Ag,0(15)-NDC using
a similar procedure as discussed above.

3. Results and discussion
The synthetic route for the fabrication of SrTiO3/Ag>0-NDC is shown

in supporting Figure SF-1. FTIR spectra of the nanocomposites show
several bands and support the presence of pure SrTiOs, Age0

nanoparticles in the N-doped carbon matrix (Fig. 1a). The crystalline
nature and phase purity of SrTiOs, Ag,0 nanoparticles were confirmed
by XRD analysis. As shown in Fig. 1(b), several XRD peaks at 20 = 31.98,
39.09, 46.49, 54.64, 57.81, 67.86, and 77.17 assigned to (110), (111),
(200), (101), (211),(220) and (310) plane for perovskite SrTiOg
(JCPDS no. 79-0176), while, other peaks at 20 = 33.1°, 54.75° and
66.74° and assigned to (111), (220) and (01 3) planes of cubic phase of
Ago0 respectively (JCPDs Card No. 41-1104). Another broad peak
assigned (002) plane of graphite carbon. No peak related to any
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Fig. 2. (a) Wide XPS (b) Cls(c) Ag3d (e) Sr3d(e) Ti2p and (f) N1s of SrTiO3/Ag>0(10)-NDC nanocomposites.
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Fig. 3. (a) Effect of catalysts (b) photodegradation kinetics (c) reusability (d) effect of trapping agents (e) ESR spectral and (f) schematic band structure and charge-

transfer process during the degradation of DDT.

impurity or unreacted metal was observed.

The DRS data of the nanocomposite was recorded in the range of
200-800 nm and illustrated in Fig. 1(c). It was found that the peak
position was shifted towards the higher wavelength (red-shift) after the
doping of Ag20. The bandgap was calculated and found to be 2.84 eV,
which indicates that the bandgap energy is reduced after the doping of
Ag-0 nanoparticles in the case of SrTiO3/Ag20(10)-NDC, which helps to
improve the photocatalytic efficiency. Fig. 1(d) shows the porosity and
the surface area of the nanocomposite and determine using Ny adsorp-
tion and desorption. The BET surface area and pore size were found to be
142.12 m%/g 175.23 m?/g and 247.32 m?/g for SrTiO3/Ag,0(5)-NDC,
SrTiO3/Ag20(15)-NDC, and SrTiO3/Ag>0(10) -NDC. The morphology
of the nanocomposite was examined using SEM and TEM images. As
shown in Fig. 1(e), the TEM image shows the cubic structure of SrTiO3
nanoparticles with a size range of 20-30 nm, while the Ag,O nano-
particles were attached on the surface of SrTiOs with a size range of
10-25 nm. Both the nanoparticles were embedded into the carbon ma-
trix. The HRTEM image, as shown in Fig. 1(f), show similar results to
TEM, and both the nanoparticles were embedded into the NDC. HRTEM
image of the SrTiO3/Ag,0(10)-NDC shows the fringes with interpla-
nar spacings of 0.275 nm and 0.333 nm, is in good agreement with the
(110) of SrTiO3 and the (111) of Ag,0, respectively.

The elemental composition and the state of the metal ions were
determined using XPS, as shown in Fig. 2(a). Six XPS peaks were noticed
and support that SrTiO3/Ag>0(10)-NDC contains Sr, Ti, Ag, O, N, and C
elements. Fig. 2(b) shows a high-resolution spectrum of C 1s and dem-
onstrates that four peaks were observed at 287.6. 286.48, 285.24, and
284.53 eV corresponding to C—N, C—0, O—C—=0, and C—C/C=C,
respectively [7]. The Ag 2p XPS spectrum, as shown in Fig. 2(c),
deconvoluted into two peaks at 368.20 and 374.21 eV corresponding to
Ag 3ds/, and Ag 3ds/, which supports the presence of Agt as Ag,0,
which agrees with the XRD results. As shown in Fig. 2(d), the XPS peak
of Sr3d was fitted into two peaks at 132.64 and 134.22 eV, which were
assigned to Sr3ds, and Sr3ds/s, respectively. The deconvoluted Ti2p
spectrum (Fig. 2e) shows two peaks at 457.98 and 463.89 eV and is
assigned to Ti2ps,2 and Ti2p; 2, respectively. The N 1s spectrum consists
of 399.40 eV, 400.18 eV, and 402.36 eV assigned to pyridinic-N,

pyrrolic-N, and Oxidized-N, respectively. The O 1s spectrum shows
four peaks at 529.97, 531.4, 531.7, and 533.3 due to lattice oxygen in
SrTiOs, Ag20, C=0, and C—O, respectively shown in supporting figure
SF-2.

3.1. Photocatalytic assay

The catalytic activity of SrTiO3/Ag,O-NDC for the degradation of
DDT under visible light is illustrated in Fig. 3(a). It was noticed that no
degradation was observed without catalyst while in the presence of
SrTiO3/Ag20(10)-NDC, about to 94.2 % DDT degradation was found at
room temperature and neutral pH [8]. The degradation kinetics revealed
that the degradation was carried out using a first-order reaction, and the
rate constant was found to be 0.015 minfl, as shown in Fig. 3(b). The
reusability is an important parameter for large-scale application and the
catalyst so excellent reusability and after six cycles so 90.21 % degra-
dation of DDT as shown in Fig. 3(c).

To determine the role of the reactive species, the radical trapping
experiments were carried out in the presence of IPA, BQ, AgNOs, and AO
as a scavenger of ‘OH, ‘O3, e-, and h" respectively [9]. It was noticed that
no significant change was observed in the presence of BQ and AgNOs,
while in the presence of IPA and AO, the degradation of DDT was
decreased and found to be 47.23 and 48.29 %. These results revealed
that the ‘'OH and h' play a significant role in the DDT degradation under
visible light. In addition, the formation "'OH under the irradiation of light
was determined using DMPO supported ESR spectra and revealed that
no ESR signals were observed under dark. While after the irritation in
visible light 4 signals was observed and their intensity was increased
with increasing the irradiation time 10 min [10]. Photo-catalytic
degradation mechanism is given in supplementary information and
the formation of the intermediates are illustrated in supporting
Figure SF-3 and supported with reactive sites calculated with DFT
calculation. The proposed schematic band structure and charge-transfer
process of the SrTiO3/Ag>0(10)-NDC nanocomposite is displayed in
Fig. 3(f).
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4. Conclusion

In the present study, we have fabricated SrTiO3/Ag,O-NDC nano-
composite, it was noticed that Ag,O tuned the bandgap and increased
the adsorption of a wide range of solar energy, while the NDC adsorbed
the DDT and increased the charge transfer process. The Ag>0 also acts as
an electron trapping agent to decrease the charged electron and hole
recombination. The fabricated nanocomposites show excellent catalytic
activity and reusability for the degradation of DDT in contaminated
water.
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