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ABSTRACT: A simple method to prepare large areas of polycarbonate (PC) alignment layers with a high degree
of polymer chain orientation, a periodic and oriented nanoscale pattern, and a controlled surface roughness is
presented. The method involves three steps: (i) the preparation of a film of bisphenol A polycarbonate in its
glassy state, (ii) the near-surface orientation of the polymer chains by rubbing, and (iii) exposure to vapors of
acetone which acts as a plasticizer removing the microgrooves formed by rubbing and promotes solvent induced
crystallization of PC. The resulting surface of the PC films is oriented and nanostructured, it consists of the
periodic alternation of edge-on oriented crystalline lamellae and amorphous interlamellar zones with a total
periodicity of ~20 nm. The roughness of the oriented and nanostructured PC layers can be tuned by adjusting
the exposure time to the solvent. The PC films exhibit a high orienting ability for various materials grown from
the vapor phase, e.g., conjugated organic semiconductors and dyes (pentacene, phthalocyanine, bisazo dye) and
metallic nanoparticles. Zinc phthalocyanine nanocrystallites and gold nanoparticles are observed to orient parallel
to the crystalline lamellae of the PC substrate and not, as observed for polyimides, parallel to the polymer chain
direction. It is proposed that the shallow surface nanocorrugation associated with the semicrystalline structure of
the PC layers enforces the orientation of the ZnPc nanocrystallites and the gold nanoparticles.

I. Introduction Beside the rubbing technique, there are several other alterna-
tive methods to prepare orienting layers like for instance the
friction transferred (FT) poly(tetrafluoroethylene) (PTFE) lay-
ers! Oriented PTFE films have demonstrated exceptional
orienting properties for a large class of polymers and small
molecules, but because of their discontinuity in terms of
coverage, they are not adapted to the fabrication of oriented
polymer gate dielectrics in OFETs. Other methods have also
been considered for that purpose, e.g., orientation under
polarized UV irradiation of liquid-crystalline polymers, a method
that implies however the synthesis of specific polyimide
derivatives® On the other hand, large areas of polymer surfaces
showing regular oriented patterns with periodicities in the range
10-50 nm are readily prepared by using block copolymers like
poly(isoprene)-poly(styrene) diblocks that form well-defined
microstructures with a controlled periodicity. The periodicity
and the microstructures formed in these block copolymer films
can be tuned by adjusting the total length of the copolymer and
the volume fraction of the two blocks, respectivélf.Never-
theless, most of the copolymers used for that purpose, e.g., poly-
(styrene)b-poly(isoprene), are amorphous and can therefore not
enforce an orientation at the molecular scale like the rubbed

A large spectrum of applications and technologically relevant
objects, e.g., polarized color filters and organic field effect
transistors (OFETSs), involve polymer layers and surfaces
showing various degrees of order and patterns at different length
scales ranging from molecular to microscopic scales. Polymer
surfaces with a high degree of polymer chain orientation are
widely used as alignment layers in LCBwhereas nanostruc-
tured polymer films can be of interest for their optical properties,
e.g., as antireflective coatingsNumerous technologies have
been developed to fabricate both oriented polymer layers and
periodic polymer arrays. For instance, near-surface polymer
chain alignment is readily achieved by rubbing a polymer film,
typically a polyimide, with a velvet tissue®* This method
makes it possible to prepare large areas of alignment layers with
a high orienting capacity, but the presence of microgrooves a
few tens of nanometers deep prevents a good control of the
surface roughnes$s-However, this can be detrimental to certain
applications, e.g., in the case of organic field effect transistors
for which the structure of the interface between the organic
semiconductor and the polymer gate dielectric is essential.
Ideally, the polymer film used as a gate dielectric in an OFET

) . i alignment layers.
should be pinhole free, have a large electric breakdown field, 9 Y ) )
and play the role of an alignment layer to orient the organic 10 the best of our knowledge, there exists no simple method
semiconductor (pentacene for instance) in order to reach higherl© Prepare large areas of polymer surfaces that exhibit a high
charge mobilities. degree of polymer chain orientation, a regular and oriented
pattern with a periodicity below 100 nm, and a well controlled
_ o _ surface roughness. Herein, we demonstrate that the combination
; Corresponding author. E-mail: Brinkman@ics.u-strasbg fr. of the preorientation of a polymer layer, prepared in its
Institut Charles Sadron. . .
* National Science and Technology Development Agency (NSTDA).  @morphous for.m’ by a Convent.'on"_?‘l rubbing method, followed
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preparation of large areas of oriented and nanostructured STEP 1:

polymer surfacéd which indeed combine well controlled
surface roughness and high orienting capacity.

Il. Experimental Part

(a) Preparation of the PC Alignment Layers.Amorphous PC
films of thickness in the range 26G00 hm were prepared by spin
coating (2000 rpm, 500 rpn)/s 2 wt % solution of bisphenol A
polycarbonate (Acrosvl,, = 64 000 g/mol) in dichloromethane on

clean glass slides (Corning 2947). The glass slides were cleanec
by sonication in acetone and ethanol for 15 min each. Then, the

slides were gently rubbed with a soft tooth brush in a 5% (by
weight) solution of Hellemanex (Helma GmbH&Co., KG) in
desionized water. The slides were further sonicated b wt %

solution of Hellemanex for 15 min and subsequently rinsed and
sonicated in desionized water for 15 min. After three rinsing steps,

the slides were finally dried in a flow of nitrogen. The rubbing of

Preparation of a thin film ; e

of a semi-crystalline polymer “

Oriented and nanostructured
polymer surface layer

Rubbing

Crystalline
lamella

Polymer chain
iArnﬁhuus Peiimer Film |
STEP 3

in its glassy state
(casting, spin-coating, etc...)
preocrientation
by rubbing
Solvent induced;
\ crystalization | _

! - Amorphous

aomain

STEP 2. /
‘_

the amorphous layer is performed by using a homemade apparatusFigure 1. Schematic illustration of the various steps involved in the

Rubbing was performed at 2% by using a rotating cylinder (4

process used herein for the fabrication of oriented and nanostructured

cm diameter) covered with a velvet cloth applied with a pressure PC layers. The various steps are described in the text.

of 2 bar on the PC filmd2 The rubbing length was 200 cm. Exposure

of the thin films to acetone vapors was performed in a closed glasstured semicrystalline polymer films described hereafter is based

vessel (volume of~400 cn?) at 25 °C containing~5 mL of

on the periodic lamellar structure of a semicrystalline polymer

acetone. Optical microscopy under crossed polarizers was performedys 5 vector to the surface nanostructuration. This process is

using a DMR-X Leica polarizing microscope.

A screening of the effect of various solvents on the preoriented
PC films has been used to find semiquantitative criteria for the

choice of a suitable solvent. The affinity of a given solvent for a

given polymer is quantified by means of two parameters, the

solubility parameter®pqy and dso and the surface free energies
Ypoly and s Of the polymer and the solvent, respectively. Using

similar to but simpler than the one described by Damman and
co-workerst® The method proposed by the latter authors
involves a preorientation of a semicrystallline polymer film,
prepared in its glassy state, by rubbing, followed by an annealing
step (atT ~ Tg) to smoothen the rough morphology of the
rubbed polymer surface, and finally a cold-crystallization via

the set of published data and characteristics for solvents affectingthermal annealing. Our process is distinct in that the smoothing

the structure of bisphenol A polycarbonate'® we were able to
establish the following two rules given by

|0 Osoll [(Opoty T dso)/2] < 0.3 1)

)

poly

Ysol < ypoly

of the rubbed polymer surface as well as the oriented crystal-
lization are achieved in a single step by exposure of the
preoriented polymer film to a solvent vapor which acts as a
plasticizing agent and promotes solvent induced crystallization
(SINC) of the polymer. In addition, the present method for the

Equation 1 expresses the condition for an adequate chemicalPreparation of alignment layers does not require any annealing
affinity between the polymer and the solvent whereas equation 2 step. Accordingly, our process involves three distinct steps which

gives the required conditions for a good wetting of the polymer
film by a condensation layer of the solvent when exposing the film
to its vapors.

(b) Preparation of Oriented Films of Conjugated Molecular
Materials and Gold Nanoparticles.Molecular semiconductors and

dyes (zinc phthalocyanine, pentacene, bisazo dye) as well as gold

are illustrated in Figure 1: (i) the preparation of a polymer film
in its amorphous state either by casting or spin-coating (STEP
1), (ii) near-surface alignment of the polymer chains by rubbing
(STEP 2), and (iii) exposure to a solvent vapor (STEP 3).

The first step of the process involves the preparation of a

were evaporated in an Edwards Auto306 system under a basethin film of a semicrystalline polymer in its glassy state (STEP
pressure of 1¢° mbar. Pentacene (Fluka) and zinc phthalocyanine 1 in Figure 1). As a semicrystalline polymer we have chosen

(Kodak) were purified by entrainer sublimation. UVis-near IR
absorption of the thin films (306900 nm) was measured on a

bisphenol A polycarbonate (PC). Glassy PC films are readily
prepared by spin-coating a solution of the corresponding

Shimadzu UV-2101PC spectrometer with polarized incident light polymer in dichloromethane. In the second step of the process
and a spectral resolution of 1 nm. The film orientation with respect (STEP 2 in Figure 1), near-surface alignment of the PC chains

to the incident light was controlled by means of a goniometer:

parallel orientation corresponding to the situation where the incident
beam polarization is parallel to the rubbing direction. Transmission

electron microscopy (TEM) was performed in bright field, dark
field, and diffraction modes using a CM12 Philips microscope
equipped with a MVIIl CCD camera. X-ray diffraction was

performed in the ], 20) mode using a Siemens D5000 diffracto-
meter. The thin film morphology was investigated by atomic force
microscopy (AFM) with a Nanoscope Il in the tapping mode using
Si tips (25-50 N/m and 286-365 kHz). Vizualisation of the

polymer film topography was performed under soft tapping
conditions (drive amplitude variation below 15% with respect to

the free quantilever). Image treatments, e.g., fast Fourier transforms

(FFT) were performed by using AnalySIS (Soft Imaging System)
software.

Ill. Results and Discussion
(a) Preparation Method of Oriented and Nanostructured

is enforced by rubbing. The freshly rubbed PC films exhibit a
uniform and very high birefringence under the polarizing optical
microscope. AFM reveals a rough surface with microgrooves
running parallel to the rubbing direction (see Figure 2a) and a
root-mean-square (rms) roughness of typically 5 nmx (2um?
area). The optical birefringence originates from both the surface
orientation of the polymer chains and from the microgrooves
formed by the rubbing. After the first step of rubbing, the PC
films show practically no orienting ability, demonstrating that
neither grapho-epitaxy nor the surface orientation of the PC
chains caused by rubbing is sufficient to induce a significant
orientation of molecular and inorganic materials on these
surfaces.

This situation is remarkably changed when the amorphous
preoriented PC films are exposed to acetone vapors (STEP 3
in Figure 1) A 2 min exposure of the rubbed polycarbonate

PC Layers. The preparation process of oriented and nanostruc- films to acetone vapors results in a total loss of the birefringence
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acetone vapors reveals a periodic lamellar structure. The
[ [10nm characteristic phase contrast (see inset in Figure 2b) indicates
that this morphology involves the alternation of crystalline
lamellae separated by amorphous interlamellar zones. The
present observation is thus clear evidence for the solvent induced
crystallization of PC upon acetone vapor exposisfé.As
expected, the crystalline lamellae are oriented perpendicular to
the rubbing direction of the PC films, i.e., perpendicular to the
oriented PC chains. The total periodicity of the lamellar structure
A measured from the fast Fourier transform (FFT)20 nm
with a very shallow surface corrugation efL nm. It is worthy
to notice that the periodic nanostructuration of the polymer
surface was not observed in the case of oriented poly(ethylene-
terephthalate) film$® most likely because of a partial loss of
_ polymer chain orientation during the annealing step used to
5nm smooth the rough surface of the rubbed films.

The mechanism responsible for the oriented crystallization
of PC is intimately related to the preorientation of the polymer
chains by the rubbing of the films. During rubbing, bundles of

0nm PC chains are oriented parallel to the rubbing direction in a
thin surface layer of the PC film and serve as a backbone for
row nucleation of the oriented PC lamellae. As noticed by
Kambour et al’® the acetone uptake by a PC film lowers

10° significantly both theTy and the crystallization temperatufg
but not the melting temperature of the crystalline PC. Hence,
the bundles of oriented PC chains formed during the rubbing
step are preserved in the swollen and plasticized PC thin film

0° so that they can act as oriented nuclei for the trans-crystallization
of PC lamellae out of the surrounding amorphous and plasticized
PC material. This crystallization process is qualified as trans-
crystallization since the growth direction of the crystalline PC

15 : . lamellae is perpendicular to the pre-existing bundles of oriented

c) o PC chains. To some extent, this situation reminds one of the

L] growth of the well-known shish-kebab structure, the shish, i.e.,

T10¢ ] the bundle of oriented PC chains being formed during the

g rubbing step (STEP 2). The present results for PC are very

= g similar to those reported by Hobbs and Miles in the case of a

g Se¢ ° ] shish-kebab trans-crystallization of polyethylene except that the

wn

0 nm

crystallization is triggered by the exposure to a solvent vapor
and not by thermal annealirf§.

' ' Increasing the exposure tiniky, of the films to acetone
1 10 . 100 ; ; ot

T (min.) vapors above 2 min has two main consequences. First, it allows

exp ’ the crystallization process to proceed from the surface into the

Figure 2. (a) Surface topography of a rubbed PC film (STEP 2). (b) bulk of the underlying amorphous PC film. This is manifested
Surface topography observed after SINC of the preoriented PC film by the emergence of a uniform birefringence of the films under
E)SIhEP 3). th;]e lower right Comzr ioft'fspoglgs t% FhetPhaS(e)'Enai?et-_ Inthe polarized light microscope. Second, it causes an increase
Oth cases, the arrow corresponds 1o the rubning direction. (C) evolution : H :
of the surface RMS roughness of the PC films measured by AFM (2 of the surface roughngss as depicted in Figure 2¢. Moreover,
x 2 um?) as a function of the exposure time to acetone vapors. we Obser\(e 'Fhat th? film Surface tends to b? more Qnd more
buckled with increasin@ex, This surface buckling is attributed
to the ongoing crystallization of PC into the bulk of the PC
film.

—_—

of the films observed under the polarizing optical microscope.
Furthermore, the topography of the films observed by AFM after o ) ]
acetone treatment does not show any trace of the microgrooves (D) Orienting Properties of the PC Alignment Layers.We
induced by the rubbing of the films (see Figure 2b). At this have tested the orienting ability of the smoothest nanostructured
stage, the rms roughness of the films probed by AFM has PC thin films obtained follex= 2 min on various representative
decreased to a value 0f0.5 nm (2 x 2 um? area). These materials including various molecular semiconductors (zinc
observations demonstrate that acetone induces a significani?hthalocyanine (ZnPc) and acenes), organic dyes (bisazo dyes),
smoothing of the rubbed PC surface. In fact, it is well-known and ordered metallic nanocluster arrays.

that acetone causes an important lowering of the glass transition Figure 3 illustrates the high level of uniaxial orientation
temperaturely of PC, i.e., acts as a plasticizing agent of the achieved for ZnPc on the oriented and nanostructured PC
amorphous PC filmM7*8The increased plasticity of the PC films  substrates. The ZnPc films grown at a substrate temper&iure
thus allows for the rough surface of the rubbed polymer films = 100 °C exhibit a very regular morphology consisting of

to be smoothed. However, the effect of acetone vapors is notuniaxially oriented nanocrystallites. The electron diffraction
limited to a smoothing of the rubbed PC films. As seen in Figure (ED) pattern shown in the inset in Figure 3 is typical of the

2b, the topography of the PC films after 2 min exposure to polymorph of ZnPc with characteristic reflections at 1.18 and
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\»__,\;.,j/ Figure 4. (a) Bright field TEM image of a 40 nm thick pentacene
“-‘._‘_w
0 L ) N ) ) film deposited on oriented and nanostructured PC substrates (deposition
300 400 500 600 700 800 900 rate= 2 nm/min). The inset corresponds to the ED pattern. The arrow
in the BF image corresponds to the initial rubbing direction. (b)
Wavelength (nm) Polarized light absorption of the pentacene film. The spectra were

Figure 3. (a) Surface topography of an oriented ZnPc thin film (15 shifted along the ordinate axis to clarify the whole figure.
nm) deposited als = 100°C on the oriented and nanostructured PC

substrate. Inset: electron diffraction pattern in proper relative orientation  The orienting ability of the PC layers was further tested with
to the morphology. The rubbing direction is indicated by an arrow. (b) i i i i i BF
Corresponding optical absorption of the oriented ZnPc film measured pentacene. In Figure 4a, we depict the typical bright field (BF)

for parallel (]) and perpendicular{) orientation of the incident image and Fhe Corresponding EDopattern of a 40 nm thick
polarized light with respect to the rubbing direction of the PC film. Ppentacene film deposited at = 85 °C on the PC substrate.
The inset shows the evolution of the dichroic ratio with increasing The BF image of the films shows well-defined pentacene
substrate temperatufie. domains with sharp edges and a preferential in-plane orientation
in the direction perpendicular to the rubbing. The ED pattern
0.59 nm coresponding to the (0 0 2) and (0 0 4) planes. The shows arc-shaped reflections indicating the presence of in-plane
sﬁar ness of trl?e © 092) and (0 0 4) reflexions is ir?dicati\./e of orientation of the pentacene crystallites. The selected area
a ve? high dearee of unidirectional orientation in the films electron diffraction (see Supporting Information) shows that the
Th y tgk' gd' i f 7nPe (1 is of tal . majority of the oriented pentacene crystals grow in the triclinic
i € z-stac dlng | Irec '?}n 0 bbr'] cd(_ong_ axis o nanollcrylls aﬁ) structure &pen = 0.606 Nm ppen = 0.79 nm,cpeny = 1.49 nm,
ies perpendicular to the rubbing direction, i.e., parallel to the apen = 96.7, fpen = 100.5, andypen = 94.2)2 with a (0 0
crystalline lamellae of the oriented PC substratgip. U cec. 1) contact plane on the PC substrée? Both the observation
X-ray diffraction in the 0, 20) mode indicates a preferential (1

e of the oriented pentacene films under crossed polarizers (see
0 0) contact plane ofi-ZnPc on PC. Similarly to the case of  gypnorting Information) and the analysis of the ED pattern

PTFE substrates, the degree of orientation of ZnPc is observeqpicate that three preferred growth directions of the domains
to increase with increasing substrate temperafly® The coexist on the PC substrate, but the majority of the domains
unidirectional orientation afi-ZnPc results in a high anisotropy  grow with theapgy axis perpendicular to the rubbing direction,
of the optical absorption. Maximum absorption is observed when j e apey O cpe. The in-plane orientation of pentacene domains
the polarization direction of the incident light is parallel to the results in the polarization of the optical absorption as seen in
PC chain direction (rubbing direction). As depicted in the inset Figure 4b. The observed dichroic ratio of 2 for e band is

of Figure 3b, the increase of uniaxial orientatioreeZnPc with close to but lower than the value of 2:8.0 obtained for
increasingTs results in a corresponding increase of the dichroic pentacene films deposited on FT PTEEThe lower level of
ratio measured at 720 nm. Fbg = 125°C, it reaches a value  orientation of the films on PC is presently attributed to the
in the range 56 which is comparable to the values reported coexistence of different orientations of the pentacene domains
for orienteda-CuPc deposited onto rubbed polyimide lay&rs.  on the PC substrate.
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Figure 5. Typical electron diffraction pattern and morphology of a 0

50 nm thick bisazo dye film grown &t = 29 °C on an oriented and

nanostructured PC substrate. (a) ED pattern obtained for a thin film on

FT PTFE, (b) ED pattern for the film deposited in the same conditions -0.02

on the oriented and nanostructured PC substrate. (c) AFM topographic
image. The inset depicts the chemical structure of the dye. (d) Optical

500 600 700 800
absorption spectra for parallel and perpendicular orientations of the Wave|ength (nm)

incident light with respect to the orientation of the thin films.
Figure 6. (a) Au/PC thin film observed by optical microscopy under

Significantly higher levels of orientation were observed for crossed polarizers (4®rientation of the sample). (b) AFM image of

bisazo dyes evaporated on the PC substrates. In order to comparte surface topography of Au(10 nm)/PC. The inset corresponds to the
FFT. In all figures, the arrow corresponds to the rubbing direction. (c)

the orientation of the bisazo dye on the PC substrate and the | . lab h ¢ AU/ tunction of th leb
h the corresponding ED patterns in Figure Optical absorption spectra of Au/PC as a function of the angle between
FT PTFE, we show p g p i .9 the polarization of the incident light and the rubbing direction, taking
5a,b. Although the ED pattern shows sharper reflections in the as a reference the spectrum obtained for a nonoriented Au film on PC.
case of the FT PTFE substrate, a similar orientation with the The inset shows the uncorrected absorption spectra of Au/PC layers.
same contact plane of the crystallites can be deduced from the
presence of the same main reflections in the case of the PClayers are more uniform in terms of surface coverage and
substrate. The films deposited Bt = 29 °C have a dichroic morphology (see Figure 5a).
ratio in the range 1520. This value is slightly lower than that Finally, the PC alignment layers were also tested for the
obtained in the case of thin films deposited on FT poly- orientation of metallic nanoparticles (see Figure 6). When
(tetrafluoroethylene) substrat&sbut the films grown on PC  observed under the polarizing microscope, the Au/PC films
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behave as polarized color filters (see Figure 6a). As seen in
Figure 6b, dewetting of gold on the PC surface results in the |§
growth of oriented arrays of gold nanoparticles with a very
uniform size distribution. The nanoparticles tend to align parallel
to the direction of the oriented PC crystalline lamellae as
observed very commonly in the case of the gold decoration

10.0 ©

polymer layer® The preferential alignment of the gold nano-
particles is also apparent from the FFT of the topographic image
(see inset in Figure 6b) which shows two strong arcs in the
direction parallel to the rubbing direction. The periodicity

between Au nanoparticles and amounts to 17 nm which matches
closely the lamellar periodicity of the nanostructured PC
substrate (20 nm). These observations suggest that (i) the
nanoparticles are oriented by the periodic nanocorrugation
associated with the alternation of crystalline lamellae and
amorphous interlamellar zones of the PC surface and (ii) the

nanoparticle size is imposed by the lamellar periodicity of the Figure 7. AFM phase-mode image of the borderline area (correspond-
PC substrate. ing to the edge of a shadow mask) between the PC substrate (lower
. . . . part of the image) and the ZnPc covered PC substrate (upper part).

It is known that oriented arrays of metallic (gold, silver) Note the alignment of the ZnPc nanocrystals parallel to the direction

nanoparticles on polymeric substrates exhibit polarized light of the PC crystalline lamellae. The arrow in the upper right corner

absorption propertie¥. The polarized absorption of the gold corresponds to the rubbing direction.

films is due to the fact that the plasmon resonance frequency

of the nanoparticles depends on the orientation of the polarized@nisotropic growth of the nanocrystallites in the grooves between
incident light with respect to the array of the nanopartiéfes. successive crystalline PC lamellae. This situation is similar to
Figure 6¢c shows the dependence of the 0ptica| absorption Ofthat observed in the case of PFTE. It has been shown that
an oriented Au/PC film as a function of the orientation of the Pentacene nanocrystallites grow in a confined manner between
incident light polarization, taking as a reference the spectrum PTFE fibrils giving rise to a growth mechanism similar to

of a nonoriented gold film on a nonoriented PC substrate. grapho-epitaxy?3'However, in the case of the PC substrates,
Clearly, the optical absorption of the Au/PC thin films depends the fact that ZnPc, pentacene, and the bisazo dye grow with
strongly on the angle between the incident light and the rubbing ©ne preferred contact plane on the PC substrate may indicate a
direction in the films (cf. inset in Figure 6c). Light vibrating prefgrred eplta>§|al interaction qt the overlayer/PC interface. A
parallel to the rubbing direction is absorbed at a lower de_talled ar_laly_3|s_of the crystalll_ne structure of the PC _surface,
wavelength, with a maximum at 588 nm, whereas light vibrating USing grazing incidence X-ray diffraction, is necessary in order
perpendicular to the rubbing direction shows an absorption © fully discriminate between epitaxy and grapho-epitaxy on
maximum at 630 nm. The maximum of absorbance is observedthis oriented and nanostructured surface.

when the incident polarization is perpendicular to the rubbing |/ conclusion

direction, i.e., parallel to the alignment direction of the Au
nanoparticles. While yielding similar optical characteristics as
those observed for FT PTFEE2Cthe Au/PC films show a much
higher level of uniformity in terms of coverage, i.e., reduced

light scattering since the PC substrates are extremely Smoothyq o materials (pentacene, ZnPc, bisazo dye, and coronene),
in comparison to PTFE layers. the best orientation is observed for a linear rodlike bisazo dye.
(c) Origin of the Oriented Growth. First experiments  In addition, it has been shown that the orientation of ZnPc is
highlight the important role of the surface nanostructure on the improved by increasing the substrate temperature during deposi-
orientation of ZnPc and Au nanoparticles on the PC layers. tion. Although the level of orientation depends strongly on the
Figure 7 depicts the AFM phase mode image of a ZnPc film molecular system, the preparation method of PC alignment
deposited through a shadow mask onto the PC substrate. In théayers presented in this study has various advantages over
boundary zone between covered and uncovered areas of the P@xisting fabrication routes, e.g., the rapidity of the process, the
substrate, it is possible to observe both the periodic semicrys-controlled roughness of the substrates, and the absence of
talline structure of the PC substrate and the oriented nanocrys-annealing. Preliminary results indicate that the method used to
tallites of the ZnPc overlayer. From Figure 7, one can see that prepare the alignment layers of PC can be applied to isotactic
the ZnPc nanocrystallites grow parallel to the crystalline lamellae polystyrene (see Supporting Information).
of the PC substrate. Similarly, Au nanoparticles are observed In the case of phthalocyanines, it has been shown that the
to align preferentially parallel to the PC lamellae and their long axis of the elongated nanocrystallitésaiis) is oriented
average size matches closely the lamellar periodicity of the PC parallel to the plane of the crystalline lamellae and not, as
substrate. These observations suggest that the periodic nanoebserved on rubbed polyimides, parallel to the polymer chains.
structuration of the PC surface, i.e., the alternation of crystalline This result suggests that the surface nanocorrugation associated
lamellae and amorphous interlamellar zones plays a major rolewith the periodic alternation of crystalline PC lamellae separated
in the orientation of these two materials grown from the vapor by amorphous interlamellar zones is able to induce the orienta-
phase. We suggest that the shallow nanocorrugation associatetion of the ZnPc nanocrystallites. However, a detailed analysis
with the periodic lamellar structure of the films is sufficient to of the crystalline structure of the PC surface, using grazing
induce anisotropy in the molecular surface diffusion and hence incidence X-ray diffraction, is necessary in order to fully

A simple and versatile method to prepare large areas of PC
alignment layers with a periodic nanostructured polymer surface,
oriented polymer chains, and a controlled surface roughness has
been demonstrated. Among the investigatecbnjugated mo-
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