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ABSTRACT

The electronic band structures of Metal-doped titanium dioxide, M-doped TiO, (M = Co, Cr, Fe), have been studied by using XRD,
UV-vis diffuse reflectance spectrometer and FP-LAPW (Full-Potential Linearized Augmented-Plane-Wave) method. The UV-vis of M-
doped TiO, (M = Co, Cr, Fe) showed two absorption edges; the main edge due to the titanium dioxide at 387 nm and a shoulder due
to the doped metals at around 560 nm. The band gap energies of Co, Cr and Fe-doped TiO, calculated by FP-LAPW method were
2.6, 2.0, and 2.5 eV, respectively. The theoretically calculated band gap energy of TiO; by using FP-LAPW method was the same as
experimental results. FP-LAPW method will be useful for fabrication and development of photocatalysts working under visible light.
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M-Doped TiO, (M =Co, Cr, Fe)2] Al ; HAF wl=22-(1) 23
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LAPW(Full Potential Linearized Augmented Plane Wave)
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B A= 7|Ee & dEHA Ue sol-gelFES 47}
o] MEP RO R M-doped TiO, 2 AZs+AH. Tig
AFAZE Ti(O-Bu)(Aldrich, 97.99%)8 AH-3157, Co*,
Fe', Cr" 59l 3% %ol ATAZE Fe(NO,); 9H,0
(Aldrich, 99.99%), Co(NOs), * 6H,O(Aldrich, 99.99%), Cr
(NO3); * 9H,0(Aldrich, 99.99%) % nitrateE A3}
TiOol F4F0)29] =g 1 wi%olth Al Wy
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A7y dAElste] EujE AzsAoke] WEE SGet
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visible Diffuse Reflectance Spectra(UV-DRS, Simadzu, UV
525)8 o8-8t ZAMSIATH FXENA O AHRE V17
MAC Science Co.Ate] MISXHFEEZ FY2 CuKa
(L =1.5405)8 AFHE-3FH 3L, 40kV, 200 mAS] X-ray gun®
2 10-90° H ol 4%min2] scanning speed®E X-rayE
ZAFste] XRD patterns AT ARp £ A A
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I AT 4zl 2R g ol YA 23 2
% ZAKLocal-Spin-Density Approximation, LSDA)| A} 7}
A dursld 7187] ZAHGeneralized Gradient Approxi-
mation, GGA)E AF&-3= FP-LAPW(Full-Potential Linea-
rized Augmented-Plane-Wave) ol A= 3t¥a, £ A
T A= Wien97 7|14 7F AHE-H T
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B Ao sol-gelHoZ A2 v H2] M-doped
TiO,(M = Co, Cr, Fe)& A7tgste] A AR = AAE
o AsL =AY Fig 19 SGIYOoZE A|Z23 M-
doped TiO,Z 500°ColA 4A7F EX2]d 82 £8 XRD
patternS YERMN AT M-doped TiO,9} =HEA %2
TiO,+= anatase®} rutile 27 ¢] FAld A3l U= A&
& 4 Q09 anatase$} rutile?] H|E-E 3:2 HEol|L, 4
Mo AE B anatased} rutile2] AR 8 AF] ALY M
ot vrebst
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ANZF D23 A 59 B XRD patterng WER ST
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Fig. 1. Powder XRD patterns of a precursor sample prepared
by the SG1 method, and of M-doped TiO>(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h. A : Anatase phase, R :
Rutile phase.
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Fig. 2. Powder XRD patterns of a precursor sample prepared
by the SG2 method, and of M-doped TiO,(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h. A : Anatase phase, R :

Rutile phase.
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Fig. 3. Powder XRD patterns of a precursor sample prepared
by the SG3 method, and of M-doped TiO,(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h. A : Anatase phase, R :
Rutile phase.
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Fig. 4. Powder XRD patterns of a precursor sample prepared
by the SG4 method, and of M-doped TiO,(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h. A : Anatase phase, R :
Rutile phase.
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o371 L& Crystallite size(A), K& Scherrer A<=, Ae
X-ray radiation(k=0.154 nm), (FWHM)= 3]& A 9] Half
maximum intensity, ~Z2] 3 0% Bragg angle©|Tt}. Table 1
o] SGI, SG2, SG3, 8|1 SG4Wo 2 A 23 M-doped
TiO,o A 4783l anatase®] crystallite sizeZ YERA AT
SG13} SG2 WHa o2 A|%23 M-doped TiO,9+ =X
% T, crystallite sizes AAE Az, £FE Co,
Cr, Feoll ™2} anatase 239 Z7le= 28 24 veld
A = 19-24nme]3ich. SG3 WHoE Az M-
doped TiO,9] 73%- Cr#} Fe7} =3 H anatase 249 A7)
= 21 nmOI AT CoZt =8 E anatase AF e A7+
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Table 1. Particle Size(nm) of M-Doped TiO,(M =Cr, Fe, and
Co) Prepared by Each Method

SG1 SG2 SG3 SG4
TiO, 20.92 20.91 18.23 13.75
Cr/TiO, 2091 23.12 21.96 13.73
Fe/TiO, 2091 21.96 31.38 13.56
Co/TiO, 19.96 24.40 14.65




M-Doped TiO, (M =Co, Cr, Fe)e] AZ : xR} Wi=F2 (1) 25

14.64 nm& th& Zol| vgte] wig- ZA Uebstth SG4
o 2 A|ZE M-doped TiO,2] 7% anatase 2749 ¥
o 7= 13nmE YEFGO™, & sol-gel(SG13} SG2)
Hoz Azxd AR AR A7 S FE& A0FE
EFsttl. Sol-gel HH S ZE M-doped TiO, & A5t AR
AT AN A3, SGIF SG2 WHOE AZRT M-
doped TiO,°|A1& anatase} rutile 2ol FAlol 33}
= ZoZ YElst) Anatases} rutile Aol SA A3
g 79 Co, Cr, Feol anatase®} rutile A% FoA o]
o] =¥ AR PEE7] ojg@z, EEl FP-LAPWHS
2 FxAAE e AR E7Fssith ek anatase 2
Aoto] A= e AESE e o] B A7 2

A uf$ 23, SG3 RO A %38 Co-doped TiO,
A =43 anatase 2 THo] AT AHES g
AL, SG4 WA= Codt Feol =HE TIOAME
anatase 278 ¥ro] 44748t 2™, Cr-doped TiO,9] XRD
pattern< anatase AH 22 FA =] U= AR YEbN
o} A7 o2 M-doped anatase TiO, & A|=8=d 3o
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Fig. 5. The UV-DRS patterns of a precursor sample prepared
by the SG3 method, and of M-doped TiO,(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h.
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Fig. 6. The UV-DRS patterns of a precursor sample prepared
by the SG4 method, and of M-doped TiO,(M = Co, Cr,
Fe) heat-treated at 500°C for 4 h.
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79l anatase TiO,9] AXT3(A)%} density of states (B)E
UeERHATh Anatase TiO,= tetragonal crystal types 3t
2o lattice constant as} b 22t 3.78 A3} 9.49 A<|
™, energy band gap2 3.2evelth ol¥d ZA TR data
£ 0|83} tetragonal crystal?] AHLE=E ALFsFY T
Fig. 7(B)2] density of states Aol 281 anatase TiO,
valence band= 02} ¥ go] I3, conduction band= Ti%
ggko] AA UeRt 09 2p leveld Tid] 4d leveld] Alo}7}
TiO,9] energy band gap®] =™, L 32 3.2eV(387 nm)°]
i, Ti0,9 valence band®} conduction band Aleloll& tf
E NAA level= A= AL & F7F Aoh 2 AFo0A
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o] 7%, Co3d orbital®] 2g level TiO,&] valence band
oF 72 A9 s EAE, thE FUN9 2g level>
TiO,°] band gap F2tell $IXItL = S & + UL
1, Crol =8E anatase Ti0,9] A%, TiO,2] band gap
7Vl Cr3d orbital®] t2g level®] &AI8taL Ut} Fed
anatase Ti0,2] valence band 7}7Hg 3Ll Fe3d orbital®)
2g levelo] sy SR, YA T 2g level>
conduction band$} W9~ 7W7tL x| EAE = e &
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Fig. 7. (A) the crystal model of anatase TiO, and (B) the total
and projected density of states(DOS) of the anatase
TiO, perfect crystal: The DOS is divided into the
Ti(black solid line) and O(gray solid line) component.
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Fig. 8. The DOS of the metal-doped TiOx(Ti;,AO, : A = Co,
Fe, and Co).
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M-Doped TiO, (M =Co, Cr, Fe)?] Az : Az} SH="12(1) } 27
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