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Abstract — Using ultrasonic-induced polymerization of pyrrole, mesoporous TiO, thin film with polypyrrole nano-
particles was prepared. Polypyrrole nanoparticles were ultrasonically synthesized in the mother solution of mesopo-
rous TiO, before spin-coating. The polypyrrole particles were well dispersed in the solution. After spin-coating and
calcinations process, the nanocomposite films have well-organized pore channels without pore-collapse, and poly-
pyrrole nanoparticles are well dispersed in mesoporous TiO, matrix. The pore size and light absorbance of the meso-
porous nanocomposite thin films were controlled by using different template materials, and by using different amount

of pyrrole monomer, respectively.

Keywords: Supramolecular Template, Mesoporous TiO,, Nanocomposite, Polypyrrole

LA B

oreFst 1771 B3 Tl = 394 (conjugated) TEAF-TiO,
Bl 553 714 i vy AR 8 2 F5S
olgko ™, FH Ak (photovoltaic) AAF, =, F=d NG A} 7
o} 9] S-go] ZthH 1L QUrH1-4]. VA A TioA= F3AF 24}
of o] g8 AEZ ol Mzt FF TS 7HAIL ] wiEel
[, 6], 15 &-8317] st TN TRAR-TIO, HA|9} 71 a2k
-TiO, Aol dojuf= Hste] Eel9} o]Fel st A7) &t
3] z1gE]o] ghrh{7-10].

*To whom correspondence should be addressed.
E-mail: jdkim@kaist.ac.kr
fo] =i Quskrigt A wad o) S Vsl FaEgE U

771

Aste] w2l et o)F, AT o] o= ©]F7d FH(heterojunction)
Ae] AAg FA aP7] flate], T aEARE WIZEE X Tio,
o] 71gell HEAA BEAS whea o]F FHA; axhg FEA
NG Aol S-gsh= A77E A ACH1-2, 4], WZEe A BA
& el Ao ® vide TET s
w]EeH11-15]. AESAA L] HdE FHOR o]g3tod,
FAS AEE 7] AAlE TR E RS AIoEZA IS
T ok, WEREHA B 7]Fo] 2 2-20 nme] F7|E 7]

7129l o] Aatelgel Aol 7= sAINE 287

o] Sl mixsze) A B0 73] AHYAT] wE



778 B!

A 4 Qlths WS 7 AL Qi & At
I ol pyrroled 253} FEAIR O
fAeRs T 1RA-TIO, B3 vt

21K 1 MHz 99¢] 253 &0 x
ARAZIH DQF‘%W](monomer)7]- goll 9] ofg] A Hel A PoiA|=
nto} 2ht] Z(radical) 2GR 0] F3HS o 0717 FTH16-18]. &
ot A 22 3Rs 8A% polypyrrole WA 3= A 1

5189 vl 2 BARIRICE 3 QoA AXISH HhEe Tl
el W) Bakge] Aueka B BEA 7185 e

WAL fAA12 5 9 FES A3 9k

)
>
oh

2-1.2 H

Polypyrrole =27} -8 w|Z2328) 2 Tio, vieke] 715 2
715 A8 98l - 7 TR 78 Edo] ARH I Hix
Eﬂ% B4 7)F A= PO ARk AAEAAIG o=l
A} A FHEe] BAb Aol dERS 7] wieel A4
f‘% =245 Ak&ﬁli*ﬁi ZA8 5= QITH19,20]. & AT-ellA]

AR AEEIA] 2] SRIR1 Brij 58 (C16EO,, AldrichyE
| %}‘211 3, 9Fz17d A1 Pluronic F127 (EO,;ggPO5gEO o6
Sigma)¥} Pluronic P123 (EO,,PO,0EO,,, BASF)E &35} o] &
sl

rlr F_?L‘ o
4N AN E

o
b
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Polypyrrole Wh=A7} E3-1 WIZ=XE 3~ Tio, vhete] 3 v
e v 2t} Brij 582 ©]-£3F 79- 1 TiCl, (Aldrich, 99.9%)
: 44.0 EtOH (Merck, 99.9%) : 0.645 Brij 589] & H]&% gHjg-H
< WFE3, Pluronic IARE o8-8t Z-$-oli= 1 TiCl, : 39.7 EtOH
: 0.00189 Pluronic P123 : 0.00441 Pluronic F1279] & U2 &4
Gole TRETH13]. o] §d-8-ellell vkt = 289 pyrroles ¥
T} AR & &2 Table 10f] 3EA|=0] QIT}. Brij 585 ©]&-3t
AMES BE, Pluronic I ARE o8-8 AES PR 327|381, H7t
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Z1th, ZL3F M| 25 Branson 2510 (42 kHz frequency, 100 W
power)s ©]88IIL ZAATRE 2AEC 2 317 5]'911:]'. 5% %
5, FE AdRelA 18A1RE Bt AL F1TO el 719
$Jell spin-coating (3000 rpm, 10%:) 3T}, Spin-coating i, 7]
< 60%2] FEoll 281K B =E3AT FE 2F 34 Tio,

BB Ko e A ==

=o
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ko 2 AAEIA ] _ergg H9-1 7e 725 471 Y8lA 20/
O
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FT-IR #2412 Bomem DAS spectrometers ©|-2-5}3 T}, Fabd 2}
1] Z(TEM) & LEO-912AB OmegaZ ©]&3l1om], 2% x4
2 120 kV AT}, vFeke] 570 Alpha-step500 (Tencor Instruments)
o F ZA3Fth. TGA(Thermogravimetric analysis)= Dupont
Model 951 thermogravimetric analyzer® 2 733} 0w, 25371
2 7] FY AdEHA 5°Cming] FEE LEE S3TE vkl
zlole| M pekx/d WskE 573k #lst AES(Auger Electron
Spectroscopy)= SAM4300 (Perkin Elmer)Z ©] €33t} X-A 3]
“4(XRD) D/max-RC diffractometer (Rigaku, Cuk,, radiation)g ©]
£33 0w, 25 712 30 kV, 60 mASI Tl UV-vis(ultraviolet-
visible) 2~FE &2 V-530 spectrophotometer (Jasco)s ©]-&3I3ITh.
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polypyrrole W=AE 4317 lailA, Z2a3) ZAKSE g-olof 3}
o] oHES 95k PAEE] 3] polypyrrole L dAE £

Table 1. Molar ratios of pyrrole added mother solutions of mesoporous TiO, thin film

Sample Name TiCl, pyrrole EtOH Brijs8 Pluronic P123 Pluronic F127
Bl 1 0.25 44.0 0.645 - -
B2 1 0.5 44.0 0.645 - -
B3 1 1 44.0 0.645 - -
B4 1 2 44.0 0.645 - -
P1 1 0.25 39.7 - 0.00189 0.00441
P2 1 0.5 39.7 - 0.00189 0.00441
P3 1 39.7 - 0.00189 0.00441
P4 1 2 39.7 - 0.00189 0.00441
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Fig. 1. The FT-IR spectra of the polypyrrole nanoparticles precipi-
tated in (a) B3 and (b) P3 solutions.

Table 2. FT-IR absorption band position (cm™) and band assignments
of the polypyrrole nanoparticles precipitated in B3 and P3
solutions

B3 P3 Assignment

3398 3398  N-Hstretch

1600 1600 C=C/C-C stretch

1458 1450  ring breathing with contributions from C=C/C-C and C-N
1365 1364  ring breathing with contributions from C=C/C-C and C-N
1303 1307 C-H in-plane bend

1190 1190  ring brething

1045 1045  C-H in-plane bend

893 893 C-H bend

862 862 ring bending mode centred on a-carbon atoms
802 789 ring deformation centred on B-carbon atoms

3l dofuigieh. dofdll vhegdaks oles-S o]&ato] Al W A
Bk3 7ZSF3T). B3, P3 MO 2 HE AR polypyrrole WS
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ERdt 939 $1X]9} 3l A RE Table 201 HAISIITH21]. o] 25
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Fig. 2. TEM images of the polypyrrole nanoparticles precipitated in
(a) B3 and (b) P3 solutions.
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Fig. 3. TGA of the polypyrrole nanoparticles precipitated in (a) B3
and (b) P3 solutions.
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Fig. 4. The AES depth profiles of mesoporous TiO, thin films with

polypyrrole nanoparticles prepared using (a) B3 and (b) P3
solutions.
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Fig. 5. The low angle XRD patterns of mesoporous TiO, thin films
with polypyrrole nanoparticles prepared using the solutions in
Table 1.
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Fig. 6. The TEM images of mesoporous TiO, thin films with polypyr-
role nanoparticles prepared using the solutions in Table 1, Bl(a),
B2(b), B3(c), B4(d), P1(e), P2(f), P3(g), and P4(h).
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Fig. 7. The UV-vis spectra of mesoporous TiO, thin films with poly-
pyrrole nanoparticles prepared using the solutions in Table 1.
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