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Abstract

The heterogeneous composite AgX (X= Br, CL, |) and AgsY (Y = PO,
VO43_) with  Bi,MoOg were synthesized via a direct deposited silver compound
nanoparticles on Bi,MoOg nanoplates. The as-prepared samples were characterized
by X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive x-ray
spectroscopy (EDS), transmission electron microscope (TEM) and X-ray photoelectron
spectroscopy (XPS). It found that silver compound nanoparticles were attached on
Bi,MoOg nanoplates. The photocatalytic activity was evaluated by the photocatalytic
degradation of Rhodamine B (RhB) solution. The heterogeneous composite showed a

higher and stability photocatalytic removal efficiency of RhB.
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s [14-15] ' . [15] Yo ¢ A
lavzaanlun WU F. Kiantazh wagamg  lA&UAS1ER AgVO,/ZnO  wWuindl
UsganSnmlunisaaneddon RhB gwnnndt 97% aeldnisansuasiuesdiuladunal 450
a g ) Y ] aaa Y v a a o w a o X
Wil FadunisuTuusedsalisemeuadidusednsamlunsidnaisuaiviiudu
\esannanunsaveannssiNdIuvesdidannseunasleavedlanzeanlunlaudiannseunay
\ - - - 3 3y o
laalnaainanslungu AsX (X = Br, CU uag I) waz AgsY (Y = PO, way VO, ) ludilans
panlunla
Aatiy NITeiiRaaiufnyimswisudannausswinsening AgX (X = Br
- - 3- 3 v . Y aa
, CLag 1) wag AgsY (Y = PO, waz VO, ) NU Bi;MoOs MIEIBN13ANAZNDUDUNIATDY AgX
- - - 3- 3- a . = =
(X = Br, Cl uag 1) uaz AgY (Y = PO, wag VO, ) UNAUUUNIUDY Bi,MoOs N1TANEN
dwina q andunisfnvuiieliinesdanuslnivesiuiannautaziioauisaiiluse

ganwuiiAnausindsely sudsanansathluldlunsmdnddenlulssnuanannssul

fUszansnnsalalusuiam



NOBUaTNaNNII

nszuaunsinlnazazlada (photocatalysis process)“H

nszvaumslillnazagladadainiunsyuiunisiivsslovilusunisiada
fauarorndliuians udnmadosiuvesnszuiunsinlnazasladadunssuiunisia
nsnseduufiselasarouadlufisassufasen slvuiaseniatuldediesni Tas
Ufnselnlnazazladaaunsadiwunls 2 Ussian tneerduaniusveediassujisemenas
Hunoust el

1. Ufasenlilnnaznzladaaniuzifed (homogeneous  photocatalysis)
UFAseIlnvangladanuuanuniienduufiseiarstmuniiisadeslunisyuiasen
uvsudeufiseegluanusieaty

2. UpAsenlnlanznzladaaniugsng (heterogeneous  photocatalysis)
UFAselilnnenglodauvuanugiaduufisonfiansiidosnisliAnufasentuegeis

LYY ! aaa 1 Ly < = o Y ! aaa [ <@
ﬁﬂ’]‘u%ﬂUWﬂLiQUQﬂiﬂ’] bUYU VBUARAINUUDILLUI GmimsJ'ml‘Ummﬂgﬂimwumaum

AaL3aufAzen
ansilddudnseuaseninlnasnzlada 1éun Tanens1uady (transition
metal) 19 noswa Tasdloy Gnifa Wudy wavansieiai (semiconductor) @y Tio,"
cds? war 7o Wudu Tavedniuavansieiiiusyneusennauduuusuazaeusndu

LUUA LA8lanefiIti1INAUTWULALALADUANTULUUABLTANY LAATISNFIUNILAUTLUUALAY

Y

ABUANTULUUAGNAUMEYEIIINE1 U (bang gap) edidnaseudseglunauinaudlasu
WHIUNLAS INUUDLENATOULARDUNIUSIADUANTULUUA TUVULLAEITUNINAUTLUUA

AnY93719%U Feosinandulszauanuazanunsawmdeudlaegnedasslunaud wuud diu

luroudnduwuuddidnnsouazindeudliegisdassiguiu Usingnisaldenarviliiing

U

a & . ~ « A i ¢ ¢ o
Bidnnsau-loa (electron-hole pairs) fianunsamaeuluunseniteaudiuuALazABUAN

Y 1a &

Fuuuslead1951a157 vinlrasianasou-leasiusiulmilaielulangdun walunsdlues

Y

ansnedan nMssawdiiulndedidnaseuleaialdennndt Weswindvdesinmeaanunueg
Ufnselnlaavaslagaluiiuseneumenaindeaiunlugedssujisends

wasRINaNIndsulnaeu (photon  energy)  NNINNIITDIININSIUVDIANTS VI IA

o

didnaseugnnIzduINIaudLuudlgrauinduLuuiLaziiiiingBiannseu-leadeey

v
v A a &

VURIYRIA3e UAseinoudndunuudnazluaisazaigvsiindell BlanasowAdounain



aaa v v

AounduwuUAlUGIFSUBIENRTaU (electron acceptor) TuansazanauaziinUfiisesan

=

| a & ft a Aaaa a ) Y ° v A & ) %
mum%aueﬁqummuiaa%Lﬂ@ﬂgﬂimaaﬂmmu Tag@aviazareinurnudla
a a a QII a d‘
audnnseu (electron donor) lugn1zunfieuaunsalunisuaniUisulszavesBianaseud
YR =y a o w a = v oA o o o ’~
ADUANTULUUA WITFnan1wwaRnazi1Unansdunsdla wetdesannluszuuiivnisendiau
|d'* a dy o v d' I3 U U oa & a aaa a v v a I [
8¥a1808 WPINTLIUUILYINULTUMIUBLANATIULAZIAAUANIYIIANTU AW gUlUDs
a a . . .- = Y a ¢ =
ponTlauloulopauLIAfDa (superoxide radical, O,) FulufeenFuaunusiuin 3
' a a6 P ~ a & -y a ¢
ANUNTDYDUARIYAITOUNTUAG 16 Turaznlaaininaudwuun I duAIaNTLAUNNLT I

WUAU

nalnufnsenlnlnazazlads (photocatalytic mechanism)

Usenlanzaglagadlunisindnansdunidens 4 dnalndananslugui 2

Conduction Band 0,

*OH

Valence Band H,0

JUN 2 nalnnsiiaufiseinlnasesladauuiaTan i

Weldsundenunsgduainnisatsuasdidnaseusinduinauduuuign

nsgguluduneuintuwuud lnsrzimieterinididnaseundeuiieanluuai San laa lu

v
(% s a v 1

Furnauduuun lnediannseunazlaaszinfouiilugiiuiivedissujisedianasouiin

Y

Uffseiueendaunaialu O,

AMLSIURTTEN + Ua — e + h (1)



Uinaiashedniiiles (AaujAseneendntduiulensenledleseu
(hydroxide ion, OH) wazi inlensondaisinea (hydroxyl radical, OH) wazduq dau
Uihaihasiwnhddibidnaseussinujisenifnduiueendiaueguuiiiansisiiiin
Wueslensendaisinea (perhydroxyl  radical, OH,)  uag lalasiauileseanlen
(hydrogen peroxide, H,0,)

nsfinasAneaig o seriensiaufiselilanseslada

h' + OH — OH' (2)
h' + H,0 — OH + H 3)
e + O, — 0, @)
2H" + O — ‘OH, (5)
2H,0 + O, — 2H,0, (6)
H,0, — ‘OH, + H + e (7)
H + e — H (8)
Iy h° fe lea

e Ao Blanmsou

OH Ao lansendalshnea

0, fAe yuweseanlydloosulinea

‘OH, fe Weslensandalshnea

H Ao lalasiaulsinoa (hydrogen radical)

TusazRan1Ign1snaasslioandauliieans TUSADUNLAAIINNITLANG?

H Y] ~ Y v oa g a & a = a
999119 TUNUIMIAEN15N5 BN AsauLnY LRadulalasiausineatduansesnd
waunt (oxidant)  nanluufiselulnnzazladamszlonsendaisineailuasilidonis

AnUisesavanusaviuiseniuansuseneudunsdlavnyia

<

= a a aa Y A a) s
Wewnnlansendaishneauazlaaniiivesiiissliiszailuuin nseendladg

q

(oxidize) wvdlganulansanlonlosaulslansandarsinea YustiglInulaalinaInnig

o
1% [V Y] aaa a

pondladiuansdunidae Ay Mainufiseeentinduiaintuld 2 ne fie

1. mainujiseneandinduresisadulansenledlessunsouniu OH uaz

Ujfsevesdianaseuiveendiauviselalasiauloseudu OH, vie H

Y [

2. Msifinuiseneendindulaensevedansdunidneguuridinseiulan s

a

AIUAINITVBINISAAUGATENDDNTLATUVBIA1TBUNTTLUINATIAIINAINITAVBINS

nUfA5e100nTndUUURIAILIY



A

B
d’ d’l ¥ U 1 aaa U ! a
E‘U‘V] 3 naln LUEJ\W]‘L!‘ZJENG]’JLiﬂﬂgﬂiﬂﬁ‘d@ﬂ’)ﬂﬂwﬁmﬁ’]\‘isﬁuﬂ

o ' a [16]
Yanuaunyin

a{' -:l' Y3 1 aaa Yo [y ¥ d' =9 E%
N3UN 3 Wedusesufiselasundsnunssuainiasiueaiule
a < 4 3 ¥ ‘3 v [ YY) & o Y a ‘3 ==l' 4 3
AlinaseudINIaudLUNAgNnIEuTLlUStreudntuLuug viliiAnleaduniiauduuue
28391980967 NTUBANATIUIINADUANTURLUUAVDY A LARaUNIUSIPausnTuLULAYDY B
Wasanndadng iAo usndunuuavad A tosnin B hazanntusiannsaulaaaunlunig
vaaraLseuisen Turasiieaiuleasininauduuunves B indeunludniauduuunves A
A A W & & 9 ' a P v v &
We9nnde@ngluinauduuuaved A Usgni1 B 91nnabninanundneaf ukanalmiiuan
AM9AANIsTINEITUTRIBlAnnsauiulaamadileiaindidnasoutaslaaaunsarnaaunluds
Y o I3 6 I3 = LY v & a aaa 1
AOUANTURUUALAEINAUGLULATRIaNTUTEN LNl FensiinuAsensenindluanaly
a Y U a & I3 [l 19 2/ a0 [ aaa a [
ansazateddounudianaseunazlaafiuiusedindndluiivesufiseimunziunis

Anufisen lesardndliivesuisenisiasineanis o wandunisan 2

A157 2 Adngliinusasineanig o

L5AADA Ardndgluin (eV)
_ R _ 0 [17]
O,+e = 0, E =-0.33
B 0 (18]
O,+ 2H +2e — H,0, E = +0.682

B . B 0 [17]
OH— OH + e E =+0.199




mstﬁmﬂﬁﬁ%anaﬁaué’ué’uﬁ 1 (pseudo first order reaction)"
nMsAnuiisenaiieususiuil 1 (pseudo first order) 91nnnuedLaind-
Baivagn (Langmuir-Hinshelwood) @slddmiunisesuiemainufizeniiinminvesdiaige
UfAzen lnednmmaifauiisendunildainaunisi 9

4 ke ©)

dt 1+ kTCCo

U o a 12‘ U = & a ’1
g K = adudsgavsmsnaduveuauiies-gavaja (L mg )
. o o loan 1.1
krc = AAMITBI8MTINISIAAUNATET (Mg L min )
] Y ¥ a v { Y -1
Cp = AANUTNTUSUAUYDIANTAZAENNIUNNTAAFU (mol L)
C, = AAINTUALANLA o) YasEnTazarun1ulinisansnes
-1
(mol L")
Y Y ¥ a v Ny v 1 v -3 -1
aANTNTUSNAUTIENTazatelUla1tesun (<10 mol L) 91nauns

1 9 AzausnangUivinesgluneudsaunisi 10

In(%) =kt (10
0

18 kypp = AASTIUTINURSATIMEARUFATEN
(apparent rate constant) (min’)
MndnTINsAnU ASe N saaneddon Aduinldanaunistrediu aunse
thA1AssnIIMsAaUfAsen sdiuiumAaiadinvesujiteinisaareddonld a1n
auuRguAiAaUfAtesusiuil 1 Seanansofmmmmeasedinves§izennisaarsddenlsd

NAUNSN 11

In2

t1/2 = T (11)
0.639

by, =—"— (12)



a3ugn3e1 (reactor)
Ineludnuarvesdaufisemmauiuustaidu 3 Uusuusansdagui 4
lagsUnuuiugIuvesdiu)isemianguiusasanvaziardeuiseunasuiuud
o o
Feautdun Al
1. defisenuung (batch reactor) Judeufiseniifinisunanseasiu
(reactants %38 feed) wagiiudnluludaujisenailudsianduwinlivaliinisniunay
WAl iAnUfAse AL
2. U iseluunIuNanag1eniowiiod (mixed flow reactor %38
continuously stired tank reactors 3o CSTRs) (Judsufiisenfifununliaanududuves
assssuludadiAtainauenazinduatauntuluvewrativasenanumads
3. feufisenniinisivamiloulvaluvie (tuburlar reactor #3e plug flow
@ v a sala a Yy v S v o w
reactor) Judsufnsaindinisivavesvesnainanududuvesasasulmaluauaduly
anwaznauesnneulaziiivdleaniindwihlviaanududuvesaisiaazliviniunase
& v 1a ¢ v = = Y a Y ~ M i
adaufnaal anvaznisivasnatinisniuluwuirnaieliianisnauiuvesansiadl wabid

nsnauiululgIVe WD

ANIRREIRINIGE feUfATeUUNIUNANDEH LB ANIRDERRMTN !

(batch reactor) (continuously stirred tank reactors) (tuburlar reactor)

A o & v aaa a [4]
UM 4 aNUUENUTIUTDINIUN NI M NNgUfuaasJULUY

(% '
aaa ¥ ¥ < v el a

anwazvesituisertieruludnuaeiugiunladiunldlunisesnuwuus

9

(%
% 1 aaa Y

Uffselnlanzazladadmsuldiuanssufisemalugiuuuns wazuuuilauuns wenain

Y
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v & [ aaa £4 [ A 14 [ aaa ) a 3 = Aa
anwariugIuvesdsugisendd Jagnldlunisasrsdeuisendudnussinunilend

a

o w d' aaa a Xy o« DY)
AudIAguIn Wesanlunisiinuisenlilnazazlagaildedinislindeaunasain
wasiLllauas aUfAsenNndadosdauadlad lngdaniunndaiuasiinsdesinuiauas
AnnTsagTiounauvaskasnuand1aiy Jagildlun1sindwisen laun awnuaaasa i

WEY kN7 AaZNANERN

NUNIUITTUNTIY

A M. Cruz uavmaiz " w3y Bi,MoOg Imelt amorphous complex
precursor g HsDTPA, Bi,O5; uag (NHg)sMo;0,, LLazﬁwmi&ha&hﬂULmLmalﬁzjﬁﬁqmmﬁ
pnefiu unan 1 $alus nudansiegnafleuniavunadnuasiiuiifings wazansdiedsdi

WIVRaMA 450 Bamwaltiya uansUseansanlunisaanedden RhB geiign

A M. Cruz uazenie’ widen Y-BiMoOs #eiBannzneusiu (co-
precipitation) Tagld Bi(NOs)s thaz (NHg)sMo70,4 Lﬁumi&i’jﬁuuammLma%ﬁﬁqmmﬁ 450
ssmawadea Wunan 20 $alus nuiransiedrefianudundnuazoynieiizusieilindy
daweafufivuin 200 wiluans Fwancsyansamdialunisaaneddon IC > RhB > MO
melinsmeuasiiveudiuld

A. Phuruangrat uazemz” " wSew Bi,MoO, #eialslasmesuea Tngld
BI(NO,), way Na,MoO, Juansiad lngldgamgilunislalasimesuea 180 semLaigya
Hunan 20 F9lus nuhansiegsiidunsesilduanama orthorhombic waefiaudundn
a1 lngnsisauiiendnonasvesansiedneil pH=6 Tunisaaiedden RhB Juszansnmgs
019 98.66% ngliin1sanguasanuasn Xe

A. Phuruangrat wasAniz w3ey Bi,MoO, #eislalasinesuea Tneld
BI(NO); uaz Na,MoO, tHuansmad lneldomumgilunislelasiesuea 120-180 o
wadea Wuan 520 dlus nuhansiedsiidaanildnenmgilunislelasimesuea
180 esmiwaiduadung 5 HluswansUszansnmlunsaanedion RhB gegnis 96%
melinsmeuasiiveaduldidunan 100 wii

T.  Zhang wazamz’ 3w BiMoO,  siedslulasivlalasmesuea
(microwave-hydrothermal)  lagld Bi(NOs);  wag Na,MoOs Wuansdafunazipy
hexamethylene tetramine (HMT) L template IngauAsweIszULfl 160 BemivaLdea
Junan 40 uil nunansiededzusnadienentivazinisgandunadlugiauay it

waafiteiiuld Agesinmdsuresasmedindeulianuenindugaiiodisuiu Bi,MoO,
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FTlAsead1andns Ny

L. Xie uwazamy @5ou Y-Bi,MoOs fa835 simple low-temperature
molten salt method Iagle Bi(NO,); wag Na,MoO, L‘T]umié’jqéfu‘[maﬁqmmﬁ 350 891
waiBea 1Wunan 1 4 uaz 8 Flusmudidu wuiansfedisilveunsgandunasyan
477 wiluns Feligesiiandanulszana 2.6 eV waznansUszansamlunisaasdion
RhB gefigamniivies

J. Bi uazay w3eu Bi,MoO, feitlealuneiuea (solvothermal) wayia
Tulpsilgalamesuea Tngld BINOL), waz (NH)Mo:O, tHuansaadulneusudn pH=9

wazldoungil 160 asrnwaldoa Maadiaiulunsdunsiey nuasitegralnuniiey

Y

=

| 2 -1 a P I | p= = =3
Tu939 10-32 mg - Hvwendnegluaig 16-35 nm fdveunsaanaulasUseunns 491 nm @9
ANDIINNAINUUTELN 2.53 eV dmsulsyansninlunisaateddou RhB dAwansnany

IngAuegiunnudundn Wuifiuasjusevesasiieg

[24) . v .
X. Zhao wazAns W38l Y-Bi;MoO, mieislalasiesusa lagld BINO,),

wag Na,MoO, dnsidu 2:1 laluansawiulaeldgaumgilunislalasvesuea 180 o
a < ) 1 Y 1 aa 1 < 1 a a a
waealuial 12 9alue nunansiregreniiguinaluwiusansussavinmlunisaansd

v = a P v o a a
821 RhB ag MB Eﬁ\?LLagﬂJﬂjqﬂJLﬁﬂﬂiqiiLu@ﬂf\]qﬂa']ll']ﬁﬂsﬁga@ﬂqiijllﬁnﬂu%@ﬂ@Laﬂ@]i@uu@g

(% '
a A aa

o a ] Y | s W 2- =
laauaziliuniigawnn aeldnsaneuasiveaiulanuininisvesusiives -OH wag O @
JusyyadasynanfidmaneUszdnsnmnisaaieddon

[6] . v a ¥ .

L. Zhang kazAg L0383 Bi,MoO, aleidlalasinesusa lagld BiNO,),
waz Na,MoO, tJuasissunazsua pH fuansnsiu lneldaamgilunislalasmesuea
180 aeAwaLdya [Wunan 24 Flus wuinanssegaillasaasiaunludniaviduunis wazans
Y 1 Ao [ a a o v 1 Ly I a
megnidunneiluanizlunsauanssedvianlunisaaneddon MB aandnansiiegiad

dunseiluan1izluiua el pH dwmanogusng auie wazlasiasnavesa1smedng
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[

ngUszasA

Lﬁam%uéf’;Lﬁqﬂﬁﬁ%mé’wum AgX/Bi,MoOg (X = Br, Cl uwaz ) uag
AgsY/Bi,MoO, (Y = PO, uaz VO, )

Lﬁaﬁﬂmé’ﬂwmsmqé’mgmmaq AgX/Bi,MoOg (X = Br, Cl uag 1) uag
Ag,Y/BioMoO, (Y = PO, waw VO, )

dednwuseansamnisaaiedden RhB  (Rhodamine  B) 983 AgX/BipMoO;
(X = Br, CU uwaz I) wag AgsY/Bi,MoO, (Y = PO, uaz VO, )



NANISNAADIN 1

13
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m = AgCl

{131)

10.0%AQCKBIoMOOg

&
=]
=1
=

5.0%AgCKBIoMoOg

A DA

2.5% AgCIBigMoOg

Intensity (Arbitrary Unit)

1.0% AGCIHBIohMoOg

BighoOg

T
20 25 30 as 40 45 50 55 B0
20 (degree)

gﬂﬁ 5 g“dLLUUﬂ’liLﬁEJ’JLUﬂﬂJm%'ﬁLam? (X-ray diffraction pattern, XRD pattern) YDIFILT
Uﬁﬁ%m 0-10% AgCl/Bi,MoOq

N13AnulASIEs1INENUBIANTIUATET 0-10% AgCl/Bi,M0oO, taeld XRD
ﬁ'ﬂLLamiugﬂﬁ 5 wulddnfianisideauuees Bi,MoO, iifulassadisenslssendn
(orthorhombic) 84 Bi;MoO, gné1sdesae JCPDS no. 21-0102°" Faliivsngdianis
Aonuudy waziileldy AgCl asluTu Bi,MoOg Lﬁulé”jwzﬂsmgﬁﬁimiLﬁmﬁuLLazﬁﬂaWMLﬁu
yesfinlmifisfunuusina AcCl TifisTudeii 10% AgCUBI,MoO, avifiufinves AcCl 14
Foumnniulasiinualy m Ao AgCl Seillassadnsgnuar (cubic) gnénedadag JCPDS No.

31-1238" Wiuléi1 AeCU/Bi,MoO, & AgCl uaz Bi,MoO,

< 1

nsAnwInedug e weLssUiitelaglindesganssaudiannseudes

(%
A a % 1

A51a (scanning electron microscope, SEM) Lﬂaﬁﬂ‘mé’mgmuazé’ﬂwmzwummmmLi

aaa

Ujfsen Ui 6 (@) wiulddneuninves BiMoO, fidnwaziluunu lufleunindugnizuy

v
A a

fuRn waziloy AgCl aglulu Bi,MoOg muenI1dIU 1% 2.5% 5% wag 10% E‘Uﬁ 6 (b-e)
szuituldeynalifidnvazivasuuvadly Famadun ACl asluliifinasesusrsueseynia
Bi,MoO; UsiaunIAves AgCl %Lmzaguuﬁuﬁmaq Bi,MoO, da1dussesdu Taedunaliain
gﬂﬁ 6 (d-e) 7l 5% waz 10% AeCl/Bi,MoO, siuldtnauIdoyniadndues AgCl unz
VUHINTNT999YNIA Bi,MoO, SunuINNLaznsEetsELELe s?iqaigmﬂsuaq ACL T3
NBUURIMTNYBI8UAA BiMoO, srdanalinmssuiuvesdidnasousulsamawazyieiiv

Useansnnluaaieddou RhB
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gﬂﬁé 2NN SEM 989f59UfA381 (@) Bi,MoOs (b) 1% AgCU/Bi,MoOs (c) 2.5%
AgCl/Bi,MoOg (d) 5% AgCl/Bi,MoO, Waz (e) 10% AgCl/Bi,MoOg firdsene 30,000 19

N19N5¢8FIVIDUNIAYDIBE MUY IAURIRITIUGATe1gnAnwidae
wataanlnsaladnszaewduressidiend (energy dispersive x-ray spectroscopy,
EDS) fauansluguin 7

U 7 nmann SEM wesiassufjizen (a) 10% AgCU/Bi,MoO, wazn1wain EDS mapping

Y

Yo RIUNTET 10% AgCl/Bi,MoO; (b) Ag (c) CL(d) Bi (€) Mo uag (f) O
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JUT 7 (@) aziiuldineuniaves AeCl #n1snszaneiegvadiaueuniang
Y999UNA BimMoO, Filugunl 7 (b-c) 1iiulainsng Ag uaz Cl Insyatadiegvainate waz
Tugu 7 (d-N ssmauvea Bi,MoO, Fududisessulioyniares AgCl Fsaziiius1s Bi Mo uay

O nwatndududuliinaynia AeCl nszanefuuiant1veeyn1A Bi;MoO,

g‘dﬁl 8 LLﬁmmwmﬂﬂé’a@aMﬁﬂﬁSLﬁﬂmiaudaaﬂwu (transmission electron microscope,
TEM) E‘ULLUUﬂ’]iLgﬁJ’JL‘UL!‘UEN‘?)LﬁﬂﬁiaumﬂU%L’JmﬁLﬁaﬂ (selected area diffraction, SAED
pattern)  uazAINAINNA0IgansIAUBLaNATaudeuitdveeas (high  resolution
transmission electron microscope, HRTEM) (a-b) Bi,MoOy (c) 5% AgCl/Bi,MoOy Wag (d-f)

10% AgCl/Bi,MoOy

SU7 8 (a) wiulsrineymaues BiMoO, fisusrafuuruseulasiiaiueives
usiazduUsEanas 200-500 nm SUA 8 (b) SAED pattern iuldiusuveseyniaves
Bi,MoO, W undniienlnsunundniissurusuuuioszuiu (060) (062) was (002) WielR
AgCl aslulu Bi,MoO, é’QLLamﬂugUﬁ' 8 (c) 7 5% AgCl/BI,MoO; aztiiulsrinfleyniasuaidn
UNNEUURIMTITB99YNIA Bi,;M0O, LLaziugﬂﬁ 8 (d-e) i 10% AgCUBi,MoO, Wiulaindl
puMATUIAENLINIzUURMTYeseYnIA BiMoOs Witinniuuaziinruasiaue uazain
AiiAwe1egaguel 8 () azifudnfloyna AgCl inzuuiinveseynia Bi,MoO, lny

anunsauiusEUIU (200) $AUNT9UBITEUIUMAAU 0.28 nm Ve AgCl



(€)

Intensity (Arbitrary Unit)

(a)

Intensity (Arbitrary Unit}

b

368

370

& T4
Binding Energy (eV)

(d)

197 a8 99 200

18 1
Binding Energy (eV)

(&)

20

202

17

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit

156 158 B6 168 230 231 232 7 238 526 528 536

160 WL: 164 233 134 13 136 13 530 532
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

gﬂﬁ 9 uangaUnAsuIIN XPS Yo seUfAT81 10% AgCl/BiMoO; (a) Ag 3d (b) Cl 2p (c)
Bi 4f (d) Mo 3d wag (e) O 2s

U7l 9 (a-e) wansanasuaniendisdlnlndidnaseuaiunlnsalad (X-ray
photoelectron spectroscopy, XPS) ¥8siaseUfisen 10% AgCl/Bi,MoO, lagaunsany
WPUe Ag Cl Bi Mo tay O g'ﬂ'ﬁ 9 (a) Ag 3ds/, Wae Ag 3ds), wanslufiafl 367.9 way 373.7
eV Fadu Ag” 909 AgCl[Zé] gﬂﬁ 9 (b) Cl 2psy, Waz Cl 2py)n wanslufiafl 197.8 uaz 199.4

o gﬂﬁ 9 (c) Bi 4f,,, uav Bi 4f,, wanslufinfl 163.6 waz 158.2 eV %mﬂﬁaﬁum Bi ag/lu

9

ev[

=

] g‘U‘vi 9 (d) Mo 3ds,, 4az Mo 3ds, 84 Mo 4d uanslufinfl 35.6 waz 37.4
6+ [9]

Wosuwes B
eV Fafu Mo dusuiiaves O arunsaviulavanefinfe 530.00 530.70 531.82 uay
53284 eV 90U B-O Mo-O O-H %aqm%’u H,O ffantuasWusy C-O LAnaning
m%waulmaaﬂl%ﬁﬁﬂwmﬁaLi'w(g:jﬁ%m[zwg] PnuatrefuLansliliul AgCl uag Bi,MoO,
HussAusznauves 10% AeCU/BiLMoO, Fidanndasiunavas XRD SEM EDS uaz TEM
NINTTUNTTIUATEMIBuasvesansitegd@nwlngn1saaeddon RhB
aelduaafinenduld ednwuszansamlunisaarsansdunidvesaisiedie sauansly
U7l 10 9903071 10 () uamarnsgandunasvesddon RhB  Iasldduseufizen 10%
AeCl/BioMoO, tneanauasiiveadiuld au anfiuansndu wanliiAuIIAINITgAnauLE
gegnvasanTara1uddon RhB 1A Ay agjﬁ 554 nm Tegiflevhnsansuasiiveaiulgriuly
100 W ANNsNAULEEsEon RhB fifanategnaiiowaiiulddninen A, vesddon
fiAnanassioann 554 nm U8 498 nm Wiesaniinnisaanesivesdiion RhB waziinis
WasuwUaslassadnedevilien A, LﬁﬂmiLUgUuLLUm%QLﬁ@ﬁ]’]ﬂ‘ﬂﬁﬁ%&ﬂ N-deethylation

vosluianaddon RB  szninanisanouas lnenisaaieddon Rhodamine B lunanaidu
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Rhodamine Iﬂ&JLﬁu’jﬂL'%'ué’umms@mﬂﬁuum Ao 5167 554 nm el @n A,
anaanfiuszann 539 nm dududanedden  Rhodamine B (RhB) sl NN N-triethyl
thodamine n&santuaaesu N,N-diethyl rhodamine 7PN = 522 nm uas
aaneiudu N-ethyl rhodamine 7ifn A, = 510 nm wazgavneaasdalu Rhodamine 7
A1 A = 498 nm FuAnaINAISAaI8EIUee conjugated  ¥83 Rhodamine B lpanas
WasuwUasm A, 970 554 nm TUds 498 am- é‘faLLam‘imqa%’msﬂaamiauﬁuﬁ‘ﬁLﬁﬂsﬁu

Aauanslugun 11

o
“

@

—  Omin

4 -
—— 10 min
20 min 107 ., (b)
2 — z N
g min & 204 T
2 60 min - e
E‘ ——  80min e 30 \'
g —— oomin & 40 \\ .
5 E
9 o 504
: 5 . ) \
2 -]
© ® 604
E N —m_s_u_ RHB
H 2 70 ee BpMoOg 4 \
2 2 o0 WD%AQCVE\;MM
<1 —v—v—v— 2.5%AgCVBIsMaOg «
904 5 0%AgCYBigMoOg \.\1
— 10.0%AgCIBioMaOg
T T T T 1 1007 T T T T T T T T T T
400 450 500 550 600 650 700 0 10 20 30 40 50 60 70 80 90 100
Wavelenght (nm) Time (min)
30 (C)
25 04 st = 2nd = 3rd = dih ® 5th ()
—e—s—e— BighoOg 1
1.0% AgCWBigMaOg £ 20
209 —v—v—v— 2.5%AgCHBioMoOg < . \ \ \
> 5.0%AgCIBIoMIOg g 304 s
S — 44—~ 10.0%AgCHBIoMaOg 2 a0
&5 & |
= 2 50
o
104 ® 004 \ \ . b
N
5 70 i
F ) \ \ \. \
05 g 804 ) i \
o
90 Ney Y k. \
0.0 100

T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 S0 100 0 50 100 150 200 250 300 350 400 450 500
Time (min) Time (min)

U7l 10 (a) wansAnsgandunamwesddon RhB Tagldfissufisen 10% AgCU/BIMoO,
aeldnmsaneuasiiveaiiuldifunan 100 Wil (b) wansUszdnsawlunisaaeddon RhB
Tael4i13sUATEN 0-10% AgCUBIMoO, (0) uansnsiisufisensdusiuil 1 Tagldwaise
UFA3E1 0-10% AgCU/BI,MoO, (d) uanadosnmnshnduanlddrvesiiseufasen 10%

AgC/Bi,MoO,
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-

|/ . d
0 o t“\.r/ \"‘».."“"N o /N"‘\/-
cr cr
! COOH l COOH
fa) i)
H+
HaN 0 ,N“v’ HzN 0 _NH,"
SO
] COOH I COOH

f€) id)
gﬂﬁ 11 1A33a319984 (@) Rhodamine B (RhB) (b) N,N,N-triethyl rhodamine (c) N,N-

diethyl rhodamine (d) Rhodamine

I OOH
CLO
/‘.'-'J'_.g_ e \ﬁ"‘.“k.

S <

5 b | N-de-athylation

o oH ©
Oz i OH OH
@ - OH * By producls
COGH destruction of 0 o

O O conjugated structure
HzN o \E"""T‘“‘ Isamerization ‘i

03, h‘l N-de-athyiation D} Q ;'3“

H o“\"'\.._‘_ Ring-opening
| o

o

o |
HO : o 0
\n/‘\./'l‘m-l HDJ]\/\/\E‘-/OH HU"U—GH
| |

HzM
+ By producis
Mineralization

CO4, HaO

dl aaa S v ! [301
JUN 12 Ufisenmsaanevesuianadeon RhB sevinen1sanguas
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1388909 K. Jothivenkatachalam uazaniz" " waz S. Yang wavenz g
sreuinsdaneddon RhB duildietu 4 funeulne@nuidieds HPLC il duneud 1
N-deethylation \iutuseuusndadusidans N-ethyl sanainluanavesddon RhB Junou
seufe chromophore cleavage 3u8urfdn benzene intermediates a8n Fupousiounie
opening-ring ?&Li“jJuﬂﬁv‘iﬂﬁLmeqmiUizﬂauauﬁuémaamiﬁﬁé’um% (intermediates)
nanenduansUsznouduridanuldnseiidimiinlianation sndegnaty succnic acd 2-
hydroxypentanedioic  acid uaz adipic  acid LLﬁS%ﬂﬁ@U@ﬂﬁﬁUﬁ@ fusalawdu
(mineralization) Fafunisinldansdunidiinnisaarsdanarsiduiiuas e
asveulnoanludluiigniuanduguil 12

Usgdvdnmnisaatedden RhB (decolorization efficacy) a@nansamanlalag
mMyiamnsganduuasiinimeniadu 554 nm Sadumeiuemadumsgandulawesddon

RhB a1ntuaunsamuialseansanlunisaaneddoulaainaunisi 13
Uszansnnnisaanaddeu = [(A, - A)/Alx10 (13)

lng A, fie Annsgandunaesddendifidnsalfizenazivliluide
A fo Ansgandunasesddoufiiiiisufitenazarouaady
nala

913U 10 (b) wanaUszansnmlunsaaneddon RhB lnglddausefazen

0-10% AgCU/Bi,MoO, neldnisanenasfineadiuldifuian 100 wnil wuldnddey rRhe 1
Ann1saanes uanaidden RhB finruaiivsnimdeuiisetnialada (photolysis) faty
sgituldinansazaneddon RhB  Tlassadefiafiosnmgadesaniduasuszneudiman
lalnsansueu ilildanusoaanemlalusssuwd Fsgnidenuiludunuresarsduvsd 8n
faansazans RhB favuy vilfaunsadunalumadisuuasjizonadldneluseminams
yaaes waziileliiausefAzen Bi;MoO, udwihnsaneuasiveadiule Wonatdwld 100
Ul wuinAnnisaaneddion RhB 40.73% wieedlsiileld@anseuiiten AgCl/BiMoO,
UsgAnBainnisaniefiveddon RhB  gelunmiofdudnisiiu Accl  Taodl 10%
AgC/BI,MoO, Tiszansnwlunsaanediongsganinansiednadu q lnefiuszansnimly
nsaanedon RhB 93% wleawiuly 100 unil Tnsannsaaguuszansamnsaanevesd

§91 RhB A9m15199 3
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Uszdnsnimnisaanemddon RhB lagldsusesuizen 0-10% AgCl/Bi,MoO,
ANU1T0AIWIUNITATINISIAAUATEINTaaeRAIvesddon RhB  aeldauufigiunis
AnuAsenalioududun 1 a1nnguednasiles-guvajn (Langmuir-Hinshelwood) @414
dmsunmsesuienisiiauisendmiivesiussuisen lnednsinisinufisend uaale

PN ' ) ' aaa 9 a
INANNITA 10 AM1TAUIUBNTAINUANAIYBITEUUNTUSATEWREUAT 1n3UT 10 (0)
LARINTINANUANRUTTENINN In (C/Co) Aunattun1siuisen (©) Ieeiaiunsadiuiu
8n31n19AnUAATE1INAMUTUYEINTIN 91AM15197 3 uleddnsnsRaUfAZe1ves

. [ -3 . -1 t:! a1 1 . U = -] ¥ a a
Bi,MoOs iU 5.32x10 " min~ @iA11In31 AgC/Bi,MoO, Nnsdavintyiusednsninlunis
gauddon RhB fUaunin AgCl/Bi,MoO, lae? 1.0% AgCl/Bi,MoO ey 2.5% AgCl/Bi,MoOy
A P o A -2 -2 -1 a a o X 0§ Yo
JAnlndlAeeauAe1.77x10  wag 1.72x10° min  wazilauSuiawes AgCl Lis@ufvinlisnsn
o janca A X o 4 . o 2 1 o
NSANUGASoWNUTUAIEN 5.0% AgCU/BI,MoOs Wiy 1.95x10 min  wazil 10.0%
. Y a aaa ! LY -2 . -1 o 4 a a
AgCl/Bi,MoOg ﬁamwmimmﬂgmmgqqmL‘vnﬂ“u 2.83x10 min v luduszansnanlunis
dangddau RhB gaanuriu

91ngnsINsiinUisensaatedden RhB auwnlaainnisaunstnesu

o 1 Ao a aaa ° | = Aa aaa a v
a11130UANAINERSINISAAURTET WAIMMIAIASIRYRU AT N SEedden RhB
16 nanuRgIudAnURATesuAUN 1 JdunsaAuamIAIASTInYeIUfA3e1n1saany
d¢dau RhB laanaunish 12

‘NI <@ 2 I = aa aaa A o Y 1 [ YY)
91n91157297 3 Wiuleesatinvesujisenaunlaliriaennaaiiudnsd
nsinufiseleenidiednsinisiauisenlintssainseiinuesufisenasiaunn  Tunig

AsanutuednsINTANUAeRAINARSITInYeIUfR3e1as iAoy

=i a a v Y a aaa v v oA 2 | =% Aa
A15197 3 Useansamlunisaaeddon EJ(?]SWﬂ’]iLﬂﬂUgﬂiEﬂ@UﬂU‘l/l 1 R WLagAIATIVINUDY

U1 veedseuiisen 0-10% AgCl/BiMoOg

UsganSawlunis  dmsansiiaujnsen AATITAnvas
Aseufisen daneddau Kapp 2 Uffisen
(%) (min™) " (min)
Bi,MoO4 40.73% 532x10°  0.9928 130
1.0% AgCl/Bi,MoOg 82.89% 1.77x10° 09997 39.15
2.5% AgCl/Bi,MoOy 80.65% 1.72x10°  0.9976 40.29
5.0% AgCl/Bi,MoOy 85.51% 1.95x10°  0.9987 35.54

10.0% AgCl/Bi,MoOg 92.45% 2.83x10°  0.9924 24.49
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wingalsian n1sldanuvesdaiseufisendriiedieauaissninlunsld
o feudsldmaaeumsihnduanldlmivessuswiiser Wnenaaeunislddnsiuiu 5 ass
YBIRWIIGHATE 10% AgCU/Bi,MoO, Inenisidusesuisendnluaisaatvddon RhB uay
mEJLLmﬁumLﬁulﬁmﬂﬁ?mﬁaﬁmﬁﬁ%mLa% iansazateuInIeeniLssUnNsenaanun
Fradeth RO wazlemueavansgaSwazeuliuis anduhdusefisemldsauasy
5 ﬂ%’jﬁﬂé’mamimaaqﬁ’qLLaﬂﬂugﬂﬁ 10 (d) uamsleidindn 10% AgCl/Bi,MoO, fmanu

= = a a v ° o vo & A U A =
LaﬂEJSﬂ']W'sjﬂL‘L!?NQ']ﬂUiSaWﬁﬂq‘WﬂqiaaqﬁaﬁJ@N RhB IUﬂ']iuf]ﬂa‘Ull'ﬂGU"?ﬂﬂiﬂw 5 ENiJﬂ']'sjﬂﬁﬂ

' [
= v v v 1

92.43% FHeflAlnaLAeanuAsIn 1 aeludsaufjizen 10% AgCl/Bi,MoO, lRINUMUNLENT
avihanldauieniussavzanuaganuais snnes

nalnnsiinufnselnlnazazlafnues BiMoO; uaz AgCU/BI,MoOs B4il

1Y | a

anudAnysenisaateddon RhB Andnindreiulagniauslugui 13 uas 14

<

&

H,0,—> *OH

)
< () =
FyA

v

\\>

O,+H*

OH-
U7 13 nalnnsiiaufiselnlaaznzlainves Bi;MoOs

aaa

N3N 13 wansnalnnisiinufiselulnazazlafinves Bi,MoO, tafLss

aaa

UfAselasundsunszduainuasiveaiiuld Sidnaseuainnauduuus (B = -0.32 eV)

v X Y] v W I3 [35] o 9 v a X A ¢ I &
annseAudulUSmausnTusULs (Es = +2.71 eV) viliAnleaduimauduuus a0y

Y 9

a «

diannseuanAauAntuLUuALAGoUNlUGRIveef B isen lnefieandauainasazane
= Y U aa o aaa a LY ] aaa m [ 4
Feduisuddnaseun it jiseniivesinsaljiseualiarunsanateilulessuguives

ponlgaLsAnea (superoxide radicals, O,) lalinsandngluiinues 0,/ 0, datssninan

0

U L4 12 - . - [17] a =® o Aa
Fndlnihuasiauduuud (O, + e — 0,, E = -0.33 eV) ~ 2an3aulesudidnnsau

nanoulelnsiaueseonlas (0, + 2H  + 26 — H,0,, E = +0.682 eV)"" unuaindu
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H,0, Sudidnaseuuavnanaidulansendalsinea (H,0, + e — OH + OH) Falusyya
dasyvivefieanduaum (oxidant) Musslunssurunmsisslfiseimeuas luvasgiiuinlea
lurnauduvuninujisereendinduiulensendalessunatsilulansendarsines
- . - 0 [17] g.}z a Ql' a 49{ o aaa [ a a 6
(OH — OH + e, E=+0.199 V)  anuueuyadassindwiuiserdvaisdunsduag
Ann1sgesaavansdunsdluasazangauldndnsiodianyine fs arsusulaeanladuazii uwe
% 1 aaa . a v LYY a [ o Yaa @ a
AsaUAzen Bi,MoO, fignsnnismiudiiuvesdidnaseuiulaags vnlvlisidnaseuniuaunis

il edeunludiiivesinssjiserdesvilaussansnmlunisaaisddon RhB anad

e.
H,0,—> *OH

&
4’.:>
T

0,+H*

*OH

OH- AgCl

g‘th’?i 14 nalnnsiinuiselnlanzazlafinues AgCU/Bi,MoO,

dewdsuiiisuiunalnmafnujizenlnlnazaglafinues BiMoO, Lileldy
AeCl  asludussuisen BiMoO, lnanisanagneusasnaneiduianuausinlinalnnis
Anuiselnlnazazlafinues AgCU/Bi,MoOs unne1luan Bi,MoO, é’QLLam‘Lu'gUﬁ 14 1lo
Fussufielafundsnunssiuanuasiiveaduld Sidnaseunmauduuudgnnseduiu
ugsmousndununs shlAslea Tuiiauduuudvesisaosi andudidnaseuninaaudn
FULUUATT BI,MoO, (Eys = -0.32 V) indeuiilufinausnduuuusaes AgCl (Eg = +0.11
ev)’ " flosannfiandngliihaeusndunuusves Bi,MoO, tosnin AgCl LarantuBLEnATeU
wdeuiilufiinvesiissujiteuasiinfAsenidntuiu 0, anarsazarsdadufiu
BidnasounihuisenfinavesiisalfAsowdldanunsanareifulessuguivoseonlad
\shAea (superoxide radicals, ‘0,) Iideswmndndlniives 0,0, fiedesninedndluii

v o 3 - . - 0 [17] a =< o a
YPIABUANTULUUA (O, + e — O,, E = -0.33 eV) panTauIesudidnasounanaiiu
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lelasiauodoanla (0, + 2H + 26 — H,0, E= +0.682 V)™ a1ntiu H,0, $u
diannsousaznareulansendasinea (H,0, + e — OH + OH) §QL@uauga§aisw§a
Avanduaun (oxidant) Tunszuiunisisesufisensmanas luvasifeniulaaainiaudiuua
993 AcCl  (Ecg = +3.08 eV)°" ipdoudiluiiauduuusues Bi,MoO, (Es = +2.71 eV)

esnfiardnglnilnaauduuudue Bi,MoOs Waenin AgCl antuleaaziinufizen

'3 1

sondwnduiivlansendalessugydedidnaseuliunlaaluinauduuuinaielulansenda

v
=< o aaa (%

a - . - 0 [17] & a o a
\5Anea (OH — OH + e, E= +0.199 eV)  nlusuyadassiinuyiugiseniu
a198uniduaziinnisdesaatvansdunidluaisazareaulindndudignyny Ao

Asuaulaeanleauwazii ea1nnalninaniuitnedunansliiuiinisiAnn1ssusIfuve

13

Sidnmsaunulaasiadidosnnndianaseutarlaaaiuisonaounludinaudinduluunway

(% !
= =

Tauduuunvetasusenaudndile Juililsvansamlunisaaieddon RhB  geUud

v a1 {

Uszansnnlunisaansddones AgCU/Bi,MoOs NnAEANINNTT Bi;MoO, LU 2 1in



=
HNAN1INA[DIN 2
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{131)

u = AgBr
10.0%AQBHBigMoOg

(200)/(002)
{3313133)

(191)

(240)/(042)
(262)

=
Vg
=

5 1% AQBHEI MO0y

UY. W N

2 5% AgBI/BisMo O

M A M

Intensity {Arbitrary Unit)

1.0% AgBriBigMoOg

BiahoOg

2 25 30 35 40 45 50 55 6D
26 (degree)

gﬂﬁ' 15 XRD pattern ¥03f3t59U§j581 0-10% AgBr/BiMoOy

NsAnwIlASIAaNENTDIANTIUART1 0-10% AgBr/BiMoO, taelt XRD A
LLamlugUﬁ 15 Wiulginfiansiaeaiuues Bi,MoO, ilAsiad1e orthorhombic 489 Bi,MoO,
gné1sBade JCPDS no. 21-0102°" Fslsiusngfiansideiuudu wasdlewdu Agsr asluly
Bi,MoO, Wiulsrinazusingfielvsidiyn 26 = 31.00 waz 44.28° wagdanuduvesiinll
WisTupuU3ana AgBr AifisTulaed 5-10% AgBr/Bi,MoO, axifiuiiruas AcBr lédaaumn
Pulaorianuel m o AgBr Suduszuu (200) way (220) vedlassadhs cubic gnénedede
JCPDS No. 06-0438"" 1iulé1 AgBr/Bi,MoO, & AgBr uaz Bi,MoO;

nMsfnwmadugiingvesiussuiselagldndosqanssemideansin e
Anwdugunasdnunsiuiavesiuaufazen U 16 (a) Wiulsineyniaves Bi,MoO,
Snwasuuiy lifleyniaduqinmeuuiiuia uasndeiiu Agsr asluly Bi,MoO, mudnsdy
1% 2.5% 5% waz 10% 'gﬂﬁ 16 (b-e) Fziiulei10un1AVB BiMoO, laifinnswasuudas @
nsuAn AgBr asluliilinasiazusnsveseannia Bi,MoO, kiaun1Aued AgBr %mwag}'uu‘ﬁuﬂa
989 Bi,MoO, d9.5ushsasiu Iﬂﬁlﬁﬂmmiéfﬁ]’lﬂ'gﬂﬁ 16 (d-e) 7 5% waz 10% AgBr/Bi,MoO,
suiulddaauirdioyniadnsuas AgBr 1unizuuRiminveeyn1a Bi,MoO, I1UIULINUAL
TR AT YIRS ?z'iqmémmaa AgBr Vim%mwuﬂ’mﬁmmaqmﬂ Bi,MoO; Az aanal

MMIsufuYeIdldnasauiulsadaazaieiuyszansnwluaaeddon RhB
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gﬂﬁ 16 AMNIINNADY SEM v09dL39UA381 (@) Bi,MoO; (b) 1% AgBr/Bi;MoO; (c) 2.5%
AgBr/Bi,MoOy (d) 5% AgBr/Bi,MoOg Waz (e) 10% AgBr/Bi,MoO, fifd®eny 30,000 1

N19N5¥AUAIVDIDUNIAYDIDEADULAEYLAVBIRILTIUHATEN anANwIAIeY

wAda EDS ﬁmamﬂugﬂﬁ 17

gﬂﬁ 17 2910 SEM w8eiseujisen (@) 10% AgBr/BiMoOs WagkansnInaIn EDS

mapping VeI NTe1 10% AgBr/Bi,MoOs (b) Ag (c) Br (d) Bi (e) Mo wag (f) O

JUN 17 @) audiulditeuniaves AgBr dn1snszanediieglsadiaueuy

Atinveeaunia Bi;MoO, Balugui 17 (b-o) wiuldd1sg Ag uae Br finszanefiens
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avnae waglugui 17 (d-) ezmeuves Bi,MoO, Faulusisesiulioyninves AgBr Jsawiiiu
519 Bl Mo uazs1g O anuatsrulududulainaisiedaiiounia ABr uazeaunia
BiZMOO(,

gﬂﬁ 18 WaMININ TEM SAED pattern wazn 1w HRTEM (a-b) Bi,MoOg (c) 5% AgBr/Bi,MoOg
ke (d-f) 10% AgBr/Bi,MoOy

JUT 18 (a) wiulddneyniAves Bi,Mo0, Tjusraduuiuiseulaedininueny
YBIUAAZAUYTEI 200-500 nm 3UT1 18 (b) SAED pattern (iuld1uNuYe0UNIAYES
Bi,MoOs LUunaninenlneurunaniisyunu (060) (062) uag (002) waviiiowdu AgBr aslulu
Bi,MoOs fiauansluguil 18 (c) 7 5% AgBr/Bi,Mo0, aziiiuliifeuniavuIndnu NIz Uy
AtiueteunIa BiMoO, wazluguil 18 (d-e) 11 10% AgBr/Bi,MoO;, Luliindeyninruin
I3 a Y 4 v i a v . a X
Wnlagdunuaudnaladosnd’ 20 nm  UNNBUURIMTIYEIOUNIA Bi;MoO, LNINTY
= ° Ao o a < 1A a
waglauaane warNAMAMAeIegeIun 18 (N wiiuinleunia AgBr insuuin
YDIOUNIA Bi,M0oO, tapanunsaiuszuiu (200) dnruninewessyuiuwiiiu 0.284 nm uaz
SPUU (131) TANUNIVBITTUIUYIAY 0.364 nm U9 AgBr
UM 19 (a-e) wansalnnsu XPS 903ML59Uf{A381 10% AgCl/Bi,MoO, 1ne

Y

AUTONUNATDY Ag Br Bi Mo wag O g‘dﬁ 19 (a) Ag 3ds/, Wa% Ag 3ds, wandlufiafl 367.9

a

way 373.7 eV dadu Ag+[26] gih/i 19 (b) Br 3ds, Wwag Br 3ds,, wanslufingl 69.3 uaz 68.3
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AValk gﬂﬁ 19 (C) Bi 4fs, Waz Bi 4f,, wanslufiafl 163.6 uaz 158.2 eV Gﬁmﬂﬁ’maq Bi aglu

a

Wosuvea B 5UT 19 (d) Mo 3ds, 4a% Mo 3ds/, ¥89 Mo 4d uandlufindi 35.6 uaz 37.4

Y

6+[9]

eV dadu Mo™™ dwsufinres O awnsawiulavarsiiaie 530.00 530.70 531.82 uay

53284 eV 300U B-O Mo-O O-H Fsgadu H,0 #iamiuaziuse C-O tAnanfite

8-29] v Y Y & o
QWﬂNaTWQWULLa@ﬂiﬂLﬁUN AgBr e

& saa v aaa [2
Asvaulnoanlenniivesissujizenes
Bi,MoOs tJunsAUsznauves 10% AgBr/Bi,MoO, Feaonmdadriunavtod XRD SEM EDS way

TEM

(a) f (b) )

Intensity {Arbitrary Unity
Intensity (Arbitrary Unit)

68 370 a7z 374 are ars 65 66
Binding Energy (eV)

(©) (d) (e)
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—

\ /

/ S N | A R ~. L A S
156 58 160 162 164 86 68 230 231 232 233 234 235 236 237 238 526 528 534 535
Binding Energy (eV) Binding Energy (V)

gﬂﬁ 19 uaneaUnn sy XPS 189631390 f 581 10% AgBr/BiMoO; (a) Ag 3d (b) Br 3d (c) Bi
af (d) Mo 3d wag (e) O 2s

30 532
Binding Energy (V)

A9N33UN19L59UGATEIPeLEIBIaNsfteg19Anwlnen1saateddan RhB
aelduaafinenduld iiednwuszansnmlunsaarsansdunsdvesaisiedie sauansly
Ul 20 9903071 20 (a) uamaFnnsganduLasesdden RhB  IasldfuseuFizen 10%
AgBI/Bi,MoO; Tnsansuasiiuaaiiule a narfiuandneiu wandliifuiidinisganduuas
gegnvesANTArAddon RhB A1 Ay agjﬁ 554 nm Tegiflevhnsansuasiiveaiulgriuly
40 U AnsnAuLEIvesEfen RhB SiAnanategeneiiosasiiuldsninen A, vesddend
Aranasiiean 554 nm TS 498 nm iflesaniinnisaanedivesdden RhB wazdinig
WasuwUaslassadnedevlien A, LﬁﬂmiLUgUuLLUm%QLﬁ@ﬁ]’]ﬂﬂﬁﬁ%m N-deethylation
yosluianadden RhB  szninnisanewas lnenisaaredden Rhodamine B liinaneidu
Rhodamine Immﬁu'j'}L’%'méfuﬁi'mfl'ﬁ@mﬂﬁul,m A §61 554 nmn dienansuly A A,

anaanfiuszann 539 nm dududaredden  Rhodamine B (RhB) s NN N-triethyl
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rhodamine nasantuaaedlu NN -diethyl rhodamine AN Ay = 522 nm - U@y
ganefalu N-ethyl rhodamine 9161 A, = 510 nm uazaaieaaiefailu Rhodamine

A Anax = 498  nm FUAAINNNITAAI8AIVOS conjugated  VOS Rhodamine B lasn1s
1-3

' £
fa a =

i 1 [ [3 3} [} v (Y]
WaguulasA Ay, 910 554 nm U 498 nm AaLANIlATIATIaVRIA TOYINUSILARYY

Aauanslugun 11

(a) ——  omin 0

——  10min 10 ] AN - (b)
- f Y 20 min Y - —— o
Z /A 40min F 20 N e Eng
S | = +— EigMoOg
> [ g 301 1.0% AgBrBioMoOg
E / \ 5 40 —w—v—v— 25%AgBBizM00g
3 / E 5.0%AgBBIoMoOg
H [ | & 50 \ 44—~ 10.0%AgBNBigMoOg
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& \ & 60 B
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(c) o ist  2nd 3 s 4 * 50 ()
354 —e—e—e— BiMoOg “ 1044 | “. \ \
0% AGBr/BigMa0 —_ \‘
20d —v—v—v— 2 5% AgBBigMad; F \
5 D% AgEMBiMaly o \ 4
------- 10 D% AgBrBigMa0), w8 oa0q | i L
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U7l 20 (a) wamsrnsgandunawesddon RhB Tagldiissufisen 10% AgBr/Bi,MoO,
melinmsarsuasiiueaiuldidunan 40 wil (b) wansuszansamlunisaaneddon RhB Tng
T41s9UFATen 0-10% AgBr/Bi,MoO, () wansmaiinfAzendudui 1 laglddisaufisen
0-10%  AgBr/Bi,MoOs (d)  wamuadssnimnisiinduuldenvesinssuijasen 10%

AgBr/BizM006

awv X [30] [34] v &

NUITBURS K. Jothivenkatachalam wagae Waz S. Yang uazAmy b6

189U INT@aedgan RhB tullieiu 4 tunsulpe@ne1aieds HPLC Al Tumouil 1 N-

deethylation \Judumeunsnuduidany N-ethyl eenainluanavesddon RhB Juneu
1 = = < [ . . 3 1 &
ma31ABD chromophore cleavage @ UUNIA benzene intermediates 88N VUADUADUIAB
opening-ring  Fudunsiliunnisansusznaveyiusvesansiisdunsnaneuasuszneu
a a 6 1 d‘d g v L% U 1 1 .. . P

aumamuhmwuumuﬂimLaqauaa gNAIBYNLYU succinic acid 2-hydroxypentanedioic
acid uay adipic acid waztuneugaefe duusalawdudadunsviliasdunidiinnis

aaednaredutiuazivesveulneenledluiignduandlugun 12
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Usgdvdnmnisaatedden RhB (decolorization efficacy) a@nunsamalalag
mMyiamnsgandunasiinimenadu 554 nm sadumeuemadumsgandulawesddon
RhB 9ntiuannsadnszansamlunsaaneddenldnaunsi 13

913U 20 (b) wanaUszavsnmlunisaaneddon RhB Tnelddusefazen
0-10% AgBr/BiMoO, meldinsaneuasfineuiuldidunat 40 wift wiuldandden rRhB
Annsaaned wansidden RhB Sanuadiosnmaeufisenlnlalada (photolysis) fiu
sgitulsinansazaneddon RhB  Tlassadefiafiosnmgadesanduasuszneudiman
lalnsansuen vilildanusoaanemlalusssuwd Jsgnifenuiludunuresarsduvsd 8n
faansazans RhB favuy vilfaunsadaunalumaisuuasw jizonadldneluseminamns
npaes uaziiloldFiisaufisen Bi,MoO, udwiinsatsuasiivediuld Wonandiuly 40
ur? nudninnisaaneddon RNB 17.21% wiegslaideldiaisaufiten AgBr/Bi,MoO;
Usgdnsnnnisaanusiivosddon RhB qa%ummn,ﬂaiﬁf?juﬁﬂﬁtﬁm ABr  laefl 10%
AgBI/Bi;MoO;, TUszavsnmlunsaaediongsganitansiednadu q lnefiuszansainly
nsaaneddon RhB 97.28% Lilonatsuly 40 unit lnsanunsnaguuszdvBawnisaaisues
ddfon RhB fam3n9dl 4

UszdnSamnisaanadiddon RhB lnglddnsesufisen 0-10% AgBr/Bi,MoO,
ANN10AIWIUNIBATINITIRAUATEINTaaN8AIvesddon RhB  aeldauufigiunis
Aaufiseailoududul 1 annguosuaaies-sawagn (Langmuir-Hinshelwood) @14
dwunmsesurenaiinufAzeninoavtivesiisaljisen Inednsnafaufisenduiale
naunsil 10

NEUNTA 10 @W1FIUNUENTIAMULANA1YRITEUUNTU AT ELAS
mﬂgﬂﬁ 20 (0) waMINTIMANMUENRUSIENIN In (C/Cy) Aunalunisviugisen () Tneil
ansafwINdasINsiAnAtennnauduresnsm anmsed 4 wiuldndasinis
inUfse1ves BiMoO, iy 532x10° min @efiAnund AgBr/Bi,MoO, VNIV
Uszandawlunisaaneddon RhB 1eundn AcBr/Bi,MoO, Ined 1.0% AgBr/Bi,MoO, i1
3.70x10” uay 2.5% AgBr/Bi,MoO; ilf 6.95x10° min " uaziiieusunaes Agr iisdufvh
Iﬁé’mﬁmﬂﬁmﬂﬁﬁ%mLﬁ'm%uéhaﬁ 50% AgBr/Bi,MoO, Wiy 8.33x10° min uail
10.0% AgBr/Bi,MoO; fnnsiinyfATengeaniviniu 9.52x10° min - ilsiilszansam

lunsaaneddon RhB aeaniduiu
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MndTNMaAnUfATensaaredden RhB Adiuialdannisaunisthiu
auInthAAsasnnAnURAen indanmarsiinvesufisennisaaneddon RhB
1§ anauufgiuiinAaUfAzendudui 1 Ssanusodaumaeiidinvesl fAzeanisaans
ddfou RhB léanaun1si 12

NNeTT 4 winldnaesdinvesufitenfidunaldfiiaenndostudnm
nadauiisenlaefidlosnsnmainufftenfiditosanns iinvesufisenasiiannnlums

Aenutuedns NS AnUAeRAuINARSITInYeU A3 1asliAtay

a a a N v o a aaa v o A 2 | = aa
M99 4 ‘Uizﬂ%ﬁﬂ?WIUﬂ’]‘Jﬁﬁ’lEJﬂ&J@ﬂJ amiqﬂqiLﬂﬂﬂﬁﬂiﬁlqau@‘UW 1 R LagAIAIIYINUDY

U581 vaeinseUfiizen 0-10% AgBr/BiMoO,

UsganSawlunis  dmsansiinujnsen AATaTAnvas
Aseufizen aaneddou Kapp » Ufizen
(%) (min") (min)
Bi,MoOy 17.21% 532x10°  0.9928 130

1.0% AgBr/Bi,MoOg 79.42% 3.70x10°  0.9855 17.27
2.5% AgBr/Bi,MoOg 93.05% 6.95x10°  0.9922 9.19
5.0% AgBr/Bi,MoO, 96.40% 833x10°  0.9972 7.67
10.0% AgBr/Bi,MoOg 97.28% 9.52><1Oi2 0.9866 6.71

wangslsimu nslduvesinssfiserdmdieanuaissamlunisld
o feuddlimeaounsihnduanldlmivessausaiiser Tneneaeunisldgrsmau 5 ads
YBIRLIIUHATEN 10% AgBr/Bi,MoO, launsundnssufiseauluansaarsddon RhB uaz
peuasiinesfiuldanduioruiatenat thaisazanemnsosueniaidafiseneenu
&radeth RO waziemueavaneadiuareuliuis anduihfusswiaseunlddraunsy
5 afaddldnanisneansdiuanduzudl 20 () wandlifiudn 10% AgBr/BiMoO; fimn
adesnmgailosnUssaninmsaaeddon RhB Tumsthnduuldtiadadl 5 Sadingedis
80.01% Fsfinlndidesiuadait 1 Fedudisesiien 10% AgBr/BiMoO, faunmnyauii
agnldnuiesaniivszansamuazaranaiosnigs

nalnnisiinujazenlnlanzazlafinues Bi;MoO, was AgBr/Bi,MoO, R
Pwddnyenisaansdden RhB Aindudesuldgniauslusud 13 wanismeaesil 1 uaz

a

U7l 21
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-

0,+H*

*OH

Bi,M0Oq OH-

JUN 21 nalnmsiinuiselvlaazazlainves AgBr/Bi;MoO,

dewsuiiisuiunalnnafauiizelnlnasaglafinves Bi,MoO; LileLfy
AgBr  asludnsesuisen BiMoO, lnansanasnaunasnateiduiaguausinlinalnnis
Wnuiselnlnazazlafinues AgBr/Bi,MoO, unne13luan Bi,MoO, ﬁ’mam‘iugﬂﬁ 21 ile
Fussufielafundsnunssiuainuasiiveaduld Sidnaseunmauduuudgnnseduiu
TUSmeusinduwuug vliaeles Tuihiauduuusvesiaess antudidnaseuainasusn
FULUUATS BI,MoO, (Eys = -0.32 V) indeuiilufinaudnduuuusaas AgBr (Es = +0.01
eV iflosandiadnglnihneusndunuusiues Bi,;MoO, teanin ABr LazNTUBLENATOU
waoudiluinvesfsesujiteuasfinufAsenisnduiu 0, anarsazaredududiiiu
dudnasounniuisenfiiavesial fAowdldarunsanaredulessuguiveseanlad
\5hAea (superoxide radicals, ‘0,) Wiiesndndlniiwes 0,0, fiedesninddndlui
YOIMOUFNTULUUR (O, + € — '0,, E = 033 V)" sandudesudidnaseunareidu
Telasiaueseantes (O, + 2H' + 26 — H,0, E'= +0.682 V)™ qntiu H,0, §u
didnmsounaznaneifulensendaisinea (H,0, + e — OH + OH) Fafusyyadaszvie
fean@uau (oxidant) Tunseurunsisesufiizenmenas luvasReiiulaasiniiauduuun
989 Bi,MoO; (Es = +2.71 eV) indeuiilufnnauduuusues AcBr (B = +2.61 eV)
dlesandednsluiiinnauduuudues AcBr  teenin BiMoO, mﬂﬁ?uiaaamﬁmﬂﬁﬁ%m
sondwnduivlansendalossugaydedidnasouliunlaaluiiauduuuinaiadulansenda

' ¥
a a

a - . - 0 [17] 5 a = o aaa Y
15AAea (OH — OH + e, E'= +0.199 eV) = 9 NUUBUADAIZNAATUVINUANIYINY
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a1358unsduaziinnisdesaalvansdunidluaisazaneaulinindudigaving fe

Asuaulaeanleawaziii F9a1nnalniinaiundnedunanalmiiuinn1siinn155Iu AU

(3

Sidnmsauniulaasiadidosnnndianasouarlaaaiu1soraounludinauinTuluuAwaY

TaudwuunvetaIsusenaudndild Jwilvilssansnmlunisaaieddon RhB  geUuds

Uszansnlunisaaneddonnas AgBr/Bi,MoO, nnsadiauinnii Bi,MoO tlu 4-5 i
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m = Agl
10.0% AgKBiahoOg

{131)

{060}

i151)

{260)1062)
(331)(133)
(191)

= (202)
(262)

| 5.0%AgIBioMa0g

2 6% AgUBioMOOg

Intensity (Arbitrary Unit)

| 1.0% AgWBioMoOg

BiahoOg

20 25 30 35 40 45 80 55 6O
26 (degree)

5U# 22 XRD pattern vesiL3aUA3en 0-10% Agl/Bi,MoO;

N13ANILASIATINENUBIANTIUATET 0-10% Agl/Bi;MoO, lnelt XRD A
wanslugun 22 wildginfianisdeaiunues Bi,MoO, HlA39a313 orthorhombic ¥4 Bi;MoO,

Y a v [25] & v = & .:4' A a
ONavINIY JCPDS no. 21-0102 “ZiﬂlllﬂiﬁﬂQWﬂﬂ’ﬁLﬁEJ’JLU‘u@u wagtialad Agl aslulu

'
a

Bi,MoO; wiuliiasusngfialwiifntuuasdauiduresiinlmlifiufunuusnames Ag
s BuGeit 10% Agl/Bi,MoO, avifiufinves Ad lédausnniulaefvunly m Ao A &
Tassairuenaylnuea (hexagonal) gnénsdadae JCPDS No.  09-0374°"  witulein
Agl/Bi,MoOg 81 Agl 1z Bi,MoOg
mMsfnwmadugiinevesiussufiselagldndosqanssmideansin e
ﬁﬂmé’mgmLLazé’ﬂwmzﬁuﬁ’maqﬁaL'ﬁ'qﬂﬁﬁ%m 'gﬂﬁ 23 (a) wiulganeyniaves Bi;MoO, I
Snwauzfuusu lifleynaduqunizuuiiuin wasidledn Ag adluly Bi,MoOs mudmsdy
19% 2.5% 5% Wag 10% UM 23 (b-e) azwiuldiguiseymaliasunas lesanmsiiu
g adluliifinasiegusnsvaseynia BiMoOs useyniamas Agl  azinaguuiiuRIes
Bi,M00, da1dusnsessu Iﬂaé’qmmlé’mﬂgﬂﬁ 23 (d-e) 7 5% waz 10% Agl/Bi,MoO, auidiu
Iatpauinfioynadnues Agl N NgULRINTNTEI8UNIA BiMoOs 9IUIUNINLAZNITZAY
froguainiane Geuniaves Ag fnzUURImMEIYesBUAA Bi;MoO, avdanaliinisg

[y a & [y ° ! a a a a8 v
Twiurelanaseunulganaswastietivuusyansnnluganeddou RhB
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gﬂﬁ' 23 2NAINNABY SEM 983d39UfA381 (a) Bi,;MoO, (b) 1% Agl/BiMoO, () 2.5%
Agl/Bi,MoOg (d) 5% Agl/Bi,MoOg taz (e) 10% Agl/Bi,MoO, fif&avens 30,000 Wi

N19N52AUAIVDI0UNAYDI0EABNLAREYTAVBIMILTIUSATEN andnwialey

wadla EDS auanslugud 24

gﬂ‘ﬁ 24 21NN SEM vdsaufnsen (@) 10% Agl/Bi,MoO,s WaghandnInain EDS
mapping Y8R IIURATE1 10% Agl/Bi,MoOs (b) Ag (c) | (d) Bi (e) Mo wag (f) O

JUT 24 (a) azniuladneuniaves Agl finsnsganediegvainanauuivii

UBI0UNA Bi,MoO; F3luguN 24 (b-c) Wiulad179 Ag uae | finszaneegsainaue uway
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Tugun 24 (d-H) egmauves Bi,MoO, Fadusisesiuleuniaves Al 399ziius s Bi Mo uay

519 O Mnuatssudududulaineynia Agl nszanesuuRantvetoyn1a Bi;MoO,

100 n ,
25

SUTH 25 uansn I TEM SAED pattern wazn1w HRTEM (a-b) Bi,MoOg (c) 5% Agl/Bi,MoOg

Y

wag (d-f) 10% Agl/Bi,MoOg

Ul 25 (a) Wiulddneuniaves Bi,MoO, IsuiraduuiuiBeulsifioyniala
1Ln1zlagiANgvRILAaAuUTELM 200-500 Nnm gﬂﬁ 25 (b) SAED pattern wulain
LHLYBIBLAIAYBY Bi;MoO, WunaAniAealaeusiundniiszutu (060) (062) uaw (002) Taga
electron aswlufia [100] wazidlowdu Ad adlulu Bi,MoO, éﬁ’ﬁLLamlugUﬁ 25 (c) 7 5%
Agl/Bi,MoO; aziiuldinfieynipvuadnunmyuuiiamihueseyaia Bi,MoO, uazluguil 25
(d-e) 1 10% Agl/Bi,MoO, WilFinloymavuadndsiidurimgudnatsuszanas 10 nm an
meuﬁ’mﬁwaqaqmﬂ Bi,MoOyq LLasmﬂmWﬁﬁﬁé’wmagqgﬂﬁ 25 (f) %Lﬁudﬂﬁaqmﬂ Agl
NIPUURITBIDUYNIA BiMoOs tneanunsainminunitewesszunulivintiu 0.373 nm o4 Agl

Ul 26 (a-e) uansaLUnA3u XPS vaaLssUfATen 10% Agl/BiMoO; lne
gsanuUNATee Ag | Bi Mo wag O gﬂ'ﬁ 26 (a) Ag 3ds), Way Ag 3ds, Wansluia 367.9 uay

373.7 eV Fadu Ag” 09 Agl™” gﬂﬁ 26 (b) | 3ds, Waz | 3ds, uandlufinfl 619.7 waz 613.2

=

eV 5UT 26 (c) Bi 4fs/, Uag Bi 4f7, wanslufindl 163.6 uay 158.2 eV sﬁqnﬂﬁ’maﬁ Bi aglu

Wosuves B g‘uﬁ 26 (d) Mo 3ds, ka2 Mo 3ds,, 483 Mo 4d uandlufinfl 35.6 uwaz 37.4
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dusufinues O arursaiuleviatefin@e 530.00 530.70 531.82 uas

53284 eV 300U B-O Mo-O O-H Fsgadu H,0 #imihuaziiuse C-O tAnanfite

6 n‘d‘q U ! aaa [28*291 k% 1% v a .
Asuaulneanleniaveiilsuizees nuatefuLansliiull Agl Lag Bi,MoO,

WuesAusenaurad 10% Agl/BiMoOg Fedonndastiunaves XRD SEM EDS uaz TEM

Intensity {Arbitrary Unit)

Intensity (Arbitrary Unit)

(c) (d)

Intensity {Arbitrary Unft)
Intensity (Arbitrary Unit)

180 162
Binding Energy (V)

370 372 374
Binding Energy (V)

376 378 618 620 622 624
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Binding Energy (V)

156 158 164 166 168 230 231

232 233 234 235 236 237
Binding Energy (V)

38 526 528

(e)

Intensity (Arbitrary Unit)

530 532 534
Binding Energy (V)

gﬂﬁ' 26 uaneaUne i XPS ¥898L39Uf 581 10% Agl/Bi,MoOy (a) Ag 3d (b) | 3d (c) Bi 4f

(d) Mo 3d wag (e) O 2s

cy
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—— 10min b
_ 20 min 109 .\' ()
= — —_—
5 40min ® 04 wN 0 —e—e—ae RNE °
g T 204 —e—e—e— BipMoOg
g S 1.0% Agl/BighMoOg
3 G 404 V. —v—v—v— 2.5%AglBizMI0G
< & 5.0%AgI/BighoOg
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S
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1.0% AgliBighlaOg
254 —v—vy—v— 25%AglBigMoOg

5.0%AgIBigMaOg
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3
g
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104
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054 Y

Decolorization efficiency (%)

£ 404
50-
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-\Srd '\Ath -\s.m (d)
L
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Time (min)

U7 27

Y

30 40

0 20 40 60 80 100 120 140 160 180 200

Time {min)

(@) wansrN1sgAnAuLaIvesddon RhB laeldiusesfisen 10% Agl/Bi,MoO,

aeldnsareuasiueaiuladuna 40 wil (b) wansuszansanlunisaaneddou RhB lag

T4 3sUFATN 0-10% Agl/Bi,MoO, (o) uamansiinufAzendusud 1 ngltmassufizen o-

10% Agl/BiMoO; (d) wanuaiesnmnsuinduanldgnvesdnssujisen 10% Agl/Bi,MoO,
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AN35UN19L 59U ATEIPELaIBIaNsfteg19Anwlnen1saaeddan RhB
melduasfinenduld ednwussansnmlunsaarsansdunsdvesaismodie sauansly
SUA 27 91n5U7 27 (a) uamsAMIsganduLasedddon RhB  Tagliduseufasen 10%
Agl/BiMoO, Tnsmeuasiiueaiiiuld a anfusnsnafu uansliifiuindinsganduuasgegn
Yp9a15avaneddos RhB A1 A, asﬂi‘ﬁ' 554 nm Taedievhmsarsuasiveaiuldruly 40
Wil Annsnaunasvesdion RhB fidnanasegsraiiouaziiuvléddninm A, vosdioudia
anasmiean 556 nm W& 498 nm ileseiniinnisaanefivesdden R waziinig
Wasuwladlassadnedeiilia A, ., Lﬁmmim%uuﬂaﬁaLﬁmmﬂﬂgjﬁ%m N-deethylation
vosluianaddon RhB  szninenisaneuas laenisaaieddon Rhodamine B linanedu
Rhodamine ImmﬁmfﬁL'%'mﬁumms@mﬂﬁul,m Ao $167 554 nmn ileanduly @n A,
anaaunfiuszann 539 nm dududanedden  Rhodamine B (RhB) ki NN N -triethyl
rhodamine #§saniuaaeiadu NN-diethyl rhodamine 711 A = 522 nm - uaz
aaneiudu N-ethyl rhodamine 7ifn A, = 510 nm wazgavneaasfidu Rhodamine 7
A1 A = 498 nm BAiina1nn15a@a18#2v89 conjugated 89 Rhodamine B Tnanns

' £
fal a =

WasuWUAIAT A, 970 554 nm 1USs 498 am- AaLanalATIas1aveaToUITUSILARYY
ﬁaLLaﬂﬂugUﬁ 11 9nauAdeues K. Jothivenkatachalam uwazaniy”  Wag S. Yang wag
anuz™" IFsmeeuininisaanedden RhB duildietu 4 dJumeulnednudaedd HPLC dail
Funeuit 1 N-deethylation Lﬂu%umauLLsﬂ%aLﬁuﬁwﬁmwg N-ethyl @nanluianavesdde
RhB tuneusioundie chromophore cleavage Faudufdn benzene intermediates oon
Funeusieude opening-ring G'TfaLﬁumsﬁﬂﬁmmamiﬂszﬂauauﬁuﬁ‘%aﬂmsﬁﬁé’fums‘
nanewduansusznevduridauldnsefithiminluanation sndogiatu succnic acid 2-
hydroxypentanedioic acid la¢ adipic acid LLaz%gumauzjmﬁwﬁaﬁLui"alal,szj%’us?iuﬁumiﬁw
Tansduvisiianmsaseiinaisdutuasiwansveulaeenledlufigaduandd ugud 12

Usgdnsnmnsaatsddeu RhB (decolorization efficacy) @wsamanlalay
myiamnsganduuasiinrmenadu 554 nm Sadumeuemadunsgandulawesddon
RhB anntugninsafuaalsyavsnmlunsaaneddonldanaunisii 13

913U 27 (b) wansUszavsnmlunisaaneddon RhB Tneldfusefazen
0-10% Agl/Bi,Mo0, meldnsaeuasfiveadiuldiduia 40 undt wWiuldinddon RhB ldvin
nsaaned wansindden RhB Sauadesnmaeufisentnlalada (photolysis) Fauae

< v a v a = ] = I3
L‘W‘Lll@'ﬂ']ﬁ’ﬁagaf]ﬂaﬂ@ll RhB lliﬂi\‘iaif]\clcl/nﬁﬂUﬁﬂ']WEjflLu@\clf\ﬂﬂL‘Uua"lﬁ‘Uﬁgﬂ@Uf\ﬂW’Jﬂ

lalasmsueu vilildanansoaaedmlalusssund Jagnidenuiludunuvesansduvid 8n
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feansazans RhB favuy vilfaunsadunaluniaasuwasw jiseuedidielussaiinis
NAADY LLazLﬁaﬁﬁaLiwﬁﬁ%m Bi,MoO, Warvinsansuasiiveaiuld wWorainiuly 40
U9 wudnARnNsaanedden R 17.21% LLGiE]EJ'NliLﬁ@I%@IJ’JLﬁﬂ‘dﬁﬁ%ﬂ’l Agl/Bi,M0oOg
UsgAnBninnisaatfivesddon RhB  gelumandesidudnisiiu Ag Taedl 10%
Agl/Bi,MoOg ﬁﬂis?ﬁn%nwwlumiamﬂﬁé’am@qqmﬂdﬂmsé’haﬂmgu o Tnediuszansninlunis
aanudden RhB 92.89% iilenawiiuly 40 w7l lngannsoasuuszavBainnisaaisvesa
ffou RhB Fap57971 5

Uszdnsnmnisaanediddeun RhB laglddasaufiizen 0-10% Agl/Bi,MoOs
aunsaMmwINNIgnIINIsindAseinsaanedivesdden RB angldanufgiunis
Aaufsenatousuduil 1 anngueananiles-dawagn (Langmuir-Hinshelwood) @sld
dwfunmsesurenaiinufAzenifiavtivesiissufiten Tnednmnisiaufazenduanls
9naunsi 10

9NANNA 10 @annsnUsueniennuuAndavesTUUNTUfATe LA
mﬂg‘d‘ﬁ' 27 (0) wamINTMANUENRUSIENIN In (C/Cy) Aunalunsyiugisen () Tneil
ansafwINSaTMsAnUATennnauduresnsm 9nased 5 willddasinis

¥

\AnUfAseves BiMoO, Wiy 539x10° min" @diA1unin Agl/Bi,MoO, NNAITYI A
Usgansnmlunisaaneddon RhB  eunin Agl/BiMoOs tned 1.0% Agl/Bi,MoO, A1
4.67x10" wazdi 2.5% Agl/Bi,MoOy HiA1 6.02x10° min waziioUSunames Al Wudufivh
TSmsnaAnuiAsenitutuded 5.0% Agl/BiMoO, Wiy 6.33x10” min” uazdl 10.0%
Agl/Bi,MoO; f§msmaiinUfiTengeaniindu 6.60x10” min " vilwiiuszansamlunig
dangddeu RhB gagauriu

MndnTNaAnUufATensaaneddeon RhB fdiuialdannisaunisteiu
asnthAAisaTINnAnURReN indanmaAsiinvesufisennisaaneddon RhB
1§ 9nauRguiinfaufisesusiui 1 Jseusoduaumeeisdinvesl §izensaans

dda1 RhB lRanaunisn 12

'
=

9nM1509 5 wuldmasdiinveslfizenidnnalalidaenndesiudng

ISR

a aaa Y a aaa a1 v | =2 aa aaa
nsiiaujisenlaefidlednsinisiinuiisendatdosa1n3a@invesujiserasiaunlunis

asatuiledns M siaUgisedaannAasdinveslisenasiiaiey
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= a a gy o a aaa v o A 2 TR
HITNN 5 UigﬁV]ﬁﬂ']WI‘Uﬂ'ﬁﬁa']ﬂaﬁJ@ll @WﬁqﬂqiLﬂﬂUaﬂiﬂqﬂu@‘U‘ﬂ 1 R LagAIAIIVINUBDY

U581 veeinseUfjizen 0-10% Agl/Bi,MoO

UsganSawlunis  ansinisiiaufisen AATaTInvad
ALIIUNTEN daneddou Kapp ) Ufisen
(%) (min™) " (min)
Bi,MoOy 17.21% 539x10°  0.9461 118

1.0% Agl/Bi,MoO, 85.24% 4.67x10°  0.9978 13.6
2.5% Agl/Bi,MoOq 91.36% 6.02x10°  0.9987 10.6
5.0% Agl/Bi,MoOg 92.27% 6.33x10°  0.9932 10.09
10.0% Agl/Bi,MoOg 92.89% 6.60x10°  0.9229 9.68

wingalsfian n1sldaunesdaseufiserdredsauaissainlunsld
o feuddldmeaounsihnduanldlmivessausiisen Tnenaaeunisldgrsmau 5 ads
Yo IIUAT8110%  Agl/Bi,MoO, lnansundassuisenanluansaaneddon RAB uay
mEJLLaa‘ﬁmmLﬁuiﬁmﬂﬁ?mﬁaﬁmﬁﬁ%mLa% ihansazateuInIeeniLssUinsenaanun
&radeth RO wazlomueananepSwazeuliu ntuhiuswiiseuldsraunsy 5
ﬂ%@%ﬂlﬁmaﬂ’]immaaqﬁqLLamﬁugﬂﬁ 27 (d) wansloiiinin 10% Agl/Bi,MoO, dasiatiesnin
auilesanusyAnBamnisanieddon RhB lumsthnduurldsiadedl 5 Seidngeds 78.74%
ﬁﬂfuﬁuéqﬂﬁﬁ%mm% AgCU/Bi,MoO; finnumangauiiagiunldnuilesaniussansam
WAZAIIATE TN NG

natnnisiinuazelnlamzazlafinves Bi,;MoO,  waz Agl/Bi,MoO, Fadl
Pddnysionsaanedden RhB Ainaudresuldgniauslusud 13 nanismeaesil 1 uaz

al

U7 28
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0,+H*

Bi,M0Og Agl
OH-

gﬂﬁ 28 nalnnsinufiselnlannzazlafinues Agl/Bi,MoO,

Wawssuisuiunalnnisiiaujizenlnlnaznzlafinues Bi;MoO, LilaLfu
Agl adludnssuisen Bi,MoO, Inanisanaznounaznateduaguanyinlvinalnnis

AnufAzelnlanzazlafinues Agl/Bi,MoO, wane1alUan Bi,MoO, é’mamﬂugﬂﬁ 28 il

[
Y =2

FussufisenlasundsnunseAuanuasiiveaiuld 8idnaseuaInIauduuuigNnIzaul

q

TuSappusnTuwUUs YNlAAalgaNIaUsLULAYDINEDIf) 91NTUBEANATIUINNADUANTU

[40] d' ei o U W 6 .
) ipaeunlugInauANTULULATDY BiMoOg (Eyg = -0.32 eV)

WUUAYDY Agl (Eyg = -0.43 eV
dlosndiendnglihaeusndununduas Ag fosnin BiMoO, LaznuBEnasouA AT
TUiitvesiissufitouasiinuiitorisnduiu 0, anasazaredadusiudidnmsousn
yhuFAseifavesiussfizenaneidulessuguileseanledisinea (superoxide radicals,

‘0,) lailesandndluives  0,/0, datsaninAidndluitvesneusntunuunves Agl

0 [17] a = o a
= -0.33 eV) LLagaﬂﬂ%LQu"ﬂﬂﬁuaLgﬂﬁﬁauﬂaqﬂLﬁulgiﬂiL‘i]ULU@%

]

(Oz + e> — -Oz_, E

ponlas (O, + 2H' + 26 — H,0, E'= +0.682 V)" a1ntiu H,0, SUsiénnsoulay

nanewdulansendaisinea (H,0, + € — OH + OH) Fudueuyadaszniomeonduauy

(oxidant) Tunszuirunisissuisemendas Tuvazifeaiulaanninaudiuudues Bi,MoO,

[40
)

(Fe = +2.71 eV) wpdeufiludmauduuusues Ad (e = +2.61 V)™ iilosninian

Andlnfinauduuuives Agl Hosnda Bi,MoO, 3ntiuleaaziinUfifzeneandinduiu lan
a S a o v I 4 3 <3 a a -

sendaleosugyidedianaseuliuilaalurnauduuunnarsilulensendaishnea (OH —

. - O [17] 5 a al' a 49( o aaa U a a 6 a

OH + e, E= +0.199 eV)  anuueyyadaseiintuyinujisenduaisduniduasiinnis

[ 3 ¥ a

gosaanvasdunsgluaisazansaulsndnsuananing s Arsusulavanleduazii F9910

q
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nalnfnaiiutiedunanaliiiuliini1siinnissiudifuvesdidnaseudulaasiaailoann
SdnnsoukazlaaaINIsalAaauUN lUdIRaUSNTULUUALAZINAUTLULATDIANTDNAILE 39910
Iiusgansnmlunisaaneddon RhB geiudauseansnmlunisaansddouras Agl/BiMoOg

NNFAEAILINNT Bi,MoO, U 4 i
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{131)

" = AQEPO4
10.0% AP0,/ BighoOg

u (2003/(002)
060

(151)

(260)(062)
(331)(133)

191

(202)
(262)

5 0% AgaPO4/BigMoOg

| e

2.5% AggPO4/BigMoDg

Intensity (Arbitrary Unit)

0 1.0% AggPO4/BloMoOg

I R

BiatoOg

T
20 25 30 35 40 45 50 55 60
20 (degree)

gﬂﬁ 29 XRD pattern ¥8963439U)1581 0-10% AgsPO,/Bi,MoO

N13ANYIATIATINENVDIRILIIUHATEY 0-10% AgsPO,/BiMoO, taeld XRD
ﬁ'ﬂLLamﬂugﬂﬁ 29 WillFfiansideiunues BiMoO, venldindumla orthorhombic 184
Bi;MoO, 9n&1983me JCPDS no. 21-0102"” %ﬂlﬁﬂiﬂﬂgﬁﬂmﬂgmwuﬁu waziilowfiy
Ag;PO, aslulu Bi,MoOg Lﬁuié’dmwsmgﬁﬂiwmﬁﬂﬁuﬁaﬁﬂﬁ 20 =33.29° s¥uvu (210)
Fadouriuiuiiail 20 = 33.29° szu1u (002) V8 Bi,MoO, fuualy m Ao Ag,PO, Tadl
Tassadne cubic gnénedadng JCPDS No. 06-0505° Hiuli31 AgsPOL/BIMoO, &l AgsPO,
waz Bi,MoO,

msfnwmadugiinevesiussufiselagldndosqanssemideansan e
Anwdugunasdnunsiuiavesiuaufazen U1 30 (a) Wiulsineynires Bi,MoO,
anwaztJuusy iﬁﬁaqmﬂﬁummwuﬁuﬁa wazidlodu Ag,pO, adlulu  Bi,MoO, anu
§n3du 1% 2.5% 5% uay 10% U7 30 (b-e) azfiuldineymalifidnvazdsuuvasly

Fansiiu AgsPO, adluliiiinasioguinaveseunia Bi;MoO, Wioun1AYed AgPO, EkNLeE

Y

'
a

VUHURID9 Bi,MoO, Faidusasesiu Tnedunmldanguil 30 (d-e) 5% uaz 10%
AgsPO,/Bi,MoO; aziiuladnianinfoyniadngues AgPO, U NNIZUURINTNTE0YNA
Bi,MoO, $MIusNNiazNTEANEfeg1asaNe 2991n1AT83 Ag;PO, TNz ULAImTves
9UNA Bi,MoO, drdanaliinssinfuvesdidnnseudvleasiasuaztioifiuuszansamly

dangdday RhB



a7

gﬂﬁ' 30 NTNAINNEDI SEM 29fL39UAT81 (a) Bi,MoO; (b) 1% AgsPO4/Bi;MoO, (c) 2.5%
AgsPO./Bi,MoOg (d) 5%  AgsPO./Bi,MoOg ha (€) 10%  AgsPO4/Bi,MoOg fif&aene
30,000 11

N19N32AUAIVDI0UNATDI0EABLLAREYTAVBIMILTIUSATEN andnwialey

wiadla EDS fauanslugud 31

JUT 31 230 SEM v8eilsaujisen (@) 10% AgsPO./BiMoOs WALLAAININDIN EDS

mapping VeI aUNTET 10% AgsPO,/Bi,MoO; (b) Ag (c) P (d) Bi (e) Mo wag (f) O
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Ul 31 (a) aziiulfineyniaves Ag,PO, fimsnszanesegaainaneuy
Rmthveseynia Bi,MoO, Bsluguil 31 (b-0) Wiulsinsin Ag uaz P fnsvanediedis
ashiane wagluzuil 31 (d-) eznouves Bi;MoO, dadussesiuilouniaves AgPO, Jaae
g9 Bi Mo uag O nuatasudubuduliineunin AgPO, nszanefuuiminves

2UNA BiMoOg

@ N

100
g ]

giJ‘f?i 32 L@AMIAIW TEM  SAED pattern  wazn1w HRTEM  (a-b) Bi,MoOg () 5%
Ag3PO4/B|2M006 e (d‘f) 10% Ag3P04/B|2M006

gﬂﬁ 32 (a) wiuldneuniaves BiMoO, ligusiaduunussulnediaiue
YoausaziuUsEINAL 200-500 nm 5UT 32 (b) SAED pattern wiuldiusiuvaseyniaves
Bi,MoO, \JunAniiealnaunundnilszunu (060) (062) way (002) Inagn electron asuludie
[100] waziiowfin Ag,PO, adhulu BiMoO, é’ummﬂugﬂﬁ 32 (c) 71 5% Ag;PO,/Bi,MoO; 9%
wiulgidloynavuiadnuinizuuiivthueseynia Bi,MoO, uazluguil 32 (d-e) 71 10%
AgsPO,/Bi,MoOy Lﬁﬂé"j'}ﬁaqmﬂmmmLﬁﬂ%qﬁLé’umu@uéﬂmwszmm 20 nm YNNIV
HIMtN7099n1A Bi,MoO, iusnnTunariianuasiiae LLazmﬂmwﬁﬁwé’wmaqqgﬂﬁ 32
(f) 2 uITeUNIA AgsPO, LN1TUUAITBIBUNA BiMoO, Inaanunsaiiuszuuiianiiuniig

YD952UIV (211) 1111AU 0.237 nm UB9 AgsPO,
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U1 33 (a-e) wansaUnasy XPS YBIFNTIUATET 10% AgCl/Bi,MoO, g

Y

AUTANUNATDL Ag P Bi Mo wag O gﬂﬁ 33 (a) Ag 3ds, 4az Ag 3ds, wandlufindi 368.0
way 373.7 eV dudu Ag™ 5Ufl 33 (b) P 2p wansludiadl 132.7 eV 3Ufl 33(0) Bi 4f,

Y

waz Bi 4f;, uanslufinfl 163.6 waz 158.2 eV %qnﬂﬁamaq Bi aglunasuves B U7 33

(d) Mo 3ds, Way Mo 3ds, ¥04 Mo 4d wanslufiadi 35.6 uaz 37.4 eV dafu Mo’ dmsu
finves O anansaviuldvanedinfie 530.00 530.70 531.82 uaz 532.84 eV dulu Bi-O Mo-O
O-H Bsgaty H,0 Mavthuazstusy C-0 linIInfwensusulnoonlesfiinvesialsaiite
0 grnmatnsdunandddiiiull AGPO,  waw BiLMoO, ussdusznauves 10%

Ag;PO,/Bi,MoO, Fiaanadasiunavas XRD SEM EDS waz TEM

(a) (b) 2
i F\
{ { A\
. & £ \
E W H / \
z \ il / \
£ | /‘ g / |
] \ | g | |
z | I £ { |
s [ [ H / \
5 | [ £ i \
E : / \ / \‘
/ / \ /
/ \‘\ J,’ '\\k . J \ -
64 ' 3:36 ’ Eé’d ' a7 ' 3:2 341 T 3'?8 128 1”‘5’] ’ 132 ' ‘:’4 ’ 136 MIU
Binding Energy (¢V) Binding Energy (¢}
(©) (@) (e)
i M\ A
‘-\ z \ M
f = 1 [
£ | H b £ |
/\ z [ :
H | | H \ N £ ]
3 / H [ / H |
£ [ | H , /) £ |
3| : AR i |
z [ i £ { \ [ £ f { 'L‘,
o U A U I A e
/ \ / \ / \ / Y. LT
/ \ / — — _ A AC SO

164 166 168 230 231 232 232 234 235 23§ 237 238 526 53

156 160 162 528 530 532
Binding Energy (eV) Binding Energy (V) Binding Energy (e%)

gﬂﬁ 33 waneaneiu XPS ¥aeilsaujisen 10% AgsPO,/BiMoO; (a) Ag 3d (b) P 2p (c)
Bi 4f (d) Mo 3d wa (e) O 2s

AN33UN19L 59U ATEIPELEIBIaNsfteg19Anwlnen1saateddan RhB
aelduaafinenduld ednwussansnmlunisaarsansdunsdvesaisiodie sauansly
Ul 36 9103071 3¢ (a) uamarnnsgandunasvesdden RhB  lasldfaseuFAzen 10%
AgCU/BIMoO, Tnsansuasiiuaaiiule as narfiunndneiu wandliiifuiidinisganduuad
genvesaNTAra1ddon RhB A1 Ay agjﬁ 554 nm Tegiflevhnsansuasiiveaiulgriuly
100 Wi ANNSNAULEEsEon RhB fifanategnaiiowaiiulgdninen A, vesddon
fiananasdneain 554 nm LU 498 nm Wlesaniinmisaanefivesddon RhB waziinng
WasuwUaslassadnedevilien A, LﬁﬂmiLUgUuLLUm%QLﬁ@ﬁ]’]ﬂﬂﬁﬁ%m N-deethylation

vosluianaddon RB  szninanisanouas lnenisaaleddon Rhodamine B lunanailu
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Rhodamine IﬂaLﬁu’jﬂLémﬁuﬁﬂﬂws@mﬂﬁul,l,aﬂ Ao 5167 554 nm el @n A,
anaanfiuszann 539 nm dududanedden  Rhodamine B (RhB) sl NN N-triethyl
thodamine n&sanniuaanssiuy N,N'-diethyl rhodamine 71 A = 522 M uAz
aaneiudu N-ethyl rhodamine 7ifn A, = 510 nm wazgavneaasdalu Rhodamine 7
A1 A = 498 nm Bina1NN"5E@A18R2V89 conjugated 89 Rhodamine B Tnanns
WasuwUasm A, 970 554 nm TUds 498 am- 6‘1’@LLamiﬂﬁqa%ﬁwaamsauﬁuﬁ‘ﬁLﬁﬂsﬁu

Aauanslugun 11

(@) ——  Omin Ot .
—— 10min T b
20 min 10 \{\ — . ®)
—— 40min & 20
80 min 1 \ \

—— 80min
—— 100 min

.
i ) \
e RHE
L I BighoOg
1.0% AGaPO4/BignDg
—w—v—v— 2.5% Ad3PO4/Bighn0g
90+ 5.0% AgzPO4/BizMa0g
— — 44—~ 10.0% AggPO4/BighnOg ——
T T \ T T T T T T T T T T T
550 600 650 700 0 10 20 30 40 50 60 70 80 90 100
Wavelenght (nm) Time (min)

Absorbance (Arbitrary Unit)
Decolorization efficiency (%
I
2

T T
400 450 500

1 @© ‘
15 0 lst 2nd u 3rd u dth S (d)
—e—e—s— BiphM0Og 107\ \' \'
20 1.0% AgaPO4/BigMaOg “ ~ 1 1 \ N
—w—v—¥— 2.5% AggPO4/Bigho0g | 204 \ L]
55] 5.0% AggPO4/BioMoOg z 2
- — 44— 4— 10.0% AggPO/BigM00g S b
Q S 40 1
320 E
T « c 504
15 2l H
g
| 5 70
" : io \ \
80 -
0s ¥ 8 3 \ \ \
4// a0 ] \ .
00-4 0 =

0 fo 20 30 40 50 60 70 80 90 100 0 50 100 150 200 250 300 350 400 450 500
Time {min) Time (min)

5U71 34 (a) LanIAINITAANAUKAIvasddon RhB lagldmseu]isen 10% AgsPO4/Bi,MoO,

Y

neldnisaenasiuasuladunal 100 Wi (b) wansuszansanlunsaaneddon RhB

Ingludansaufisen 0-10% AgsPO,/BiMoO, (c) LLammiLﬁmﬂﬁﬁ%mé’uﬁUﬁ 1 Toelg@atse

aaa

UA381 0-10% Ag;PO4/BiMoO; (d) LLamLaﬁsJﬁmwmiﬁmé’wﬂ%%wmﬁaL'i'wﬁﬁ%m
10% Ag;PO4/Bi,MoOg

oo . [30] (3] y »
U39 K. Jothivenkatachalam wazatg wag S. Yang LavAuy Lo

$7891UINSAAASDY RhB TULA8 U 4 TUndulag@ny1ni835 HPLC #9l Jumaun 1

o w 1

N-deethylation Lﬂu%’umaumﬂ%uﬂumawyj N-ethyl 8annluianavesddon RhB Junau
mewnAe chromophore cleavage Fadufdn benzene intermediates pon TunBURBNAD

. . = & °o § v I v o s <,
opening-ring szLﬂums‘m'ﬂ,mmmqafliﬂizﬂauawuﬁmaamimaummmaLﬂumiﬂszﬂau

v
a 6 o

dunidanuldnsaniidminluianaties enfaeg19y succinic acid 2-hydroxypentanedioic
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[
v ¥

acid War adipic acid waztuneugavnefediufalawdudadumailfarsdunidiians
aaefnaedutiuasfeansveulaoonledluiigaduandlusud 12

Usgdnsnmnsaatsddau RhB (decolorization efficacy) @msamanlalay
mMyinmnsganduuasiinimenadu 554 nm dadumauenadunmsganaulawesddon
RhB ntuannsasunUssansawlunmsaareddenldanaunisi 13

9N3UT 34 (b) uansszavsanlumsaasdden RhB Tagldiissufasen
0-10% Ag;PO./BiMoO, meldnsaneuasfineuulsidunal 100 wdt wWiulginddou RhB
lifinnsaanes wansidden RhB faruadesneeuiiseninlalada (photolysis) faty
sgiiuldinansazaneddon RhB  Tlassaiefiafiosnmgadesaniduasuszneusiman
lalnsansuen vilildanunsoaaneilalusssuyd Sagnidenunduiunuvesaisduvsd 8n
feansazane RhB favuy vilfaunsadunalumaisuudasjisonadldnelussminms
NAABY LLﬁzLﬁai%ﬁ?Lilﬁﬂﬁﬁ%m Bi,MoO, Warinisansuasfineaiiuld Weraimuly 100
U wuInian1saa1edden RhB  40.73% Lwiasmlil,ﬁais’&éhL'i'wﬁﬁ%m Ag;PO4/Bi,MoOg
Usgansnmnisaaiefivesdgen RhB qq%umuam Ag:PO, laedl 1%  uaz 10%
AgsPO4/Bi,MoOg ﬁﬂiz?m%mwiumiamaﬁé’augmdwmiéfqaéwﬁlu 9 Tnaduszansanlu
nsaaneddon RhB 94.25% way 98.07%  ilewawiuly 100 uiil laganansnasy
UseAvnnnisaatsvesdden RhB dansad 6

Uszdnsnmnisaanemiddon RhB lagldsdusesuisen 0-10% AgCl/Bi,MoO,
ANN1T0AIWIUMIBATINITIRAUATEIN AR 8AIvesddon RhB  aeldauufigiunis
\AaufAseaiousufuil 1 (pseudofirst-order) 91nnnvesuaiios-dawagn (Langmuir-
Hinshelwood) #dldduiunisesuremaiinufAzeninaniivesdaialijizen lagsnsnis
AauFATedunildanaunsi 10

NANNTA 10 @annsnUsuenfennuuandavessrUUNTUFATe LA
mﬂgﬂ‘ﬁ' 34 () wanINTIMANUAUTUTIZNIN In (C/Co) Aunalunisviujisen ) Taef
annsadnusn INsAaufiteanaudurensm 91nmsei 6 wiulddnsnsinis
inufise1ves BiMoO, LAy 5.32x10° min 38131171 AgsPOy/Bi,MoO, NNAIIN
TiUszavsnmlunisaaied@don RhB Taendn AgsPO./BiMoO, 1aedi 1.0% Ag,PO./Bi,MoO,
fienfo 2.86x10° min" 7l 2.5% Ag;PO./B,MoO, HA1fe 1.25x10°min" wasfi 5.0%
Ag;PO,/Bi,MoO, §iAAe 0.99x10° min " waziilousuames AgPO, utufvinlfensinig
AnURRSeatuieT 10.00% AgsPOL/BIMoO, TnTIN1AnUfSengeaainfy 3.95x10°

-l o g v a a v | w
min yillivsgansamlunisaaneddon RhB gegauguniu
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MndTNaAnUufATensaanedden RhB diuialdainnisaunisthei
auInthAAsasnnAnURAen indanmarsiinvesufisennisaaneddon RhB
1§ anauufgiuiinAaUfAzendudui 1 Ssanusodaumaeiidinvesl fAzeanisaans
ddfou RhB léanaun1si 12

RNNATT 6 WinldnaesTinvesufitenfidunaldfidaenndosiudnm
nsinUfAselasidlodnnisifiauisefiddesraieinvesufizenasdamn Tumis

Aenutuedns NS AnUAeRAuINARSITInYeU A3 1asliAtay

d' a a N v o a aaa v o A 2 | = aa
BTN 6 ‘Ui%ﬁ/lﬁﬂ?WIUﬂ’]‘Jﬁﬁ’lEJﬂ&J@ﬂJ amiqﬂqiLﬂﬂﬂﬁﬂiﬁlqau@‘UW 1 R LagAIAIIYINUDY

UNTe1v99L39UA A58 0-10% AgsPO4/Bi,MoO;

Uszansawly  dnsinisiiaufizen AATaTAnvas
ALsIURATeN nsaaneddon Kapp » Ufizen
(%) (min") (min)
Bi,MoO, 40.73% 532x10°  0.9928 130

1.0% Ag;PO4/Bi,MoOg 94.25% 286x10°  0.9841 2234
2.5% AgsPO,/Bi,M0oOy 71.61% 1.25x10°  0.9392 51.12
5.0% AgsPO,/Bi,MoO, 62.93% 0.99x10°  0.9566 64.54
10.0% AgzPO4/Bi,MoOq 98.07% 3.95x10°  0.9352 16.18

wangslsimu nslduvesinssfiserdmdieanuaissamlunisld
o feuddlimeaounsihnduanldlmivessausaiiser Tneneaeunisldgrsmau 5 ads
YR USIUHAIEN 10%  AgsPO,/Bi,MoO, tnenisuidatsaufiisendnluansaaisddon RhB
uazarsuasiinendiuldanduilerhufasenasa tharsazatsuinsosusndiisel §Azen
onI &1Eth RO uazteueanane s uarveuliuie mntuthdusswiisennldsay
ASU 5 ﬂ%u'ﬁqiéfwamimaaqﬁmamﬂugﬂﬁ 34 (d) wanalindiuin 10% AgsPO,/Bi,MoO; il
aranafissngaiiesanusyavsnimnmsaansddon RhB lunistnduurldtiadadt 5 Sefien
7989 85.13% ﬁaﬁ?uéf'gl,ﬁ'wﬁﬁ%m 10%  AgsPO,/Bi,MoO, Hrumsnzaufiasiiunldeu
ilesaniivsAnsnmuazanaaiosnings

nalnnisiinufisenlnlanzaslafineed Bi;MoO, waz AgsPO,/BiMoO, Fadl
Pwddnyenisaansdden RhB Aindudesuldgniauslusud 13 wanismeaesil 1 uaz

a

57l 35
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g

0,+H*

*OH

AgsPO y
Bi,M0oO, S OH

gﬂﬁ 35 nalnnsiinuiselnlanznzlafinues AgPO,/Bi,MoO,

Wawssuisuiunalnnisiiaujizenlnlnaznzlafinues Bi;MoO, LilaLfu
Ag:PO, asludinssufizen Bi,MoO, Inanisannznautaznaieiduiaguanvilinalnnis
Anuiselnlnazazlafinves AgsPO./BiMoOs unnei1alUan BiMoO, fauanslugui 35

dlousaufiselasundanunsziuanuaitesiuls SlinaseuaInInaudLuungnnsssu

¥
=

FulUFPpuAnTULUUS YN IAAALIATUNINAUTWUUATDIIADF ANTUDIANATIUINNADY
ANTULUUAUDY Bi,MoOg (Eyg = -0.32 eV) ldnuilufenouandunuunues AgsPO, (B =

[42] d' 1 U U U . ¥ 1 gj
+0.27 eV)  Wipsandmdndluinneusndunuunves Bi,MoOg Uaanin AgsPO, waganniu

a «

a a aa Y] 1 aaa a aaa av o W d! <
Siannsaumdeuntuniivesiiseufisewaziinufisensanduiu O, anarsazaredaiu
v v a o o aaa aa Y | aaa | 1 [~ I3
miuaLaﬂmaummﬂgﬂiammmaamLiwgﬂia%mlmmmmﬂawL‘Uulaaausqmﬂas
panlaaLsAnea (superoxide radicals, O,) lallosandndlviives 0,/0, dAtpeninmn
o - . - 0 [17] a = o a
fndlirvenauduuus (O, + e — 0,, E = -0.33 eV)  andLaudeudidnnseu

- 0 nel &
nanewdulalasiauleseanlad (O, + 2H + 26 — H,0,, E = +0.682 eV) 270t H,0,
Sudianmseunaznaneilulansendaisinea (H,0, + e — OH + OH) Baulusyyadasy
= U a L3 . ! aaa ¥ a (Y 4
wsafaanTuaun (oxidant) Tunszurunisissufisermeuas Turuzieddulaaaininaud
WUUAYDY Bi,MoO4 (Ecg = +2.71 eV) tagpuiludsnnaudiuunvas AgPO, (Ecg = +2.63

[42] § Y o 1 . &
eV) Wesanndmdnglainiaudiuunves AgPO, Uouni1 Bi,MoOs anntulaas

a aaa a v v a a a 4 J 4 L3
LﬂﬂﬂﬁﬂiEJ']@@ﬂ‘ljLW%UﬂUlﬁﬂiaﬂ‘dal@@@u%ﬁmlﬂﬂ@Laﬂﬁi@UIﬂLLﬂiﬁaiuquau"U UUR

= a - . - -0 [17] & a A a
nanewdulansendaisinea (OH — 'OH + e, E = +0.199 eV) ~ 1ntueuyadassiiiniu
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usenfvansdunsduasiinnisgesaansansduvsdluaisazarsaulaniniudianine fe
Asuaulaeanleawazii F9a1nnalninaniuitnedunansliiuiinisiinn1ssIusIfuve
a o [ 5 d" a d" d‘ [ LYY} I3

BLanmsaunulaaniadilnI91ndannsauLazlaad NP UN IR UANTUBUUALAY

s I3 A UMYy o§ v v £ a a
UWLﬁu%LLUuﬂﬂJ@ﬂaqiaﬂm'ﬂﬂ ﬂﬂ‘Vl'ﬂfViUigaVlﬁﬂ']WIUﬂ'ﬁaa']EJafJaﬂJ RhB EjQGUUGUQﬂigaVlﬁﬂ']WIu

nsaa1eddenuad AgsPO,/Bi,MoO, NNAITAININNTT BiMoO, LU 2 1in
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{131)

= Agavly
10.0% Az Oa/BigMoTg

(2003/(002)

{060)

{151)

(331)/(133)
191)
62)

{111

202
::5((268){(062)

Eb(
(2

(2400/(042)

5 0% Ag3vO4/BioMoOg

2 5% AggVO4/BiaMnOg

| N Moal

l 1.0% AggvO4/EioMa0g

Intensity (Arbitrary Unit)

BiatoOg

N

20 25 30 35 40 45 50 35 60
28 {degree)

gm‘ﬁ' 36 XRD pattern U89 3439U7)71381 0-10% Ag;VO,/Bi,MoO

N13ANYIATIATIINENTDIIIIIUGATE 0-10% AgVO,/BiMoO, taely XRD
é’]’ﬂLLamﬁugﬂﬁ 36 Wiulgifian1sialunYes Bi,MoO, flasadng orthorhombic 284
Bi;MoOs gnénedesae JCPDS no. 21-0102”7 Fslaiusngfianisideauudy wasileidiu
Ag:VO, aslulu BiMoO, LﬁuiéﬁwzﬂﬂﬂgﬁﬂiumﬁwﬁuuazﬁmmLsﬁmaqﬁﬂimLﬁw‘ﬁyumm
USUIuU99 AgaVO, AduuTed 10% Ag;VO,/Bi,MoO, wLiufinved AgsVO, I§dmaunniy
Taermualst m Ao AgVO, Feillassairsususnida (monoclinic) gnénsdadne JCPDS No.
4305427 Wiul§1 AgVOL/Bi,MoO, fl AgVO, waz BiMoO,

mMsfnwmadugiinevesiussufiselagldndosqanssmideansin e
ﬁﬂmé’mgmuazé’ﬂwmzﬁuﬁwaaﬁ’al,s'wﬁﬁ%sn gﬂﬁ 37 (a) wiuldineun1Ared Bi,MoO,
Snwaztduuky lﬂﬁaymﬂﬁummwuﬁuﬂa wazilewiin AgvO, adlulu  BiMoO, My
§n3dU 1% 2.5% 5% uay 10% U7 37 (b-e) azfiuldineymalifidnvazdsuuvasly

Fansiiu Ag,VO, aslulifinasiagusnevesounia Bi,MoO, wiaun1ATad AgVO, a8in1veY
VURUR999 Bi,MoO, Falufiiseddy Imé‘ammlﬁmﬂgﬂﬁ 37 (d-e) 5% uaz 10%
AgsVO4/Bi,MoO, aziiulatniauindounindngues AgVO, ULNIZUURINTIT80YNA
Bi,M0O, $1UAULNNUAZNTZN8FI0E19a LdNe s?iqaigmﬂsuaq Ag,VO, Fiainzuuianiinges
a1N1A BiMoO, avdsmalinsruiuvesdidnnseusulsanamastiofivuszansnnlunis

dangdday RhB
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gﬂﬁ' 37 AINAINNEDI SEM v09fL39UATEN (@) BiMoOs (b) 1% AgsVO,/Bi,MoO, () 2.5%
AgsVO4/Bi,MoOg (d) 5%  AgsVO./Bi,MoOg hay (€) 10%  AgsVO,/Bi,MoOg fit&aene
30,000 11

N19N32AUAIVDI0UNATDI0EABLLAREYTAVBIMILTIUSATEN andnwialey

wadla EDS fuanslugud 38

gﬂﬁ 38 2NN SEM Y03 st (@) 10 AgsVO,/BiMoOs WarLanInInaIn EDS

mapping Y8R IIURNTE1 10% AgsVO,/Bi,MoOs (b) Ag (c) V (d) Bi (e) Mo wag (f) O
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Ul 38 (a) vziiuldineyniaves AgVO, fimsnszanesegainaneuy
AThveseyna Bi,MoO, Bsluguil 38 (b-0) iuldinsg Ag waz vV Tnszanesnedis
ashiane wagluzuil 38 (d-N ezponves Bi;MoO, dadussesiuiioyniaves AgVO, Jaaz
Wius19) Bi Mo ez O a1nratsundutudulainaynia AgVO, nszaneduuiminves

2UNA BiMoOg

100 nm

U7 39 uaman i TEM SAED pattern  Wwaza W HRTEM (a-b) Bi,MoO, () 5%
Ag3VO4/B|2M006 e (d‘f) ].O% Ag3VO4/B|2MOO6

gﬂﬁ 39 (a) wiuldneunAves BiMoO, ligusiaduunuseulneiiniue
YoausaziuUsEINL 200-500 nm 5UT 39 (b) SAED pattern wiuldiusiuvaseyniaves
Bi,MoO, \JunAniiealnaunundnilszunu (060) (062) way (002) Inagn electron asuludie
[100] uazilowfia AgvO, aslulu BiMoO, é’ummlugﬂﬁ 39 (c) 71 5% Ag;VO,/Bi,MoO; 9%
wiuldidloynavuiadnuinizuuivihueseynia Bi,MoO, uazluguil 39 (d-e) 71 10%
Ag;VO4/BioMoO, winlsrindlounewuadnivunaduriugugnaiauseanas 7-10 nm une
UVURIMINYBI9YAIA BiMoO, usnngunasianuaiase LLazmﬂmwﬁﬁﬁé’wmaqagﬂﬁ
39 () zWiuinfioynin AgVO, IN1ZUURIUBIBYNIA Bi,MoO, Ineaunsaiuszuuiiniy

NT9YBITEUIU (-121) AU 0.28 nm V83 AgsVO,
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oo\ O\ / \ SN
W 30 w12 a4 B a8 514 516 S8 S0 52 54 &6 54
Binding Energy (eV) Binding Energy (eV])
© @ @
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s [ z [ £ |
5 [ J'\ = [ = \' \
z | I S [ A £ [
£ I [ £ | A £ i
l [ g ! [ < M
2 | | K | {1 !
z | IR z [ [ £ A
a | | f | B [ | / \\ 2 il [ L
[ | g | | { £ / \
£ / | / \ E / \ / 4 E I \ \
/ \ ] | / ‘.\ / 3 !
/ \ / / \ I/ e
.z'j \‘_ S A A / N N _ ;\.-,‘/ >
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w0 152 164 T i 532
Binding Energy (V) Binding Energy (eV) Binding Energy (V)

SUT 40 uwansaunady XPS VLSRN 10% AgsVO4/BiMoOg (@) Ag 3d (b) V 2p

Y

(c) Bi 4f (d) Mo 3d taz (e) O 2s

g‘dﬁ' 40 (a-e) wansaUnmsu XPS vefssUfisen 10% AgsVO4/BiMoOg
Tagau1sanuiAves Ag V Bi Mo uag O gﬂ‘ﬁ' 40 (a) Ag 3ds, 4 Ag 3ds,, uanslufiad
368.0 way 373.7 eV daudu A" g'ﬂ'ﬁ A.xx (0) V 25, WaZ V 2ps, wAnSbuiAfl 516.7 uaz
524.0 eV’ gﬂﬁ 40 (c) Bi 4fs), Way Bi 4f;, wanslufingl 163.6 waz 158.2 eV %qnﬂﬁ'gﬁuaq Bi
ogluesumes B”" 3U 40 (d) Mo 3ds/, uaz Mo 3ds, 199 Mo 4d uanslufiadl 35.6 uaz
37.4 eV Faliu Mo’ dwiuiirves O anunsawiuldvanefinie 530.00 530.70 531.82 uay
53284 eV 39U B-O Mo-O O-H Fsgadu H,0 #imihuaziiuse C-O tAnanfine
ajueulaoenlediiinvesiusesufitoness™ " nuadredunandiiud Agvo, uay
Bi,MoO, tHueadUsznauvas 10% AgVO,/Bi,MoO, Fidenndadfiunaves XRD SEM EDS
way TEM

A9N33UN19L59UGATEIPELEIBIaNsfeg19Anwlnen1saateddan RhB
melduasiiveadiuld iefnuuseaniamlunisaaneansdunidvesansiogne fuandy
Ul 41 910307 41 (a) uansrmsgandunasesdiion RhB  Tagldduseufisen 10%
Ag,VO./Bi,MoO, Tnsaneuasiivondiuld a1 narfiunnsnaiu wansliiiudnAnisg anduuas
genvUetANTAra1ddon RhB A1 Ay agjﬁ 554 nm Tegiflevhnsansuasiiveaiulgriuly
100 W AnsnAuLasUesEden RhB dranatetwotiosasiiuldanine A, vesdiou
fifnanasmean 554 nm U8 498 nm ilesanniianisaanefivesddon RhB wazilnng
WasuwUaslassadnedevilien A, LﬁﬂmiLUgUuLLUm%QLﬁ@ﬁ]’]ﬂﬂﬁﬁ%m N-deethylation

vosluianadden RhB  seninanisanewas lnenisaaeddon Rhodamine B lvinaneidu



60

Rhodamine IﬂaLﬁu’jﬂLémﬁuﬁﬂﬂws@mﬂﬁul,l,aﬂ Ao 5167 554 nm el @n A,
anaanfiuszann 539 nm dududanedden  Rhodamine B (RhB) sl NN N-triethyl
thodamine n&sanniuaanssiuy N,N'-diethyl rhodamine 71 A = 522 M uAz
aaneiudu N-ethyl rhodamine 7ifn A, = 510 nm wazgavneaasdalu Rhodamine 7
A1 A = 498 nm Bina1NN"5E@A18R2V89 conjugated 89 Rhodamine B Tnanns
WasuwUasm A, 970 554 nm TUds 498 am- 6‘1’@LLamiﬂﬁqa%ﬁwaamsauﬁuﬁ‘ﬁLﬁﬂsﬁu

Aauanslugun 11

o
i

(a) ——  Omin ="
——  10min \
20min ] 4 g
—— 40min g 204 %'\'“‘
60 min
—— 80min
—— 100min -

(1)
| \-\-\
609 _a w_u_ Rne \4\7
S 70 e BigMoOg \
1.0% Ag3VO4/BiMa0g
804 —v—v—v— 2.5% AgsvO/BiMaOg
5.0% AgaVO4/BioMoOg \
904 —q—a—a— 10.0% AgzvO4/BigMoOg

=3
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DB ow o
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T T T T T | T T T T T T T T T T T
400 450 500 550 600 650 700 0 10 20 30 40 50 60 70 80 90 10C
‘Wavelenght (nm) Time (min)
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——————— BioMoOg

1.0% AggVO4/Bighio0g
—v—vy—¥— 25%AgzV0sBioMa0g
154 5.0% AggVO4/BisM0Og
—4—4—4— 10.0% Ag3¥Oy/BioMaCg
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U7 41 (a) wansennsganduuasvesddon RhB Tagldfisefi3en 10% Ag,VO./BiMoO;
meldnsansuasiivesdiuldidunan 100 i (b) wansUszansanlunisaaiedden RhB
InglUdansaufisen 0-10% AgsVO4/BiMoOs (<) meﬂmﬁmﬂﬁﬁ‘%mé’uﬁuﬁ 1 nelydaiss
UA381 0-10%  AgsVO4/BiMoOs (d) LLamLaﬁmmwmsﬁwﬂé’umﬁé?wmﬁaLiaﬂﬁﬁ%m

10% A93VO4/B|2MOO6

oo . [30] (3] y »
U39 K. Jothivenkatachalam wazatg wag S. Yang Lavmuy Lo

$7891UINNSAAAS0U RhB Tulal8iu 4 Junaulaednuinieds HPLC #9il Jumaun 1

o w 1

N-deethylation Lﬂu%’umaumﬂ%uﬂumawyj N-ethyl 8annluianavesddon RhB Junau
mewnAe chromophore cleavage Faudumdn benzene intermediates pon TunBURBNAD

opening-ring  Fudun1sliunnisansusznaveyiusvesansiisdunsnaneuasuszneu

v
a 6 o

dunidanuldnsaniidminluianaties enfaeeg19y succinic acid 2-hydroxypentanedioic
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[
v ¥

acid Wwag adipic acid Lartundugan

9

A a o U = & o § v a a6 a
rerefiisalawtududunisilvasdunsdiinnis
% < %,’ & I3 a (Y] PN
aanenangluinuasingnisueulasenledlufianduandlugui 12
Usgdnsnmnsaatsddau RhB (decolorization efficacy) @msamanlalay
PV a al' A = & ! 44' = oy
N5IAAINTSRANAULATTIAIINEIATY 554 nm BUTUAIAINNEIATUNITAANAULAIYRIEE DY
RhB 9 ntuaansamwinuseansnmlunisaaneddenlaanaunisy 13
31NN 41 (b) wansUszansamlunisaasdden RhB laglddaseufizen
. Y a ] v & a & YAy
0-10% AgsVO,/Bi,MoOg melanisaneuasiuoaiulaiuig 100 uil wiulaindden RhB
Lliinnsaanesi wansindden RhB danuadosnmsioufisenlnlnlada (photolysis) fatiu
< v a v )~ Yy a o ~ I3 o
wiiuladnansazangddon RhB  dlassasaniafiosnmgailosanifuansusenoudinan
lalnsansuen vilildanunsoaaneilalusssuyd Sagnidenunduiunuvesaisduvsd 8n
Viaansagane RhB dvuy vibianunsodanalunmsivdsuudasujiseoneilaielusenitans
naad wavtilaldiisauiizen BiMoO, warvinisarsuasineaiuld Weaiwiuly 100
Wil wudninnisaateddon RhB  40.73% wsegnalsilloldmanssufjisen AgVO,/Bi,MoO,
UszdnSninnisaanadivesddon RhB  geliunuasidudnisiiu AgVO, Laefl 10%
AgsVO,/Bi,MoO; SiUszanzamlunisaaeddeugeganitansiiegadu 4 lnedlussaniam
lunsaaneddon RhB 88.81% Lilaatwiuly 100 u1i lnganuisaaziissdnsninnisaane
Vo3ddau RhB fam15199 7
Usgansainnisaanedidday RhB Laglddsauisen 0-10%
AgsVO,/BiMoO, @11150A1UINNITNIINISANUATEINSda8fIvesddon RhB  Aels
guufignunsiinUisenalioududun 1 anngueskanilus-gauyan (Langmuir-
Hinshelwood) &sldd@wmsunisesulrenisiinuiseniiavtivesdtsalfiizen lnednsinig
AnUisendunlanaunisn 10
1NAUNITN 10 @WITDUIUBNAIAIULANANIVBITLUUNISUATEIAIUAT
INFUT 41 () wanensnAUFLRUSTENINe In (C/Cy) Aunattumsviugisen () laed
aunsAINgnIINISRnU Ase191nANNTUeINT I 91nA15 9N 7 ulaandnsinig
a aaa . Y -3 I G~ S 1 . U = o
ANURATEIU09 BiMoO, WU 5.32x10° min - alIA111NIT AgsVO,/BiMoO, YNAIT9N
Tusgandnnlunisaaneddon RhB Uaanin AgsVO,/Bi,MoOs 1ne#l 1.0% AgsVO,/Bi,MoOy
a 30, -1 A . a A 2, -1 « a
1AAD9.83x10 min  uag? 2.5% AgzVO,/Bi,MoO, 1A1AB 1.22x10 " min  kazklausun
Y99 AgVO, WinTuniliens1nsiinUfaseniindiusieil 5.0% AgVO./Bi,MoO, Wiy
-2 -1 i . 1Y a aaa Y -2
1.02x10 " min~ wag 10.0% AgzVO4/Bi,MoOyg ﬁamﬂmnﬂmﬂgﬂimgqqmwmmJ 2.01x10

-l o g v a a v | w
min yillivsgansamlunisaaneddon RhB gegauguniu
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MndTNMaAnUfATensaaredden RhB Adiuialdannisaunisthiu
auInthAAsaTIN AU wdnmarsTinvesUjisennisaaeddon RhB
1§ anauufgiuiinAaUfAzendudui 1 Ssanusodaumaeiidinvesl fAzeanisaans
ddfou RhB léanaun1si 12

NNeTd 7 winldinaesdinvesufitenfidunaldfidaenndostudnm
nsinUfAselasidlodnnisifiauisefiddesraieinvesufizenasdamn Tumis

Aenutuedns NS AnUAeRAuINARSITInYeU A3 1asliAtay

d' a a N v o a aaa v o A 2 | = aa
M1TN 7 ‘Uizﬂ%ﬁﬂ?WIUﬂ’]‘Jﬁﬁ’lEJﬂ&J@ﬂJ amiqﬂqiLﬂﬂﬂﬁﬂiﬁlqau@‘UW 1 R LagAIAIIYINUDY

UNTe1 vaeinseUfizen 0-10% AgVO./Bi,MoO,

Uszansawly  dnsinisiiaufizen AATaTAnvas
ALsIURATeN nsaaneddon Kapp » Ufizen
(%) (min") (min)
Bi,MoO, 40.73% 532x10°  0.9928 130

1.0% Ag;VO,/Bi,MoOs 64.51% 9.83x10°  0.9949 65.0
2.5% Ags3VO,/Bi,Mo0q 72.02% 1.22x10°  0.9973 52.38
5.0% Ag;VO,/Bi,MoO, 67.78% 1.02x10°  0.9946 62.65
10.0% Ag;VO4/Bi,MoOg 88.81% 201x10°  0.9901 31.79

wangslsimu nslduvesinssfiserdmdieanuaissamlunisld
o feuddlimeaounsihnduanldlmivessausaiiser Tneneaeunisldgrsmau 5 ads
YR USIUHATEN 10%  AgVO,/Bi,MoO, tnenisudaisaufisenduluansaaisddon RhB
uazarsuasiinendiuldanduilerhufasenasa tharsazatsuinsosusndiisel §Azen
onI &1Eth RO uazteueanane s uarveuliuie mntuthdusswiisennldsay
ASU 5 ﬂ%u’ﬁqiéfmamsmaaaﬁqLLamﬂugUﬁ 41 (d) wanaliiiiuin 10% AgsVO,/Bi,MoOy il
aranadesnmiiesnnussaniamnisaaeddon RhB Tunstndualddiadadt 5 Sedian
e 30.47% Faildfornin BiMoO, 1unamanansieaufinnsgadusyniaesdde
snauAulusinliasieswganiunasiiuesiulddesniinisiildindsil 1 Sovinld

Usgansamlunisaaneddou RhB anasle
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nalnmaiinufAzelnlnazaglafinues Bi,MoO; uay AgVO./Bi,MoO, Fsil

o w1 a v a Yy v % a .:4'
AINUAIANDNITERYHY DU RhB V]ﬂa']'JN'WJ'NWUvLﬂQﬂLau@qu‘UW 13 NaN1TNAaRIN 1 way

a

SU#l 42

- A ¢ H,0,—> *OH
] e
Py A

v

\\}

0,+H*

*OH

AgsVO,

Bi2M005 OH_

gﬂﬁ 42 nalnnisiiaufiselnlnnznzlafinues AgVO,/Bi,MoO,

WawSsusuiunalnnisiiaujizenlnlnnzezlafinues Bi;MoO, tilaLfu
Ag:VO, asludusesufizen Bi,MoO, lnanisanaznaunaznaiaiduiaguanvilinalnnis
Anuisellnasazlafinues AgsVO./BiMoOs unnei1aluan Bi,MoO, fawansluuil 13

dasussuizenlasundanunseiuainuasiveniuld Bidnaseuaininauduuuignnszsu

¥
=

FulUFPpuUANTULUUS YN AAALIATUNINAUTLUUATDIIADF ANTUDIANATIUINNADY
ANTULUUATDY Bi,MoOg (Eys = -0.32 eV) indeuiillfanpudnduuuunvas AgVO, (Eyp =

[44] { 1 U £ L . ¥ 1 3
+0.04 eV)  esandadndlninpoudnduluunued Bi,MoO, Haanin AgVO, waganiu

a «

dianmsoundoudluniivesiussfisenaziiaujisen3antuiu O, 9nasazatedaiu

v v a

< o aaa PN v ! aaa ! 1 [ s
AasuBanaseunviuisenniavesdnssuiiseusliansanareilulesouguives

ponlgaLsAnea (superoxide radicals, 0,) lallosandndlviives 0,/0, faAtpeninmn

O [17] a =® v a
= -0.33 eV) PENTLAUTISUDIANATOU

[18
)

Fndlvihvesauduuun (O, + e — O,, E
nanafulelnsiaudadennlas (0,+ 2H  + 26 — H,0, E'= +0.682 V)" 97ntiu H,0,
fudidnasounaznansifulonsendalsinea (H,0, + € — OH + OH) Fadusyyadasy
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1. Introduction

Presently, researchers have paid attention to visible-light-dri-
ven photocatalysts because visible light contains about 43% solar
radiation. Bi;MoOg is a new candidate for visible-light-driven
photocatalyst but its activity is limited by rapid electron-hole re-
combination rate. Coupling Bi;MoOg with a narrower band gap
semiconductor is designed to improve photogenerated electron—
hole separation and photocatalytic activity [ 1-4].

In this paper, Ag3;V0,4/BizMoOg heterojunctions were designed
by a hydrothermal-precipitation combination. The photocatalytic
mechanism and photodegradation of RhB under visible light were
studied and discussed.

2. Experiment

Typically, each 5 mmol of Bi(NO3);-5H,0 and Na;MoOg was
dissolved in 100 ml RO water to form two solutions. The solutions
were mixed, adjusted the pH to 6 by 3M NaOH, and

* Corresponding authors.
E-mail addresses: phuruangrat@hotmail.com (A. Phuruangrat),
ttpthongtem@yahoo.com (T. Thongtem).

http://dx.doi.org/10.1016/j.matlet.2016.05.115
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Heterostructure Ags;VO,4/Bi;M0o0Os nanocomposites were prepared by a hydrothermal-precipitation
combination. X-ray diffraction (XRD) and transmission electron microscopy (TEM) revealed the forma-
tion of monoclinic Ag;VO, nanoparticles with the size of 7-12 nm adsorbed on orthorhombic Bi;MoOg
nanoplates. The photocatalytic properties of pure Bi;MoOg, 1.0 wt% Ag3;VO04/Bi,M00g, 2.5 wt%
Ag3V04/Bi;M00g, 5.0 wt% Ag;VO04/Bi;MoOg and 10.0 wt% Ags;VO,4/Bi,MoOs photocatalysts were in-
vestigated through photodegradation of rhodamine B (RhB) under visible light for 100 min. In this re-
search, the 10.0 wt% Ag3;VO4/Bi;M0oOg nanocomposites exhibited the highest photocatalytic activity
under visible light. A possible photodegradation mechanism of RhB by Ag;V0,/Bi,MoOs nanocomposites
was also proposed and discussed.

© 2016 Elsevier B.V. All rights reserved.

hydrothermally processed at 180 °C for 20 h. The as-prepared
precipitates were separated, washed by water and ethanol, and
dried at 60 °C for 24 h.

To prepare Ag;V0,4/Bi;M0o0Os nanocomposites, each 0.0-
10.0 wt% AgNO; and Na3VO,, and 1 g of the as-prepared Bi;MoOg
were dissolved in 100 ml RO water with 24 h stirring. The as-
prepared products were separated, washed by water and ethanol,
and dried at 80 °C for 24 h.

3. Results and discussion

Fig. 1 shows XRD patterns of Ag;VO,/Bi;M0oOg samples con-
taining different Ag;V0O,4 contents. All diffraction peaks of pure
product were indexed to orthorhombic Bi;MoOg (JCPDS no. 21-
0102) [5]. XRD patterns of Ag;V04/Bi;MoOg composites revealed
both orthorhombic Bi;MoOg major phase and monoclinic Ag;VO,4
(JCPDS no. 43-0542 [5]) minor phase. Note that the intensity of
Ag3V0, diffraction peaks increases with Ags;VO, content. Thus,
AgsV0, exists as a separated phase by forming heterostructure
Ag3V0,4/Bi;M00g composites instead of intercalating in the
Bi,MoOg lattices.

Pure Bi;MoOgs and Ag;VO4/Bi;M0oOs nanocomposites were
characterized by TEM and SAED (Fig. 2). Pure Bi;MoOg nanoplates



nanocomposites. The degradation efficiency gradually increases
with Ag;VO, increasing. Photocatalytic degradation by the
10 wt% AgsVO4 nanoparticles on Bi;MoOg nanoplates is the
highest. Within 100 min, the RhB solutions were degraded
about 40.73%, 64.51%, 67.78%, 72.02% and 88.81% by Bi,MoOg,
1.0 wt% Ag3VO0,4/Bi,M0oOg, 2.5wt%s Ag3V0,4/Bi,M0o0Og, 5.0 wt%
Ag3V0,4/BiM0o0s and 10.0 wt% Ags;V0,4/Bi,MoOs photoca-
talysts, respectively. The photocatalytic activity of 10.0 wt%
Ag3;V0,4/Bi;M0o0Og nanocomposites is 2.18 times that of pure
Bi;M0oOgs. The RhB degradation rate using Bi,MoOs and
Ag3;V0,4/Bi;Mo0Os photocatalysts under visible light was con-
sidered to be the pseudo-first-order kinetics as follows

In(C, /C,) = kt 1)

where k is the apparent rate constant, C, is the initial con-
centration of RhB, and C, is the solution-phase concentration of
RhB within the elapsed time (t). C;/C, is the normalized organic
compound concentration [6,8]. Fig. 3(c) represents a In(C,/C,) vs t
plot of RhB photodegradation by pure Bi;MoOg and
Ag3V0,4/BiMoOg heterojunctions. Each plot was fitted to a linear
regression line with R®=0.9928, 0.9949, 0.9973, 0.9946 and
0.9901 for Bi;MoOg, 1.0wt% Ag;V04/Bi,MoOg, 2.5 wt%
Ag3V04/Bi;M0oOs, 5.0 wt%s  Ag;VO04/BiMoOs and  10.0 wt%
Ag3V04/Bi;MoOs nanosamples, respectively. The calculated de-
gradation rate constant of RhB [9,10] was increased with the
increasing Ags;VO, content. The degradation rate constant of RhB
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Fig. 1. XRD patterns of 0.0-10.0 wt% Ag;V04/Bi,MoOg samples.

with edge length of 100-200 nm were detected. Its SAED pattern
was indexed to the (060), (062) and (002) planes of Bi,MoOg with
zone axis along the [100] direction. The 2D top surface and four
edges of Bi;MoOg nanoplates were determined to be the (—100),
(062), (0—-62), (06—2) and (0—6—2) planes. The TEM image of
5 wt% Ag3;V0,4/Bi,MoOg nanocomposites revealed non-uniformed
spherical nanoparticles of Ag;VO, adsorbed on Bi,MoOg nano-
plates. For 10 wt% Ag3;VO04/Bi,MoOs nanocomposites, Ag;V0O4 na-
noparticles with particle size of 7-12 nm were distributed across
the Bi;MoOgs nanoplates. The HRTEM image of 10wt%
Ag3V0,4/Bi;MoOg nanocomposites shows very good
Ag3V0,4/Bi,Mo0g interface formation, and a lattice fringe of
0.283 nm space corresponding with the (—121) crystallographic
plane of Ag;VO,. These results show that the nanocomposites have
good crystalline structure with a number of nanoparticles dis-
tributed on top of nanoplates.

Fig. 3(a) shows absorbance at 425-650 nm wavelength of RhB
solutions degraded by 10 wt% Ag;VO0,4/Bi,M0oOs photocatalyst
within 100 min. The absorbance was slowly decreased with ex-
posure time increasing. The absorbance was shifted from 554 to
498 nm due to N-deethylation [2,4,6] within 100 min pass. Dur-
ing N-deethylation, the ‘0O, and "OH active species decomposed
N-ethyl groups of RhB to rhodamine. The RhB degradation by
Bi;M00Ogs and Ag;VO,4/Bi;MoOs nanocomposites under visible
light (Fig. 3(b)) was previously reported |7]. Before testing, the
whole system was kept in the dark 30 min for absorption/deso-
rption equilibrium. RhB was absorbed by Bi,MoOg for 11.2% and
by Ag;V04/Bi;MoOg for 16.2-18.2%. Pure BiMoOgs showed less
photocatalytic activity for RhB degradation than Ag;V0,4/Bi;MoOg

10.0 wt% Ag;V04/Bi;M0oOg nanocomposites is
3.78 times that by pure Bi;MoOg

solution by
0.0201 min~' or
(5.32x 10 > min ).

A possible photodegradation mechanism of RhB by
Ag3V04/Bi;MoOs nanocomposites is shown in Fig. 4. The con-
duction band (CB) and valence band (VB) edges of Ag;VO, are
+0.04 and +2.24 eV [11,12] and those of Bi;Mo0Og are —0.32 and
+2.71 eV [1,13], respectively. Photoexcited e~h* pairs formed
on both of the irradiated Ag;VO,; and Bi;MoOs and further
transferred to the CB and VB of Ag;VO,. Due to the concentration
gradient and electrostatic repulsion, the photoexcited electrons
in CB of Ag;VO, diffused to outside surface and was trapped by
electronic acceptors like adsorbed O, to produce H,0,
(02+2h* +2e —H,0,, E°=+0.682eV) [12,13]. Subsequently,
the as-produced H,0, transformed into ‘OH
(H20,+e~ —OH + OH) [12,14] by being combined with the
trapped electrons. Meanwhile, the photogenerated holes reacted
with adsorbed OH~ to form 'OH ('OH /OH ", 1.99 eV vs NHE)
[15,16]. Then the active "OH radicals degraded the RhB organic
dye to H,0 and CO,. These phenomena promoted the separation
of photogenerated e~h* pairs. Thus, Ag;V0,/Bi;M0oOg nano-
composites exhibited the highest photocatalytic activity owing to
the lowest e ~h™* recombination rate.

4. Conclusions

Heterostructure Ag;VO4/Bi;M0oOg nanocomposites were suc-
cessfully prepared by a hydrothermal-precipitation combination.
The effect of Ag;VO,4 content containing in Bi,MoOg on the pho-
tocatalytic activity was investigated through the degradation of
RhB under visible light. In this research, the 10.0wt%
Ag3V04/Bi,MoOs nanocomposites exhibited higher photocatalytic
activity than any other samples.
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Fig. 2. TEM images, SAED pattern and HRTEM image of (a, b) Bi;MoOg, (¢) 5 wt% Ag;V04/Bi.M0Og and (d) 10 wt% Ag;VO,/Bi;M0Og samples.
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AgCl/Bi;MoOg heterojunction photocatalysts were prepared by direct deposition of AgCl nanoparticles on
Bi,MoOg nanoplates. The as-prepared samples were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM) and X-ray photoelectron spectro-
scopy (XPS). There was the detection of cubic AgCl nanoparticles supported on orthorhombic Bi;M0oOg
nanoplates. Their photocatalytic performance was evaluated through degradation of rhodamine B (RhB)
solution. The 10.0 wt% AgCl/Bi;MoOg heterojunction showed the highest performance in removing of
RhB under visible light and was very stable in performing photocatalysis.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

TiO, is an interesting photocatalyst for degradation of organic
compounds by forming 0,*~ and OH® radicals because of its high
efficiency, nontoxic property and low cost [1-4]. Its absorbance is
limited in only UV region (5% of sunlight) while visible light are
48% of sunlight [5]. For bismuth molybdate (Bi;MoOg) with narrow
band gap (2.5-2.8 eV) [6-8], it has very interesting physical and
chemical properties: ion conduction, dielectric property, lumi-
nescence, gas detection and catalytic behavior [9,10]. It is an ex-
cellent visible-light-driven photocatalyst for water splitting and
degradation of organic contaminants due to its appropriate band
gap, ability to absorb visible light and various ion-conduction |[6—
8]. Moreover, the photocatalytic efficiency of Bi;MoOg is limited by
rapid recombination of photogenerated electron-hole pairs [7,8].
To improve its photocatalytic efficiency, many investigators have
combined Bi,MoOg with other photocatalysts [7,8] to improve
photoexcited electron-hole separation. Thus it is a challenge to
develop new bismuth based heterojunction with high photo-
catalytic performance.

AgCl is a famous photosensitive material with excellent pho-
tocatalysis for degradation of organic pollutant and inactivation of

* Corresponding author.
** Corresponding author.
E-mail addresses: phuruangrat@hotmail.com (A. Phuruangrat),
ttpthongtem@yahoo.com (T. Thongtem).

http://dx.doi.org/10.1016/j.matlet.2016.05.080
0167-577X/© 2016 Elsevier B.V. All rights reserved.

bacteria due to its particular photolytic characteristics [11]. There
have been some studies on the photocatalytic properties of AgCl
heteronanostructure combined with other semiconductors [11-
13]. They have high efficiency in degrading of organic dyes, in-
dicating that AgCl may be a good co-photocatalyst with Bi,MoOg.

In this research, AgCl/Bi,MoOg photocatalyst was prepared by
deposition-precipitation ~ method. The  photoactivity  of
AgCl/Bi;,M00Os photocatalyst towards rhodamine B (RhB) de-
gradation was evaluated under visible light. It showed higher ef-
ficiency than Bi;MoOg. This procedure can be applied for the
synthesis of other heteronanostructure photocatalysts.

2. Experiment

In a typical procedure, 10 mmol Bi(NO3)3;-5H,0 ( > 98%, Sigma-
Aldrich) was dissolved in 50 ml deionized water. Then 50 ml
5 mmol Na;Mo0,4-2H,0 (99.5%, Riedel-de Haén) was slowly added
to Bi(NOs3); - 5H,0 solution. A yellow homogeneous solution was
obtained and adjusted the pH to 6 by 3 M NaOH solution. The last
mixture was hydrothermally processed in a 200 ml Teflon-lined
autoclave at 180 °C for 20 h. The product (Bi;MoOg) was collected
by filtration, washed with deionized water and ethanol, and dried
at 60 °C for 24 h.

To prepare AgCl/Bi,MoOs heterojunctions, 0.0759, 0.1558 and
0.3291 g AgNO; (99.8%, RCI LABScan) and 0.0261, 0.0536 and
0.1132 g NaCl (99%, RCI LABScan) were dissolved in 2.5 g Bi,MoOg
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suspension under constant stirring. When the whole contents of 4fs)> and Bi 4f;), are 164.5 and 159.3 eV, respectively, suggesting
AgNO; and NaCl were added, the mixtures were vigorously stirred the presence of Bi®* [6-8]. Two peaks at 235.7 and 232.6 eV be-

for 24 h. In the end, the as-prepared precipitates were collected, long to Mo 3ds;; and Mo 3ds, indicating the presence of Mo®* in
washed with deionized water three times and dried at 60 °C for the composites [6-8]. The XPS peak for O 1s can be deconvoluted
24 h for further characterization. In this research, the heterojunc- into four distinct peaks at 530.0, 530.7, 531.9 and 533.0 eV related

tions were encoded as 2.5, 5.0 and 10.0 wt% AgCl/Bi,Mo0Og, re- to Bi-O, Mo-0, O-H of adsorbed surface H,O and C-O bonds of
spectively. Photocatalytic activities of the as-prepared Bi;MoOg adsorbed ambient atmosphere [6-8,20,21]. The results reveal the
and AgCl/Bi;MoOg heterojunctions were evaluated by measuring co-existence of AgCl and Bi;MoOg in the 10.0 wt% AgCl/Bi.MoOg
the degradation of RhB as a model reaction and compared with sample, in accordance with the XRD analysis. SEM imaging and
TiO, (P25, average particle size: 21+5nm, specific surface: EDX mapping of 10.0 wt% AgCl/Bi,MoOg (Fig. S1 of Supplementary
50 +10m?/g and purity after ignition > 99.5% PlasmaChem data) show homogeneous distribution of Ag, Cl, Bi, Mo and O
GmbH). across the composites.
TEM images, SAED pattern and HRTEM images of pure Bi,MoOg
and AgCl/Bi;MoOg heterojunctions are shown in Fig. 2. Pure
3. Results and discussion Bi;MoOg exhibits nanoplate-like cluster with nanoplate edge of
100-200 nm long. Its SAED pattern illustrates a single crystalline
XRD patterns of the as-prepared AgCl/Bi,MoOg samples nanoplate analyzed by electron beam along the [100] direction.
(Fig. 1a) can be perfectly indexed as pure orthorhombic Bi,MoOg HRTEM images of AgCl/Bi,MoOs composites show AgCl nano-
(JCPDS no. 21-0102) [ 14]. No impurities such as Bi;03, Bi;M030;> particles attached on the surface of Bi;MoOs nanoplates. The
were detected [15]. Diffraction peaks labeled as = correspond to number of AgCl nanoparticles increases with the wt% AgCl. For
cubic AgCl (JCPDS no. 31-1238) [ 14]. They should be noted that the 10.0 wt% AgCl/Bi,M0oOg nanocomposites, 0.28 nm uniform fringe
dominant phase did not change by the formation of composites space was detected and indexed to the (200) plane of AgCl na-
and that the products coexisted as AgCl and Bi;MoOg phases noparticles. AgCl/Bi,MoOg composites were successfully prepared
[16,17]. by ion exchange between AgNO; and NaCl through deposition-
Fig. 1b—f shows overall XPS spectra of 10.0 wt% AgCl/Bi,MoOg precipitation of Ag® and Cl~ to form AgCl nanoparticles on
composites. All peaks belong to Ag, Cl, Bi, Mo and O. The Ag 3ds, Bi,MoOg nanoplates.
and Ag 3ds), peaks were detected at 367.8 and 373.9 eV belonging The UV-visible absorption (Fig. 3a) provided spectral change
to Ag" of AgCl [11-13]. Those of Cl 2p3;; and Cl 2p;; show two accompanying the photodegradation of RhB by the as-prepared
different peaks at 198.1 and 199.7 eV [ 18,19]. Binding energies of Bi 10.0 wt% AgCl/Bi;Mo0Og heterojunction. The RhB showed a major
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Fig. 1. (a) XRD patterns of pure Bi;M0oOg and AgCl/Bi,MoOg heterojunctions. (b-f) XPS spectra of Ag 3d, Cl 2p, Bi 4f, Mo 3d and O 1s of 10.0 wt% AgCl/Bi,MoOg heterojunction,
respectively.
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Fig. 2. TEM images, SAED pattern and HRTEM images of (a, b) pure Bi;MoOg, (¢) 5.0 wt% AgCl/Bi;M0Og and (d) 10.0 wt% AgCl/Bi,MoOs.

absorption at 554 nm wavelength, which gradually decreased with
the temporal evolution of light irradiation. The absorbance was
completely stationary within 100 min The solution color changed
from pink to nearly transparent due to deethylation and de-
gradation of RhB chromophoric structure [9,10]. Fig. 3b shows the
photocatalytic activity of P25 (TiO,), as-prepared Bi;MoOg and
AgCl/Bi;MoOg heterojunctions in degradation of RhB under visible
radiation. Before testing, the whole system was kept in the dark for
absorption/desorption equilibrium. RhB was absorbed by Bi;MoOg
for 11.2% and by AgCl/Bi;MoOg for 31-35%. Within 100 min pho-
tocatalysis, 40.5% RhB was photocatalytically degraded by pure
Bi;MoOg, very close to that of P25. Moreover, all AgCl/Bi;MoOg
heterojunctions exhibit higher photocatalytic activities than pure
Bi;Mo0Og. The photocatalytic activities of AgCl/Bi,MoOg hetero-
junctions were increased to 80.7%, 85.1% and 92.4% for 2.5, 5.0 and
10.0 wt% AgCl, respectively. AgCl/Bi,MoOg heterojunctions are the
best photocatalyst for removal of RhB under visible light. They
should be noted that AgCl/Bi;MoOs nanocomposites show red
shift in band-gap edge comparing to pure Bi,MoOg and show an
increase in absorption in visible range due to interaction between
AgCl and Bi;MoOg [22,23]. Visible absorption of the nanocompo-
sites is more effective with increasing in AgCl content caused by
increasing in the number of e ~=h™* pairs during photocatalysis.
Fig. 3¢ is a linear plot of In(Co/C,) versus reaction time. The
degradation curves of RhB fits well with first-order reaction
[6,8,19]. The calculated rate constants are 5.5204 x 103, 0.0173,
0.0196 and 0.0284 min~"' for the as-prepared Bi;MoOg, 2.5 wt%
AgCl/Bi;Mo0g, 5.0 wt% AgCl/Bi;MoOg and 10.0 wt% AgCl/Bi,MoOg,

respectively. The 10.0 wt% AgCl/Bi,MoOg heterojunction exhibits
the highest rate constant of approximately 5 times that of pure
Bi,MoOg. In order to examine the stability of the nanocomposites,
recycle test for 10.0 wt% AgCl/Bi;MoOg heterojunction was reused
5 cycles as the results shown in Fig. 3d. Obviously, the photo-
catalytic activity of 10.0 wt% AgCl/Bi,MoOg heterojunction at the
end of recycle-5 is 92.4%, demonstrating the stability of 10.0 wt%
AgCl/Bi,MoOg heterojunction.

4. Conclusions

In summary, AgCl/Bi,MoOg heterojunctions were successfully
synthesized by a deposition-precipitation method. The as-pre-
pared AgCl/Bi;MoOg heterojunctions consist of cubic AgCl nano-
particles supported on surface of orthorhombic Bi,MoOg nano-
plates. The 10.0 wt% AgCl/Bi,MoOs heterojunction can degrade
RhB up to 92.4% within 100 min under visible radiation or ap-
proximately 5 times that of pure Bi;MoOg.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.matlet.2016.05.
080.
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Agl/Bi;MoOg heterojunction photocatalysts were successfully synthesized by deposition-precipitation of
Agl nanoparticles on Bi,MoOg nanoplates. The as-synthesized photocatalysts were characterized by XRD,
TEM and XPS. Effect of Agl loaded on photoactivity of Agl/Bi.MoOgs heterojunctions was investigated
through the photodegradation of rhodamine B (RhB) as a model toxic contaminant under visible light.
The 10 wt% Agl/Bi;MoOg heterojunctions have the highest RhB removal efficiency of 92.89% within

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Visible driven photocatalysts have attracted worldwide re-
searchers because they can apply for splitting of water and the
degradation of organic pollutants by approximately 43% visible
light of solar radiation [ 1-3]. Bi,MoOg visible driven photocatalyst
with 2.9eV is a typical Aurivillius phase containing perovskite
layers (Bi»02)(Am - 1BmO3m + 1) [4-6]. A number of researchers have
studied photocatalytic activities of Bi,MoOg to decompose organic
contaminants under visible light [1,3-6]. Moreover, photocatalytic
activities of Bi;MoOg are limited by rapid recombination of pho-
toexcited carriers [1,2]. Thus, effective visible-light-driven photo-
catalyst was developed to have a great benefit for environmental
treatment. Heterojunction photocatalysts can improve the effi-
ciency of visible-light-driven photocatalyst because they can re-
duce the recombination rate of photoinduced electron-hole pairs
[2]. As one of the excellent sensitizers, Agl can be used to modify
wide-band-gap semiconductors to enhance the visible absorption
ability and to utilize solar energy due to its narrow band gap of
~2.8eV [7].

In this work, Agl/Bi,MoOg heterojunctions were successfully
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http://dx.doi.org/10.1016/j.matlet.2016.03.125
0167-577X/© 2016 Elsevier B.V. All rights reserved.

synthesized by deposition-precipitation at room temperature. The
Agl/Bi;Mo0g heterojunctions showed high photocatalytic activity
to decompose rhodamine B (RhB) under visible light.

2. Experiment

Each of 5 mmol Bi(NOs)3 - 5H,0 and Na,MoOg was dissolved in
each 100 ml RO water and mixed together. The obtained solution
was stirred and adjusted the pH to 6 by 3 M NaOH solution. The
mixture was transferred to a 200 ml Teflon-lined stainless steel
autoclave, tightly closed and maintained at 180 °C in an electric
oven for 20 h. The obtained precipitates were washed with dis-
tilled water and ethanol, dried at 80 °C for 24 h and collected for
the synthesis of heterostructure nanocomposites.

To synthesize heterostructure Agl/Bi,MoOs nanocomposites,
different concentrations of 0-10% AgNO; and Nal by weight and
2.5 g Bi;MoOg sample were dissolved in 100 ml RO water under
magnetic stirring for 24 h. Subsequently, the products were se-
parated by filtering, washed with ethanol and dried at 80 °C in an
electric oven for 24 h for further characterization and photo-
catalytic testing.

3. Results and discussion

Fig. 1a shows XRD patterns of pure Bi;MoOgs and 1, 5 and
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Fig. 1. (a) XRD patterns of 0-10 wt% Agl/Bi,MoOs heterojunctions and (b-f) XPS spectra of Ag3d, 13d, Bi4f, Mo3d and O1s of 10 wt% Agl/Bi;MoO;s heterojunctions,

respectively.

10 wt% Agl/Bi,MoOg heterojunctions. For the pure sample, it can
be indexed to orthorhombic Bi;MoOg phase (JCPDS no. 21-0102
[8]) without impurity detection. For the analysis of Agl/Bi,MoOg
heterojunctions, additional hexagonal Agl phase (JCPDS no. 09-
0374 [8]) was detected, implying the coexistence of the two pha-
ses. Diffraction peaks of the composites are clearly related to Agl
and Bi;MoOg phases and the loaded Agl of the composites did not
change Bi;MoOg crystalline phase. The chemical state of 10 wt%
Agl/Bi;Mo0Og heterojunctions (Fig. 1b-f) shows XPS peaks at 374.48
and 368.49 eV, ascribed to Ag3ds; and Ag3ds); of Ag* [7,9], those
at 619.70 and 631.20 eV are for 13ds; and 13d3; [ 7], including two
strong peaks at 164.80 and 159.51 eV are assigned to Bi4fs;, and
Bidf;, [7,9,10], respectively. The analysis confirms the presence of
Bi®* cations containing in the Agl/Bi,MoOs composites. Two peaks
of Mo3ds, at 232.81 eV and Mo3dj;, at 235.91 eV were assigned
to Md®* species [9,10]. The O1s XPS spectrum can be de-con-
voluted into four peaks relating to Bi-O bond at 530.25 eV, Mo-O
bond at 531.10 eV, surface adsorbed O species at 532.13 eV and C-
O bond of adsorbed ambient air at 532.89 eV [7,9,11]. The above
results revealed the successful synthesis of Agl/Bi,MoOg
heterojunctions.

TEM and HRTEM images of Bi,MoOg and Agl/Bi;MoOg hetero-
junctions are shown in Fig. 2. The as-synthesized Bi;MoOg was
composed of nanoplates with edge length of 100-200 nm. Their
surfaces were very smooth with no other particles on top. The
SAED pattern (inserted of Fig. 2a) of a nanoplate, indexed to the
(060), (062) and (002) planes with electron beam along the [100]
direction, revealed the presence of single crystal with orthor-
hombic Bi;MoOg structure. TEM images of 5 and 10 wt% Agl/
Bi;MoOg samples showed that Bi;MoOg remained as nanoplates
with Agl nanoparticles on top. The amount of Agl nanoparticles
was increases with the increase of Agl content. Moreover, Agl
nanoparticles with < 10 nm fully covered on Bi;MoOg surface of

10 wt% Agl/Bi;M0Og. HRTEM image of 10 wt% Agl/Bi;MoOg het-
erostructures revealed the interplanar space of 0.373 nm corre-
sponding to the (002) crystallographic plane of Agl, indicating the
formation of Agl/Bi;MoOg heterostructure. The as-synthesized
heterostructure has better charge separation and more efficient
carrier transfer comparing to pure Bi;MoOg nanoplates. Thus their
photocatalytic activities were improved [2,9].

Photocatalytic activities of the as-synthesized samples were
investigated by photodegradation of RhB dye as a model reaction
in water to demonstrate the degradation ability of the photo-
catalysts. Fig. 3a shows UV-visible absorption of 200 ml aqueous
solution containing 1 x 10~ M RhB and 20 mg photocatalyst un-
der visible light for different lengths of time. It can be seen that the
intensity of RhB at An.x of 554 nm gradually decreased as the
exposure time was lengthened, indicating the degradation of RhB.
Moreover, the absorption peak shifted from 554 nm to 498 nm,
corresponding to the color change of the solution from pink to
cyan. The gradual hypsochromic shift of the absorption peak to a
shorter wavelength is caused by the N-deethylation of RhB during
irradiation [3,6,7]. This hypsochromic shift was attributed to de-
grade in sequence: deethylation of RhB to yield N,N,N'-triethyl
rhodamine (TER, 539 nm), N,N'-diethyl rhodamine (DER, 522 nm),
N-ethyl rhodamine (MER, 510 nm) and rhodamine at 498 nm [12].
A proposed mechanism of RhB degradation by the Agl/Bi,MoOg
heterostructures can be explained by the following. Band energy
levels of Agl and Bi,MoOg were illustrated in the previous reports
[13-15]. Under visible light, both Agl and Bi,MoOg are excited by
visible light to produce the electron (e ) in conduction band (CB)
and hole (h™) in valence band (VB). In this case, electrons can
easily diffuse from the CB of Agl to CB of Bi;MoOg because CB of
Agl (—0.43V w.r.t. NHE) is more negative than CB of Bi,MoOg
(—0.32 V w.r.t. NHE). Concurrently, holes can diffuse from VB of
Bi;MoOg to VB of Agl because VB of Agl (2.61 V w.r.t. NHE) is more
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Fig. 2. TEM and HRTEM images, and SAED pattern of (a) pure Bi;MoOg, (b) 5 wt% Agl/Bi,MoOs and (c, d) 10 wt% Agl/Bi,MoOg.

negative than VB of Bi;MoOg (2.71V w.r.t. NHE). The excited
electrons and holes of Agl/Bi,MoOs heterocomposites diffuse
through the joint of electric field between the two materials. Then,
the adsorbed O, on the surface of Bi,MoOg was reduced to H,0,
(02/H;0,=0.695V w.r.t. NHE) [16] and further transformed into
OH?®. The photoexcited holes on Agl react with OH  to form OH*
(OH JOH®*=2.72V w.rt. NHE) [16]. Subsequently, RhB was de-
graded and transformed into the friendly products of H,O and CO,.

The degradation efficiencies and pseudo-first-order plot of the
Bi;MoOg and Agl/Bi,MoOg photocatalysts are shown in Fig. 3b and
. The photodegradation of RhB by Bi,MoOg was very low (17.21%)
and the RhB removal by 10 wt% Agl/Bi,MoOgs can reach 92.89%
within 40 min. Obviously, Agl/Bi,MoOgs heterojunctions exhibited
much higher activity than pure Bi;MoOg. The kinetics degradation
of RhB followed the pseudo-first-order reaction [4,7,17] with In
(Co/Cy)=kappt, where Cy and C; are the initial concentration of RhB
and the concentration of residual RhB within the length of reac-
tion time (t), and k,pp is an apparent rate constant [7,17,18]. The
RhB degradation apparent rate constant by Bi;MoOg, 1 wt% Agl/
Bi,Mo0Og, 2.5 wt% Agl/BiM00Og, 5wt% Agl/Bi;M0o0Ogs and 10 wt%
Agl/Bi;Mo0; heterojunctions were determined to be 5.39 x 1072,
4.67x1072%, 6.02x1072, 6.57x1072 and 7.30x 10 2min',

respectively. The k,p, value of 10 wt% Agl/Bi,MoOgs heterojunction
was about 13.54 times higher than that of pure Bi,MoOg. Ad-
ditionally, the stability of highly efficient 10 wt% Agl/Bi,MoOg
heterojunctions was evaluated by recycled testing (Fig. 3d).
Clearly, photocatalytic efficiency exhibit insignificant reduction
after three-recycled test. Thus the 10 wt% Agl/Bi;MoOs photo-
catalyst is quite stable without suffering photocorrosion during
photocatalysis.

4. Conclusions

In summary, Agl/Bi,MoOs heterojunctions were successfully
synthesized by deposition-precipitation at room temperature. The
results show that Agl/Bi;MoOs heterojunctions contained Agl na-
noparticles with < 10 nm diameter supported on surface of or-
thorhombic Bi;MoOg nanoplates. The 10 wt¥% Agl/Bi;MoOg het-
erojunctions can degrade RhB up to 92.89% within 40 min under
visible light and its k,p, is over 13.54 times higher than that of
pure Bi;MoOg nanoplates.
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Heterostructure AgBr/Bi,MoOg nanocomposites for visible-light-driven photocatalyst were synthesized
by deposition-precipitation. Upon characterization the nanocomposites, cubic AgBr nanoparticles were
detected to adsorb on orthorhombic Bi,MoOg nanoplates. Effect of AgBr contents on photodegradation of
rhodamine B (RhB) under visible white light was investigated. The 10 wt¥% AgBr/Bi,MoOs nanocompo-
sites exhibited the highest photocatalytic activity of 97% within 40 min. A mechanism for photo-
degradation of RhB by AgBr/Bi,MoOs nanocomposites was also discussed.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Recently, Bi-based semiconducting photocatalysts such as
Bi,MoOg [1,2], Bi,WOg [3] and BiOCl [4] have attracted a lot of
interest for wastewater treatment due to their non-toxicity, sim-
plicity, cost-effective, long-term stability and outstanding catalytic
performance [2,3]. Among them, Bi;MoOg has a great potential
photocatalyst in splitting of water and removal of organic pollu-
tants [1,2] because of its relatively narrow energy gap (2.5-2.8 eV)
[2,5]. To improve photocatalytic activities, heterostructure nano-
composites are promising materials. They can reduce recombina-
tion of photoinduced electron-hole pairs during photocatalysis
[2-4]. AgBr is sensitive to visible light and has been used to
improve activities of photocatalysts because of its visible light
absorption, narrow energy gap and effective separation of photo-
induced electron-hole pairs [6].

In this research, highly active AgBr/Bi,MoOs nanocomposites
were successfully synthesized by facile deposition-precipitation.
Their photocatalytic activities were investigated through the
degradation of RhB under visible white light.

* Corresponding author.
E-mail addresses: phuruangrat@hotmail.com (A. Phuruangrat),
ttpthongtem@yahoo.com (T. Thongtem).

http://dx.doi.org/10.1016/j.matlet.2016.02.125
0167-577X/© 2016 Elsevier B.V. All rights reserved.

2. Experiment

Each of 5 mmol Bi(NO3)3-5H,0 and Na,MoOg was dissolved in
100 ml RO water and mixed together. The obtained solution was
stirred and adjusted the pH to 6 by 3 M NaOH. The system was
hydrothermally processed at 180 °C for 20 h. The as-synthesized
precipitates were washed with distilled water and ethanol, and
dried at 80 °C for 24 h.

To synthesize AgBr/Bi,MoOg nanocomposites, 0-10% AgNO;
and NaBr by weight and 2.5 g Bi,MoOg were dissolved in 100 ml
RO water with magnetic stirring for 24 h. Subsequently, the as-
synthesized products were washed with absolute ethanol and
dried at 80 °C for 24 h.

Phases of the products were investigated by XRD (Philips X'Pert
MPD) operating at 30 kV and their morphologies by TEM (JEOL
JEM-2010). XPS spectra (calibrated to a C 1s peak at 285.1 eV) were
carried out using an Axis Ultra DLD-Kratos Analytical with a
monochromated Al K, radiation (1486.6 eV).

Photocatalysis was evaluated via the photodegradation of RhB
under visible white light. Each experiment, 20 mg photocatalyst
was added to 200 ml 1 x 10> M RhB aqueous solution. Before
illumination, the suspensions were stirred in the dark for 30 min
to obtain adsorption-desorption equilibrium. During photo-
catalysis, 5 ml solution was sampled for every appropriate time
intervals. The RhB concentration was determined by a UV-vis
spectrometer (Perkin Elmer, Lambda 25) for determination of de-
colorization efficiency [1].
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Fig. 1. (a) XRD patterns of Bi;MoOs and AgBr/Bi;MoOgs nanocomposites. (b-f) XPS spectra of Ag 3d, Br 3d, Bi 4f, Mo 3d and O 1s of 10 wt% AgBr/Bi;MoOs nanocomposites,
respectively.
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Fig. 2. TEM and HRTEM images, and SAED pattern of (a) Bi;MoOg, (b) 5 wt% AgBr/Bi,MoOg and (c, d) 10 wt% AgBr/Bi,Mo00Os.
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Fig. 3. (a) UV-vis absorption of RhB in the solution containing 10 wt% AgBr/Bi;MoOg nanocomposites under visible white light within 40 min. (b) Decolorization efficiency
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Fig. 4. Photodegradation of RhB by AgBr/Bi.MoOs nanocomposites.
3. Results and discussion

Fig. 1a shows XRD patterns of Bi;MoOg and AgBr/Bi,MoOg na-
nocomposites. The pattern of pure product can be indexed to or-
thorhombic Bi;MoOg (JCPDS no. 21-0102) [7]. The AgBr/Bi,MoOg
composites exhibited similar XRD patterns to that of Bi;MoOg,
including the detection of new peaks at 20=31.00 and 44.28° for
the samples containing 5 and 10 wt% AgBr. The additional peaks

were indexed to the (200) and (220) planes of cubic AgBr (JCPDS
no. 06-0438) [7]. There was no change in the peak positions of
AgBr/Bi,MoOg nanocomposites, comparing with pure Bi;MoOg.
The oxidation states of elements in AgBr/Bi,MoOg nanocomposites
(Fig. 1b-f) were investigated by XPS. XPS spectrum of Ag 3d pre-
sents two peaks at 373.93 and 367.89 eV assigned to Ag 3ds; and
Ag 3ds, of Ag™ ions [8], respectively. The Br 3d shows binding
energy peaks of Br 3ds; (69.34 eV) and Br 3ds), (68.32 eV) [8,9].
The Bi 4fs; and Bi 4f;), of Bi®* ions were detected at 164.61 and
159.29 eV [5,9]. The binding energies at 235.75 and 232.61 eV are
specified as 3dMos, and 3dMos), of Mo®* ions [5]. By Gaussian
fitting, the peak of O 1s shows binding energies at 530.13, 530.94,
532.00 and 533.00 eV due to the presence of Bi-O, Mo-0, ad-
sorbed water and O-H groups on surface of AgBr/Bi,MoOg com-
posites [3,5]. Thus AgBr only adsorbed on top of Bi;Mo0Os.
Morphologies of Bi;MoOs and AgBr/Bi,MoOg composites were
investigated by TEM (Fig. 2). In this research, pure Bi,MoOg nano-
plates have edges of ca 100-160 nm. The SAED pattern of individual
nanoplate appears as spots of electron diffraction array, implying
that the nanoplate is single crystal. The pattern was indexed to the
(060), (062) and (002) planes projected along the [100] zone axis.
The morphologies of 5 and 10 wt% AgBr/Bi,MoOg nanocomposites
present AgBr spherical nanoparticles with <20 nm diameter sup-
ported on surface of Bi;MoOg nanoplates. HRTEM image of 10 wt%
AgBr/Bi;MoOs nanocomposites exhibits lattice fringe with
d=0.284 nm corresponding to the (200) plane of Bi,MoOg and with
d=0.364 nm corresponding to the (131) plane of Bi;Mo0Og. In
summary, AgBr nanoparticles adsorbed on top of the Bi;MoOg
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nanoplates. This full connection favors electron transfer between
AgBr nanoparticles and Bi;MoOg nanoplates during photocatalysis.

Photocatalytic activities were determined through the photo-
degradation of RhB by pure Bi;MoOg and AgBr/Bi,MoOgs nano-
photocatalysts under visible white light. Fig. 3a shows a temporal
UV-vis absorption of RhB by 10 wt% AgBr/Bi,MoOg photocatalyst
for 0-40 min. During exposure, the absorbance at 553 nm was
gradually decreased and shifted to 496 nm due to N-demethyla-
tion of RhB molecules [1]. Fig. 3b shows the photocatalytic activ-
ities of pure Bi,MoOg, and AgBr/Bi,MoOg composites under visible
white light. In this research, the efficiency of Bi,MoOg is less than
those of AgBr/Bi;MoOg nanocomposites. With the increasing of
AgBr content to 10 wt%, the decolorization efficiency is the highest
at 97% within 40 min. The RhB degradation rates by pure Bi,MoOg
and AgBr/Bi;MoOg composites (Fig. 3c) follow the pseudo first-
order reaction [2,3,8]. The reaction rates were 6.47 x 1073,
3.81 x 1072, 8.47 x 10~2 and 9.66 x 10~2 min ' for pure Bi;MoOs,
1wt% AgBr/BiMoOs, 5wt% AgBr/Bi;MoOs and 10 wt%
AgBr/Bi;MoOs samples, respectively. Fig. 3d shows the photo-
catalytic recyclability by 10 wt% AgBr/Bi,MoOg within five cycles.
The efficiency for photocatalytic degradation of RhB by 10 wt%
AgBr/Bi;MoOg at the fifth cycle is 80%, 17% reduction w.r.t. the first.

A photomechanism based on energy bands of AgBr and
Bi,MoOg is proposed (Fig. 4). Under visible white light, photo-
excited electrons transfer from CBgiamoos) t0 CB(aggr) including
generated holes from VB(gizmo06) t0 VB(agsr). The transfer process is
faster than electron-hole recombination. The electrons of CBiaggy)
were released to Oyqdsorbea) t0 produce *OH radicals. Holes of
VB(agsr) reacted with OH™ to produce *OH radicals. These *OH
radicals are very oxidative and subsequently transform RhB mo-
lecules into H,0 and CO, [10-12].

4. Conclusions

Heterostructure AgBr/Bi,MoOs nanocomposites were successfully
synthesized by deposition-precipitation. The 10 wt% AgBr/Bi,MoOg

nanocomposites exhibited the highest photocatalytic activity and are
the promising material for a practical application in removing or-
ganic contaminants for wastewater treatment.
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