Taylor & Francis
Taylor & Francis Group

WL ECULAK CRYETALS
]

ANIN
LIUT CRYSTALS

Molecular Crystals and Liquid Crystals

ISSN: 1542-1406 (Print) 1563-5287 (Online) Journal homepage: http://www.tandfonline.com/loi/gmc|20

Photo-alignment Property of Azobenzene-
containing Polyimide Films Swollen by Alkyl-amine

Kenji Sakamoto, Kiyoaki Usami & Kazushi Miki

To cite this article: Kenji Sakamoto, Kiyoaki Usami & Kazushi Miki (2015) Photo-alignment
Property of Azobenzene-containing Polyimide Films Swollen by Alkyl-amine, Molecular Crystals
and Liquid Crystals, 611:1, 153-159, DOI: 10.1080/15421406.2015.1030213

To link to this article: http://dx.doi.org/10.1080/15421406.2015.1030213

@ Published online: 06 Jul 2015.

N
C;/ Submit your article to this journal &

||I| Article views: 34

A
& View related articles '

oy

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=gmcI|20

(Download by: [University Town Library of Shenzhen] Date: 02 January 2016, At: 05:21 )



http://www.tandfonline.com/action/journalInformation?journalCode=gmcl20
http://www.tandfonline.com/loi/gmcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15421406.2015.1030213
http://dx.doi.org/10.1080/15421406.2015.1030213
http://www.tandfonline.com/action/authorSubmission?journalCode=gmcl20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gmcl20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15421406.2015.1030213
http://www.tandfonline.com/doi/mlt/10.1080/15421406.2015.1030213
http://crossmark.crossref.org/dialog/?doi=10.1080/15421406.2015.1030213&domain=pdf&date_stamp=2015-07-06
http://crossmark.crossref.org/dialog/?doi=10.1080/15421406.2015.1030213&domain=pdf&date_stamp=2015-07-06

Downloaded by [University Town Library of Shenzhen] at 05:21 02 January 2016

Mole. Cryst. Lig. Cryst., Vol. 611: pp. 153-159, 2015 Taylor & Francis
Copyright © Taylor & Francis Group, LLC Taylor & Francis Group

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421406.2015.1030213

Photo-alignment Property of Azobenzene-containing
Polyimide Films
Swollen by Alkyl-amine
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Photo-alignment efficiency of polyimide containing azobenzene in the backbone struc-
ture (Azo-Pl) is significantly enhanced by exposing the precursor (polyamic acid: Azo-
PAA) film to alkyl-amine vapor prior to photo-alignment. In this study, we have investi-
gated the relationships between the alkyl-amine vapor treatment time, the swelling ratio
of Azo-PAA films, and the photo-induced in-plane anisotropy. We found that: the Azo-
PAA film swells on exposure to alkyl-amine vapor, and the swelling finally saturates;
and the photo-induced in-plane anisotropy is correlated very closely with the swelling
ratio. In addition, we pointed out the importance of the process order of alkyl-amine
vapor treatment and photo-alignment.

Keywords Photo-alignment; azobenzene; polyimide; alkyl-amine; swelling; photoi-
somerization

Introduction

Establishment of surface-induced alignment methods of liquid crystals (LCs) that can
replace the conventional mechanical rubbing technique is a key issue for improving the
quality and performance of LC displays (LCDs). This is because the rubbing technique
has serious disadvantages, such as creation of dust particles and scratches, generation of
electrostatic charge, and poor uniformity, associated with the mechanical contact between
the rubbing cloth and the alignment layer surface. Among various noncontact alignment
methods proposed so far [1-10], photo-alignment [11] is the most promising alternative,
because of its potential capability for two-dimensional alignment patterning. The patterning
capability is useful for fabricating LCDs with a large viewing angle [12], for realizing multi-
stable in-plane LC alignment over a large area [13]. In addition, photo-alignment is suitable
for the mass production, because of no need of vacuum environment. In 2010, Sharp Corp.
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Figure 1. Molecular Structures of Azo-PAA and Azo-PI used in this study.

first adopted a photo-alignment method in the commercial product line of multi-domain
vertical alignment mode LCDs.

Among a variety of photo-alignment methods, we are focusing on a method originally
proposed by Park et al. [14], which is based on the photo-isomerization reaction of polyamic
acid containing azobenzene in the backbone structure (Azo-PAA). In the conventional
fabrication process, photo-alignment is carried out on the Azo-PAA film, and subsequently
the film is thermally converted into polyimide (Azo-PI). Since the photo-responsibility
disappears after conversion [15], the resultant alignment layer shows high optical stability
along with the inherent high thermal and chemical stability of polyimide. In addition, we
already confirmed that the Azo-PI photo-alignment layers with in-plane anisotropy larger
than that induced by rubbing can be obtained [16], that a high dark-level state of LC cells
can be realized by using such highly-oriented photo-alignment layers [17], and also that
the azimuthal anchoring energy coefficient of the photo-alignment layers is comparable to
or larger than that of conventional rubbed polyimide alignment layers [18].

Recently, we succeeded in significantly enhancing the photo-alignment efficiency of
Azo-PI backbone structures by exposing the Azo-PAA film to alkyl-amine vapor prior to
photo-alignment [19]. This enhancement arises from efficient photo-induced rotation of
the Azo-PAA backbone structures in the film swollen by absorbing alkyl-amine molecules.
Most of the alkyl-amines in the swollen film desorb during thermal imidization. In this
study, we have investigated the relationships between the alkyl-amine vapor treatment
time, the swelling degree of the Azo-PAA film, and the photo-induced in-plane anisotropy.
From these relationships, we found that the Azo-PAA film swells on exposure to alkyl-
amine vapor, and the swelling finally saturates. The photo-induced in-plane anisotropy of
the Azo-PAA and Azo-PI films is correlated very closely with the swelling ratio of the
Az0-PAA films. From this result, we also found that the photo-induced rotation of the
Azo-PAA backbone structure becomes easier with increasing degree of swelling. Finally,
we pointed out that the process order of alkyl-amine vapor treatment and photo-alignment
is important for the realization of photo-alignment efficiency enhancement.

Experimental

In this study we used Azo-PAA with the polystyrene equivalent weight average molecular
weight (My,) of 24600 and the polydispersity of 2.9. The molecular structure is shown in
Fig. 1, together with that of the corresponding Azo-PI. The Azo-PAA films were formed on
quartz glass substrates (20 x 20 x 1' mm?) by spin-coating with a filtered solution of Azo-
PAA (1.6 wt.%) in N-methyl-2-pyrrolidone at 3000 rpm for 60 s, and then soft-baked at 80°C
for 2 min in air to remove the residual solvent. Then, the Azo-PAA films were exposed to
octadecylamine (ODA) vapor for different treatment times. The details of this treatment was
described in our previous paper [19]. Then, photo-alignment was performed using a 500 W
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Figure 2. Thickness and refractive index at 700 nm of the Azo-PAA films exposed to ODA vapor at
80°C with different treatment times. The inset shows the ODA vapor treatment time dependence of
the swelling ratio. The broken curves are guides to the eye.

deep UV lamp (Ushio Inc. UXM-501MD) as the light source. The wavelength was selected
with a band-pass filter of transmission wavelength 340-500 nm (Asahi Spectra Co., Ltd.),
and a Glan-Taylor prism polarizer was inserted in front of the sample, to produce linearly
polarized light (LP-L). The LP-L impinged on the Azo-PAA films at normal incidence.
Finally, the photo-aligned film was converted into polyimide by thermal imidization at
250°C for 2 h in a nitrogen atmosphere.

To determine the degree of swelling, the thickness of the Azo-PAA films was de-
termined before and after the ODA vapor treatment by spectroscopic ellipsometry (J. A.
Woollam M-2000). The spectroscopic ellipsometry data at different angles of incidence of
55°, 60°, and 65° were simultaneously analyzed. The photo-induced in-plane anisotropy
of the Azo-PAA and Azo-PI films were evaluated by measuring the polarized UV-visible
(vis) absorption spectra at normal incidence in a transmission geometry. The spectrometer
system used in this measurement was described elsewhere [20].

Results and Discussion

First we examined the swelling of Azo-PAA films caused by the ODA vapor treatment.
Figure 2 shows the thickness and the refractive index (at wavelength of 700 nm) of the Azo-
PAA films exposed to ODA vapor for different treatment times. Although the ODA vapor
treatment was carried out at 55°C in the previous study [19], here it was performed at 80°C
to shorten the treatment time. The film thickness and the refractive index were obtained
by assuming a three-layered structure (air/swollen Azo-PAA/quartz) and analyzing the
ellipsometric data in the transparent wavelength region (700 — 1000 nm) with the Cauchy
dispersion formula. The film thickness, which was 17.8 £ 0.4 nm before the ODA vapor
treatment, increased with increasing ODA vapor treatment time, reaching 50 nm at 1 h,
and beyond this treatment time it became almost constant. The inset of Fig. 2 shows the
swelling ratio, defined by d/dy, as a function of the ODA vapor treatment time, where d
and d are the film thickness before and after the ODA vapor treatment, respectively. On the
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Figure 3. ODA vapor treatment time dependence of the in-plane order parameters Qg of the Azo-
PAA(PI) backbone structure, where the data points for Azo-PAA and Azo-PI films are plotted by the
filled squares and circles, respectively. For all samples, the ODA vapor treatment was performed at
80°C, and the LP-L exposure in photo-alignment was 39 J/cm?. The broken curves are guides to the
eye.

other hand, the refractive index initially decreased, and it became almost constant in the
treatment time range of more than 1 h. Since the refractive index (1.45 at 589 nm at 20°C
[21]) of ODA is lower than that (1.843 £ 0.008 at 700 nm) of the as-spin-coated Azo-PAA
film, the initial decrease of the refractive index can be understood by the swelling caused
by absorbing ODA molecules. These dependences on the ODA vapor treatment time show
that the swelling of the Azo-PAA film is almost completed in the first hour, and the swelling
ratio is saturated at ~300%. This saturation behavior suggests that the swelling is promoted
by salt formation of polyamic acid and ODA [22]. The swelling is probably limited by the
number of carboxylic acid groups in the Azo-PAA film.

Next, we examined the photo-induced in-plane anisotropy of the Azo-PAA and Azo-PI
films treated with ODA vapor at 80°C at different treatment times. In this experiment,
the ODA-vapor-treated Azo-PAA films were irradiated with LP-L of 39 J/cm? at normal
incidence. The in-plane anisotropy was determined from the polarization dependence of
the absorption band assigned to the w-7* transition of azobenzene, which is polarized
along the backbone structure. (The polarized UV-vis absorption spectra of the Azo-PAA
and Azo-PI films treated with and without ODA vapor are shown in Fig. 2 of ref. [19].)
The in-plane molecular order parameter Q¢ defined by (A - A))/(A1 + Ay) [23,24] was
used as a measure of the anisotropic in-plane orientation of the backbone structure, where
Ay and A, respectively, are the absorbance for the UV-vis light polarized parallel and
perpendicular to the polarization direction of the LP-L used in photo-alignment. Q¢ = 1
means that all backbone structures align perpendicular to the polarization direction of the
LP-L, and Q¢ = 0 means isotropic (random) in-plane molecular orientation. Figure 3 shows
the ODA vapor treatment time dependence of the in-plane order parameters Qg™ of
the Azo-PAA(PI) backbone structure, where the data points for the Azo-PAA and Azo-
PI films are plotted by the filled squares and circles, respectively. Qo' was much larger
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Figure4. Relation between the photo-induced in-plane anisotropy (Qe4 and Q") and the swelling
ratio. The strait solid lines were obtained by the least squares method.

than Q¢™4, independent of the ODA vapor treatment time, indicating that the molecular
order enhancement occurs during thermal imidization. This is the characteristic nature of
the Azo-PAA materials [16]. Both Q™4 and Q4" increased with increasing ODA vapor
treatment time over the first hour, and then saturated. This behavior is almost the same
as the ODA vapor treatment time dependence of the swelling ratio shown in the inset of
Fig. 2. To clearly show the correlation, the photo-induced in-plane anisotropy was plotted
in Fig. 4 as a function of the swelling ratio. Linear relations were obtained for both Qg4
and Q¢ ", This strong positive correlation clearly indicates that the photo-induced rotation
efficiency of the Azo-PAA backbone structure increases with increasing swelling ratio.
From the saturation behaviors shown in Figs. 2 and 3, the sufficient ODA vapor treatment
time at 80°C was found to be 1 h.

Finally, we would like to mention the importance of the process order of alkyl-amine
vapor treatment (AV) and photo-alignment (PA). We prepared two Azo-PI photo-alignment
layers in different process orders. In this experiment, the ODA vapor treatment was per-
formed at 55°C for 22 h, and the LP-L exposure in photo-alignment was 146 J/cm?.
Figure 5(a) shows the variation of the polarized UV-vis absorbance (A, and A/) and the
in-plane molecular order parameter (Qg¢ ) at each fabrication step for the photo-alignment
layer treated with alkyl-amine vapor prior to photo-alignment (AV— PA). After the alkyl-
amine vapor treatment, the absorbance slightly decreased, indicating the relaxation of the
planar orientation of the Azo-PAA backbone structure. This orientation relaxation can be
understood easily by the swelling of the Azo-PAA film. Then, the in-plane anisotropy was
induced by photo-alignment: Qg™4(AV—PA) = 0.28, and then it was enhanced by thermal
imidization. The in-plane molecular order parameter of the resultant photo-alignment layer
was very large: Qo"/(AV—PA) = 0.73. Figure 5(b) shows the data for the photo-alignment
layer treated with alkyl-amine vapor affer photo-alignment (PA— AV). The photo-induced
in-plane anisotropy was relatively small: Qo™4(PA) = 0.17, and furthermore, it reduced
after the alkyl-amine vapor treatment: Qo/*4(PA—AV) = 0.11. This result shows that
the degree of alignment in the in-plane direction is also relaxed by the alkyl-amine vapor
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Figure 5. Variation of the polarized UV-vis absorbance (A; and A,) and the in-plane molecular
order parameter (Q¢ ) at each fabrication step for the photo-alignment layers prepared in the different
process orders: (a) alkyl-amine vapor treatment prior to photo-alignment (AV—PA) and (b) alkyl-
amine vapor treatment affer photo-alignment (PA— AV).

treatment. The in-plane molecular order parameter, Q¢/(PA— AV), of the resultant photo-
alignment layer was 0.38, which was much smaller than Q¢"/(AV—PA) and also smaller
than that (Qe"/(PA) = 0.45 [19]) of the photo-alignment layer prepared without alkyl-
amine vapor treatment: i.e., Qo (AV—PA) >> Qs (PA) > Qo (PA— AV). This relation
shows that alkyl-amine vapor treatment must be performed prior to photo-alignment for
enhancing the photo-alignment efficiency of the Azo-PI film.

Conclusion

We have investigated the photo-alignment property of the Azo-PAA film swollen by ODA
vapor treatment. The thickness of the Azo-PAA film initially increased with increasing
ODA vapor treatment time, and then it saturated. The 18 nm-thick Azo-PAA film swelled
by ~300% after the ODA vapor treatment at 80°C for 1 h. The photo-induced in-plane
anisotropy of the swollen Azo-PAA films increased with increasing swelling ratio. The
in-plane anisotropy of the resultant Azo-PI photo-alignment layer also increased with the
swelling ratio. We found that the photo-induced in-plane anisotropy is correlated directly
with the swelling ratio, not with the ODA vapor treatment time. This means that the photo-
alignment efficiency of the Azo-PAA (PI) backbone structure increases with increasing
degree of swelling. In addition, we pointed out the importance of the process order of
alkyl-amine vapor treatment and photo-alignment. Alkyl-amine vapor treatment must be
performed prior to photo-alignment for enhancing the photo-alignment efficiency.
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