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Abstract: Hybrid thin films composed of block copolymer (BCP) and TiO, with various morphologies
on the nanoscale were fabricated using self—assembly of block copolymer combined with sol—gel proccess.
The factors governing morphology changes considered in this study are block copolymer composition,
selectivity of solvent and the inclusion of an additive. We also investigated the efficiency of photoluminescence
for selected films with different morphologies. Micelle or nanowire structure can be derived from the
self—assembly of poly (styrene—block—4—vinyl pyridine) (PS—A—P4VP) depending on the relative selectivity
of the solvent for the two blocks, and the titanium tetraisopropoxide (Ti{OCH(CHs) 2} 4, TTIP) is
coordinated with nitrogen in P4VP block. Addition of a third component 3—pentadecylphenol into the
BCP/sol—gel mixture solution induces morphology change as a result of the change of relative volume
fraction of the BCP. We confirmed that the efficiency of TiO» fluorescence changes for films depending
on morphologies.

Keywords: block copolymer, poly (styrene—block—4—vinyl pyridine), TiO,, sol—gel, fluorescence.
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Figure 1. Schematic representation of the self—assembly of
block copolymer in solution with different solvent selectivity.
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Figure 2. (2) AFM images of PSaono— b~P4VP 9000 micellar film
obtained from toluene solution; (b) AFM images of PSppo— 5~
P4VPigoo0 film obtained from DMF solution exhibiting mixed
micellar and nanowire morphologies (inset shows typical domains
with nanowire morphology); {¢) AFM images of PSsre00— b~
P4VPsgam film obtained from DMF solution exhibiting micelle~
like morphology (left: height contrast image, right: phase contrast
image).
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Figure 3. Schematic diagram of the complex formation between
titanium isopropoxide and the PS—P4VP micelle core.
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Figure 4. (a) Schematic diagram of the binding of PDP with P4VP
in PS—5—P4VP micelle via hydrogen bonding. Subsequent dipping
into methanol removes PDP to result in a new morphology; (b)
AFM image of a micellar monolayer film obtained from PSize0—
b—P4VPogq0 In toluene; (c) AFM image of a PS47eoo—b—P4VP209()o
film containing PDP exhibiting lamellae morphology; (d) AFM
image of the sample in Figure 4(b) after extracting PDP by
immersing into methanol for 30 s. The left and right images in
Figure 4(b)~4(d) are height and phase contrast images,
respectively.
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Figure 5. (a) AFM image of a hybrid film obtained from a mixture
of PSgooo—b—P4VP1axo in DMF solution and sol—gel precursor
(TTIP/4VP=0.3); (b) AFM image of a hybrid film obtained from
PSzoooo_b_P4VP19000/ TlOg/P DP ternary mixture; (c) AFM image
of the hybrid film of the identical film in Figure 5(b) after removing
PDP by immersing into methanol; (d) Photoluminescence spectra
obtained from the hybrid films in Figure 5(a), 5(b) and 5(c)
with an excitation wavelength of Aex=260 nm.

Intensity




AP BRSS9 oBlE e o2

4 £

o] wj A== TiO, 1#‘?#54 REZAE xﬂﬂ 0}71 AoH Ah?—o% %
uje] 23, %ézzzl‘ﬂfﬂ 33*, Zﬂxﬂoﬂ o5k 2J3ke- go13l9]
= H’—o}ﬁ Hufe) ﬁoH**oﬂ 3

s U “iixlﬁ ?—1% —’F

5]
S 4
ek t&“ﬁﬁﬂ -‘:r —‘:’é% Eiell vt e ke SE AN

2% A uE o) Haha thedl Belo) mEEA) BE
% QIe TR o] Aol BEFFA) 2] nERAE A
She TRE 20107 289 % et F B8] ulgo) v 4
PE Wdlo el A|zgo] SAlSA, B BEe) v go] Aoy
OF & s ¥ 25 el oL bt Bl Aol

= M%E} TiOz ¥ iy
2ro) E’*“"‘EX] A A3t TE 291 Fof 0}14*“ A3 A A
7Felo] BEZA] WslE fmdhs Aol B Aol AREe #39)
270 PDPL vepzse] 5 B2 Nuxow Aolsle] Be
TZEA el iRl 249 wizls dozjoen rERA
W= 05?1‘5}2 Qmo}oi"/]' TRk Wil 2Jsia] AlofE TiO, B
Be] Aoldt REFA )M Ti0,9) F%e S4819S o, Virdo)
EEZXHT} ‘{LL/S_E o|FoiF TEFA W FEe] AT F
7FRE BT 5 U810, 0¥ F8o] IE TS Eakele
whake FZal Wizt §7) vkak E WX A (organic thin film
transistor, OTFT) 8] 53415 Sl o)8xo) 3kake 7)5-g S8yt
T & Ao I

LAl 2 o] G 20068RIE olgolritletin i) A
2o 2J3) S,

t

il

12

1. U. Diebold, Surt. Sci. Rep., 48, 53 (2003).

2. A. L. Linsebigler, G. Q. Lu, and J. T. Yates, Chem. Rev., 95,
735 (1995).

3. M. R. Hoffmann, S. T. Martin, W. Y. Choi, and D. W.
Bahnemann, Chem. Rev., 95, 69 (1995).

4. A. Heller, Acc. Chem. Res., 28, 503 (1995).

5. M. A. Henderson, J. Phys. Chem. B, 109, 12062 (2005).

6. H.—D. Park, K.—Y. Ahn, M. A. Wahab, N. J. Jo, L. Kim, C.—
S. Ha, G. Kim, and W.—K. Lee, Macromol Res., 11, 172 (2003).

7. M. J. Gritzel, Photochem. Photobiol. A, 164, 3 (2004).

8. K. M. Coakley and M. D. McGehee, Chem. Mater., 18,
4533 (2004).

9. O. L. Figueroa, C. H. Lee, S. A. Akbar, N. F. Szabo, J. A.
Trimboli, P. K. Dutta, N. Sawaki, A. A. Soliman, and H.
Verweij, Sens. Actuators B, 107, 839 (2005).

10. M. Y. Song, K.—J. Kim, and D. Y. Kim, Macromol. Res., 14,
630 (2006).

T Solues L. vzl

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

FEZX]

oAl aEAe] 2, Slje] e wl ok g 469

A. S. Zuzuri and N. C. MacDonald, Adv. Funct. Mater., 15,
396 (2005).

A. R. Armstrong, G. Armstrong, J. Canales, R. Garcia, and
P. G. Bruce, Adv. Mater., 17, 862 (2005).

G. Armstrong, A. R. Armstrong, J. Canales, and P. G. Bruce,
Chem. Commun., 19, 2454 (2005).

1. W. Hamley, The Physics of Block Copolymers, Oxford
University Press, New York, 1998.

G. H. Fredrickson and F. S. Bates, Annu. Rev. Mater. Sci,
26, 501 (1996).

M. J. Fasolka and A. M. Mayes, Annu. Rev. Mater. Res., 31,
323 (2001).

T. Hashimoto, M. Shibayma, M. Fujimura, and H. Kawai,
Block Copolymers, Science and Technology, D. J. Meier,
Editor, Harwood Academic, London, pp 63—108 (1983).
G. Kastle, H.—G. Boyen, F. Weigl, G. Lengl, T. Herzog, P.
Ziemann, S. Riethmuller, O. Mayer, C. Hartmann, J. P. Spatz,
M. Moeller, M. Ozawa, F. Banhart, M. G. Garnier, and P.
Oelhafen, Adv. Funct. Mat, 13, 853 (2003). (b} J. P. Spatz
S. Mosser, C. Hartmann, M. Moeller, T. Herzog, M. Krieger,
H.—G. Boyen, and P. Ziemann, Langmuir, 16, 407 (2000).
(c) J. P. Spatz, A. Roescher, and M. Moller, Adv. Mater., 8,
337 (1996).

(a) X. Li, K. H. A. Lau, D. H. Kim, and W. Knoll, Langmuir,
21, 5212 (2005). (b) X. Li, P. Goring, E. Pippel, M. Steinhart,
D. H. Kim, and W. Knoll, Macromol, Rapid Commun., 26,
1173 (2005).

(@) D. H. Kim, X. Jia, Z. Lin, K. W. Guarini, and T. P. Russell,
Adv. Mater., 16, 702 (2004). (b) D. H. Kim, S. H. Kim, K.
Lavery, and T. P. Russell, Nano Letters, 4, 1841 (2004).
(a) D. H. Kim, Z. C. Sun, T. P. Russell, W. Knoll, and J. S.
Gutmann, Adv. Funct. Mater., 15, 1 (2005). (b} Z. Sun, D.
H. Kim, M. Wolkenhauer, G. G. Bumbu, W. Knoll, and J. S.
Gutmann, Chem. Phys. Chem., 7, 370 (2006)

C.—C. Weng, K.—F. Hsu, and K.—H. Wei, Chem. Mater., 16,
4080 (2004).

Y. Boontongkong and R. E. Cohen, Macromolecules, 35,
3647 (2002).

J. Peng, W. Knoll, C. M. Park, and D. H. Kim, Chem. Mater.,
20, 1200 (2008).

A. W. Fahmi, H.—G. Braun, and M. Stamm, Adv. Mater., 15,
1201 (2003).

L. Song, Y. M. Lam, C. Boothroyd, and P. W. Teo, Nano—
technoloy, 18, 135605 (2007).

Z. Sun, D. H. Kim, M. Wolkenhauer, G. G. Bumbu, W. Knoll,
and J. S. Gutmann, Chem. Phys. Chem., 7, 370 (2006).

X. Li, J. Fu, M. Steinhart, D. H. Kim, and W. Knoll, Bul.
Kor, Chem. Soc., 28, 1015 (2007).

Y. Lei, L. D. Zhang, G. W. Meng, G. H. Li, X. Y. Zhang, C. H.
Liang, W. Chen, and S. X, Wang, Appl Phys. Lett., 78, 1125
(2001).

Polymer (Korea), Vol. 32, No. 5, 2008

»



