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Preparation, Characterization and Photocatalysis of Core-Shell and Hollow
Polyhedral Titanium Dioxide

HE Ming-Ming MO Mao-Song*
(Advanced Electronic Materials Research Institute ,General Research Institute of Nonferrous Metals ,Betjing 100088, China)

Abstract: In order to further promote the photocatalytic activity of polyhedral titanium dioxide with special
exposed facets, the core-shell and hollow structured polyhedral titanium dioxide were controllably prepared by a
facile hydrothermal method. The structure, morphology and photocatalytic property of core-shell and hollow
structured TiO, were characterized by means of powder X-ray diffraction (XRD), field emission scanning electron
microscopy  (SEM), transmission electron microscopy (TEM) and UV-Vis absorption spectra measurement,
respectively. SEM and TEM observations showed that as-resulting two kinds of TiO, have a tunnel-like hollow,
polyhedral shell-layer structure with opened (001)/(001) surface planes. The formation of the two kinds of novel
structures might be due to the effect of both complexing and weak acid etching. The photodegradation to
Methylene Blue of the as-resulting TiO, were tested in the presence of peroxide. The results showed that the
photocatalytic activity of the resulting two kinds of TiO, structures could be promoted even higher with the
additive of preoxide, which can be ascribed to their large specific surfaces, and the fact that the -OH provided by

peroxide can efficiently separate e/h* pairs on the surface of titanium dioxide.

Key words: polyhedron; core-shell structure; hollow structure; titanium dioxide; photocatalytic activity; hydrothermal synthesis

Wehs B 1A .2012-10-09, W& Bchi H 1H . 2013-02-05.,
K H AR 342 (No.21271032,50932001) BE B 5 H
IR A . E-mail : msmo@uste.edu, Tel :010-82241245



1420 Jx Hl fk

- %29 &

0 35l

][/

ALK (TIOYVE A G AR B A LU 3
96, TiO, & N BB BT (3.2 eV)2F 4B R HoAfr iy
HLF 258 T UK A KT 387.5 nm VG T S8k
B P B T2 O, XSRS A
) Ak R0 o R PR A e |, B S A0 0, A
H,O 545 b A B AR 5 A A s 16 e - 0, FIT-OH A
13 R TiO, R IREE A Ar M kL WP IR B o | AT
DAF IR FIRI R EK 3 L —SE R85 75 Y Y 1) Bt Ak
Yy F0 e G AR A W A R ol e A R T B B
K, TiO0, BOE s HERS, — B LIk R Tk —2
P TiO, OGBS R AT 2408 TR 2 R g
7, WIS 2 o 42 Jm 48 0 Nk Bt 42 )
IR B 45 SRR IR A5 A AE AR Z PSSR IE P, TiO,
o T P T Y T 4R AR R R AR O T AF R 10 BIF Y A
SO Yang S5 A T B 06 R T Y 22 T AR
Ti0,, o T M T A7 76 BB A A58 & TiO, M E ALK
AR08, Han 55 1 — 25 04 3 20 58 58 1) 0 16 M o D 7
Fe = 3] 90% LA B0 H AT, Anfey i 45 52 5 2 T A
8 5 I R TR L 2 T D i — 2D 3R TiO, MG
ROR R — DR A, % BB s flrp 25 45
P ELAT R i v 1) B R TET AR, BT O o o A A -
s A GOKR S5 Y TiO, 2 M B A 52 5 ) 2 —
Y24 Rk, SCHERHRE A% - 52 8 2S S5 4 Tio, KZ&
SRR Y S 2 f S5 A0 2 TR B TiO, 1Y
Hh S B — 70 45 A B DL SCRARGE

A SR ] A0 AR Bk T o A T A% -
FC M 23 S5 40 22 TR B TIO,, IS PR 25 1 Y
TiO, B K e m A, HLAR A S a4 | Ho A v
TAHBERATFH AR, XGRS
25 PO 5 A | PRIE FL T BE BRI % = 1 TiOo, %
T, 56 905 B A ALTS B A RS DT A 31488
AR Sas S5 IR ST R H A ik
15 3 1) 4% -5 B vh 25 2548 22 TR SR Tio, HAT 1 5+
MOCAEARPERE BT P 35 3 0 6 Lk s i sk %
Al Ik B RO G AE LR P25 19 f A A A K SF- | BL7E
A—E Emid AL A (H,0.))5 , & WAL s R 15 2

1.1 SR
Ti ¥3(Aladdin, 300 H , 4l J& 99.99%) i Ik (1E 4

L AL AL 5 A BRA R AR) B (1 25 42 4k
AL A PR R AR) 2K (25 4 B Ak~ )
AR A AR) i AL E (Aladdin, 30% , AR) &
R (Aladdin , 40wt% , AR) . £ T (18 245 4% A1 Ak 2% 1 )
LA BR A H] L AR) BLAIK (18 MQ-cm), T A K
PR G — PR a3
1.2 H&EEE

FRE 0.2 mmol £k I & F & 1N 50 mL A
T R VUSROG I S 42 rh #4350 A
27 mL H 47K 0.1~0.15 mL AR , 1 S by 48 %
J5 BT 180 CRECF 2UHEAR IR 8 h il % A [m] 5
FETLO ZTHAR TiO,, 17 RN & AR AR =R 5 T
ZIFMBE WP IMA 1 mmol HEMK A 3 mL i LA,
FRUCK RN 2% 35 & T 180 CA M T IR 8~
12 h, 7= B O AL BB | R 2l K i 2 a5
VeV 3 WE BT 60 C= AL 10 h, DLBERAE
1.3 FEmRIE

K H H A B HE XRD-6000 %9 X 2k AT 51X
(XRD)X FE i AH 25 48 FAH 41 B 2E AT 6 4E (Cu #8 Ko 58
5 ,1=0.154 18 nm, AL 40 kV, HLUE 40 mA , 43
TG 10°~90°, H4# B R 2°-min™', 2P 58 0.0339),
% Hitachi S-4800 ¥& 37 & St 47 By W Sl 5% (FE-
SEM) K ULEHE S OWIE S . R HH 35 [ Tecnai G2
F20 37 & 5t 3% 5 Ha - W G058 (TEM/HRTEM) WL S A% ity
P14 W 45 g Rt AR
1.4 SELERETK

A SCRI 8 452 56 ok i 3 [] 45 44 Tio, X
FH 5 W R P AR i 32 40 0 R < (1)H,04(1 mL) 5 (2)P25
(0.05 g); (3)FL 0 JEZTHAK Ti0,(0.05 g); (4) T £
AR Ti0,; (5)#% 7% Z i & Ti0,0.05 g);(6) %5 £ i
K Ti0,(0.05 g); (7)#% -7 Z i 1A Ti0,(0.05 g)+H,0,(1
mL), (8)11%5 Z A& Ti0,0.05 g)+H,0,(1 mL), 3CHH
R Tio, ¥ 25t 500 CHEbe 2 h A FELLER &
M PR BB AL SR 8 ZHAE A Sk
17 10 min 75 AL PR | FRE S b A ORI 5T 4R
J& 439 53 R 50 mL W E N 10 mg- L 09 HY 3 5
FEWH, BT R R AR R T 30W BUERAMTT
PR 30 min SR 1 WK, I ESO 20 B S BRAE S h
TiO,, FFHH AL HE UV-1800 2841 AT UL 436 56 B i
DU E 2500 4 5 5 A b3 T S FR 5 T R P RO
38 2 W R R 5 T ke XL STV PR 356 T T R 1
AL AHIEFE Z T LAk T 1,0, 15 %l B oG4 Ak
F I H T H,0, A B X6 35 35 (1% [ i A FH A L At



7

el WA 45 1%~ b 28 2 T — S AR BRI 4 R AE KO L 1421

55, A7 LLZWE AN T H HL,0, 7RG AR S Hh AN
AE B2 AL M S04 Al TiO, R e/h 15 24 24047
S (Faqu. 1) , 5 A A7 280 017 PR 3 W 1 4 46 5
T 32 J350 PO T VAR € 15 00 A AR Ve T S T Ay I Y e
WE WO BRI B Z AR GF et O &R, HESF
Lambert-Beer #& £, Pt nl LLF B €6 2% Sk iy 5 W7
] Y W <R R Y I ey <
1 = (Co—C)/Cyx100%
T Co: M7 R 8 0 W0 46 R (mg - LY 5 C
R IR ] 7 PP 5 VA T (g L)
Equ.1:
H,0+h,* — -OH+H*
R-H+h,s — RH*s = R-+H* —»>—
2H,0,+e4” — 0,7+ +2H,0
R-H+:0OH — R-+H,0

0,/H,0
R-+H,0 — ROO- —— Degradation

0./H,0
R-H+-0OH — HROH: —— Degradation

Horp R-H AURA LYK by, AR 2T e UK
HLT, - OH AR IH P SR Iy S

2 HR5IR

2.1 Hm SEM RIEE RS
JIv ) A S B A A R AR S A R AR ] AR IESE
e ] 5 A% -7 A rp 22 45 R Z2 T A Tio, W2 AN TR T 1A

T4 18 55 22 1Y BR OB 4% — 72 T 25 0 851 Tio,, WAl 1
Jis, AHEGE T A A% -5 45 4 i — SRR
P 3R A 1 A% R — A~ Z2 TR 52 J2 M BB 1e), has 25
Fa 0] — A AE SR B 2 A 7 E R L (B 1d),
TE W RN Z TR S5 48 Hh | 72 J2 19 (001)/(00 1) T9 i 1 7 /2
A FF 2548 | P FR 2544 TiO, FURE ) R H 35 78 TLAS oK
I AT XA (001)/(001)1H FH 1Y 2 HAK 7 )2 45
] e 2 28 E A6 S A 180 CK AR T i S AL o
Ik 2 15 53 1% TV 18 1Y) 555 1R P R ol 3 (] 4 Ak i
et Bt 4 Ak A B R B A B AR AR IR | 4]
BRI T4 2B T FTLLS Ti B 7 kA
BB VT R R E I LT EE AR, X IR
T A3 B2 07 3o i T 4 A JE o g v M T R BOR AR T
P rhas 4b TR B AT K SR o S A B IR 22 12
O3 AR JSC R 55 R PR PR — E AR B B Tl
IR BTN NI g

% & F (0011 L 5 FLALH) Ti BT 6 B i
Ti P4 7 50%22 Yang ™ %Ak — H S RE LY
(001) T % 58 ik | Ti B F(JUHZ 5 B9 Ti B F)
WARZS 7 2 T R8s T e JI001)1H 2 M Ti
JE B AL BRR 4> F 10 N JE A O TR A LA
P B B, B EERETE b, R4 SH
Bi—5E frh2s 8589 Z TR TiO, I, 5341, K4
P i F A B IR 2218 43 i 5 BOK I W2 59 R M | g
$LH(001) B U, A% —5¢ Fl b S G5 4 22 TR

Bl 1 AREHEZ ik Tio, K SEM [l
Fig.1 SEM images of thick polyhedral TiO, (a) thin polyhedral TiO, (b), core-shell polyhedral TiO, (c), and hollow polyhedral TiO, (d)
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Fig.2 XRD patterns of TiO, with different structures
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TEM images of (a) core-shell polyhedral TiO, and (b) hollow polyhedral TiO»; (c) SAED image of hollow polyhedral TiO,

K3 AFEZH TiO, B TEM Fl SAED K
Fig.3 TEM and SAED images of TiO, with different structure
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Table 1 Effect of complexing and weak acid etching time to core-shell and hollow polyhedral TiO,
Volume of Hydrofluoric acid / mL Complexing and weak-acid etching time / h Morphology of polyhedral TiO,
0.1 5 pits on (001)/(001)
0.1 12 Core-shell
0.15 8 pits on (001)/(001)
0.15 12 hollow

22 4 B I BN L8 AL BT T R AN N MBS RRE IR R LR L (001)/(001) 2 2 K T ALy 1
TR EGEE R R, SRR 0.1 SR da), BN S B LS BB 8 10 A I Ak

N A

mL AYRE AL LE A AL ERBIREE 5 b BO 08 il 252 30 4 I o7 R0 553 PR P JA el G ) 4TI 8] 22 12 b, 0

$4800 §0kV 4.9mm %30.0k SE(M)

Thin polyhedral Meta-morphology Hollow polyhedral
Thick polyhedral Meta-morphology Core-shell polyhedral

(a) 0.1 mL HF 180 °C 5 h; (b) 0.15 mL HF 180 °C 8 h; (c) schematic illustration for the forming process of core-shell and hollow polyhedral TiO,

4 ANIF) HF I GE RS A7 Gl s 18] BT TiO, B9 SEM B K TiO, 350 18 22 n
Fig.4 SEM images of TiO, and schematic illustration of TiO, with different structure
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Table 2 Effect of different complexing agents to final structure

Volume of HF / mL. Complexing agent Dose Complexing and weak-acid etching time Morphology of polyhedral TiO,
0.1 Thiourea 1 mmol 12 h Core-shell
0.1 Thiamine 1 mmol 12 h Incomplete core-shell
0.1 Ammonia 0.16 ml 12 h Pits on (001)/(001)

00um ES4800 15.0kV"8 8mm x7.00K SE(M)

(a) (NH):S 180 °C 12 h: (b) NHy-H,0 180 °C 12 h
K5 A TR A 70 1 45 89 Tio,
Fig.5 TiO, prepared by different complexing agents
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(a) 1 mL H,05 (b) 0.05 g P25; (c) 0.05 g solid thick polyhedral TiOy; (d) 0.05 g solid thin polyhedral TiOy; (e) 0.05g core-shell polyhedral TiO; (f)
0.05g hollow polyhedral TiOy; (g) 0.05g core-shell polyhedral TiO,and 1 mL H,0,. (h) 0.05¢g hollow polyhedral TiO, and 1 mL H,0,
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Fig.6  UV-Vis spectra of Methylene Blue by using different structured TiO, to carry out photocatalysis
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