Polymer(Korea) Vol. 20, No. 6, pp 915-924(1996)

#2id

231 A7) ARA WAl B F2 9D 9D o3 e
FAA47 54

A5 A-AFTA-EFPH 5 8003 9
Agdisn setFsty, AR s, el dn et
(19963 10¥ 44 HF)

Photoelectronic Characteristics of Poly(p-phenylene vinylene) in
Self- Assembled Multilayer Films

Doosik Kim, Kookheon Char !, Jong-Dal Hong*, Seong-Han Yu**, and Jung-11 Jin**
Department of Chemical Engineering, Seoul National University, Seoul 151-742, Korea
** Department of Chemistry, University of Incheon, Incheon 402-749, Korea
** Department of Chemistry, Korea University, Seoul 136-701, Korea
( Received October 4, 1996)

R 9 Pol23} Fol 2 EA AN Aole] FAIH AYE o] ¥ ] FYA (self-as-
sembly, SA) WHog IRAE HAEF tfE vutoz 715¥ F71 AU Poly(p-phenylene
vinylene) (PPV) 4134 (precursor)$} poly(sodium 4-styrenesulfonate) (PSS)e] SA wuiat
& 9] 1 AR YAE WP F g Zo] ¥ photoluminescence (PL) AMEY WsiE
spin-coating@ PPV welmle] ving 53 golugict. PPV M$A /PSS tiy wehe A3d
24 wdse, Y d A B FAo. g PR GHPo| spin-coating 3t 2t
F= o) gE2A FEso], SA HAHgA PPV A7 Hod Al 7249 Al 2471 39
o) ¢ 1 BEXE AL ¢ F JUrt. =3 SA weke 1 g Zojo) Algle] A LA
PL 29 E#Z Yeligien, 2 W2 33 9 BYE spin-coating?t PPV dgtat= & Ajo]7}
Rk o]#d SA wtulel PL 542 dehy PPV A&7 exciton ©]F-o] PSS <j&j
W) 2l Aoz FAHY)

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 speciral 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, (¢) 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 PLemission UV VS UV/VIS PL emission
temperature absorption . absorption .
. absorption wavelength, . absorption wavelength,
(C) maximum, edge, A..(nm) A (om) maximum, edge, 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
920 Polymer(Korea) Vol. 20, No. 6, November 1996
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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 1hr: (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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o} AH&7E exciton o5 Aol oA AAYHT.

922

NPV

(a)

PSS

PPV

(b)

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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