ELSEVIER

Available online at www.sciencedirect.com
ScienceDirect

Applied Surface Science 253 (2006) 2078-2086

applied
surface science

www.elsevier.com/locate/apsusc

Stabilization of discotic liquid organic thin
films by ITO surface treatment

S. Archambeau®, I. Séguy?, P. Jolinat?, J. Farenc®, P. Destruel **,
T.P. Nguyen®, H. Bock, E. Grelet

# Laboratoire de Génie Electrique de Toulouse, Université Paul Sabatier,
31062 Toulouse Cedex 09, France
® Institut des Matériaux Jean Rouxel, CNRS, Université de Nantes, 44322 Nantes, France
¢ Centre de Recherche Paul Pascal, CNRS, Université Bordeaux I, 33600 Pessac, France

Received 6 March 2006; received in revised form 29 March 2006; accepted 2 April 2006
Available online 22 May 2006

Abstract

Discotic liquid crystals (LCs) are promising materials in the field of electronic components and, in particular, to make efficient photovoltaic
cells due to their good charge transport properties. These materials generally exhibit a mesophase in which the disk-shaped molecules can self-
assemble into columns, which favorize charge displacement, and may align themselves uniformly on surfaces to form well-oriented thin films. In
order to orientate such a columnar thin film on an indium tin oxide (ITO) substrate, the film is heated up to the temperature range of the isotropic
liquid phase and subsequently cooled down again. This treatment may lead not only to the desired alignment, but also to dewetting, which leads to
an appreciable inhomogeneity in film thickness and to short circuits during the realization of photovoltaic cells. In this article, we describe how this
dewetting and the film morphology can be influenced by ITO surface treatments. The chemical modifications of the surface by these treatments
were studied by X-ray photoelectron spectroscopy (XPS). Such ITO treatments are shown to be efficient to prevent thin film dewetting when

combined with rapid cooling through the isotropic-to-LC phase transition.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Organic charge transport materials currently attract con-
siderable interest due to their potential use in organic electronic
and optoelectronic devices such as organic field effect
transistors (OFETs) and plastic solar cells (PSCs) [1-4].
Organic ‘“‘semiconductors” exhibit charge mobilities and
exciton diffusion lengths that are orders of magnitude smaller
than inorganic semiconductors such as polycrystalline silicon
[1,2] and considerable research efforts are focused on the
improvement of these parameters by appropriate self-assembly
of electronically active organic materials into ordered and well-
conducting structures. Such structures include epitaxially
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grown single crystals [3], interdigitated heterojunctions [4]
and oriented liquid crystalline domains [5].

Our research interests are focused in particular on columnar
liquid crystals, whose excellent one-dimensional charge
transport properties within well-oriented domains [6—9] make
them good candidates for organic electronic devices if an
appropriate orientation of the axis of preferred transport is
obtained by control of the domain growth. The preferred
orientation of the column axis depends on the type of device.
For instance, field effect transistors require planar (parallel)
alignment of the columns with the substrate surface, while solar
cells require homeotropic (perpendicular) alignment of the
columns on the substrate.

One straightforward approach to well-aligned columnar thin
films is based on the annealing of the initially disordered
organic layer by heating it up above the liquid crystal—
isotropic liquid transition (at the “‘clearing” temperature) and
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then cooling down with a controlled rate through the transition
to obtain large, well-aligned domains. The alignment obtained
may be planar or homeotropic, depending on the material, on
the substrate and on the conditions chosen (film thickness and
cooling rate) [10].

Several criteria have to be met by the organic film and the
material used for obtaining its alignment by annealing:

(1) The material has to exhibit a clearing transition within the
available temperature range.

(2) The material must be chemically stable at and slightly
above this temperature.

(3) The material needs to wet the substrate both in its isotropic
liquid state and in its columnar liquid crystalline phase.

We have in recent years developed a class of electronically
active and thermally stable columnar liquid crystalline
materials with different aromatic chromophores: the alkyl
esters of arene-oligocarboxylic acids. These materials exhibit a
columnar liquid crystalline phase at or near room temperature
and show accessible clearing temperatures. We have obtained
both organic light emitting diodes [11] and solar cells [9] based
on such esters and closely related imido-esters. Perylene
tetracarboxylic alkyl esters are particularly easily accessible in
large quantities, as their synthesis from perylene-3,4,9,10-
tetracarboxylic dianhydride (PTCDA) requires only a single
esterification step.

While criteria (1) and (2) are met by such materials, criteria
(3), the wetting of the film during annealing on typical electrode
substrates such as commercial ITO-coated glass, is often not
obtained in very thin (<100 nm) films which are required for
organic solar cells, light emitting diodes and field effect
transistors, without any particular substrate treatment. If the
film thickness is below a critical value, typically of several
hundred nanometers, the initial spin-coated or vacuum
deposited film, which consists of domains of random
orientation and few microns in diameter, clears to an isotropic
liquid that rapidly destabilizes into isolated droplets. To avoid
this droplet formation and to stabilize a continuous liquid film
of uniform thickness from which large columnar domains may
be grown on cooling, we have studied the influence of various
surface treatments on the wetting behavior of perylene ester in
the isotropic liquid state (above 210 °C; see Fig. 1). As no
significant difference in dewetting behavior is observed on
glass, gold, silicon or ITO surfaces, we focus on ITO substrates
in this study because ITO is the commonly chosen transparent
anode material for organic solar cells and light emitting diodes.

2. Materials and methods

Perylene-3.,4,9,10-tetracarboxylic tetrapentyl ester was
synthesized by esterification of PTCDA with pentanol and 1-
bromopentane in the presence of potassium carbonate [12].

ITO thin films deposited on glass substrates were purchased
from TFD (Thin Film Devices, USA). Their thickness and their
sheet resistance were, respectively, 130 nm and 15 Q/[]. All
ITO coated glass substrates were immersed in an ultrasonic
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Fig. 1. Molecular structure of the liquid crystalline material, with phase
transition temperatures.

methanol bath for 15 min, rinsed with deionized water and
dried under nitrogen flow. ITO surfaces only cleaned by this
procedure, without further treatment, are called “untreated”
throughout this manuscript.

The organic films were deposited by vacuum evaporation at
a pressure of 10~° mbar on ITO. The chemicals were placed in
flat silica cupels located 25 cm below the substrate. The
deposition rate of the evaporated materials (~1 A/s) and the
thickness of each layer were controlled by a quartz vibrating
thickness monitor placed near the samples. The LC layers were
heated in a heating stage placed under a standard polarizing
microscope (Zeiss). The heating and cooling rates were
typically 10 °C/min. Thin film roughness and thickness
measurements were performed with a Tenkor mechanical
profilometer.

XPS measurements were carried out on a Leybold LHS-12
spectrometer (CNRS-Université de Nantes), using a magne-
sium cathode (hv = 1253.6 eV), operating at 12 kV and 10 mA.
The energy pass was set at 25 eV for all the experiments. The
pressure of the chamber was kept around 10~° mbar. The
recorded spectra were corrected with satellite and Shirley
background subtractions. Gaussian and Lorentzian function
combinations were used by varying parameters such as
Gaussian/Lorentzian ratio, full width at half maximum
(FWHM), intensity and position of each contribution to obtain
the best fit of the experimental curves. Determination of the
atomic concentrations of the film surface was performed using
the atomic sensitivity factors supplied by Leybold software.

3. Results

Tetrapentyl perylene-3.4,9,10-tetracarboxylate exhibits its
hexagonal columnar liquid crystalline mesophase between its
melting point at 114 °C and its clearing transition to the
isotropic liquid at 210 °C.

Thin films (50 nm) deposited on ITO substrates were heated
above the clearing transition and then cooled down. No
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Fig. 2. (a) Optical microscope picture, (b) profilometer measurements and (c and d) SEM pictures of droplets obtained upon dewetting at 190-210 °C of a 50 nm thick

film of Pe4C5 on untreated ITO substrates.

crystallization was observed, indicating that crystallization is
strongly hindered in this confined geometry of a thin film. Upon
heating, instabilities appeared below the clearing transition, in
the liquid crystal phase, at about 190 °C, to form drop-shaped
clusters on the surface (Fig. 2a). This phenomenon is fast (=2 s)
and the droplets remain approximately unchanged in shape
upon further heating into the isotropic phase and after cooling
down to room temperature. The drops are well-visible in the
scanning electron microscopy (SEM) pictures in Fig. 2¢ and d.
Contact angle measurements from SEM pictures indicate an
average value of about 12°. The thickness of the drops is
typically around 100 nm but can reach 400 nm (Fig. 2b) and
planar orientation can be observed under crossed polarizers.

Our goal is to find chemical factors that affect the surface
energy and to check whether these factors influence the wetting
behavior of thin organic films. It has been shown on ITO that
contact angles decrease [13] after specific surface treatments,
but no changes in the wetting behavior of organic layers have
been reported so far.

We have used five different methods for treating the ITO
substrates:

Table 1
Contact angles and surface energies after different treatments

(A) Immersion of the substrates in a caustic bath (1 mol/L
NaOH) at 80 °C (30 min), followed by rinsing with
deionized water and drying under nitrogen flow.

(B) Immersion of the substrates in a sulfochromic acid bath at
25 °C (30 min), followed by rinsing with deionized water
and drying under nitrogen flow.

(C) DC argon plasma treatment (10 W, 150 s).

(D) UV-ozone treatment (150 s).

(E) Annealing at 500 °C in ambient atmosphere during 30 min.

No changes in roughness (<3 nm) were detected by AFM
measurements after all the treatments.

Table 1 shows the surface energy after different ITO surface
treatments, calculated from contact angles measured with water
and diiodomethane. The equilibrium contact angle, 6, for a
liquid drop on an ideal, homogeneous, planar and non-
deformable surface is related to the interfacial tensions by
Young’s equation [14]:

4 cost = Vs = Vsl (1)

ITO treatments Water contact angle (°)

Diiodomethane contact angle

Surface energy (mJ/mz) »w (mJ/mz) y‘sj (mJ/mz)

Methanol 62 40
NaOH 23 26
Sulfochromic acid 17 23
Argon plasma 4 31
UV-ozone 6 29
Annealing 4 29

55 17 38
71 33 44
73 34 39
81 38 43
80 38 42
81 38 43
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Table 2

Elemental concentrations and ratios in the ITO surface as determined by XPS
Treatments C (0] In Sn Na In/Sm O/In C/In
Methanol 178 569 23.1 22 00 10.5 2.5 0.8
NaOH 143 506 260 24 6.8 108 1.9 0.5
Sulfochromicacid 98 599 275 27 00 102 2.2 0.3
Plasma 11.6 666 199 19 00 105 33 0.6
Annealing 11.6 604 255 24 00 10.6 24 0.4
UV-ozone 10.7 614 254 24 00 10.6 24 0.4

All the values are given in percentage.

where y; is the surface tension of the liquid in equilibrium with
its saturated vapor, ys the surface tension of the solid in
equilibrium with the saturated vapor of the liquid and yy is
the interfacial tension between the solid and the liquid.

According to Wu [15], the estimation of the solid—air
energy was based on the following simplifying assumptions:
(1) the total surface energies of the solid and liquids are the
sum of their dispersion y® and polar y® surface energy
components, (2) the solids and liquids interact only by means
of dispersion and polar forces. Solid surface free energy can
be assessed by contact angle measurements of two liquids of
known polarity.

4(y? x 1)
Ve 4+

4(yd x o)
W+

(14+cos@)y, = 2)

where y; is the liquid surface tension and y; is the solid surface
free energy.

We observe a surface energy increase after all the treatments
as already published in the literature [16,17] (Table 1). The
improvement of the polar component may indicate a substantial
increase of OH species on the ITO surface.
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3.1. XPS measurements

In order to analyze the chemical surface of the substrate,
XPS measurements were carried out before and after the
treatments. Table 2 shows the atomic concentrations of
elements on the ITO surface. We observe a strong decrease
in the carbon contamination after all the treatments. The most
important variations occur after sulfochromic bath immersion.
The NaOH bath induced the onset of sodium in the surface
(6.8%), probably because rinsing with deionized water was not
efficient in this case. The In/Sn ratio remains constant (about
10.5) after each treatment indicating that there is no selective
etching. The O/In ratio shows stronger variations, especially
after an argon plasma (increase) and a NaOH (decrease)
treatment. We can conclude from these results that the observed
modifications of the surface energy can be related to a large
extent to the decrease in the surface carbon contamination and
to an increase in oxygen bonding [13].

Analysis of the surface bondings is performed to relate the
chemical state to the wetting process. Resolved peaks of indium,
tin, oxygen and carbon of an untreated sample are indicated by
full curves in Fig. 3. The difference between the experimental
spectrum and the synthetic one is shown on the base line of the
plot. The spectrum of indium (Fig. 3b) is located at 444.7 eV (5/
2) and 452.4 eV (3/2), that of tin is peaked at 486.8 eV (5/2)
495.2 eV (3/2). These values agree with those reported by Ip et al.
[18] and by Clark et al. [19]. We found that all the In 3ds,, core-
level spectra could be fitted with three Gaussian and Lorentzian
functions of variable intensities centered at: 444.8 eV associated
to InyOs3, 446 eV attributed to indium hydroxide and 442.4 eV
assignable to metallic indium [20]. The Sn 3ds); line (Fig. 3d) is
composed of two peaks located at 486.9 and 488 eV, respectively.
These components correspond to two different oxidation state of
the tin atoms (Sn** and Sn*") [21].
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Fig. 3. Oxygen (a), indium (b), carbon (c) and tin (d) XPS spectra of untreated ITO surface.
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Fig. 4. Oxygen (a) and carbon (b) XPS spectra of NaOH and sulfochromic acid treated ITO surfaces.

The deconvoluted O 1s spectra (Fig. 3a) allow us to
distinguish three peaks. One due to In,0O; is located at around
530.5 eV (referred to as Oy). The second one, around 532.5 eV
(referred to as Oyy), can have multiple sources, In(OH);, InOOH
or O=C. The last one, centered at 533.6 eV (referred to as Oyy),
corresponds to O—C or H,O adsorption.

The decomposition of the carbon spectrum (Fig. 3c) shows
four components: the first component (Cy) is located at 285 eV
and corresponds to carbon C—C/C-H, the second and the third
ones ((Cy and Cpyp) to oxygen bonding in the form of C-O at
286.9 eVand C=0 at 289.4 eV, respectively. The last peak (Cry)
is very weak and can be assigned to organometallic bonding.

The formation of indium hydroxide In(OH)3 or InOOH can
be attributed to the methanol cleaning and the deionized water

rinsing. Water molecules are decomposed to form hydroxyl
ions and protons and the OH ™ radicals bind to the ITO forming
hydroxide or oxy-hydroxide compounds [22-27]. Kim et al.
calculated the rate between hydroxide and oxide forms by
showing that the theoretical rate of oxygen in the ITO, O/
(In + Sn), is equal to 1.5 if all the oxygen exists under O*~ form
and 3 if all the oxygen is under OH™ form. In our case,
(O1 + Op)/(In + Sn) is equal to 2.1 [22]. Albeit the untreated
substrate shows only oxygen of type O°~ bound to In** and
Sn**, this calculation shows a rather significant quantity (about
40%) of In(OH); (or InOOH).

The resolved spectra of ITO treated samples are displayed in
Figs. 4-6. After NaOH treatment, the carbon spectrum shows a
selective etching: the Cyj; peak corresponding to C=0 bonding

e 25 a, plasma 2 257 4, uv-ozone
w
% 20 20|
& ¥
Q = Oy
< 15} 215F
= 2
‘w 10 o 10F
§ E ()1"
5 B X
0 0
— T T T T T 1 — T T T T T 1
540 536 532 528 540 536 532 528
Binding Energy (eV) Binding Energy (eV)
g 3: b, plasma % 3 : b, uv-ozone
a @
Q - [=3 =
X N
> <
‘G =
o 2
= ]
- £

294 290 286 282
Binding Energy (eV)

294 290 286 282
Binding Energy (eV)

Fig. 5. Oxygen (a) and carbon (b) XPS spectra of argon plasma and UV-ozone treated ITO surfaces.
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Fig. 6. Oxygen (a) and carbon (b) XPS spectra of annealed ITO surface.

increases in intensity after treatment. The second Oy
component of the oxygen spectra and the first In; peak of
the indium spectra are also enhanced. The formation of O~ is
favored by the caustic bath. We note that the Oyy; peak intensity
increases without variations of the Cy; peak corresponding to C—
O bonding. Thus, this oxygen peak enhancement can be related
to the presence of H,O on the ITO surface.

For acid sulfochromic treatment, the results in Fig. 4 show a
large reduction of the carbon contamination without selective
etching since all the resolved curves of the carbon spectra keep
their proportions. As in the case of NaOH treatment, acid
sulfochromic etching would promote formation of In,O3 and
SnO, as show the oxygen, indium and tin spectra. Water
adsorption is also detected by the increase of the Oy oxygen
peak.

The carbon spectrum of the argon plasma treated ITO
sample exhibits a large reduction in the carbon contamination
but the etching is selective since the Cyy peak, which is assigned
to C=0 bonding, is not reduced. On the other hand, the Oy
oxygen intensity decreases strongly whereas Oy and Oy
increase. This observation reveals the formation of hydroxide
species and the presence of water on the ITO surface. However,
we note that the indium spectrum does not show any
corresponding variation. It can be therefore presumed that
oxy-hydroxide species like INOOH have been formed resulting
from the treatment of the sample.

UV-ozone is a powerful source that can be used to decrease
the carbon contamination of the ITO surface. In Fig. 5, we
observe that the Cj; component of the carbon spectrum is
slightly decreased suggesting that the etching of C—C and C=0
bonding is selective. On the contrary, the treatment enhanced
the Oy and Oy peaks indicating that hydroxide species are
present. As in the case of the argon plasma treatment, we note
that the Inj; and Sny; components decrease in intensity and we
presume the creation of In-O—OH and Sn—O-OH bonding and
water adsorption by the UV—-ozone treatment.

Fig. 6 shows the oxygen and carbon spectra of the ITO
surface after thermal annealing. We observe a large reduction of
the carbon components except the component assigned to C=0.
At the same time, the O oxygen component decreases and the
variation can be observed also on the indium spectra with a
reduction of the Iny component. The Sn spectrum shows a
different situation with an increase of the Sny; component. From
this analysis, we suggest that annealing promotes formation of
tin hydroxide SnOH and indium oxide In,O5. The Oy oxygen

peak does not show any variation in spite of the carbon
reduction, it can be therefore related to the presence of H,O on
the ITO surface.

XPS analysis was also used to analyze very thin films of the
perylene derivative on the substrate in order to check if new
chemical species were created at the ITO/organic interface. For
this purpose, a 5 nm perylene derivative film was deposited on
all substrates (treated and untreated). The oxygen and carbon
peaks were modified by the presence of the organic molecules
and correspond to the reference spectra of perylene derivative.
Indium and tin peaks were also present and did not show any
changes in their proportions as compared to uncoated ITO
substrates. All the changes in the XPS spectra induced by the
different treatments were still visible after deposition of the
perylene derivative film. Moreover, when depositing a 10 nm
thick film of perylene derivative on the ITO substrate, an
indium peak could still be detected on the surface of the organic
film. Thus, no chemical reaction between ITO and perylene
derivative could be observed, but indium had diffused into the
organic thin film [20].

3.2. Wetting observations

During the annealing of a 50 nm thick film on treated ITO,
different behaviors were observed with different ITO treat-
ments and different film thicknesses.

Firstly, caustic soda and sulfochromic acid treated surfaces
do not suppress dewetting below the clearing transition, but the
effect is less important than that obtained in non-treated
substrates. No film thickness dependence of the dewetting was
observed for these treatments.

Samples treated by argon plasma, UV-ozone and annealing
exhibit very similar behavior, that is, no significant morphology
difference could be observed by optical microscopy between
these three treatments, and the wetting behavior was
significantly improved. While very thin films of less than
40 nm thickness still dewet once the isotropic phase is reached,
films of 50 nm thickness dewet only partially around discrete
nucleation centers. For thicknesses above 100 nm, the film is
stable in the isotropic phase except for some rare and small
dewetted spots (Fig. 7).

Films that are thick enough (>40 nm) to wet the surface in
the isotropic phase can exhibit another dewetting phenomenon
when cooled through the isotropic to LC phase transition. The
growth of liquid crystalline domains is accompanied by
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Fig. 7. (a) 20 nm, (b) 50 nm and (c) 100 nm thin film of Pe4C5 after 15 min in the liquid phase on argon plasma treated ITO surface.

dewetting in the areas around them (Fig. 8). This phenomenon
is dependent on the cooling rate and can be suppressed by a
rapid cooling down to temperatures much lower than the phase
transition (Fig. 9) [10].

4. Discussion
The XPS results demonstrate the carbon decontamination

and the generation of In-OH (or In-O-OH), Sn—OH (or Sn—O-
OH) bonding and water adsorption on ITO surface before and

after treatments. These changes could be quantified by the
analysis of oxygen peaks as shown previously. The calculated
percentage of hydroxyl ions and atomic carbon concentration
recorded after each treatment are summarized in Table 3. At
first glance, one can note that the modifications of the wetting
properties are related to a large extent to the decrease of the
surface carbon contamination: samples show less dewetting
with any treatment than without. Hydrophobic bonds, In-O-In
or Sn—O-Sn, are partially replaced by hydrophilic groups In—
OH and Sn—OH (or In-O-OH) on the ITO surface. These polar

Fig. 8. Phase transition induced dewetting of a 100 nm thick film of Pe4C5
upon growth of LC domains during slow cooling on argon plasma treated ITO
surface observed by optical bright field microscopy.

Fig. 9. One hundred nanometers thick film of Pe4C5 after fast cooling (by

removal from the oven in the isotropic state) on argon plasma treated ITO
surface seen by optical bright field microscopy. No dewetting is observed.
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Table 3
Hydroxydes and atomic carbon concentration in ITO substrates treated with
different processes

Treatments OH™ C

Untreated 40 17.8
Caustic 10 14.3
Acid 18 9.8
Plasma 83 11.6
Annealed 33 11.6
Ozone 33 10.7

All the values are given in percentage.

species greatly improve the surface energy and can be
considered to be the second prevailing factor influencing the
wetting properties.

In the case of an untreated substrate, in spite of a high
hydroxide concentration (about 40% due to methanol cleaning)
the carbon contamination is too high and the Pe4C5 layer
dewet. After an acid or a caustic treatment, the carbon
concentration decreased but a small quantity of hydroxide
species was retrieved: the wetting was improved but not as
much as the last three treatments; argon plasma, annealing and
UV-ozone. The latter exhibited a low carbon contamination
and a superior hydroxide concentration, above 30%. These two
parameters lead to a spectacular enhancement of the wetting
properties as shown previously.

In the XPS analysis, we assigned the observed Oy
component of O 1s spectra to O-C and/or H,O. However,
the variation of this component in the XPS spectra of treated
samples is not in accordance that of the Cy;; component of the
carbon spectra. Therefore, a water adsorption layer on the ITO
surface has likely formed, resulting from the applied treatment
process. The methanol cleaning and deionized water rinsing
may at the origin of this contamination and the formation of a
high energy polar surface would contribute to attract H,O
molecules. The polar species — water, hydroxides and oxy-
hydroxides — improve the surface energy and then reduce the
Pe4C5 layer dewetting.

Instabilities can occur in thin films when Van der Waals
forces induce attractive potential between the two interfaces
(ITO/Pe4C5 and Pe4C5/air). This effective interface potential

6 T
\ ITO/water/Pe4C5/air
“ - — — ITO/Pe4C5/air
- 4 \
s\
© \\
= \
§ 2 \‘
°
o S —
0
0 10 20 30 40

Pe4C5 thickness (nm)

2085

P(h), between the two interfaces separated by a distance 4 can
be written as:

A

P = = 5
A is related to the Hamaker constant. This equation does not
take into account short range forces that make P tend to a
constant value when h tends towards 0. The approximate
expression proposed by Israelachvili for the non-retarded
Hamaker constant for two macroscopic phases 1 and 2 inter-
acting across a medium 3 is the following:

Az%kT( >(82—£3)+3hve

&+ &3 8v2
X

(nf —n3)(n3 — n3)

o+ (VAT + VA

3)

&1 — &3
&+ &3

“4)

where v, is the main electronic absorption frequency in the UV,
typically around 3 x 108571, ny, ny, ny and g, &, & are,
respectively, the refractive index and the dielectric constant of
the three materials ITO/Pe4C5/air [28]. The second term,
related to the dispersive energy component, is dominant in
this system because the dielectric constants are low. The
Hamaker constant is negative assuming refractive indices of
2 for ITO and 1.6 for Pe4C5 and dielectric constants of 9 for
ITO and 2.7 for Pe4C5. According to Eq. (1), P(h) is then
positive, i.e., interfacial forces are repulsive and tend to thicken
the film, hence no instabilities occur.

If we take account of a thin film of water (thickness, /)
detected by XPS analysis on the ITO surface, the effective
interface potential can be written as a function of the organic
material thickness, A:

An,0 — Arto
1272(h + 1)*

_ Ano
127h?

P(h) = (5)
Ay,o is the related Hamaker constant of the system H,O/
PedC5/air with the refractive index and the dielectric constant
of water as n=1.33 and ¢ = 80, respectively [30-33]. Fig. 10
shows the variation of P as a function of the organic layer
thickness /, with and without a thin water layer of thickness

A PO

stable h

Fig. 10. Calculated effective interface potential function to the Pe4C5 thickness (left) and theoretical potential (right) with pseudo-partial wetting situation, two

thicknesses are in coexistence.
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h =1 nm. The positive value of P for the system without water
indicates a stable regime over the entire thickness range. If we
take account of an adsorption of water on the ITO substrate, the
stability of the organic layer is modified and is a function of the
thickness of the organic layer. The intensity of the destabilizing
effect can be modulated by the coupling value of P when h
tends towards 0. Thus, after argon plasma, UV-ozone and
annealing treatments of ITO surface in our case, P(h) could
have the behavior shown in Fig. 10.

The existence of a minimum value for P suggests the
existence of a stable zone if the initial film thickness is inferior
to hy,. If the thickness of the organic layer is superior to A, the
system is in a pseudo-partial wetting state: a very thin film, of
thickness Ay, is still present between the drops. In this case, the
film is composed of different zones having two different
thicknesses (Fig. 10) [29]. When h > h. the wetting is
complete. The dependence of dewetting on organic layer
thickness can be related to this pseudo-partial wetting
phenomenon with a value of A close to 40 nm and a very
small value of A, (0-5 nm). Note that this nanometric film
cannot be seen by optical microscopy. Our XPS measurements
suggest that this mechanism could be induced by water
adsorption and other polar species. This situation can be
compared to the dewetting of polystyrene (PS) films on Si
substrate covered by a native oxide. Different situations of
wetting were observed as a function of the thickness of the
oxide and the PS [31,32]. As in our case, the dispersive energy
component in the Hamaker constant drives the system because
the dielectric constants are weak. Then, if the refractive index of
the surface layer that has formed on the substrate is smaller than
that of the organic thin film, dewetting will occur. The thicker
the surface layer, the more pronounced is the destabilizing
effect. Moreover, Sarlah and Zumer demonstrate the possibility
of a significant change in the Van der Waals interaction in the
case of a nematic liquid crystal formed on solid surfaces due to
a thin layer of water [30].

5. Conclusion

The dewetting of thin films of a discotic liquid crystal on a
solid surface can be prevented by modifying the substrate,
combined with fast cooling through the isotropic-to-LC
transition. We have performed different ITO treatments to
improve the ITO surface energy. Argon plasma, annealing and
UV-ozone treatments induced good wetting conditions to
obtain a homogeneous organic thin film. Contact angle
measurements confirmed the improvement in the substrate
surface energy. XPS was used to identify the chemical nature of
the ITO surface. The reduction in the carbon contamination and
the presence of polar species like In,(OH); and H,O were thus
demonstrated. These two factors are necessary to obtain a large
surface energy and greatly influence the dewetting process. The
formation of these polar species and the adsorption of water
lead to a pseudo-partial wetting situation as a function of the

organic layer thickness. The study of the dewetting behavior of
columnar liquid crystalline films as a function of its alignment
is currently under way.
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