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Ion Beam alignment of nematic liquid crystal on the surface of poly[2-methoxy-5-
(2-ethylhexyloxy)-1,4-phenylenevinylene] was studied. Our results demonstrate
that ion beam treatment provides uniform alignment of LC at the polymer surface,
which is characterized by a weak anchoring. Application of polarization microscopy,
magneto-optical measurements, Confocal Microscopy and X-ray Photoelectron
Spectroscopy, allows us to propose a model of ion beam alignment. Oblique ion
bombardment results in an angular anisotropic destruction of side chains and
conjugated fragments of the polymer. This results in anisotropic angular distri-
bution of polymer fragments, producing an axis of easy orientation for LC in the
direction parallel to the projection of the ion beam.

Keywords: Confocal Microscopy; ion beam alignment; MEH-PPV; nematic liquid crystal;
XPS

1. INTRODUCTION

The development of LCD technologies requires homogeneous alignment
of liquid crystals (LCs). The traditional rubbing technique, consisting of
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unidirectional brushing of the aligning substrates is quite reliable and
provides good anchoring characteristics but has some drawbacks,
including the production of electrostatic charges and introduction of
dust during the rubbing. In addition, the traditional rubbing technique
does not allow effective control of direction of the easy orientation axis
and other anchoring parameters. Ion and plasma-beam alignment
are among the more promising candidates to replace the rubbing proce-
dure [1–7]. A variety of materials, including polyimides, ITO-electrodes,
glass, diamond-like carbon, and polystyrenes can serve as effective
alignment layers after ion beam treatment.

Here we report a study of ion beam alignment on the surface of a
poly(p-phenylene-vinylene), PPV, derivative. The PPV-based materials
are conjugated polymers that are widely used in organic light emitting
devices (OLEDs) as effective electroluminescence emitters [8,9].
The potential combination of the emitting and aligning material
in one layer offers the potential for development of new LC-OLE
systems [10].

2. MATERIALS AND SAMPLES PREPARATION

We studied the ion beam-induced alignment of the nematic LC
pentyl-cyanobiphenyl (5CB) from Merck on a surface of poly[2-
methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) from
Sigma-Aldrich. The average molecular weight of the polymer was
150,000–250,000. A thin film of MEH-PPV was spin-coated or solvent-
cast on an ITO glass substrate from a tetrahydrofuran or toluene sol-
ution with concentration less than 1% by weight. Polyimide, PI 2555,
from Dupont, was used as a reference material. The polyimide films
were deposited on the ITO glass by spin-coating a solution of polyamic
acid on to the substrate, followed by soft-baking at 90�C for 1 min and
hard-baking at 250�C for 1 hour.

The polymer films were bombarded with a 2 keV Ar ion beam at a
45� angle to the surface plane. The Arþ ion gun on the Kratos AXIS
Ultra photoelectron spectrometer was used as the argon beam source.
Two speeds, fast and slow, of ion beam rastering during bombardment
are available in the instrumental setup.

3. RESULTS AND DISCUSSION

General Characterization of Ion Beam Alignment

The general characterization of the alignment was carried out by
traditional polarization microscopy. We used combined cells, consisting

168=[570] S. Pylypenko et al.
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of a test substrate covered with MEH-PPV and a reference substrate
covered with rubbed polyimide film, to evaluate the alignment quality
and orientation. The resulting LC textures were observed using a
polarizing microscope. The angle, u0, between rubbing direction on
the reference surface, dref , and projection of the ion beam on the test
surface, dtest, was 45�. The reference substrate provided a strong
anchoring of 5CB with a small pretilt (<1.5�). The thickness of the cells
was set by 50 mm rod-spacers.

The cells were filled with liquid crystal 5CB at 30�C. The clear,
nematic phase, LC became discolored during capillary-effect based cell
filling at room temperature, indicating partial dissolution of the MEH-
PPV. LC emptied from the cell was observed to be orange in color,
further verifying this observation. To test if there was a difference
between the interaction of LC and polymer in bombarded versus
unbombarded areas, we refilled the cell with fresh LC. The areas of
the cell containing unbombarded polymer were colorless, while the
bombarded areas retained the light orange color characteristic of
MEH-PPV. The subsequent removal of the LC from the cell showed
no additional color changes in the 5CB. These simple experiments
demonstrated that the MEH-PPV is dissolved by 5CB in the unbom-
barded areas, while the bombarded polymer layer is more stable.

Analysis of the LC textures in the combined cells showed that
relatively homogeneous planar structures are present in unbom-
barded areas and twist structures are observed in the bombarded
areas. The twist angle, utest, in the bombarded areas was in a range
of 35�–43�. Thus, the orientation of the LC is defined by the reference
substrate in unbombarded areas. With respect to the bombarded
areas, it is reasonable to suppose that the director is oriented along
the projection of the ion beam at the surface. This conclusion follows
from the fact that utest is close to the angle of ion beam incidence,
u0 ¼ 45�. A deviation of utest from u0 is caused by the relatively weak
anchoring of the LC on the tested surface. The ion beam alignment did
turn out to be rather stable; we did not find visible changes in the twist
in 30 days. Besides, the alignment in the irradiated areas preserved
after the heating of the cell above clear point and refilling by a fresh
LC (we observed some deterioration of the alignment in this case).

Anchoring Energy Measurements

In order to determine the anchoring energy of LC, W, on bombarded
and unbombarded MEH-PPV surfaces we used the magneto-optics
technique, recently proposed by Andrienko [11] and Faetti [12]. This
technique is based on measurements of the reorientation of the LC
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director over the tested surface of the combined cell as a function of the
magnetic field H

!
, followed by fitting of the experimental data with the

analytical expressions for the reorientation angle, /testðH
!Þ. In our

experiments, the combined cells were placed between the magnet
poles so that the direction H

!
was parallel to the direction dref . If the

director on the tested surface, d
*

test is not parallel to d
*

ref (as in this
case), the magnetically-induced torque causes reorientation of the
director in the bulk and on the tested surface toward dref , and the
reorientation angle depends on the anchoring energy, Wtest. The cell
was tested by the probe He-Ne laser beam directed from the side of
the reference surface and the polarization of the beam was parallel
to d

*
ref . Rotating the analyzer direction corresponding to the intensity

maximum was measured. Using the Berreman matrix approach [13]
director orientation at the tested surface utest was determined.

Balancing the torques at the tested surface gives:

� sin /test

nH
¼ Wtest

2K22
sin 2ð/test � /0Þ; ð1Þ

where nH ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K22=va

p
ð1=HÞ is the magnetic coherence length, and /0 is

the direction of the easy axes on the tested surface.
The dependencies of the twist angle vs. magnetic field for /0 ¼ 45�

are shown in Figure 1. The increase in the anchoring energy of the LC
on the IB bombarded polymer surface with increase of exposure time
was detected. Calculated anchoring energy on the polymer bombarded
for 15 sec using fast mode was (5.7� 1.2)�10�3erg=cm2, while after
45 sec of bombardment using the same mode the value of anchoring
energy increased to (2.1� 1.2)�10�2 erg=cm2. The measured value of
the anchoring energy appeared to be slightly less than the typical
value produced by plasma=ion-alignment [7]. The measured values
of the anchoring energy did not change within 60 days.

The anchoring energy measured in the unbombarded area is
3�10�3 erg=cm2 and about one order lower than in the bombarded area,
indicating less strong physico-chemical interactions between LC
molecules and unbombarded MEH-PPV. We found a decrease of
the anchoring energy in the unbombarded area to 10�4 erg=cm2 after
60 days from the first measurements. We associate this phenomenon
with gradual dissolution of the MEH-PPV layer in the LC.

XPS Surface Analysis

To study how ion beam bombardment changes the chemical compo-
sition of MEH-PPV surfaces we used XPS surface analysis. Analyses
were performed using the Kratos Axis Ultra X-ray photoelectron

170=[572] S. Pylypenko et al.
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spectrometer with a monochromatic Al K�aa source operating at 300 W.
Samples for XPS analysis were IB bombarded for 15, 30, 60 and 120
seconds using the slow speed of ion rastering. Low resolution wide
scan and high-resolution spectra (C 1s, O 1s and N 1 s for polyimide
and C 1s and O 1s for MEH-PPV) were acquired at pass energies of
80 eV and 20 eV, respectively.

Curve-fits of high-resolution C 1 s spectra were used to evaluate the
chemical composition of unbombarded and bombarded MEH-PPV
films [14,15]. The C 1s spectra were curve-fit using 5 peaks at binding
energies of 284.6, 285, 286.35, 288.3 and 291.7 eV, identified as C¼C,
C�C and=or C�H, C�O, C¼O, and O�C¼O respectfully (Fig. 2).
Changes in the C 1s spectra provide information about variations in
chemical composition as a result of ion bombardment (compare
Figs. 2a and 2b and Table 1). In contrast to our previous results [5],
where ion beam alignment of polyimides and polystyrene was
explored, 2 minutes of bombardment did not significantly change the
concentration of carbon atoms in the phenyl rings. We did observe,
however, a reduction in the number of C�O bonds (Fig. 2b), located
in the side-chains of the polymer structure. The depletion of these
fragments was confirmed by elemental quantification of the survey

FIGURE 1 Dependence of the twist angle, /test on the magnetic field for
texp¼15 min (&) and texp¼45 min (.). The fitting according (1) gives W(15s) ¼
5.7� 10�3 erg=cm2 and W(45s) ¼ 2.1� 10�2 erg=cm2.

Ion Beam Alignment of Liquid Crystal on MEH-PPV 171=[573]
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spectra and curve fitting of the O 1 s high-resolution spectra. There-
fore, it is reasonable to suggest that the mechanism of alignment on
the surface of the MEH-PPV at short bombardment times is caused
by anisotropic depletion of the side chain C�O bonds. Side chains
are known to increase solubility of PPV in organics [16,17]. Destruc-
tion of C�O bonds in side chains decreases the polarity of the polymer,
and can be a reason for the decreased solubility of MEH-PPV in 5CB
after ion bombardment.

Multispectral Fluorescence Confocal Microscopy

Multispectral confocal imaging provides a powerful tool for the analy-
sis of polymeric materials containing fluorophores with very close or

FIGURE 2 High-resolution C 1s spectra of MEH-PPV a) texp¼ 0; b) texp¼
2 min. Insert shows the chemical structure of MEH-PPV.

TABLE 1 Quantification of C 1s High-Resolution Spectra of MEH-PPV as a
Function of Bombardment Time

Concentration, % Unbomb IB 15 sec IB 30 sec IB 60 sec IB 120 sec
% Change,

IB 2 min

Phenyl 27.6 28.5 24.9 24.4 22.8 �17.1
Alkyl 42.3 43.9 47.1 52.1 57.0 34.7
C�O 22.7 20.1 20.0 15.4 12.1 �46.6
C¼O 5.5 5.6 6.5 6.0 5.6
O�C¼O 2.0 2.0 1.4 2.0 2.5

172=[574] S. Pylypenko et al.
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even overlapping emission spectra [18,19]. In this study, we used con-
focal imaging to further investigate the effects of ion bombardment
on the chemical composition and morphology of MEH-PPV. Measure-
ments were made using a LSM 510 META Axiovert 200 confocal
microscope (Carl Zeiss, Germany) to detect the surface fluorescence
spectra induced by an Arþ ion laser (k ¼ 488 nm). Fluorescence
images at 24 spectral channels from 494 to 740 nm, with a spectral
width of 10.7 nm, were acquired.

We obtained the fluorescence spectral images of the MEH-PPV
surfaces for texp ¼ 0; 2; 5; 7, and 10 minutes of bombardment time.
The images were acquired at the same microscope settings of so that
they can be compared quantitatively. In addition, a copper grid (Ted
Pellar Inc.) with 120 micron spacing was placed on one of MEH-PPV
films, and this sample was bombarded by the ion beam for 2 minutes.
Figure 3 shows confocal images acquired at the maximum wavelength
of emission, kmax, from unbombarded MEH-PPV, from the sample
bombarded for texp¼ 5 min and for the sample bombarded through
the grid for texp¼ 2 min. The images obtained for texp¼ 2; 7, and
10 min looked similar to the image of texp¼ 5 min. The image of the
unbombarded sample is featureless and has less fluorescence intensity
then the image from the ion-bombarded sample. In addition, the ion-
bombarded samples reveal evident anisotropic micro-relief patterns.
Elongated features increase in length as the time of bombardment
increases to texp¼ 7 min, while at 10 minutes the roughness of the
surface decreases. The enhancement of MEH-PPV fluorescence by
the IB is also confirmed by the sample bombarded through the grid
from a comparison of the brighter bombarded and darker unbom-
barded areas.

FIGURE 3 Fluorescence image at kmax for unbombarded, IB-bombarded for
5 minutes and IB-bombarded for 2 minutes through gird. IB increases fluores-
cence intensity of PPV. The anisotropic micro-relief pattern is created by IB
modification.

Ion Beam Alignment of Liquid Crystal on MEH-PPV 173=[575]
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Figure 4 shows the dependence of the fluorescence spectra on the
bombardment time. The maximum of emission, kmax, for the unbom-
barded sample is at 590 nm. The fluorescence intensity initially
increases with time of ion bombardment and then decreases at longer
times. In addition, a shift of kmax to longer wavelength of 601 nm is
observed. This red shift, and concurrent increase of fluorescence
intensity, in the ion beam bombarded samples may be due to stronger
p-p interactions between the conjugated units and, potentially, a
larger conjugated structure [20]. We associate this enhancement of
p-p interactions with partial removal of side chains, clearly detected
by XPS analysis above. Removal of a part of side fragments results
in a decrease of the shielding effect due to the side chains.

The observed decrease of fluorescence intensity at long bombard-
ment can be associated with the destruction of the conjugated struc-
tures. The observed smoothing of the bombarded surface at long
exposures also points at significant destruction of polymeric structure.

FIGURE 4 Spectral profiles from the images shown in Figure 4. Red shift
is observed as a result of IB exposure. The intensity increases with time
of bombardment as a result of formation of large conjugated structure and
then decreases as the conjugated structure is destroyed at further times of
bombardment.

174=[576] S. Pylypenko et al.
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After the confocal analysis was performed on the MEH-PPV sample
bombarded through the grid, LC was spin coated onto its surface. We
found an apparent enhancement of the quantum efficiency of MEH-
PPV in this case. A comparison of the spectra from bombarded and
unbombarded areas of MEH-PPV (Figure 5) shows a small but detect-
able red shift in the bombarded area, consistent with Figure 4. A dis-
tinctive feature of the spectra of MEH-PPV covered with LC is a large
blue shift in the MEH-PPV spectrum. This blue shift is caused a sharp
decrease of interchain interactions between MEH-PPV molecules at
dissolution of the polymer in the LC [21].

4. CONCLUSIONS

Our results demonstrate that ion beam treatment provides uniform
alignment of LC along the projection of ion beam at the MEH-PPV
surface. The measurements of the anchoring energy by magneto-optics
techniqueshowsratherweakanchoringvalues,W� (10�2–10�3) erg cm�3.
Application of multiple techniques (polarization microscopy, magneto-
optical measurements, multispectral confocal microscopy and X-ray

FIGURE 5 Spectral profiles extracted from area bombarded to IB, unbom-
barded and from IB MEH-PPV with LC on top. IB causes red shift, while
interaction of PPV with LC causes large blue shift.
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photoelectron spectroscopy) allows us to propose a tentative mech-
anism of ion beam alignment. Oblique ion bombardment results in
an angular anisotropic destruction of the polymer due to breaking side
chains and conjugated fragments. Because of different probability of
the destruction, the break of side chains prevails at the short exposure
and the destruction of the conjugated system in the main chain occurs
at the long exposure time. Both processes result in anisotropic angular
distribution of initial and modified polymer fragments, and in turn, in
producing the axis of easy orientation for LC parallel to the projection
of the ion beam on the surface plane. As the destruction of the polymer
results in a decrease of the polarity of the surface, it becomes more
stable leading to the decrease of MEH-PPV solubility in LC. Moreover,
the bombardment smoothes the surface morphology that promotes the
homogeneous alignment of LC.
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