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ABSTRAK

Kepelbagaian bahan nanostruktur dan penerokaan sifat-sifat fizikal, kimia dan optik
bahan tersebut adalah sangat diteliti pada masa kini. Kajian ini memberi penekanan
kepada pengurangan gas karbon dioksida (CO) yang besar di atmosfera kepada bahan
api hidrokarbon yang berharga dengan penggunaan bahan novel semikonduktor
fotokatalis. Titanium dioksida (TiO;) adalah salah satu daripada semikonduktor
fotokatalis yang paling meluas untuk diaplikasi. Walaubagaimanapun, ia mempunyai
kelemahan utama dari segi jurang tenaga tinggi iaitu 3.2 eV dan kadar rekombinasi
pembawa caj yang tinggi. Oleh kerana nilai jurang tenaga yang tinggi, penyerapan tenaga
hanya berlaku di rantau ultraviolet (UV) spektrum elektromagnetik. Tambahan itu,
spektrum suria hanya mengandungi 5% rantau UV sekaligus menyukarkan penyerapan
tenaga oleh bahan fotokatalis di bawah spektrum suria. Oleh itu bahan TiO: telah
diubahsuai bagi mengurangkan jurang tenaga dan kadar rekombinasi pembawa caj
sekaligus membolehkan penyerapan cahaya melalui specktrum suria. Pengubahsuaian
telah dilakukan melalui gabungan anodalis elektrokimia dan pemendapan elektrokimia.
Selepas pengubahsuian, kecekapan penyerapan cahaya dapat dilihat melalui analisis UV-
Vis melalui sifat LSPR nanopartikel Au. Di samping itu, jurang tenaga fotokatalis telah
berkurang secara drastik yang seterusnya menunjukkan kadar rekombinasi e/h* yang
lebih rendah dicapai melalui analisis PL. Prestasi bahan fotokatalis telah dikaji melalui
penukaran hasil CO2 ke CH4. Penukaran hasil CO2 ke CH4 adalah mengikut turutan TNTs
<RGO-TNTs <Au-TNTs <RGO/Au-TNTs dengan bacaan 4.1% <12.46% <22.32%
<33.1%. Hasil yang signifikan diperoleh dengan menggunakan RGO/ Au-TNTSs. Jumlah
hasil CH4 yang diperoleh selepas 2 jam melalui RGO/ Au-TNTs adalah 8.07 kali lebih
tinggi daripada TNTS. Kesimpulannya, TiO2 yang digabungkan dengan Au telah berjaya
disintesis melalui kaedah pemendapan elektrokimia yang lebih mudah. Selain itu,
kecekapan penyerapan cahaya yang kelihatan lebih lama meningkatkan kadar
penggabungan semula e/h™ dan meningkatkan kecekapan penukaran hasil CO2 ke CHa.
Oleh itu, pendekatan ini membuka banyak laluan untuk bahan semikonduktor fotokatalis
digunakan di bawah spektrum suria yang besar bagi menghasilkan bahan api hidrokarbon
dari COz yang berlebihan di atmosfera.



ABSTRACT

The diversity of nanostructured material synthesis and exploring the proficient physical,
chemical, and optical properties in order to investigate its catalytic efficiency is one of
the most researched areas nowadays. This present study emphasizes on the reduction of
immense CO gas in the atmosphere to valuable hydrocarbon fuel with the utilization of
synthesized novel nanostructured photocatalyst. Titanium dioxide (TiO>) is one of the
most widespread semiconductor photocatalysts for photocatalytic applications. Despite
its eminence, it has major drawbacks in terms of higher bandgap (3.2 eV) and high
recombination of photogenerated charge carriers. Due to its wide bandgap, the
photoexcitation occurred only in the ultraviolet (UV) region of the electromagnetic
spectrum. Moreover, the UV region is only 5% in the solar spectrum whereas the visible
region comprises a total of 53%. Thus, the higher charge carrier recombination, with less
visible light utilization during photoexcitation of TiO2 is one of the major challenges in
photocatalytic domains. For this reason, in this study, a TiO2 based nanocomposite
photocatalyst with enhanced visible light efficiency was developed through the combined
electrochemical anodization, electrochemical deposition, and immersed method. The
visible light absorption efficiency of the photocatalysts was revealed through UV-Vis
analysis due to the LSPR nature of Au nanoparticles. In addition, the bandgap energy of
the photocatalyst was reduced drastically which further shows a lower e”/h* recombination
rate attained through PL analysis. The photocatalytic performance of the prepared
photocatalysts for the conversion of CO> to CH4 yield follows an ascending order of TNTs
<RGO-TNTs < Au-TNTs <RGO/Au-TNTs which are 4.1% <12.46% <22.32% <33.1%.
The significant result obtained by utilizing RGO/Au-TNTs photocatalyst, for the
reduction of CO; to CHs. The total CH4 yield obtained after 2 h of photocatalytic
performance for the RGO/Au-TNTs is 8.07 times higher than TNTs. To conclude,
Titanium dioxide nanotube incorporated with Au was successfully synthesized through a
facile electrochemical deposition method as well induced simple experimental set-up.
The prolonged visible light absorption efficiency improved the TNTs e/h* recombination
rate and enhanced the photocatalytic CO2 conversion efficiency towards visible light by
employing LSPR effective Au nanoparticles and highly active RGO. Therefore, this
approach opens the numerous paths for the efficient visible light photocatalyst (\VLP) for
utilizing a huge solar spectrum to produce hydrocarbon fuels from the excessive CO; in
the atmosphere.



TABLE OF CONTENT

DECLARATION

TITLE PAGE

ACKNOWLEDGEMENTS i
ABSTRAK ii
ABSTRACT iv
TABLE OF CONTENT v
LIST OF TABLES X
LIST OF FIGURES Xi
LIST OF SYMBOLS xiii
LIST OF ABBREVIATIONS Xiv
CHAPTER 1 INTRODUCTION 1
1.1 Research Background 1
1.2 Problem Statement 5
1.3 Research Objectives 7
1.4 Scope of Research 8
1.5  Significance of Research 9
1.6  Thesis Overview 10
CHAPTER 2 LITERATURE REVIEW 11
2.1  Energy Demand and Environmental Impact 11
2.2  Climate Change and CO- a Potential Greenhouse Gas 12

2.3  CO2 Emission Sources and Implemented Sectors 14



2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.3.1 Carbon Capture and Storage (CCS)
2.3.2 Carbon Capture Utilization and Storage (CCUS)
2.3.3 CO. Conversion Processes

Fundamentals of Photocatalysis/Artificial Photosynthesis of CO>
Reduction

2.4.1 Principle of Photocatalytic CO, Conversion
2.4.2 Thermodynamics of Photocatalytic CO, Reduction
2.4.3 Mechanism of Photocatalytic Conversion/Reduction of CO>

Metal Oxide (Semiconductor Materials) Photocatalyst for the Conversion
of CO2

Amplifications in TiO2-Based Photocatalytic CO> Conversion
2.6.1 Limitations of TiO.-based Photocatalytic CO. Reduction

2.6.2 Modification of TiO> Semiconductor as Proficient Photocatalyst
for the Conversion of CO»

2.6.3 Electrochemical Anodization for the Synthesis of TNTs

Advances in TNTs-based Nanocomposite Visible Light Photocatalyst
(VLP)

Plasmonic Photocatalyst for the Reduction of CO>

2.8.1 Fundamentals of Plasmonic Photocatalysis

2.8.2 Surface Plasmon Effect of Metal Nanoparticles

2.8.3 Gold (Au) Induced Enhanced Photocatalytic CO. Reduction
Modification of TNTs Utilizing Graphene

Photocatalytic CO2 Conversion Approaches over Numerous Photocatalysts

Recent Progress of the Photoreactors for the Photocatalytic CO>

Conversion

Summary

CHAPTER 3 METHODOLOGY

Vi

15

15

16

17

19

21

22

25

27

30

30

31

33

38

38

40

41

43

45

46

55

56



3.1

3.2

3.3

3.4

3.5

3.6

Reagents and Materials
Preparation of Titanium Dioxide Nanotube (TNTS)

3.2.1 Formation Mechanism of Synthesized Titanium Dioxide
Nanotube Arrays (TNTS)

Preparation of Graphene Oxide (GO) and Reduced Graphene Oxide (RGO)
Preparation of Modified Nanocomposite Photocatalyst

3.4.1 Modification of TNTs with Au Nanoparticles

3.4.2 Modification of TNTs with RGO

3.4.3 Moadification of TNTs with RGO with Au Nanoparticles

Materials Chemistry/Characterization

3.5.1 X-ray Diffractometer Analysis

3.5.2 Field Emission Scanning Electron Microscopy and Energy-

Dispersive X-ray Analysis
3.5.3 Transmission Electron Microscopy Analysis
3.5.4 Fourier Transform Infrared Analysis
3.5.,5 X-ray Photoelectron Spectroscopy Analysis
3.5.6 Ultra-Violet-Near Infra Red Spectrometer (UV-Vis-NIR)
3.5.7 Photoluminescence (PL) Spectra Analyser

Photocatalytic Activity Test of the Synthesized Photocatalysts through Gas

Phase Photoreactor

3.6.1 Photocatalytic Conversion of CO, to CH4 over Synthesized
Catalysts

3.6.2 Product Collection and Evaluation through Gas Chromatograph-

Flame lonization Detector

CHAPTER 4 RESULTS AND DISCUSSION

4.1

Formation Mechanism and Characterization of Prepared Catalysts

vii

57

57

58

60

60

61

61

61

62

63

64

64

64

65

65

65

65

66

67

68

68



4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.1.1 Formation Mechanism of Synthesized Au-TNTSs
(Electrochemical Deposition Method)

Morphological Characterization of the Prepared Catalysts through Field

Emission Scanning Electron Microscopy Analysis

4.2.1 Field Emission Scanning Electron Microscopy Analysis of
Synthesized Titanium Dioxide Nanotube Arrays

4.2.2 Field Emission Scanning Electron Microscopy Analysis of
Synthesized Plasmonic Au Nanoparticles Deposited Titanium

Dioxide Nanotube Arrays

4.2.3 Synthesized Novel Nanocomposite (RGO/Au-TNTs) Catalyst
Morphology Analysis through Field Emission Scanning Electron

Microscopy Analysis
Energy-Dispersive X-ray Analysis of the Prepared Catalysts
Transmission Electron Microscopy Analysis of the Prepared Catalysts
X-ray Diffractometer Analysis of the Prepared Catalysts

Chemical Composition Analysis by X-ray Photoelectron Spectroscopy of

all the Prepared Catalysts
Fourier Transform Infrared Analysis of the Prepared Catalysts

Optical Properties Analysis through UV-Visible Absorption Spectra and

Photoluminescence (PL) Spectra of the Prepared Catalysts
Photocatalytic Activity by Converting CO to CH4

Proposed Mechanism for Photocatalytic Conversion of CO2 to CHa

CHAPTER 5 CONCLUSION

51 Conclusion
5.2 Recommendations
REFERENCES

APPENDIX A Loaded synthesized raw nanocatalyst sample

viii

68

70

71

74

76

79

80

83

84

92

93

97

102

104

104

105

107

133



APPENDIX B UV-Visible absorption spectra of RGO-TNTs with band gap
energy 134

APPENDIX C GC-FID results for the methane identification 135



Table 2.1

Table 2.2
Table 2.3

Table 2.4

Table 2.5
Table 2.6

Table 3.1
Table 4.1

Table 4.2

LIST OF TABLES

Standard redox potentials of possible reactions for photocatalytic
COz conversion with H>O

Band gap energies of different semiconductors materials

Literature summary of TiO2-based photocatalyst for the
photocatalytic reduction of CO;

Noble metal enhanced TiO-based photocatalyst for photocatalytic
CO2 reduction

Graphene modified TiO> for the photocatalytic conversion of CO>

Summary of various types of photoreactors for the conversion of
CO2to CHa4

Photocatalytic CO2 conversion experimental parameters.

Summary of major FTIR peaks and the corresponding functional
groups of the prepared catalysts

Comparison of photocatalytic activity of different Au and graphene
modified TiO; photocatalysts for the conversion of CO, to CHa

24
26

28

36
44

50
67

93

101



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5

Figure 2.6
Figure 2.7
Figure 2.8

Figure 2.9
Figure 2.10

Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5

Figure 4.1

Figure 4.2
Figure 4.3

Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7

Figure 4.8

LIST OF FIGURES

Global greenhouse gas emission by gas.
Global CO2 emission by sector.

CO: utilization applications.

CO2 conversion processes.

Schematic illustration of the mechanism and pathways for
photocatalytic redox reactions and electron transfer process of
photoexcited electron-hole pairs on the surface of heterogeneous
photocatalyst.

Band-edge positions, bandgap energy of various semicondutor
photocatalysts involved in the CO> reduction.

Schematic illustration of photocatalytic CO> reduction mechanism
utilizing TiO2 semiconductor photocatalysts surface with elaborate
reaction pathways.

Schematic formation mechanism of TiO2 nanotubes.
Surface plasmon resonance effect of a metal nanoparticle.

Classification of Photoreactor Designs Utilized for the
Photocatalytic Conversion of CO> to Valuable Chemicals.

Flowchart of research workplan.

Experimental setup for electrochemical anodization.
Representation of the formation mechanism of TNTs.
Synthesis procedure of overall catalyst preparation.

Schematic of the experimental setup for photocatalytic conversion
of CO2 to CH4 with Hz0.

Representation of the formation mechanism of Au nanoparticles
deposition into the TNTSs.

Affected top view of the TNTs after Pt coating during FESEM.

FESEM images of the (a) top view of synthesized TNTs and (b)
cross-sectional view of TNTSs.

FESEM images of the (a) diameter of the TNTs and (b) length of
the TNTSs.

FESEM image of (a) Au-TNTs and (b) TNTs with same resolution.

FESEM images of (a) transperarent two-dimensional RGO sheet
and (b) RGO-TNTs

FESEM images of RGO/Au-TNTSs with different scale (a) 100 nm
and (b) 1pum.

EDX of (a) TNTSs, (b) Au-TNTs, (¢) RGO-TNTs and (d) RGO/Au-
TNTSs.

Xi

12
14
16
16

20

22

23

33
39

49
56
58
60
62

66

69
70

72

73

75

77

78

79



Figure 4.9

Figure 4.10
Figure 4.11
Figure 4.12

Figure 4.13
Figure 4.14

Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18

Figure 4.19
Figure 4.20

Figure 4.21

Figure 4.22

TEM images of the (a) TNTs (b) lattice spacing of TNTs (c) Au-
TNTSs and (d) lattice spacing of Au-TNTSs.

TEM images of (a) RGO/Au-TNTs and (b) lattice spacing of Au
nanoparticles and anatase TiO: in the sample.

XRD patterns of the prepared catalysts : (a) TNTs, (b) Au-TNTs,
(c) RGO/AuU-TNTs and (d) RGO-TNTs.

Fully scanned XPS spectra of (a) TNTs, Au-TNTs and RGO/Au-
TNTs and (b) GO, RGO-TNTs and RGO/AuU-TNTSs.

Core level XPS spectra of TNTs (a) Ti 2p, (b) O 1sand (c) C 1s.

XPS spectra of Au-TNTs (a) Ti 2p of TNTs and Au-TNTs, (b) Au
4f,(c) O 1sand (d) C 1s.

XPS spectra of (a) C 1s spectra of GO and (b) C 1s spectra of RGO.

Core level XPS spectra of RGO/Au-TNTSs (a) Au 4f spectra, (b) Ti
2p spectra and (c) O 1s spectra.

FTIR spectra of (a) GO, (b) RGO, (c) RGO-TNTs, (d) TNTs, (e)
Au-TNTs and (f) RGO/Au-TNTSs.

UV-vis absorption spectra of prepared TNTs, Au-TNTs and
RGO/AuU-TNTSs catalysts.

PL spectra of the prepared catalysts.

Amount of CH4 production (%) of TNTs, RGO-TNTs, Au-TNTs
and RGO/Au-TNTs over time.

CHjs yield (%) over TNTs, RGO-TNTs, Au-TNTs and RGO/Au-
TNTs.

Proposed photocatalytic  mechanism of RGO/Au-TNTs
photocatalyst for the conversion of CO> with water vapor to CHs
under visible light irradiation.

Xii

80

82

83

85
86

88

90

91

92

95
96

97

99

103



°C

cm’

mL
mol

mol L-1
nm

%

cm
pm
W/cm?
kPa

LIST OF SYMBOLS

degree celsius

gram

per centimetre

hour

mililitre

mole

mol per litre
nanometre
percentage

second

square of centimetre
micrometre

watt per centimetre square

kilopascal

Xiii



Ag
Au
CO;
CB
CHg4

Es

GO
GHG
Hg
H*

h*

hv
IPCC
LSPR

*OH
Pt
RGO
SPR
TiO2
TNTs
uv
VLP
VB
Xe

LIST OF ABBREVIATIONS

Silver

Gold

Carbon dioxide

Conduction band

Methane

Charge/electron

Fermi energy

Bandgap energy

Graphene oxide

Greenhouse gases

Mercury

Proton

Carrier/hole

Photon energy
Intergovernmental panel on climate change
Localized surface plasmon resonance
Hydroxyl

Hydroxyl radicals

Platinum

Reduced graphene oxide

Surface plasmon resonance
Titanium dioxide

Titanium dioxide nanotube
Ultraviolet

Visible light active photocatalyst
Valence band

Xenon

Xiv



REFERENCES

Abdullah, H., Khan, M. M. R., Ong, H. R., & Yaakob, Z. (2017a). Modified TiO photocatalyst
for CO; photocatalytic reduction: An overview. Journal of CO; Utilization, 22, 15-32.
doi:https://doi.org/10.1016/j.jcou.2017.08.004

Abdullah, M., & Kamarudin, S. K. (2017). Titanium dioxide nanotubes (TNT) in energy and
environmental applications: An overview. Renewable and Sustainable Energy Reviews,
76, 212-225. doi:https://doi.org/10.1016/j.rser.2017.01.057

Aleksandrzak, M., Adamski, P., Kukutka, W., Zielinska, B., & Mijowska, E. (2015). Effect of
graphene thickness on photocatalytic activity of TiO2-graphene nanocomposites. Applied
Surface Science, 331, 193-199.

Alexiadis, A., & Mazzarino, 1. (2005). Design guidelines for fixed-bed photocatalytic reactors.
Chemical Engineering Processing: Process Intensification, 44(4), 453-459.

Ali, A., & Oh, W. C. (2017). A simple ultrasono-synthetic route of PbSe-graphene-TiO; ternary
composites to improve the photocatalytic reduction of CO.. Fullerenes Nanotubes and
Carbon Nanostructures, 25(8), 449-458. doi:10.1080/1536383X.2017.1308354

Ali, 1., Kim, S.-R., Park, K., & Kim, J.-O. (2017). Response surface methodology for
optimization of the one-step preparation of RGO-TNTs as visible light catalysts.
Chemical Engineering Communications, 204(9), 1049-1060.

Ali, S., Razzaq, A., & In, S.-1. (2018). Development of graphene based photocatalysts for CO,
reduction to C1 chemicals: A brief overview. Catalysis Today.
doi:https://doi.org/10.1016/j.cattod.2018.12.003

Allwood, J. M., Cullen, J. M., & Milford, R. L. (2010). Options for achieving a 50% cut in
industrial carbon emissions by 2050. In: ACS Publications.

Ampelli, C., Genovese, C., Passalacqua, R., Perathoner, S., & Centi, G. (2012). The use of a solar
photoelectrochemical reactor for sustainable production of energy. Theoretical
Foundations of Chemical Engineering, 46(6), 651-657.

Anpo, M. (2013). Photocatalytic reduction of CO, with H,O on highly dispersed Ti-oxide
catalysts as a model of artificial photosynthesis. Journal of CO, Utilization, 1, 8-17.
doi:https://doi.org/10.1016/j.jcou.2013.03.005

Arruda, L. B., Santos, C. M., Orlandi, M. O., Schreiner, W. H., & Lisboa-Filho, P. N. (2015).
Formation and evolution of TiO, nanotubes in alkaline synthesis. Ceramics International,
41(2), 2884-2891. doi:10.1016/j.ceramint.2014.10.113

Asahi, R., Morikawa, T., Ohwaki, T., Aoki, K., & Taga, Y. (2001). Visible-light photocatalysis
in nitrogen-doped titanium oxides. Science, 293(5528), 269-271.
doi:10.1126/science.1061051

Asi, M. A., He, C., Su, M., Xia, D., Lin, L., Deng, H., Li, X.-z. (2011). Photocatalytic reduction
of CO2 to hydrocarbons using AgBr/TiO, nanocomposites under visible light. Catalysis
Today, 175(1), 256-263.

Asif, M., & Muneer, T. (2007). Energy supply, its demand and security issues for developed and
emerging economies. Renewable Sustainable Energy Reviews, 11(7), 1388-1413.

107


https://doi.org/10.1016/j.jcou.2017.08.004
https://doi.org/10.1016/j.rser.2017.01.057
https://doi.org/10.1016/j.cattod.2018.12.003
https://doi.org/10.1016/j.jcou.2013.03.005

Atay, T., Song, J.-H., & Nurmikko, A. V. (2004). Strongly interacting plasmon nanoparticle pairs:
from dipole— dipole interaction to conductively coupled regime. Nano Letters, 4(9),
1627-1631.

Awad, N. K., Edwards, S. L., & Morsi, Y. S. (2017). A review of TiO, NTs on Ti metal:
Electrochemical synthesis, functionalization and potential use as bone implants.
Materials Science and Engineering: C, 76, 1401-1412.
doi:https://doi.org/10.1016/j.msec.2017.02.150

Aziz, A. A., Cheng, C. K., Ibrahim, S., Matheswaran, M., & Saravanan, P. (2012). Visible light
improved, photocatalytic activity of magnetically separable titania nanocomposite.
Chemical Engineering Journal, 183, 349-356.

Bachu, S. (2016). Identification of oil reservoirs suitable for CO,-EOR and CO; storage (CCUS)
using reserves databases, with application to Alberta, Canada. International Journal of
Greenhouse Gas Control, 44, 152-165.

Bai, Y., Bai, Y., Wang, C., Gao, J., & Ma, W. (2016). Fabrication and characterization of gold
nanoparticle-loaded TiO 2 nanotube arrays for medical implants. Journal of Materials
Science: Materials in Medicine, 27(2), 31.

Balandin, A. A., Ghosh, S., Bao, W., Calizo, I., Teweldebrhan, D., Miao, F., & Lau, C. N. (2008).
Superior thermal conductivity of single-layer graphene. Nano letters, 8(3), 902-907.

Bazzo, A., & Urakawa, A. (2013). Origin of photocatalytic activity in continuous gas phase CO;
reduction over Pt/TiO,. ChemSusChem, 6(11), 2095-2102.

Boutton, T. W. (1991). Stable carbon isotope ratios of natural materials: Il. Atmospheric,
terrestrial, marine, and freshwater environments. Carbon isotope techniques, 1, 173.

Cao, S., Li, Y., Zhu, B., Jaroniec, M., & Yu, J. (2017). Facet effect of Pd cocatalyst on
photocatalytic CO, reduction over g-C3N4. Journal of Catalysis, 349, 208-217.
doi:https://doi.org/10.1016/j.jcat.2017.02.005

Chen, B.-R., Nguyen, V.-H., Wu, J. C., Martin, R., & Ko¢i, K. (2016). Production of renewable
fuels by the photohydrogenation of CO.: effect of the Cu species loaded onto TiO>
photocatalysts. Physical Chemistry Chemical Physics, 18(6), 4942-4951.

Chen, D., Feng, H., & Li, J. (2012). Graphene Oxide: Preparation, Functionalization, and
Electrochemical ~ Applications.  Chemical  Reviews, 112(11), 6027-6053.
doi:10.1021/cr300115g

Chen, F., & Johnston, R. L. (2009). Plasmonic properties of silver nanoparticles on two substrates.
Plasmonics, 4(2), 147-152. doi:10.1007/s11468-009-9087-1

Chen, H., Nanayakkara, C. E., & Grassian, V. H. (2012). Titanium Dioxide Photocatalysis in
Atmospheric Chemistry. Chemical Reviews, 112(11), 5919-5948.
d0i:10.1021/cr3002092

Chen, L., Graham, M. E., Li, G., Gentner, D. R., Dimitrijevic, N. M., & Gray, K. A. (2009).
Photoreduction of CO, by TiO, nanocomposites synthesized through reactive direct
current magnetron sputter deposition. Thin Solid Films, 517(19), 5641-5645.
doi:https://doi.org/10.1016/j.tsf.2009.02.075

108


https://doi.org/10.1016/j.msec.2017.02.150
https://doi.org/10.1016/j.jcat.2017.02.005
https://doi.org/10.1016/j.tsf.2009.02.075

Chen, L., Xu, Z., Li, J., Zhou, B., Shan, M., Li, Y., ... Niu, J. (2014). Modifying graphite oxide
nanostructures in various media by high-energy irradiation. RSC Advances, 4(2), 1025-
1031.

Chen, X., Shen, S., Guo, L., & Mao, S. S. (2010). Semiconductor-based Photocatalytic Hydrogen
Generation. Chemical Reviews, 110(11), 6503-6570. doi:10.1021/cr1001645

Cheng, J., Zhang, M., Wu, G., Wang, X., Zhou, J., & Cen, K. (2014). Photoelectrocatalytic
reduction of CO; into chemicals using Pt-modified reduced graphene oxide combined
with Pt-modified TiO. nanotubes. Environmental science & technology, 48(12), 7076-
7084.

Chon Chen, C., Cheng, C. H., & Lin, C. K. (2013). Template assisted fabrication of TiO and
WQO3 nanotubes. Ceramics International, 39(6), 6631-6636.
doi:10.1016/j.ceramint.2013.01.100

Chueh, W. C., & Haile, S. M. (2009). Ceria as a thermochemical reaction medium for selectively
generating syngas or methane from H:O and CO.. ChemSusChem: Chemistry
Sustainability Energy Materials 2(8), 735-739.

Ciais, P., Sabine, C., Bala, G., Bopp, L., Brovkin, V., al, e., & House, J. I. (2014). Carbon and
Other Biogeochemical Cycles. In O. Edenhofer, R. Pichs-Madruga, Y. Sokona, E.
Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B.
Kriemann, J. Savolainen, S. Schlémer, C. von Stechow, Z. T, & M. J.C (Eds.), Climate
Change 2013 (pp. 465-570): Cambridge University Press.

Collado, L., Reynal, A., Coronado, J. M., Serrano, D. P., Durrant, J. R., & de la Pefia O'Shea, V.
A. (2015). Effect of Au surface plasmon nanoparticles on the selective CO;
photoreduction to CHas. Applied Catalysis B: Environmental, 178, 177-185.
doi:https://doi.org/10.1016/j.apcath.2014.09.032

Costentin, C., Robert, M., & Savéant, J.-M. (2013). Catalysis of the electrochemical reduction of
carbon dioxide. Chemical Society Reviews, 42(6), 2423-2436.

Cox, P. M., Betts, R. A., Jones, C. D., Spall, S. A., & Totterdell, 1. J. (2000). Acceleration of
global warming due to carbon-cycle feedbacks in a coupled climate model. Nature,
408(6809), 184.

Cushing, S. K., Li, J., Meng, F., Senty, T. R., Suri, S., Zhi, M., Wu, N. (2012). Photocatalytic
activity enhanced by plasmonic resonant energy transfer from metal to semiconductor.
Journal of the American Chemical Society, 134(36), 15033-15041.

Das, S., & Daud, W. W. (2014). RETRACTED: Photocatalytic CO> transformation into fuel: A
review on advances in photocatalyst and photoreactor. In: Elsevier.

de_Richter, R. K., Ming, T., & Caillol, S. (2013). Fighting global warming by photocatalytic
reduction of CO2 using giant photocatalytic reactors. Renewable and Sustainable Energy
Reviews, 19, 82-106. doi:https://doi.org/10.1016/j.rser.2012.10.026

Dey, G. R. (2007). Chemical Reduction of CO; to Different Products during Photo Catalytic
Reaction on TiO; under Diverse Conditions: an Overview. Journal of Natural Gas
Chemistry, 16(3), 217-226. doi:https://doi.org/10.1016/S1003-9953(07)60052-8

Dionne, J. A., & Atwater, H. A. (2012). Plasmonics: metal-worthy methods and materials in
nanophotonics. Mrs Bulletin, 37(8), 717-724.

109


https://doi.org/10.1016/j.apcatb.2014.09.032
https://doi.org/10.1016/j.rser.2012.10.026
https://doi.org/10.1016/S1003-9953(07)60052-8

Dlugokencky, E., & Tans, P. (2014). Trends in atmospheric carbon dioxide, National Oceanic &
Atmospheric Administration, Earth System Research Laboratory (NOAA/ESRL). In.

Du, X., Skachko, I., Barker, A., & Andrei, E. Y. (2008). Approaching ballistic transport in
suspended graphene. Nature Nanotechnology, 3, 491. doi:10.1038/nnano.2008.199,
https://www.nature.com/articles/nnano.2008.199#supplementary-information

Edelmannova, M., Lin, K.-Y., Wu, J. C. S., Troppova, L, Capek, L., & Ko¢i, K. (2018).
Photocatalytic hydrogenation and reduction of CO; over CuO/ TiO; photocatalysts.
Applied Surface Science, 454, 313-318. doi:https://doi.org/10.1016/j.apsusc.2018.05.123

Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Agrawala, S., Bashmakov, I., Blanco, G.,
Bustamante, M. (2014). Summary for policymakers.

Egerton, T. A., & Tooley, I. (2004). Effect of changes in TiO, dispersion on its measured
photocatalytic activity. The Journal of Physical Chemistry B, 108(16), 5066-5072.

Etacheri, V., Di Valentin, C., Schneider, J., Bahnemann, D., & Pillai, S. C. (2015). Visible-light
activation of TiO2 photocatalysts: Advances in theory and experiments. Journal of
Photochemistry and Photobiology C: Photochemistry Reviews, 25, 1-29.
doi:https://doi.org/10.1016/j.jphotochemrev.2015.08.003

Fa,J.,Hn, L., Z,Z,Nm, H., & A, P. (2014). Titanium dioxide-reduced graphene oxide thin film
for photoelectrochemical water splitting. Ceramics International, 40(9, Part B), 15159-
15165. doi:https://doi.org/10.1016/j.ceramint.2014.06.130

Fan, M. S., Abdullah, A. Z., & Bhatia, S. (2009). Catalytic technology for carbon dioxide
reforming of methane to synthesis gas. ChemCatChem, 1(2), 192-208.

Feng, S., Wang, M., Zhou, Y., Li, P., Tu, W., & Zou, Z. (2015). Double-shelled plasmonic Ag-
TiO2 hollow spheres toward visible light-active photocatalytic conversion of CO2 into
solar fuel. APL Materials, 3(10), 104416.

Fujishima, A., & Honda, K. (1972a). Electrochemical Photolysis of Water at a Semiconductor
Electrode. Nature, 238, 37. doi:10.1038/238037a0

Fujishima, A., & Honda, K. (1972b). Electrochemical photolysis of water at a semiconductor
electrode. nature, 238(5358), 37.

Fujishima, A., Inoue, T., & Honda, K. (1979). Competitive photoelectrochemical oxidation of
reducing agents at the titanium dioxide photoanode. Journal of the American Chemical
Society, 101(19), 5582-5588. d0i:10.1021/ja00513a022

Fukushima, J., Takeuchi, T., Hayashi, Y., & Takizawa, H. (2018). Microwave synthesis of
carbon-coated Ti4O7 nanorods by rapid carbothermal reduction processing. Chemical
Engineering and  Processing -  Process Intensification, 125, 27-33.
doi:https://doi.org/10.1016/j.cep.2018.01.002

Galli, F., Compagnoni, M., Vitali, D., Pirola, C., Bianchi, C. L., Villa, A., Rossetti, I. (2017a).
CO. photoreduction at high pressure to both gas and liquid products over titanium
dioxide. Applied Catalysis B: Environmental, 200, 386-391.
doi:https://doi.org/10.1016/j.apcath.2016.07.038

Galli, F., Compagnoni, M., Vitali, D., Pirola, C., Bianchi, C. L., Villa, A., Rossetti, I. (2017b).

CO 2 photoreduction at high pressure to both gas and liquid products over titanium
dioxide. Applied Catalysis B: Environmental, 200, 386-391.

110


https://doi.org/10.1016/j.apsusc.2018.05.123
https://doi.org/10.1016/j.jphotochemrev.2015.08.003
https://doi.org/10.1016/j.ceramint.2014.06.130
https://doi.org/10.1016/j.cep.2018.01.002
https://doi.org/10.1016/j.apcatb.2016.07.038

Garcia-Lopez, E., Marci, G., Pomilla, F. R., Paganini, M. C., Gionco, C., Giamello, E., &
Palmisano, L. (2018). ZrO, Based materials as photocatalysts for 2-propanol oxidation
by using UV and solar light irradiation and tests for CO- reduction. Catalysis Today, 313,
100-105. doi:https://doi.org/10.1016/j.cattod.2018.01.030

Ge, M.-Z,, Cao, C.-Y,, Li, S.-H,, Tang, Y.-X., Wang, L.-N., Qi, N., Lai, Y.-K. (2016). In situ
plasmonic Ag nanoparticle anchored TiO, nanotube arrays as visible-light-driven
photocatalysts for enhanced water splitting. Nanoscale, 8(9), 5226-5234.

Ghosh, S. K., & Pal, T. (2007). Interparticle coupling effect on the surface plasmon resonance of
gold nanoparticles: from theory to applications. Chemical reviews, 107(11), 4797-4862.

Goddeti, K. C., Lee, C., Lee, Y. K., & Park, J. Y. (2018). Three-dimensional hot electron
photovoltaic device with vertically aligned TiO2 nanotubes. Scientific Reports, 8(1),
7330. doi:10.1038/s41598-018-25335-6

Grabowska, E., Marchelek, M., Klimczuk, T., Trykowski, G., & Zaleska-Medynska, A. (2016).
Noble metal modified TiO, microspheres: surface properties and photocatalytic activity
under UV-vis and visible light. Journal of Molecular Catalysis A: Chemical, 423, 191-
206.

Grabowska, E., Sobczak, J. W., Gazda, M., & Zaleska, A. (2012). Surface properties and visible
light activity of W-TiO, photocatalysts prepared by surface impregnation and sol-gel
method. Applied Catalysis B: Environmental, 117-118, 351-359.
doi:10.1016/j.apcath.2012.02.003

Guan, G., Kida, T., & Yoshida, A. (2003). Reduction of carbon dioxide with water under
concentrated sunlight using photocatalyst combined with Fe-based catalyst. Applied
Catalysis B: Environmental, 41(4), 387-396.

Guo, L. j., Wang, Y. j., & He, T. (2016). Photocatalytic Reduction of CO, over Heterostructure
Semiconductors into Value - Added Chemicals. The Chemical Record, 16(4), 1918-
1933.

Halmann, M. (1978). Photoelectrochemical reduction of aqueous carbon dioxide on p-type
gallium phosphide in liquid junction solar cells. Nature, 275(5676), 115.

Hassan, M., Zhao, Y., & Xie, B. (2016). Employing TiO; photocatalysis to deal with landfill
leachate: Current status and development. Chemical Engineering Journal, 285, 264-275.
d0i:10.1016/j.cej.2015.09.093

Hiehata, K., Sasahara, A., & Onishi, H. (2007). Local work function analysis of Pt/TiO;
photocatalyst by a Kelvin probe force microscope. Nanotechnology, 18(8), 084007.

Hoffmann, M. R., Martin, S. T., Choi, W., & Bahnemann, D. W. (1995). Environmental
applications of semiconductor photocatalysis. Chemical Reviews, 95(1), 69-96.

Hou, W., & Cronin, S. B. (2013). A review of surface plasmon resonance-enhanced
photocatalysis. Advanced Functional Materials, 23(13), 1612-1619.

Hou, W., Hung, W. H., Pavaskar, P., Goeppert, A., Aykol, M., & Cronin, S. B. (2011a).
Photocatalytic Conversion of CO, to Hydrocarbon Fuels via Plasmon-Enhanced
Absorption and Metallic Interband Transitions. ACS Catalysis, 1(8), 929-936.
doi:10.1021/cs2001434

111


https://doi.org/10.1016/j.cattod.2018.01.030

Hou, W., Hung, W. H., Pavaskar, P., Goeppert, A., Aykol, M., & Cronin, S. B. J. A. C. (2011b).
Photocatalytic conversion of CO2 to hydrocarbon fuels via plasmon-enhanced absorption
and metallic interband transitions. 1(8), 929-936.

Howe, R. (1998). Recent developments in photocatalysis. Developments in Chemical Engineering
Mineral Processing, 6(1 - 2), 55-84.

Hoyer, P. (1996). Formation of a Titanium Dioxide Nanotube Array. Langmuir, 12(6), 1411-
1413. doi:10.1021/1a9507803

Huang, C.-y., Guo, R.-t., Pan, W.-g., Tang, J.-y., Zhou, W.-g., Liu, X.-y., Jia, P.-y. (2019). One-
dimension TiO; nanostructures with enhanced activity for CO, photocatalytic reduction.
Applied Surface Science, 464, 534-543. doi:https://doi.org/10.1016/j.apsusc.2018.09.114

Hummers Jr, W. S., & Offeman, R. E. (1958). Preparation of graphitic oxide. Journal of the
American Chemical Society, 80(6), 1339-1339.

Indira, K., Mudali, U. K., Nishimura, T., & Rajendran, N. (2015). A review on TiO; nanotubes:
influence of anodization parameters, formation mechanism, properties, corrosion
behavior, and biomedical applications. Journal of Bio-and Tribo-Corrosion, 1(4), 28.

Indira, K., Mudali, U. K., Nishimura, T., & Rajendran, N. (2015). A Review on TiO, Nanotubes:
Influence of Anodization Parameters, Formation Mechanism, Properties, Corrosion
Behavior, and Biomedical Applications. Journal of Bio- and Tribo-Corrosion, 1(4), 28.
d0i:10.1007/s40735-015-0024-x

Indrakanti, V. P., Kubicki, J. D., & Schobert, H. H. (2009). Photoinduced activation of CO on
Ti-based heterogeneous catalysts: Current state, chemical physics-based insights and
outlook. Energy Environmental Science, 2(7), 745-758.

Inoue, T., Fujishima, A., Konishi, S., & Honda, K. (1979). Photoelectrocatalytic reduction of
carbon dioxide in aqueous suspensions of semiconductor powders. Nature, 277(5698),
637.

IPCC. (2018). Global Warming of 1.5° C: An IPCC Special Report on the Impacts of Global
Warming of 1.5° C Above Pre-industrial Levels and Related Global Greenhouse Gas
Emission Pathways, in the Context of Strengthening the Global Response to the Threat
of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty:
Intergovernmental Panel on Climate Change.

IPCC, (2014). Climate change 2014: Impacts, adaptation, and vulnerability: IPCC Working
Group II.

Izumi, Y. (2013). Recent advances in the photocatalytic conversion of carbon dioxide to fuels
with water and/or hydrogen using solar energy and beyond. Coordination Chemistry
Reviews, 257(1), 171-186.

Jacob, D. (1999). Introduction to atmospheric chemistry: Princeton University Press.

Jankulovska, M., Lana-Villarreal, T., & Gomez, R. (2010). Hierarchically organized titanium

dioxide nanostructured electrodes: Quantum-sized nanowires grown on nanotubes.
Electrochemistry Communications, 12(10), 1356-1359.

112


https://doi.org/10.1016/j.apsusc.2018.09.114

Jaroenworaluck, A., Regonini, D., Bowen, C., & Stevens, R. (2010). A microscopy study of the
effect of heat treatment on the structure and properties of anodised TiO2 nanotubes.
Applied Surface Science, 256(9), 2672-2679.

Jia, P.-y., Guo, R.-t., Pan, W.-g., Huang, C.-y., Tang, J.-y., Liu, X.-y.,Xu, Q.-y. (2019). The
MoS2/TiO; heterojunction composites with enhanced activity for CO, photocatalytic
reduction under visible light irradiation. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 570, 306-316. doi:https://doi.org/10.1016/j.colsurfa.2019.03.045

Jiang, Z., Zhang, X., Yuan, Z., Chen, J., Huang, B., Dionysiou, D. D., & Yang, G. (2018).
Enhanced photocatalytic CO- reduction via the synergistic effect between Ag and
activated carbon in TiO2/AC-Ag ternary composite. Chemical Engineering Journal, 348,
592-598. doi:https://doi.org/10.1016/j.cej.2018.04.180

Jiao, J., Wei, Y., Zhao, Y., Zhao, Z., Duan, A., Liu, J., Wang, Y. (2017). AuPd/3DOM-TiO;
catalysts for photocatalytic reduction of CO.: High efficient separation of photogenerated
charge carriers. Applied Catalysis B: Environmental, 209, 228-239.
doi:https://doi.org/10.1016/j.apcath.2017.02.076

Jiao, J., Wei, Y., Zhao, Z., Zhong, W., Liu, J., Li, J., Jiang, G. (2015). Synthesis of 3D ordered
macroporous TiOz-supported Au nanoparticle photocatalysts and their photocatalytic
performances for the reduction of CO, to methane. Catalysis Today, 258, 319-326.
doi:https://doi.org/10.1016/j.cattod.2015.01.030

Jin, J., & He, T. (2017). Facile synthesis of Bi2S3 nanoribbons for photocatalytic reduction of
Cco2 into CH30H. Applied Surface Science, 394, 364-370.
doi:https://doi.org/10.1016/j.apsusc.2016.10.118

Joos, F., & Spahni, R. (2008). Rates of change in natural and anthropogenic radiative forcing over
the past 20,000 years. Proceedings of the National Academy of Sciences, 105(5), 1425-
1430.

Kandy, M. M., & Gaikar, V. G. (2018). Photocatalytic reduction of CO; using CdS nanorods on
porous anodic alumina support. Materials Research Bulletin, 102, 440-449.
doi:https://doi.org/10.1016/j.materresbull.2018.02.054

Kaneco, S., Chen, Y., Westerhoff, P., & Crittenden, J. C. (2007). Fabrication of uniform size
titanium oxide nanotubes: Impact of current density and solution conditions. Scripta
Materialia, 56(5), 373-376.

Kang, Q., Wang, T., Li, P., Liu, L., Chang, K., Li, M., & Ye, J. (2014). Photocatalytic Reduction
of Carbon Dioxide by Hydrous Hydrazine over Au—Cu Alloy Nanoparticles Supported
on SrTiOs/TiO, Coaxial Nanotube Arrays. Angewandte Chemie International Edition,
54(3), 841-845. doi:10.1002/anie.201409183

Karamian, E., & Sharifnia, S. (2018). Enhanced visible light photocatalytic activity of BiFeOs-
ZnO p-n heterojunction for CO2 reduction. Materials Science and Engineering: B, 238-
239, 142-148. doi:https://doi.org/10.1016/j.mseb.2018.12.023

Kasuga, T., Hiramatsu, M., Hoson, A., Sekino, T., & Niihara, K. (1998). Formation of titanium
oxide nanotube. Langmuir, 14(12), 3160-3163.

Kasuga, T., Hiramatsu, M., Hoson, A., Sekino, T., & Niihara, K. (1998). Formation of titanium
oxide nanotube. Langmuir, 14(12), 3160-3163.

113


https://doi.org/10.1016/j.colsurfa.2019.03.045
https://doi.org/10.1016/j.cej.2018.04.180
https://doi.org/10.1016/j.apcatb.2017.02.076
https://doi.org/10.1016/j.cattod.2015.01.030
https://doi.org/10.1016/j.apsusc.2016.10.118
https://doi.org/10.1016/j.materresbull.2018.02.054
https://doi.org/10.1016/j.mseb.2018.12.023

Kelly, K. L., Coronado, E., Zhao, L. L., & Schatz, G. C. (2003). The optical properties of metal
nanoparticles: the influence of size, shape, and dielectric environment. In: ACS
Publications.

Kezzim, A., Nasrallah, N., Abdi, A., & Trari, M. (2011). Visible light induced hydrogen on the
novel hetero-system CuFe204/TiO2. Energy Conversion and Management, 52(8), 2800-
2806. doi:https://doi.org/10.1016/j.enconman.2011.02.014

Khan, A. A., & Tahir, M. (2019). Recent advancements in engineering approach towards design
of photo-reactors for selective photocatalytic CO- reduction to renewable fuels. Journal
of CO; Utilization, 29, 205-239. doi:https://doi.org/10.1016/j.jcou.2018.12.008

Khan, M. M., Adil, S. F., & Al-Mayouf, A. (2015). Metal oxides as photocatalysts. Journal of
Saudi Chemical Society, 19(5), 462-464. doi:https://doi.org/10.1016/j.jscs.2015.04.003

Khan, M. R., Chuan, T. W., Yousuf, A., Chowdhury, M., & Cheng, C. K. (2015). Schottky barrier
and surface plasmonic resonance phenomena towards the photocatalytic reaction: study
of their mechanisms to enhance photocatalytic activity. Catalysis Science Technology,
5(5), 2522-2531.

Khatun, F., Abd Aziz, A., Sim, L. C., & Monir, M. U. (2019). Plasmonic enhanced Au decorated
TiO, nanotube arrays as a visible light active catalyst towards photocatalytic CO,
conversion to CHs. Journal of Environmental Chemical Engineering, 103233.
doi:https://doi.org/10.1016/j.jece.2019.103233

Khatun, F., Aziz, Azrina Abd, Kafi, AKM, Ching, Sim Lan (2018). Synthesis and
Characterization of TiO, Nanotube Using Electrochemical Anodization Method.
International Journal of Engineering Technology, 5(3), 132-139.

Khatun, F., Monir, M. M. U., Arham, S. N., & Ab Wahid, Z. (2016). Implementation of Carbon
Dioxide Gas Injection Method for Gas Recovery at Rashidpur Gas Field, Bangladesh.
International Journal of Engineering Technology Sciences, 5(1), 52-61.

Kim, D., Fujimoto, S., Schmuki, P., & Tsuchiya, H. (2008). Nitrogen doped anodic TiO;
nanotubes grown from nitrogen-containing Ti alloys. Electrochemistry Communications,
10(6), 910-913.

Kim, S.-R., Ali, I., & Kim, J.-O. (2017). Electrochemical synthesis of co-doped RGO-Bi-TiO,
nanotube composite: Enhanced activity under visible light. Journal of Industrial and
Engineering Chemistry, 54, 316-323.

Kimura, K., Naya, S.-i., Jin-nouchi, Y., & Tada, H. (2012). TiO; crystal form-dependence of the
AU/TiO; plasmon photocatalyst’s activity. The Journal of Physical Chemistry C, 116(12),
7111-7117.

Kitano, M., Tsujimaru, K., & Anpo, M. (2006). Decomposition of water in the separate evolution
of hydrogen and oxygen using visible light-responsive TiO; thin film photocatalysts:
Effect of the work function of the substrates on the yield of the reaction. Applied Catalysis
A: General, 314(2), 179-183. doi:https://doi.org/10.1016/j.apcata.2006.08.017

Koci, K., Obalova, L., Mat&jova, L., Placha, D., Lacny, Z., Jirkovsky, J., & Solcova, O. (2009).

Effect of TiO; particle size on the photocatalytic reduction of CO.. Applied Catalysis B:
Environmental, 89(3), 494-502. doi:https://doi.org/10.1016/j.apcath.2009.01.010

114


https://doi.org/10.1016/j.enconman.2011.02.014
https://doi.org/10.1016/j.jcou.2018.12.008
https://doi.org/10.1016/j.jscs.2015.04.003
https://doi.org/10.1016/j.jece.2019.103233
https://doi.org/10.1016/j.apcata.2006.08.017
https://doi.org/10.1016/j.apcatb.2009.01.010

Ko¢i, K., Reli, M., Kozak, O., Lacny, Z., Placha, D., Praus, P., & Obalova, L. (2011). Influence
of reactor geometry on the yield of CO- photocatalytic reduction. Catalysis today, 176(1),
212-214.

Kolwas, K., Derkachova, A., & Shopa, M. (2009). Size characteristics of surface plasmons and
their manifestation in scattering properties of metal particles. Journal of Quantitative
Spectroscopy Radiative Transfer, 110(14-16), 1490-1501.

Kubacka, A., Fernandez-Garcia, M., & Colon, G. (2011). Advanced nanoarchitectures for solar
photocatalytic applications. Chemical Reviews, 112(3), 1555-1614.

Lee, H., Park, T.-H., & Jang, D.-J. (2016). Preparation of anatase TiO, nanotube arrays dominated
by highly reactive facets via anodization for high photocatalytic performances. New
Journal of Chemistry, 40(10), 8737-8744.

Lee, W.-H., Liao, C.-H., Tsai, M.-F., Huang, C.-W., & Wu, J. C. (2013). A novel twin reactor for
CO2 photoreduction to mimic artificial photosynthesis. Applied Catalysis B:
Environmental, 132, 445-451.

Lee, Y. Y, Jung, H. S., & Kang, Y. T. (2017). A review: Effect of nanostructures on
photocatalytic CO2 conversion over metal oxides and compound semiconductors.
Journal of CO2 Utilization, 20, 163-177. doi:https://doi.org/10.1016/j.jcou.2017.05.019

Leong, K. H., Aziz, A. A, Sim, L. C., Saravanan, P., Jang, M., & Bahnemann, D. (2018).
Mechanistic insights into plasmonic photocatalysts in utilizing visible light. Beilstein
Journal of Nanotechnology, 9(1), 628-648.

Li, H., Gao, Y., Xiong, Z., Liao, C., & Shih, K. (2018). Enhanced selective photocatalytic
reduction of CO2 to CH4 over plasmonic Au modified g-C3N4 photocatalyst under UV—
vis light irradiation. Applied Surface Science, 439, 552-559.

Li, K., An, X., Park, K. H., Khraisheh, M., & Tang, J. (2014). A critical review of CO,
photoconversion:  Catalysts and reactors. Catalysis Today, 224, 3-12.
doi:https://doi.org/10.1016/j.cattod.2013.12.006

Li, X., Liu, H., Luo, D., Li, J., Huang, Y., Li, H., Zhu, L. (2012). Adsorption of CO; on
heterostructure CdS(Bi2S3)/TiO2 nanotube photocatalysts and their photocatalytic
activities in the reduction of CO2 to methanol under visible light irradiation. Chemical
Engineering Journal, 180, 151-158. doi:https://doi.org/10.1016/j.cej.2011.11.029

Li, X., Wen, J., Low, J., Fang, Y., & Yu, J. (2014). Design and fabrication of semiconductor
photocatalyst for photocatalytic reduction of CO; to solar fuel. Science China Materials,
57(1), 70-100.

Li, Y., Ma, Q., Han, J., Ji, L., Wang, J., Chen, J., & Wang, Y. (2014). Controllable preparation,
growth mechanism and the properties research of TiO2 nanotube arrays. Applied Surface
Science, 297, 103-108.

Li, Y., Wang, W.-N., Zhan, Z., Woo, M.-H., Wu, C.-Y., & Biswas, P. (2010). Photocatalytic
reduction of CO, with H,O on mesoporous silica supported Cu/TiO2 catalysts. Applied
Catalysis B: Environmental, 100(1-2), 386-392.

Liang, Y. T., Vijayan, B. K., Gray, K. A., & Hersam, M. C. (2011). Minimizing graphene defects

enhances titania nanocomposite-based photocatalytic reduction of CO, for improved
solar fuel production. Nano letters, 11(7), 2865-2870.

115


https://doi.org/10.1016/j.jcou.2017.05.019
https://doi.org/10.1016/j.cattod.2013.12.006
https://doi.org/10.1016/j.cej.2011.11.029

Liang, Y. T., Vijayan, B. K., Lyandres, O., Gray, K. A., & Hersam, M. C. (2012). Effect of
dimensionality on the photocatalytic behavior of carbon-titania nanosheet composites:
charge transfer at nanomaterial interfaces. The journal of physical chemistry letters,
3(13), 1760-1765.

Lin, X., Chen, H., Hu, Z., Hou, Y., & Dai, W. (2018). Enhanced visible light photocatalysis of
TiO2 by Co-modification with Eu and Au nanoparticles. Solid State Sciences, 83, 181-
187. doi:https://doi.org/10.1016/j.solidstatesciences.2018.07.007

Linic, S., Christopher, P., & Ingram, D. B. (2011). Plasmonic-metal nanostructures for efficient
conversion of solar to chemical energy. Nature materials, 10(12), 911.

Linsebigler, A. L., Lu, G., & Yates, J. T. (1995). Photocatalysis on TiO, Surfaces: Principles,
Mechanisms, and Selected Results. Chemical Reviews, 95(3), 735-758.
doi:10.1021/cr00035a013

Liu, B., Zhao, X., Terashima, C., Fujishima, A., & Nakata, K. (2014). Thermodynamic and kinetic
analysis of heterogeneous photocatalysis for semiconductor systems. Physical Chemistry
Chemical Physics, 16(19), 8751-8760.

Liu, C., Teng, Y., Liu, R, Luo, S., Tang, Y., Chen, L., & Cai, Q. (2011). Fabrication of graphene
films on TiO, nanotube arrays for photocatalytic application. Carbon, 49(15), 5312-5320.

Liu, E., Kang, L., Wu, F., Sun, T., Hu, X,, Yang, Y., Fan, J. (2014). Photocatalytic Reduction of
CO; into Methanol over Ag/TiO, Nanocomposites Enhanced by Surface Plasmon
Resonance. Plasmonics, 9(1), 61-70. doi:10.1007/s11468-013-9598-7

Liu, L., & Li, Y. (2014a). Understanding the reaction mechanism of photocatalytic reduction of
CO. with H20 on TiO;-based photocatalysts: a review. Aerosol Air Qual Res, 14(2), 453-
469.

Liu, L., & Li, Y. (2014b). Understanding the reaction mechanism of photocatalytic reduction of
CO, with H,0 on TiO;-based photocatalysts: a review. Aerosol Air Qual Res, 14(2), 453-
469.

Liu, L., & Li, Y. (2014). Understanding the reaction mechanism of photocatalytic reduction of
CO, with H,O on TiOz-based photocatalysts: A review. Aerosol and Air Quality
Research, 14(2), 453-469. doi:10.4209/aaqr.2013.06.0186

Liu, Y., Shu, W., Peng, Z., Chen, K, & Chen, W. (2013). Self-assembly of Au
nanocrystal/titanate nanobelt heterojunctions and enhancement of the photocatalytic
activity. Catalysis today, 208, 28-34.

Loaiza-Ambuludi, S., Panizza, M., Oturan, N., & Oturan, M. A. (2014). Removal of the anti-
inflammatory drug ibuprofen from water using homogeneous photocatalysis. Catalysis
Today, 224, 29-33. doi:https://doi.org/10.1016/j.cattod.2013.12.018

Low, J., Cheng, B., & Yu, J. (2017). Surface modification and enhanced photocatalytic CO,
reduction performance of TiO;: a review. Applied Surface Science, 392, 658-686.

Low, J., Qiu, S., Xu, D., Jiang, C., & Cheng, B. (2018). Direct evidence and enhancement of

surface plasmon resonance effect on Ag-loaded TiO- nanotube arrays for photocatalytic
CO2 reduction. Applied Surface Science, 434, 423-432.

116


https://doi.org/10.1016/j.solidstatesciences.2018.07.007
https://doi.org/10.1016/j.cattod.2013.12.018

Low, J., Zhang, L., Tong, T., Shen, B., & Yu, J. (2018). TiO»/MXene TisC, composite with
excellent photocatalytic CO, reduction activity. Journal of Catalysis, 361, 255-266.
doi:https://doi.org/10.1016/j.jcat.2018.03.009

Lu, Q., & Jiao, F. (2016). Electrochemical CO- reduction: Electrocatalyst, reaction mechanism,
and process engineering. Nano Energy, 29, 439-456.
doi:https://doi.org/10.1016/j.nanoen.2016.04.009

Luttrell, T., Halpegamage, S., Tao, J., Kramer, A., Sutter, E., & Batzill, M. (2014). Why is anatase
a better photocatalyst than rutile? - Model studies on epitaxial TiO, films. Scientific
Reports, 4, 4043. doi:10.1038/srep04043

Lv, J., Gao, H., Wang, H., Lu, X., Xu, G., Wang, D., Wu, Y. (2015). Controlled deposition and
enhanced visible light photocatalytic performance of Pt-modified TiO, nanotube arrays.
Applied Surface Science, 351, 225-231. doi:https://doi.org/10.1016/j.apsusc.2015.05.139

Ma, J., Guo, S., Guo, X., & Ge, H. (2015). A mild synthetic route to Fes0.@TiO2-Au composites:
preparation, characterization and photocatalytic activity. Applied Surface Science, 353,
1117-1125. doi:https://doi.org/10.1016/j.apsusc.2015.07.040

Ma, S., & Kenis, P. J. (2013). Electrochemical conversion of CO; to useful chemicals: current
status, remaining challenges, and future opportunities. Current Opinion in Chemical
Engineering, 2(2), 191-199.

Mankidy, B. D., Joseph, B., & Gupta, V. K. (2013). Photo-conversion of CO, using titanium
dioxide: enhancements by plasmonic and co-catalytic nanoparticles. Nanotechnology,
24(40), 405402.

Manrique, E. J., Thomas, C. P., Ravikiran, R., Izadi Kamouei, M., Lantz, M., Romero, J. L., &
Alvarado, V. (2010). EOR: current status and opportunities. Paper presented at the SPE
improved oil recovery symposium.

Marcano, D. C., Kosynkin, D. V., Berlin, J. M., Sinitskii, A., Sun, Z., Slesarev, A., Tour, J. M.
(2010). Improved synthesis of graphene oxide. ACS nano, 4(8), 4806-4814.

Marchal, V., Dellink, R., Van Vuuren, D., Clapp, C., Chateau, J., Magné, B., & van Vliet, J.
(2011). OECD environmental outlook to 2050. Organization for Economic Co-operation
and Development.

Marien, C. B. D., Cottineau, T., Robert, D., & Drogui, P. (2016). TiO, Nanotube arrays: Influence
of tube length on the photocatalytic degradation of Paraquat. Applied Catalysis B:
Environmental, 194, 1-6. doi:https://doi.org/10.1016/j.apcatb.2016.04.040

Marpani, F., Pinelo, M., & Meyer, A. S. (2017). Enzymatic conversion of CO; to CH;OH via
reverse dehydrogenase cascade biocatalysis: Quantitative comparison of efficiencies of
immobilized enzyme systems. Biochemical Engineering Journal, 127, 217-228.

Martin, A., Navarrete, A., & Bermejo, M. D. (2018). Applications of supercritical technologies
to CO2 reduction: Catalyst development and process intensification. The Journal of
Supercritical Fluids, 134, 141-149. doi:https://doi.org/10.1016/j.supflu.2017.11.021

Matthews, R. W., & McEvoy, S. R. (1992). Photocatalytic degradation of phenol in the presence

of near-UV illuminated titanium dioxide. Journal of Photochemistry Photobiology A:
Chemistry, 64(2), 231-246.

117


https://doi.org/10.1016/j.jcat.2018.03.009
https://doi.org/10.1016/j.nanoen.2016.04.009
https://doi.org/10.1016/j.apsusc.2015.05.139
https://doi.org/10.1016/j.apsusc.2015.07.040
https://doi.org/10.1016/j.apcatb.2016.04.040
https://doi.org/10.1016/j.supflu.2017.11.021

Metz, B., Davidson, O., & De Coninck, H. (2005). Carbon dioxide capture and storage: special
report of the intergovernmental panel on climate change: Cambridge University Press.

Mills, A., & Le Hunte, S. (1997). An overview of semiconductor photocatalysis. Journal of
Photochemistry and Photobiology A: Chemistry, 108(1), 1-35.
doi:https://doi.org/10.1016/S1010-6030(97)00118-4

Min, S., Yang, X., Lu, A.-Y., Tseng, C.-C., Hedhili, M. N., Lai, Z., Huang, K.-W. (2017). Surface-
reconstructed Cu electrode via a facile electrochemical anodization-reduction process for
low overpotential CO; reduction. Journal of Saudi Chemical Society, 21(6), 708-712.
doi:https://doi.org/10.1016/j.jscs.2017.03.003

Momeni, M. M., & Ghayeb, Y. (2016). Fabrication, characterization and photoelectrochemical
performance of chromium-sensitized titania nanotubes as efficient photoanodes for solar
water splitting. Journal of Solid State Electrochemistry, 20(3), 683-689.
d0i:10.1007/s10008-015-3093-3

Mura, F., Masci, A., Pasquali, M., & Pozio, A. (2009). Effect of a galvanostatic treatment on the
preparation of highly ordered TiO2 nanotubes. Electrochimica Acta, 54(14), 3794-3798.

Murthy, M., Tubaki, S., Lokesh, S. V., & Rangappa, D. (2017). Co, N-Doped TiO, Coated r-GO
as a photo catalyst for Enhanced photo catalytic Activity. Materials Today: Proceedings,
4(11, Part 3), 11873-11881. doi:https://doi.org/10.1016/j.matpr.2017.09.106

Nahar, S., Zain, M., Kadhum, A., Hasan, H., & Hasan, M. J. M. (2017). Advances in
photocatalytic CO2 reduction with water: a review. Materials, 10(6), 629.

Nakata, K., & Fujishima, A. (2012). TiO, photocatalysis: Design and applications. Journal of
photochemistry photobiology C: Photochemistry Reviews, 13(3), 169-189.

Nguyen, V.-H., & Wu, J. C. (2018). Recent developments in the design of photoreactors for solar
energy conversion from water splitting and CO; reduction. Applied Catalysis A: General,
550, 122-141.

Nikokavoura, A., & Trapalis, C. (2017). Alternative photocatalysts to TiO- for the photocatalytic
reduction of CO.. Applied Surface Science, 391, 149-174.
doi:https://doi.org/10.1016/j.apsusc.2016.06.172

Norhasyima, R. S., & Mahlia, T. M. L. (2018). Advances in CO: utilization technology: A patent
landscape review. Journal of CO, Utilization, 26, 323-335.
doi:https://doi.org/10.1016/j.jcou.2018.05.022

North, M. (2015). Chapter 1 - What is CO,? Thermodynamics, Basic Reactions and Physical
Chemistry. In P. Styring, E. A. Quadrelli, & K. Armstrong (Eds.), Carbon Dioxide
Utilisation (pp. 3-17). Amsterdam: Elsevier.

Ola, O., & Maroto-Valer, M. M. (2015). Review of material design and reactor engineering on
TiO2 photocatalysis for CO, reduction. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 24, 16-42.
doi:https://doi.org/10.1016/j.jphotochemrev.2015.06.001

Pang, Y. L., Bhatia, S., & Abdullah, A. Z. (2011). Process behavior of TiO, nanotube-enhanced

sonocatalytic degradation of Rhodamine B in aqueous solution. Separation and
Purification Technology, 77(3), 331-338. d0i:10.1016/j.seppur.2010.12.023

118


https://doi.org/10.1016/S1010-6030(97)00118-4
https://doi.org/10.1016/j.jscs.2017.03.003
https://doi.org/10.1016/j.matpr.2017.09.106
https://doi.org/10.1016/j.apsusc.2016.06.172
https://doi.org/10.1016/j.jcou.2018.05.022
https://doi.org/10.1016/j.jphotochemrev.2015.06.001

Qiao, J., Liu, Y., Hong, F., & Zhang, J. (2014). A review of catalysts for the electroreduction of
carbon dioxide to produce low-carbon fuels. Chemical Society Reviews, 43(2), 631-675.

Qiu-Ye, L., Lan-Lan, Z., Chen, L., Yu-Hui, C., Xiao-Dong, W., & Jian-Jun, Y. (2014).
Photocatalytic reduction of CO2 to methane on Pt/TiO2 nanosheet porous film. Advances
in Condensed Matter Physics, 2014.

Qu, Y., & Duan, X. (2012). One-dimensional homogeneous and heterogeneous nanowires for
solar energy conversion. Journal of Materials Chemistry, 22(32), 16171-16181.

Rambabu, Y., Kumar, U., Singhal, N., Kaushal, M., Jaiswal, M., Jain, S. L., & Roy, S. C. (2019).
Photocatalytic reduction of carbon dioxide using graphene oxide wrapped TiO2
nanotubes. Applied Surface Science, 485, 48-55,
doi:https://doi.org/10.1016/j.apsusc.2019.04.041

Razzaq, A., Grimes, C. A., & In, S.-l. (2016). Facile fabrication of a noble metal-free
photocatalyst: TiO2 nanotube arrays covered with reduced graphene oxide. Carbon, 98,
537-544. doi:https://doi.org/10.1016/j.carbon.2015.11.053

Rezayee, N. M., Huff, C. A., & Sanford, M. S. (2015). Tandem amine and ruthenium-catalyzed
hydrogenation of CO2 to methanol. Journal of the American Chemical Society, 137(3),
1028-1031.

Rosseler, O., Shankar, M. V., Du, M. K.-L., Schmidlin, L., Keller, N., & Keller, V. (2010). Solar
light photocatalytic hydrogen production from water over Pt and Au/TiO(anatase/rutile)
photocatalysts: Influence of noble metal and porogen promotion. Journal of Catalysis,
269(1), 179-190. doi:https://doi.org/10.1016/j.jcat.2009.11.006

Sajan, C. P., Wageh, S., Al-Ghamdi, A. A., Yu, J., & Cao, S. (2016). TiO; nanosheets with
exposed {001} facets for photocatalytic applications. Nano Research, 9(1), 3-27.
doi:10.1007/s12274-015-0919-3

Sakthivel, S., Shankar, M. V., Palanichamy, M., Arabindoo, B., Bahnemann, D. W., &
Murugesan, V. (2004). Enhancement of photocatalytic activity by metal deposition:
characterisation and photonic efficiency of Pt, Au and Pd deposited on TiO2 catalyst.
Water Research, 38(13), 3001-3008. doi:https://doi.org/10.1016/j.watres.2004.04.046

Saleh, T. A, & Gupta, V. K. (2012). Photo-catalyzed degradation of hazardous dye methyl orange
by use of a composite catalyst consisting of multi-walled carbon nanotubes and titanium
dioxide. Journal of Colloid and Interface Science, 371(1), 101-106.
doi:https://doi.org/10.1016/j.jcis.2011.12.038

Sangeeta, M., Karthik, K. V., Ravishankar, R., Anantharaju, K. S., Nagabhushana, H., Jeetendra,
K., Renuka, L. (2017). Synthesis of ZnO, MgO and ZnO/MgO by Solution Combustion
Method: Characterization and Photocatalytic Studies. Materials Today: Proceedings,
4(11, Part 3), 11791-11798. doi:https://doi.org/10.1016/j.matpr.2017.09.096

Sasirekha, N., Basha, S. J. S., & Shanthi, K. (2006). Photocatalytic performance of Ru doped
anatase mounted on silica for reduction of carbon dioxide. Applied Catalysis B:
Environmental, 62(1-2), 169-180.

Sastre, F., Corma, A., & Garcia, H. (2012). 185 nm photoreduction of CO, to methane by water.
Influence of the presence of a basic catalyst. Journal of the American Chemical Society,
134(34), 14137-14141.

Sato, S., & White, J. (1980). Photodecomposition of Water over Pt/TiO, Catalysts. Retrieved from

119


https://doi.org/10.1016/j.apsusc.2019.04.041
https://doi.org/10.1016/j.carbon.2015.11.053
https://doi.org/10.1016/j.jcat.2009.11.006
https://doi.org/10.1016/j.watres.2004.04.046
https://doi.org/10.1016/j.jcis.2011.12.038
https://doi.org/10.1016/j.matpr.2017.09.096

Schiermeier, Q., Tollefson, J., Scully, T., Witze, A., & Morton, O. (2008). Energy alternatives:
Electricity without carbon. Nature News, 454(7206), 816-823.

Selinsky, R. S., Ding, Q., Faber, M. S., Wright, J. C., & Jin, S. (2013). Quantum dot nanoscale
heterostructures for solar energy conversion. Chemical Society Reviews, 42(7), 2963-
2985. doi:10.1039/C2CS35374A

Shayegan, Z., Lee, C.-S., & Haghighat, F. (2018). TiO. photocatalyst for removal of volatile
organic compounds in gas phase-A review. Chemical Engineering Journal, 334, 2408-
2439. doi:https://doi.org/10.1016/j.cej.2017.09.153

Shehzad, N., Tahir, M., Johari, K., Murugesan, T., & Hussain, M. (2018a). A critical review on
TiO2 based photocatalytic CO; reduction system: Strategies to improve efficiency.
Journal of CO, Utilization, 26, 98-122.

Shehzad, N., Tahir, M., Johari, K., Murugesan, T., & Hussain, M. (2018b). Improved interfacial
bonding of graphene-TiO2 with enhanced photocatalytic reduction of CO; into solar fuel.
Journal ~ of  Environmental  Chemical  Engineering, 6(6), 6947-6957.
doi:https://doi.org/10.1016/j.jece.2018.10.065

Sim, L. C., Leong, K. H., Ibrahim, S., & Saravanan, P. (2014a). Graphene oxide and Ag engulfed
TiO2 nanotube arrays for enhanced electron mobility and visible-light-driven
photocatalytic performance. Journal of Materials Chemistry A, 2(15), 5315-5322.

Sim, L. C., Leong, K. H., Ibrahim, S., & Saravanan, P. (2014b). Graphene oxide and Ag engulfed
TiO; nanotube arrays for enhanced electron mobility and visible-light-driven
photocatalytic performance. Journal of Materials Chemistry A, 2(15), 5315-5322.

Sim, L. C., Leong, K. H., Saravanan, P., & Ibrahim, S. (2015a). Rapid thermal reduced graphene
oxide/Pt-TiO, nanotube arrays for enhanced visible-light-driven photocatalytic reduction
of CO.. Applied Surface Science, 358, 122-129.

Sim, L. C., Leong, K. H., Saravanan, P., & Ibrahim, S. (2015b). Rapid thermal reduced graphene
oxide/Pt-TiO; nanotube arrays for enhanced visible-light-driven photocatalytic reduction
of CO2. Applied Surface Science, 358, 122-129.

Sim, L. C., Leong, K. H., Saravanan, P., & Ibrahim, S. (2015c). Rapid thermal reduced graphene
oxide/Pt-TiO; nanotube arrays for enhanced visible-light-driven photocatalytic reduction
of CO.. Applied Surface Science, 358(Part A), 122-129.
doi:https://doi.org/10.1016/j.apsusc.2015.08.065

Sim, L. C., Leong, K. H., Saravanan, P., & Ibrahim, S. (2015d). Rapid thermal reduced graphene
oxide/Pt-TiO; nanotube arrays for enhanced visible-light-driven photocatalytic reduction
of CO.. Applied Surface Science, 358, 122-129.

Sim, L. C., Ng, K. W., Ibrahim, S., & Saravanan, P. (2013). Preparation of improved pn junction
NiO/TiO nanotubes for solar-energy-driven light photocatalysis. International Journal
of Photoenergy, 2013.

Sim, L. C., Ng, K. W., Ibrahim, S., & Saravanan, P. (2013). Preparation of improved pn junction
NiO/TiO- nanotubes for solar-energy-driven light photocatalysis. International Journal
of Photoenergy, 2013.

Singhal, N., & Kumar, U. (2017). Noble metal modified TiOa: selective photoreduction of CO>
to hydrocarbons. Molecular Catalysis, 439, 91-99.

120


https://doi.org/10.1016/j.cej.2017.09.153
https://doi.org/10.1016/j.jece.2018.10.065
https://doi.org/10.1016/j.apsusc.2015.08.065

Singhal, N., & Kumar, U. (2017). Noble metal modified TiO.: selective photoreduction of CO>
to hydrocarbons. Molecular Catalysis, 439, 91-99.
doi:https://doi.org/10.1016/j.mcat.2017.06.031

Stein, T., & Leskiw, M. (2000). Oxidant damage during and after spaceflight. American Journal
of Physiology-Endocrinology And Metabolism, 278(3), E375-E382.

Su, K.-Y., Chen, C.-Y., & Wu, R.-J. (2019). Preparation of Pd/TiO, nanowires for the
photoreduction of CO2 into renewable hydrocarbon fuels. Journal of the Taiwan Institute
of Chemical Engineers, 96, 409-418. doi:https://doi.org/10.1016/j.jtice.2018.12.010

Su, X,, Yang, L., Huang, C., Hu, Q., Shan, X., Wan, J., Wang, B. (2018). Interactions between
rGO/TNT nanocomposites and cells: Regulation of cell morphology, uptake,
cytotoxicity, adhesion and migration. Journal of the Mechanical Behavior of Biomedical
Materials, 77(Supplement 0), 510-518.
doi:https://doi.org/10.1016/j.jmbbm.2017.10.014

Sun, Z., Ma, T., Tao, H., Fan, Q., & Han, B. (2017). Fundamentals and Challenges of
Electrochemical CO, Reduction Using Two-Dimensional Materials. Chem, 3(4), 560-
587. doi:https://doi.org/10.1016/j.chempr.2017.09.009

Sun, Z., Wang, H., Wu, Z., & Wang, L. (2018). g-CsN4 based composite photocatalysts for
photocatalytic CO; reduction. Catalysis Today, 300, 160-172.
doi:https://doi.org/10.1016/j.cattod.2017.05.033

Tahir, M. (2018). Photocatalytic carbon dioxide reduction to fuels in continuous flow monolith
photoreactor using montmorillonite dispersed Fe/TiO, nanocatalyst. Journal of Cleaner
Production, 170, 242-250.

Tahir, M., & Amin, N. S. (2013). Advances in visible light responsive titanium oxide-based
photocatalysts for CO. conversion to hydrocarbon fuels. Energy Conversion
Management, 76, 194-214.

Tahir, M., Amin, N. S., & Management. (2013). Advances in visible light responsive titanium
oxide-based photocatalysts for CO,conversion to hydrocarbon fuels. Energy Conversion,
76, 194-214.

Tahir, M., Tahir, B., & Amin, N. A. S. (2015). Gold-nanoparticle-modified TiO, nanowires for
plasmon-enhanced photocatalytic CO- reduction with H, under visible light irradiation.
Applied Surface Science, 356, 1289-1299.
doi:https://doi.org/10.1016/j.apsusc.2015.08.231

Tahir, M., Tahir, B., & Amin, N. A. S. (2017). Synergistic effect in plasmonic Au/Ag alloy NPs
co-coated TiO, NWs toward visible-light enhanced CO; photoreduction to fuels. Applied
Catalysis B: Environmental, 204, 548-560.
doi:https://doi.org/10.1016/j.apcath.2016.11.062

Tahir, M., Tahir, B., Zakaria, Z. Y., & Muhammad, A. (2019). Enhanced photocatalytic carbon
dioxide reforming of methane to fuels over nickel and montmorillonite supported TiO>
nanocomposite under UV-light using monolith photoreactor. Journal of Cleaner
Production, 213, 451-461. doi:https://doi.org/10.1016/j.jclepro.2018.12.169

Talwar, S., Sangal, V. K., & Verma, A. (2018). Feasibility of using combined TiO, photocatalysis
and RBC process for the treatment of real pharmaceutical wastewater. Journal of

121


https://doi.org/10.1016/j.mcat.2017.06.031
https://doi.org/10.1016/j.jtice.2018.12.010
https://doi.org/10.1016/j.jmbbm.2017.10.014
https://doi.org/10.1016/j.chempr.2017.09.009
https://doi.org/10.1016/j.cattod.2017.05.033
https://doi.org/10.1016/j.apsusc.2015.08.231
https://doi.org/10.1016/j.apcatb.2016.11.062
https://doi.org/10.1016/j.jclepro.2018.12.169

Photochemistry and Photobiology A Chemistry, 353, 263-270.
doi:https://doi.org/10.1016/j.jphotochem.2017.11.013

Tamirat, A. G., Rick, J., Dubale, A. A., Su, W.-N., & Hwang, B.-J. (2016). Using hematite for
photoelectrochemical water splitting: a review of current progress and challenges.
Nanoscale Horizons, 1(4), 243-267.

Tan, L.-L., Ong, W.-J., Chai, S.-P., Goh, B. T., & Mohamed, A. R. (2015). Visible-light-active
oxygen-rich TiO, decorated 2D graphene oxide with enhanced photocatalytic activity
toward carbon dioxide reduction. Applied Catalysis B: Environmental, 179, 160-170.
doi:https://doi.org/10.1016/j.apcath.2015.05.024

Tan, L.-L., Ong, W.-J., Chai, S.-P., & Mohamed, A. R. (2013). Reduced graphene oxide-TiO:
nanocomposite as a promising visible-light-active photocatalyst for the conversion of
carbon dioxide. Nanoscale research letters, 8(1), 465.

Tan, L.-L., Ong, W.-J., Chai, S.-P., & Mohamed, A. R. (2015). Noble metal modified reduced
graphene oxide/TiO, ternary nanostructures for efficient visible-light-driven
photoreduction of carbon dioxide into methane. Applied Catalysis B: Environmental,
166-167, 251-259. doi:https://doi.org/10.1016/j.apcath.2014.11.035

Tan, L.-L., Ong, W.-J., Chai, S.-P., & Mohamed, A. R. (2017). Photocatalytic reduction of CO,
with H,O over graphene oxide-supported oxygen-rich TiO, hybrid photocatalyst under
visible light irradiation: Process and Kinetic studies. Chemical Engineering Journal, 308,
248-255. doi:https://doi.org/10.1016/j.cej.2016.09.050

Tan, S. S., Zou, L., & Hu, E. (2006). Photocatalytic reduction of carbon dioxide into gaseous
hydrocarbon using TiO- pellets. Catalysis Today, 115(1-4), 269-273.

Tasbihi, M., Ko¢i, K., Edelmannova, M., Troppova, 1., Reli, M., & Schomécker, R. (2018).
Pt/TiO, photocatalysts deposited on commercial support for photocatalytic reduction of
CO2. Journal of Photochemistry and Photobiology A:  Chemistry.
doi:https://doi.org/10.1016/j.jphotochem.2018.04.012

Tian, Y., & Tatsuma, T. (2005). Mechanisms and applications of plasmon-induced charge
separation at TiO, films loaded with gold nanoparticles. Journal of the American
Chemical Society, 127(20), 7632-7637.

Torrell, M., Adochite, R. C., Cunha, L., Barradas, N. P., Alves, E., Beaufort, M. F., Vaz, F. (2012).
Surface Plasmon Resonance Effect on the Optical Properties of TiO, Doped by Noble
Metals  Nanoparticles. Journal of Nano Research, 18-19, 177-185.
doi:10.4028/www.scientific.net/JNanoR.18-19.177

Trindade, T., O'Brien, P., & Pickett, N. L. (2001). Nanocrystalline Semiconductors: Synthesis,
Properties, and Perspectives. Chemistry of Materials, 13(11), 3843-3858.
doi:10.1021/cm000843p

Truong, Q. D., Hoa, H. T., Vo, D.-V. N,, & Le, T. S. (2017). Controlling the shape of anatase
nanocrystals for enhanced photocatalytic reduction of CO to methanol. New Journal of
Chemistry, 41(13), 5660-5668.

Tseng, Y.-H., Chang, I.-G., Tai, Y., & Wu, K.-W. (2012). Effect of surface plasmon resonance

on the photocatalytic activity of Au/TiO, under UV/Visible illumination. Journal of
nanoscience nanotechnology, 12(1), 416-422.

122


https://doi.org/10.1016/j.jphotochem.2017.11.013
https://doi.org/10.1016/j.apcatb.2015.05.024
https://doi.org/10.1016/j.apcatb.2014.11.035
https://doi.org/10.1016/j.cej.2016.09.050
https://doi.org/10.1016/j.jphotochem.2018.04.012
file:///D:/VIVA_CORRECTION/FINAL_FORMAT_IPS%20CHECK/New%20folder/New%20folder_start%20here/www.scientific.net/JNanoR.18-19.177

Tu, W., Zhou, Y., Li, H., Li, P., & Zou, Z. (2015). Au@ TiO; yolk—shell hollow spheres for
plasmon-induced photocatalytic reduction of CO- to solar fuel via a local electromagnetic
field. Nanoscale, 7(34), 14232-14236.

Tu, W., Zhou, Y., Liu, Q., Tian, Z., Gao, J., Chen, X., Zou, Z. (2012). Robust hollow spheres
consisting of alternating titania nanosheets and graphene nanosheets with high
photocatalytic activity for CO2 conversion into renewable fuels. Advanced Functional
Materials, 22(6), 1215-1221.

Usubharatana, P., McMartin, D., Veawab, A., & Tontiwachwuthikul, P. (2006). Photocatalytic
process for CO, emission reduction from industrial flue gas streams. Industrial &
engineering chemistry research, 45(8), 2558-2568.

V.C, A., Goswami, A., Sopha, H., Nandan, D., Gawande, M. B., Cepe, K., Macak, J. M. (2018).
Pt nanoparticles decorated TiO2 nanotubes for the reduction of olefins. Applied Materials
Today, 10, 86-92. doi:https://doi.org/10.1016/j.apmt.2017.12.006

Varghese, O. K., Paulose, M., LaTempa, T. J., & Grimes, C. A. (2009). High-rate solar
photocatalytic conversion of CO2 and water vapor to hydrocarbon fuels. Nano letters,
9(2), 731-737.

Wang, H., You, T., Shi, W., Li, J., & Guo, L. (2012). Au/TiO2/Au as a plasmonic coupling
photocatalyst. The Journal of Physical Chemistry C, 116(10), 6490-6494.

Wang, L. (2016). Electrochemical and spectroscopic studies of copper oxide modified electrodes
for CO2 reduction. UCL (University College London),

Wang, N., Pan, Y., Wu, S., Zhang, E., & Dai, W. (2018). Rapid synthesis of rutile TiO, nano-
flowers by dealloying Cu60Ti30Y 10 metallic glasses. Applied Surface Science, 428, 328-
337.

Wang, P., Huang, B., Dai, Y., & Whangbo, M.-H. (2012). Plasmonic photocatalysts: harvesting
visible light with noble metal nanoparticles. Physical Chemistry Chemical Physics,
14(28), 9813-9825.

Wang, W., Tadé, M. O., & Shao, Z. (2018). Nitrogen-doped simple and complex oxides for
photocatalysis: A review. Progress in Materials Science, 92, 33-63.
doi:https://doi.org/10.1016/j.pmatsci.2017.09.002

Wang, Y., Hu, G., Duan, X., Sun, H., & Xue, Q. (2002). Microstructure and formation mechanism
of titanium dioxide nanotubes. Chemical Physics Letters, 365(5-6), 427-431.

Wei, Y., Wu, X., Zhao, Y., Wang, L., Zhao, Z., Huang, X., Li, J. (2018). Efficient photocatalysts
of TiO 2 nanocrystals-supported PtRu alloy nanoparticles for CO; reduction with H2O:
Synergistic effect of Pt-Ru. Applied Catalysis B: Environmental, 236, 445-457.
doi:10.1016/j.apcatbh.2018.05.043

Whipple, D. T., & Kenis, P. J. (2010). Prospects of CO2 utilization via direct heterogeneous
electrochemical reduction. The Journal of Physical Chemistry Letters, 1(24), 3451-3458.

Windle, C. D., & Perutz, R. N. (2012). Advances in molecular photocatalytic and electrocatalytic

CO, reduction. Coordination Chemistry  Reviews, 256(21), 2562-2570.
doi:https://doi.org/10.1016/j.ccr.2012.03.010

123


https://doi.org/10.1016/j.apmt.2017.12.006
https://doi.org/10.1016/j.pmatsci.2017.09.002
https://doi.org/10.1016/j.ccr.2012.03.010

Woan, K., Pyrgiotakis, G., & Sigmund, W. (2009). Photocatalytic carbon - nanotube - TiO;
composites. Advanced Materials, 21(21), 2233-22309.

Wolf, M. (1960). Limitations and possibilities for improvement of photovoltaic solar energy
converters: Part I: Considerations for earth's surface operation. Proceedings of the IRE,
48(7), 1246-1263.

Woo, J.-A., Phan, D.-T., Jung, Y. W., & Jeon, K.-J. (2017). Fast response of hydrogen sensor
using palladium nanocube-TiO, nanofiber composites. International Journal of
Hydrogen Energy, 42(29), 18754-18761.
doi:https://doi.org/10.1016/j.ijhydene.2017.04.189

Wu, J., Huang, Y., Ye, W,, & Li, Y. (2017). CO; reduction: from the electrochemical to
photochemical approach. Advanced Science, 4(11), 1700194.

Xi, G., Ouyang, S., & Ye, J. (2011). General synthesis of hybrid TiO, mesoporous “french fries”
toward improved photocatalytic conversion of CO; into hydrocarbon fuel: a case of
TiO2/Zn0O. Chemistry—A European Journal Angewandte Chemie International Edition,
17(33), 9057-9061.

Xiang, Q., Yu, J., & Jaroniec, M. (2011). Enhanced photocatalytic H 2-production activity of
graphene-modified titania nanosheets. Nanoscale, 3(9), 3670-3678.

Xiao, X., Ouyang, K., Liu, R., & Liang, J. (2009). Anatase type titania nanotube arrays direct
fabricated by anodization without annealing. Applied Surface Science, 255(6), 3659-
3663.

Xie, S., Choi, S. I, Xia, X., & Xia, Y. (2013). Catalysis on faceted noble-metal nanocrystals: Both
shape and size matter. Current Opinion in Chemical Engineering, 2(2), 142-150.
doi:10.1016/j.coche.2013.02.003

Xie, S., Zhang, Q., Liu, G., & Wang, Y. (2016a). Photocatalytic and photoelectrocatalytic
reduction of CO2 using heterogeneous catalysts with controlled nanostructures. Chemical
Communications, 52(1), 35-59. doi:10.1039/C5CC07613G

Xie, S., Zhang, Q., Liu, G., & Wang, Y. (2016b). Photocatalytic and photoelectrocatalytic
reduction of CO 2 using heterogeneous catalysts with controlled nanostructures.
Chemical communications Angewandte Chemie International Edition, 52(1), 35-59.

Xu, Y., Liu, Z., Zhang, X., Wang, Y., Tian, J., Huang, Y., Chen, Y. (2009). A graphene hybrid
material covalently functionalized with porphyrin: synthesis and optical limiting
property. Advanced Materials, 21(12), 1275-1279.

Yamashita, H., Shiga, A., Kawasaki, S.-i., Ichihashi, Y., Ehara, S., & Anpo, M. (1995).
Photocatalytic synthesis of CHs and CHs;OH from CO; and H,O on highly dispersed
active titanium oxide catalysts. Energy conversion management, 36(6-9), 617-620.

Yang, B., He, D., Wang, W., Zhuo, Z.,, & Wang, Y. (2016). Gold-plasmon enhanced
photocatalytic performance of anatase titania nanotubes under visible-light irradiation.
Materials Research Bulletin, 74, 278-283.
doi:https://doi.org/10.1016/j.materresbull.2015.10.048

Yang, N., Zhai, J., Wang, D., Chen, Y., & Jiang, L. (2010). Two-dimensional graphene bridges

enhanced photoinduced charge transport in dye-sensitized solar cells. ACS nano, 4(2),
887-894.

124


https://doi.org/10.1016/j.ijhydene.2017.04.189
https://doi.org/10.1016/j.materresbull.2015.10.048

Yazdanpour, N., & Sharifnia, S. (2013). Photocatalytic conversion of greenhouse gases (CO. and
CH,) using copper phthalocyanine modified TiO2. Solar Energy Materials and Solar
Cells, 118, 1-8. doi:https://doi.org/10.1016/j.s0lmat.2013.07.051

Yin, H., Liu, H., & Shen, W. (2009). The large diameter and fast growth of self-organized TiO>
nanotube arrays achieved via electrochemical anodization. Nanotechnology, 21(3),
035601.

Yu, J., Low, J., Xiao, W., Zhou, P., & Jaroniec, M. (2014). Enhanced photocatalytic CO-
reduction activity of anatase TiO; by coexposed {001} and {101} facets. Journal of the
American Chemical Society, 136(25), 8839-8842.

Yu, J., Low, J., Xiao, W., Zhou, P., & Jaroniec, M. (2014). Enhanced Photocatalytic CO--
Reduction Activity of Anatase TiO: by Coexposed {001} and {101} Facets. Journal of
the American Chemical Society, 136(25), 8839-8842. doi:10.1021/ja5044787

Yu, Y., Wen, W, Qian, X.-Y., Liu, J.-B., & Wu, J.-M. (2017). UV and visible light photocatalytic
activity of Au/TiO, nanoforests with Anatase/Rutile phase junctions and controlled Au
locations. Scientific Reports, 7, 41253. doi:10.1038/srep41253,
https://www.nature.com/articles/srep41253#supplementary-information

Yuan, L., & Xu, Y.-J. (2015). Photocatalytic conversion of CO; into value-added and renewable
fuels. Applied Surface Science, 342, 154-167.

Yuan, Y.-P., Ruan, L.-W., Barber, J., Loo, S. C. J., & Xue, C. (2014). Hetero-nanostructured
suspended photocatalysts for solar-to-fuel conversion. Energy Environmental Science,
7(12), 3934-3951.

Yue, P. (1985). Introduction to the Modelling and Design of Photoreactors. In
Photoelectrochemistry, Photocatalysis and Photoreactors (pp. 527-547): Springer.

Zaleska, A. (2008). Doped-TiO,: A review. Recent Patents on Engineering, 2(3), 157-164.
doi:10.2174/187221208786306289

Zhang, G., Miao, H., Hu, X., Mu, J., Liu, X., Han, T., Wan, J. (2017). A facile strategy to fabricate
Au/TiO2 nanotubes photoelectrode with excellent photoelectrocatalytic properties.
Applied Surface Science, 391, 345-352. doi:https://doi.org/10.1016/j.apsusc.2016.03.042

Zhang, H., Lv, X,, Li, Y., Wang, Y., & Li, J. (2010). P25-Graphene Composite as a High
Performance Photocatalyst. ACS Nano, 4(1), 380-386. d0i:10.1021/nn901221k

Zhang, L., Ni, C., Jiu, H., Xie, C., Yan, J., & Qi, G. (2017). One-pot synthesis of Ag-TiO/reduced
graphene oxide nanocomposite for high performance of adsorption and photocatalysis.
Ceramics International, 43(7), 5450-5456.
doi:https://doi.org/10.1016/j.ceramint.2017.01.041

Zhang, L., Pan, N., & Lin, S. (2014). Influence of Pt deposition on water-splitting hydrogen
generation by highly-ordered TiO2 nanotube arrays. International Journal of Hydrogen
Energy, 39(25), 13474-13480. doi:10.1016/j.ijhydene.2014.03.098

Zhang, T., Low, J., Huang, X., Al - Sharab, J. F., Yu, J., & Asefa, T. (2017). Copper - Decorated

Microsized Nanoporous Titanium Dioxide Photocatalysts for Carbon Dioxide Reduction
by Water. ChemCatChem, 9(15), 3054-3062.

125


https://doi.org/10.1016/j.solmat.2013.07.051
https://doi.org/10.1016/j.apsusc.2016.03.042
https://doi.org/10.1016/j.ceramint.2017.01.041

Zhao, F., Dong, B., Gao, R., Su, G., Liu, W., Shi, L., Cao, L. (2015). A three-dimensional
graphene-TiO2 nanotube hanocomposite with exceptional photocatalytic activity for dye
degradation.  Applied  Surface  Science, 351(Supplement C), 303-308.
doi:https://doi.org/10.1016/j.apsusc.2015.05.121

Zhao, F., Rong, Y., Wan, J., Hu, Z.,, Peng, Z,, & Wang, B. (2018). High photocatalytic
performance of carbon guantum dots/TNTs composites for enhanced photogenerated
charges separation under visible light. Catalysis Today, 315, 162-170.
doi:https://doi.org/10.1016/j.cattod.2018.02.019

Zhao, L., Xu, H., Jiang, B., & Huang, Y. (2017). Synergetic photocatalytic nanostructures based
on Au/TiOJ/reduced graphene oxide for efficient degradation of organic pollutants.
Particle Systems Characterization, 34(3), 1600323.

Zhao, Y., Hoivik, N., & Wang, K. (2016). Recent advance on engineering titanium dioxide
nanotubes for photochemical and photoelectrochemical water splitting. Nano Energy, 30,
728-744.

Zhao, Y., Wei, Y., Wu, X., Zheng, H., Zhao, Z., Liu, J., & Li, J. (2018). Graphene-wrapped
Pt/TiO2 photocatalysts with enhanced photogenerated charges separation and reactant
adsorption for high selective photoreduction of CO, to CHs. Applied Catalysis B:
Environmental, 226, 360-372. doi:https://doi.org/10.1016/j.apcatb.2017.12.071

Zhou, X., Liu, G., Yu, J., & Fan, W. (2012). Surface plasmon resonance-mediated photocatalysis
by noble metal-based composites under visible light. Journal of Materials Chemistry,
22(40), 21337-21354.

Zhu, B. (2015). Engineering Carbon-Based Porous Materials from Selected Precursors for High-
Capacity CO; Capture. UCL (University College London),

Zhu, Z., Huang, W.-R., Chen, C.-Y., & Wu, R.-J. (2018). Preparation of Pd—Au/TiO,—WOs to
enhance photoreduction of CO, to CH. and CO. Journal of CO; Utilization, 28, 247-254.
doi:https://doi.org/10.1016/j.jcou.2018.10.006

Zubair, M., Kim, H., Razzaq, A., Grimes, C. A., & In, S.-1. (2018). Solar spectrum photocatalytic
conversion of CO, to CH, utilizing TiO, nanotube arrays embedded with graphene
guantum dots. Journal of CO, Utilization, 26, 70-79.
doi:https://doi.org/10.1016/j.jcou.2018.04.004

126


https://doi.org/10.1016/j.apsusc.2015.05.121
https://doi.org/10.1016/j.cattod.2018.02.019
https://doi.org/10.1016/j.apcatb.2017.12.071
https://doi.org/10.1016/j.jcou.2018.10.006
https://doi.org/10.1016/j.jcou.2018.04.004

