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ARTICLE INFO ABSTRACT

Keywords: Increasing the efficiency of dye degradation is a critical issue for the application for photocatalysis. It is one of
Photocatalytic degradation the greatest challenges to enhance the utilization of photo generated carriers in semiconductor, especially for
Naturgl sunlight sunlight irradiation. In this study, I/C-codoped TiO, was synthesized by a simple solvothermal-calcination
Codoping method. The codoping interstitial carbon and substitutional iodine not only widened the light absorption range

Hydroxyl radical

o of the TiO, photocatalysts, but also enhanced the separation of photo-induced carriers. The photocatalytic ac-
22

tivities of RhB and MO degradation over the 4-1/C-TiO, photocatalyst could reach 98.2% and 94.2% after 25 min
visible light irradiation (A = 400 nm), respectively. Notably, 4-1/C-TiO, showed good activity for MO and RhB
mixed degradation and could also accomplish the photocatalytic degradation in the above mixed system under
natural sunlight irradiation. According to the dark catalytic experiment, I/C-codoping could effectively accel-
erate the formation of hydroxyl radicals from the generated H,O,, which was formed for the enhanced photo-
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catalytic activity of dye degradation. The gained knowledge may provide some insights into the photocatalytic
degradation over the codoped TiO, catalyst.

1. Introduction

In recent years, the serious environmental problem has become a
threat to human survival and development. Among the diverse en-
vironmental pollutions, water pollution has become more serious with
the rapid industrial development and population growth. An eco-
friendly and energy-saving method is thus strongly desired for waste-
water treatment. [1] Photocatalytic degradation, as a cheap and en-
vironmentally friendly technology, has drawn extensive attention [2].
The photocatalyst plays a key role for high-efficient photocatalysis.
TiO, has been widely investigated owing to its non-toxicity, low-cost,
and good stability property as compared with other materials. [3]
However, there are two major barriers for the photocatalytic applica-
tion of pure TiO, [4]. Firstly, TiO, has a wide band gap (~3.2eV for
anatase phase), which could only be motivated by the ultraviolet light.
[5] Secondly, the rapid recombination of photo-induced carriers results
in low efficiency of photocatalytic reactions [6].

To overcome the above problems, various methods such as element
doping, [3,7,8] and surface sensitization [9] have been applied to ex-
ploring highly active TiO, photocatalysts in recent years. In fact, doping
TiO, with metal or nonmetal elements, as an intelligent strategy, could
not only narrow the band gap, but also decrease the required activation
energy. Moreover, it is notable that nonmetal element doping is con-
sidered to be more environmentally friendly and effective than metal
element doping due to its lower thermal stability. Nitrogen, [3] carbon
[10], sulfur [11] and iodine [12] are the most widely used species for
nonmetal element doping of TiO,. I-doped TiO,, which was firstly re-
ported by Hong et al, [13] has shown excellent photocatalytic perfor-
mance under visible-light irradiation. A substitutional doping in-
troduces localized I 5p orbitals slightly above the semiconductor’s
valence band, and thus narrowed the band gap of TiO, semiconductor.
[14] Besides, it is expected that carbon inserted into the lattice of TiO,
could extend the absorption spectrum into visible region and retard the
recombination of photo-excited electrons and holes. [15] In order to
increase the doping effectiveness, codoping has been intensively in-
vestigated due to its synergistic effects of the both dopants as compared
with the single dopant [16-18]. Wang et al. supposed that I and N
codoping was beneficial for widening the light absorption range and
facilitating the transfer of photo-induced electrons to the surface,
leading to improved activity of the photocatalytic degradation [19].
Zhang et al. proved that Sc and C codoped TiO, enhanced the photo-
catalytic performance of Acid orange 7 degradation, which was due to
the increased surface area, surface hydroxyl groups, and lifetime of the
photo-induced electron-hole pairs. [20] The codoped TiO, samples
demonstrated improved visible light photo-catalytic activities as com-
pared with the single doped TiO, [3,15,20].

Apart from the narrow band-structure of doped TiO, photocatalysts,
the influence of different surface characteristics induced by the im-
purity on the formation of surface active substances is never ignored.
[1] The generation and transformation of surface active species such as
hydroxyl radical (-OH), superoxide radical (O, +), hydrogen peroxide
(H20-) and hydroperoxyradical (-OOH) are important for the en-
hancement of photocatalytic degradation performance. [4] Xu et al.
[21] proved that the decomposition of HyO, to -OH and O, - was
promoted with the increased Fe®'/Fe?* ratio on the surface of
AgsPO4@NiFe,0,4, leading to higher antibacterial property and photo-
catalytic activity for methyl orange (MO) degradation. Choi et al. re-
ported that the electron transfer property of TiO, was promoted by the
modification of surface amino-acids, resulting in efficient perox-
ymonosulfate production under visible light irradiation. Ortelli et al.
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[22] found that two process for RhB degradation of de-chromophore
and de-ethylation could be driven by -OH radical on the different TiO,
surface. Lee et al. [23] proven that, under microwave-assisted UV/
TiO,/PP hybrid process, abundant -OH radical could be rapidly cre-
ated, leading to enhance the rate of MO degradation. Yet, Yu et al. [24]
considered that, in waste water treatment by nano-sized TiO,, the
competition between the holes of TiO, and the -OH radicals towards
decomposing MO depends on the concentration of MO. A direct hole
oxidation was processed under high MO concentration, while under low
concentration, hydroxyl oxidation competes strongly and might exceed
the direct hole oxidation. Hence, the surface active species caused by
impurity codoping could influence the photocatalytic process and ac-
tivity.

We synthesized a series of I and C codoped TiO, catalysts by the
solvothermal-calcination method. Photocatalytic degradation activities
of RhB, MO and mixed dyes (RhB and MO) were investigated using the
as-prepared codoped TiO catalysts under visible light irradiation. The
influences of C and I codoping on the formation and transfer of hy-
droxyl radicals for RhB and MO co-degradation were studied, and the
photocatalytic mechanism was further proposed.

2. Experimental
2.1. Photocatalyst preparation

All the chemicals were of analytical reagent grade and used without
further purification. I and C codoped TiO, (I/C-TiO,) was prepared by a
solvethermal-calcination method. In a typical synthesis, a certain
amount of HIO; was dissolved in 5mlL distilled water, and a mixed
solution of 5mL n-amyl alcohol and 35 mL ethanol was added in the
above HIO; solution to obtain solution A. Meanwhile, 3.404 g titanium
butoxide and 10 mL anhydrous ethanol were mixed to obtain solution
B, which was added drop-wise into the solution A under vigorous
stirring until the formation of a sol solution. The obtained sol was
placed into a 100 mL Teflon-lined autoclave at 185 °C for 10 h. After
cooling to room temperature, the precursor was washed with deionized
water and dried at 60 °C. Subsequent annealing was carried out in Ar at
475 °C for 1 h with activated carbon around the precursor (Fig. S1). The
final products were obtained and denoted as x-I/C-TiO,, where x re-
presented the I/Ti molar ratio. I doped TiO, (I-TiO,) and C doped TiO,
(C-TiO,) were synthesized by the similar procedure without the addi-
tion of HIO; and n-amyl alcohol, respectively. For comparison, the
undoped TiO, sample was obtained without the addition of HIO; and n-
amyl alcohol. The dopant contents were determined according to the
ICP-AES results (Table S1).

2.2. Characterization

X-ray diffraction (XRD) patterns were measured on an X’Pert PRO X-
ray powder diffractometer (PANalytical, Netherlands) with Cu-Ka ra-
diation (A = 1.5418 1°\). A scanning electron microscope (SEM, Nova
NanoSEM 450, FEI) was used to characterize the morphologies of the
obtained samples. Transmission electron microscopy (TEM) images
were obtained on a Tecnai G2 F20 S-TWIN electron microscope.
Furthermore, high-resolution transmission electron microscopy
(HRTEM) and energy dispersive X-Ray spectroscopy (EDX) were em-
ployed. X-ray photoelectron spectroscopy (XPS) and value band XPS
were performed on Kratos Axis-Ultra DLD instrument with Al Ka ra-
diation (150 W) and the binding energy was calibrated to the reference
C 1s peak at 284.3eV. In order to remove any surface contaminants
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and characterize the chemical composition underneath the surface,
sputtering was done using an Ar* ion beam of 2 kV delivering 100 pA of
current. [25] UV-vis diffuse reflectance spectrum (DRS) was obtained
by a Cary 5000 UV-vis spectrometer (Agilent Technologies, USA) using
BaSO, as a reference. The electron spin resonance (ESR) spectra were
recorded using a Bruker EMX-10/12 spectrometer with a 100 kHz
magnetic field modulation at a microwave power level of 19.9 mW. In
the ESR analysis, DMPO was applied as trapping agent for -OH. The
tests were carried out as follows: 0.1 mmol DMPO and 1mg catalyst
was suspended in deionized water within centrifugal tube (1 mL). Then
40 pL of solution above was injected into the capillary tube (30 pL) and
was irradiated for 10 min under visible light (A > 400 nm). The re-
sulting solution was used to be analyzed.

2.3. Photocatalytic degradation

The photocatalytic activities of RhB and MO degradation over the
as-prepared samples were carried out under visible light irradiation at
room temperature. The light source was a 300 W Xe arc lamp (CEL-
HXF300, Beijing CEAULIGHT Co.) with a cut-off filter of 400 nm. For a
typical photocatalytic experiment, 0.05 g catalyst was suspended into
100 mL dye aqueous solution (RhB: 20mgL~! and MO: 20 mgL™ %)
with constant stirring. Prior to irradiation, the suspension was magne-
tically stirred in the dark for 1.0 h to ensure the adsorption and deso-
rption equilibrium. The system was adjusted to pH 4.8 with HCI. During
irradiation, 5mL sample was taken out and centrifuged at given in-
tervals. The concentration of RhB and MO were detected through
measuring the absorption intensity of the centrifuged aqueous solution
at the wavelength of 555 and 465 nm, respectively. Determination of
reactive species and photoelectrochemical property has been measured
and the detail experiment was shown in supporting information (S1.1
and S1.2). In cycling experiment, the used photocatalyst was cen-
trifugated at 10,000 rpm for 10 min and washed by ethyl alcohol. Then,
the powder was obtained after vacuum drying at 40 °C.

The natural sunlight-driven photocatalysis was measured from Jun.
8 to Aug. 2 2017 in our laboratory (N 35°16’58” E 113°55’49”) in
Xinxiang city, Henan province, China. The light intensity could reach
68.2 ~89.4 mW/cm?>. In this experiment, 0.05 g catalyst was suspended
into 100 mL mixed dye aqueous solution (RhB: 15mgL~" and MO:
10 mg L™, pH 4.8) with constant stirring and the other steps were the
same as the above photocatalytic experiments.

3. Results and discussion
3.1. XRD analysis

XRD measurements were performed to investigate the influence of I
and C doping on the crystal structure. As presented in Fig. 1, single
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Table 1
Lattice parameters of the as-prepared samples.

Crystal parameters (A) Crystal parameters (A)

a b c a b c
TiO, 3.802 3.802 9.611 2-1/C-TiO,  3.852 3.852 9.661
C-Ti0, 3.806 3.806 9.646 4-1/C-TiO, 3.851 3.851 9.659
I-TiO, 3.834 3.834 9.652 6-1/C-TiO,  3.845 3.845 9.655

* a and b have the same value in a tetragonal unit.

anatase phase (No: 01-071-1169) was evident for each TiO,-based
sample. The peak intensities of the doped TiO, samples became lower
and the peak widths were also broadened, which was caused by the
nanometric crystallites of these samples. [26] In addition, the (1 0 1)
and (2 0 0) peaks of C-TiO, and I/C-TiO, evidently moved in low-angle
region compared with those of the undoped TiO, sample (Fig. 1b),
which may be due to the deformation of crystal structure caused by C
doping. [27]

Based on Bragg’s Law and the formula for a tetragonal unit cell: 1/
(dn)? = (h2+k?)/a®+1%/c?, the lattice parameters of the as-prepared
samples were summarized in Table 1. The lattice parameters of I-TiO5
were a = 3.834A (3.802;\ for undoped anatase) and c = 9.652 A
(9.611 A for undoped anatase), which were slightly greater than those
of undoped TiO,. It was reasonable since the radius of °* (0.95 Z\) is
greater than that of Ti** (0.61 A), leading to the extension of bond
lengths and the expansion of lattice. [28] Additionally, the lattice
parameter along the c-axis of C-TiO, was increased by about 0.03 A
compared with that of the undoped TiO,, which was consistent with
swelling of the unit cell caused by the interstitial carbon. [29] The
lattice parameters of co-doped TiO, have been distinctly changed
compared with those of the undoped TiO,. Based on the XRD results, I
and C impurities were substitutionally and interstitially doped into TiO5
structure, respectively.

3.2. SEM and TEM analysis

The morphology of the as-prepared TiO, samples were detected by
SEM and TEM measurements and the results were shown in Fig. 2. As
shown in Fig. 2a, the undoped TiO, particles were aggregatively de-
posited and the lattice fringe of ~0.354 nm (inset of Fig. 2a) is corre-
sponding to the (1 0 1) plane of TiO, with anatase phase. The doped
TiO, samples maintained spherical in shape, as shown in Fig. 2b-2d.
The size distributions were analyzed by measuring about 100 nano-
particles based on TEM images using Gatan software. The particle size
basically obeyed the logical normal distribution. The average particle
sizes of TiO,, C-TiO,, I-TiO, and 4-1/C-TiO, could reach 30.4, 26.8, 46.8
and 15.0 nm, respectively. In particular, the particle size of 4-1/C-TiO,

7/

(b)

=
o
ha
‘ 3 S
: g &
! ] 1
= ¥ A MO A
p N : i
© X C-Tio, A
~ 5 : | !
z /i ! "
2 ' ‘ f
[N
£ ¥ : i
g o ! "
c iy ' :'
— ! 1 I "
is ‘ "
v ] A
rya i"
Ll A Ll L]

40
2 Theta ( degree)

44

Fig. 1. XRD patterns of the as-prepared TiO, based samples (degree range: a. 20-80° and b. 24-49°).
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Fig. 2. SEM images of the TiO, (a), C-TiO, (b), I-TiO, (c¢) and 4-I/C-TiO, (d) samples (inset: TEM images of the corresponding samples).

declined evidently as compared with the other samples. According to
the N, absorption-desorption results (Fig. S2), the surface area of I and
C codoped TiO, could reach 72.2 m?/g, which was higher than those of
the other samples. It was possible that the crystal structure of TiO,
deformed due to the doping of impurity ions. Besides, based on the EDX
result (Fig. S3), I element was uniformly distributed on the surface of I
doped TiO,, which indicated that I impurity was assuredly doped into
the TiO, sample.

3.3. XPS analysis

The composition and chemical states of the 4-1/C-TiO, sample were
analyzed by XPS measurements. Fig. 3a showed the high resolution XPS
spectrum of Ti 2p core levels. The characteristic peaks were located at
458.5 and 464.3 eV, corresponding to Ti 2p3,» and Ti 2p;,», respec-
tively. [30] The splitting energy between the Ti 2p;,» and Ti 2p3,»
peaks was ~5.8eV, indicating a normal Ti** state. Moreover, the
distinct peak of Ti** at 456.2eV also appeared in the 4-1/C-TiO,
sample. [7] The O1 s spectrum of the 4-1/C-TiO, sample was shown in
Fig. 3b. As can be seen, the three peaks centered at 529.6, 531.2 and
533.3 eV were attributed to Ti—O—Ti, Ti—O—H and Ti—O—1I, respec-
tively. [31,32] Additionally, the I 5d spectrum presented in Fig. 3c
confirmed the presence of I°* at 623.6 eV. [33] The C 1s spectrum in
Fig. 3d exhibited three peaks at 288.7, 286.4 and 283.0 eV, corre-
sponding to C=0, C—O and Ti—C—O, respectively. To explore the oc-
cupancy sites of the doped impurity in 4-1/C-TiO, sample, we used Ar™*
sputtering to remove surface contaminants and studied the chemical

composition underneath the surface. In the high resolution spectra of
the Ti, I and C elements before and after sputtering (Fig. S4), the
sputtering itself created oxygen deficiency leading to the formation of
lower oxides, which may cause the transformation from substitutionally
placed I to interstitially placed I, [34] and the existence of interstitial C
impurity was discovered [25]. Combining with the XRD results, I and C
impurities were substitutionally and interstitially doped into the TiO,
structure, respectively.

3.4. Band structure of photocatalysts

To confirm the band-gap of photocatalysts, the UV-vis diffuse re-
flectance spectra of the as-prepared TiO, samples were obtained and
the results were shown in Fig. 4. The absorption edge of pure TiO, was
around 400 nm, while those of the doped TiO, samples exhibited dis-
tinctly red shift. The indirect bad gap energies (E,) of the photocatalysts
were calculated by plotting (ahv)'/? vs. band-energy (inset of Fig. 4)
using the Kubelka-Munk theory, [36] which was usually applied to the
impurity-doped catalyst [35]. The apparent band gaps of TiO,, C-TiO,,
I-TiO, and 4-I/C-TiO, could reach 2.97, 2.89, 2.83 and 2.71 eV, re-
spectively. Besides, it is notable that the absorption in the 620-800 nm
light region was distinctly enhanced except for that of the undoped
TiO, sample, which may be caused by the formation of structure defect
or Ti®* [37].

XPS valence band spectra were measured to investigate the effect of
Iand C doping on the band structures of the photocatalysts. As shown in
Fig. S5, the valence band (VB) potential of C-TiO, was located at
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2.21 eV, which was similar with that of the undoped TiO, (2.25 eV).
Besides, the VB potential of I-TiO, shifted toward higher binding energy
(2.13eV), which may be due to that the doped I 5p orbitals with a
higher potential lay above the O 2p orbitals and the potential of C 2p
orbitals stayed below that of O 2p. [38,39] Combined with the UV-vis
absorption results, the conduction band (CB) potential shifted to
—0.68 eV for the C-TiO, photocatalyst, as shown in Fig. S6. Similarly,
the CB and VB potentials of 4-1/C-TiO5 located at —0.51 and 2.10 eV,
respectively.
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3.5. Photocatalytic performance

Photocatalytic activities of RhB and MO degradation using the as-
prepared photocatalysts were investigated under visible light irradia-
tion (A = 400 nm). Firstly, control experiments (Fig. S7) confirmed that
no appreciable self-decomposition was detected in the absence of either
irradiation or photocatalyst. As shown in Fig. 5, after 25 min visible-
light irradiation, the degradation efficiency of doped TiO, samples all
show the better photocatalytic activity of RhB and MO degradation,
than that for pristine TiO, sample. Especially, 98.6% and 95.3% of RhB
and MO dye could be decomposed using 4-1/C-TiO, sample, respec-
tively. Yet, beyond 4% iodine content, the photocatalytic activities of
codoped TiO, distinctly declined, which may result in the formation of
recombination center of photoinduced carriers by the excessive im-
purity atoms. Besides, the photocatalytic activity of 4-1/C-TiO catalysts
for RhB and MO degradation still could been beyond 90.0% in the 5th
cycling test, as shown in Fig. S8. It suggests that the suitable content of
the doped I and C was beneficial for the photocatalytic degradation
activity.

To further understand the reaction kinetics of RhB and MO de-
gradation over the photocatalysts, the pseudo-first order model [40]
was given by Eq. (1).

In(co/c) = —kt (¢})

where ¢y and ¢ were the dye concentrations at time O and t, respec-
tively, and k is the pseudo-first order rate constant. According to Eq.
(1), the pseudo-first order rate constant k was calculated and listed in
Table 2. A rather good correlation to the pseudo-first-order reaction
kinetics (R > 0.99) was found (Fig. S9), and the rate constants in-
creased with I and C doping. The k values of 4-1/C-TiO, sample for RhB
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Fig. 5. Photocatalytic activity for RhB (a) and MO (b) degradation using different photocatalysts under visible light irradiation (A = 400 nm).

Table 2
Degradation rate constants of various photocatalysts for RhB and MO de-
gradation.

TiO, C-TiO, I-TiO,  2-I/C-TiO, 4-1/C-TiO, 6-1/C-TiO,
Ruo 0.9936 0.9910 0.9939 0.9988 0.9982 0.9902
kmo (min™!)  0.0016 0.0109 0.0177 0.0434 0.1125 0.0321
Rgnp 0.9978 0.9937 0.9906 0.9989 0.9935 0.9986
ks (min~?)  0.0039 0.0078 0.0164 0.0514 0.1600 0.0251

and MO degradation were 0.1600 and 0.1125, which were approxi-
mately 70 and 41 times of the pure TiO, sample, respectively. The
excellent photocatalytic activity of the 4-I/C-TiO, could be attributed to
the I and C codoping.

Besides, photocatalytic activity of the 4-I/C-TiO, sample for the
mixed dye degradation was further investigated. As shown in Fig. 6a,
the intensities of the characteristic absorption peaks for RhB and MO
molecules weakened in the presence of 4-1/C-TiO, under Xe lamp ir-
radiation, indicating its excellent photocatalytic activity for the mixed
dye degradation, and the activity could maintain well after three cy-
cling tests. Besides, according to the XRD and XPS results (Fig. S10), the
crystal structure and chemical compose of 4-1/C-TiO, showed no ob-
vious change, indicating its good catalytic stability. Notably, under
natural sunlight irradiation for 60 min, the photocatalytic co-degrada-
tion for RhB and MO using 4-I/C-TiO, could be accomplished, which
was evidently higher than that of commercial P25 (Figs. 6b and S11).
The 4-1/C-TiO; catalyst successfully achieved photocatalytic mixed dye
degradation under natural sunlight irradiation.
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Fig. 7. Photocurrent curves of 4-1/C-TiO,, C-TiO,, I-TiO, and TiO, samples
under visible-light illumination.

3.6. Photocatalytic mechanism

Based on the experiment results, the electrons and holes in TiO,
catalysts could be generated under visible light illumination. Then, the
electrons in CB of catalysts should transfer to the TiO, surface. The
photocurrents of the as-prepared photocatalysts were found under
visible-light illumination (Fig. 7).The transient photocurrents of 4-1/C-
TiO,, C-TiO, and I-TiO, were about 4.9, 2.1 and 1.8 times higher than
that of TiO,, respectively. It was demonstrated that the photo-induced
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Fig. 6. Photocatalytic activity of the 4-1/C-TiO, sample for the mixed dye degradation under Xe lamp irradiation (a. full line and dot line were on behalf of initial and
final absorbance, respectively) for 30 min and natural sunlight irradiation (b) for 60 min.
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carriers could be efficiently separated due to C and I codoping.

Compared with the photocatalytic activity of degradation in N, at-
mosphere (Fig. 8), the existence of dissolved O, was benefited for dye
degradation. The photocatalytic activity was promoted by adding
electron scavenger (KBrOs), and contrary results were obtained with
the addition of EDTA-Na (holes scavenger), t-BuOH (hydroxide sca-
venger) and KI (hole and hydroxide scavenger) under N, atmosphere,
indicating that photogenerated holes and hydroxyl radicals (-OH)
played a key role for the photocatalysis of RhB or MO degradation.

Peroxide indicator o-tolidine was added into the catalytic system,
and the results in Fig. 9a indicated that H,O, molecules were formed for
the catalysts after visible light irradiation for 60 min. According to the
intensity of characteristic peak, H,O, contents for the doped TiO,
samples were higher than that of the undoped TiO,. Particularly, 4-1/C-
TiO5 didn’t show the optimal photocatalytic performance for HyO,
production, which may be due to the conversion of H,O, into -OH. ESR
measurements were employed to analyze the formation of -OH species
after 10 min irradiation under N, atmosphere (Fig. 9b). An obvious
1:2:2:1 quartet signal was observed for all the catalysts, which was
corresponding to the DMPO--OH adducts. [41] It indicated that the -
OH radicals was generated using TiO, sample after light-illumination.
The intensity of characteristic peak increased with the existence of the I
and C impurity, which implied that doped I and C could promote the -
OH generation. Especially for the 4-1/C-TiO, sample, the peak intensity
was the strongest among them, indicating the generation of abundant -
OH radicals, and thus leading to high photocatalytic activity.

For further exploring the effect of C and I doping on transform from
H,0, to -OH, the catalytic activities for RhB and MO degradation with
the addition of H,O, were tested in the dark for 60 min and the results

(a)
3 —Tio,
< ——C-Tio,
(]
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8 ——4-I/C-TiO,
[
[
Ke)
<
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Wavelength ( nm )
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Fig. 10. Catalytic activity of RhB or MO degradation under N, atmosphere with
0.1 mL H,0,.

were illustrated in Fig. 10. As can be seen, 4-I/C-TiO exhibited the best
activity for RhB and MO degradation among the catalysts, implying that
I and C codoping could be beneficial for the formation of - OH radicals
from H,0, generated on the TiO, surface.

Based on the experiment results, the mechanism of RhB/MO de-
gradation is proposed as follows:

TiO,—hyg™ + ecs” 2)
Oz + ecg” = 027 - 3)
O, - +2H" + ey~ — H,0, ()]
4H,0 + 2 hygt — Ho0, + 2 H 5)
H,0, — 2 -OH 6)
hys*/-OH+RhB/MO — Degradation Products” (@)

*degradation products including CO,, NO3;~, H,O and much micro-
molecules(detailed in Table S2)

4. Conclusion

I and C codoping TiO, was synthesized by a solvothermal-calcina-
tion method. The codoping of interstitial carbon and substitutional io-
dine not only extended the light absorption range of the TiO, photo-
catalysts, but also enhance the separation of photo-induced carriers.
The photocatalytic activities of RhB and MO degradation over the 4-1/
C-TiO, photocatalyst could reach 98.2% and 94.2% after 25 min visible

(b) |—a.uc-Tio,
——c-Tio,
I-Tio,

— Ti0,}

*

Intensity (a. u.)

..-_,-\/\A,_,\/\.v\,\/\”—\/\o\
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Magnetic Field (G )

Fig. 9. UV-vis spectra for H,O, capture with o-tolidine (a) and ESR spectra (b) of the 4-1/C-TiO,, C-TiO,, I-TiO, and TiO, samples under light illumination.
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light irradiation, respectively. 4-I/C-TiO, sample still showed good
photocatalytic activity for MO and RhB mixed degradation. Notably,
the photocatalytic degradation in the above mixed system could be
accomplished using the 4-I/C-TiO, under 60 min sunlight irradiation. I
and C codoping could effectively accelerate the formation of hydroxyl
radicals from the generated H,O,, which was formed for the enhanced
photocatalytic activity of MO and RhB mixed degradation.
Photocatalytic mechanism is finally proposed, and the gained knowl-
edge may provide some insights into the photocatalytic degradation of
the mixed-dyes system over the codoped TiO, catalyst.
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