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NEXAFS Study on Photoalignment of Liquid
Crystalline Polymeric Films
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Polarization-dependent near-edge X-ray absorption fine structure (NEXAFS) measure-
ment is performed to investigate orientation structures of the near-surface of the re-
oriented photo-cross-linkable liquid crystalline polymer (PMCB6M) films, which are
applicable to liquid crystal (LC) alignment layer. The 3D orientation parameter at the
near-surface of the reoriented PMCBOM film is ~0.7, which is similar to the results
obtained by a polarization absorption spectroscopy that evaluates the reorientation
behavior in bulk. Furthermore, more preferable in-plane orientation is observed at the
nearest surface of the film, and the phenyl rings in the reoriented mesogenic side groups
show slightly perpendicular orientation to the surface normal.

Keywords Photoalignment; NEXAFS; photoinduced orientation; liquid crystals; LC
alignment

Introduction

The photoalignment technique has received much attention in liquid crystal display (LCD)
industries because of its free of dust and static electricity, and patternable ability, and it can
replace conventional mechanical rubbing and stretching method [1-3]. For the photoalign-
ment layer for low-molecular-weight LCs, photosensitive polymeric films are generally
irradiated with linearly polarized (LP) light to accomplish a small optical anisotropy based
on an axis-selective photoreaction [4]. Many photosensitive materials including cinnamate
ester [4-8], cinnamic acid [9, 10], and azobenzene-containing polymers [11-13] have been
investigated for the LC alignment layers.

For the uniaxial LC alignment on the photoalignment layer, an anisotropic inter-
action at an interface between LC molecules and the photoalignment layer determines
the LC orientation direction. Namely, the photoinduced small optical anisotropy controls
the LC alignment behavior. However, most of the photoalignment layers do not exhibit

*Address correspondence to Nobuhiro Kawatsuki, Department of Materials Science and Chem-
istry, Graduate School of Engineering, University of Hyogo, 2167 Shosha Himeji, Hyogo, 671-2280,
Japan. Tel.: 4-81-79-267-4886; Fax: +81-79-267-4885. E-mail: kawatuki @eng.u-hyogo.ac.jp

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.

49



Downloaded by [University Of Gujrat] at 13:55 11 December 2014

50 N. Kawatsuki et al.

O~~~
0 o)

D

Figure 1. Chemical structure of PMCB6M.

molecular orientation of the film. Therefore, the azimuthal LC anchoring on the common
photoalignment film such as poly(vinyl cinnamate) is much smaller than that of conven-
tional rubbed polyimide film [14]. In contrast, we have carried out systematic studies on
thermally enhanced photoinduced molecular reorientation in photosensitive liquid crys-
talline polymeric materials based on the axis-selective photoreaction combined with the
thermal self-organization [15-18]. Among them, a polymethacrylate comprised of cinna-
mate derivative side groups (PMCB6M,; Fig. 1) exhibited sufficient photoinduced molecular
reorientation, and was applicable to photoalignment layer for LCs with larger azimuthal
LC anchoring [19].

Near-edge X-ray absorption fine structure (NEXAFS) spectroscopy provides an elu-
cidation of the near-surface (<10 nm) structure of polymeric films, which evaluates
resonances from transitions from the 1s core revel to 7* and o* orbitals. Carbon 1s
NEXAFS spectra of several kinds of polymeric films, including polyurethanes [20],
polyesters [21], and conjugated polymers [22], were investigated to determine the com-
position of materials. Furthermore, the orientation structure of near-surface structure
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Figure 2. (a) Experimental geometry for measurement of angular dependence of NEXAFS. (b)
Illustration of orientation factors (f;, f;, f.), that show orthogonally located phenyl rings. (c) Illustration
of fractional number of side group segments N,, N,, and N, derived from three orientation factors.



Downloaded by [University Of Gujrat] at 13:55 11 December 2014

NEXAFS Study on Photoalignment Film 51

(b

Y )
! f after annealing (Il) |

o 1 2.5¢ .

g © 2

= | € | initial

5 | £ 1.5} after exposure (L)

. | 2 after exposure (ll)

< f<< '}

= {1.55 .', . after annealing (1)

02! L L paanl ] {}._ __________ ‘.-."t.
10 100 , 1000 250 300 350 400 450 500
Exposure energy (mJ/cm”) Wavelength (nm)

Figure 3. (a) Thermally enhanced S, values of PMCB6M films as a function of exposure energy.
Annealing temperatures: 180°C. (b) Change in the polarization UV-vis polarization spectrum of
a PMCB6M film before photoirradiation for 300 mJ/cm? after subsequent annealing at 180°C for
10 min (thick lines). Solid line represent A, while dotted lines show A .

in an oriented film can be evaluated because the resonances depend on the polariza-
tion and incident angle of the X-ray, where the synchrotron radiation X-ray is linearly
polarized [22-25].

In case of the LC alignment, a near-surface structure of the alignment layer is most
important because the LC alignment ability depends on the interaction at the interface.
Several studies have been carried out to determine a molecular orientation at the surfaces
of the rubbed polyimide and polystyrene films using NEXAFS spectroscopy, where the
near-surface of the rubbed film reveals high orientation structure [23-25]. For the pho-
toalignment layer of PVCi film, molecular orientation of the film was scarcely observed
[26]. In contrast, the reoriented PMCB6M film exhibits an improved azimuthal anchoring
for the LC alignment as compared to the conventional PVCi photoalignment film due to
its molecularly oriented structure [17, 19]. However, the reoriented structure of the film
near-surface of reoriented PMCBO6M films have yet to be investigated. In this context, NEX-
AFS spectroscopy was performed to evaluate the near-surface orientation of molecularly
reoriented PMCB6M films.

Experimental

Materials and Film Preparation

PMCB6M (M, = 39,000, My/M, = 2.8) was synthesized according to the literature [17].
Thin films were prepared by spin-coating a methylene chloride solution of PMCB6M
(1 wt/wt-%) onto quartz or ITO-coated glass substrates. The film thickness was approx-
imately 170 nm. The film was irradiated with a linearly polarized (LP) UV light from a
high-pressure Hg lamp with a cut-off filter under 300 nm that was passed through Gran-
Taylor polarizing prisms. The light intensity was 50 mW/cm? at 365 nm. For the thermally
enhanced molecular reorientation, the irradiated film was annealed at 180°C for 10 min
[16, 17]. The generated optical anisotropy of the film was measured by polarization UV-vis
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Figure 4. (a) Carbon K-edge NEXAFS spectra for an as-coated PMCB6M film as a function of the
X-ray incident angles. (b) and (c) Carbon K-edge NEXAFS spectra for a reoriented PMCB6M film
as a function of the X-ray incident angles from surface parallel. E of X-ray is (b) parallel and (c)
perpendicular to the orientation direction, respectively (Fig. 2a).

spectroscopy. The in-plane order parameter in bulk film, S, is expressed in the form of

Sp= AL
A +24,
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where A and A are the absorbances parallel and perpendicular to polarization (E) of the
LPUV light.

NEXAFS Spectroscopy

The NEXAFS measurements were performed at NewSUBARU Synchrotron Radiation Fa-
cility on beam line 7B (University of Hyogo), which delivers soft X-ray radiation undulator
equipped with a plane grating monochromater (slits; 150 pwm). The radiation energy reso-
lution was 300 meV at 280 eV. The NEXAFS spectra were recorded using PMCB6M films
on ITO/glass substrates at 77 K to prevent damage of the specimen. The total electron yield
(TEY) detection was using an electrometer apparatus, while the partial electron yield (PEY)
was measured with photoelectron energy analyzer. Angular dependences of both TEY and
PEY detection were obtained by rotating a sample film with parallel and perpendicular to
E of LPUV light, where the reorientation direction is parallel to x axis (Fig. 2a).

The three molecular orientation factors (fz, fy, f7), that show orthogonally located phenyl
rings (Fig. 2b), are calculated from the angular dependence of the NEXAFS intensity of the
carbon 1s to * transition at 285 eV [20-25]. Using the f;, f;, and f; values, the fractional
number of side group segments N,, Ny, and N, (Fig. 2c) are estimated using the three
permutations of the expression 2f; = N;+N; where i, j, and & reflect three axes [23]. The x-y
plane and 3D in-plane order parameters, Sy, and S3p, are expressed in the form of equations
2 and 3, respectively;

Sy = M= Ny @)
Y7 N, +2N,
N, — N,
S3p=———— 3
3D Not+ N, + N, 3)

Results and Discussion

Thermally Enhanced Photoinduced Orientation of PMCB6M Film

As previously reported, PMCB6M films reveal molecular reorientation parallel to E after
annealing the exposed films at elevated temperature when degree of the axis-selective
photoreaction of the side groups is approximately 10% [17]. Figure 3a plots thermally
amplified S, values of PMCB6M films as a function of exposure doses when the exposed
films are annealed at 180°C. It shows sufficient molecular reorientation parallel to E
is observed when the exposure energy was 200 — 700 mJ/cm? where DP is 5 — 20%.
Axis-selectively photo-cross-linked side groups act as anchors to thermally reorient whole
mesogenic side groups parallel to E [16, 17].

Figure 3b show polarization absorption spectrum change in a PMCB6M film before
and after exposure to LPUV light for 300 mJ/cm?, and subsequent annealing at 180°C for
10 min. The S, value is 0.76, showing in-plane molecular reorientation parallel to E in
bulk. Additionally, mesogenic groups in the out-of-plane direction thermally reoriented to
the in-plane direction because A+A value after the reorientation is larger than A +A
after the exposure.

NEXAFS Spectroscopy of Reoriented PMCB6M Film

NEXAFS provides the near-surface (<10 nm) molecular orientation structure in detail by
evaluating the angular dependency of the resonance intensity [23-25]. Both as-coated and
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Figure 5. (a) Angular dependence of the 1s-7* intensity of the as-coated PMCBO6M film. (b) Polar-
ization dependence of the 1s-7* intensity of the reoriented PMCB6M film. The angular dependence
for the electric field vector rotated within the x-z plane parallel to the reoriented direction (closed
points), while within the y-z plane perpendicular to the reoriented direction (open points) (Fig. 2a).

reoriented PMCBOM films fabricated on ITO-glass substrate were subjected to NEXAFS
spectroscopy. Figure 4a plots angular dependency of normalized TEY intensity of NEXAFS
data of the as-coated PMCBG6M film. It shows that the intensity of the 1s to 7 * transition
at 285 eV gradually increases as decreasing polar angle (), while that of the 1s to o*
transition at 300 eV revealed an opposite tendency. This means that phenyl rings (Ph) in the
mesogenic side groups preferentially oriented within the sampled subsurface layer. Similar
angular dependency was observed in unrubbed polyimide and polystyrene films, which was
due to the steric effects and the minimization of the surface energy [24, 25].

In contrast, larger angular dependency was observed in the reoriented film. Figures 4b
and c plot angular dependency of normalized TEY intensity of the reoriented PMCB6M
film, which was prepared by exposing to LPUV light for 300 mJ/cm?, and subsequent
annealing at 180°C for 10 min. It shows that the angular dependency both 1s to 7* and
Is to o* transitions in the parallel configuration are much larger than that for the as-
coated film (Fig. 4b). On the other hand, the intensity of whole region in the perpendicular

Table 1. Order parameter derived by polarized UV-vis spectrum, molecular distribution
factors (fy, f, and f;, and N,, N,, and N;), x-y plane distribution ratio (D,,), and order
parameters (S, and S3p) of initial and reoriented PMCB6M films

NEXAFS
UV-vis
Film S mode f, f, £ N. N, N, DY &, Sip

Oriented 0.76 TEY 0.12 0.43 045 0.76 0.13 0.10 45 0.62 0.63
Oriented 0.76 PEY 0.08 0.45 0.47 0.84 0.10 0.06 7.8 0.71 0.74
Initial 0 TEY 030 030 039 039 039 021 19 O 0

a) at 314 nm. b) D,, = (N,+N,)/2N..



Downloaded by [University Of Gujrat] at 13:55 11 December 2014

NEXAFS Study on Photoalignment Film 55

nt Electrons in z-axis

OCH

er in-plane orientation

at near surface

Reorientation direction

Figure 6. Schematic illustration of uniaxial oriented PMCB6M film.

configuration shows much less angular dependency (Fig. 4c). This indicates the uniaxial
in-plane orientation of the mesogenic side groups parallel to E of LPUV light.

For a quantitative estimation of the molecular orientation, Figs. 5a and b respectively
plot the NEXAFS intensity of the 1s to 7 * transition of as-coated and reoriented PMCB6M
films as a function of incident angle of the X-ray, which derives three orientation factors
fx. fy» and f; (Fig. 2b) by employing the same procedure in oriented polymeric films [23,
24]. Then the number of molecular distributions in three axes (N, Ny, and N, in Fig. 2¢) is
obtained, and the calculated data are summarized in Table 1.

For the non-exposed film, distribution of Ph rings in x-y plane is larger than that in z-
direction because f; is larger than f, and f, as mentioned above. This means that distribution
of the mesogenic groups in x-y plane (in-plane orientation) is larger than that in z-direction,
where the x-y plane distribution ratio, Dy, ( = (N+N,)/2N;),is 1.9 (Table 1). After the ther-
mally enhanced molecular reorientation, angular dependency in the parallel configuration
became much greater, while that in the perpendicular configuration became smaller (Fig.
5b). The 3D order parameter S3p is 0.63 for TEY, and 0.74 for PEY, respectively. Addition-
ally, the D, value increased after the thermally generated reorientation process, (Dy, = 4.5
for TEY, 7.8 for PEY) indicating that the in-plane orientation became predominant similar
to the result obtained by polarized UV-vis spectroscopy. Additionally, by considering the
result that the S3p value for PEY is larger than that for TEY, and D, value increased after the
reorientation, the in-plane uniaxial orientation is more preferential at the nearer surface of
the reoriented film. Furthermore, the phenyl rings in the reoriented mesogenic side groups
show slightly perpendicular orientation to the surface normal because f, values are slightly
larger than f,, as illustrated in Fig. 6.

Conclusion

A polarization-dependent near-edge X-ray absorption fine structure (NEXAFS) measure-
ment demonstrated a preferred uniaxial orientation of the mesogenic side groups at the
near-surface of the PMCBOM films; The mesogenic side groups of the non-exposed film
preferentially oriented within the sampled subsurface layer, while this tendency enhanced
when the thermally enhanced molecular reorientation was conducted. The 3D orientation
parameter of the reoriented film at the near-surface is ~0.7. Furthermore, more preferen-
tial in-plane reorientation at the nearer surface was observed by comparing the TEY and
PEY NEXAFS spectra. The sufficient molecular orientation at the near surface of reori-
ented PMCBO6M film plays an important role in the effective azimuthal anchoring for LC
molecules in LCDs.
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