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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—h—P4VP) depending on the relative selectivity
of the solvent for the two blocks, and the titanium tetraisopropoxide (Ti{OCH(CHs)o}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), TiOs, 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. (a) AFM images of PSaop00—b—P4VP1g000 micellar film
obtained from toluene solution; (b) AFM images of PSgyyo0—b—
P4VPigo00 film obtained from DMF solution exhibiting mixed
micellar and nanowire morphologies (inset shows typical domains
with nanowire morphology); (c) AFM images of PSizs00—b—
P4VPog00 film obtained from DMEF 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—5H—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 PSyze00—
b—P4 VP In toluene; (c) AFM image of a PSy7e00— 6—P4VP20900
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.

Bheh 22 e - Ao AR, 239 A A 59 2310] Aol

o op]d Zlojth.

X

ZE|H, A32¢8 A5%, 20084

4004
380
360
340+

32.
300+
280+
260
2404
220+
200
180
160+
1404
120+
1004

260 280 300 320 340 360 380 400 420 440 460
Wavelength(nm)
(d

Figure 5. (a) AFM image of a hybrid film obtained from a mixture
of PSonoo—b—P4VP19000 in DMF solution and sol—gel precursor
(TTIP/4VP=0.3); (b) AFM image of a hybrid film obtained from
PSa0000— 5—P4VP19000/Ti0s/PDP ternary mixture; (¢) 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.
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