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Mesoscale Surface Patterning of a Laterally-Grafted Rod

Amphiphile: Rings And Fibers

Libin Liu,™®" Jung-Keun Kim,” and Myongsoo Lee*®

An aromatic amphiphilic molecule based on branched oligo-
(ethylene oxide) was synthesized. Evaporation-driven ring for-
mation and Langmuir-Blodgett films are investigated by utiliz-
ing this rigid-flexible block molecule. The size of the rings is
strongly dependent on the solvent evaporation rate and the
concentration of the molecule. In case of fast evaporation, vol-
cano-like rings are formed by evaporating solution of high
concentration. Perfectly symmetrical rings with diameters in
the range of 2-6 pm are obtained by evaporating solution of
low concentration. The formation mechanism of the ring is
briefly discussed. The molecule at the air-water interface ex-

1. Introduction

Surface patterning for the fabrication of structures defined at
the micrometer and/or nanometer length scales has received
growing interest over the past few decades as a consequence
of its potential applications in several scientific and technologi-
cal fields, such as photonics,”"’ optoelectronics,” microchip re-
actors,”™ and miniaturized sensors.”! There are two main strat-
egies in surface patterning. One is the top-down approach
such as photolithography, e-beam lithography, soft lithography,
dip-pen lithography, constructive nanolithography, and nano-
imprinting lithography.®* The disadvantage of most top-down
strategies is that they are very elaborate and are usually time-
consuming. The other is the bottom-up approach that utilizes
self-assembly and self-organization of molecules or simple
basic building blocks in order to achieve regular structures.”
Most bottom-up strategies that use self-assembly are much
simpler and can often cover arbitrary sized areas during the
process. The self-assembly and self-organization processes and
the properties (shape, size, function, etc.) of the patterns can
be controlled by tailoring the properties of the building blocks.

Droplet evaporation is a simple patterning method and has
recently been employed to create patterns via the dynamic
self-assembly of nonvolatile dispersed solute particles.""
Okubo and co-workers reported the formation of dissipative
structures in the course of drying a colloidal solution and con-
ducted rheological and kinetic analyses."? Shimomura et al.
employed dissipative patterns formed by drying a polymer col-
loidal solution for mesoscopic patterning."® Gelbart et al. have
demonstrated the mechanism of solvent dewetting in submo-
nolayer annular arrays formed by drying organically passivated
metal colloids on a substrate.'"" Brinker and co-workers devel-
oped evaporation-driven self-assemblies that enable the rapid
production of patterned mesoporous and nanocomposite ma-
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hibits excellent amphiphilic properties. Upon transferring the
monolayer onto solid substrates, AFM revealed the formation
of fine and long, straight fibers. By combining the data ob-
tained from the isotherms, AFM, water contact angle measure-
ments, and UV/Vis and fluorescence spectra, the fibers are sug-
gested to be formed by m—m stacking interaction of the aro-
matic rod segments as the oligo(ethylene oxide) branches are
submerged in the water subphase upon compression. The
fiber formation is associated with the transformation of the ar-
omatic rod segments from the face-on conformation to the
edge-on conformation.

terials in the form of films, fibers, or powders."™™ Sommer and
colleagues obtained circular deposition patterns in evaporating
drops of polymer aqueous suspensions."® In general, when a
droplet or a film of liquid is evaporated on a substrate, al-
though a variety of patterns might form, the pattern formed
most often after drying is a dense, ring-like deposit along the
perimeter of the initial droplet. The distribution evolution of a
solute during the droplet-drying process is a consequence of
the interplay among many factors, including wetting proper-
ties, surface tension (Marangoni effect), capillary forces, gravity
effect, and convective flow. The complex interplay of evapora-
tion, film rupture instabilities, and hydrodynamics defines a
rich class of systems which might become available for molec-
ular assembly governed by nonequilibrium processes rather
than equilibrium processes. Therefore, the droplet-drying pro-
cess may be developed as a potentially simple approach to
direct the movement of the solutes and eventually pack them
into a desired structure.

The opportunities for experimental control of the key physi-
cal influences on solute distribution (evaporation flow, gravita-
tion, temperature gradient, and interaction with substrate and
other solutes) in the evaporating drop experiment have not
yet led to exploration of systems containing nanoscale rigid-
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flexible block molecule solute (Figure 1). The fabrication of hi-
erarchical luminescence patterns involving aromatic rigid—flexi-
ble block macromolecules is important to progress in technol-

3.31 nm

Figure 1. Chemical structure (left) and molecular model (right) of the rigid—
flexible block molecule.

ogies such as drop-on-demand inkjet printing of small struc-
tures and arrays for organic displays, polymer-based electron-
ics, combinatorial materials science."®

Additionally, Langmuir-Blodgett technique is another effi-
cient way toward the fabrication of laterally patterned struc-
tures on solid supports.'” Amphiphilic molecules with a polar
head group and a long hydrophobic tail can form a stable
monolayer at the air-water interface. Under compression the
hydrophilic group can be incorporated into the water sub-
phase and the hydrophobic group will keep away from the
water subphase, thus changing the effective composition at
the air-water interface. Upon deposition the morphologies of
the molecules could be transferred to solid substrate, thus
called Langmuir-Blodgett patterning.””

Rigid-flexible block molecules as a novel type of block copo-
lymer consisting of a rigid rod and a flexible coil, are excellent
candidates for creating well-defined supramolecular structures
via a process of spontaneous organization.”?" The optical fluo-
rescence property of the rigid-flexible block molecules and
their tendency to stack and hence form supramolecular struc-
tures on the basis of the interaction of aromatic rod segments
motivate us to study the surface patterning of evaporation-
driven ring formation and Langmuir-Blodgett film involving a
novel rigid-flexible block molecule.

Experimental Section

Synthesis of Rigid-Flexible Block Molecules: The synthesis of the
laterally-grafted rod-coil molecule was performed with the prepa-
ration of a oligoether dendron according to a procedure described
previously.”? The ter(p-phenylene) aromatic scaffold was prepared
from etherification with 1,4-dibromo-2-hydroxybenzene and tosy-
lated oligoether dendrons, and then subsequent Suzuki coupling
reaction with a boronic acid derivative. The final rod—coil molecule
was synthesized by the Suzuki coupling reaction with an aromatic
scaffold and biphenyl units. 'H and *C NMR spectra were recorded
from CDCI; solution on a Bruker AM 250 spectrometer. The purity
of the products was checked by thin-layer chromatography (TLC;
Merck, silica gel 60 F,s,). Microanalyses were performed with a
Perkin—Elmer 240 elemental analyzer at the Organic Chemistry Re-
search Center. MALDI-TOF-MS was performed on a Perceptive Bio-
systems Voyager-DE STR using a 2,5-dihydroxybenzoic acid matrix.
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Recycling preparative high-performance liquid chromatography
(HPLC) was performed at room temperature using a 20 mm X
600 mm polystyrene column on a Japan Analytical Industry Model
LC-908 recycling preparative HPLC system, equipped with UV de-
tector 310 and Rl detector RI-5. Yield: 62%. 'HNMR (250 MHz,
CDCl;, ppm): 6=7.71-7.33 (m, 28H; Ar—H), 7.23 (s, 1H; Ar—H; o to
—CH,0Ar), 4.18 (s, 2H; —CH,0Ar), 3.57-3.36 (m, 60H; —CH,0), 2.12—
2.05 [m, 3H; —CH(OCH,),]; *CNMR (65 MHz, CDCl;,): 6=156.32,
141.21, 140.58, 140.14, 139.77, 139.65, 139.38, 138.86, 137.27,
130.99, 130.03, 129.32, 128.79, 127.51, 127.36, 119.53, 111.01, 72.01,
70.60, 69.92, 69.65, 69.32, 66.62, 59.30, 40.16, 39.91 ppm. MALDI-
TOF-MS: m/z (IM+Nal™) 1245.53, Found 1247.35. Anal. Calcd. for
C,4H94045: C, 72.64; H, 7.74. Found: C, 72.57; H, 7.68.

Droplet Experiments: A 40-50 pL droplet of the molecule at a con-
centration of 0.05 and 0.2 mgmL™" in chloroform (HPLC grade) was
deposited on a 1x 1 cm? silicon wafer in air and in a sealed bottle,
respectively. Dynamic light scattering experiments revealed no ag-
gregates forming at the experimental concentration. The droplet
remained on its support until the solvent was totally evaporated
(solvent cannot escape from the silicon wafer). For the droplet in
air, it took half an hour to evaporate completely, whereas in the
sealed bottle, the evaporation was generally completed overnight.
Highly polished [100] silicon wafers (Semiconductor Processing
Co.) were cut into rectangular pieces and sonicated in Nanopure
water (18.2 MQcm) for 10 min to remove silicon dust. The wafers
were then chemically treated with piranha solution (30% concen-
trated hydrogen peroxide, 70% concentrated sulfuric acid, Cau-
tion: hazardous solution!) for 1 h to strip off any organic contami-
nants that cling to the silicon oxide surface, while at the same time
oxidizing/hydroxylating the surface.” Subsequent rinsing with
Nanopure water resulted in a fresh silicon oxide layer with a high
concentration of silanol groups. Finally, the wafers were abundant-
ly rinsed with Nanopure water and dried at room temperature. For
fluorescence microscopy experiments, the droplet was deposited
on cover glass.

Langmuir-Blodgett (LB) Films: Langmuir isotherms at the air-water
interface and LB depositions onto a silicon substrate were conduct-
ed at room temperature using a KSV minitrough system (KSV In-
struments Ltd.) equipped with two moving barriers and a Wilhelmy
plate for measuring surface pressure according to the usual proce-
dure.”¥ Between runs, the trough was cleaned with acetone and
rinsed several times with Nanopure water. A dilute solution
(40-120 uL, 0.05-0.2mgmL™") in chloroform was deposited in
5-10 drops uniformly distributed on the Nanopure water surface
and left to evaporate and spread evenly for 30 min. The spreading
solvent concentrations show no effect on the surface behavior of
the molecule. The compression rate was kept at 5 mmmin~' until
the desired surface pressure was reached. For AFM measurements,
the monolayer LB films of the rigid—flexible block molecule were
transferred at a rate of 2 mmmin~' onto silicon wafers at various
surface pressures by the upstroke mode of the vertical dipping
method. For UV/Vis and fluorescence spectral measurements, the
floating films were transferred onto quartz at selected surface pres-
sures by the horizontal Langmuir-Schaefer method and with a cer-
tain number of depositions. The typical transfer ratio was in the
range of 0.8 to 0.9, which suggests a good film quality.

Characterization: Atomic force microscopy (AFM) was performed in
the tapping mode under ambient conditions with a Veeco Nano-
Scope llla atomic force microscope (Digital Instruments, Inc., Santa
Barbara, CA) using Nanosensors silicon probes (dimensions: H=
3.5-4.5 um, W=30-40 um, L=115-135 um). An amplitude ratio of
0.95 and higher was employed to avoid monolayer damage.”” The
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AFM scans were conducted at a scanning rate of 0.5-2 Hz. All
images were processed with a second-order flattening routine. The
field-emission scanning electron microscopy (FE-SEM) was recorded
on a JEOL NSM-6500F microscope at an acceleration voltage of
12 kV. The water contact angle was measured by optical micro-
scope equipped with a CCD camera at ambient conditions at a rel-
ative humidity of 52%. UV/Vis and fluorescence spectra measure-
ments of the films were performed at room temperature using UV-
1650PC spectrophotometer and a Hitachi F-4500 fluorescence
spectrometer, respectively. The fluorescence microscopic images
were obtained with Nikon Eclipse TE2000-U, inverted fluorescence
microscope equipped with DXM1200C digital camera, using a
high-pressure mercury lamp (100 W) as a light source and a UV-2 A
filter.

2. Results and Discussion
2.1. Evaporation-Driven Ring Formation

The microscopy morphologies of the self-assembled structures
depend on the starting concentration of the rigid—flexible
block molecules prior to deposition. Figure 2 shows the ring
structures resulting from the evaporation of 0.2 mgmL™"' CHCl,

0 1.00 2,00
um

Figure 2. A 40-50 pL droplet at a concentration of 0.2 mgmL ' deposited
on silicon wafer in air. AFM images of a) a 10x 10 um? scan and b) a
2x2 um? scan and its cross-sectional analysis.

droplets of rigid—flexible block molecules in air. High-magnifi-
cation AFM images reveal these structures as volcano-shaped
with microdomains in the surroundings of the ring. The size of
the ring is 100-500 nm in diameter and 10-15 nm in height.
The rim is in the range of 100 nm to 200 nm. The inside of the
ring is almost empty as indicated by cross sectional analysis
that reveals a peripheral profile lower than that of the ring.
The diameter of the ring can be tuned by varying the con-
centration. When a droplet of low concentration
(0.05 mgmL™") of the rigid—flexible block molecules was depos-
ited on the substrate, perfectly symmetrical rings are formed
(Figure 3a). The rim of the ring increases to about 300-500 nm
with an average height of 20 nm. AFM scans performed in the
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Figure 3. A 40-50 pL droplet at a concentration of 0.05 mgmL™' deposited
on a substrate in air. AFM images of a) a 10x 10 um? scan and its cross-sec-
tional analysis and b) a 1x1 um2 scan; c) a low-magnification SEM image
and d) a fluorescence microscopy image of the droplet deposited on a cover
glass.

spacing area between the rings reveals the worm-like micelles
deposited on the substrate (Figure 3b). The width of the worm
micelle is about 13 nm. It is composed of rigid-rod segments
of the molecule in the core and the PEO branches surrounded
in the shell, which may be formed by the aggregation of the
molecules due to m—m stacking of the aromatic rod segments
when the concentration of the droplet is higher than the criti-
cal micelle concentration during evaporation. A low-magnifica-
tion SEM image shows the rings with a diameter of 2-6 um
uniformly distributed on the substrate (Figure 3c). When the
droplet is deposited on the cover glass, the rings are also visi-
ble by confocal laser scanning microscopy in the fluorescence
mode (Figure 3d). The observed diameters are in the same
range as those observed by the electron microscopy and AFM.
The fluorescence images of the film reveal that the ring struc-
tures have a fluorescence intensity higher than the periphery,
produced by a continuous solute layer.

We ascribe the observed ring patterns to a transition from
diffusive to convective fluid flow during evaporation as the
starting molecular concentration decreases. At high molecular
concentrations (e. g. 0.2 mgmL™"), thermocapillary flow does
not occur and volcano-like rings form as a result of hole nucle-
ation and growth in the thin liquid film upon evaporation.™ In
the absence of thermocapillary effects (i.e. convective motions
in the fluid), the film thickness decreases homogeneously until
reaching a critical thickness when the film becomes unstable
and ruptures as observed microdomain in the AFM images
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(Figure 2). The critical thickness depends on the disjoining
pressure of the solvent film on the substrate. The hole opening
pushes most molecules out along its advancing rim. In that
case, isolated molecules and their aggregates can protrude
from the solvent film and feel frictional forces due to attraction
toward the solid substrates. When the frictional force is high
enough to prevent the molecules from drifting, the pinning of
the contact lines of nucleating holes occurs, resulting in a ring
assembly. The interiors of the condensed rings are essentially
free of adsorbed molecules. They have been swept to the pe-
rimeter during evaporation and incorporated in the growing
ring. This was proved by the height profile which shows a high
deepness of the inner compared with that of the surrounding
of the ring.

At low concentrations (e.g. 0.05 mgmL™'), a Marangoni in-
stability dominates, giving rise to convective flow.”® The occur-
rence of the Marangoni instability depends on the temperature
dependence of the surface tension, which was found to
depend on the concentration of the molecule. Convective
transport arises from temperature gradients due to evaporative
cooling. The molecule in a concentrated solution can be more
easily pinned compared with in a more dilute solution. On the
contrary, the hole opening in a more dilute solution can evolve
further, which results in a retarded pinning of the contact lines.
Therefore, the average diameter of ring-like assemblies increas-
es with decreasing concentration.

When the droplet evaporation was performed in a sealed
bottle, the evaporation rate of the solvent was controlled. The
decrease in the evaporation rate induces a decrease in the
temperature gradient. The system equilibrates quicker than
the heat loss by the evaporation process. The ring formation is
inhibited by a slowdown of the hydrodynamics of the system,
which causes a less efficient transport of the solute by the sol-
vent. Under such conditions, shrinking of the film by mass loss
occurs and the aggregates of the rigid-flexible block mole-
cules, which occurs when the concentration is higher than the
critical micelle concentration during solvent evaporation, uni-
formly distributed on the silicon wafer (Figure 4). The starting
concentration of the droplet has no effect on the aggregates
under such evaporation conditions. A higher concentration
(0.2 mgmL™") of the droplet only reveals a denser distribution
of the aggregates (images not shown). This means that forma-

Figure 4. A 40-50 pL droplet at a concentration of 0.05 mgmL™' deposited
on silicon wafer in sealed bottle. AFM images of a) a 5x5 pm?* scan and b) a
1% 1 pm? scan.

ChemPhysChem 2010, 11, 706712

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

ARTICLES

tion of rings, induced by a fast evaporation process, is related
to the instabilities.

2.2. Langmuir-Blodgett Films

The molecules with rigid, hydrophobic backbones and
branched, flexible, hydrophilic PEO branches possess excellent
amphiphilic properties. The surface-pressure-area (m-A) iso-
therm is shown in Figure 5a. When placed on water in dilute
quantities, these molecules organize into dense monolayers
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Figure 5. a) Surface-pressure-area isotherm of the rigid—flexible block mole-
cule. Inset: High magnification of onset of the surface pressure. b) Changes
in the surface area as a function of time and at a constant surface pressure
of 10 mNm™".

with hydrophilic PEO chains adopting a pancake conformation
adsorbing on the water surface, as demonstrated for a number
of PEO-containing molecules.??® Considering the affinity of
PEO for the air-water interface, we propose that the expanded
region of the isotherm represents a film of PEO-tethered aro-
matic rod segments at the surface. The observed molecular
area for the onset of the surface pressure is about 6.94 nm?
(Figure 5a inset). This value is close to the surface area estimat-
ed for a molecule lying on the water surface with the aromatic
rod segments adopting a face-on conformation and the PEO
branches adsorbing on the water surface, which is about
7.03 nm2™® Thus, we suggest that the onset of the surface
pressure is caused by the initial interaction of hydrated PEO
branches. Upon compression, it is expected that the PEO
branches will be completely submerged in the water subphase
at higher surface pressures and the steep rise in the surface
pressure is mainly caused by crowding of the rigid-rod seg-
ments. This confirms the critical role of the hydrophobic rigid-
rod segments in the surface behavior of the Langmuir mono-
layer at a high surface pressure. The films collapse at a surface
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pressure of 42 mNm™'. The limiting cross-sectional molecular
area (A,), calculated by extrapolating the steep rise in the sur-
face pressure to zero, is 0.89 nm? The theoretical surface area
occupied by the hydrophobic rod block adopting an edge-on
conformation is about 0.99 nm? as calculated by the Corey-
Pauling—Koltun (CPK) model, similar to the limiting molecular
area, indicating that compression leads to the change of the
conformation of the aromatic rod segment. At this molecular
area, the PEO branches are submerged into water and the area
is only occupied by the aromatic rod segments standing on
the water surface, which is consistent with AFM results.

Additionally, the stability of the spreading films on the water
surface was also evaluated by measuring the -t or A-t iso-
therms (Figure 5b).*” The monolayer was compressed to a sur-
face pressure of 10 MNm™" and held constant at this value for
a period of 70 min. The area per molecule decreased about
6 A% over the 70 min period. This value corresponds to <7%
of the limiting molecular area of the monolayer. This slight de-
crease in the surface area is due to the rearrangement of the
molecules to reduce the empty spaces in the monolayer or a
partial aggregation of the molecules. Therefore, the film kinetic
data suggest that a relatively stable monolayer is formed at
the air-water interface.

When the monolayer was deposited on the silicon substrate,
different morphologies were obtained (Figure 6). In all cases,
AFM images show a full area coverage of the Langmuir-Blodg-
ett monolayer film and high film transfer ratio (0.8-0.9). This in-
dicates that the morphology of the formed monolayer at the

nm
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Figure 6. AFM images of Langmuir films deposited at different surface pressures. a) a 2x2 um? scan at the onset
,©) a5x5pum?scan at 5mNm~', d) a 10x 10 um? scan at
, g) Line cross-sectional analysis (line
in b) and h) proposed molecular model of the fiber. The corresponding water contact angles are inserted in select-

of surface pressurization, b) a 5x5 pm? scan at 1 mNm™'

10mNm™", e)a 1x1 um? scan at 10 mNm~", f)a 1x 1 um? scan at 30 mNm™"

ed images.
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air-water interface is preserved upon transfer.®" At the onset
of surface pressure (area/molecule of 6.9 nm?, smooth and
uniform films with a surface microroughness in the range of
0.2-0.3 nm were formed (calculated within 1x1 pum), as ex-
pected for low-molecular-weight rigid—flexible block molecules
as well as for many flexible macromolecular materials.?**3? |n-
terestingly, when the surface pressure was increased to
1 mNm™, fine and long, straight fiber-like patterns appeared.
The fibers are several micrometers in length and 80-90 nm in
width. The height of the fiber is about 1.2 nm. This corre-
sponds to the aromatic rod segments adopting vertical confor-
mation topping the PEO branches beneath. When deposited
onto a substrate, PEO branches adsorb onto the hydrophilic sil-
icon wafer surface underneath the hydrophobic backbone,
which translates into increased thickness. The distance be-
tween the fibers decreases as the surface pressure progresses,
while the height of the fiber stays approximately constant. At
a surface pressure of 10 mNm™', the fiber becomes more
densely packed and the coverage is increased to 88%. Further
compression leads to the connection of the fibers. In this state,
the fibers cannot preserve their identity and merge into each
other at the high density of molecular packing. Considering
that the hydrophilic PEO branches would be immersed in the
water by compression, the fibers should be formed by the
packing of the aromatic rod segments due to the -t stacking
interaction, as shown in Figure 5f. At a low surface pressure
(in the liquid region) the parallel fibers cover a region of sever-
al micrometers and align along the deposition, which is be-
cause the alignment of the
transferred molecules parallel to
the dipping direction is deter-
mined by the geometric condi-
tions of the monolayer flow on
the water subphase,® indicating
an important role of the lateral
compression and vertical lifting
in domain orientation as well as
high mobility. At high surface
pressure in the compact region
the long-range ordered struc-
tures are more densely packed,
but not correlated to the trans-
fer direction (Figure 6d), thus,
they can not be induced by
monolayer transfer.2%?

The surface composition of
the deposited monolayer was
also measured by the water con-
tact angle. The deposited mono-
layers exhibit low to moderate
hydrophobic character (contact
angle in the range of 24-45°) in-
dicating a mix surface composi-
tion (a contact angle of 80-120°
is expected for surface com-
posed of phenyl rings and below
10° for dry PEO surface). High
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surface pressure leads to a more densely packed fibers and a
high water contact angle (Figure 5 insets). This suggests slight
increase in hydrophobicity, which is associated with greater ex-
posure of the benzene ring and some screening of the PEO
branches.

To further confirm the structural change of the transferred
film caused by m—m stacking interaction of the aromatic seg-
ments, UV/Vis and fluorescence spectra were obtained. Fig-
ure 7a shows the UV/Vis spectra of the molecule both in solu-
tion and in LB films. The UV/Vis spectrum of the molecule in
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branches decreases to 2% and the effective contents of the ar-
omatic rod (W,omaic %) increases from 56 wt% to 97 wt%.5”
This indicates that most of the PEO branches are submerged in
the water subphase at a surface pressure of 10 mMNm™' and the
following steep increase in the surface pressure is mainly
caused by crowding the aromatic rod segments. The monolay-
er is also transferred by different dipping speeds and on the
mica substrate, similar fibers were obtained (not shown), sug-
gesting that the dipping speed and the substrate have no
effect on the structures formed at the air-water interface.

3. Conclusions

Evaporation-driven ring forma-
tion and Langmuir-Blodgett
films were obtained by utilizing
a novel rigid-flexible block mole-
cule. Our experiments elucidated
that the formation of well-
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Figure 7. a) UV/Vis and b) fluorescence spectra of 20-layer LB films of the molecule deposited on quartz.

solution exhibits an absorption band at 323 nm, corresponding
to monomer. The bands of the LB films deposited at both
onset and high surface pressure of 20 mMNm™' locate at 338 nm
and 343 nm, respectively, indicating a red-shift in comparison
with that of the solution. The red-shift of the onset of the sur-
face pressure should be ascribed to the planarization of the ar-
omatic rod segments induced.?¥ In addition, the band at a
high surface pressure of 20 mNm™" is further red-shifted com-
pared with that of the onset of the surface pressure, indicating
that J-aggregate forms in the LB films when the molecules are
co-facially arranged in the edge-on conformation within the
fiber.®™ This should be distinguished from the red-shift owing
to planarization alone at the onset of the surface pressuriza-
tion.B** The characteristic of a m-aggregated state of the film
deposited at high surface coverage was also confirmed by
fluorescence spectra (Figure 7b), where the intensity of the
film deposited at 20 mNm™' was distinctly quenched com-
pared to that of the film deposited at the onset of surface
pressurization.

The Langmuir-Blodgett technique provides a powerful
method to control the molecular arrangement in the two-di-
mensional air-water interface. Continuous compression re-
duces the area available for the molecules and leads to com-
plete dissolution of the flexible PEO chains into water and fur-
ther to reorientation of the aromatic rod segments to a vertical
position to accommodate the greatly reduced surface area.
The ratio of the hydrophilic blocks to hydrophobic blocks of
the rigid—flexible block molecules at the air-water interface
changes continuously as the PEO branches transform from a
pancake to a brush conformation and are submerged in the
water upon compression. As the surface pressure increases
from the onset to 10 mNm™', the compression ratio of the PEO
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shaped rings requires optimal
conditions of evaporation rate
and solute concentration. Due to
the controllable sizes of formed
patterns derived from this pro-
cess, it will be of potential inter-
est in the design on fluorescence patterns. In the LB films, fine
and long, straight fibers were obtained. Combining the analy-
sis of the m-A isotherm data for the molecular areas, the AFM
images of the fiber dimensions, water contact angle on the
surface hydrophobicity, the UV/Vis and fluorescence data on
the benzene ring packing, we concluded that the fibers were
formed by m-m stacking interaction of the aromatic rod seg-
ments, which transformed from the face-on conformation at
the onset of the surface pressure to the edge-on conformation
as the PEO branches dissolved into water subphase upon com-
pression. The surface patterning of the rings and fibers involv-
ing an optical fluorescent rigid-flexible block molecules de-
scribed herein can easily be controlled, which should be useful
in fabricating micro/nanoscale devices based on polymer
matrix.
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