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Preparation of Ordered Porous TiO, Film from Honeycomb Structured
TBT/PMMA Hybrid Film

SHEN Yan-Ming, LIU Dan, WU Jing, LIU-Ya-Qi, JI Sheng-Fei, LI Tian-Shu
(Department of Chemical Engineering, Shenyang Institute.of Chemical Technology; Shenyang 110142, China)

Abstract: TBT/PMMA organic-inorganic hybrid honeycomb patterned film was prepared by Breath Figures
method, then it was suffered vapor phase hydrothermal treatment and-transformed into ordered porous TiO,
film via pyrolysis process. The hole structure was investigated. during the vapor phase hydrothermal treatment
and pyrolysis process. The results show that, during the vapor phase hydrothermal treatment, TBT hydrolyzes
to titanium hydrogen oxide hydrates, forming the stronger —Ti—O— networks, which therefore prevents the
PMMA from “liquefied” in ‘the pyrolysis process; as a result the ordered porous TiO, film is obtained. Com-
pared with non-hydrothermal-treated TiO, film} the resulted ordered porous TiO, film enhances the photoelec-
trochemical response and-its photocurrent density is increased by 3 times under UV light irradiation.

Key words: Breath Figures; vapor phase hydrothermal treatment; honeycomb pattern; TiO, film; ordered

porous structure ; photoelectrocatalysis
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Fig.1 SEM image of as-prepared TBT/PMMA precursor film
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Fig.2  SEM image of TBT/PMMA precursor films without any
treatment calcined at 500°C
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Fig.3 SEM image of PMMA/TBT precursor film after vapor hy-
drolysis treatment at 100°C for 72h
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Fig.4 SEM image of the vapor hydrolysis treated film calcinated
at 500°C for 2 h
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Fig.5 FT-IR spectra of the samples

(a) TBT; (b) PMMA; (c) PMMA/TBT precursor film; (d) PMMA/
TBT precursor film after vapor hydrolysis treatment at 100°C for 72h; (e)
TiO, film obtained by calcination of VPH treated film
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Fig. 6 XRD patterns of the samples

(a) PMMA; (b) PMMA/TBT precursor film; (¢) PMMA/TBT precursor
film after vapor hydrolysis treatment at 100°C for 72h; (d) TiO, film ob-
tained by calcination of VPH treated film
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Fig. 7 Photocurrent-potential curves of porous TiO, films in

0. 1mol/L NaNO; solution




5 3]

FRER] 26 - ph s RS A TBT/PMMA ZR (0B s 47 FPfLASHI 19 TiO, i 489

BN, Ay FLAG A TiO, R R b A2 i 2 Y e A e
i, A AR B R ) G P e, 58 22 6 24 v e
Bk, BT ESEES RS RN

3 Fie

R HIARH K FALL 3] TBT/PMMA Fii8R A, Z 5
P LRI P A HLAL S PMMA B 735, 1T LA K
Wy Z2FLI% 5] TBT/PMMA Rif S8 (A 4% 16 S 22 FLI%: 57
TiO, f&. KPALBLFE s, TBT /KAl S A AL ok
EY, WMOEE R E B —Ti—O— R Z8 254, HIRAH T
R LR R G e R G YRS AL R Y5
Wi, HERF T ATIR A e BIRALAGHY , ARG Y
fLESHI R TiO, . A LAY TiO, BERYEHL L
PEREIE T AR LR PAL BN F 42 AR A5 21 1 TiO, 2
FLIE, HADEHRIRZ N5 1 3 4.

SE

[1] Tsuru T, Kan-no T, Yoshioka T, et al. A photocatalytic membrane
reactor for gas-phase reactions using porous titanium oxide mem-
branes. Catal. Today, 2003, 82(14) . 41-48.

[2] Wold A. Photocatalytic properties of TiO,. Chem. Mater.", 1993 ,.5
(3): 280-283.

[3] HoaM LK, LuM, Zhang Y. Preparation of‘porous materials-with or-

dered hole structure. Adv. Colloid. Interface Sci., 2006, 121(1/2/

3):9-23.

28, WIEE, XK, 4 (LD Wei, eral) | BT R BIEH AK

iR B AT e Z2 L. JEHLBE B 4 (Journal of Inorganic Ma-

terials) , 2006, 21(6) ; 473480.

[5] Lu M H, Zhang Y. Microbead patterning on porous_films' with or-
dered arrays of pores. Adv. Mater.., 2006, 18(23) . 3094-3098.

[4

[l

[6] Wong K H, Davis T P, Barner-Kowollik C, et al. Honeycomb struc-
tured porous films from amphiphilic block copolymers prepared via
RAFT polymerization. Polymer, 2007, 48(17) : 49504965.

[7] Zhang K, Zhang L., Chen Y. Robust organic/inorganic hybrid porous
thin films via breath-figure method and gelation process. Macromol.
Rapid Commun. , 2007, 28(20) ; 2024-2028

[8] HHZEHH, & #, y5 ik, % (SENG Yan-Min, et al). F| ff] Breath
Figure Bl %5 B A Honeycomb 454 YA ML/ TCHLZ IR, =552
A2z 4 (Chem. J. Chinese U. ), 2009, 30(7) . 1464-1468.

[9] Yuwono A H, Liu B H, Xue J M, et al. Controlling the crystallinity
and nonlinear optical properties of transparent TiO,-PMMA nanohy-
brids. J. Mater. Chem. , 2004, 14 .72978-2987.

[10] Jayaraman A, Subramanyam G, Sindhu S, et al. Biomimetic synthe-
sis of calcium carbonate -thin films using hydroxylated poly ( methyl
methacrylate) (PMMA) template:. Crystal Growth & Design, 2007 ,
7(1): 142-146.

[11] Khaled S M, Sui R; Charpentier P A, et al. Synthesis of TiO,-
PMMA nanocomposite ; -using methacrylic acid as a coupling agent.
Langniiur ;2007 ,/23(7) : 3988-3995.

[12] T4, 8, w50, (YU Chun-Ling, et al). BRERAE
e s Ay 2L HERE I ) 4 BB BOPLR RIS, 8 S5 2 A
2#2F 4R (Chem. J. Chinese U. ), 2004, 25(7) . 1322-1324.

[13] Zhao H, Shen Y Zhang S, et al. A vapor phase hydrothermal modi-
fication method' converting a honeycomb structured hybrid film into
photoactive Ti0, film. Langmiur, 2009, 25(18) . 11032-11037.

[14] Wang(S, Wang' M, Lei Y, et al. “Anchor effect” in poly ( styrene
maleic anhydride ) /TiO, nanocomposites. J. Mater. Sci. Lets.
1999, 18(24) : 2009-2012.

CIS]akasmk, 2%, IMBES. PHise 3 8 I e 2 1 8 5 0 3K
FGF244, 2009, 38(3) : 561-564.

[16 ] 53K, Z2fH3% (LEI Jian-Fei, et al). ZFLF5 Ti0,/Ti iYL H
AP RE. PIFRAL A4l (Acta Phys. -Chim. Sin. ), 2009, 25
(6): 1173-1178.

[17] RAVE, 15 #, B W, 55 fEBA TiO, JUKRE RS M 4 Mot
RIS MRS DHREASEL, 2009, 40(9) : 1429-1431.

s



