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Abstract

BiOl, F-doped BiOIl and Br-doped BiOl photocatalysts were synthesized
by ultrasonic method. The as-prepared samples were characterized by X-ray
diffraction (XRD), transmission electron microscopy (TEM), selected area electron
diffraction (SAED) and X-ray photoelectron spectroscopy (XPS). They found that as-
prepared samples were tetragonal BiOl phase and clearly revealed the presence of
BiOl nanoplates, F-doped BiOIl nanobelts and Br-doped BiOl nanobelts. Doped ions
were successful incorporated in the BiOl lattice. Their photocatalytic activities were
evaluated through the degradation of rhodamine B (RhB) under visible light
irradiation. In this research, the 10 wt% F-doped BiOl and 10 wt% Br-doped BiOl have
the highest photocatalytic activity of almost 100% and 98.88% within 180 min.
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From: A.F.W. Willoughby <eesserver@eesmail.elsevier.com>
Date: Fri, Nov 3, 2017 at 4:11 PM

Subject: Your Submission MLBLUE-D-17-04876

To: phuruangrat@gmail.com

Ref.: Ms. No. MLBLUE-D-17-04876
Sonochemical synthesis and characterization of BiOl nanoplates for using as visible-light-driven photocatalyst
Materials Letters

Dear Dr. Phuruangrat,

| am pleased to tell you that your work has now been accepted for publication in Materials Letters.

Comments from the Editor and Reviewers can be found below.

When your paper is published on ScienceDirect, you want to make sure it gets the attention it deserves. To help you get
your message across, Elsevier has developed a new, free service called AudioSlides: brief, webcast-style presentations
that are shown (publicly available) next to your published article. This format gives you the opportunity to explain your
research in your own words and attract interest. You will receive an invitation email to create an AudioSlides presentation
shortly. For more information and examples, please visit http://www.elsevier.com/audioslides.

Your accepted manuscript will now be transferred to our production department and work will begin on creation of the
proof. If we need any additional information to create the proof, we will let you know. If not, you will be contacted again in
the next few days with a request to approve the proof and to complete a number of online forms that are required for
publication.

Thank you for submitting your work to this journal.

With kind regards

Professor A.F.W. Willoughby

Editor

Materials Letters

Comments from the Editor and Reviewers:

Reviewer #2: Good work - recommend accept without change.
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l I Gmall Prakasit Intaphong <intaphong.p@gmail.com>

Invitation Letter

IUMRS-ICA 2017 <no-reply@conf.tw> Sat, Oct 28, 2017 at 7:54 PM
Reply-To: IUMRS-ICA 2017 <iumrsica2017@gmail.com>
To: intaphong. p@gmail.com

Invitation Letter

Dear Mr. Prakasit Intaphong,

It is our honor to invite you join 2017, 181 International Union of Materials Research Societies-International
Conference in Asia, IUMRS-ICA 2017. T am pleased to inform you that the abstract entitled "Effect of pH on
formation of BiOI synthesized by sonochemical method and its photocatalytic activities for degradation of rhodamine
B" which presented by Mr. Prakasit Intaphong has been accepted by the 2017, IUMRS-ICA Committee after review
for merits. The number of the abstract is 0029 in session DS.

The program book is now available on the conference website. Please check your presentation time and it is a
mandatory requirement that you attend the conference to present your work. Please make the necessary travel
arrangements and VISA /Taiwan Entry Permit applications as early as possible. Your participation is the key for the
success of the [IUMRS-ICA 2017.

We sincerely look forward to meeting you in the conference.

Best Regards,

IUMRS-ICA Organizing Committee, MRS-Taiwan
Dr. Alex Peng

President, Materials Research Society-Taiwan
E-mail: iumrsica2017@gmail.com
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Best Regards,
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The 35™ International Conference
of the Microscopy Society of Thailand (MST35)

30 January 2018 — 2 February 2018, Imperial Mae Ping Hotel, Chiang Mai, Thailand

Co-organized by Faculty of Science, Maejo University and The Microscopy Society of Thailand

20 June 2018

Dear Mr. Prakasit Intaphong

This is an official notification to inform you that your extended abstract entitled “Sonochemical synthesis and
characterization of Br-doped BiOl as photocatalyst and its photocatalytic activities.” has been accepted as “Oral

Presentation” in Physical Science session in the 35" International Conference of the Microscopy Society of Thailand
(MST35).

The details of the conference can be found on the conference website (http://www.microscopythailand.org/mst35/).

We are looking forward to seeing you.

Best regards,

Associate Professor Dr. Thapanee Sarakonsri
ACADEMIC CHAIR (Physical Science)

Associate Professor Dr. Wisuit Pradidarcheep
ACADEMIC CHAIR (Biological Science)
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nanenfiuguiesoanledishinen (Superoxide radical, ‘0,) dlsaazvhufisenfutivie
lansenlanlonay (Hydroxide, OH) iisidulansendaisinea (Hydroxyl radical, ‘OH) Lan

a X ° aaa ) a a6 a ' I ¢ «[13]
ishreaataziujisendvanstunidiadulianadne 1w dmsensueulasenlas

Jaseiifnadenszurunmsinlauaniladn

1J3z§w%mwmaqmzmumﬂw1mmeiaaﬂﬁ?yjluasﬂJﬁ’U{]ﬁlé’amaumLLazmstu
e fuUsiiedestutladuneuen Taun N1SAIUANANTILAN LU ALLTULES (Light
intensity) ATUENIARULAY (Wavelength) aiie (pH) vesansazane USunausiseufisen
(Catalyst loading) uazamugil (Temperature) Uudu drutdadaaelunazdnvuznig
menmuagiailagiigitesivantianzfvesianssufien Wun Tassadraudn vune

auNALAEIUTRINENadoANaNNTa USSR Eeeuas Ineladaneusnuaslade

(%
Yo A

melussurelanadl



Yadunieuen (Extrinsic parameters) l6in

1. ANULTNLES (Light intensity) LAZAIILETIAA LA (Wavelength) 9%
duiusivnautesinamdnuesiusaujisenlunmsnszduliingdidnaseu-lea Anue
pdunasTisnzanlunsnszduoiseglutismeuassanstbileianudetasuasiueaiiule
G‘z’gjjuasujﬁ’mmmiamqwé’wu

2. 9auMnilveIUfisen (Reaction temperature) dnsn1siinufnsenly
nszvaunsiilauanladnassainlusnsiinmngumgilud §isergandeniuly
idesandmsnsmilnivesgdidnnseuleaazifnliognanniinaeduanuioulay
mi@m%’w%Lmiﬁuﬂwméf’sLi'ngﬁ%m%amaq

3. AiileYVesA1TALANe (pH of solution) ﬁmam’amiLﬂﬁsumﬂizquuﬁuﬂa
vosfussUfizendemussquuitufndinadensgaduansdunidine mevfiudsundasly
mmamﬁm%aamﬂ%maﬂamaﬂiezjm‘iaaauﬁﬁuﬁwmﬁaLi'ngﬁ%ms?faﬁma&iamslﬁmm
lensendaishnea uenantuudamfevdsiinadeainnuaioslunianszaisdives
A138raNENaNITNINAILIUR AT LAz aNTUTENUBUNSY (Dispersion stability)

4. USanaudruseuisen (Catalyst loading) winfundullagyiliasiidos
rulugsfusalfitoranaiosniinnuiivuasnnviliauansalunissajizede
wavanas fadudielinisiiaufaserlunseuaunstilauanlafnldfdeiusunasiss
UfRTeTmngaudulTunsatsazans

Yadunelu (Intrinsic parameters) loin

1As9a319man (Crystal structure) YUIMYNIA (Particle size) wazituian
(Surface area) \Judddglunmsiivanuamnsalunssurunisinlawaniladin Tnesuse
UFRsefitvuneyniadnluseivuTumasaediuifionn faduderluntsianlddy
éff;L'i'wfjﬁ%snLﬁaqmﬂmiﬂizﬂauéum%azammgﬂ@@%’ﬂiﬁfﬁﬁ%mmﬁuﬁwaaﬁ'zrjwﬁﬁ%m
IHusnasnnilfAanszuaumsiflawenlafnldfnidissufiseddauiaates™

nMsUFuledafaufisemeuaailaiiuianssuvasiasafitemauss

nszuIunsilauanilafnaunsimuis U fR3eMauan 835N 156199
Wolfinauausalunnisufterdeuas 1y madedelansuazelavs (Metal/non-
metal ion doping) LLazmiﬁﬂLﬂﬁa@mamﬁ’umﬂaaauﬁﬁaﬁwﬁ@ﬁu (Composite
semiconductors) a5uneiléiiiail

1. madedslessulavzuazelany Tanefithunidefionisusuudeiiui
anusauusenlavatengs wu nqulaviensiuddu lown wan (Fe) naawas (Cu) Muniey
(v) finiAia (Ni) wazlaveas (Co) tlusu uazngusinelave loun lulasiau (N) uazneanesa
(P) geUszasAvasnisiomelansniudtunaznausinelansfoifieriliinsalfazen
anunsagnnszdulilutisuasieaiiuldfifanueniadulurag 400-700 wiluiuns tie1dy
nsusendandsauilesninlusaseniindduiiuasludiuasiiveadiuldoguinds a6% lae



aaa

lesewveslanzuazelanzannsoteifiunisaiomdidnaseululasaivosiiisl§azen
ylinszurunstilauanilafiniiussandamgedu Snadsanunsnfiufiufiialsiudags
UfAzeldBnse eunanvuneymaiianas viliiuamansolunisifiansyuaunis
Ilauanilafnvesdussfiserdmiunistevaaieansdunse iaaamaqm@mmﬁmmrﬁa
\ilwmdl (Substitution) Tuswmisvedleseufululassairsvesiussufjisomnisad
leoou (lonic radius) TnatAssiuiulessudn uavnsrillessudnrselugnitlesoulfuas
vl sadnluwdiduwniniuvedessuduld usazannsadiluunsn (nterstitial)
Tulassairsvosinssufisenls dafinalndauanslugud 2

Cu-doped TiO,

A
<|v 4{>\) = ”
D 5 A % o,
\) Dopihg energy

h* h* ht h: VB

a | aaa v . Y] o 8 \[15]
U7 2 nalnvesnisisaujisemeuesues TiO, Aidere Cu (vien)

nadedesalavzuazelaneddoie annnsunarlibidnaseuldmiulng
Juegiuvinvessmiieitinlugeindusiindu (N-type) nieuiiadt (P-type) Inesniidu
Taveveslanvanusaasnetussiundsnugossenirnnauduuusuasaeuindunuudly
Tnewduduiidudounnses (Defect) MAntunelugussufisen ity Yorirseseendiau
(Oxygen vacancies) Ingdidnasouaniauduuusozansanasuilydmusysundaay
doviliflognnasdusenaieuiinsindoufinolussrousnduwuud demalvindsuildluns
nszdllsidnasewndeuiiludineusniunuudanas Tnsunfudlaveiiieasludaeshuihii
Tunsdndudidnasowitedudenisndulusimiuintve didnasousazlon vlfiia
nsvuaunstlauamladnlinuiusariiussavsnmdnintuiues

2. maidutaawaniuansisfauindedu & 2 uuu fe wuunisdouse
(Coup ed semiconductors) LagkuuUNIIAg (Capped semiconductors) Guamsumaamwau
MapuUEe annsausndidnasouadleald ewnmusiweautesiandanudivi
IAnnsaneleudidnaseunasleaiiotu Suilisyansnmusinmsissufisedeuasitu



freg19v0sarsnediiansainduiaguanuuuidonde wu uaaidoudalyld-
Tnwileulaesnlan (CAS-TIO,) Fandalua-lwieulaesnlan (ZnS-TiO,) é’qgﬂﬁ 3 Lﬁ'a%fa@
wenliFundsnuasnnszduLdazyilfAngdidnnseulea ienszuunstilauaniladn
Aty Sidnaseunarleatsiimateloussniansians iesanssdundanuiiunnseiu
Guaqawaﬁqaaaﬁﬂﬁmmmamé’m'ﬁwmiﬁmﬁ"ﬂwmm@j@LﬁﬂmiauLLazIaa A708198a1T
Aeinhiianansavindutaguauuvuegy wu nmideulaesnludiignaquiiefiuesnlad
(TiO,-capped SnO,) waglminiieslaoenladiinguiedaneulasenles (Tio,-capped SIO,)
faguit a maietaauasludnvardlnmdeslaoonledazgnunaquinedaneulneenlys
FiuSudnfesliiseeendndulunseuiunsinlaweniladn®!”

e TiO
AN A < cds 2
< D\ Reduction reaction
CB H,O, OH

2 \ Wi CB

~S ,

" | OH
o, | hv

Band gap

Oxidation reaction

vA g
< >
A4

7P

= 1 aaa ;% [ d‘ 1 . ] 901 [16]
SUN 3 nalnvesmsieuisenmeunasasTannauLuuiouiaves CdS-TiO, (vie1)



H,O, OH @
‘OH

Oxidation reaction

Qll 1 aaa ¥ o/ . N o 90} [17]
JUN 4 nalnvesnsiauisenmeunasvas TannauLuuaquYes Sio, Tio, (11e1)

F9an3lalia (Ultrasonic method)

Boaniledaduitnsduaneitanuianis lnsrdusaniledaduaiu
\desidanuigeunnnit 20 Aladsed aue 10° Aladsnd Fadurisenudfiyuywdlsl
anunsnldBu iszyvesuyudlddudeddudaseud 16 9 16,000 Bend danrudiiged

D

D

AoliAniiwanaail Mediine wazmnaiidnd Tnerdwdesdandladiafianuusannasii
iAW INA LARANURLES wazAnanufouansd Tnamaaiiannsathuldusslovd
lunsdaasienTanld lngannsalilinnisesndindu 1Ann1saanesi n1siuasas uaz
msiianEnls g

nsinUiselagissanilatia Aeni1sinnsyuiuegI TuLsIvaInasly
vounawililinAusaudsussunu 5000 taaiu neolviAnAuAudslszaiad 1000
UssBINIA (atm) AeliiAnnisiiuanuieu (M3enisan) Mesnsiunmimauinnin 109
aduAed g (Kmin’) waztinpdunszunnvuiadnniolulasiin (Microjet) finauisa
Uszanas 400 Alawumssiodalus (K-h ™) WosThAnaindu (Cavitation) (hidsuanueamnan
Hule) urleswesaynyinia fufl 5 ayaniesiinannisiiiuiiafiadoudisa (Fast
moving surface) funiisanunaiuvetaIfiies (Inert liquid) vrliAanasiwesnudu
fummaiianansnevuzussisganisluluianavesveamalarindueiaiinanveluys
(Ventury tube) a1nidaaudugsiifimanauegnesnis sandlefedindunindsud
gnld (Wdsudunm) azgaivAsuduanuideaniu arwduliu rdulazaiedu dndiu
maqwé’muauwwﬁgﬂLﬂﬁauLfJuﬂﬁm%’u%%uayjﬁwmaq Hadeileduronisindouiives
gunsailviliAsaAndueudivesnnsadutiadovieiifinnuddnuindundaisina
sensdsuulamdsmudunimdusgnaivssansam m’mLiqﬁqwzfidﬁﬁmmaﬁhwm
Auduivnuy Ima?iﬁwiﬂﬁﬂﬁﬁmﬂmq@@ﬁﬂﬁﬁﬁmﬂﬁuLLmuﬂWiLﬂﬁauﬁmummmm
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v04nausandludn ﬁQﬁ'ju?Jqﬁmwmﬁqqm fagll mdauﬁqwmwé’wuLLazmmiaﬁﬂﬁ
symAaanmsdukaziAnUfzenssrietuls

Fandledafinadonisiiaufitensevindissufitomiaad Tnedinisiia
wakaendaudilulunmasaufitafunndetuiidass fisefegludunouiiunnsiaiy
wielansdaduduiansnszaediuiuiiilituasaedu Safanlfduitnsduaseil
Sl

ene viaaganmasdadnniely
et

NUNIUIIIUNTIIA

X. Qin wazenz (2013) 2 lgvin1sdauasizii BIOX (X= CL, Br and ) Tne3d
Twalameduea fldveanadlossiindisaudie Tnen15in BiNO,),5H,0 wag 1-hexadecyl-
3-methyl-imidazolium  chloride  ([C;{gMIim]Cl),  1-hexadecyl-3-methyl-imidazolium
bromide ([C;cMim]Br) ag 1-hexyal-3-methyl-imidazolium iodide ([CsMiml]I) Fauduunas
Wam ClL Br wag | muansu éhasmﬁLm%uiﬁﬁgmmﬁgﬂiwL*f]ul,wumqﬂammmlmimﬁlﬁm
MNMITIFITuTesuHuTIAI LAY 10-20 wluiues uaiidurugudnaiaade
Wi 1.5-2.5 254 uag 3-4 lulaswas d1w5u BIOCL BIOBr uag BIOI aududadivuin
Tngumuiavesnouiifintuthues warlasiasandnvesheganauilasadaduwuus
asvlnueawsleufurioun LLazﬁmﬂmﬂumﬁﬂﬁqaé’w Na21n DRS WU BiOl HLauUte9Ing
WEWWINAU 1.76 eV Fatfoandn BIOCL uaz BIOBr Miflkaudaainand s umafu 3.20 uas
2.72 eV arwiddu dawalyt BiOl TuszAvBawdiafigaluniaidudiislfzemsuadlunnsg
aanesvas MO melduasfiveadiuls Tnganunsaaans MO linelunan 60 wni

F. Cao wazaniz (2015)° Ifinnsdaasiesd Bl Afigusrandienenls!
g luiiiinannssufuvesduunly Tngldisnsdunssiansazaiood195ia5a9
qm‘mgﬁﬁm (Rapid room-temperature solution synthesis) lagld Bi(NO5);+4H,0 way PVP
wavarslulelalnsmiuea (sopropanol) wazvinsiiia K asly dwsu Biol fildilaseadna



Junvuwmesglnuea waslianudundngs dugnineiwes Bol fgusiadienentdiduwuy
aufiFniAnannssmiiusesusuunuAidurugugnans 300-500 ulumng wazdanm
v 30-50 uluns Tnefiusvuludanaldindanuvgszeg Tne PVP Aiduasiuagluvinli
gupeuduulufivuadnas waziiliiuiiiaves Biol wiuwndu lelelnsniueailds
forninemusariinduuazi iesanilviAamanszediidussiiuavesoymadidn
farwiauily wazdszavsnmaes Biol Tunisiludissufisemuaslunisaanesiives RhB
melduasiivoatiuld Tnsanunsnaans RhB WWnelunan 80 undl

s. Xie wazamy (2018)°7 IGvhnisdaasied BOl fifowsneg Tdansedy
WJu  BiNO,)y5H,0 azarsluleniuea uagniunaeniiatigaumgives 1niuFanen
a1sazane Kl adl wasu§uiondu 3 7 uwaz 11 auddu BiOl iduaseildduiilassadis

[ '
== IS

LfJummﬂﬂuaaLLazﬁmmL%J’mmﬁﬁqwumaﬂLamﬁumﬂsﬁu BiOl A3Usadunuuunulasdl
valvytudefienfstuseduiuiiiniuiifios 11 funflaauiiu 9.82 ssaunsee
n¥u Gefifedmsunindusinssufitemuas

A C. Mera uazamy (2010)% 18innnsdaasiesd BIOl annansssguie
Bi(NO)s-5H,0 wag 1-butyl-3-methylimidazolium iodide ([omim]) lngldiefiaulnanea
Jusvhazanes dueseilagitlealunosuoa feamai 120 ssmiwaldoa 1uian 2-48
Falus Biol FileTidnwamunsanau Tae lomim]l vwthAduiunasues | wazansmamwan
Jevililseyniadidunssnan laan 230 ks eymAszuLuninf 48 Halus fvunn
oymads 4-5 lilasiuns Msznovarnuiuuluiifusyniansanay TEM Suduins
nauves B0l LAnnN1susznaufiuvesiuuly nsgadukaznisaiglulasiaunuinla
Tassarafuuuudnuazdugngurunnnas (Mesopore) (2-50 wiluing) fvuingnguiian
an 20 wiluiuns wagdliuiing BET ogseming 42-58 msnaiumssion3u Tassadnenes BO
Junvumeselnueasazlififirvesansdudovy dethlunaaeunisaarssvesddouneld
wasgFidda elfiaanansuas 1 4alus wudh BiOl finan 12 Halus awnsaaareddonls
1NTgntie 855 %

L. Al wagai (2014) " Ievinsdaasnesi BiOl Afgngu Tnsnnsdaasizsi
MnaEsRaFUAe BIINO,)s5H,0 wag Kl Tusnsidruniadenis Wiviazarafuediaulna
ADa daATElaeslulasIN (Microwave) Nan1sNAaaInuiI Biol ﬁﬁuﬂiwwﬂéfﬁuﬁgﬂﬁnq
nsnauAAenanldivwInTEIng 500 wiluwuns te 1 lulasiuns lnensenaudsenaunie
wrluunludisianunun 20 lulasiuns wUszneuiudugusnmsanauadienenld gle
Wisuifsuiunisldeniaulnaneaidusinazaielagizlsalumeduea aaululasindud
FomilnAanstrdetuiiiasianislavesmdnlas Tassadieves BOl filgAslaseasis
wnsglnuea fiinistavenanlufienia (110) Huifinwes BIOl SAwyiify 31.5 msiaunsee
n%u Tneldivadia BET nisaansddounaslnsalaeld BiOl awnsaaansddounaslnisniia
ANULLNTY 60 Taansusodns la 85 %



10

H. L wazpmy (2013)°) 1eviinnsdaasiess BiOl 1aeld BiNOs)s 5H,0
(0.9701 n5Y) ua K (0.3320 n3u) Ineldiefidulnaneaidusinarate duaszilagitlalns
wiesuoa figamndl 433 ey Wuan 24 $alus Taseadrsues Biol Alddulassadrauun
nsglnuea Svuiananedsiifu 14.26 wiluwns Nuiiia BET iy 30.8 msiaunsde
n$u Bl fidaiaszsildanunsnganduuadladlutg 350-850 unluiuns uagila £, witfu
1.75 didnaseuliad dlevihnismageunisaansansdunidlaeldddon MO uay MB neld
wa UV WSeuisunu TiO, P25 wuin BiOl ﬁﬁamiuéfmimﬁﬁ%mmumﬁqm’j'} P25 lag
10, h' way H,0, Wunaddelunisaaiedden MO uay MB

Y. Long warmme (2016)°° léinisdaunsizsd Bol Tngldansieduie
Bi(NO5);-5H,0 Ingldiefidulnameailudvinazate waviiu K asld Tnudauasiesisneisnig
anaznausaw BiOl Aldilassadadunnselnuea Inglififinvesansduievu duginen
294 BiOl Lﬂuwiaﬂamé’wmﬂiﬂﬁLé’umuquéﬂmqLa?{aﬂizmm 400 wiluuns fivsznau
mﬂLwiuu’ﬂluﬁﬁLé’umu@uéﬂama?{ﬂmzmm 100 uluwns Minadusaznisaelulasiay
wui BiOl lsddnwaziduswsuruinnans wazdfiuiiin BET wihtu 65.4 maasnseniy
FudunarrenisinlUaansanssunisluiivuieuddonls Tnennaeufiuadon RhB MB
waz MO melduasiiveuiuld wudaiwisoaansddon RAB MB waz MO léivindu 98.7
76.9 uay 45.5 WWosidud

H. Li waganz (2017)° lévinnnsdaiasnedt BIOI Midesesinduiion (In)

o |

Tneldansdaguiio BINOS)s 5H,0 Ki uag In(NOs); dndruluaues InBi winfu 12 uas 4 %
avanglui DI duaswvideiBlelasmosuoatioumgfl 160 ssmuwaiiea Wuinan 2 Falus
wa XRD 184 In-Biol flassafradunnselnuealaglinufinvesarsduievu dugninen
Y94 In-BiOl y)ndhegelizusradunuuwsuulunatnatsvuiafifianuvun 60 uiluiuns
\denaaeunisaaeddon MO meldasiiueuiiuld nudriide in 2 wWefidud uanns

VAR0INANAR warAndd BiOl USawns arunsaaaieddon MO 1a 96 % aeluvian 90 wi

IgUIzeA
1. WiveLsEuANsIUATeMMas BIOl wag BiOl Mionie F uay Br wevstluly

' 1% 1%
a 6a IS

Wudussujisermanadlunisgesaasluanaasdunsgnuuleuludndsainlssny
RAAMNTIULALNTEUIUNITNINAL

2. \iefnuarmdnuuzianizvesdassUiisemnauas Biol uag BiOl Miade
lopauau

3. WleFeuivdnnsiheiaiesieinemansine ilefnulassaine duginen
wazUfizedussufATemnaLases BIOl wag BiOl Midedelesauau

4. Wlefnwwaveslonauauidolu B0 seufATendssufAzenmauasas BOI
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102

u = nknown phase

(110)

2| pH 12 )
5| & T T8
= — O
2 s c g
£ [pH 10
L e et
S|pHE J
.E .Pll
@ |pHB
E
pH4
pH 2
20 30 40 50 60

26 (degree)
JUN 6 JULUUNSReIuRessdiend (X-ray diffraction pattern, XRD pattern) 44#tss
U381 BIOI 91 pH iy 2-12

msnwlassaiandnuesiaussufiten BOI 7l pH winiu 2-12 Taeldvade
XRD fauansluguil 6 axdiulddnfianisidenvuees Biol idulasadendnuuuinnsyinuea
(Tetragonal) FsdanAdosulenasInTg U JCPDS nueLay 10-0445°" XRD pattern ¥4
BIOI 1 pH Wiy 8-12 laiuansfinuesansiievu dw BIOI 7l pH Wiy 2-6 asUsInginves
a1siievu iliArmnulduianivesans asulddn BIOl awsndansewldad pH ity
8-12

MsAnwmsdugAnewesiassUzemsuastagly TEM uansuassgud
7 (a, ¢, e) agwiulean BiOl pH 8 T4 pH 12 mﬂamﬂuumuuﬂu (Nanoplates) L’iEJUL%"E—NWJ

<

Houriuog slevhmsissudieuiegaisauasnui BiOl pH 12 fvuausiudniian A
gIILAaLAUUTEUIM 300-400 W1 luLuas (Nanometers, nm) wﬂmwyummiumi
AeuFAsemnniianduteflunsdaatuniaufiseinlauanlafinléfuntu Tuguil 7
(b, d, f) SAED pattern 44 BiOl pH 8 fis pH 12 wiulsdn SAED pattern w4 BiOl Us1ng)99
anstunansindundnidedfiianudunandiann Tnoudundndssurugiuuu fessunu
(110) (200) waz (1-10) IneRmtvesunuulufuuLLaza1FassuIU =(001) wazfiveu

VDU UADTZ U +(110)



13

((110) (200)
.(110)

(2Q0) -

" q10)- _*110)
& 3

gﬂﬁ 7 mwmmﬁamammﬁ@Lﬁﬂm@mmudm&i’m (Transmission electron microscope,
TEM) ’gﬂLLUUﬂWiLgSULUUﬂJ@Q’SLﬁﬂ@ﬁ@Uﬁ]’lﬂU%L’JmﬁLa’e]ﬂ (Selected area diffraction, SAED
pattern) LagAMIINNEDIANTIAUBLANATOULUUABINIUAAIVEEES (High resolution
transmission electron microscope, HRTEM) (a, b) pH 8 (c, d) pH 10 wag (e, f) pH 12

(@) (b)
5 5
3 §
£ 2
< =4
= =
g g
€ k=
156 158 160 _ 152 184 166 168 526 538 530 532 534 536
Binding Energy (eV) Binding Energy (eV)

Intensity (Arbitrary Unit)

]\
615 620 630 o35

625
Binding Energy (eV)

5UT 8 anasuann XPS veedusaufiisen BiOl pH 12 (a) Bi 4f (b) O 1s ua () | 3d
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U7 8 (a-0) uamsatnasuanniendisdinlndidnnseuaiunnsalad (X-ray
photoelectron spectroscopy, XPS) w@4faLsaufiisen BiOl pH 12 1dun1siaszi
sfUsznavMaAdiuuiiuivesiaesns Tasannsanufiaves Bi O waz | Tuzuil 8 (a) Bi
af,,, and Bi 4fs), wanslufinfl 159.18 uay 164.49 eV Auddu NNAIv09 B aglugures
8" ugui 8 (b) 1 fiAves O Uszneushenanefialasfiafl 530.03 eV Luflaves O Tusiusy

Bi-O dufindue auidusandiau figaduanuruiinmiheendaulumlensenda (OH) wax

LY |

C-0 MmAnniwasueulagenlunniafusaufizen lugun 8 (o) | 3ds, wag | 3ds, wans

[ )

Tuiiaf 619.12 waz 630.66 eV aua1au dudu | Tukanfisuas BiOl wanalmiiulainans
iegafidnaseiliuuluans BiOl a3afiusznoumiess Bi O uay |

= 1Y = . [29]
5UT 9 laseasawdnuuuianselnueaves BiOl

BiOl {uansioglunguves BIOX dsiilassasiendnuuunmsslinueanaguil 9
Ineflormouved Bi agnsenany waziiimthiuniaduszneuves O diudniuduezney
199 | Tunsdndesiazdndosiiuuuududue (Layer stack) lnsfiamthimuiimiloutiuay
a Y ¥ (9] o Y a <) . . a dy a v
Sesimmiulaeenizesaauved | inliamduaunlili (Electric filed) LAnTu Jantin
Yosinseufizedaduau uazdmadsonsdsminudidnasou Fududeflunistioiiudns
nsinuiselnlawannlasin Jedentunldlunuided uaslunsmeaaunisisauiisen
MIEKAIIDe B0l lnun1saatefvesddautuaiusaldlanainuaiy wiluawideild RhB
Wesannisiilassasrannsylnueaves BiOl d19du fanthvesdassjisonduau 9z
a aaa v o dl o I3 = dll v v RN
Aaufasenlanvansvisluananiuseduuin 89 RhB Weazatguiwaiaswansalaiduy
RhB" FevibiluanAdeiidon RhB uldlunisnaass
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Absorbance {Arbitrary Unit)

[

700

©

[=)) I =]
< 2 <

Decolorization efficiency (%)

@
°

100—d 60 120 150 240 3t ] 80 120 180 240 300
. Time (min) Time {min)
JUM 10 (a) Ansaanfunasvesddou RhB Tngldaauseufisen Biol pH 12 aeldnisane
wasAuauuladuian 300 w1l (b) wansuszansainlunisaatsddou RhB Taeldsiss

UFATeN BIOI pH 8-12 (0) uaman1siinuRATendusui 1 laeldiassufisen BiOI pH 8-12

nanssuNIssauisennisuasvesansitegefnulaenisaalsddon RhB
melduasiiuoaiuld iefnwssavinmlunmsaaeansduniduesansiodna fuansly
U7 10 (a) uamsainasumsganduuasuesidon RhB Tngldfissufisen BiOl pH 12 ane
wasiieniuld & LarAAnAY LanslEAUINAINIANFULAIEIER (hya) VBsAEDN
RhB HAN Aa 8871 554 unlutuns (nm) Tneiilevinisansuasiueadiuldriiuly 300 und
denax VBSAEBY RNB 2zanAtDE9ABLTlD991N 554 nm LU 532 nm 1ina1nUs1ngn1sali
Lﬁmmﬂmiﬁawﬂm’%'mmsamﬂﬁut,mLgauIUMWQQUWuaﬂuﬂﬁuﬁamaq (Hypsochromic shift)
INNSANINUD INN15QnATanLiedia (Deethylation) ¥as RhB T Ay 539 i 1Hunng
ﬁﬂ%’mmﬂ'wﬁaiﬂuﬁw;ﬂ'LﬁmLfJquLaqa N,N,N-triethyl rhodamine i A 522 nm 1 0uMS
ﬁﬁmmﬂ'Laﬁaiﬂaaqmﬂ'l,ﬁmﬂuimaqa N,N-diethyl rhodamine 7 A 510 i WWunseinga
wjieiialyanumyiaiduluana N-ethyl rhodamine Iuﬁ'qmﬁ' Amax 698 nm LHun13TANY
Laﬁaiﬂﬁu'mmﬁlmgLﬁ@L“‘f]uIﬁ,JLaqa rhodamine”
MS sialy

0] o A o
JuLe9 aunsadudulalunanisnaase LC-

9In3UT 10 (b) uansUszAnswlunsaaneddon RhB lneldiLssufisen
BiOI pH 8-12 meldnisaeuasiuoadiulaiduiagl 300 w1d wuindden RhB LAAnNs
daesi 82.2 88.8 WAz 96.1 % @11TU BiOl pH 8 10 way 12 Aua1su tay BiOl pH 12 i
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UsyAvEnimnisaanedivedon RhB geflan tlasunain BiOl pH 12 Hufivwinoymadidn
wazflenuuvaiigavied OH fifaves BIO iganindeesdudsannsalvididnnseudu
lgalduinndn ey ‘OH launni Feiliiuszansamlunisissufiseuazaaisddon
RhB lffign anunsaesunelslunalnnisiinfiselnlnazaslafinves BIOl dauandlugud
11

BiOl

U 11 nalansiAeufiselnlanzagladnves BiOI

93U 11 nalnmsiaufizenlnilaazaglafnues BiOl Lile BOI l#5un1s
nszdunuasinoariuld Sidnnseuaininauduuudgnnsduludneudndunuud il
Arlgatuiiniauduuns mndudidnnsoufineusniuuuudaziadeuiludsiminueiag
UFATe Inefieendiauannansazatsasiiuduniudidnnseuiansvihu jiseiiivesiass
Ufisewdninduglileseanlamsinea (Superoxide radicals, ‘O,) uaz "0, Hagii
UAse1iu RhB  iianisdegaansatsdunidluaisazatsaulandndusigainene
asuaulasenles (CO,) warih (H,0) TuﬁumzLﬁaaﬁ’uiaaﬁawLauez?t,wuﬁ%ﬁmfjﬁ%mimsmq
ffu RhB AAn"sdeaatsansdunidluansazatauldndnsusigninede CO, uagin
BT latY

nsiinUfAsenaslousududl 1 annguesnaniies-Fuivagn (Langmiur-
Hinshelwood)”" @slddmiunmsesuiemainufAzerifmivesdasaufizer Tnesne
mitﬁmﬁﬁ%mﬁ’mamléfmﬂammiﬁ 1

LS (e
dt  1+k. C

(1)

TC-0
ay K fio mduUssavsnsgadureuaniios-sulvain (L mg)
kee Ao A1AsvRISHTINBAMUGATEN (mg L min')
C e eudduSusuvesansazaeinunsgadu (mol L)
G fo eududuiivnadleg vesansazarenelinisaiewas (mol L)
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') Yy v oa v PRENEY PRy -3 -1
DAL UTULSUAUYDIANS AT ANt TAtesu1n (<10~ mol L) 910
AUNTSNA 1 %mamaamgﬂmﬁmﬂuammiﬁ 2

n| St =Kappt (2)
S pp

aaa

W8 Ky Ao Aesiiusinguessnsmainufiizer (min')

UsgaAnSamnisaatedivesddon RhB aglddnsesu)isen BiOl pH 8-12
A5 UIMNITNIINTIARUATEIN 1 TEReRvesddan RhB aneldanufgiunis
\AaufAzeiasioudusui 1 nnguesuanies-duivage (Langmuir-Hinshelwood) gald
mmumﬁaﬁmsmimmﬂgﬂimwmmwaqmmﬂgmm ngghsinaiaufiseduanld
MNAuNISA 2 annsausueniseuuana eI sz masuas 9IN3UT 10 (O) wans
nglANUFNRUSTErINg In (Cy/C) Aunantun1syinugisen () 3 BiOl pH 8-12 18n31n13
AAUAATEWIRU 5.8 x10 7.00 x10° Way 8.74x10° min  mud1du 1ulddn BiOl pH
12 f8asmaAnUGATengeTign

nsaanesvesdden RhB meldnsaeuasiiveadiuld lnensdudunanis
NARDIINAANISAaI8RI91n RhB LUy Rhodamine 9591y Anwiainnisnaasiuen
Aasrgvurvidanazusunuansluaniizvonunal  (Liquid  Chromatography-Mass
Spectrometry, LC-MS) leigniinanelugui 12 Tuguil 12 uanssa LC-MS Tunisaanednves
ddou RhB lngldialsaufisen 10% F-doped BIOI Auas RhB axiinnisiudsuulasaind
guyldulalufid lnenisiiesgisenunaduaunanelssgueslessu viorulaves
looau (m/2) Inglessuusiazainaziian m/z lewizduandnadull Buusndalaifnnsansuas
Tuguil 12 (a) Aoudaufvuy RhB m/z = 4433 9ndudionainisansuassinuly 150
it Tugudl 12 (b) Us1ng m/z = 415.3 uaz 387.2 Fadurnmavedlooeuves NN-diethyl-
N-ethylrhodamine (DER) wae N,N-diethylrhodamine (DR) m1uddu waziilovinisais
waasiull 300 Wit (Auguil 12 () Using m/z = 359.2 wag 331.2 Buuduiaveslonsy
484 N-ethylrhodamine (ER) waz Rhodamine (R) anugdiu™ Taeidunistuduléin RhB
\Annsaanesluidy Rhodamine 934 aonadosiumsiUAsundasmesddonanavuyluby
Talsifd nalnnsaanesives RB™ annsouansldlugud 13
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(b)
72
w“ss
%
212 2012 "a
- 1878 ™8 msasus %72 mse
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3562
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w7
|
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U7 12 wa LC-MS Tunsaanesivesddon RhB Tagldfisaufizen BiOl pH 12
4 ANNTRBWAT (@) 0 UIWl (b) 150 W wag (c) 300 Uil
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lHo- (cHa
P I

H,C H, &
ﬁ EER miz 387 DR miz 387 s

ER mfz 359 R mfz 331

CaHs
Hscw

gﬂﬁ 13 nalnnisaanesiues RhB nawmaia LC-MS™” (1)
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@) g (b)
3wt% F-doped BiCI
E E 10 wt% F-doped Bl
Wit Fo

| 10Wi% F-doped BIOI S, e rdoneds

o —_ [

5 S 5

g S g

< ) J <

Z 2 5y F-doped BIO

£ | 5% F-doped BiOl =

1= DO W E

Biol h
10 20 30 40 50 60290 292 294 296 298 300 302
29 (degree) 20 (degree)

gﬂﬁ 14 XRD pattern ¥94sL39Uii381 BIOI fkiade F 0-10 wt% (F-doped BiO))

N13AN¥IlATIAS1INENVOIRILSIUATEN 0-10% F-doped BiOI lngld XRD
Fauandlusuil 14 (a) azuldnfinnsideauues Bol ulassadauuuinasslnuea
$r989lda1nienans JCPDS wuneiaw 10-0445°
wuNiANsEgULYes F-doped BiOl Sansillasadradunuuinnszinueaves BiOl 3l4

wazilayinn1sie F aslunidasuSuin

Humaivianslififinduidevu uazluzuil 14 (b) ilevhmsvenefinfiya 29.0°-30.2° wu
fin (102) fimsdeululumayuiiinnni Weusinunisdeves F uintu esunainnisdn
TWunuiieslossu F lusumdsmes | Tu BiOl Fs3ailosouwas F (0.131 nm)" flawiailién
niSeitlonuves 1 (0.216 nm)™” Budulddn F dudhluunuiives | luwasiisves BOl 93¢

- (200y
. (110 gy -

gﬂﬁ 15 7w TEM uag SAED pattern (a, b) BiOI (c, d) 5% &g (e, f) 10% F-doped BiOl

n1sAnwImeduguIneIvesisuiitemanaddegld TEM a1n3U# 15
(a) wiulgan BiOl figusadunduunlu lnefiaueniunassulszaias 400-500 uluwms
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W SAED pattern Tuguil 15 (b) wiuldiusiueyniaves Bol iundniiied Tasusiundnd
s¥UU (110) (200) wae (1-10) dnnslavessdnlufienis [00-1] waziileviniside F fiadly 5
waz 10 wt% F-doped BiOl éml,amiugﬂﬁ 15 (¢, &) WuNdugIWINevas BiOl WasuLla
nusudeulufududnulu (Nanobelts) ifliufiaiseu fvunanuniiaszanas 100-200
WNUUAT LLazTugﬂﬁ 15 (d, ) SAED pattern 483 F-doped BiOI tiulainusueteunaves
Bl \lundniAealasusundniiszunu (110) (200) (1-10) veslassaiaansyinuea Taeiing
Tnvesndnlufianis [001] Fedmgnineruvuidudounly e F ifeadluly Biol dudl
waauAamth (Surface energy) flanwnsaviliinnistudenisinvesnadn Biol luszuu
(001) dssalyiduginemniiduwsiudeviavdeulddududaulu aenadesiuauise
9949 J. G. Yu uazame . fitlnnsdaunsizdi Tio, Maesae F deswuiinisiie F aslu TiO, ag
inanves TiO, An1staluiievng [001]

(@ (b)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

156 158 160 162 164 166 166 526 528 530 532 534 538
Binding Energy (eV) Binding Energy (eV)

© (d)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

T

615 620 625 630 635 B75 680 685 690 695
Binding Energy (eV) Binding Energy (eV)

Ul 16 alUnafua1n XPS 183f135UfA%e1 10 wid% F-doped BIOI (a) Bi 4f (b) O 1s (c)
| 3d wag (d) F 1s

U 16 (a-0) wansaldna$u XPS vesiussUfiAsen 10 wt% F-doped BOI
Junisimsedesdusznoumaeiivuituiavessedhs Tneaunsanuiines Bi O | was F
Iugﬂﬁ 16 (a) Bi 4f;, wa Bi 4f;, uanslufindl 159.20 uaz 164.52 eV AuaIy VNIV
B agluguves Bi” Tuguil 16 (b) fiaves O wuldwanedialasfiail 530.00 eV 1ufinves O
Tuiusy Bi-O dwfindus 7 530.91 waz 532,57 eV anidu O ﬁ@m%’ummﬁuﬁﬁmﬁw Fafide
0 lumjlonsenda uaz C-0 MAnNAwAsueulnoenladiiafussUfAser awddu lu
gﬂﬁ 16 (0) | 3ds, WA | 3ds, wansluindl 619.30 uwaz 630.80 eV audwu Fudu I Tu
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wanfigres BiOl uaglugudl 16 (d) F 1s wansluiinil 685.10 eV uansbiiulainaisiiogned
dunszilsuuiuans F-doped BiOl 93471Usznausiesg Bi O | uaz F

Absorbance (Arbitrary Unit)

200 300 400 500 600 700

Wavelength {hm)
45
04 b ¥
—a—u—u— B0 ( ) 404 (C)
—e—e—— 3wt% F-doped BIOI ]
204 —a—a—a— 5wi% F-doped BiOI 3.5

—e—e—o— 3wit% F-doped BiCI
30 —a—a—a— 5Swit%h F-dopedBiCl
—v—v—»— 10wt% F-doped BiCI

—v—v—v— 10 wt% F-doped BiOI

Decolorization efficiency (%)
IN(Co/Cy)

)
bl

1004 ‘
0 k]

120 150 180 0 30 60 120 150 180

90
Time (min)

a0
Time {min)

aaa

JUN 17 (a) Ansaanduuasvesddon RhB lagldfasaufiiten 10 wt% F-doped BiOl
melensaeuasiueniuldidunan 180 wril (b) uansuszansnmlunisaaisddou RhB
Ingld@aLsesufisen 0-10 wt% F-doped BiOI (c) kansnstinufiasendusui 1 lagldaauss

Uji3e1 0-10 wt% F-doped BiOl

nanTsuNIssaUisenisuasvesansiteduAnwlnenisaaleddon RhB
meldlasiiuoaiuld iefnwssavinmlunsaaeansduniduesansiodna duansly
SUR 17 () wamsanmdumisganduuasvesddon RhB Tneld@assufisen 10 wi%
F-doped BiOl meuasiivosiiuld o Lianfiwanenai uwansliiiuinm Ao, 10988y RhB
A A a&ﬁi 554 nm Taewlevinsaeuasiivosdiulgriuly 180 Uit A, vosddou RhB
Azanasng1eielosntn 553 nm Uil 498 nm iinanUsIngMsaiiina NS TaUnesy
nsgandulasdoulunannuenadufianasainnisgnindanyiefiaves RhB 7l Ay 539
nm (Junnsindangiefialundanyifiaduluiana NN -triethyl thodamine 1 Aoy 522
nm iJunsidangiefialuassvsiiaiduluiana NN-diethyl rhodamine 7 Ay, 510 nm
\Jumsidamgiefialuanumyiinduluana N-ethyl rhodamine TUigem Ay, 498 nm 1u
nsindagiofialuiiamuadugidnidulaana Rhodamine™ thues ansnsafusuldlunans
neaas LC-MS saly
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N3V 17 (b) uansUszanswlunsaaneddon RhB lneldissufisen
0-10 wt% F-doped BiOl nmeldnisaneuasiiveuiuldiduian 180 wail wuinddeu RhB
LARNTSAA8A2 81.19 84.18 93.32 wag 100.00 % U3 0-10 wt% F-doped BiOl AuaI0Y
a8y 10 wt% F-doped BiOI iUsz@nsn1saansfivesdton RhB z;umﬁlqm %3 10 wt% F-doped
BIOI TiviliAnnnsaanesvesddon RhB unitge Wesanmsdvuiadidnasainusuunlum
Jubudaulusagnisiisuseiidusuuniieda (One-dimensional, 10) ifailun1ssudanis
Lﬁmmiiauéf’sﬁ’mm@%LﬁﬂmiauLLazIaaLLazﬂzhsJLﬁumwud@,ﬁﬂmau (Electron transport)
nntu FadurafivonisfiuuszavsnndfiseTulauaniladin denndosiuauideves
J. Zhang waganuz” fiwansin Cds Aifduguinendunuuuiaunlu dadugusrauuunis
ffaelunsannssiiuvesdidnnseunaslsauazdioifiunsvuddidnaseuguieiu
Aol nalnnsiAaufizeinlnazaglafnues F-doped BiOl sflanudifysonisaans
ddfox RhB finanandheshildgninauslusui 18

F-dopedBiOl

sU7l 18 nalnnsiAnufiselnlaezaglafinves F-doped BiOl

N3V 18 LL?WNﬂﬁiﬂﬂ’]iﬁﬂﬂﬁﬁ%ﬂﬂﬂimﬂz ¢lafnves F-doped BIOl Lile
F-doped BiOl imumimmumﬂLmeJmmuim mammaumnmaumwumzmm* vauluds
ﬂaummjw,mumLLauﬂjuwamummamaa vlAnlsatuiiniauduuud mntudidnasoud
poufniuLuulazdundsnuresannie anndeuillufifami et §izen lned
sondlauannasavansaziliuiniudidnasouinnsiuAzeniiavesiassu fAzeudn
Ao 0, uar 0, Tagiuiisertu RhB iiansdesaabansunIsluansavareauls
wanfusigarinefo asusulnesnled uasi lunniferiulsadiauduuudasyhufizen
Tngmsaifu RhB iAAnstosaaeansduridluasazansauldndndasiagninefe CO, wazi
Wity @153 F uastundinuueasiio Wunalndrdylunisiieannisnduunsiue
fuvesgdianaseunarlen ietielunisuiuussianssudasal §ATemnauas wagdiodi
Usgansnmeaussuisemisiasdnee

Usednsamnisaaiedivesdden RhB Inglddasesufjisen 0-10 wto%
F-doped BiOl @11150A113M8R5IN5ANURTEIN1Sd@aesvesdden RhE nela
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auufgiunsiiauFisenatlousuduil 1 mnnguesuasiles-suivagn dalddmiunsesue
nsAaufATeiRmvesiuseufiten Tnednsnniauiiterduinldainaunisi 2
a15aUUeNTIANNLANANIYRINSISIUFATOWENAT 3T 17 (©  uansnIIw
ANUAUNUSTENINN (n (Cy/C) Auraattunisyiuasen () 3 0-10 wt% F-doped BiOI &
§asnsiAnURATevinAy 8.89x10 9.95x10°° 0.013 wag 0.020 min  AuERU Ll
10 wt% F-doped BiOl fi§ns1nsifnufisegsiianlunisaanedivesddon RhB aneldnng
2euasiueiuld Tasnmsfudunanisveaesinianisaaissiain RhB Wiy Rhodamine
93ty AnvanmsmaseseniessimviauarUsinaasluaniizveanan LLaWQTugUﬁ
19

N3V 19 wanswa LC-MS lunsaanedivesiden RhB Tagldfisauiizen
10 wt% F-doped BiOI #vos RhB vziinnsdsuntasanduuyluidulalsidd Tnenns
BerzissnunaiurinaseUszquesiessu vseauavedlosau (m/z) lnglosouusas
yiaagdlan m/z lmneiwandeiuly Buusndslsifinisansuasdugud 19 (a) dfeudadua
Y5y RhB m/z = 4433 antiudlenainisatsnasinly 90 widt Tusud 19 (b) Usang
m/z = 415.3 gy 387.2 ?fui‘]uﬁwma%alaaawm N,N-diethyl-N"-ethylrhodamine (DER)
way NN-diethylrhodarmine (DR) muasiu waziilovinisaneuasiiuly 180 wii Tugﬂﬁ 19
(0) Usng m/z = 359.2 uag 331.2 Fadurinaveslossunas N-ethylrhodamine (ER) Lag
Rhodamine (R) sud1du ™ Taeidun1sdusuléin RhB tAan1saanedlidu Rhodamine
934 aenadesiunisiddsuulasvesddonandvuyluilulalifid nalanisaanesves
RhB™ annsouanslalugud 13
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100—| 141.0 387.3 415.9 (b)

545.2 5g41.5708.8. 7 >2 e3a.s
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U7 19 LC-MS Tunsaanesivesdidon RhB Tagldfisaufizen 10 wi% F-doped BIO|
4 L381NN5R1BWES (@) 0 W71 (b) 90 W9l kag (c) 180 w1l
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(102

10 wi%hBrdoped Biol | £

L

5 wit%Brdoped BiQl

200
1(04))
03)

{1143

Intensity (Arbitrary Unit)
L (002)

BiCl

10 20 30 40 50 60
26 (degree)

5U7 20 XRD pattern vassaL3sUifzen BiOl MiFosne Br 0-10 wt% (Br-doped BON)

N13ANYILATIASIINENVORILSIUATE 0-10 wt% Br-doped BiOl Ingld
XRD ﬁmamﬂugﬂ‘ﬁ' 20 (a) azuiulgfinnsideauuwes Biol hilassadsuvuansslnuea
waziiiorhiniside Br acld wutitansideiunues Br-doped BiOl Sensiilassadraduuuy
wnszlnueaed BIOI §148sldannionans JCPDS nanean 36-1451°° Gsléifumaiuians
Liffirvesansauievy Suduldin Br dudiluunudives | luuanfiwves BiOl 439

(110) .(110) \ . . 5 B
o & ’ ’

SU7 21 A TEM SAED pattern wazam HRTEM ¥4 (a, b) BIOI (¢, d) 5 wtd% wa
(e, f) 10 wt% Br-doped BiOl
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nsfnvmsdauguine1vesdssuiisomauaddaeld TEM 91ngu7 21
(a) wiulgan BiOl figusradunduunlu lnefiaueniusassuuszaias 200-400 uluwms
W SAED pattern Tuguil 21 (b) wiuldiusiueyniaves Bol 1dundniiied Tnsusiundnd
27U (110) (200) waz (1-10) Enslevesndnlufianie [001] uwaziiieviinisiie Br asludi 5
uaz 10 wt% Br-doped BiOl éml,am‘lugﬂﬁ' 21 (c, e) WuNdugIMNE1V84 BiOl RIETIRIEY
nwudeulfududnunluil 10 wtd% Br-doped BiOl Aiflifufiadeu Saunussanas 100-
200 wiluwims d2udl 5 wt% Br-doped BiOl fdaugninevesiausiuulunazifudauiluag
uazlugui 21 (d, f) SAED pattern 484 Br-doped BiO! Wiulsiusiuveseymaves BO! 1
nEnFealneuunEniiszuy (002) (110) vedlassadrnnassinuea lnefinisinveandnly
fiemna [001] uamadndudaulusinislalufienia (001) figannn Fsil 10 wi% Br-doped BiOl
fidudanlufidnegnufen Lsifiuwsluunlunasog log Br fiFoasluluy Bol thufindrefiamin
(Surface energy) WuLRgARUNSEVES F Aianunsasinldiiamsdudinislaveandn Biol Tu
s¥uu (001) dawalvdugnuAnenanfiduwiuFeuiadasuludududauly aenadesiu
MATeve9 J. G, Yu uavenr” Tunsduasiess F fideastu Tio, Weifinsiie F aslu Tio,
eynrwanues Tio, An15teludianig [001]

(@ ®)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

3 67 68 89 70 71 72156 138 160 162 164 166 168
Binding Energy (V) Binding Energy (eV)

(© C)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

526 528 530 832 534 536 615 620 625 630 635
Binding Energy (eV) Binding Energy (eV)

5UT 22 alUnn$uann XPS vesfaseUFA3en 10 wt% Br-doped BiOl (a) Br 3d (b) Bi 4f
(©) O 1s uag (d) | 3d

U7 22 (a0) LLamanJﬂm%’u XPS ¥83/1L59Uf581 10 wt% Br-doped BiOl
Humsiasesiesdussneumaeiiuuiiuinvesiiogns Tnsaunsanuiinues Bi O | uay Br
Iuiﬂ‘m 22 (a) Br 3ds/, Ua% Br 3ds, wanslufindi 68.32 uay 69.34 eV augdsu 1du Br 7
agiuuammjﬁum BiOl Iugﬂ‘m 22 (b) Bi 4f,, and Bi 4f;, wanslufiafl 159.0 uaz 164.3 eV
pudiy Yndaves Bi oglugues B luguil 22 (@ fieves O wulsmaneiia Taofiad
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530.00 eV 1dufiaves O Tuiusy Bi-O daufindus 7 531.15 eV 9sdu O ﬁ@m%’umm%uﬁ
RAavth O luvflensenda uaz C-O MAnnAsmivsulnoonludiiivesiussufiizer Tu
gﬂﬁ 22 (d) | 3ds/, 4a% | 3ds, wandlufiadl 619.3 uaz 630.80 eV audrsu dadu I lu
wanfigves BiOl wanslidiuliinasiognafidunseildduduas Brdoped BiOl 934
Us¥NauniesTe) Bi O | Lag Br

Absorbance (Arbitrary Unit)

700

0 30
—= == B0l (b) (C) ¥
—a—s—8— 3wit%BrdopedBiOIl 15
204 —aaa 5wi%Brdoped BiOl BiC!

—s—s—a— 3 wt%Brdoped BiC|
——a—4— 5 wt%Brdoped BiO|
—v—v—v— 10 wt%Brdoped BiOl

—v—v—v— 10wt%EBrdoped BIOI

Decolorization efficiency (%)

ool
2

1004, ‘
0 30

120 150 160 0 E0) 120 150

60 90
Time {min)

Time (min)
U7 23 (a) wansAnsgandunasuesddon RhB TnglddiseufAzen 10% Br-doped BIOI
meldnsaneuasinoasiuldiduina 180 undi (b) wansuszansamlunsaatedden RhB
TagldiaissUiizen 0-10 wtd% Br-doped BOI (c) uanamsiisufAzendusud 1 Tneldaiss
U381 0-10 wt% Br-doped BiOl

NanssunNssauisennisuasvesansitegefnulaenisaaeddon RhB
melduasiivoaiuld Wefnuussansnmlunsaaisansdunidvesansdiegn duandly
UM 23 (a) wamsanmdumisgandunasvesddon RhB Tneld@assUfisen 10 wi%
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BiOI nanoplates were successfully synthesized by a simple sonochemical method. X-ray diffraction (XRD),
transmission electron microscopy (TEM), selected area electron diffraction (SAED) and X-ray photoelec-
tron spectroscopy (XPS) revealed the presence of pure tetragonal BiOl nanoplates in the solutions with
the pH of 8-12. The photocatalytic activities of the BiOl nanoplates were evaluated through the degrada-
tion of rhodamine B (RhB) under xenon visible-light irradiation. Obviously, the pH of precursor solutions
played an important role in the photocatalytic activities. In this research, the BiOl nanoplates synthesized
in the solution with the pH of 12 showed the highest efficiency of 81.19% within 180 min.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, semiconducting photocatalysts can play an
important role in degradation of environmental contamination
by active radicals and creating nontoxic CO, and H,0 under solar
radiation [1,2]. In particular, TiO, has been the most widely inves-
tigated photocatalyst for degradation of some refractory organic
pollutants [2,3]. Moreover, TiO; can absorb photon only in the
UV region (<4% of solar radiation) because it has a band gap of
3.2 eV [2-4]. BiOl with a narrow band gap of 1.7-1.9 eV is consid-
ered to be one of the most prospective photocatalyst due to its
good photocatalytic activity under visible light irradiation (~48%
of solar radiation) [ 1,4,5] to degrade p-chloroaniline [ 1], rhodamine
B [2,6], 2,2-bis(4-hydroxyphenyl)propane [4], methylene blue [6],
methyl orange [6], 3,4,5-trihydroxybenzoic acid |7], etc. BiOI is a
layered structure material consisting of positive [Bi;0,]°" and neg-
ative halide anionic slabs parallel to the (00 1) facet, connected
through internal static electric field [1,2]. The unique layered struc-
ture has the benefit to separate photogenerated exitons along the
[0 0 1] direction [1,2].

According to our knowledge, this is the first report on the syn-
thesis of BiOI by sonochemical method. The effect of solution pH on
phase, morphology and photocatalytic property of BiOI was stud-

#* Corresponding author.
E-mail address: phuruangrat@hotmail.com (A. Phuruangrat).

https://doi.org/10.1016/j.matlet.2017.11.014
0167-577X/@ 2017 Elsevier B.V. All rights reserved.

ied and discussed in order to relate with the degradation of rho-
damine B (RhB) under visible light irradiation.

2. Experiment

In this research, each 0.005 mol of Bi(NO3)3-6H,0 and Nal was
dissolved in 100 ml deionized water under vigorous stirring till
complete dissolution. Subsequently, 3M NaOH solution was
slowly added to these solutions until reaching the pH of 2-12.
These solutions were processed in 35 kHz ultrasonic bath at 80
°C for 5 h. The as-synthesized precipitates were collected and dried
for further characterization.

Crystallinity and crystalline phase of the synthesized nanos-
tructures were characterized by an X-ray diffractometer (XRD, Phi-
lips X'Pert MPD) with Cu-K,, radiation in the range of 15°-60°. The
morphology was recorded on a transmission electron microscope
(JEOL JEM-2010 TEM) at an acceleration voltage of 200 kV. The
products were carried out by X-ray photoelectron spectroscopy
(XPS, Axis Ultra DLD, Kratos Analytical Ltd.) with a monochromatic
source of X-rays (Al K, photon energy of 1486.6 eV). All the as-
obtained spectra were calibrated w.r.t. the C 1 s peak at 285.1 eV.

The reaction was carried out by dispersing each 200 mg catalyst
in 200 ml of 1 x 10> M RhB aqueous solutions. The suspensions
were kept in the dark for 30 min under magnetic stirring before
visible light illumination from a Xe lamp. At a given time interval,
each 5 ml solution was collected and centrifuged. The residual con-
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centration of RhB was measured at 553 nm using a UV-visible
spectrophotometer (Perkin Elmer Lambda 25).

3. Results and discussion

Fig. 1a shows XRD patterns of BiOl synthesized in the solutions
with different pH values by sonochemical method. XRD patterns of
the as-synthesized products at the pH of 2, 4 and 6 were specified
as major phase of tetragonal BiOl corresponding to the database of
JCPDS No. 10-0445 [8] mixed with minor unknown phase. Upon
further increasing the pH to 8, 10 and 12, all the diffraction peaks
of samples can be indexed as the pure tetragonal BiOl phase with
cell parameters of a=3.9940A b=3.9940A andc=9.1490A
(JCPDS No. 10-0445) [8]. Furthermore, the diffraction peaks of
the as-prepared BiOl are sharp and intense, indicating the presence
of single phase of BiOl products with high-ordered atomic arrange-
ment. No characteristic peaks of impurity were detected by XRD,
certifying that the BiOl products can be synthesized by a one-
step sonochemical method in the alkaline solutions with the pH
of 8-12.

The surface component and chemical state of BiOI at the pH of
12 were investigated by XPS. The XPS spectra of Bi 4f (Fig. 1b)
shows two binding energy peaks at 159.18 and 164.49 eV which
are attributed to the Bi 4f;; and Bi 4fs),, respectively [1,6,7]. They
certified that Bi** species belong to BiOI [1,6,7]. The main binding
energy of O 1s (Fig. 1¢) was detected at 530.03 eV, corresponding
to the lattice oxygen of Bi-O bond in BiOI sample [1,6]. Other bind-
ing energies of O 1s peaks are in accordance with oxygen of
adsorbed moisture, hydroxyl group and C—0 contaminant on sur-
face of sample [1,7,9]. The XPS spectra of I 3d (Fig. 1d) show bind-
ing energy peaks at 619.12and 630.66 eV belonged to the I
3ds;; and I 3ds); states, certifying the existence of I” in BiOI [1,6,7].
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TEM images and SAED patterns were used to specify the mor-
phology and growth direction of the as-prepared BiOl as the results
shown in Fig. 2. Clearly, the TEM images of all samples were com-
posed of nanoplate-like particles. Their surfaces are very smooth
and even. Their SAED patterns appeared as bright spots of electron
diffraction, indicating the single crystalline BiOl nanoplates with
high crystallinity. They can be indexed to the (110), (200) and
(1 -10) planes with electron beam along the [0 0 —1] direction.
They were suggested that the BiOl nanoplates were composed of
+(00 1) top and bottom and (1 1 0) edge surfaces.

Fig. 3a shows the temporal absorption spectral change of RhB
solution caused by the as-prepared BiOl at the pH of 12 under vis-
ible light irradiation. Obviously, the primary absorption peak of
RhB was at 553 nm wavelength. The starting red-pink solution
gradually became paler into colorless and transparent one
within 180 min, suggesting that RhB molecules were completely
decomposed. At the same time, a spectral blue-shift can be
ascribed to the de-ethylation process due to RhB dye photodegra-
dation [4,10,11]. Fig. 3b shows the photocatalytic degradation effi-
ciency of RhB by three different photocatalysts under visible light
irradiation within 180 min. The photocatalytic degradation effi-
ciencies of RhB degradation were 64.21%, 73.31% and 81.19% for
BiOl synthesized in the solutions with the pH of 8, 10 and 12,
respectively. Interestingly, the highest photocatalytic performance
of BiOl synthesized at the pH of 12 is 1.26 and 1.11 times of the
performance of BiOl synthesized at the pH of 8 and 10,
respectively.

To have a better understanding of the reaction kinetics of RhB
degradation, the experimental data were fitted to pseudo-first-
order simplification of Langmuir-Hinshelwood kinetics, which is
well established for photocatalysis at low initial pollutant concen-
tration. The relevant equation is shown as follows.
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Fig. 1. (a) XRD patterns of BiOl synthesized by sonochemical method at the pH of 2, 4, 6, 8, 10 and 12. XPS spectra of (b) Bi 4f, (¢) O 1 s and (d) [ 3d of BiOl synthesized by

sonochemical method at the pH of 12.
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Fig. 2. TEM images and SAED patterns of BiOl synthesized by sonochemical method at (a, b) pH =8, (c,d) pH=10 and (e, f) pH=12.

@ ST )|
— Omin
30 min - Ll
P, 60 min go —aaa pH12
5 80 min z
2 120 min H
o 150 min 8
£ —— 180 min 240
£ 210 min s
b= 240 min s
gl 270 min 1) ~
& 300 min B
2 2
e °
@ o
2 820
. 100
200 300 400 500 600 700 0 60 181 240 300
‘Wavelength (nm) Time {min)
35

In(Co/Cy)

0 240 300

120 18
Time (min)

Fig. 3. (a) Absorbance of RhB solutions photocatalyzed by BiOl nanoplates synthesized in the solution with the pH of 12. (b) Photocatalytic degradation and (c) the plots of In

(Co/C,) for different lengths of time by BiOI nanoplates synthesized at the pH of 8, 10

In(Co/C;) = Kappt,

where Cy and C; are the concentrations of dye in solutions at irradi-
ation time (t) of 0 and t, respectively. k,p, (min~"') is the apparent
first-order rate constant [4,10,11], obtained from the slopes of the
In(Co/Cy) versus t plots (Fig. 3c). These plots are very close to the lin-
ear trends, certifying that the photocatalytic reaction of all photo-
catalysts is pseudo-first-order reaction. In this research, the BiOIl
nanoplates synthesized at the pH of 12 exhibited the highest appar-

and 12. (d) Schematic illustration of BiOl photocatalyst.

ent rate constant of 8.74 x 10> min . Its Kapp is about 1.59 and
1.25 times of those of BiOI synthesized at the pH of 8 (k,pp = 5.48
%x 107 min~") and 10 (k,pp = 7.00 x 10~ min~"), respectively.

A possible photocatalytic mechanism of BiOl in degradation of
RhB is proposed and shown in Fig. 3d. Due to visible light irradia-
tion, the electrons in valence band of BiOI are excited into the con-
duction band of BiOl, leading to separate the exitons in conduction
and valence bands. These photoexcited electrons can be further
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captured by O, adsorbed on the surface of BiOl nanoplates to form
superoxide radical ("Oz) anions which further decompose RhB.
Concurrently, the photoinduced electron holes (holes) are able to
directly oxidize RhB. Thus these active species degraded the
organic dyes to form H,O and CO, as final nontoxic products
[1:2:37]:

4. Conclusions

BiOl nanocrystals were successfully synthesized through a sim-
ple sonochemical method. The pure tetragonal BiOl nanoplates
were obtained in the precursor solution with the pH of >8. The
as-synthesized BiOI sample at the pH of 12 showed the highest
photodegradation efficiency of 81.19% within 180 min.
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SYNTHESIS OF VISIBLE-LIGHT-DRIVEN F-DOPED BiOl FOR
PHOTODEGRADATION OF RHODAMINE B DYE
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BiOI and F-doped BiOI photocatalysts were synthesized by a sonochemical method. X-ray
diffraction (XRD), field emission scanning electron microscopy (FE-SEM), transmission
electron microscopy (TEM), selected area electron diffraction (SAED) and X-ray
photoelectron spectroscopy (XPS) clearly revealed the presence of BiOI nanoplates and F-
doped BiOI nanobelts. Their photocatalytic activities were evaluated through the
degradation of rhodamine B (RhB) activated by visible radiation. In this research, the 10
wt% F-doped BiOI photocatalyst has the highest decolorization efficiency of almost 100%
within 180 min.
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1. Introduction

In the past decades, titanium dioxide (TiO;) with a wide band gap of 3.2 eV has attracted
intense interest used as a semiconducting photocatalyst for removal of hazardous organic
pollutants containing in wastewater due to its chemical stability, non-toxicity and low cost [1-3].
Unfortunately, the application of TiO, has disadvantage to some degree because TiO, absorbs only
UV radiation (4-5 % of solar light) [1, 4]. Thus, researchers focus to develop new visible-light-
driven photocatalytic materials that can be activated by visible spectrum (= 43 % solar light) [1, 4].

BiOX (X=Cl, Br, I) as important V-VI-VII ternary compounds with unique
(Bi,0,)* layered structure and intergrown X layers, which have excellent photocatalytic
performance for degradation of organic pollutants [5, 6]. They have been believed to be the
promising photocatalysts. Bismuth (III) oxide iodide (BiOl) presents the highest photocatalytic
activity under visible light irradiation. It is a unique layer structure and has excellent visible light
absorbance [7, 8]. Its photocatalytic efficiency is greatly limited by high recombination rate of
electron-hole pairs [5, 8, 9]. To improve the photocatalytic efficiency of BiOl, ionic dopants can
lead to reduce the recombination rate of electrons and holes due to the presence of charge-trapping
centers [10, 11].

In this study, F-doped BiOI photocatalyst was prepared by a simple and effective method
called sonochemistry. Phase, morphology and photocatalytic properties were studied and discussed
according to the experimental results. Effect of different contents of F dopant on photocatalytic
performance was investigated through the degradation of rhodamine B (RhB) activated by visible
radiation. A photocatalytic mechanism was also proposed and discussed.

*Corresponding author: phuruangrat@hotmail.com
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2. Experiment

To synthesize BiOl, each 0.005 mole of Bi(NOs);-6H,0O and Nal were dissolved in 100 ml
deionized water under vigorous stirring until complete dissolution. Subsequently, 3 M NaOH was
slowly added to the solution until pH of the solution was reached at 12. The solution was
processed in 35 kHz ultrasonic bath at 80 °C for 5 h. In the end, precipitates were synthesized,
collected and dried. Similarly, 1-10 wt% NaF were also added to each of the solutions and
ultrasonically processed to form 1-10 wt% F-doped BiOI products.

Phase of the as-synthesized products was investigated by an X-ray diffractometer (XRD,
Philips X’Pert MPD) with Cu K, radiation operating at 30 kV and 0.02 °.s' scanning rate in the
20 range of 10-60°. Morphology and structure of the products were characterized by a field
emission scanning electron microscope (FE-SEM, JEOL JSM-6335F) equipped with an energy
dispersive X-ray spectrometer (EDX, Oxford instruments INCA system) operating at 35 kV and a
transmission electron microscope (TEM, JEOL JEM-2010) operating at 200 kV. X-ray
photoelectron spectroscopy (XPS) was carried out through a Kratos X-ray photoelectron
spectrometer—Axis Ultra DLD with a monochromated Al K, (1486.6 eV) radiation as an excitation
source at 15 kV. All of spectra were calibrated with respect to 285.1 eV of C Is electron peak.

To evaluate photocatalysis, each 200 mg catalyst was dispersed in 200 ml of 1x10”° M
RhB aqueous solution. The suspensions were kept in the dark for 30 min under magnetic stirring
before xenon visible light illumination. At a given time interval, 5 ml solution was sampled and
centrifuged. The residual concentration of RhB solution was measured at 553 nm by UV-visible
spectroscopy (Perkin Elmer, Lambda 25). The decolorization efficiency was calculated by the
equation

Decolorization efficiency (%) = Co-Ci x100 (€8]
C

0

, where C, is the initial concentration of RhB and C, is the concentration of RhB after visible light
irradiation within the elapsed time (t).

3. Results and discussion

Fig. 1 shows XRD patterns of the as-synthesized BiOI, 5 wt% F-doped BiOI and 10 wt%
F-doped BiOl. In this research, the undoped product was indexed to the pure tetragonal BiOl phase
of the JCPDS database no. 10-0445 [12].

(102)

3 wt% F-doped BiOI

10wt% F-doped BIOI

10wt% F-doped BIiOI

(110)

5wit% F-doped BiO)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

50 60 290 292 294

30 40 296 298
28 (degree) 28 (degree)

(a) (b)

Fig. 1. XRD patterns of BiOl, 5 wt% F-doped BiOI and 10 wt% F-doped BiOI
synthesized by sonochemical method for 20 of (a) 10°—60° and (b) 29.0°-30.2°.
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The diffraction peaks were at 20 of 19.55°% 29.78°, 31.74°, 33.15° 37.21°, 39.45°, 45.75°,
45.76°, 49.96°, 51.36° and 55.15° corresponding with the (002), (102), (110), (111), (103), (004),
(200), (104), (005), (114) and (212) planes of tetragonal BiOl, respectively. For the 5 and 10 wt%
F-doped BiOI samples, their XRD patterns were similar to that of pure tetragonal BiOI phase.
They should be noted that the (102) plane of pure BiOI phase was gradually shifted to higher
diffraction angle with the increase of doping concentration because the radius of F~ (0.133 nm)
[10, 13] is smaller than that of I (0.216 nm) [14, 15]. The peak-shift indicates that F~ ions of the
doped samples were incorporated into the BiOI lattice.

The XPS spectra of 10 wt% F-doped BiOI (Fig. 2) certified the presence of Bi, O, I and F
containing in the sample. The high resolution XPS scan of Bi 4f shows two Bi 4f;, and Bi
4fy» peaks at 159.20 eV and 164.52 eV, certifying the presence of Bi’" containing in 10 wt% F-
doped BiOl crystal lattice [5, 8, 10]. The O Is peak of 10 wt% F-doped BiOI at 530.00 eV is
attributed to Bi—O of BiOl lattice [5, 8]. Other O s peaks at 530.91 and 532.57 eV were assigned
to oxygen bonds of hydroxyl groups, moisture and contaminated oxide of carbon from ambient
atmosphere [5, 8, 16]. The high resolution of I 3d XPS spectrum shows two peaks centered at
619.3 and 630.8 eV corresponding to the I 3ds, and I 3d;, peaks of I in BiOI lattice [5, 8],
respectively. The 683.1 eV peak is a typical binding energy of the F 1s peak [10, 17].

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

g 182 164 £ ® 52t 530 532 534
Binding Energy (V) Binding Energy (V)

(a) (b)

Intensity (Arbitrary Unit)
Intensity (Arbitrary Unit)

.,‘ \ | / W i ‘M’:‘ﬂq\“ﬁ“-v ‘\‘n pw

630 635 635 s &80 &0
Binding Energy (V) Binding Energy (eV)

(c) (d)

Fig. 2 XPS spectra of (a) Bi 4f, (b) O Is, (c) [ 3d and (d) F Is of 10 wt% F-doped
BiOI synthesized by sonochemical method.

The SEM was used to investigate the morphology of the as-synthesized BiOI and F-doped
BiOlI as the results shown in Fig. 3. SEM image of pure BiOI shows that the sample appears as
irregular uniform nanoplates with edge length of 300-800 nm and thickness of 50 nm. The
surfaces of BiOI nanoplates are very clear and smooth. Upon modification of the BiOI product by
doping with F to form 1 wt% F-doped BiOlI, the nanobelts were detected. SEM images of 5 and 10
wt% F-doped BiOl revealed that the products were consisted of a large number of uniform
nanobelts orientated in different directions. For the 10 wt% F-doped BiOI nanobelts, they are 5—12
pm long and 30 nm wide. Previously, a one-dimensional nanosemiconductor shows higher
photocatalytic performance than any other morphologies, caused by rapid electronic diffusion
which can lead to reduce the recombination rate of photogenerated electrons and holes during
photocatalysis [18, 19]. Possibly, F-doped BiOI nanobelts promoted the photocatalytic reaction
rate. EDX of 10 wt% F-doped BiOI (not shown here) certified the presence of F, Bi, O and I,
including Cu of a stub.
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Fig. 3 SEM images of (a) BiOI, (b) I wt% F-doped BiOl, (c) 5 wt% F-doped BiOI
and (d) 10 wt% F-doped BiOI synthesized by sonochemical method.

TEM images and SAED patterns of BiOI, 5 wt% F-doped BiOI and 10 wt% F-doped BiOI
are shown in Fig. 4. The as-synthesized BiOl sample was composed of nanoplates. The SAED
pattern can be specified as the (110), (200) and (1-10) planes with zone axis along the [00-1]
direction of tetragonal BiOI structure. The top and bottom facets of the BiOI nanoplate are the
(001) plane and the side facets are (110) plane. Upon doping with F~, the morphology of the
product changes from nanoplates to nanobelts. TEM images of 5 and 10 wt% F-doped BiOI show
uniform nanobelts with very smooth surfaces. Their SAED patterns were recorded normal to the
growth direction of each of a single nanobelt which was specified as the (110), (200) and (1-10)
planes of tetragonal BiOI structure. They were suggested to be the F-doped BiOI nanobelts
growing along the xy plane.

200 nm
(a) (b)

(d) (e)

Fig. 4 TEM images and SAED patterns of (a, b) BiOl, (c, d) 5 wt% F-doped BiOI
and (e, f) 10 wt% F-doped BiOI synthesized by sonochemical method.



181

Fig. 5a shows the temporal evolution of absorbance during the photodegradation of RhB
by 10 wt% F-doped BiOI activated by visible radiation. The photocatalysis shows that the
absorption peak at 553 nm wavelength gradually decreased with increasing in the length of
irradiation time and shifted towards the blue region from 553 nm to 498 nm with the formation of
deethylated RhB molecules within 180 min [20, 21]. Fig. 5b shows the decolorization efficiency of
BiOI with and without F~ dopant under visible light irradiation. In this research, the photocatalytic
efficiency of pure BiOI nanoplates was almost 81.19 %. The decolorization efficiency was
increased by F~ doping modification. The photocatalytic activity of F-doped BiOI is obviously
improved which is related to F~ dopant in the BiOI sample. Upon increasing the content of F~
dopant from 0 to 10 wt%, the efficiency for degradation of RhB was increased to almost 100 %
within 180 min under visible light irradiation. Fig. Sc shows the reaction profiles of pure BiOl, 3
wt% F-doped BiOl, 5 wt% F-doped BiOI and 10 wt% F-doped BiOl photocatalysts proposed by
Langmuir—Hinshelwood by the following equation

1C ~'t

dt 1+k.C,

dC - Kk C 2)

K is the Langmuir-Hinshelwood adsorption coefficient, and krc is the reaction rate constant [1]. If
the initial concentration is sufficiently low, simplification of the reaction rate to a pseudo first-
order equation is frequently given as follows

In

oln
~

appt (3)

t

, where k,,, is the pseudo-first-order apparent rate constant (min ") [10, 14]. All reactions followed
the pseudo-first-order rate constant indicated by slopes of the reaction profiles [20, 21]. Calculated
rate constant and half-life (t,,) were 8.98x107 min' and 77.17 min for BiOIL 9.95x10~ min"" and
69.64 min for 3 wt% F-doped BiOI, 0.013 min ' and 53.30 min for 5 wt% F-doped BiOI, and
0.020 min ' and 34.65 min for 10 wt% F-doped BiOI. The results clearly demonstrated that 10
wt% F-doped BiOI nanobelts show the highest photocatalytic rate for the degradation of RhB dye
solution activated by visible radiation.

—a—m—u— 50|
—s—s—e— 3 wWit% F-doped BiOl
—a—a—a— 5 wit% F-doped BiOl
—r—»—— 10 Wt% F-doped BiOl

%)
S

.
[=]
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Absorbance (Arbitrarv Unit)
Decolorization efficiency (%)
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90 120 150 180
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Fig. 5 (a) Absorbance of RhB solution photocatalyzed by 10 wt% F-doped BiOl.
(b) Decolorization efficiency of BiOl, 3 wt% F-doped BiOl, 5 wt% F-doped BiOI and 10 wt% F-
doped BiOl for different lengths of time activated by visible radiation.
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Fig. 5 ¢) In(Cy/C) plot of BiOI, 3 wt% F-doped BiOI, 5 wt% F-doped BiOI and 10
wt% F-doped BiOl for different lengths of time activated by visible radiation.
(d) Schematic illustration of photocatalytic mechanism of F-doped BiOl.

Fig. 5d shows a schematic illustration for photocatalytic mechanism of F-doped BiOlL
When F-doped BiOI nanobelts were activated by visible light, the electrons in valence band were
excited to conduction band and doping energy level [22]. Further, the photoinduced positive holes
oxidized RhB, while the excited electrons in the conduction band and doping energy level were
rapidly trapped by molecular oxygen to form superoxide anionic radicals ('O, ). In the end, the
degraded RhB molecules were transformed into CO, and H,O. Thus, F dopant played an important
role in the separation of photogenerated electrons and holes to improve the photocatalytic rate
under visible light [5, 9, 22].

4. Conclusions

In summary, 0-10 wt% F-doped BiOl photocatalysts were synthesized by the
sonochemical method and were evaluated for photodegradation of RhB under visible radiation.
The 10 wt% F-doped BiOl sample was able to degrade RhB dye of ~100 % within 180 min.
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