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Transient competition between photocatalysis and carrier
recombination in TiO, nanotube film loaded with Au nanoparticles”
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Highly ordered TiO, nanotube array (TNA) films are fabricated by using an anodic oxidation method. Au nanopar-
ticles (NPs) films are decorated onto the top of TNA films with the aid of ion-sputtering and thermal annealing. An
enhanced photocatalytic activity under ultraviolet C (UVC, 266 nm) light irradiation is obtained compared with that of
the pristine TNA, which is shown by the steady-state photoluminescence (PL) spectra. Furthermore, a distinct blue shift
in the nanosecond time-resolved transient photoluminescence (NTRT-PL) spectra is observed. Such a phenomenon could
be well explained by considering the competition between the surface photocatalytic process and the recombination of
the photo-generated carriers. The enhanced UV photocatalytic activities of the Au—TNA composite are evaluated through
photo-degradation of methyl orange (MO) in an aqueous solution with ultraviolet—visible absorption spectrometry. Our
current work may provide a simple strategy to synthesize defect-related composite photocatalytic devices.
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1. Introduction

Owing to its non-toxicity, low cost, availability, and high
stability, titanium dioxide (TiO,) has recently been explored
for a wide range of functional applications, ranging from
photocatalysis,!!! solar energy conversion,?! electrochromic
effects,’! second-order nonlinear optical elements, to use
as a biomaterial.®! In 1972, Fujishima and Honda first re-
ported that water can be decomposed directly by irradiating
the TiO, surface with the incident ultraviolet light of a wave-
length shorter than 190 nm,®! which opens up the promising
potential of TiO, for photocatalytic applications, such as the
elimination of environmental pollutants from water and air and
the photo-induced killing of micro-organisms.!”! Nowadays, a
new trend in the science of TiO, for initiating the visible-light
driven photocatalytic processes has aroused great research in-
terest, in consideration of both the energy crisis and the danger
of ultraviolet (UV) light. As we know, there are three main
crystalline structures (anatase, rutile, and brookite) for TiO;,
especially, the band gaps of the anatase and the rutile struc-
tures are 3.2 eV and 3.0 eV, respectively. Thus, it requires
ultraviolet illumination to initiate the photocatalytic and the
photo-electricity conversion processes, and the energy gaps
are both rather large for efficiently harvesting the visible so-
lar light.!®) Moreover, the practical photocatalytic and photo-
electricity conversion applications of TiO, are limited by its
low quantum efficiency as a result of the fast recombination
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of photo-generated carriers. Therefore, a new kind of photo-
catalytic TiO»-based material must be designed to cater to the
requirements of a high visible-light-harvesting ability and ef-
ficient interfacial carrier separation.

The photocatalytic properties of TiO, can be improved
by introducing defect states, especially oxygen vacancies
(OVs),°! which can extend the light absorption of TiO, from
UV to the visible or even infrared regions.!'’! However, some
researchers believe that OVs in TiO, act as a recombination
center for the photo-generated electron-hole (e —h™) pairs,
which will lower the photocatalytic activity.!'!] It is due to
the low electron mobility in these sites and the fact that the
energy level of OV is located in the intraband. One of the
promising strategies to overcome the above drawback is the
incorporation of noble metal nanoparticles (NPs), such as Pt,
Pd, Au, and Ag, to facilitate the e —h™ separation and pro-
mote the interfacial electron transfer process that in turn in-
creases the surface reactivity. !>~ This metal-semiconductor
(M=S) composite can result in an efficient separation of the
photo-generated charge carriers by forming a Schottky bar-
rier at the nano junctions between the semiconductor and the
metal NPs, which suppresses the charge recombination pro-
cess to improve the photocatalytic activity. TiO; nano tube
array (TNA) films grown by the anodization of titanium have
attracted much attention in the above consideration due to the
unique microstructure of bundled nano tubes standing on a
metallic Ti substrate, which shows a high surface to volume
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ratio and a precisely controllable morphology. As can be eas-
ily foreseen, it is more convenient for the separation of photo-
induced charge when compared to the TiO, NPs, and the com-
posite of a TNA film with noble metal NPs can be prefigured
as an ideal candidate to promote the photocatalytic activities.
To the best of our knowledge, the research in this trend is sel-
dom carried out. Moreover, the ultrafast dynamics process for
the interfacial charge separation remains unknown, which is
physically adverse for designing the optimal microstructure of
a TNA—noble metal NPs composite.

Here, a TNA film decorated with an Au NPs film is ob-
tained, which is shown by the steady-state PL spectrum to
have an enhanced photocatalytic activity under ultraviolet C
(UVC, 266 nm) light irradiation compared with the pristine
sample. This observation suggests that Au NPs really work
for suppressing the photo-generated e —h™ pair recombina-
tion and improvement of the photocatalytic activity. Further-
more, a distinct blue-shift phenomenon in the nanosecond
time-resolved transient photoluminescence (NTRT-PL) spec-
tra is observed. To the best of our knowledge, there are few re-
ports for this interesting phenomenon, which is well explained
by introducing competition mechanisms between the photo-
catalytic process and the photo-generated carrier recombina-
tion at the interfaces of the TNA—Au composite.

2. Experiments

TiO, nanotube array films, formed by the tight bond-
ing of hexagonally-structured nanotubes, were synthesized by
the anodization of Ti foils in an electrolyte containing water,
NH4F (0.45 wt.%), and ethanediol (98 vol.%), which was de-
scribed previously.!'®) Coating of an ultra-thin Au film on the
air-dried TNA film was performed using an ion-sputtering sys-
tem, and the isolated Au NPs on the TNA film were formed by
thermal annealing in a tubular furnace with different spurting
time (10 s, 20 s, 40 s, and 60 s respectively). The highest ramp
speed of the temperature in the furnace was 10 °C/min. When
the preset temperature (400 °C) was reached, the samples were
pushed into the flat-temperature zone manually, and they were
annealed for 0.5 h. Well-controlled sample preparations are
critical to form nice structures of well-separated Au nanopar-
ticles on the TiO, nanotube. The microstructures of the TNA
decorated with Au NPs were investigated using scanning elec-
tron microscopy (SEM: Hitachi S4200) with an accelerating
voltage of 15.0 kV.

The crystal structure of the TiO, nanotube was investi-
gated by using a JY-T64000 micro-Raman spectroscopy sys-
tem with Art laser excitation (514.5 nm), and the oxidation
states of Ti at the TNA film surface were examined by X-
ray photoelectron spectroscopy (XPS, ESCALAB 250) using

a Thermo Fisher Scientific Ltd. (TFS) instrument. The X-ray
source was an Al anode emitting the Ko (1486.6 eV) radiation
at 150 W.

A Ti:sapphire femtosecond laser system (Spectra-
Physics) was used to excite the steady-state and the NTRT-PL
spectra. The excitation beam centered at 266 nm was acquired
by frequency doubling of the 532 nm laser beam through a
BBO (beta-BaB,04, barium metaborate) crystal, with a pulse
duration of 130 fs, a repetition rate of 1 kHz, and a spot size of
1 mm. The emission was collected by a spectrometer (Bruker
Optics 250 IS/SM) coupled with an intensified charge-coupled
device (CCD) detector (IStar740, Andor). The steady-state
and the nanosecond time-resolved experiments were carried
out by adjusting the delay time of the CCD shutter. The laser
pulse gave an external trigger signal to open 100 ms and 0.5 ns
temporal gate of the intensified CCD through a synchroniza-
tion/delay generator (SDG) and a digital delay/pulse generator
(DG535), then the steady-state and the transient PL spectra at
the different decay time could be recorded by the CCD de-
tector, respectively. However, there were two large-intensity
noise peaks at 400 nm and 532 nm, which concealed the de-
sired signals. The noise peaks at 400 nm and 532 nm origi-
nated from the frequency doubling and the first-order diffrac-
tion of the CCD detector grating, respectively. Therefore,
these two peaks were deleted from the as-measured NTRT-PL
spectra. Figure 1 gives a schematic diagram of the experimen-

tal setup.
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Fig. 1. (color online) Experiment setup of nanosecond time resolved PL
measurement.

The photocatalytic activities of pristine TNA and Au NPs
decorated TNA films were investigated using the photo degra-
dation of methyl orange (MO) under UV irradiation (wave-
length: 254 nm, electrical power: 11 W). MO (5 mg) was
dissolved in 500 mL de-ionized water to yield a solution with
a methyl orange concentration of 10 mg/L. The concentration
of the MO solution was measured every 2 hours by monitoring
the intensity variation of the characteristic absorption peak at

464 nm using a UV-vis spectrophotometer.
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3. Results and discussion

Figure 2(a) shows the top-view SEM image of the TiO,
NTs film, which shows the open top of the NTs with a thin
sidewall thickness of about 20 nm and a pore diameter of less
than 100 nm. Figure 2(b) shows the bottom-view SEM im-
age of the NTs, where most NTs show hexagonal patterns

and some others show irregular pentagonal patterns. Fig-
ures 2(c)-2(f) show the morphologies of the TiO NTs film
after Au coating and annealing at 400 °C with different sput-
tering time (10's, 20 s, 40 s and 60 s, respectively), exhibiting
a well-isolated gold NPs film, which is formed by thermal mi-

gration and re-condensation of the original continuous gold
17]

granular. !

Fig. 2. (color online) SEM images of TiO, NTs film: (a) top-view picture, (b) bottom-view picture. (c)—(f) Au NPs film on TNA after
annealing at 400 °C with different sputtering times of 10 s, 20 s, 40 s, and 60 s, respectively.

The strong interaction between gold NPs and TiO; is
beneficial for the effective separation of the photo-generated
electron—hole pairs, which is ascertained by the following PL
spectrum analysis and in turn could lead to an enhanced photo-
catalytic performance. The PL emission spectrum is useful to
disclose the efficiencies of charge carrier trapping, migration,
and transfer, since the PL emission mainly results from the
recombination of the photo-excited free carriers.['® Figure 3
shows the steady-state PL spectra of the Au NPs-decorated
TNA films with different sputtering times (0 s, 10's,20s,40s,
and 60 s). In the tested spectral region, the emission peak at
470 nm results from the existence of surface states in TiO,. 8!
It can be seen that the peak positions in the PL spectrum of the
Au NPs-decorated TNA film are in agreement with those of
the pristine TNA film. However, the PL intensities are quite
sensitive to the Au NPs modification, just as shown in Fig. 3.
In general, a lower PL intensity indicates a lower radiative re-
combination rate of the electron—hole pairs under the same ir-
radiation. The PL intensities of the Au NPs decorated TNA
films are much lower than those of the pristine TNA sample,
demonstrating that the Au NPs effectively suppress the radia-
tive charge recombination in the composted films.
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Fig. 3. (color online) Steady-state PL spectra of the prepared TNA film
samples with different sputtering times.

We use NHE to denote the normal hydrogen electrode.
Since the conduction band energy of TiO (—0.29 V vs.
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NHE) is higher than the Fermi level of Au (4+0.5 V vs.
NHE), electrons are driven from the conduction band of TiO,
to the Au NPs by an interfacial electric field in the Schot-
tky nano junctions. Then, the oxygen molecules adsorbed
on the Au NPs surface are reduced to superoxide anions
(-O%7) by the photo-generated electrons in a normal oxygen-
bearing circumstance. 9! Therefore, the direct recombination
of photo-generated electron-hole can be prevented. It is well
known that the PL emission results from the radiative recom-
bination of the photo-generated electron-hole. Consequently,
it is reasonable that the PL intensities of the Au NPs deco-
rated TNA film are much lower than those of the TNA film.
This result suggests that the Au NPs on the TNA surface are
able to extract electrons from the conduction band of TiO; to
reduce the oxygen molecule adsorbed on the Au NPs, which
resultantly prevent the charge carrier recombination.
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Fig. 4. (color online) (a) Raman spectra of TNA film without Au NPs,
the reference Raman peaks are also shown. (b) Theoretical fit of Ti 2p
XPS spectrum for TNA film without Au NPs.

Raman spectra and X-ray photoelectron spectroscopy
(XPS) for the TNA film without Au NPs are presented in
Fig. 4. Figure 4(a) shows a distinct Raman band over the
spectral range of 100-900 cm~!. The Raman spectrum of the
sample consists of peaks at 143 em~!, 395 cm™!, 515 em™!,
and 635 cm™!, which can be attributed to the anatase struc-
ture. From the analysis of the Raman peak positions, it can
be concluded that the anatase polymorphic form predominates
in the film.!?°! The Raman spectroscopy measurements remain

in good agreement with the X-ray diffraction (XRD) analysis,

which has been published previously.['®! Figure 4(b) shows
the results of the XPS measurement. The black-hollow cir-
cles are the experimental data points, and the red-solid line is
the result of curve fitting. The Ti 2p spectra are decomposed
into two components originating from Ti** and Ti*", includ-
ing Ti*" 2p, 5, Ti** 2p; 1o, Ti** 2p3 5, and Ti** 2p; .12 The
Ti** state is connected with the stoichiometric TiO,. On the
other hand, Ti*" is an intermediate oxidation state (Ti,O3). It
obviously indicates the presence of OV in the as-formed TNA
film.

Generally, the photocatalytic reaction can be considered
to be the continuous processes of generation, transfer, and con-
sumption of photo-generated charge carriers. Any approach
that could enhance each step in the process would improve the
ultimate photochemical reaction. Of course, there are many
methods to characterize the photocatalytic performance im-
provement of a designed structure, such as, the color changing
of a reduction object,[?*! the percentage photo degradation of a
reduction object,?3 and the amount of evolved hydrogen. [>*]
As we see, the above methods are indirect for characterizing
the charge transfer, and a more direct method of transient pho-
toluminescence spectrum is proposed extensively to study the
nature of charge transfer in metal-semiconductor nano junc-
tions.

We have adopted the method of transient photolumines-
cence spectrum to evaluate the charge transfer in the Au NPs-
decorated TNA films. Figures 5(a)-5(e) show a distinct blue
shift of the emission peak in the NTRT-PL spectra with dif-
In each picture, the NTRT-PL
spectrum time interval is 1.5 ns. As shown previously, the en-
hanced photocatalytic activity of the Au NPs decorated TNA
results from the efficient separation and transfer of the photo-

ferent Au sputtering times.

generated charge carriers. In the case of the pristine TNA in
the dark, molecular oxygen in the atmosphere is adsorbed on
the surface of TNA, and there is no charge transfer.[>>! As a
result, the surface energy band of TNA is rather flat, as shown
in Fig. 6(a). In the case of the pristine TNA under UVC light
irradiation, lots of electrons are promoted from the valence
band across the band gap to the conduction band upon exci-
tation since the wavelength of the incident photons, 266 nm
(Eg = 4.7 V), is much less than the threshold wavelength of
TiO,, 388 nm (E; ~ 3.2 eV). When the UVC irradiation is
carried out to aerated TiO, , partial photo-generated electrons

s.[22) Certainly,

are captured by the adsorbed oxygen molecule:
there are still a large number of surplus electrons in the con-
duction band and vacancies in the valence band of TNA in the
steady state. The surface energy band bending of TNA results
from the charge transfer. It is illustrated in Fig. 6(b). In the
case of the pristine TNA just after the UVC light irradiation,
the evolution of the transient states appears in the NTRT-PL
spectrum, which is the physical demonstration of the dynamic

recombination process of the photo-generated e "—h™ pairs.
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Fig. 5. (color online) Blue shifts in nanosecond time-resolved transient photoluminescence spectra with different sputtering times: (a)
0s,(b) 10s,(c)20s, (d)40s, (e) 60 s.
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Fig. 6. (color online) (a) Schematic illustration of molecular oxygen
adsorbed on the surface of pristine TNA under no irradiation and sur-
face energy band of pristine TNA. (b) Schematic illustration of electrons
transfer in pristine TNA under UVC light irradiation and surface energy
band of pristine TNA under light irradiation.

Owing to the experimental fact that the steady-state PL
peak is located at 470 nm, we can envisage the following pro-
cedure for the transient dynamics of photo charges in the Au—
TNA nano composites, in consideration of the OV formation
in the annealing process of TNA. It has been shown that the
concentration of OV increases exponentially with increasing
temperature.!?®! In fact, it generates not a single oxygen va-
cancy energy level but a series of discrete vacancy oxygen
energy levels in the band gap of TNA during the annealing
process.?”] According to the previous study,?®?") there are
two kinds of oxygen vacancies that can contribute to the PL
characteristic in TiO», i.e., the F center and the F* center. The
F center represents the neutral oxygen vacancy, whereas the
F* center represents the oxygen vacancy losing one electron.
The transitions from the F center and the F* center to the va-
lence band are located at 465 nm (2.7 eV) and 525 nm (2.4 eV)

[28

in the PL spectrum, respectively.?®! However, some others
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have proposed that the transition from the oxygen vacancy en-
ergy level to the valence band produces an emission at 505 nm
(2.45 eV).[?] This inconformity reveals that the oxygen va-
cancy produces a series of discrete energy levels rather than a
single one.?%) Therefore, we have a sound reason to believe
that the radiative transition from one of the OV levels to the

CB 0¢ ¢0 e & & & o
465 nm : \-"-"-4 l l l
506 nm ——— Nrp 486 nm
----- K‘ P+ 498 nm Au NPs
.. 22222 510 nm
S j j l525 nm O,
B—e—ww oo @

(c-1)

W

Au NPs
Au NPs

valence band should produce the PL emission at 510 nm. The
schematic distribution of both F and F* levels are shown in
Fig. 7(a). Experimental and theoretical studies have revealed
that an ionized oxygen vacancy level (F') can trap a photo-
generated electron to rise back to the higher oxygen vacancy
level (F).[30-32)
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Fig. 7. (color online) (a) Schematic illustration of photo-generated electron—hole pair recombination process (transient process) after
UVC light irradiation. (b-1) Molecular oxygen adsorption on Au NPs decorated TNA. (b-2) Schematic illustration of Schottky junction
between metal and semiconductor and surface energy band of Au NPs decorated TNA. (c-1) Schematic illustration of photocatalytic
process of Au NPs decorated TNA under UVC light irradiation, and (c-2) surface energy band of Au NPs decorated TNA under light

irradiation.

Based on the above analysis and the experimentally ob-
served blue-shifted transient PL emission, we now propose an
applicable mechanism for the charge transfer in the TNA-Au
composite. The photo-generated conduction band electrons
(ecp) with a rather high concentration almost fully accommo-
date both the F center levels and the lower F center levels
due to their low densities of states (DOS). The electrons sub-
sequently combine with holes in the valence band (h$B) and
produce radiation at 510 nm. With the transiently decreased
electron concentration, a larger percentage of electrons transit
to the F center levels to radiate light at the shorter wavelength
of 465 nm. So, we observe that a PL peak is blue-shifted from
510 nm to 465 nm in the NTRT-PL spectrum (Fig. 5(a) for the
bared TNA film).

In the case of the Au NPs decorated TNA under no light
irradiation, atmospheric molecular oxygen is adsorbed on the
surface of the Au NPs. When metal NPs are deposited onto
a semiconductor surface, a Schottky barrier is formed at the
junction between the metal and the semiconductor due to the
alignment of their different Fermi levels. Thus, it is reason-

able to believe that the electron transfer from TiO; to Au NPs

is facilitated. The surface energy band of the decorated TNA
is bent resulting from the existence of the Schottky junction,
just as presented in Fig. 7(b).

In the case of the Au NPs decorated TNA under UVC
light irradiation, plenty of electrons are excited from the va-
lence band to the conduction band, in consideration of the fact
that the energy of the incident photons (4.7 eV) is much higher
than the energy gap of TiO, (3.2 eV). Due to the difference in
the work function between Au (5.3 eV) and TiO, (4.7 eV),
it is reasonable that the electrons transfer from the conduc-
tion band of TiO; to the Au NPs with a large driving force
until an equilibrium is reached. 3 This results in the suppres-
sion of the electron—hole recombination. The photo-excited
holes diffuse to the semiconductor surface to combine with
the water adsorbed onto the TiO; surface, leading to the for-
mation of hydroxyl radicals (-OH); while the electrons can re-
act with O? to generate superoxide anions (-0?~).!193435] The
photo-induced electron transfer and photocatalytic processes
are shown in Fig. 7(c).

Transiently after the UVC light irradiation, the TNA—Au

NPs system no longer generates photo-induced electron—hole
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pairs. On the one hand, a large amount of photo-generated
electrons are consumed in the surface photocatalytic process,
which relies on the driving force of the built-in electric field at
the interface of Au NPs and TNA. The concentration of elec-
trons in the conduction band of TiO, is therefore much de-
creased in comparison with the case of the pristine TiO;. The
metal NPs therefore, are able to play a key role in the com-
bined processes of photocatalytic charge transfer and efficient
charge separation, and so suppressing the recombination of
the photo-generated electron—hole pairs can be achieved. On
the other hand, the electron in the conduction band of TiO,,
which is excited by the UVC light irradiation, can recombine
with the holes. Obviously, there is a competitive relationship
between the photocatalytic process and the photo-generated
charge recombination process, which both contribute to the
electron dissipation in TiO,.

Figure 8 shows the amounts of peak blue shift in the
NTRT-PL spectra with different Au NPs sputtering times of
0s,10s,20s,40s, and 60 s. At the sputtering time of 0 s, i.e.,
the TNA without Au NPs, there is only the recombination pro-
cess of the photo-generated electron—hole pairs. For this case,
the concentration of electrons in the conduction band of TiO,
is maximum, apparently causing the reaction Ft+e~ — F, and
the PL peak shifts from 510 nm to 465 nm with the evolution
of time, the amount of peak blue shift is 45 nm. When the Au
sputtering time is 10 s, the concentration of adsorbed oxygen
molecules is more than that in the pristine TiO,. Because of
the co-existence of recombination process and photocatalytic
process, the concentration of electrons in the conduction band
of TiO; is consequently lower than that in the former case.
The reaction Ft+e~ — F can still occur, yet the peak shifts
from 498 nm to 465 nm, and the amount of peak blue shift is
lowered to about 33 nm. When the Au sputtering time is 20 s,
the concentration of adsorbed oxygen molecules is increased
due to the increased amount of Au NPs, and the photocatalytic
process consumes an increased number of electrons in the con-
duction band. Therefore, the concentration of electrons in the
conduction band of TiO; is lower than that for the sputtering
time of 10 s. The PL peak shifts from 486 nm to 465 nm,
and the amount of peak blue shift is lowered to about 21 nm.
When the Au sputtering time is 40 s, most electrons in the con-
duction band are consumed in the photocatalytic process, and
the reaction FT+e~ — F does not occur, thus almost no peak
shift is experimentally detectable. At last, for the Au sputter-
ing time of 60 s, the size of the Au NPs is the largest among all
the studied cases; however, the coverage of Au NPs becomes
quasi-continuous, which introduces an extrinsically lowered
surface area for oxygen adsorption. It therefore leads to the
abnormal increase of OV defect sites at a rather large Au cov-
erage (60 s). So, the consumption capacity of electrons in the
conduction band recombination process again is comparable

with that in the photocatalytic process; the reaction FT+e~ —
F occurs again, the peak shifts from 494 nm to 465 nm, and
the amount of peak blue shift is 29 nm.
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Fig. 8. Peak blue shift versus the Au NPs sputtering time.

In order to check the proposed mechanism, the photocat-
alytic performances of the pristine TNA and the Au NPs deco-
rated TNA films are investigated. UV irradiation at 254 nm is
used, which is close to the wavelength of 266 nm for the tran-
sient PL study. Figure 9 shows the intrinsic photo-degradation
efficiency of MO under UV lamp irradiation, comparing the
photocatalytic performances of the pristine TNA and the Au
NPs decorated TNA films with different sputtering times.
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Fig. 9. (color online) Photo-degradation efficiency of MO, pristine
TNA, and Au NPs decorated TNA films with different sputtering times
of 20 s and 40 s.

Under the UV irradiation for 11 h, the photo-degradation
ratio for the intrinsic MO aqueous solution is about 50%, and
the MO photo-degradation ratio for the Au NPs decorated
TNA films (0 s and 40 s) is about 75%, while that for the
other Au NPs decorated TNA film (20 s) is about 90%. It
clearly shows the enhanced photocatalytic ability of the Au
NPs decorated TNA films, and this experimental result well
supports the above-suggested ultrafast charge transfer dynam-
ics between Au NPs and TNA under UV excitation.
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4. Conclusion

In summary, highly ordered anodic oxidation anatase-
dominated phase TNA films decorated with Au nanoparticles
exhibit a strongly enhanced photocatalytic activity under the
illumination of UVC light. The electric field in the Schottky
nano junctions between the metal NPs and the semiconductor
drives electrons to transfer from the conduction band of TiO,
to the Au NPs until an equilibrium is reached, which results in
a significant improvement in the photocatalytic performance.
This proposal is supported by the characterizations of NTRT-
PL spectra and steady-state PL spectra, which distinctly re-
veal the competitive relationship between the recombination
process of the photo-generated charge carriers and the surface
photocatalytic process. Well designed experiments show an
enhanced UV photocatalysis ability of the Au NPs decorated
TNA film. We believe that the configuration and fabrication
method used for the photocatalyst preparation in this work
not only provides new insights into the fabrication of a high
performance photocatalyst to meet the requirements of future
green environmental and energy technologies, but also opens
up new prospects for the development of metal NPs-enhanced
photoelectric devices.
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