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Recent advances in controllable synthesis of one-dimensional
nanostructured TiO, and their applications
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(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
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Abstract: TiO, is one of the most important inorganic materials for its multiple applications. The controllable synthesis
of one-dimensional nanostructured TiO, (1D-TiO,) is a very complex process due to the various morphologies of the
1D-TiO,, such as 1D-TiO, nanofiber, nanowire, nanobelt, nanorod, nanoribbon, nanotube. Researchers all around the
world have developed a variety of controllable synthesis methods, for instance, electrospinning, hydrothermal treatment,
template formation and electrochemical anodization. Recent advances in the controllable synthesis of 1D -TiO, and their
applications are presented in this paper. The influences of the synthesis parameters on the structures and morphologies of
the as-prepared nanomaterials are systematically analyzed during the controllable synthesis process. And we also present
the future development of the 1D -TiO,, providing a reference for the potential morphologies and applications of the
1D-TiO, nanomaterials.
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Fig.1  Morphologies of TiO, nanofibers synthesized by
electrospinning™: (a) Low magnification SEM image of

nanofibers before calcination; (b) High magnification SEM

image of nanofibers after calcination at 500°C for 3 h
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2 PYPRBURLAI AR 52 TiO, Ak LT3R
Fig.2 Morphologies of Pt nanoparticles and nanorods loaded

TiO, nanofibers synthesized by electrospinning!"!

2) KA L

IKFRTL S FNIRAE A5 AR B L & — 4 gl ok
MR REI TV Z N . 2006 4F, &2 A
BRUCE R RHKME WM LZEAEWT TiO, 45K
LU NG BUERT A TiO) MR A SIIRIE Z 1F N AE v 38
2170 CKAR Y 72 h G B 4EghK 2k, &l
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Hiith . 2010 4F, YANG Z:U"SHB SR KIS i T 2545
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B3 TiOyB) @Bk Zth kel gt
Fig.3 Morphology of TiO,(B)@anatase hybrid nanofibers!'*
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B4 AFHB G TiO, 0Kk F 3
Fig.4 Morphologies of single crystalline TiO, nanowire
arrays“g]: (a) Top-view image; (b) Cross-sectional FESEM

image
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Fig.5 Morphologies of TiO, nanowires synthesized by

[24].

template formation (a) Cross-sectional SEM image;

(b) Top-view image
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Fig.6 Morphologies of TiO, nanowire films synthesized by
in-situ oxidation(a)®*”

Ti substrate(b)™*

and nanowires by hydrothermal growth
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2011 4E, ZHOU %P T et B & 1F 1

B 7 T 0 A K AR AT U SR B AL PR B B
TiO, AR EF U/ AN KBS & G RHI RO 21 21

Fig.7 Morphologies of nanofibers by electrospinning(a) and
TiO, hierarchical structures electrospinning/hydrothermal

process(b)”
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Fig.8 Morphology of TiO, nanobelts(a) and their photocatalytic properties TiO, nanobelts(b)>"!

9 RGBT L TiO 4K K Ag S8 TiO, 4Kt B3
Fig.9 Morphologies of TiO, nanobelts synthesized by acid hydrothermal method(a) and Ag nanoparticles loaded TiO,

nanobelts(b)>!

10 FFHYTLTE BTG 1K TIO, K T4 FIgh KAy 30
Fig.10 Morphologies of TiO, nanofibers(a) and nanoribbons(b) by electrospinning

[32]
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Fig.11 Morphologies of nanoribbon of peptide(a) and hollow
TiO, nanobelts(b)™!
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Fig.12 Morphology of TiO, nanorods (a) and their
super-hydrophobicity/superhydrophilicity transition properties
((b), ()™
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Fig.13 TiO,nanorod arrays on FTO substrate™
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) g 7
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Fig.14 Morphologies of bear(a) and nano-branched(b) TiO,

nanorod arrays!*
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B 15 /ST TiO, 9KHE 5151
Fig.15 Morphologies of hexagonal TiO, nanorod arrays®”:

(a) Top view; (b) Cross-sectional view
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Fig.16 FESEM image of AAO template(a) and morphology
of highly ordered TiO, nanotube arrays by template
method(b)I*!
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P ZnO Z2K ZE B 1 b A 150, R AR TR (Liquid
phase deposition, LPD) I. 24 i T 1 /7 HEF 1) TiO, 44
KAEFEF L 17).

17 ZnO JRKEFEFIRI TiO, 4K B 51 TEZ)

Fig.17 Morphologies of ZnO nanorods(a) and TiO,

nanotubes(b) arrays™*’
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18 BHBRAAALILIIT & B TiO, 4K T3
Fig.18 Morphologies of anodic TiO, nanotube arrays“®:

(a) Cross-sectional view; (b) Top view
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TiO, 4K A A N THI AR 2 T2 T AN R 25
2009 4E, WANG Z5EMREH T — Bl R b i — v BH
WA T8 TR — UL BT R TiO, 4K
B BRI 2 B S AR AR B B TR IR EN I, SR 5
FERHER A AT R BHARAR AL, FIT3RAT TiO, 49K [ 51
B B R LR, EWiG RIS BTk
(¥] TiO, 9K BEZ RS THI T4, 385 T 85 BB AR 4
T EPT A K TiOy 9K BEH IR 1 T AN (1)
SR 20).
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Fig.19 Morphologies of smooth anodic TiO, nanotubes™”

Bl 20 KBRS TiO, 40K s T 5

Fig.20 Morphologies of TiO, nanotube arrays via two-step anodization™*”: (a) Low magnification; (b) High magnification
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S 55 1 TR AR A THT (00 1) AT (101) K K H2 55 7 g Kk AR
MR LI 20). R ZH 50 IS AL TiO,
YK BEFIRTIR KA B S, 5 B T BB 24k Tio,
YR BRSNS A RREIECY, S b B e P L s
T, BRIBAANE ST TiO, QKBRS TE
FFLAIE B AR R B AR A A H A P AR e
(B BR AN N 7000230, R FH S N0 P 7Kt 52 LSS i
A ZEE T, F0 I B AR S A R o A T R Ak,
T TiO) 4K IR AR K, [FIIHIE] Tio, 4K
FUS AL AR I, T SEIR T PR B AR AR LA
B P HES) TiO, K BEFIWIN; 7 TiO, 4K E BE
FIAGIN CdS ks - S A RIPY, st Tio,

YR FEFI R ECL I 22), B e LA
R L.

2 —HENK TiO, B A

—YEGR TiO, th T AR W BAL AR 1, AEAR
2 AURAT AL R I EL . Ik, R TAEEATIN
— RN K TiO, 75 A BH ARt B 00l b B
ﬁngO, 61—63]‘ %%ﬁﬁﬂ(ﬁ%”%ﬁg’ 64-67] . ,ﬁ;@*ﬂ-*ﬂ_ﬁ 1,68-76] .
Rt T e R N AT T
I

2.1 K[AgERH
2006 ££, MOR FIT 76 W40 POV v Pl 4E S v gl
FEFLE Rl FHAR AL T2 A E R 46 nm. BEJR 17
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Fig.21 Anodic TiO, nanotube arrays((a), (b)) and TiO, nano-dou by hydrothermal treatment of TiO, nanotube arrays((c), (d))”:
(a), (c) Low magnification; (b), (d) High magnification

Bl 22 TiO, 44K FI CdS 49K MTRLE 1 TiO, 4K TEHRY
Fig.22 Morphologies of TiO, nanotubes(a) and CdS-nanoparticles loaded TiO, nanotubes(b)>*!

nm. KJ¥ 360 nm TiO, 4K PRI, KHAE R PP TR T A8 S WL RS LR b B AR A AL
P KL 2%E T DSSCs, SRAFMHMDG AR % TiO, AUKE FEAI I, Bl & KRk
2.9%, FETUE T — R EHN Tio, KA KB 33 um [ TiO, 4K BES, R T & Bk B
DL K DSSCs [)G HL L% . 2009 4, VARGHESE 41§ ii#4i DSSCs G LR mik 6.9%. 2009
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4, YANG “5PHGHE T ) FH 5 44040 7 TiO, 4K bk
TGP AR ZH % DSSCs Jr, IR T ik
6.03%HIG AR . 2010 4F, JOSHI 207U 1
4t TiO, PO # LG 2235145 1 TiO, 9K T4 I ik
MEAMEWEAN DSSCs (GBI R, 3R43 T miis
8.8%I1 s HU 3o, LRI AR 5 TiO, Mk i A )
FHEAAEL DSSCs HIDG LA BRI T 44%. 2011
4, LI R R T P B SAAGS  TiO, 49K
B FESIEIEINER LS R B 2 R 2 B a a
Ji& b TR T A JE AR A SR ARIE WIRIAE FTO 3 LB
LR F PSS B TiO, 90K W41 S5ouft S LR
AR, R HEERE 2 G TiO, 9UKAT 21 3 i 2 b
DSSCs JA k13 T 6.24%10e LB R

2.2 RiEILBERR

2007 4, P22 2O HE R T B AR S A
% BAT NS Y TiO, AR BES, FEF A 2K,
AR L 1 A AR (RIS P RS 1 e i
FIEFO M YERE . DG R B, bR
20V AL AL A 20 min BFERAF R G0KE B 280 400
ACBRIS, 7F 40 min (11 X HH SRS 1 S A A B At
HKETIK 99.6%. 2008 4F, Al O DL 4T A AR
B AR 50k, SR K #GES T TiO, 40K, 15
BRPESRIE N 5 AgNO; I & BRI Y, 49 23R TR 4%
Ag I TiO, 41K (Ag-Ti0,). Ag-TiO, 75 7] WX 4k %
T HE R PR RS, ' A 5 e PR A 5 6 & SRR A,
Ag-TiO, [ AT T 8 4 4T A A — S AL BN R 2
TiO, HHE B F M. 2011 4E, g T e
K F 7K A B AU K A B % T LA BUERAT AR
TiO, 4K &, SR J5 8 i Ui e M e b 2 N
Ag@AgCl Kb T b, Hl43 TiO, 49K & 11
BRI B UG, 12 A 71X Y F 4y
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it e AT DR FFAE 90% LA L

23 RHBEKHE

2005 4, MOR FTE VLS HiIE T e8I
WHAAE R, BRI AT P HES TiO, 41K R4
R P e SRR IS o R P THO, AR B 51 A 4 ik,
(R FLAK 27 HL i A SR AR 6 U T K T A ik 960
umol/(h-W), #3305 Jy 6.8%. 2006 4F, PARK %56
FIHEAT m LR R BB A4 2 TiO, 99K RS
R BHYCHRS T 2K A 2R BB Al e
[ TiO, YK FEF AR BHOG A BAT sk i 4

7K > T fE 7, Sl A B -4k Tio, 4K R4
(K1, 205 P25 GUKIBURLAE 19 6 B R B A e g
JEI 20 fi5. 2008 4F, ZHANG 2510005 & 17 —Ff] H
CdS/TiO, 4K R BRI Jik: (e PR
FT & B 7 TiO, 4K A R FHAL 2 D URR T 254 )
T CdS Bt Tio, HPKE A MK, ZH A
PRI AN E ST . 76 1.0 V LR 0.1 mol/L Na,S +
0.04 mol/L Na,SO; U A T, 24/ il 2 %
o4 245.4 pL/(h-em®). 2011 4E, SUN 257 R 50157 T
3B AL B YL ST BH MR A8 A TiO, 9K A B 471 3 S A '
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(s REUE . 2011 4E, ALVES Z53VR H K T2
I TiO, QKT T AR, 45 %W K
G Y TIO, KA R AT AR, JCIL R =R
N AR AT USRI o 25~300 °C i S A 1)
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UV 128U
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VU L) S BRI 3 AR LA R, K2
KT IR PG 1™ i (K118 73 AL ISAR A GOM 301
X IR AR (0 3t 20 W 50T ) 1 B A S N I e ) A
B AT L 205 S .
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