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Figure2 SEM imagesof Ag/AgX samples. (a) Ag/AgCl; (b) Ag/AgBr; (c) Ag/Agl
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Figure 5 Visible light photocatalytic activity of Ag/AgX for low-
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Figure 6 In situ FT-IR spectra for photocatalytic NO oxidation over
Ag/AgCl under visible-light irradiation
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Figure7 (Color online) Photocatalysis mechanism for purifying NO with Ag/AgCl photacatalyst

3486



ki, R T BORMSF R TIIRON . Ag/AQC KRG HEAL A AL NORY S W AILEE. AT WL RS, Wt
B H 5 A SPRAGUN, HLHOG A B 723 0O A Z0 85 i PR DA 382 TR ) N O 5 s ] 28 7 Dk /A0 T 2 742y ik TR
HORE, AR WO PRI 2P NOIE R/ sk, AP T IR AR AG/AQX S B 1 AOL
HALPERE. REAIZLAMDETER R TAQAQCISF B T LB R = <5 Qe i A AT FE B Rk RS

553k

10

11

12

13

14

15

16

17

18

19
20

21

22

Fujishima A, Honda K. Electrochemical photolysis of water at a semiconductor electrode. Nature, 1972, 238: 37-38

Chen X, Mao S S. Titanium dioxide nanomaterials: Synthesis, properties, modifications, and applications. Chem Rev, 2007, 107:
2891-2959

Huang B B, Wang P, Zhang X Y, et al. Progress in research of visible light photocatalysis (in Chinese). Chin Sci Bull (Chin Ver), 2009,
6: 847 [Hiffhr, EM, SKIBEFA, 4. W LWL Dr e B . Blazimdiz, 2009, 6: 847

Chen C C, Ma W, Zhao J C. Semiconductor-mediated photodegradation of pollutants under visible-light irradiation. Chem Soc Rev,
2010, 39: 42064219

Asahi R, Morikawa T, Ohwaki T, et a. Visible-light photocatalysis in nitrogen-doped titanium oxides. Science, 2001, 293: 269-271

Zou Z G, YeJ, SayamaK, et al. Direct splitting of water under visible light irradiation with an oxide semicon-ductor photocatalyst. Na-
ture, 2001, 414: 625-627

Khan S U M, Al-Shahry M, Ingler W B. Efficient photochemical water splitting by a chemicallymodified n-TiO,. Science, 2002, 297:
2243-2245

Yi Z G, YeJH, Kikugawa N, et al. An orthophos-phate semiconductor with photooxidation properties under visible-light irradiation. Nat
Mater, 2010, 9: 559-564

J H W, MaW H, Huang Y P, et a. Progress in visible light responding TiO, photocatalysts (in Chinese). Chin Sci Bull (Chin Ver),
2004, 21: 2199-2204 [ 4%, Dorar, BNF, 5. v WIEHER TIo b bttt . Fl#i# i, 2004, 21: 2199-2204]

Chen X B, LiuL, YuPY, etal. Increasing solar absorption for photocatalysis with black hydrogenated titanium dioxide nanocrystals.
Science, 2011, 331: 746-750

Liu G, Wang L Z, Yang H G, et al. Titania-based photocatalysts-crystal growth, doping and heterostructuring. Mater Chem, 2010, 20:
831-843

Wang X F, Peng D C, Ban Y X. Photo-cata-lytic degradation of phenol with TiO,/Fe* coated on glassfiber (in Chinese). Chin J Environ
Eng, 2012, 6: 2299-2314 [E PG, WM, PR, Hdl TiO/Fe™ MBLILT U SN SGMALZR G . b = IR B TR 4R, 2012, 6
2299-2314]

Zhang L S, Wang W Z, Zhou L, et a. Bi,WOg nano- and microstructures: Shape control and associated visible-light-driven photocata-
lytic activities. Small, 2007, 3: 1618-1625

Zhang L W, Xu T G, Zhao X, et a. Controllable synthesis of Bi,M0Os and effect of morphology and varia-tion in local structure on
photocatalytic activities. Appl Catal B Environ, 2010, 98: 138-146

Zheng Y, Duan F, Chen M Q, et al. Synthetic Bi,O,CO; nanostructures: Novel photocatalyst with controlled special surface exposed. J
Mol Catal A Chem, 2010, 317: 34-40

Zhang J S, Wang B, Wang X C. Carbon nitride polymeric semiconduct for photocatalysis (in Chinese). Prog Chem, 2014, 26: 19-29 [k
SR, EH, TR AMRESYESAOUEL. et R, 2014, 26: 19-29]

Kelly K L, Coronado E, Zhao L L, et a. The optical properties of metalnanoparticles: The influence of size, shape and dielectric envi-
ronment. J Phys Chem B, 2003, 107: 668—-677

Wang P, Huang B B, Qin X Y, et al. Ag@AgCI: A highly efficient and stable photocatalyst active under visible light. Angew Chem Int
Ed, 2008, 47: 7931-7933

Wang P, Huang B B, Zhang X Y, et a. Highly efficient visible-light plasmonic photocatalyst Ag@AgBr. Chem Eur J, 2009, 15: 1821-1824
Zhu M S, Chen P L, Liu M H. Ag/AgX (X=Cl, Br, I): A new type plasmonic photocatalysts (in Chinese). Prog Chem, 2013, 25:
209-220 [RHLL, BRIZHE:, XIngAe. GRIpqfRAR: — MBS B OB ML, fha ik e, 2013, 25: 209-220]

Wang H, Cui W Q, Han B X. Research progress of plasmonic Ag/AgX (X=Cl, Br, I) photocatalysts (in Chinese). Chem Ind Eng Prog,
2013, 32: 346-351 [ F Ak, # AL, FHIEJE. Ag/AgX (X=CI, Br, )55 TR AL F i pFos it . b T 3k, 2013, 32: 346-351]
Wang P. Study of surface plasmon enhanced Ag/X(X=Cl, Br, |) & its composite materials’ preparation, characterization and photocata-
Iytic property (in Chinese). Doctor Dissertation. Jinan: Shandong University, 2010 [ . 48 B 7R 58 Ag/X (X=CI, Br, ) & H:4Z
AR B A . RAEADGAEL P REIT Y. 220030 ¥m: IR K24, 2010]

3487



A % b B 2016FE 118 £e61% H32H

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

3488

XuH, Li HM, XiaJX, et al. One-pot synthesis of visible-light-driven plasmonic photocatalyst Ag/AgCl inionic liquid. ACS Appl Ma-
ter Inter, 2011, 3: 22-29

Wang P, Huang B B, Lou Z Z, et al. Synthesis of highly efficient Ag@AgCI plasmonic photocatalysts with various structures. Chem Eur
J, 2010, 16: 538-544

Li Y Y, Ding Y. Porous AgCI/Ag nanocomposites with enhanced visibie light photocatalytic properes. J Phys Chem C, 2010, 114:
3175-3179

Zhang Q, Li W Y, Moran C, et a. Seed-mediated synthesis of Ag nanocubes with controllable edge lengths in the range of 30—200 nm
and comparison of their optical properties. JAm Chem Soc, 2010, 132: 11372-11378

Fu X L, Tang W M, Ji L, et al. V,0s/Al,O; composite photocatalyst: Preparation, characterization, and the role of A1,0;. Chem Eng J,
2012, 180: 170-177

Xu 'Y G. Preparation of the plasma-photocatalytic materials and their photocatalytic activity in degradation of pollutant (in Chinese).
Doctor Dissertation. Zhenjiang: Jiangsu University, 2013 [#e [ . 45 85 TR BOGAE bR )00 i) 45 B 6 A SR 45 75 e i o8 . 2
B SC. BVL: VL3RR, 2013]

Dong F, OuM Y, Jiang Y K, et a. Efficient and durable visible light photocatalytic performance of porous carbon nitride nanosheets for
air purification. Ind Eng Chem Res, 2014, 53: 2318-2330

Zhang W D, Zhang Q, Dong F. Visible light photocatalytic removal of NO in air over BiOX (X=Cl, Br, I) single-crystal nanoplates
prepared at room temperature. Ind Eng Chem Res, 2013, 52: 6740-6746

Martirosyan G G, Azizyan A S, Kurtikyan T S, et al. In situ FT-IR and UV-vis spectroscopy of the low-temperature NO disproportiona-
tion mediated by solid state manganese (I) porphyrinates. Inorg Chem, 2006, 45: 4079-4087

Hadjiivanov K, Avreyska V, Klissurski D, et al. Surface species formedafter NO adsorption and NO + O, coadsorption on ZrO, and sul-
fated ZrO,: An FTIR spectroscopic study. Langmuir, 2002, 18: 1619-1625

Nakamura |, Sugihara S, Takeuchi K. Mechanism for NO photooxidation overthe oxygen-deficient TiO, powder under visible light irra-
diation. Chem Lett, 2000, 11: 1276-1277

ZhangM Y, Li CT, QuL, et a. Catalytic oxidation of NO with O, over FeMnO,/TiO,: Effect of iron andmanganese oxides loading se-
quences and the catalytic mechanism study. Appl Surf Sci, 2014, 300: 58-65

Hadjiivanov K, Knozinger H. Species formed after NO adsorption and NO+O, coadsorption on TiO,: An FTIR spectroscopic study. Phys
Chem Chem Phys, 2000, 2: 2803-2806

Wang D S, Duan Y D, Luo Q Z, et a. Visible light photocatalytic activities of plasmonic Ag/Ag Br particles synthesized by a double jet
method. Desalination, 2011, 270: 174-180

Jiang J, Zhang L. Rapid microwave-assisted nonagueous synthesis and growth mechanism of AgCI/Ag, and its daylight-driven plasmonic
photocatalysis. Chem Eur J, 17: 3710-3717

Kuai L, Geng B Y, Chen X T, et al. Facile subsequently light-inducedroute to highly efficient and stable sunlight-driven Ag-AgBr plas-
monic photocatalyst. Langmuir, 2010, 26: 18723-18727

Hu C, Peng T W, Hu X X, et al. Plasmon-induced photodegradation of toxic pollutants with Ag-Agl/Al,O; under visible-light irradiation.
JAm Chem Soc, 2010, 132: 857862

Zhou X F, Hu C, Hu X X, et al. Plasmon-assited degradation of toxic pollutions with Ag-AgBr/Al,O; under visible-light irradiation. J
Phys Chem C, 2010, 114: 2746-2750

Tang Y X, Subramaniam V P, Lau T H, et al. In situ formation oflarge-scale Ag/AgCl nanoparticles on layered titanate honeycomb by
gas phase reaction for visible light degradation of phenol solution. Appl Catal B, 2011, 106: 577-585



Perfor mance and mechanism of visible-light-induced
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Photocatalysis technology could utilize solar energy for pollutants degradation and water splitting, displaying great
potential in environmetnal remidiation and clean enerfy development. Significant progresses have been made on
promoting photocatalysis efficiency and extending light absorption range. Specific semiconductors and plasmonic metals
can behave photocatalysts. Recently, the plasmonic photocatalysis with Ag/AgX (X=Cl, Br, 1) has been received
increasing research interests. The preparation and application of Ag/AgX plasmonic photocatalysts have extensively
explored. However, the Ag/AgX plasmonic photocatalysts were mainly applied in water splitting and degradation of
aquous pollutants. The application of Ag/AgX in air purification has been rarely reported. Also, the mechanism of
photocatalytic NO purification with Ag/AgX has never been revealed.

Noble metal nanoparticles showed obvious characteristic absorption in the visible light region due to surface plasmon
resonance effect. Under the induction of visible light, silver/silver halide (Ag/AgX, X=Cl, Br, 1) compounds shows
excellent photocatalytic performance in the purification of pollutants. This research adopted the method of precipitation
at room temperature to prepare Ag/AgX plasmonic photocatalyst. The formation of Ag metal on the AgX surface can be
ascribed to the natural light illumination. The microstructure and optical properties of the as-prepared catalysts were
characterized with XRD, SEM, UV-Vis DRS and PL techniques. The prepared Ag/AgX was applied in photocatalytic
purification of ppb-level NO in the air. NO is one of the typical indoor and outdoor air pollutants. The results indicataed
that the Ag/AgCl showed higher visible light photocatalytic performance due to the strong surface plasmon resonance
absorption and the high charge separation efficiency in camparison with Ag/AgBr and Ag/Agl. The process of
photocatalytic NO purification with Ag/AgCl was dynamically monitored with in situ FT-IR equipped with an in situ
diffuse-reflectance cell. The time-dependent evolution of IR peaks have been identified. The plasmonic visible light
photocatalytic NO oxidation reaction mechanism with Ag/AgCl was reveadled a molecular level. The reaciton
mechanism can be described as Ag+visible light—e +h", € +O,— - O,, h™+AgCl—Clg+Ag’, - O,+NO—NO;, Clg+NO—
CI™+NO; and CI"+Ag"—AgCl. The present work could provide a new perspective in the undestanding of the mechanism
of noble metal based function plasmonic photocatalyst and air purification application.

silver/silver halide, plasmon, photocatalysis, NO purification, visiblelight, in situ FT-IR
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