31 B 4 T #L ik 2% 2 Eird Vol.31 No.4
2015 4F 4 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 649-658

M HEUBHRMRNEES R E AT R EEEER

WA E 2 xS MR paE &
(EFRAFEMAIAZFR L 556011)
CHERFREAFE RFR, KIS 432001)

CrBRFARLFR, @T  530004)

FE . LU TR SRR A (SDBS) A AR AR, SR AR IR 1A B2 R s 5 i T i 48 2 — S A 85 (S-SnO ) 94 K A3 44 B JF T XRD XPS |
SEM ,UV-Vis .FTIR &% HR-TEM %5 £ AR BRHEAT T 3RAE  F81F T S $84% SnO, QKB 11 RS 9 7T DL G AFPERE , 2047 T S
BN RN IHLEE  Z5 2R3 SR TR A S5 BT A% SnO, B S-SnO, 2K R B854 52 BE A8 4% | SDBS XA R i 32 1 45 14 B AT
— MR EAEAT . S 2 LL SV SVDEITE A SnO, FARTE IR Sn . S,0, iS5 K I A 2 A SnO, A 18] BT, Sn-0-S B Y 2511l
PRB A T 930~980 cm™ Z Il S KB AL SnO, 44 K F1 4k 2 11 I A 35 iR | D' 100 gk 77 0 A B9 355 PEAR U Sn0,<Sn0m<S-
Sn0,<S-SnOxspps, 2 h P, S-SnOe I i X B 50 500 17 R A 9 6 A1 AL 15 3K 95.29% , H T BRURZ: S-SnO,0ms M1 R AT T 22 10 2 5
FFEA SnO, M1 S A FI DA B 194 8003 B

REW ., B, ZHMAB,; FRHG W, TG, O 5
HESES: 064336 MERARIRAE . A MEHS . 1001-4861(2015)04-0649-10
DOI:10.11862/CJIC.2015.117

Sulfur Doped Tin Oxide Nanoparticles: Solid State Synthesis and Performance
for Visible-Light Driven Photocatalytic Degradation of Paraquat
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Abstract: Sulfur doped tin oxide (S-Sn0,) nanoparticles with high visible light-driven activity was synthesized by
a facile solid state synthesis approach at low temperature using sodium dodecyl benzene sulfonate (SDBS) as a
template. The samples were characterized by XRD, XPS, SEM, UV-Vis, HR-TEM, and FTIR. The doping
mechanism and photocatalytic degradation of paraquat under visible light irradiation were investigated. The
results show that the SDBS has a significant regulating effect on the surficial structure for both SnO, and S-Sn0,
prepared by solid state synthesis. The S element is successfully incorporated into the lattice of SnO, with S(IV) and
S(VD rather than embeds into the interstice of SnO, lattice. S-doping enhances the photocatalytic activity of SnO,
due to the presence of a large number of hydroxyls on the surface and S(V) in the lattice of SnO, benefiting the
light absorption and effective charge separation, and it follows an order of Sn0,<S-Sn0,<SnO,gny<S-SnOsspps)-
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0 Introduction

Paraquat (1,1’ -Dimethyl-4,4" -bipyridinium) is a
quick-acting and non-selective contact herbicide, and
it could kill green plant tissue on contact. It is highly
toxic to human beings and animals, potentially leading
(ARDS), and

there are no specific antidotes™. Tt is also reported that

to acute respiratory distress syndrome

paraquat may be considered as persistent organic
pollutants as it could persist in soil for a long time
(with a half-life up to 20 years) and accumulate in
various organisms through the food chain, which can
lead to various health problems to human beings,
including teratogenicity, carcinogenicity and mutageni-
city®l. Furthermore, paraquat could be rapidly adsorbed
and strongly bonded to clay and organic matter in the
soil, and it shows biologically inert and cannot be
taken up by plant roots or other organisms™. Thus, the
extensive use of paraquat leads to severe contamina-
tion of soil and groundwater, which may pose adverse
effects on the environmental ecosystem and human
health. Therefore, it is of practical importance to find
out an effective way to remove paraquat from polluted
waters.

Sn0,, usually comprised of tetragonal, hexagonal
and orthorhombic crystal systems, has been widely
used in gas sensor, semiconductor, spectralite and
transparency electrode because of its low resistivity
and high transmittance”. Sn0O, as a n-type semicond-
uctor with wide band gap (3.8 eV) is an excellent

photocatalyst®®.

However, due to its wide band gap,
SnO, photocatalysis could only utilize UV light with
A <330 nm, which is less than about 3% of the sunlight
spectrum, limiting its application by directly and fully
utilizing the solar energy. Hence, great efforts have
been made to enhance the visible light photocatalytic
activity of Sn0O,, such as doping with metal/nonmetal
elements to change the energy level and consequently
broadening light responsive range to visible light
region”",

Sulfur is a multivalent element, and different
doping technologies lead to different chemical states

of sulfur in the crystal lattice and subsequently to

314 Ag a facile,

exhibit different photocatalytic activities!
efficient and promising preparation method, solid-state
reaction has been extensively applied in synthesis of
high photocatalytic active nanomaterial. Herein, SnO,
and S-doped SnO; nanoparticles were synthesized by a
facile solid-state reaction approach at low temperature
using sodium dodecyl benzene sulfonate (SDBS) as a
template. Paraquat was chosen as the model pharma-
ceutical to evaluate the photocatalytic degradation
activity of the as-synthesized nanomaterial under
visible light irradiation. The relationships between the
photocatalytic performances and the S-doping mechan-
ism along with the structural characteristics of the
investigated  and

resultant  photocatalysts  were

discussed.
1 Experimental

1.1 Chemicals and materials

Tin(lV) chloride pentahydrate (SnCl,-5H,0), NaOH,
sodium  dodecyl sulfonate (C;sHxNaOsS,
SDBS), Na,S,05-5H,0, paraquat (C,Hi,CpN,) were of

analytical grade from Tianjin Kemiou Chemical

benzene

Reagent Co., Ltd. China. All compounds were used as
received without further purification.
1.2 Preparation of S-doped SnO,

In a typical process, NaOH, SnCl, -5H,0 and
NayS,0; - SH,0 with a molar ratio of ny.onn s, 510 *

Ny,.s,0,-51,0=4°0.9:0.1 and SDBS with a mass fraction of

9% of total weight were ground with a mortar for 30
min at 20 °C under the humidity of 75%. After stood
for 4 h, the white viscous mixtures were heated at 120
C for 2 h in an oven. After cooling to room
temperature, the mixtures were soaked in deionized
water for 6 h with stirring The obtained solid
specimen were washed with distilled water thoroughly
until free from Cl~ and SO/ and dried at 105 °C, and
then were finally heated to 600 “C in a muffle furnace
for 8 h with a heating rate of 2 °C *min™ to obtain faint
(S-SnO; spis)-

For comparison, white SnO,, white SnO,gpg and faint

yellow photocatalysts of S-doped SnO,

yellow S-SnO, were also synthesized using identical
condition in the absence of SDBS as well as Na,S,0;+
5H,0, Na,S,05-5H,0 and SDBS, separately.



<

%4

AP LSS AT BB 2R AL B K B Y [ A A B G T L e i T A 651

1.3 Structural and morphological

characterizations

The XRD patterns were recorded by X'Pert Pro
diffractometer using Cu Ko radiation (A=0.154 06 nm,
divergence slit fixed at 0.76 mm) at a scan speed of
0.02°-min™ from 5° to 80°, with a generator voltage of
40 kV, tube current of 40 mA, and a linear position
sensitive detector. The surface morphologies of the
synthesized photocatalysts were observed using a Field
Emission Scanning Electron Microscopy (JEOL, JSM-
6700F) with an accelerating voltage of 20 kV and a
resolution of 1 nm. High resolution transmission electron
microscopy (HRTEM) was observed with a JEOL-2100
200 kV. The FTIR

investigated with a Spectrum 65 infrared spectrometer

operated at spectra were
with a range of 4 000 ~400 c¢cm ™' and a spectral
resolution of 1 em™. UV-Vis spectra were recorded on
a Shimadzu UV-2550 spectrometer. The spectra were
collected at 200~700 nm referenced to BaSO,. XPS
was carried out on Thermo ESCALAB250 spectrometer
(1 486.6 eV) source
operated at 110 W. And the binding energies were

using monochromated Al Ka

referenced to the Cls line at 284.8 eV from adventi-
tious carbon. The surface photovoltaic properties were
performed on surface photovoltage spectrum (SPS)
apparatus assembled by micro-/nanomaterials testing
center of Hunan University. The surface photovoltage
cell with a sandwich configuration (ITO/Sample/ITO)
is shown in Fig.1. All tests were performed in indoor
environment, and the data were obtained as the raw

data.
Top illumination

\ hv ___—1TO electrode

Sample T~ - [ ) ]qck-in
1 —  amplifier
Filter paper

Fig.1 Setup of surface photovoltage cell configuration

1.4 Photocatalytic activity test

The photocatalytic — activity of  as-prepared
photocatalysts was evaluated by the photocatalytic
degradation of paraquat in water under visible light

irradiation. Photocatalytic degradation of paraquat by

the as-prepared photocatalysts was performed in a 50
mL photochemical reactor XPA-VI (Nanjing Xujiang
Elechtromechanical Factory, China). A 300 W metal
halogen lamp assisted with Toshiba B-47 optical filter
(A>410 nm, transmittance >90%) was used as a visible
light source. The reaction solution was kept at 25 C+
1 °C by the water continuously circulated in the jacket
surrounding the reactor and stirred with a magnetic
stirrer throughout the experiment. Prior to illumination,
a suspension of 20 mL 50 mg-L™" paraquat with 20
mg photocatalyst was stirred in the dark for 60 min to
achieve the adsorption-desorption equilibrium. A 5 mL
solution was taken at a given time interval and
centrifuged for 5 min. The concentration of paraquat
was determined by UV-Vis spectrophotometer at a
wavelength of 257 nm. After detection, the detection
solution was taken back into the quartz tube for next

use.

2 Results and discussion

2.1 Structural and morphological
characterization of photocatalysts
2.1.1  XRD analysis
The wide-angle XRD patterns of the photocatalysts
are displayed in Fig.2. All samples exhibit high
intensity characteristic  diffraction peaks of rutile
Sn0,, and no any other phases appear, suggesting
rutile SnO, is the main phase in these samples. The
peaks at 260 values of 26.5°, 33.9°, 37.9° and 52.0°
are attributed to the diffraction peaks of (110), (101),
(200) and (211) crystal planes of rutile SnO, (PDF No.
411445), respectively. From the XRD patterns, SDBS

shows an increase in intensity and a decrease in the

IS
<

10 20 30 40 50 60 70 80

Fig.2 XRD patterns of the samples
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Table 1 Data of crystallite size and crystal plane parameter for all samples

Crystal plane 26 / (°)

Sample Lattice distortion constant Crystallite size d(jjp / nm
(110) (101) (200) (211) (321)
Sn0O, 0318 2 4.7 26.5 34.1 38.0 51.9 78.7
SnOxens) 02132 7.0 26.4 339 37.7 52.1 78.0
S-Sn0, 0.264 5 5.6 26.6 338 38.2 51.9 78.0
S-SnOsprsy 0242 7 6.1 26.7 339 38.0 51.9 78.5

peak width of diffraction peak, implying an increase
in the crystallite size. Table 1 summarizes the crystallite
sizes of all samples. As shown, the average crystallite
sizes (d) of SnO,, SnOyspey, S-SnO, and S-SnOspes)
particles are 4.7, 7.0, 5.6, and 6.1 nm, respectively,
as calculated by Bragg’s and Scherrer’s equation (D=
0.89A/(Bcosh)) from the peak at 260=26.5°, suggesting
that the addition of SDBS is beneficial to the growth
of the SnO, particles and increases in crystallinity.
The diffraction peaks of (110) can be seen at 26.5°
and 26.6° for SnO, and S-Sn0,, respectively, implying
that S with smaller ionic radius incorporates into the
framework of SnO, by isomorphous substitution and
subsequently leading to lattice distortion, the decrease

of lattice distortion constant thus induces the increase

100 nm

100 nm

of crystallite size. Similarly, the diffraction peaks of
(110) can be observed at 26.4° and 26.7° for SnOygpps
and S-SnO,gpiy, respectively. This means that the
addition of SDBS not only induces S into the lattice of
Sn0,, but also could regulate the crystallite size and
interplanar spacing of SnO, by the guiding role of the
molecular structure of SDBS, inferring that these
samples may possess different photoelectric properties
which  could be
corroborated by the results displayed in the following

and photocatalytic  activities,

experiments.
2.1.2  SEM analysis

The SEM images of Sn0,, S-Sn0,, SnOygpes and
S-SnOysppsy are shown in Fig.3. The SnO, synthesized

by solid-state reaction route shows the formation of

100 nm

Fig.3 SEM images of samples
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irregular spherical particle with a diameter distribution
from 3.5~6.5 nm and an obvious agglomeration between
the particles. The particulate size of S-Sn0O, is 4~7.5
nm, confirming that the reducing in particles
agglomeration. It might be attributed to that Na,S,0; -
5H,0 hinders the diffusion and transmission of SnCl,-
5H,0 and NaOH. As expected, the particulate size
range of SnOygppsy and S-SnO,gppgy is 3.5~7.5 nm, and
3.0~8.0 nm, respectively, and the two samples show
more regular sphere-like particles with smoother
surfaces as compared to that of SDBS-free samples,
suggesting that the addition of SDBS remarkably
weakens the

agglomeration of particles as its

electrostatic effect and space location- obstruct effect.
The TEM images Of S'SnOZ(SDBS)

shown in Fig.4. Hollow micron-sized SnO, spheres

particles size are

with a diameter of ca. 0.5~1 pm can be found (Fig.
4a), and these spheres are comprised of 5 nm SnO,
nanoparticles  (Fig.4b), agreeing with the crystallite

size from the XRD data. The hollow micron-sized

SnO, spheres are templated by surfactant SDBS with
large hydrophilic group and long hydrophobic group,
which favor the formation of spherical micelles in
aqueous solutions by surfactant self-assembly, and
then Sn** cations interact with SDBS anions through
Coulomb forces at the interface of the spherical
micelles. Subsequently, the condensation of inorganic
precursors of SnCl, is improved owing to the confined
growth to form SnO, nanoparticles and aggregate
around the spherical micelles of SDBS. Finally, the
SDBS

calcination to form hollow micron-sized SnO, spheres

surfactant template can be removed by

and hollow spherical fragments (nanoparticles). The

corresponding  selected-area  electron  diffraction

(SAED) pattern
rings can be readily assigned to the polycrystalline

(Fig.4c) indicates that the diffraction

nature of SnO, phase. The corresponding high-
resolution TEM (HRTEM) image (Fig.4d) shows that
the interplanar distance of 0.33 nm is assigned to

(110) plane of SnO,, which means that S incorporates

Fig.4 TEM images of S-SnOgpps
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into the lattice of SnO, leading to the shrink of the
interplanar distance of SnO, compared with that of
pure SnO, crystal (with the interplanar distance of
(110) plane is 0.34 nm). The EDX elemental mapping
performed on a typical hollow sphere demonstrates
that the element content (atomic percentages, at%) of
S within the structure is ca. 3.4%, which also suggests
that a small amount of S is embedded into the lattice
of Sn0O,.
2.1.3 UV-Vis spectra

Fig.5 shows the UV-Vis spectra of Sn0,, S-Sn0,,
SnOsgppsy and  S-SnO,gpps. All - samples  exhibit an
identical absorption in the UV region of the spectra,
corresponding to the essential light absorption of SnO,
crystal as the electron transition of SnO, from the
valence band to the conduction band, and the UV-Vis
spectra of the S-free and S-doped samples are rather
similar. However, further observation reveals that the
shape, slope and intensity of spectral line for the two
samples are different. It may be one of evidences of
the doping of S to the lattice of SnO,. Compared with
SnQ,, the absorption edge of S-Sn0O, displays a red-
shift, and the corresponding band gap decrease from
3.03 to 2.93 €V extrapolated by band gap estimation
formula™. As expected, S-SnO,pps also shows red-
shift as compared to SnOygig, and the band gap is
3.14 and 3.17 €V, respectively. It can be inferred that
S-doping can improve the visible light absorption of
the as-prepared photocatalysts due to the embedding
of S into the SnO, lattice. Furthermore, the slower rate
of diffusion and mass transfer in the solid-state

reaction result in the crystal structure defects and

1.5F
3
& 1.0F
8
2
§ Snoz(sDBS)
Zosk— SnO,

S'Snoz(SDBS)
— S-Sn0,
1 1
200 300 400 500

Wavelength / nm

Fig.5 UV-Vis spectra of the samples

imperfections, leading to the reduction of crystallinity
and narrowing of the band gap of SnO,'*'"¥,
2.1.4 FTIR spectra

The FTIR spectra are shown in Fig.6. The
absorbing peaks in the range of 620~640 cm™ can be
assigned to the stretching vibration modes and bending
vibration of Sn-O bond in Sn0,**!. By comparing with
the SnO, and SnOyeppg, it can be found that the samples
of S-Sn0, and S-SnO,pig  exhibit absorbing peaks at
1 151 and 978 ecm™, and 1 130 and 931 cm™, respe-
ctively, which can be attributed to the asymmetrical
stretching vibration of O-S and bending vibration of
Sn-0-S in S-doped SnO,3?". Moreover, the broad
characteristic bands centered at 3 368, 3 185, 3 412
and 3 400 cm™ for SnO,, S-Sn0,, SnOygpps, and S-
SnOysppg, Tespectively, can be assigned to the stretch-
ing vibration mode of H-O. It can be inferred from the
difference of the peak position of H-O that the surficial
polarities of resultant photocatalysts are different as
the different degrees of association of H-O. The peaks
at 1 630 cm™ are attributable to the bending vibration
of H-O. Meanwhile, it is also found that the doping of
S changes the peak position of bending vibration of
H-O',

100} Al

80F SHOZ(SDBS)
. oor Sno,
= I
&
40 S'snOZ(SDBS)
ol : $-Sn0,

1 " 1 " 1 " 1L
1000 2000 3000 4 000
Wavenumber / cm™

Fig.6 FTIR spectra of the samples
2.1.5 XPS analysis

The chemical compositions and chemical states
of S-doped SnO, were characterized by XPS (Fig.7
and 8). The surface survey spectrum (Fig.7) shows the
presence of the Sndd, Snds, S2p, Ols, Cls, Sn3d and
Sn3p peaks in the samples. The presence of C peak is
hydrocarbon from XPS

instrument itself and the residual organic groups from

due to the adventitious
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the SDBS. The high-resolution XPS spectra of the Sn,
O and S elements are provided in Fig.8. For S-SnOspgs,
two peaks for the Sn3ds, and Sn3diy, observed at
485.1 and 494.7 eV, respectively, are both assigned to
Sn** in rutile phase of Sn0,”. The spectrum of S2p
shows a broad asymmetric curve at 168.0 eV, which
can be deconvoluted into two peaks with binding
energies at 167.6 eV for S(IV) and 169.5 eV for S(V)*,
respectively, with a SIV/S(VD molar ratio of 0.9. The
binding energy peaks for Ols observed at 529.2 and
531.0 eV are originated from Sn-O-Sn bond in SnO,
and the adsorbed oxygen, respectively. For S-SnO,,
the peaks of Sn3d shift slightly to lower binding
energies compared with that of S-SnOygpes. The peaks
positions of S2p are identical with S-SnO,spps. Compa-
ratively, SIV/S(V) molar ratio of S-Sn0, is 1.43, indi-
cating S(IV) is significantly more than S(VI), implying
that the addition of SDBS remarkably influences the
valence states of S, which means that these two
samples may possess different photocatalytic perfor-
Combined with the XRD

characteristic diffraction peaks of SnO, for pure SnO,

mance. results, the
and S-doped SnO, does not exhibit any shifts except a
change in the full width at half-maximum, implying no

variation in the lattice parameters but lattice distortion

appears as S(IV) and S(V) are embedded into the lattice
of Sn0, to form Sn;_S,0,%. Since S is doped as S(V)/
S(VD, the state of mixing 3p of S with 2p of O should
be clear, they should mainly contribute to the conduction
band in S-doped SnO,. That is, the S-O-Sn bond on
the nanomaterial surface must be presented in FTIR
spectra. Usually, if the S is doped as S*, such kind of
orbital mixing should occur, but not for the S doped
as SIV/S(VD oxidation state. These are consistent with
the results in Fig.3 and Fig.4. Therefore, the origin of
the slight extension of the visible light absorption after
S doping is undoubted. It might be due to the
nanoparticle size, defect effect, and mixing of p

orbitals of SIV)/S(V) with O*.

&
S
A
o
@n

$-Sn0,

S-SnO

2(SDBS)

0 200 400 600 800 1000
Binding energy / eV

Fig.7 Surface survey XPS spectra of S-doped SnO,

Ols S-SnO, Sn3d

2(SDBS)

S-SnO S2p

2(SDBS)
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$-Sn0, S2p $-8n0,
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495 500
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Fig.8 High-resolution XPS spectra of Ols, Sn3d and S2p for S-Sn0, and S-SnOygps
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2.2 Photocatalytic degradation of paraquat

The photocatalytic degradation of a typical
herbicide, paraquat under visible light irradiation is
shown in Fig.9. These samples show obviously different
adsorption capabilities towards paraquat (c,=50 mg-L™)
due to the different surface states, and the adsorption
equilibrium is achieved within 60 min for all samples.
No noticeable changes of paraquat concentration could
be observed within 120 min under visible light
irradiation without the addition of photocatalyst,
indicating that only photolysis could not efficiently
decompose the paraquat. As expected, the S-doped
Sn0, exhibits high photocatalytic activity, and it follows
of  Sn0,(6.5%)<S-Sn0,(33.3%)<SnOxsps
(74.8%)<S-SnOxpps) (95.2%), implying that S-SnOpps)

could produce more photogenerated charges and

an order

thereby possesses higher photocatalytic degradation
activity under visible-light irradiation, which could
degrade paraquat of 95% into the 4-carboxyl-1-

methylamine production® within 2 h.

Absorption |

Photodegradtion

cic,

02F—% SnOZ(SDBS)
S-SnO

2(SDBS)

1 1 1
0'00 20 40 60

80 100 120 140 160 180
t/ min
Fig.9 Photodegradation of paraquat under visible
light irradiation
2.3 Photoeletrochemical characterization
Fig.10 shows the surface photovoltaic spectra
(SPS) of samples with applied potential bias of +0.5 V.
samples, the surface

Among all investigated

photovoltage response of these nanopowder is
positively correlated to the UV absorption intensity
and range, that is, the surface photovoltage follows the
order of S-SnOxsppg (0.006 36 mV)>SnOxgppg (0.005 01
mV) > S-Sn0, (0.002 22 mV) > Sn0, (0.000 46 mV).
Comparatively, the surface photovoltage of S-SnO,pps)

is 13.8 times higher than that of SnO, under the same

condition, suggesting that S-doped SnO, have higher
efficiency to transport the photogenerated electrons
than SnQO,. From Fig.8, the surface photovoltage
response of the samples can also be observed at 420~
600 nm with a weak peak, attributing to the existence
of a large amount of surfaces states and Dember
effect. The surface state could change the configura-
tion of nanoparticle’s surface atoms, electron spin and
electronic transition. Based on EFISPS principle, the
surface state is sensitive towards the external electric
field, an external electric field enhances the transition
probability of surface state to generate surface photov-
oltage response signals in the long wavelength ™. The
stronger of the SPS signal is, the higher the efficiency
of photoinduced charge separation. This is consistent
with the results of visible-light degradation. Simultan-
eously, surface oxygen vacancies and defects enhance

the separation of photogenerated charges at the inter-

face, resulting in the higher photodegradation
efficiency of paraquat.
_SnOZ(SDBS)
0.006 $no,
—— $-Sn0O,

2(SDBS)

—— §-S10,

o
=]
=
b e
1

Intensity / mV

0.002 4

250 300 350 400 450 500 550 600
Wavelength / nm

Fig.10 Electrical field induced surface photovoltage
spectra in the samples

From the results above, it can be deduced that
the surficial states of photocatalyst have a significant
effect on the photocatalytic activity. As for S-SnOagps),
the S element is successfully incorporated into the
lattice of SnO, with SIV/S(V) by substituting Sn*,
rather than embedded into the interstice of SnO,
lattice, thereby leading to lattice distortion. The S3p
level could mix with O2p which results in the
narrowing of the band gap and enhancing the
photocatalytic activity. Moreover, the formation of the
localized midgap state above the top of the valence

band for SnO, might be responsible for increasing the
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photoactivity of SnO, in the visible region™. The
average size of S-SnOygppg is lower than 6 nm as the
doping of S, leading to the enhanced absorption of
light because of the quantum size effect and subsequ-
ently enhancing the amount of photo-induced carrier.
Additionally, a large amount of hydroxyl groups in S-
SnOsgppsy are  beneficial to generating highly reactive
-OH, thus accelerating the degradation of paraquat. It
should also be noted that the ratio of S(VI) in S-SnOxsps) 18
obviously more than that of S-SnO,, which also
enhances the degradation of paraquat because S(V) has

stronger oxidation capacity than S(V).
3 Conclusions

In this work, S-doped SnO, nanoparticles with
superior visible light photocatalytic activity was
fabricated via a facile solid state synthesis approach at
benzene

low temperature sodium  dodecyl

(SDBS) as template. The S element is

using
sulfonate
successfully incorporated into the lattice of SnO, with
SIV/S(VD instead of embedding into the interstice of
Sn0, lattice. S-doped SnO, could significantly improve
visible light utilization property, thus resulting in
narrowed band gap. SDBS has a significant regulating
effect on the surficial structure of photocatalysts. The
photocatalytic activity shows significant correlation
with particle size, particle size distribution and the
ratio of SIV/S(V). S-doped SnO, exhibits higher photo-
catalytic activity, and it follows an order of Sn0O,<S-
Sn0,<Sn0spps <S-SnOysppsy, in which S-SnOsgpps) could
degrade 95.4% paraquat within 2 h.
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