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Abstract

Currently, the silver-based semiconductor modifidO, nanotube arrays (TiO
NTA) for the improved photocatalytic treatment nélustrial waste water have been a
hot topic. The simple synthesis and environmemalieation of photocatalysts with
excellent photocatalytic ability is still a big dlemge. Herein, We reported the
successive ionic layer adsorption and reaction ARIL preparation of AgD
nanoparticles on TIONTA surfaces. The different deposition cycles weeeformed
to investigate the influence of AQ deposition amounts on the photoelectrochemical
activity. Results revealed that the S-10 fabricateth 10 SILAR cycles had the
impressive photocatalytic and photoelectric coneerperformances. The visible
light photovoltage and photocurrent of S-10 eledgrovere -0.20 V and 463i&/cm?.
Moreover, the photocatalytic degradation efficiesciof MO, RhB and MB dyes
achieved 67.40%, 59.19% and 93.89%, respectivalyh&r increasing the irradiation
time, the mineralization degree of organic dyeseweproved up to 71.28%, 60.31%,
and 92.58% after 6 h solar irradiation. Cr(VI) iomere also dramatically removed by

photocatalysts. The remarkable photocatalytic perémce of AgO/TiO, NTA would



exhibit attractive prospect in the industrial wastger purification.
Key words: Ag,O nanoparticles; TIONTA; SILAR; Photocatalytic performance.
1. Introduction

Dyeing and printing industry is a traditionaldanrucial commercial model in
every country, which discharges massive waste viatérding methylene blue (MB),
rhodamine B (RhB), and methyl orange (MO) into riiake and sea [1~4]. The
organic azo dye could produce carcinogenic aromadimpounds. Therefore, the
direct discharge of organic dye waste water ishitéd, and the degradation even
mineralization of dye molecules could significantgduce the toxicity. Compared
with the common physical, chemical and biologicatthhods, the photocatalytic
progress is an ideal green strategy by the solarggnutilization to achieve the
decomposition of dyes into G@nd HO molecules [5~8]. Photocatalyst is the most
important factor for the complete degradation oficadyes, and Ti@ nanoparticles
are recognized to be the prospective photocatalystause of the low cost, high
stability and excellent photocatalytic ability stnahe discovery of hydrogen
generation on Ti@powders by water splitting [9, 10]. Recently, thwe® dimensional
(2D) TiO, NTA film composed by 1D nanotubes attracted inteattention, and the
TiO, NTA photocatalyst showed higher photocatalytic ady than other
morphologies [11]. Our group also investigated pmeparation and photocatalytic
pollutant degradation of TUONTA grown on Ti foils [12], Ti meshes [13] and Ti
foams [14], and the suitable synthesis conditionargnteed the uniform

microstructure and outstanding photocatalytic priypeHowever, the poor visible



light response is the biggest restriction of s@aergy utilization and photocatalytic
property of TiQ NTA. Therefore, many methods such as noble metalitonductor
modification and ion doping were applied to furte&tend the solar absorption region
and reduce the charge carrier recombination [1}, S€émiconductors such as CdS
[17], Bi,WO, [18], CuO [19], et al. were deposited on TIWTA surface to enhance
the solar utilization efficiency, revealing the stainding photocatalytic performance
in the dye degradation. However, the sensitizergamoing heavy metal ions may
cause the secondary pollution during the photogiitalprogress. Some green
Ag-based semiconductors such ag©Q, [20], AgX (X= CI, Br, 1) [21], AgM0O,
[22] and so on are suitable sensitizers due toathrilence, high solar absorption
coefficient and photocatalytic capacity. Agnanoparticles with the narrow band gap
of 1.2 eV cause the intense focus, and the previessarch testified the excellent
photocatalytic activity and compatibility with T¥OFor examples, Ren [23] prepared
Ag,0O/TiO, composites for the MO photocatalytic degradatimmg the degradation
rate constant was improved up 20 times of pure,. TRYof. Liu [24] revealed the
promoting effect of AgO on TiG nanobelts in the solar absorption and photocatalyt
decomposition of MO under UV/visible light irrad@ab. Liu [25] and Deng [26]
reported the AgD nanoparticle sensitization of TAONTA by electrochemical and
microwave-assisted reduction deposition, and thetqaatalyst showed excellent
photocatalytic performances in various dyes. Thevipus investigation results
inferred that AgO nanoparitices could significantly induce the plcatalytic capacity

enhancement of TiONTA, but the systematic researches about the nmésrhaand



active species are still needed to be further ilhated. In this paper, AQ
nanoparticles were synthesized on JiTA surfaces by the SILAR strategy. The
solar response, photoelectric activity and photdgat remediation of dyes and Cr
(V1) in waste water by the composite photocatalyste investigated in detail. We
also tentatively explored the active specie andararansportation mechanism by the
free radical scavenger and ESR experiments. Theopaialytic study of AgO/TiO,
NTA would provide the theory and technology guidethe printing and dyeing waste
water purification.
2. Experimental section
2.1. Materials and reagents

Ti foils with superhigh purity (> 99.8%) were pueded from Sinopharm Chemical
Reagent CO., Ltd. Ammonium fluoride (¥F, sodium hydroxide (NaOH) and silver
nitrate (AgNQ) were purchased from China National Pharmaceut@aup Co.,
Ltd. Deionized water was home-made in high puritgtev production facility. All
reagents were analytically pure without furtherification.
2.2. Fabrication of Ag,O nanoparticle-sensitized TiO, NTA photocatalysts

The TiO, NTA was firstly grown on Ti foils by the anodizati method according to
our previous investigation [27, 28]. Briefly, Tiif® were cleaned in isopropanol,
methanol and acetone for 10 min, respectively, thed activated in HF/HN§H,0
(volume ration= 1:4:5) solution for 2 min. Ti foilsere anodized in organic ethylene
glycol electrolyte including 3.0 vol.% #0 and 0.5 wt.% NEF at 60 V for 2 h. After

the anodization, the prepared Fi®TA was calcinated at 458C to enhance the



crystallization.

AgNO, solution NaOH solution
TiO, NTA

Repeat n cycles

Before SILAR deposition After SILAR deposition
Scheme 1 The preparation (a) and photocatalytiharesm (b) of AgO/TiO, NTA.

Ag,O nanoparticles were deposited on FiTA by the SILAR method, and the
preparation progress was exhibited in Scheme l#dnelnypical preparation progress,
TiO, NTA were placed in 0.1 mol/L AgNfsolution for 5 min to achieve the
abundant Ag adsorption, and then cleaned by deionized watéerards, the
sample was transferred into 0.1 mol/L NaOH solutionanother 5 min, and then
cleaned by deionized water again. The above dippmogress was named as one
Ag,0 deposition cycle, and the AQ/TiO, NTA photocatalysts synthesized with 2, 6,
10 and 14 cycles were labeled as S-2, S-6, S-10Sabdl, respectively. Finally, all
as-prepared samples were annealed af@&®a vacuum oven.

2.3. Characterization



The phase composition and chemical valance opkawere analyzed by X-ray
diffraction (XRD, Bruker D8) and X-ray photoeleatranicroscopy (XPS, ESCALAB
Xi*). Scanning electron microscope (SEM, SU8010) arahstission electron
microscope (TEM, Talos F200X G2) was used to obtaire morphology.
HAADF-STEM and EDX elemental mapping analysis weegried out at 200 kV.
The solar absorption activity was evaluated by U¥-Wiffuse reflectance spectra
(DRS, UV-2550) and incident photon to current édfincy (IPCE, CEL-QPCE1000).
2.4. Photoelectric conversion test

The photoelectric characterization was operatedh iquartz photocell with the
standard three electrode system in 0.2 mol/kSTq electrolyte, whereas the samples
served as the work electrode, Pt wires and Ag/Agj€ttrodes worked as the counter
and reference electrodes, respectively. The samguarradiated from the lateral wall
by visible light from a 500 W Xe lamp (CEL-S500)tvia UV-cutoff filter ¢> 420
nm). With the assistance of electrochemical wotksta(CHI 660E), the transient
photocurrent, electrochemical impedance spectrgs¢B[5) and photovoltage were
recorded.

2.5. Photocatalytic perfor mance test

The photocatalytic capacity of samples was stutiethe purification of MB, RhB,
MO dyes and Cr (VI) in 0.1 mol/L N&0O, and NaCl solution under solar irradiation,
respectively. The photocatalytic test was perfornmed two electrode system. A 500
W Xe lamp (CEL-S500) with AM 1.5 filter was used the light source, samples

were placed 10 cm distance with Xe lamp and th# ligtensity was characterized to



be about 80 kW/f Before the photocatalytic test, 30 min magnetioisg was
carried out for the adsorption-desorption balafoe.the organic dyes decomposition,
the absorbance of MO, RhB and MB was recorded dylUn2-vis spectrophotometer
at the characteristic absorbance peak of 552, 484664 nm, respectively. For the Cr
(V1) removal, the diphenylcarbazide spectrum metivad used to investigate the ion
concentration and photocatalytic efficiency.

For the deep investigation about active speciesth@ photocatalytic dye
degradation, the free radical scavenge experimants electron spin resonance
spectrometer (ESR, MiniScope MS5000) were used oifiren reactive species.
Moreover, the total organic carbon (TOC, 4200) wagplied to study the
mineralization degree of dyes.

3. Results and discussion
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Fig. 1 XRD patterns of the samples.
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The phase composition of the TIQITA after AgO deposition was displayed in
Fig. 1. According to the standard diffraction patteof anatase Tiand AgO, the
typical TiO, diffraction peaks could be clearly observed, anel peaks at 32.79
38.07 and 54.90 can be assigned to the (1 1 1), (2 0 0) and (2latlice planes of
cubic AgO (JCPDS NO. 41-1104). It could be seen that tffeadtion peak intensity
is gradually increased with the increment of SILARposition cycles, and this

phenomenon could be totally attributed to the iasieg deposition amount of AQ.

Fig. 2 SEM images of TIONTA (a) and S-10 (b).

The SEM images of TiONTA before/after AgO deposition were investigated in
Fig. 2. As displayed in Fig. 2a, the pure Ti®ITA exhibits uniform tubular
microstructure with a smooth surface. Careful obmgon shows that the wall

thickness and diameter of TAMITA are calculated to be around 18 nm and 140 nm,



which are similar with our previous report [9]. THameter and wall thickness were
mainly governed by the electrolyte and anodizatattage. Previous researches
revealed that the ethylene glycol orgaelectrolyte is beneficial to the clean and
ordered TiQ NTA with high photocatalytic and photoelectrocheatiactivity. The
Ag,0 deposition could be obviously noticed in Fig. 2bgd small AgO nanoparticles
with average size of 25 nm cover the TiRTA top surface. Interestingly, AQ

nanoparticles are also deposited on inner nanotabs, illuminating the successful

preparation of AgO by SILAR deposition strategy.

Fig. 3 SEM images of S-2 (a), S-6 (b) S-10 (c) 8At4 (d).
The influence of SILAR deposition cycles on the ptmlogy were tested by SEM
in Fig. 3. The obvious deposition amount changddcba observed, and the massive
Ag,0 nanoparticles were deposited on JNOTA surface along the SILAR deposition

increment. As shown in Fig. 3a, few A nanoparticles were observed at the top
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surface of TiQ NTA, but the careful observation could find the,@gnanoparticles
adsorbing at the inner surface of nanotubes. Isorgathe deposition SILAR, the

deposited AgO was steadily on the increase, and especially rancebigger AgO

nanoparticles were synthesized with the 14 SILABegeposition.

Fig. 4 TEM (a, b), HRTEM images (c) and elementappings (d) of S-10.
The microstructure of A®/TiO, NTA was investigated by TEM and HRTEM

images. The clear tubular structure could obsemdeig. 4a and 4b, and the AQ
nanopatrticles at the tube surface were also notildeel HRTEM image in Fig. 4c was
further tested to confirm the formation of Ay and the clear lattice fringes can be
observed. The interplanar spacings of 0.352 nmQRd3 nm of crystal lattices are
fairly close to the (1 0 1) plane of Ti@nd (1 1 1) plane of A@®, respectively, which
further illuminating the AgO nanoparticles at TéO NTA. Moreover, the
corresponding elemental mappings of ;@41 O, NTA in Fig. 4d suggest the

homogeneous distribution of AQ nanoparticles.
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Fig. 5 XPS spectra of survey (a), Ti 2p (b), Ag(8dand O 1s (d).

The chemical composition and element valence steee studied by the XPS
technique in Fig. 5. As shown in Fig. 5a, Ti, Qy And C elements are presented at
the S-10 surface in the survey spectrum. The C eziéms derived from the residual
organic electrolyte or adsorbed €@nd other containing carbon compounds, and the
C 1s at 284.5 eV serves as the reference to cadibrahe Ti 2p,; and Ti 2p,2 bands
of S-10 are located at 464.5 eV and 458.9 eV awsho Fig. 5b, which are same
with the report of TiQ NTA [9]. The asymmetric double peaks of Ag at &/8V and
367.4 eV could be split into four peaks. After feak resolving, the peaks at 368.5
eV and 374.5 eV are ascribed to metallid fand the peaks at 367.9 eV and 373.9 eV
are ascribed to Ag 3d and Ag 3@, of Ag® in Ag.O, which are in good agreement

with Ag,O [26]. Furthermore, the large O 1s XPS peak cbeldplit into three ones,
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and the peaks at 533.1 eV, 530.9 eV and 530.2 eVatiributed to the adsorbed
oxygen and crystal oxygen of Ag-O and Ti-O, respety [26]. The XPS results
confirm the successful deposition of AYon TiQ NTA, illuminating the effective

contact of two semiconductors.
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Fig. 6 DRS spectra (a), IPCE (b) and PL (c) ofahgrepared samples.
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The solar response, IPCE and PL spectra of all kmmyere studied by DRS in Fig.
6. Pure TiQ NTA could only harvest UV light with high solar engy because of the
limited large band gap. After the A9 SILAR deposition, the absorbance in the
visible light region could be significantly enhad¢ceand the absorption intensity is
gradually enhanced along the increment of SILARodémn cycles. Moreover, the
solar absorption ability of the as-prepared sampis further confirmed by the IPCE
in Fig. 6b. We could notice that the photoelecttamversion of S-10 sample was
performed under the irradiation of visible lighttivthe wavelength less than 500 nm.
The maximum IPCE value (19.77%) is obtained at 830 and the value at 500 nm
still achieves 0.13%. The excellent visible ligl#sponse activity guarantees the
application of AgO/TiO, NTA with high solar utilization and photoelectrarhical
performances in photocatalysts and solar cells.elghgr, the electron recombination
performances of samples were presented in FigarGtthe clear result indicated the
high recombination chance of electron/hole pairdi@, NTA , revealing the low
electron utilization efficiency. The significantleancement is observed after the;@g
sensitization, and the SILAR cycle dramaticallyuehces the electron recombination
performance. The SILAR deposition increment redubesapid recombination at the
initial stage, but the recombination becomes strafigr 10 deposition cycles. The
severe recombination in S-14 is mainly ascribetheomassive AgD deposition on

the TiQ, NTA surface that induces the efficient chargeieatransportation.
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Fig. 7 PEC degradation of MO (a), RhB (b) and MBKg the as-prepared
photocatalysts.

The photocatalytic performances of the as-prepaectocatalysts for the dye
decoloration were investigated. In the photocai@ligsts, MO, RhB and MB dyes
were selected to simulate the dyeing and textilstevavater, and the photocatalytic
data was analyzed in Fig. 7. MO dye molecules cbeldlecolorized after 3 h solar
irradiation, and the S-10 sample shows the mostlkxt photocatalytic activity. The
photocatalytic efficiency (67.40%) is even 1.6&9land 1.54 folds of S-2, S-6 and
S-14, respectively. The photocatalytic kineticsgoess is provided by the first-order
fitting equation, and the photocatalytic efficienay(Co/C) vs irradiation time shows
linear correlation with correlation coefficienRy{ >0.98). The photocatalytic rate

constant has the similar trend with final photolita efficiency, and the S-10
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photocatalyst has the biggest value (6x26° min™). Similarly with the decoloration
of MO dyes, RhB and MB dyes were also decomposeithépolar photocalalysis in
Fig. 7b and 7c. The S-10 sample shows the optitnalgeatalytic performance both
in RhB and MB dyes, and the photocatalytic kingifogresses of RhB and MB
decomposition are also displayed. The photocatabfficiencies and rate constants
for RhB and MB dyes are 59.19%/180 min, 93.89%/&#0 and 4.81x10° min’,
2.36x10% min™. The influence of SILAR cycles on photocatalyterformance could
be summarized as following: The photocatalytic igbils improved with SILAR
cycle increment before 10 cycles, and then dramliticeduces with the further
increment. The 10 SILAR cycle deposition is thaahle experimental parameter for
Ag.O deposition, and the sensitizer deposition amayeatly decides the solar
harvesting and electron transportation. The siwetdBeposition amount is beneficial to
achieve the balance in solar harvesting and eledtamsportation, and the detailed
discussion and explanation were reported in owipus research [29].

The photocatalytic performance comparison with ogreups was listed in Table 1.
The previous investigation reveals the excellerdtptatalytic ability of AgO/TiO,
photocatalysts, and the hybrid photocatalyst cachieve the effective photocatalytic
decomposition of various organic pollutants undé&f &F visible light irradiation.
Although the photocatalytic efficiency of AQ/TiO, NTs in our work is seemed
weaker than some reported data, the photocatalgiti@n amount in the experiment
is about 1 mg, which is only 1% of traditional pbedtalyst addition. The Prof. Tang’s

review [30] indicated that the photocatalytic performameedifferent investigation
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groups couldn’t be directly compared due to théedsnt light source, light power
intensity, irradiation time, dye kind and concehtma, photocatalyst addition amount
and so on.

Table 1 AgO/TiO, nanoparticles for photocatalytic decoloration famic pollutants

Photocatalysts Preparation methods Light sources llut®uats Efficiency Refs.
MO 67.40%
This
Ag,O/TiO; NTA SILAR deposition Solar light RhB 59.19%
work
MB 93.89%

Ag,O/TiO, NTA Electrodeposition Solar light Acid orange 7  00% [25]

Ag,O/TiO, NTA Anodization UV -vis light Phenol 7% [31]
Ag,0O/TiO, Hydrothermal
UV light MO 93% [32]
microspheres synthesis
Ag,0O/TiO, Chemical
Visible light MO 80% [33]
nanobelts precipitation
Ag,OITiO, NTA  Microwave reduction  Solar light MB 98.9% [34]
Precipitation Visible light MB 98.3% [35]
heterostructure
Solvothermal
Ag,0O/TiO, Visible light MB 88.2%  [36]
synthesis
Chemical
Ag,0/TiO, UV light MO 98.2%  [23]

precipitation

Ag,O/TiO, Precipitation UV light RhB 99%  [37]
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Fig. 8 The photocatalytic performance after addicgvengers in MO (a), RhB (b)
and MB (c) solutions.
The active species of the photocatalytic decolonatvere explored by adding free

radical scavengers, and the final efficiency wasashin Fig. 8. It could be obviously
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observed that the t-BuOH addition significantly ilmits the photocatalytic
decomposition of dyes, and the photocatalytic perémces of three dyes become
poor. The decoloration ratios of MO, RhB and MB a#e54%, 27.10% and 46.18%
of results without scavenger addition, indicatihg #OH radical is the main active
specie for dye decomposition. Except for t-BuOH, dlddition of BQ and EDTA-2Na
also reduces the dye photocatalytic decoloratiod,*&, radical also plays vital roles
in photocatalytic reaction. It is well known th&.# radicals could transform into «OH
radicals according to the following equation:

€+ Oy — Oy + 2H + 26 — «OH + OH (1)

% Irradiation
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el WAooyl
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Fig. 9 The ESR (a) and TOC removal (b) of S-10 damp
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The «OH radical formation was testified by the E§i-trap technique in Fig. 9a.
No ESR signals appear without solar irradiationd #inis indicates that the solar
irradiation is the precondition of free radical gemtion. Amazingly, four ESR
characteristic peaks with 1:2:2:1 intensity weresaslied only after 5 min solar
irradiation, testifying the formation of DMPO-OHedduct. However, the
characteristic *@ peaks weren’t seen under solar irradiation, and réeeson is
ascribed to the rapid transformation into «OH ratlic Other scientist and our
previous results have illuminated the reason inftdegnd the 660 times difference of
formation rate limits the long-term stable presenteO, radicals. Moreover, the
mineralization of dyes was carried out by TOC tesfig. 9b. Except for MB dyes,
the mineralization degree of MO and RhB is low, amy less than 40% is
completely decomposed. Therefore, the prolongediation time is needed to further
improve the dye mineralization, and the mineraicratdegree is significantly
enhanced after 6 h solar irradiation. The 71.28063B% and 92.58% of MO, RhB

and MB mineralization efficiency are obtained afidr irradiation , respectively.
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performances (b) and repeated stability (c) of $tidocatalyst.

The heavy metal ions Cr(VI) were removed by phatlgtic reduction into Cr(lll)
with low toxicity, and the photocatalytic perfornt@nwas displayed in Fig. 10a. The
S-10 and S-6 samples exhibited the most excelleatopatalytic capacity, and the
final photocatalytic efficiency is 65.48% after 3shlar irradiation. The S-2 sample

shows the weak photocatalytic reduction performanoe only 35.40% of Cr(VI) is
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removed. The photocatalytic removal trend of Cr(id)similar with that of dye
decoloration, and the S-10 photocatalyst exhilties dptimal photocatalytic activity
among these samples. The excellent photocatalgifoppnance of S-10 is largely
attributed to the efficient charge carrier separaind transportation, and the external
voltage is favorable to the electron transfer. Eéernal voltage influences on the
photocatalytic pollutant removal were studied ing.FilOb, and all pollutant
photocatalytic efficiencies show downslide statugheut external voltage. The
external voltage (0.5 V) inhibits the electron medmnation, and prolongs the electron
life. Furthermore, the photocorrosion stabilityaiso an important index to evaluate
the photocatalytic application, and the cyclic mwatalytic performances of S-10 in
the MB decoloration were carried out in Fig. 10dteA the fifth photocatalytic
experiment, the photocatalytic efficiency is only6&% lower than the first one,
which indicates the high stability of S-10 sampld$he photocatalytic results
illuminate that AgO nanoparticles are admirable semiconductor seasstifor the
enhanced photocatalytic performance of JJi0Ts, and the suitable deposition
amounts by SILAR adjustment in S-10 achieves thdliamce photocatalytic
manifestation and prospect in waste water purificatThe detailed photocatalytic
mechanism was described in Scheme 1b. Firstlypthdeterojunction could form at
the S-10 photocatalyst surface due to the p-typscemductor of AgO and n-type
characterization of TI©ONTA [32, 38]. The collaborative inhibiting roleg built-in
electric field and external voltage dramaticallgelerate the separation of electrons,

and then massive *OH radicals are produced to degtee dye molecules due to the
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superhigh oxidative activityp{(H,O/- OH)= 2.38 V,¢°(OH/-OH)= 1.99 V). Finally,

organic dyes are decomposed into inorganic spexiiel as C® and HO. The

photocatalytic reaction progress is described @ ftlilowing equations. Therefore,

the outstanding photocatalytic ability of A TiO, NTA would further enhance the

application prospect of photocatalysts in induktsiaste water treatment.

Ag20/TiO; NTA + hv — ecg” + hg*

O; + &g — Oy

*O; + H,O — «O0OH + OH

*OOH + O + &g — HO; + OH

H,O,+ ecg — *OH + OH

hv|3++ H,O — «OH + H*

hVB+ + OH — *OH

*OH + dyes— CO, + H,0O
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of the as-prepared photoelectrodes under visighd Irradiation.

The visible light-driven photoelectrochemical prageof the samples sensitized by
Ag>O nanoparticles was tested in Fig. 11. The trahgdiotocurrent was clearly
noticed along the Xe Ilamp irradiation. All sampledisplayed strong
photoelectrochemical stability without any photaosion. The high photocurrent
difference could be observed among these sampies,SALAR cycles exhibited
remarkable influences on the final photocurrent sign The photocurrent
progressively increased from 2 cycles to 10 cydesl then rapidly decreased in the
sample prepared in 14 h. The highest photocurre®-10 is calculated to be 463.2
uA/cm?, and the photocurrent of S-6 is around 30@&cm?. The visible light
photocurrent generation with different adding vgéa was displayed in Fig. 11b, and
the photocurrent generation trend of these phattreldes is identical with that
without adding voltages. The photogenerated volttgelectrode surface was tested
in Fig. 11c. The S-6 and S-10 photoelectrodes algokly produce photovoltages,
and the value is about -0.20 V. However, the statdte achievement of photovoltage
in S-2 and S-14 needs long period, which reflduesvweak electron transfer and high
interface resistance. Therefore, the photoelectredestance of these samples was
researched in Fig. 11d, and the small semicircendiers could be observed in S-6
and S-10 photoelectrodes, which confirms the gabssit electron transfer. The high
electron transportation and solar harvesting ofOSphotocatalyst would exhibit
attractive prospect in waste water treatment amdnesource generation.

4. Conclusions
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In summary, AgO nanoparticles were deposited on JiNTA by the SILAR
method, and the deposition cycles dramaticallyugriiced the photoelectrochemical
performances including visible light photocurremdaphotocatalysis. The S-10
sample exhibited the optimal transient photocurr@t@3.2 pA/cm?) and surface
photovoltage (-0.20 V) under visible light irradeat, and MO, RhB, MB dye
molecules were decomposed under solar irradiatibme <OH radicals were
confirmed to be the decisive active specie for thee decoloration, and the
photocatalyst showed significantly high stabilitfhe excellent photocatalytic
capacity of AgO/TiO, NTA suggests that the as-prepared photocatalyst ha
prospective application in waste water remediation.
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Figure captions:

Scheme 1 The preparation (a) and photocatalytitaresm (b) of AgO/TiO, NTA.
Fig. 1 XRD patterns of the samples.

Fig. 2 SEM images of TIONTA (a) and S-10 (b).

Fig. 3 SEM images of S-2 (a), S-6 (b) S-10 (c) 8At4 (d).

Fig. 4 TEM (a, b), HRTEM images (c) and elementappings (d) of S-10.

Fig. 5 XPS spectra of survey (a), Ti 2p (b), Ag(8dand O 1s (d).

Fig. 6 DRS spectra (a), IPCE (b) and PL (c) ofabgrepared samples.

Fig. 7 PEC degradation of MO (a), RhB (b) and MBKg the as-prepared
photocatalysts.

Fig. 8 The photocatalytic performance after addicgvengers in MO (a), RhB (b)
and MB (c) solutions.

Fig. 9 The ESR (a) and TOC removal (b) of S-10 damp

Fig. 10 PEC removal curves of Cr(VI) (a), the castive curves of PC and PEC
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performances (b) and repeated stability (c) of $tidtocatalyst.
Fig. 11 The transient photocurrent response {#)¢urves (b), OCP (c) and EIS (d) of

the as-prepared photoelectrodes under visible iirghdiation.

31



Highlights
1. Ag,O nanoparticles were deposited on TiO, NTA by a SILAR method.
2. The AgO/TiO, NTA showed the attractive photocatalytic activity.

3. The active group and photocatal ytic mechanism were investigated.
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