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Abstract. Removal of antibiotics detected in wastewater or natural aquatic systems by regular municipal treatment is
challenging. Photocatalysis is considered to be the most well-known and green strategy for such removal. However, the
catalytic efficiency is restricted by UV radiation dependence, fast electron-hole recombination, and low porosity/surface
area of the photocatalyst. In this study, we have developed a highly porous anatase TiO2-polymethylsilsesquioxane
(PMSQ) aerogel with nonmetal carbon dopant, which can simultaneously enhance the adsorption ability and visible light
photo-activity. And tetracycline hydrochloride (TCH) was selected as a model antibiotic. A high surface area (747 g
cm-3) C-TiO2-PMSQ aerogel can remove 91% TCH within 180 min under visible light. But the removal needs to be in an
isopropyl alcohol/water co-solvent, due to the intrinsic hydrophobicity of PMSQ. After a heat treatment under 400°C, the
surface area of C-TiO2-PMSQ aerogel decreases to 618 g cm-3, and the sample loses its hydrophobicity, the removal of
TCH can be in aqueous condition and the efficiency increases to 98%. Moreover, both catalysts can be recycled 7 times
and still maintain high removal efficiency (85 and 64% remained for hydrophobic and hydrophilic gels, respectively).
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Introduction

Pharmaceutical compounds such as antibiotics have been
frequently detected in wastewater treatment plants and
natural aquatic systems [1–5]. Although, due to the chemical stability, removal of antibiotics waste is challenging by
the typical municipal treatment systems [6,7], a low concentration of antibiotics presence is believed to be very
harmful to the delicate balance between humans, viruses,
and bacteria, consequently leading to the risk of antibioticresistant bacteria, the so-called ‘Superbugs’ [8]. Tetracycline hydrochloride (TCH) is one typical and well-used
antibiotic. Due to the adverse effect of TCH on human
health and the ecosystem, an efficient way of removing
TCH from the wastewater is an essential and exciting topic
that generates intensive interest in the past 10 years. Various
treatment techniques have been reported to remove the
pharmaceutical residues from the effluents, including
advanced oxidation processes (AOPs) such as photocatalysis [9], ozonation [10] and Fenton reaction [11–13] or
physical treatments such as activated carbon adsorption

[14,15], and reverse osmosis [16,17] etc. Among these
methods, photocatalysis is considered to be the most wellknown, efficient, and green method. The photocatalyst, such
as TiO2, is highly stable, non-toxicity, and low cost, and the
reaction can be operated under ambient conditions. All
those advantages make photocatalysis a potential candidate
for organic pollutant treatment. And the photocatalytic
degradations employing TiO2 have been already reported on
treatment of chloroanilines [18], ketones [19], monochlorocarboxylic acids [20], chlorophenols [21,22], dyes
[23–26], herbicides [27], carboxylic acids [28], phenolics
[29] and pharmaceutical compounds, such as lincomycin,
sulfamethoxazole, amoxicillin, ampicillin, cloxacillin etc.
[9,30,31].
The mineralization of pollutants is determined mainly by
the photoactivity and adsorption capacity of the photocatalysts. The photoactivity relies on the charge separation
efficiency and light response range [32,33]. And the
adsorption capacity is believed to be crucial for the optimization of degradation efficiency by (i) increasing the
concentration of pollutants around the catalytic sites, and
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(ii) enhancing the interaction between catalyst surface and
pollutants in order to prolong the residence time of the
pollutants and thus improve mineralization. Many studies
have been reported to optimize the adsorption and/or photoactivity of the photocatalyst. Researchers focus on the
improvement of the catalytic efficiency [34–37] by incorporating an effective adsorption site on the surface of the
catalyst, the site must be very close to the TiO2 photoactive
site [38–40], which could improve the transfer rate of the eand h? to the organic species in the solution and prevent the
recombination of the photo-generated e- and h?. Nanosheets
synthesized from g-C3N4 and ultrathin K?Ca2Nb3O10were reported to enhance adsorption, and subsequently
improve the photocatalytic degradation of TCH [41]. The
adsorption site from high-density SiO2 glasses [42–47],
particles [48,49], aerogels [26,50] or polymeric micelle [51]
have also been reported. They present improved photocatalytic performance as compared to the pure TiO2 material.
As for photoactivity optimization, hierarchical bismuth
oxyiodides have been reported to form phase junctions and
enhance the charge separation to remove TCH [52] efficiently. As for improving both adsorption and photoactivity,
microporous amorphous TiO2 was fabricated onto anatase
TiO2 nanoparticles [52] or mesoporous rutile TiO2 crystals
[53] to form a homojunction. The porous amorphous TiO2
significantly enhances the adsorption ability of the catalyst.
And the homojunction formed at the interface of the crystal
core and the porous shell could enhance the charge separation [53].
SiO2 aerogel is a highly porous material with recordbreaking physical properties, i.e., ultralow thermal conductivity (\15 mW m-1 K-1), high specific surface area
([600 m2 g-1), and high porosity ([90%) [54,55]. A recent
development of the silica aerogel is polymethylsilsesquioxane (PMSQ) aerogel, which attracts large attentions due to its inherent hydrophobicity, uniformly
distributed pore structure and high optical transparency.
However, the inert SiO2 composition hinders further
development and application of this material [56]. Recently,
there are growing attempts to functionalize or hybridize this
aerogel with different additives, such as polyvinyl siloxanes
for flexible thermal insulator and strain sensor [57], silk
fibroin for biomedical applications [58], carbon nanotubes
for pressure sensor [59], and Ru(II) tris-phenanthroline
complex for visible-light-absorbing optimization [60] etc.
However, there is still rare study on the usage of SiO2 based
PMSQ aerogel for environmental remediation, especially
for a co-gelation with photocatalysts.
Herein, C-TiO2-PMSQ hybrid aerogels with high
adsorption ability and improved visible-light photoactivity
were developed by introducing a high surface area charge
transfer catalyst SiO2 and a nonmetal dopant carbon into
anatase TiO2 crystals. The structure and photocatalytic
properties were studied by scanning electron microscope
(SEM), transmission electron microscope (TEM), X-ray
photoelectron spectroscopy (XPS), and electron-spin
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resonance (ESR). Tetracycline hydrochloride (TCH) was
chosen as the model antibiotic agent. The removal of TCH
was examined under visible light, the properties of the
hybrids and their efficiency of pollutant removal were
systematically evaluated.

2.
2.1

Experimental
Materials and methods

The preparation of PMSQ aerogels follows the reported
method [61]. 6.7 g Urea and 10 g pluronic (R) F127 (SigmaAldrich, China) were dissolved in an 80 ml 5 mM acetic
acid (Chinasun Specialty Products Co. Ltd., China) aqueous
solution. After a vigorous agitation for 10 min, 50 ml
methyltrimethoxysilane (MTMS, Shanghai Lingfeng
Chemical Reagent Co. Ltd., China) was added and continuously stirred for at least 30 min at room temperature. After
mixing is done, a clear solution was obtained with a bubble
layer foamed on top of the liquid, and 0.2 g fructose was
added and mixed for another 2 min. The PMSQ sol was
centrifuged at 6000 rpm for 1 min.
For titania sol preparation, 0.5ml of 10 mM oxalic acid
solution was mixed with 10 ml isopropyl alcohol (IPA,
Shanghai Lingfeng Chemical Reagent Co. Ltd., China). A
quantity of 1.5 ml titanium(IV) isopropoxide (95%,
Shanghai Macklin Biochemical Co. Ltd., China) was added
dropwise into the IPA/oxalic acid solution under vigorous
agitation at room temperature for 10 min. The obtained
titania suspension was then added dropwise to 10 ml PMSQ
sol, and the solution was stirred for 1 min.
The titania-PMSQ sol was cast into polystyrene boxes (5
cm in diameter), gelled and aged at 65°C oven for 3 days.
After aging, the wetgels were placed into a 6 cm diameter
steel autoclave and covered with pH 5 aqueous solution.
And the sealed autoclave was hydrothermally treated at
80°C for 4 h and at 180°C for 12 h, respectively. Subsequently the gels were further aged in a 500 ml MTMS/urea
aqueous sol for 24 h [62]. Following solvent exchanges with
methanol (2 times) and isopropyl alcohol (2 times) in a
light-shielded polypropylene box at every 12 h intervals.
The final supercritical CO2 drying was pursued at 50°C, 120
bar in a custom-built autoclave. In order to compare the
anatase crystal formation and hydrophobicity, part of the
samples were heat-treated at 400°C nitrogen atmosphere for
3 h. The physical properties of the samples are listed in
table 1.

2.2

Characterization

The apparent density was determined from the mass and
volume of the aerogels measured using balance and caliper.
The pore volume (Vpore) and porosity (P%) were calculated
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Aerogel properties.
qB
(g cm-3)

PMSQ
TiO2-PMSQ
C-TiO2-PMSQ
C-TiO2-PMSQ400
C-TiO2-PMSQ-R
C-TiO2-PMSQ400-R

k (mW
m–1 K–1)

Av.

SD

qS
(g cm-3)

P (%)

Vpore
(cm3 g–1)

Vpore, BJH ads.
(cm3 g–1)

SBET
(m2 g–1)

Dpore
(nm)

Av.

SD

0.14
0.16
0.19
0.25
0.22
0.38

0.02
0.02
0.02
0.01
0.02
0.01

1.82
2.28
2.04
2.02
2.03
2.00

92.2
92.9
90.7
87.7
89.2
81.4

6.59
5.81
4.77
3.51
4.06
2.14

2.86
2.23
2.68
1.66
1.85
1.38

752
747
725
618
562
412

12.7
10.5
13.8
8.5
7.7
2.6

18.8
24.6
25.2
36.8
–
–

0.9
0.2
1.9
3.8
–
–

from the bulk and skeletal density of the composites from
equations (1 and 2).
1
qB  qS
q
P% ¼ ð1  B Þ  100
qS

V pore ¼

ð1Þ
ð2Þ

where qB is the bulk density, g cm-3, measured by the
known weight and dimension of the samples, qS is the
skeletal density, g cm-3, obtained by a helium pycnometer
(AccuPyc II 1340, Micromeritics, USA).
Scanning Electron Microscope (SEM) images were
recorded on an FEI Nova NanoSEM 230 (FEI, Hillsboro,
Oregon, USA) at an accelerating voltage of 10 kV and a
working distance about 4 mm. Samples were coated with
Au/Pt before SEM. The Au/Pt thickness, as measured on the
flat surface of the quartz piezoelectric detector of the coater
is 10 nm. Transmission electron microscopic (TEM) images
and elemental mapping were recorded by HRTEM (Gatan
Ultrascan)/STEM (BF and UDF detector) and EDX (JEOL)
using the JEOL JEM2200FS microscope at 200 kV. Before
TEM imaging, powder samples were dispersed in methanol
and placed on a Lacey Carbon film copper TEM grid. The
TEM grid with the sample droplet was dried at 80°C.
Fourier-transform infrared spectroscopy (FTIR) were
recorded on an ATI Mattson Infinity Series spectrophotometer (scan range 400–4000 cm-1). The X-ray diffraction
analysis of the composites was analysed on a Bruker APEX
II DUO diffractometer equipped with Cu Ka radiation (k =
1.5418 Å). X-ray photoelectron spectroscopy (XPS) was
measured on an ESCALAB 250 photoelectron spectroscopy
(Thermo Fisher Scientific Inc., USA) at 3.0 9 10–10 mbar
with monochromatic Al K alpha radiation. UV–vis spectroscopy was recorded on a UV-3600 spectrometer with a
wavelength in the range of 200–700 nm. Nitrogen sorption
analysis was carried out on a TriStar II 3020 V1.03 analyzer
(Micromeritics, US) following prior degassing for 20 h at
100°C and 0.03 mbar. The specific surface areas were
obtained using BET [63] and the pore volume (VBJH) and
average pore size (DBJH) using BJH analysis [64]. Thermal
conductivity was measured on an in-house built transient
hot-wire device at 25°C and 50% Relative Humidity (R.H.)

[65]. The results were analysed by the method reported by
Frusteri et al and Karaipekli et al [66,67]. The Cu/Ni alloy
wire was selected with 73 mm in length and 0.127 mm in
diameter to reach an optimum ratio of 575. The thermal
conductivity was calculated from equation (3).
k¼

VI=4pL
dT=dðIn tÞ

ð3Þ

where V and I are the voltage and current, whose fixed
values are 1 V and 0.23 A in this experiment; L is the length
of CuNi alloy wire (73 mm, 0.15 X mm2 m–1). dT/d(In t) is
the average fitting slope of the measurements. Electronspin
resonance (ESR) signal (Bruker A300, Brook Dalton, USA)
was recorded to detect the active species of the catalysts.

2.3

Adsorption and photocatalytic experiment

The photocatalytic degradation was evaluated on an XPA-2
photochemical reaction apparatus (Xujiang Electromechanical Co. Nanjing, China). The system temperature was
stabilized at 30°C by circulating cooling water, and the
photocatalytic reaction was performed under visible light
(k C 420 nm). The initial concentration of tetracycline
hydrochloride (TCH) was 10 mg l-1. A 0.5 g aerogel catalyst was added to 50 ml tetracycline hydrochloride solution, and the reaction was carried out in a quartz reactor.
The solvent used for hydrophilic samples (C-TiO2PMSQ400 and C-TiO2-PMSQ400-R), was the distilled
water, but in the case of hydrophobic samples (PMSQ,
TiO2-PMSQ, C-TiO2-PMSQ and C-TiO2-PMSQ-R), the
solvent was a mixture of 50 vol% distilled water and 50
vol% isopropyl alcohol [26]. The pH of initial solution was
7. The degradation reaction started in the dark for 30 min
under continuous stirring to reach an adsorption equilibrium. Later the reactor was irradiated by a tungsten halogen
lamp (100 W, Philips) with a UV light filter (k C 420 nm,
Beijing Perception Technology Co. Ltd., China). The concentrations of TCH were measured every 30 min. A cycling
test was conducted to evaluate the stability of the photocatalytic performance of the samples. The catalyst was
recycled by centrifugation after 3 h irradiation, the samples
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were washed by 50 vol% distilled water/isopropyl alcohol 3
times, and isopropyl alcohol 3 times, followed by drying
under 170°C for 1 h before the next cycle. The absorbance
of the solution was detected on a UV–Vis spectrophotometer (UV-3600 spectrometer, SHIMADZU, Japan),
which correlates to the changes of TCH concentration. Each
experiment was repeated three times. And the photocatalytic degradation and mineralization efficiency of TCH
was calculated using equations (4 and 5) respectively:
Degradation efficiency ¼

C
C0

Mineralization efficiency ¼

C0  C
 100
C0

ð4Þ
ð5Þ

where C0 is the initial TCH concentration, mg l-1, C is the
TCH concentration after certain time of irradiation, mg l–1.

3.
3.1

Results and discussion
Microstructure of the aerogel catalysts

The physical properties of the TiO2-PMSQ hybrid aerogels
are listed in table 1. The porosity of the samples before heat
treatment are all above 90%, and the densities are in the range
of 0.14–0.19 g cm–3, after the 400°C heat treatment, the
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porosity decreases to 87%, and density increases to 0.25 g
cm–3. From the SEM analysis, the TiO2-PMSQ hybrids after
heat treatment still maintain a highly porous structure, as
shown in figure 1a–d and supplementary figure. S1. A pearl
necklace particle aggregation could be identified in the
PMSQ aerogel with particle size in tens of nanometers range,
and the pores formed between the particles are also in this
range. There are some relatively large pores (several hundred
nm) distributed in the matrix, but after the introduction of
TiO2 and carbon, the particle size gets smaller (figure 1b and
supplementary figure S1b), which is almost half the diameter
as compared with the pure PMSQ. After the heat treatment at
400°C, the particles are merged and grown, and the pores
among the particles are not visible at the same magnification
(figure 1d and supplementary figure S1b). The distribution of
elements Si, Ti and C in the TiO2-PMSQ and C-TiO2-PMSQ
are shown in figure 1e and f. The Ti element distributes
homogeneously in the Si matrix, since the silica gel is prepared from MTMS, there are methyl groups on the backbone,
it is not possible to identify the fructose C and methyl C by the
energy-dispersive X-ray (EDX, figure 1e and f), the C element is distributed homogeneously in the matrix. A closer
observation on the TiO2 crystals and their distribution in the
SiO2 matrix has been studied by TEM and HRTEM (figure 2),
the TiO2 particles/crystals are observed to be distributed
homogeneously in the amorphous PMSQ aerogel matrix, the

Figure 1. (a) SEM microstructure of the PMSQ, (b) TiO2-PMSQ, (c) C-TiO2-PMSQ, (d) C-TiO2-PMSQ400, (e) EDX elemental
analysis of the TiO2-PMSQ, and (f) C-TiO2-PMSQ400 aerogels.
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Figure 2. (a) TEM of the TiO2-PMSQ aerogels, bright-field, (b) dark-field image, (c) HRTEM image of TiO2 phase, (d) SAED of the
TiO2 particles, and (e) STEM images of the TiO2 distribution in the PMSQ aerogel.

PMSQ aerogel necklace structure shows a SiO2 particle of
5–10 nm in diameter, and this is a typical SiO2 aerogel
morphology. An anatase (101) facet with uniform lattice
fringes of d = 0.35 nm is identified in the TiO2 particles, and
this is confirmed by a SAED analysis, shown in figure 2c and
d. The element distribution was also investigated at nm
level, the layered elemental map shows the nanometer size of
TiO2 crystals dispersed in the SiO2 matrix as shown in
figure 2e.

3.2

Chemical structure of the aerogel catalysts

The X-ray diffraction (XRD) patterns of the PMSQ and
C-TiO2-PMSQ composites were examined and shown in
figure 3a, pure PMSQ displays only a wide band around
20–30°, which is the feature of amorphous SiO2. After
loading with TiO2 and treated hydrothermally, the 6
reflection feature peaks could be identified, and they are
attributed to the anatase TiO2 (JCPDS 21-1272), which
confirms the reported formation of anatase phase around pH
4.5–7 [68,69]. And the heat treatment at 400°C leads to
sharp peaks, this may be due to completion of the crystal
structure formation.

The FTIR spectra show absorption bands at 1088 and 810
cm–1, figure 3b, which are attributed to the stretching
vibration of Si–O–Si. The peaks at 460 cm–1 are assigned to
Ti–O–Ti [70–73], and the ones at 960 cm–1 correspond to
the Ti–O–Si stretching vibration [74,75]. After 400°C
treatment, the v(C–H) vibration around 2900 cm–1 disappeared, which may be induced by the oxidation of –CH3
hydrophobic groups. Further analysis on the valence state of
the elements is conducted by XPS, the high-resolution Ti
spectrum shows 2 binding energy peaks. The 464.82 and
465.07 eV peaks are indexed to 2p3/2 of Ti4?, and the peaks
at 458.93 and 459.18 eV are assigned to 2p1/2 of Ti4?
(figure 3c) [76,77], after the fructose C doping, there is a
shift of 0.25 eV. The Si spectrum shows 0.25 eV drift as
well of the energy peak from 103.73 to 103.98 eV (figure 3d), which is attributed to the doping of the fructose
carbon.

3.3

Pore structure analysis

After the analysis of the chemical structure, the physical
pore structure of the composites is analysed by the N2
sorption. The BET isotherm shows typical type IV sorption
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Figure 3. (a) X-ray diffraction analysis, (b) FTIR, (c) high-resolution Ti, (d) Si XPS analysis, (e) N2 sorption isotherm, (f) pore size
distribution of the PMSQ, TiO2-PMSQ, C-TiO2-PMSQ aerogels and heat-treated C-TiO2-PMSQ400 xerogel.

curves of the as-prepared PMSQ, TiO2-PMSQ, and C-TiO2PMSQ aerogels with relatively wide H2b-type hysteresis
loops (shown in figure 2e), which indicates the dominated
mesoporosity of the aerogels, but the unlimited adsorption
without plateau also indicates the presence of the macropores. After the heat treatment at 400°C, the sorption isotherm stays as type IV, but with an uptake increase of the
adsorption at p/p0 = 0.1 and decrease of the maximum
adsorbed N2 (at p/p0 = 1), which correlates to an increase of
the micropores and decrease of the mesopores. The BET
surface area is also decreased from 725 to 618 m2 g-1, and
after 7 cyclings, the surface areas of the C-TiO2-PMSQ and
C-TiO2-PMSQ400 are further decreased to 562 and 412 m2
g-1, respectively (table 1). As compared with the reported
materials of using porous amorphous TiO2, even after
heating and cycling, the surface area is still much higher
[53], but obviously since we used SiO2 as catalyst support,
we are not able to form homojunction structure. The BJH
pore size analysis shows a shift of the average pore sizes
from 10–20 to 2–5 nm after the heat treatment (figure 3f and
table 1).

3.4 Adsorption and photocatalytic degradation
of tetracycline hydrochloride
UV-vis absorption spectrum of the carbon doped C-TiO2PMSQ sample is shown in figure 4a, the absorption boundary
is shifted as compared to the undoped TiO2-PMSQ catalyst

from 350 to 500 nm, which is in the visible light response
region. In the SiO2–TiO2 aerogel materials, C elements could
derive from the methyl group or carbonized fructose, the C
from methyl group (TiO2-PMSQ) shows no contribution to
the energy level of the TiO2, and the fructose C doping
(C-TiO2-PMSQ) shows a promotion to the transformation of
the TiO2 lattice to a new energy level.
The TCH degradation was operated under visible light in
water, after 180 min, the heat-treated composite C-TiO2PMSQ400 could easily reach 98% removal, but the
untreated sample is not very reactive in water (due to
hydrophobicity, supplementary figure S2) [78], after a
change to a co-solvent of 50/50 vol% water/isopropyl
alcohol, the degradation efficiency of C-TiO2-PMSQ could
achieve 91% within 180 min. After the degradation, the
aerogels were washed in 50/50 volume ratio of distilled
water/isopropyl alcohol 3 times, and isopropyl alcohol 3
times, followed by drying under 170°C for 1 h. The recycled aerogel catalysts (C-TiO2-PMSQ-R and C-TiO2PMSQ400-R) are shown in figure 3c. A slight decrease of
the efficiency could be observed, after 7 cycles, the performance still maintained 64% for the heat-treated C-TiO2PMSQ400, and 83% for the untreated C-TiO2-PMSQ
sample. The heat-treated hydrophilic C-TiO2-PMSQ400
displays fast performance degradation, which relates to the
deterioration of the pore structure, the microstructure is
compared in figure 4d–f. In summary, the stable structure of
hydrophobic C-TiO2-PMSQ performs better in the cycling
test (figure 4c).
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Figure 4. (a) UV-vis spectra, (b) visible light degradation of tetracycline, (c) the degradation stability after 7 cycles, (d) SEM images
of the samples C-TiO2-PMSQ, (e) heat-treated C-TiO2-PMSQ400, (f) their N2 sorption isotherms, green high sorption curve is
C-TiO2-PMSQ and orange low sorption curve is C-TiO2-PMSQ400.

Figure 5. (a) Photocatalytic degradation of TCH by C-TiO2-SiO2 aerogel in the presence of BQ, t-BuOH and
AgNO3 under visible-light irradiation (b) and ESR spectra of DMPO-O2–, DMPO-OH.

3.5

Photocatalytic oxidation mechanism

The reaction mechanism involved in the photocatalytic oxidation of TCH over C-TiO2-PMSQ catalyst was investigated by
conducting controlled experiments, a series of radical

scavengers were used for probing the reaction mechanism on the
selective oxidation of TCH over C-TiO2-PMSQ. As shown in
figure 5a, no scavenger reaction shows the highest decomposi.
tion of TCH, and t-BuOH used as OH radical scavenger, there is
no significant decrease of the catalytic reaction efficiency. The
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degradation yield rapidly decreases with the addition of ben.
zoquinone and AgNO3 for capturing superoxide ( O2-) radicals
and photoelectrons (e ), respectively. Which indicates that
either the superoxide radicals or electrons are involved in the
.
photocatalytic reaction, and OH radicals are not the primary
reactive species for the TCH oxidation reaction over C-TiO2PMSQ catalyst. Based on the control experiments, the result
may deduce that molecular oxygen serves as photogenerated
electrons trapper and afford superoxide radicals [79]. In order to
understand the functions of reactive species and the mechanism
of photocatalytic enhancement of the C-TiO2-PMSQ, electronspin resonance (ESR) signal was carried out by using 5,5dimethyl-1-pyrroline-N-oxide (DMPO) as a spin trap agent for
radicals [80,81], the ESR spectra from the reaction containing
DMPO spin probe of C-TiO2-PMSQ under visible light irradiation, is shown in figure 5b. Upon irradiation for 5 min in the
presence of photocatalyst, the intensity of radical signal DMPOO2- is stronger than that of DMPO-OH, indicates that superoxide radicals are indeed produced on the C-TiO2-PMSQ catalyst and play a dominated role in the photocatalytic oxidation of
TCH pollutants.

4.

Conclusion

In summary, photocatalyst C-TiO2-PMSQ is developed by
introducing a high surface area charge transfer catalyst SiO2
and a nonmetal dopant carbon. The composites in the form of
undoped TiO2-PMSQ, carbon-doped C-TiO2-PMSQ, and
400°C treated C-TiO2-PMSQ400 are studied, and the
removal of antibiotic tetracycline hydrochloride by TiO2PMSQ reaches 30% in 180 min under visible light irradiation. And fructose carbon-doped C-TiO2-PMSQ reaches 91%
in the same time frame. Due to the hydrophobicity of the
PMSQ, the degradation of TiO2-PMSQ and C-TiO2-PMSQ
needs to be carried out in a co-solvent solution with 50/50
volume ratio of water/isopropyl alcohol. After the thermal
treatment in the air at 400°C, the hybrid aerogel changes to
hydrophilic and it can efficiently degrade the tetracycline
hydrochloride from the aqueous solution, the removal
reaches 98%. As compared with the reported TiO2 materials,
the highly porous SiO2 matrix significantly improved the
adsorption of TCH. And the interface of the hybrid aerogel
with crystal TiO2 and the amorphous SiO2 matrix leads to
photogenerated holes migrating from the TiO2 to amorphous
SiO2, thereby enhancing the charge separation. The obtained
porous structure concentrates both TCH and the holes, consequently increases the mineralization efficiency of TCH.
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