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R 9f: ol ent ol TEx A A Alole] HAIH A g o] & Ex} 2] YA (self-as-
sembly, SA) W¥oz TRANE FFF v}F wtoz 738 F71 AUt Poly(p-phenylene
vinylene) (PPV) A3t (precursor)$} poly(sodium 4-styrenesulfonate) (PSS)¢] SA €t
& TEo 1 4% dgwl 248 F F9 Zo| ¥ photoluminescence (PL) ~#EY W&
spin-coating@t PPV welste] jn g Fa golHdcy. PPV M7-A /PSS tjd #tete A2y
240 vldlEE, Y et A3e 5 R FA PR GH#o] spin-coatingdt dhdt
= uf ¢ g2 #FEEo], SA HAHA PPV A7Ho] Fod Al 24k Al 8471 39
o]l @ 1 B¥E AFILS & F Avh. =3 SA wheke 7 Zo ol FAgle]l AHel dAF
PL 29 E32 Yeplgion, 2 w2 33 4 BYE spin-coatingdt PPV dlgtale & Aje]7}
A4k o]l s SA wtulel PL §42& dluhyl PPV Al&7He] exciton o]Fo] PSS <jsf
W) Hgel Aoz FAHU

ABSTRACT: Self-assembly (SA) technique based on the electrostatic interactions between
cationic and anionic polyelectrolytes provided a viable means to fabricate polymers into multi-
layer thin films. The self-assembled films made from poly( p-phenylene vinylene) (PPV) pre-
cursor and poly(sodium 4-styrenesulfonate) (PSS) were prepared, and their layer-by-layer
growth and the changes of the conjugation lengths and the photoluminescence (PL) spectra
after annealing were compared with those of spin-coated bulk PPV films. PPV precursor/
PSS multilayer thin films showed stable growth behavior proportional to the number of depo-
sition. The observed thermal conversion behavior toward the conjugated structure in the self-
assembled films which was quite different from that of spin-coated films suggests that the
conformational constraint on PPV precursor chains imposed by self-assembling process im-
parts limitation of conjugation length and its distribution. The self-assembled films with dif-
ferent conjugation lengths were also found to demonstrate almost the same PL spectra,
whose emission wavelength and shape were quite different from those of the spin-coated
PPV films. It is believed that such PL spectral characteristics of the self-assembled films are
due to the hindrance on exciton migrations between PPV chains (or layers) which is caused
by PSS chains (or layers).
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Figure 1. Schematic of the preparation of a self-as-
sembled multilayer film by consecutive adsorption of
cationic and anionic polyelectrolytes on a charged sur-
face. For simplicity the structures of the
polyelectrolytes in solution and/or after the adsorption
are oversimplified.
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Figure 2. Synthetic route to PPV.
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Figure 3. Chemical structures of polyelectrolytes used
for preparing the self-assembled multilayer film: (a)

Poly( p-phenylene vinylene) (PPV) precursor and (b)
poly (sodium 4-styrenesulfonate) (PSS).
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Figure 4. Instrumental  schematic for photolum-
inescence: (a) Xenon lamp (150 W), (b) excitation
slit assembly, (c¢) band pass filter, (d) sample, (e)
long wave pass filter, (f) emission slit assembly, and
(g) photometric photomultiplier.
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Figure 5. Dependence of the UV/VIS absorbance (A)
at 226 nm on the number of bilayers (N) of PPV pre-
cursor/PSS deposited.
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Figure 6. Expected conformational changes of PPV
precursor chains after spin-coating and self-assembly

film deposition processes.
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Figure 7. UV/VIS spectra of 13 bilayers of PPV/PSS
and spin-coated PPV films after annealing at differ-
ent temperatures for lhr: (a) 80 C, (b) 120 °C, and
(c) 230 C.
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Table 1. Summaries of UV/VIS and PL Spectral Measurements of Self-assembled and Spin-coated PPV
Films after Annealing at Different Temperatures for 1hr (Excitation Wavelength for the PL Spectra is

400 nm)
self-assembled film spin-coated bulk film
(13 bilayers of PPV/PSS) (0.56 wt% solution, at 1000 rpm)
annealing UV/VIS UV/VIS PL emission UV/VIS UV/VIS PL emission
temperature absorption . absorption .
. absorption wavelength, . absorption wavelength,
(C) maximum, edge, A.(nm) A (nm) maximum, odgge, A...(nm) A (am)
Amax(nm) ge, edge em Amax(nm) ge, edge nm em\ 1M
80 329 474 481 328 493 493
120 395 489 484 377 507 495
230 395 488 484 430 527 511
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Figure 8. Normalized PL spectra of 13 bilayers of
PPV/PSS and spin-coated PPV films after annealing
at different temperatures for lhr: (a) 80 C, (b) 120
C, and (c¢) 230 C. Excitation wavelength is 400 nm.
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Figure 9. Normalized PL spectra of spin-coated PSS
and 13 bilayers of PPV/PSS films after annealing at
230 C for 1 hr: (a) excitation spectrum for spin-coat-
ed PSS film, (b) excitation spectrum for PPV/PSS
film, and (c) emission spectrum (excited at 400 nm)
for PPV/PSS film.
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Figure 10. Schematic energy-level diagrams for both
spin-coated PPV and self-assembled PPV/PSS
films: (a) spin-coated film, (b) self-assembled film.
The arrows represent the exciton migrations between
PPV chains (or layers), which are, in case of the self-
assembled films, hindered by photoelectronic barriers,
namely PSS chains (or layers).
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