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Abstract

A highly crystallizedspowdensc lwiemiec -suxciceeslsif tud |
sol vot her mal met hod.s Plmevdassswertrlke xihaegdhcBieYOzed
Raman spectroscopy, UV-vis DRS spectroscopy and

the monoclinic-siucbaeapi ee cphadve BbY@i ned at hig
temper at ur e °Cnilolree prheapma rlad4t0i on condi ti ons such as,
temperatur e, have significantl y seafnfBd€®s soanmptl lee
shows the highest PL peak, which has the highe:
photocatalytic activity. This resul't suggests t

correlation with the photocatalytic activity.

Keywor ds: nesgsdbboltbdegBadY®ti on of Rhodamine B, n
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1. I ntroducti on

Recentl vy, bi smut h basexo® onBps Feeld ¥ @ii ddddls, s Bdh a

have much attention in field of photocatal ysis
thermally stable and nontowhicc hl 1li,s2]an Aenfofnegc toifv et
poll utant photodegradation and water splitting I
reduction has attracted increasimgpgoadeest hawvel 4
crystal structure types:gy mohetlagobnoalsisth@ambddbhe (

tetragonal s @hesetlriucet u(rse- t[ 6Bi.VeHetwewer t henhy ghe mt
|l ight driven photocatalyst, which can be attri bt
possesses a narrow band gap (2.4 eV) due to the
or a hybrid orbital of Bi 6s and O 2p to a con
absorption. However, the poor charge-transport
properties |l ead to excessive electron-hole rec

efficiency.

|t is well known that shape, size, speci fic s
semiconductor photocatalysts play an i mportant f

enhance t he photocatalytic activity of t hese

controlling the morphology and <crystal-facets h
monoclinic si mantoshect Bi WOt h exposed {010} f a
photocatalytic activity than the bulk materi al f
[ 10] . The monoclinic BiVO4 with a highly expose:

hi gh actiewiotlyytofonO [ 11] .

I n t his stpdwderBsi V@er e prepared by t he sol vo
neodecanoate and ammonium metavanadate soluti on

water-ethanal povwdlaras WIiitviO di f ferent mor phol ogi es
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adjusting the Bi/V molar rati o and preparation
Bi MOpowder s wer e investigated by XRD, FE- SEM,
spectroscopy and TA-PL. We have also investigat

materials can bring about the decomposition of F

2. Experiment al

Bi smuth neodecangegbCRCHRBI (@G OHCHM mexv@vanadat
99.996%), and oleic acid (OA, 90 %) were purchas
without further purification. Et hanol (99.98 %

purchased from Burdick & Jackson.

Bi MOmaterials wi t h various mor phol ogi es wer e
Typically, bi smuth neodecanoate (5 mmol ) was fir
and ethanol (50 mL) under vigorous stirring for
solution A. A pva@pEeBi /avmommitarofr atH os are adj ust e
synthesis of BvVO1l, BvO2, and BVO3, respectivel
agueous solution and the as-obtained solution w;:
added a drop wise into solution A. The mixture
telfon-lined stainless 8X efedr alu2 okl akbt amdedechat
obtained suspension was centrifuged at 10000 r pn
water and et hanol for°Cseveraighi meandntdo®@rowedakb
for 3 h. We conducted experi mentG iwi tdr dermptea ad X
the effect of synthesis tempepatedewohht Be/ Yhomptl

The as-prepared products were denoted as BVO4 an
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The <crystal s 1 rsuacnmpul reess woefr eBieMk@ mi ned by powder
patterns with Cu KU radiation (& = 1.5405 ) in
(Rigaku Co. Mo d el DMax) . Ra man spectra were r

(Dongwoo Optron, MonoRab500i'wiitm @hé asamgédea®mO of
mor phol ogy of t he product s wa s observed by S C
JSM6700F) , which was operating at an accelerati
di spersive X-ray spectroscopy (EDS). The UV-vVvis
products were recorded on a Varian Cary 100 wusi

The indirect Ppand gap enempdyes( Bvas cal cul ated fr

the modified Kub&2 kkaai Mwemk ufsu mpchtoitoom ener gy.

The formation of hydr oxyl radicals (AOH) on th

detected by photol uminescence (PL) technique u

Terephthalic acid readily reacts with OH radice
surfaces to produce 2-hydroxyterephthalic acid (
The PL peak intensity of HTA is in proportion
[12,13]. The typical procedure was similar to th

as shown above. A base aqu'e*oM,s asmd uNdDOM) I UDO1 OnL

added to the reactor instead of RhB. After 1h i
and filtered through a 0.22e¢m membrane filter t
recorded on a Hitachi F-4500 fluorescence spectr

We calcul ated t he photocatalytic activities

decomposition of RhB under visible |ight using
filter. The |l ight was passed through a 10 c¢cm t hi
mL Pyrex wusing a quartz window. The pH value

temperature of the solution was maintained with
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activity in these experiments, the reacttorr was f
100 mL) and the given photocatal yst (100 mg) . I
stirred in dark conditions for 60 minutes. Thus

bet ween the surface of the photocatalyst and th

withdrew 3 mL of the suspension and filtered it
solution. A decrease in the concentration of F
spectrophotometer (Mecasys Optizen Pop) at & = 5
3. Results and discussion

3.1. Characteqgisaampies of Bi VO

Fig. 1 shows the sXREBmphéeser whi oh ®BeWVWO® prepare
mol ar ratio(A) and different wseynet hperseipsa rteedmpaetr a thu
ratio= 1/1 (BVO1l) and 2/1 (BVO2), al |l t he XRD p
Bi MO(JCPDS 14-00688) ; the® pwhake appeasmpeédtai ngdol
18° B85 ar,d rdebspectively, correspondi njyowpéhks hef p
any other phases or | mpus Wweres pweparddtatt e¢de W
1/ 2 (BVO3), however, t he XRD peaks mxahldi bsihtoenk ds i

coexi st egOcse( JOGPIN®AV24-1155) phase.
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Fig. 1. XRD p astatneprlness opfr eBoiav@ d using different B
synthesis temperature (B).

When BisvdOmpl es were prepared wusing different

showed the different pasamplines (wad rge’C pl¢(Be Y @ 4Vhce na hBei

XRD peaks indexed well wist (h) GRS tledt -rGa0glon3&A) grhda sn
phase af HbiweQ@er, all the XRD peaks indexwed hwel |
an increase of synthesi°. téEmperaesuket upndiocd“dé®&d

phase @ofsaBnpY@s coul d be °o botfa isnoel dv omhohreer ntahl a ns yln4t Oh e
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Fig. 2 shows the Ramampl| £msectwha chf weRirO prepare
mol ar ratio(A) and different synthesis temperat
phase ®#fmaBievM® als have six Raman-acs (2&¢modde: t
asymmetric deforfmgBi2dn cmmchcke syfmmédr i ¢ defd86mMmati o
cmj, the asymmetric stretching hodemdoft h- Oy mme
stretching mode ©of [W-,A5bondAss (s8h3o0wncm n Fig. 2(A)
exhibited al/l Raman signals corresponding to mc
corresponding to bismuth oxides or vanadium oXx
consistent with the results of XRD patterns. Fo
cm! was attrichnttppdhhhsetodNaVto the excess of V cont
|l ength can be calculated U}li=®ng21,h3x4 R*mepx p(iicla.l 9 1e7x6
wherein 3 and R are the Raman shift andVt B bonc
band shift of BVO1l, BVO2 and BVO3 l!samplpecdrn &ed -
ViO bond | engths in BVOL1l, BVO2 and BVO3 were ca

respectivel y.

As shown in Fig. 2(B), we s(c\a-nO)o bbsaemradv es htihfet tofa
BVO5 samples at 833.98re8p8cbO6bvanhg. 880. addcmi on,
BVO4 and BVO5 were obtai neTdhitso rheasvuel t1 .i7n0d0i caamnt e s1
sample has a tetragonal scheelite phase, whil e E
scheelite phase owing to that the band correspc
Bi MOBVO2 and BVO5) shifts toward higher wavenu
compared tto Bsv-4)Bi WO om the XRD data and Raman

phases Biaw@l e can be obtained at higher 8C.l vother
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Fig. 2. Ramamnu spmrepgltea pfe@anN®d using different B
synthesis temperature (B).

Fig. 3 shows thes SBEMpIi magesshothBw¥Oe prepared
ratio and different synthesis temperature. As st
samples varied according to the Bi/V molar rat

conceded that theimodeppehnhadegntofonBitM@ preparati or

When BisvaOnpl e was prepared at the Bi/V molar r
el lipsoidal shape morphology with &a gamameed ewa D f
prepared in the excess bismuth (BVO2) Il ed to th

0.15 Om in | engtshampWhee nwatsheprBeipva ed in the exces

the mixture of spherical and rods shape was obse
As shown in Fig. 3(D) and (E), the synthesis t
mor phol ogiszesamg!| 83 .VOWhaemp |Bei MMas prepared at | owe

non-uniform needl e-4 waese mbspholeadgy | ofsaBimpy @i ova,s
prepared #BVOBR,saBmpMG® with a mixture of ellips:
obtained. This result suggests that the prepar:

synthesis temperature, have signiifisaanptileys.ef f ect
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Fig. 3. SEM 4 mamebesf pBeW®red using different Bi
synthesis temperature: a) BVO1l, b) BVO2, c¢) BVO3

The | ight absorption properties of photocataly
spectra of awsspmppbas edwBi ¥YI©O were prepared using
di fferent synthesis temperature(B). As shown in
in the visible range of the electromagnetic spe
photocatal ytica matogprirdlys owasBi&mhanced in the vi
spectrum. The i ndigr eccft ablaln dt hgea ps eemmpelregsy wWas cal cu
obtained in the plots of &moHEA fvieerds uksu bpehl okt aoi nM uennke r

band gap values safmpVesi aue BiIre@ented in Tabl e

estimated band sgsagpmpvlad su easr eo fobBtiaviOned i n the rang
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Fig. 4. UV- vVvisss a pprceppaar eod WwBsiiVig di fferent Bi/V m
synthesis temperature (B).

Table 1. The physical propersts@mplaemsl. phot ocataly

Sampl e pand(aY) k@Ox 180 -}

BvOl1l 2. 37 9.0
BvO2 2.43 42.8
BVO3 2.39
BvO4 2. 36
BV OS5 2. 34 30.0

The PL emission spectrum excited at 315 nm of

visible Iight irradiation. Fig. 5 shows the char
vi sible | ight irradiation time on the Bi V04 san
shown in Fig. 5, no photoluminescence signal v

However, for the BVO1l, BvVO2 and BVO3 samples, a
was oOobserved. This result suggests that the sig
obtained by the reaction of terephthalic acid

photocatal yst/water during visible light irradieé
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intensity amosegmpfeal |l TiBé VDor mati on rate of OH

with the photocatalytic activity.

Fig. 5. Fl uorescencesampssesoprepacedausi nBi WOf f €
e presence of terephthalic acid.

2. Photocatalytic test

Il n order to evaluate the phot ocat ad aymplcesactwe
i nvestigated the degradation ability of RhB dye
the tempor al evolution of the UV-vis spectra pr

reacti ens,an®ilVO prepared at Bi/V molar ratio=1/1(

presence of visible Ilight (& > 400 nm). As seen
sample and suspensions gradually decreased duri
maj or absorption peak, which corresponds to RhB

manner . Thus, the et hyl groups were removed one
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agreement with the previous |iterature [17].
Fig. 6 . UV-vis absorption spectra of RhB sol ut
il lumination using BVO2 sampl e.

It is a well-known fact t hat the photocatalyti
Hi nshel woodwkenetibse [ a8k, i s proportional to the
i ’Q&)TQ .. 0O

Qo K P

Herkejs the trueéetrate depratdamt upon various parze
catalyst, the flux efKiisci emey.,adasmnd padXxyYygerc oed\V e rcd

Cis the concentratCiios véryhemakhastabgl pitvbEhet wi

to unity. Under these conditions, Eq. (1) repres
of Egq. (1) are set to the initialafdondiet icoms emft
can be @QieveBulstituting these initial values of

foll ows
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aE— Q v (2)
whekngpi s the apparent first-order reaction const e

I n Fig. 7 and Table 1, we have presented how v
associated with the decoemmpbiesi owhdDthRWBrever ept
Bi/V molar ratio(A) and different synthesis temg
absence of the photocatalyst, about 7% of the |

reacti on.

As shown i ns Biagnpl @, pBeY@red at Bi/V molar rat.i
photocatalytic activity in the photodegradati on
BVOQatal yst Wamild2wh8i clh 1i0s much hi gshaemmp | tehsa np rtehpaat
di fferent Bi/V molar ratio. However, BVO4 samp
though it was prepared with the same Bi/V molar
is thought that BVO4 sample possesses the tetra

photocatalytic activity on the decomposition of

Fig. 7. Photocatalytic s2deawompes

i epaonéd Rh8i nged
mol ar ratio (A) and different sy he

sis temperat
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|t i's well known that OH radical plays an i mpo
organic dyes [13]. Generally, the greater the
efficiency of electron-hole pairs is achieved.

correlation to the formation rate of OH radical:
to a higher photocatalytic activity. As shown i
which has the highest formation rate of OH r adi
result suggest s t hat t he formati on rate of Ok

photocatalytic activity.

4. Conclusi on

A highly crystallizedaspowdenmac Iwiemriec -ssucchceeeslsiftuel
by solvother mal met hod from bismuth neodecanoat
water-ethanol medi a, combined with the introdu

properties of t heposwdretrise swereed iBinwesti gat ed by
spectroscopy, UV-vis DRS spectroscopy and TA-PL
monoclinic scheesampl ephase BeVObtained at hi gl
temper at ur e °Cnilolhree pirheapna rladt0i on condi ti ons such as,
temperatur e, have significantl y sefnfBM€2s soanmptl lee
shows the highest PL peak, which has the highe:
photocatalytic activity. This resul't suggests t

correlation with the photocatalytic activity.
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