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Titantum dioxide has been recognized as an active photocatalyst especially forwater treatment
technology." Unfortunately, the anatase titanium dioxide can only be activated by ultraviolet
(UV) light while the rutile form can only extend its absorption near visible light irradiation due
to its large band gap energy, which are 3.20 and 3.03 eV, respectively.” Since solar spectrum
consists of more visible part than UV light, designing visible light active photocatalyst is crucial.
Carbon nitride has been one of the potential visible light active photocatalysts that can be
prepared by a cheap precursor such as urea.In this study, titanium dioxide-carbon nitride
composites were prepared by three methods, which were one pot oxidation, impregnation, and
physical mixing.Investigating the effect of these preparation methods is an important approach to
develop highly active photocatalysts.

Each series of the photocatalysts were prepared with different ratios of titanium to carbon, i.e., 1,
5, 10, 20, and 50 mol%. All samples were characterized by X-ray diffraction (XRD) and diffuse
reflectance ultraviolet-visible (DRUV-Vis) spectroscopies. The characterization results
confirmed the successful preparation of titanium dioxide, carbon nitride, and the titanium
dioxide-carbon nitride composites. Photocatalytic activity tests were carried out for degradation
of salicylic acid at room temperature under UV and visible light irradiations. It was confirmed
that all the prepared titanium dioxide-carbon nitride composites showed better photocatalytic
activities than the bare titanium dioxide and bare carbon nitride. Under UV light irradiation,
90.6% of salicylic acid degradation was achieved on the best composite prepared by one pot
oxidation with 5 mol% of titanium to carbon (Ti/C) ratio.On the other hand, the highest
degradation under visible light irradiation was 94.30%, observed on the composite that was
prepared also by one pot oxidation method with the Ti/C ratio of 10%. Therefore, among the
investigated methods, the best method to prepare the titanium dioxide-carbon nitride composites
with high photocatalytic activity was one pot oxidation method. Owing to the higher conduction
band of titanium dioxide than the carbon nitride, the excited electrons would be transferred from
the conduction band of titanium dioxideto the conduction band of carbon nitride. This would
reduce the electron recombination rate in the titanium dioxide,which would result in the synergic
effect to enhance the activity of the composites. Under UV light irradiation, in addition to the
generated holes on titanium dioxide, generated holes oncarbon nitridewould also react with
salicylic acid to finally produce water and carbon dioxide.On the other hand, under visible light
irradiation, the generated holes on the carbon nitride would be the main active species that would
oxidize the salicylic acid.
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INTRODUCTION (1)
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Advantages of TiO, Photocatalyst

Promising
Photocatalytic
Performance

Strong
Oxidising
Power?

ili High
Stability of . -
TiO, Bepiour

[1] Wang et al., 2002, Surface and Coatings Tech., 155, 141-145.
[2] Lee et al., 2008, Mat. Chem. and Phys., 109, 275-280.

Easily
Available?




INTRODUCTION (2)
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Drawbacks of TiO, Photocatalyst

Anatase: 3.2 eV
Poor

Absorption of
Visible Light

High Rate of Electron-
Hole Recombination

Low Quantum Yield and
Poor Efficiency of Photocatalyst

Zhang, et al., 2010, Transition Met. Chem., 35, 933-938.



INTRODUCTION (3)
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Graphitic Carbon Nitride (CN)
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of pollutants

Catalyst
support
Water
splitting
Electrocatalysis

< Metal-free

< Visible light absorption up to ca. 460 nm
< High stability
< High photocatalytic activity

Oxygen reduction
reaction

Wang et al., 2012, Angewandte Chem. Int. Ed., 51, 68-89.
Thomas et al., 2008, J. Mater. Chem.,18, 4893-4908.
Yang et al., 2015, J. Mater. Chem. A.,3, 14081-14092.
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Salicylic Acid

In the present study, the TiO,-CN composites were prepared by three
methods, namely one pot oxidation, impregnation, and physical
mixing.

Investigating the effect of these preparation methods is an important
approach to develop highly active photocatalysts.

@ Salicylic acid @

The composites were evaluated for Y JQ“
degradation of salicylic acid as one of the S .

organic pollutants. 2 ;s-)\o))\\)

@ Os oM
Salicylic acid is toxic! and can be found in ' \?
wastewater from many industries.? ¢ OH

[1] Hayat et al., 2010, Envi. and Exp. Botany, 68, 14-25.
[2] Loh et al., 2005, Sensors and Act. B Chem., 107, 59-63.



2 EXPERIMENTAL METHODS (1)
Preparation of TiO,
550 °C
4 HO0 )
A _
TiO,
Preparation of CN
XL, L 550 °C
s T fx S P A )
Uea 28 sl olEs
| AL L L A
Melamine Melem L L A L L L L L Urea CN

Graphitic carbon nitride
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7z  EXPERIMENTAL METHODS (2)

AL
Preparation of TiO,-CN OPO
One Pot 550 °C
Oxidation _
Method A
Urea TiO,-CN OPO

Various mol ratios of Ti/C (x =1, 5, 10, 20, and 50 mol%).

Preparation of TiO,-CN IM

Impregnation
Method

TiO,-CN IM

Various mol ratios of Ti/C (x = 1, 5, 10, 20, and 50 mol%).



EXPERIMENTAL METHODS (3)

Preparation of TiO,-CN PM

Physical
Mixing —

Tio, TiO,-CN PM
Various mol ratios of Ti/C (x =1, 5, 10, 20, and 50 mol%).

Characterizations

X-ray diffractometer DR UV-visible spectrophotometer




EXPERIMENTAL METHODS (4)

Photocatalytic Degradation of Salicylic Acid
= Photocatalyst (50 mg)

" Photocatalyst (50 mg) = Salicylic acid (100 pM, 50 mL)
" Salicylic acid (100 uM, S0mL) . gyirred under UV lamp 8 W (6 h)
= Stirred under dark condition (1 h) or stirred under visible lamp 150
W (6 h)
S S
ﬁ e 1 Analysis by
3" >3 | /™ UV-Vis
O
S 8 spectroscopy
Conc. of SA _ Conc. of SA
D : after dark after reaction
egradation _ x 100%
of SA (%) Conc. of SA

after dark



RESULTS AND DISCUSSION (1)

Structural Properties of TiO,-CN OPO Composites
XRD patterns

(101) TiO, has the
004) anatase crystal
200)(105) (211
= 10,,L12) o099 M) 1o ,(50)-CN OPO  structure.
g - TiO,(20)-CN OPO
2 " TiO,(10)-CN OPO O”g ggfk
= AL aroun was
% A TOO-CNOPO - hserved on
£ TiO,(1)-cCNoPO  the CN due to
CN the interlayer
A . — ~ TiO, spaci(r;glzj\l of the
20 30 40 50 60 :
20 (degree)

When the ratio of Ti/C was low, the composite samples only showed the
main peak of CN. With the increase of Ti/C ratio, the CN could be
decomposed and the peak of TiO, became the dominant diffraction peaks.
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7z, RESULTS AND DISCUSSION (2)

\/\% \/

Optical Properties of TiO,-CN OPO Composites
DR UV-Vis spectra

TiO,(50)-CN OPO

' //__:‘% TiO,(20)-CN OPO

(
(
TiO,(10)-CN OPO
(
(7

Normalized Kubelka-Munk
function (arb.u.)

TiO,(5)-CN OPO
TiO,(7)-CN OPO
e N CN
""""""""" e ___) TIO,
200 300 400 500 600

Wavelength (nm)

With addition of CN, the composite samples showed absorption in visible
region above 400 nm, suggesting that they have good ability to absorb
visible light and might show good activity under visible light irradiation.



RESULTS AND DISCUSSION (3)
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Photocatalytic Activity of TiO,-CN OPO Composites

Percentage of Degradation (%)

Method Under UV light | Under visible light

CN 33.7 43.0
TiO,(1)-CN OPO 67.3 60.6
Ti0,(5)-CN OPO 90.6 91.6
O?(?ja':i‘(’)tn Ti0,(10)-CN OPO 77.4 94.3
Ti0,(20)-CN OPO 82.6 84.1
Ti0,(50)-CN OPO 79.6 77.7
TiO, 60.9 21.4

All TiO,-CN composites showed better activity than the CN or TiO,.
Samples with low Ti/C ratio (5-10 mol%) showed the best performance.



7z RESULTS AND DISCUSSION (4)

Structural Properties of TiO,-CN IM Composites
XRD patterns

101) TiO, has the
004) anatase crystal
200)(105) (211
N (109 Trg) BID109) 211 TiO,(50)-CN IM structure.
Y, Wy N\ . i
N TiO,(20)-CN IM One peak

around 28° was

N\ TiO,(5)-CN IM observed on
WA/\ the CN due to
A

(
(
- ~ TiO,(10)-CN IM
(
(7

Intensity (arb.u.)

TiO,(1)-CN IM _
the interlayer
CN spacing of the
—— e TiO, CN.
20 30 40 50 60
20 (degree)

Composites with low Ti/C ratio (1-5%) were mainly characterized by the CN
peak, while high Ti/C ratio (> 10%) were dominated with the TiO,. The CN
might be decomposed easier when heated in the presence of TiO..



7z RESULTS AND DISCUSSION (5)

Optical Properties of TiO,-CN IM Composites
DR UV-Vis spectra

’//w—_\\ TiO,(50)-CN IM
- TiO,(20)-CN IM

2

2
/\ TiO,(70)-CN IM

(5

(

Normalized Kubelka-Munk
function (arb.u.)

TiO,(5)-CN IM
M TiO,(1)-CN IM
e T e CN
------------- M ____] TiO,

200 300 400 500 600

Wavelength (nm)

Only TiO,(7)-CN IM composite showed absorption in the visible light region
above 400 nm. On the other hand, with the increase amount of Ti/C ratio, the
absorption in visible light region decreased and shifted to lower wavelength.
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Photocatalytic Activity of TiO,-CN IM Composites

Percentage of Degradation (%)

Preparation

Method

Under UV light Under visible light

CN 33.7 43.0
TiO,(7)-CN IM 70.7 65.1
TiO,(5)-CN IM 89.7 82.6
[ledcielprile = TiO,(70)-CN IM 77.0 86.7
TiO,(20)-CN IM 67.3 81.0
TiO,(50)-CN IM 66.4 78.0
TiO, 60.9 21.4

All TiO,-CN composites showed better activity than the CN or TiO,.
Samples with low Ti/C ratio (5-10 mol%) showed the best performance,
but slightly lower activity than the TiO,-CN OPO composites.



. RESULTS AND DISCUSSION (7)

Structural Properties of TiO,-CN PM Composites

XRD patterns

(101)

A0 12y (200)(105) (211)

TiO, has the
anatase crystal
TiO,(50)-CN IM structure.
TiO,(20)-CN PM
One peak

TiO,(10)-CN PM around 28° was

Intensity (arb.u.)

observed on
the CN due to

(
TiO,(5)-CN PM
(

20 30 40 50
20 (degree)

TiO,(7)-CN PM
O:(7) the interlayer
CN spacing of the
TiO, CN
60 '

Composite with low Ti/C ratio i.e., TiO,(x)-CN PM only exhibited the CN
peak. All composites with Ti/C ratio of more than 5% showed the diffraction
peaks of both TiO, and CN, suggesting the presence of both TiO, and CN.



'z RESULTS AND DISCUSSION (8)

Optical Properties of TiO,-CN PM Composites
DR UV-Vis spectra

T TiO,(50)-CN PM
L N\ TiO,(20)-CN PM
,_/\/\ TiO,(10)-CN PM
(
o

N

Normalized Kubelka-Munk
function (arb.u.)

TiO,(5)-CN PM
//\ TiO,(7)-CN PM
T ] CN
------------ M| IO,

200 300 400 500 600

Wavelength (nm)

All composites exhibited similar absorption spectrum to each other
regardless the difference in the Ti/C ratio. All composites showed the
characteristics of light absorption for both TiO, and CN.



RESULTS AND DISCUSSION (9)
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Photocatalytic Activity of TiO,-CN PM Composites

Percentage of Degradation (%)

Preparation

Method

Under UV light Under visible light

CN 33.7 43.0
TiO,(1)-CN PM 80.0 71.4
TiO,(5)-CN PM 79.7 56.7
SR 1B TiO,(10)-CN PM 78.1 56.3
TiO,(20)-CN PM 76.1 46.3
TiO,(50)-CN PM 81.0 62.4
TiO, 60.9 21.4

All TiO,-CN composites showed better activity than the CN or TiO,.
All composites showed similar activity of ca. 80% under UV light.
Under visible light, the activity was observed to be ca. 40-70%.
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2z  RESULTS AND DISCUSSION (10)

{’\/\"\/“"\/)

Activity Comparison

All TiO,-CN composites showed better activity than the CN or TiO,,
suggesting the synergic effect between the CN and TiO.,.

Both under UV and visible light irradiation, the activity is in the order of:
TiO,-CN OPO > TiO,-CN IM > TiO,-CN PM

Even though TiO,-CN PM showed the characteristics of both CN and TiO,,
the activity was not as high as other composites. Physical mixing might not
be able to provide strong interface interactions.

In contrast, the one pot oxidation method could provide stronger
interactions between the CN and TiO,. The composites prepared by one
pot oxidation method might induce better charge transfer, which lead to
lower electron-hole recombination. As a result, the composites
prepared by one pot oxidation method would give better photocatalytic
activity.



RESULTS AND DISCUSSION (11)

Proposed Mechanism

Under light irradiation with enough energy, the electrons in the valence
bands of both TiO, and CN in the composite will be excited to the
conduction bands.

Since the conduction band of TiO, is higher than the conduction band of
CN, the excited electrons will be transferred from the conduction band
of TiO, to the conduction band of CN. Thus, the electron
recombination rate of photoexcited TiO, will be reduced, giving the
increased activity.

o
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1.

CONCLUSIONS

TiO,-CN composites could be prepared by one pot
oxidation, impregnation, and physical mixing.

Among the three methods, the composites prepared
by one pot oxidation method showed the highest
photocatalytic activity for degradation of salicylic
acid both under UV and visible light irradiation.

The synergic effect between TiO, and CN in the
composite was proposed to reduce the electron-
hole recombination in the TiO,, resulting in the
better photocatalytic activity of the composite than
the bare TiO, and the bare CN.
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