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B Aoz BEme] Yo Fuas sEA d9oz olTAYL, E4S A7 S5k Mo*E 0-2.5mol%
o FEHARE TiOL Arigt E33F9 Q0 Mo/Tig A3kt Axg Mo/Ti E3-35919 £4& UVIVIS, TEM-EDP,
XRD, EDAX, Z#]al XPSE ARg-ale] 3&3¢]on | dichloroacetic acid(DCAY #i-s) w9} actinometng 3+

gl A]71(2.68uE/secH3S E3lo] wx¥ E314Er) 2] photonic efficiencE ZA8H . TEM-EDP XRD patterr#]

BAA, gA2] Aol F 4nnkl anatase TigHS L8100, Mo® 7 kel E7 a2 Mo/Tie] 9] F5ubg

onsee] &4 TiO:2} Bl ale] red-shifel= 7o) 98 FH TH2.5% Mo/TR] A% <=5 TiO Rt} oF 0.22 eVid4). EDAXZ

ARRE AxE EFBENL ol8H Moo = ZARES FRlslgior, XPSE Mo(V)e] EA1E #&d & St

Photonic efficiencie £ A#z7131014 0.5 mol% Mo/ % 0.28 FHjolle=r, o= it E3gESmolx 3%

Ao vehle AFOE dopant] FHHol SUIETE ARH R AANEY g4 ol FEA] G&°] Al

AFE ool el Atole 23l AT Efgaie] A7 AR At AR T ATl F21H7]

ot} Ixjg] 257} F71eE =4% photonic efficiencE 7Histgled, ole 7] & &mYURE2] agglomera-
tionel] ojet BlEWAA 749} FEetd vEAQ rutiledg el Aol FH dos E59d.

Abstract - In this study, molybdenum-doped Ti®o/Ti) mixed oxide nanoparticles were prepared with thé"Montent

varying from 0 up to 2.5 mol% to shift the absorption onset into the visible part, and to enhance the efficiency by retarding th
e™-h* recombination. They were characterized by UV/VIS, TEM-EDP, XRD, EDAX, and XPS. Photonic efficiency was also
investigated with the degradation rate of dichloroacetate(DCA) and light intensity measured by actinomefrig@d)8TEM-

Electron diffraction and X-ray diffraction patterns showed that particles were in the form of anatase with the diameter of ca.
4 nm. Appreciable red-shift in UV/VIS absorption spectra was observed with the addition of Mo, starting UV/VIS absorption

in the case of 2.5%Mo/Ti at around 0.22 eV less than in nano-sized pyfardithd 3.42 eV). EDAX verified that the amount

of Mo in the prepared mixed oxides was obtained as wished and XPS revealed that Mo(V) existgdaiticEOMeasured

photonic efficiency turned out to be increased up to 0.28 at 0.5 mol% Mo, and then decreased as Mo content kept increasing
higher than that. This was explained by the changing prevailing phenomena - electron trapping and recombination - as the

amount of dopant increased.
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site?] 7Y, AAels A AR Ag AAF] A, gAY 8-
& =oE WA AER ()] Aar, Bl VA= QI vl
WA Skt 5Y ST, FHAAgR, Y] A Zhao) &3 Yl
& o8 F oy X9 A4S Lde FeR dds e, HA=E
42 A9-olA H71E] dopingd TiO, F&mlE°] dopingdA] &2

Bt Aol Yo URE AR Y, Blad 52 FE0)
EES vERt BuEY SItH1-4] E3 Choi5-7] 52 A9
life time2] =422 V(IV)-, Ru(lll)- 5°] dopingd W=17] FZu)
9] ZA%-(2F 50 msy}t dopingslRl %8 Zuf(200us)yirt ¥E3 7t
dvke 218 Bargh v Stk e AL e 28l S5t
o] gapgo & ol FE AL Aol ol e A= Ve, o=
dopingd TiO,%] #w-g-24o] dopant] &%, dopant®H(TiO, 27t
QtA412] dopant energy level, dopahtd-electros] =3El), dopang] &
3, electron-doned =9} 2o A7) T B3 HEEL ASze
off 2957 2l AR dEA Ut

FEmEA g ASHA e bulkdEl ] Tioy = WA ER] 71
~3.2 eVETA YA ~3.4 eVE Thar AN F-574d, f-A A4 by
A, B EAR A T AEEA FE)d vlmE Ao mE
o] F&AEHES 2708 B8-S TUMATIWEA, AR, XM E
282  IA sk NE =Fo] FaE IvH8-11]. mehA] B A
FollME Y712 molybdenumo]2(Mo® e H7HE= &= Mol
Ti SFEE AR H, AZE MofTie] w74 A]¢] Hg=s
#E517] fl5te] UVVIS F548-8 SR8 ol 3 E345n)
o] YA, A, A 5o 548 Ao, 4
2L 7otslr] s dichloroacetic acid(DCAR-S1E-2- 53 pho-
tonic efficiencys 743131 t}.
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2-1. Mo/Ti E&&0] M=

Milli-Q plus syster o]&-dlo] A|%3 2444 >18 MQcm) 600 ml
& 1°CelatR WzkAIzl & A WA 7]HA] MoClg(Aldrich, Co.)
5 0-25mol9s] HI&= 77} Aol 5, o] Boflol] —20°Co[slol|lA] Bt
H TiCl,(Junsei, CoF HAs] & L-&H H7IAAA F2o|= A
o] g Azt o] FH AR BE AFES AAF glo]
T2 ALgeT) HE FRelE e YA 348 448E v
23 GAEL EAl7]7] 915k ionic strengti: AAAZET), ©

E 35l 94 Yo A3 CI2- Spectra/Por Membrane(MWCO

:6-80002 AMg-sle] HHe] pH/F oF 25-3.58%rt E W7k A
oA dialyzing*|Zt}. Dialyzings 53 F9] dH-g AxA77] 9
3}e] = rotary evaporator(BUCHI Rotavapor R-12#)aspirator(EYELA,
Tokyo Rikakikai Co. LtdE A8-3l%T}. Cold trap2e dALAAE
ALgsldon, Wz &2 oF 15-20°C, 2822 water bath] <%
= AR02 §X|51HA rotary evaporatorie] -8 °F 25-30 mb
L2 Z2dsi] ZXAPE HEHoR2e YEs o 1mbt HeE
AFEE WEo] Fo] 22 0-2.5molvs] Q-sized Mo/Ti mixed oxide

2-2. Mo/Ti EgH&&01e| 24

Mot #7F8 TiO, &, MofTi &54&v2] § onset| o F&
2= red-shift=l=x|9] G55 faslr] Y] Alzgde] Yo F
&8 UVNIS spectrometer(Perkin-Elmer, RamdaSH) A3t 200-
800 nme] s oA S48 28] bandgapellAle] WalE
2lsl7] flsle o] dole= 72 -3 absorption coefficientt= A4t
g # In(@)2} photon energy(@= A7 319 tH12]. Absorption coefficient
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G

>

- elelt
o The9) A (I WS BEatel AsL,
GZZ.SOS;XQ(;( lOOOxA()\) @)

A7 AQE 7+ FEA) ERE 58, A EYE p=3.9g/cn, colloid
F% ¢=0.5¢/L, 28] optical path length d=1 c& AI&-3l33t}.
AzE MofTie] YA=71= TEM(Philips EM430, 200 kV, L=600,
A=0.0258)g AHste] #Azbsiglon, A-T2E electron diffraction
(EDP¥} X-ray diffraction(XRD) patterf.ZA] &1t} Bgt A=
g E4EETAA Mo] AP =) MofTie] G2 At F2] Aes

#2317] A3k energy dispersive x-ray spectrometer(EDAX, Pilips PV99)

S AN A8E Mog] A4 g 81 X-ray photoelectron spec-
troscopy(XPS, Fisons, ESCALAB220I-XL, Al ¢€ 10 kV, 15 mA, 2-810°
mbarg AFS-3I9oH, Aol H|olEls C (284.6eVE 71522 charge
effect® work functiorsll £]g} shifts: B8l =t}

HFHow Axd o] FgeHy S EE #tElr] 98e] pho-
tonic efficiencs: S°951Aw=H), w3 thd=22+= 1mM DCA(Aldrich
Chemical Co. IncF 4434t 50 mL quartzik-s-7]o] Mo/Ti &
$FEuE 0.5 g/lle] =2 THE F xenon lamp(500 VBB <]
& ZAFStY DCAY 3ihg &g 743513t DCA 34 =s
614 Impulsemat, 713 pH me#r665 Dosimat(Metrohm C&) AH&-%h
‘pH-stat’ o= =43192H, Aberchromefd-S A3t actino-
metry i o2 S5 A3 Ao M7= 2.68uE/see] At ZALE]
= FAuA ] gk A AR E IR §8te] 320 nm
cut-off filters: &s8te] Blo] AL, Ao 10 miming W51

959t
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3-1. UV/VIS 58, TEM-EDP, EDAX, 2|1 XPS &4

Fig. 1d&= UVIVIS spectrometé& A3t 0.5mol% Mo/Ti &<
9 Alx GAEE F5&Y SHAE Ve Zojth 2N R
wks} 7ol dialyzing Al 7ke] ZA3ghe]] whEbe EAH R ofsto]
AE 4 9 red-shifr} YelEHEI[13], ©]& colloidg-] oA
particles©] /3743h& WERH 1A7) o] F5E Frsbdo] AR 7l
o2 Hol Aol AY Wt gle-S & & Ak BIF 4 TioS]
ZAg-olx o] Fudo] bulkdel @l ca. 385 nth ©ago R o] Fgh
A0 = Hol(Fig. 1} Fig. 2), A=E Y4717} quantum confinemeat
#F5 YepE 27198 SRk B s @A B 4 dlew, o
£ B9 vl =49 3.37 e §AF 432 A9TH14].

Fig. 16= &3 Mo mol% ¥l npg 2oz gdlo] F4e
WS "o 9t o] A By wieh o] Mo®) o] %
7tetd Frobde JAAF T red-shift]al gleH, o3 A= o
A 2 (19 In(a)e} photon energy(B7Fe] #A 4 2 5E] =X Fig. 2
oA Belgh 4= ks TiO,:3.42eV, 0.5%Mo/Ti:3.34eV, 2.5%
Mo/Ti: 3.2 eV). ol&= Mo/Ti EEEvE Axd o, & TiO, A7t
Woll x18E Mo(V)2(Fig. 4) redox potential TiO, %= (conduc-
tion band, CB)ole EAlsle w58 TO,2 ERT e U=
= FAAE o718 & 9lew, ke dopant M&} TiO,2] CB Abel9]
Astel5& Bate 7MAFHe F45 f8st= charge-transfer
transition& Yoivkes Aoz Avd 5= glvh

A Mo™* FHolle Ti* 7l A7) 8-S o]F7] s A
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Fig. 1. UVIVIS spectra of Mo/Ti(0.5 g/L in water, top: at each stages,
bottom: with mol% of Mo).
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Fig. 2. Plot of In(a) vs photon energy.

Fig. 3= TEM 2427}e] ARRlozZ ARzl ol ZAE B2 MofTi
AR particle siz& WERHA it o] BR# AR A2 dimension
BEAE PwstE Pk XEo] oF 3-4nmoliL A} 7kAo] oF 357
Adg o & Ut} EDPIME the 4] (24 AR d 3kl 3]
(101), (200), (103) anate@ed -3¢ TiO,7} T2 ATk

Table 1. EDAX analysis of Mo/Ti
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Fig. 3. TEM-EDP of the prepared 0.5 mol% Mo/Ti.

A L=R;-d @

EDPlA Scherretle] W7l HA g A& 2vAe 2442 ofnjsiH
TEMz} EDPIIM <=4 TiO,®+ Mo/Tigke] =po]#-e giirHi1e, 17).
EDAX #4022 4] Moo F=E Q3] & Ax} o|&xo= A4t
3 Mo9] rwe}l YX3he FlEls) o (Table 1), XPS X&¥ 3
E17F Mo(V)(3dy, 233.1eV, 3d, 2315 eVH-S &AsTHTI(V) & 7
2 2p,, 464.2 eV, 2p, 458.5 eV](Fig. 4).

Fig. 5= 2.5mol% Mo/Te] x4 ¥z & XRD #4472,
227t F71ErS anatase TIQW rutiledX o] 5718hs WreEhY
2 v} aela o9k 78 dale] ¢ photonic efficiencE =733t
Azt Gy 257t /ISR G40 AAFHoR Fojme Ao
A2 Y= (Fig. 6), ©1= SEMEA (Fig. 7l & & o] 9=
E 433024 particlég©] agglomeratiop] # A= F3}sld w1
a2 4el7 rutile 24 2] o] FH Ulojet AT ¢ Uk

3-2. Photonic Efficiency

Fig. 8= Moi 719l w2l photonic efficiencg 233t 43 0.5mol%
oA HNPE veRRL, 1 o] FY F=FvtA = 2358 photonic effi-
ciency] #Haehe 43S LT ojeh 22 34 ke thE dopant
A7l A3 Ay = g3 AFEH=H[7], o= F7FE dopang]
] St wet trapd AR Abele] Awrt s, Ao
2 AASEE Svlehe AeE 4HE ¢ Jon, v 22 A (3)
o) ]3] FHAHTH18, 19].

0.5 mol% Mo-TiQ

1 mol% Mo-TiG,

2.5 mol% Mo-TiG,

Element

25°C 450°C, 2 hr 450°C, 2 hr 25°C 450°C, 2 hr
Ti(atom%) 84.94 98.83 84.07 98.05 80.91 96.78
Mo(atom%) 0.94 1.17 1.85 1.95 3.69 3.22
Cl(atom%) 14.12 0 14.08 0 15.40 0
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Fig. 4. XPS fitting of the 0.5mol% Mo/Ti mixed oxides(Mo(V) 3d,
233.1eV, 3¢, 231.5eV; Ti(IV) 2p,,, 464.2 eV, 2, 458.5eV).
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Fig. 5. XRD pattern of 2.5 Mo/Ti with different heat treatment temper-
atures.
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Fig. 6. Photonic efficiencies for the heat-treated 2.5 Mo/Ti mixed oxides
for 2 hr.
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Fig. 7. SEM image of afflomerated particles after heat treatment ¢
450°C for 2 hr.
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Fig. 8. Photonic efficiency for the photocatalytic degradation of DCt
with 0.5 g/L Mo/Ti mixed oxide colloids of different Mo content
(1 mM DCA, measured at pH 3, Q-sat.)
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