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Nanotemplates

Introduction

Thin films with ordered nanoarrays of
active elements (luminescent, photochro-
mic, photoconductive) are promising for
many optoelectronic applications. The
group of Ikkala first studied complexes
of PS-b-PAVP diblock copolymers with
low-molar-weight additives (LMA) in the
bulk.'l Co-existence of spherical and
cylindrical microdomains was observed
upon equimolar blending of 3-pentadecyl-
phenol to the monomer units (4VP) of
P4VP block by Tokarev.?! Sidorenko et al.
succeeded in preparation of a supramole-
cular assembly with PS-b-P4AVP, using
azobenzene with two hydrogen bond
donors: 2-[(4-hydroxybenzene)azo]benzoic
acid (ortho-HABA).P! Such assembly pro-
vided cylindrical morphology throughout
the whole film in normal direction to the
substrate, except a 2 nm thin adhesion
layer.[4] Moreover, lateral order and orien-
tation can be controlled via vapor annealing
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and ortho-HABA can be rinsed with a
selective solvent.[*l Ortho-HABA is in this
case blocked for photochromism, but it is
suitable as a temporary filler for develop-
ment of ordered porous nanotemplates.
UV-Vis spectrophotometry proved that
ortho-HABA is completely removed
already after 2 min rinsing in methanol.l*!
In this paper, we deal with two approaches
of PS-b-P4VP functionalization: 1) direct
blending of BC with LM A and 2) loading of
LMA into porous nanotemplates devel-
oped by self-assembling PS-6-P4VP and
ortho-HABA via soaking or spin-coating
(see Figure 1).

Direct Functionalization

The concept of direct functionalization
(Figure 1la) is based on modification of a
diblock copolymer in solution with LMA
and subsequent thin film deposition. A
functional additive is dissolved together
with PS-5-P4VP and relaxed in order to
form hydrogen bonds, and subsequently the
film is prepared by dip- or spin-coating on
an appropriate substrate. In this study we
used PS-b-P4VP (Mn,PS =34 000, Mn’p4vp =
2900, My pc/Mypc=1.07, Polymer Source
Inc.) with a luminescent additive, 1-
pyrenemethanol, PyM, (Aldrich). Although
PyM is well soluble in many solvents,
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a) ﬁ

Figure 1.

Schematic view of (a) direct functionalization and (b) post-functionalization.

ordered film topography was observed only
in an equimolar (PyM:4VP) self-assembled
film cast from toluene (Figure 2a) onto
fused silica slides (PGO GmbH, Iserlohn,
Germany) for the optical study. Despite of
similarity of the topography pattern to that
of ortho-HABA assembly,m we observed

rarely distributed aggregates in otherwise
smooth films (Figure 2b). A refractive index
of 1.58 of the porous PyM-based nanotem-
plate, measured with a SE400 ellipsometer
(SENTECH Instruments GmbH, Berlin, Ger-
many),m results in only 9% of porous layer
on the overall thickness of the film. A
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Figure 2.

(a) AFM topography (50 nm scale bar) of PyM assemblies with PS-b-P4VP copolymer cast from various solvents
and rinsed with methanol (film thicknesses about 30 nm). (b) AFM topography with a vertical profile (taken
along the line and depicted in the inset) of PyM aggregate in the toluene cast assembly prior rinse in methanol.
(c) X-ray reflectivity curve with a fit and the calculated electron density profile of the toluene-cast assembly on a

Si(100) wafer after PyM rinse with methanol.
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vertical electron density profile (the inset in
Figure 2c), obtained by fitting the x-ray
reflectivity curve (Figure 2c, obtained with
a XRD 3003 T/T diffractometer, Seifert-
FPM, Freiberg, Germany), demonstrates
that the porous layer is situated on the top
of the film and occupies 19% of the overall
thickness.

Absorption and photoluminescence
spectra of two thin films of PyM+PS-b-
P4VP spin-cast from toluene without vapor
annealing and after annealing in saturated
toluene vapors for 10 min are shown in
Figure 3. The PL emission consists of the
NUV emission at about 380-400 nm
corresponding to pyrene monomer fluores-
cence and a broad-band emission in the
visible region typical of the pyrene excimer
with a maximum located at about 470 nm.
The PL excimer emission decreased after
annealing as the order in the film increased
(Figure 3) indicating that reorganization of
PyM molecules in microdomains sup-
presses dimer interactions.!”! For compar-
ison, we prepared thin layers made of
blends of PyM and carboxy-terminated
polystyrene (PSCOOH, M,=4700, M,/
M, =1.09, Polymer Source Inc.) in the same
weight ratio as PyM with PS-5-P4VP (mpyn/
MpscOOH = Mpym/Mips.p-pavp)- As expected,
due to more random orientation of PyM
molecules in the PSCOOH blend than in

the PS-b-P4VP blend, a higher contribution
of excimer emission in the PL emission was
detected.

Further, we used 5(6)-carboxyfluores-
cein, COF, (Fluka) as a low-molecular-
weight luminescent additive, which is solu-
ble in polar solvents due to its carboxylic
group, but it may be dissolved well in
pyridine, too. We studied COF assemblies
with PS-b-P4VP copolymer and also with
P4VP (M,=5100, My/M,=1.09, Polymer
Source Inc.) for comparison. Thin films were
cast from 2% (w/v) pyridine solutions
(COF:4AVP was 1:3). Thin films made of
COF with PS-6-P4VP were studied without
annealing (BCn) and also after annealing in
1,4-dioxane (BCd) or chloroform (BCc)
vapor. Their optical properties (Figure 4)
significantly differ from those measured in
films made of COF with P4VP. The
absorption coefficient of COF+P4VP thin
layers is much higher than in COF assembly
with PS-b-P4VP copolymer (Figure 4a), in
which COF is grafted on the minor block of
BC (ca. 20% of volume). PL efficiency of
the ordered COF+PS-b-P4VP assembly
is several times higher than that of
COF+P4VP (Figure 4b). The dilution effect
and also orientation of COF molecules
influence the PL emission efficiency. Aggre-
gation effects at the blending ratio (1:3) are
assumed to be little important.
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Figure 3.
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(a) Uv-vis absorption and (b) normalized photoluminescent emission of 30-nm films made of: PyM-+PSCOOH
(solid), PyM+PS-b-P4VP (from toluene) without annealing (dash) and after annealing (dot). Excitation wavelength
was 345 nm.
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Figure 4.

(a) UV-Vis absorption and PL emission, and (b) relative PL efficiency of 50-nm films made of blends: COF + P4VP
(solid) and COF + PS-b-P4VP: BCn without annealing (dash), BCd annealed in dioxane (dash-dot) or BCc annealed
in chloroform (dot) vapor. Excitation wavelength was 465 nm.

Post-Functionalization

For post-functionalization we used highly
ordered porous nanotemplates developed
via ortho-HABA (2-[(4-hydroxyphenyl)
azo]benzoic acid).**! Prior to impregna-
tion with a dye, the porous nanotemplate
was stabilized by UV irradiation for 30 min.
[ As a dye we used Rhodamine 6G (R6G,
Merck). The nanotemplate films were
soaked in 0.01% (w/v) solutions of R6G
in methanol (Nm) or in 1,4-dioxane (Nd)
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Figure 5.

for 5 h. The samples were then shortly
rinsed in fresh solvent in order to reduce
aggregates on the surface and subsequently
dried. Absorption and PL spectra of Nm
and Nd are shown in Figure 5.
Absorption spectra showed that soaking
in a dioxane solution was much more
efficient than that in a methanol solution.
R6G molecules can be easily captured by
the film in a dioxane solution in comparison
with a methanol solution. On the other

b)
c 2
2 ‘@
c
= 8
o c
o k=
e I
© o
ke
o ?
N N
© ©
E £
= —
=} [}
=z =z

450 500 550 600 650 700
Wavelength (nm)

(a) UV-Vis absorption and PL emission, and (b) normalized spectra of 50-nm films prepared via soaking of porous
crosslinked nanotemplates in 1,4-dioxane (Nd, dash) and methanol (Nm, solid) solutions of R6G.
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hand, a much higher PL emission intensity
was observed for the thin Nm films than
for the Nd films. Compared with the PL
emission maximum in Nm located at
562nm, the maximum in Nd was red-
shifted, located at 603 nm, indicating
pronounced dimerization of R6G in Nd
(Figure 5b). This is also apparent from the
absorption spectra where the significant
shoulder at 500 nm in Nd corresponds to
dimers, and the maximum at about 530 nm
can be assigned to the monomer.””*! These
results are consistent with the fact that in
methanol only monomeric form of R6G is
present up to high concentrations and in
non-polar solvents R6G molecules form
dimeric aggregates.[®! It was found that PL
emission of R6G in a nanocomposite is
dependent on the host matrix and is red-
shifted with increasing dye concentra-
tion.l>-11]

Conclusion

We presented two approaches for functio-
nalization of PS-b-P4VP nanotemplates:
direct and post-functionalization. We
observed pronounced enhancements in
photoluminescent emission in oriented
and ordered dyes assemblies with PS-b-
P4VP in comparison with homopolymer
assemblies. We have shown that formation
of the assemblies and optical properties are
dependent on solvent, which determines

Copyright © 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

morphology of thin films and interaction of
dye molecules.
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