This article was downloaded by: [University of Haifa Library]

On: 22 August 2012, At: 09:50

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Polarizing Films Based on
Oriented Poly(vinyl alcohol)-
Dichroic Dyes

Dong Hyun Song # , Hyun Young Yoo ? , Jung Jin Lee ?

& Jae Pil Kim ?

& School of Materials Science and Engineering, Seoul
National University, Seoul, Korea

Version of record first published: 23 Aug 2006

To cite this article: Dong Hyun Song, Hyun Young Yoo, Jung Jin Lee & Jae Pil Kim
(2006): Polarizing Films Based on Oriented Poly(vinyl alcohol)-Dichroic Dyes, Molecular
Crystals and Liquid Crystals, 445:1, 65/[355]-70/[360]

To link to this article: http://dx.doi.org/10.1080/15421400500367033

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400500367033
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 09:50 22 August 2012

whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 09:50 22 August 2012

Mol. Cryst. Lig. Cryst., Vol. 445, pp. 65/[355]-70/[360], 2006 .
Copyright © Taylor & Francis LLC Ijg{/lg;gci:?nas

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400500367033

Polarizing Films Based on Oriented
Poly(vinyl alcohol)-Dichroic Dyes
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Polarizing films were prepared using three dichroic dyes and iodine. The direction
of transition moment in dichroic dyes was in accord with the orientation of the host
polymer. The polarizing efficiency of PVA/dye polarizing films reached almost full
contrast but their single-piece transmittances were rather low. PVA/dye polarizing
films were superior to PVA /iodine polarizing film in their stability to high tem-
perature and high humidity.
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INTRODUCTION

High dichroic polarizers are required in a variety of commercial appli-
cations such as antiglare sunglasses, photography filters, optical
instruments, and liquid crystal displays (LCDs) [1]. These polarizers
are manufactured from oriented sheets of semicrystalline PVA poly-
mers containing polyiodine molecules or dichroic dyes as the dichroic
materials. The orientation of the host polymer is introduced by tensile
drawing of the film. During drawing, the dichroic materials are
oriented in agreement with the host polymer film, and consequently,
anisotropic absorption of light in the visible wavelength range is
generated. This results in the typical characteristics of a polarizer,
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i.e., two crossed polarizers hardly transmit light whereas two parallel
polarizers are highly transparent [2—4].

Currently, most of commercially available polarizing films employ
iodine as a dichroic chromophore because polyiodine molecules exhibit
high dichroism. However, in high temperature and/or humidity con-
ditions, polyiodine molecules are easily sublimed and released from
the host polymer. To overcome this drawback, dichroic dyes can be
used as a dichroic material [5,6].

In this paper, three dichroic azo dyes were synthesized and
PVA/dye polarizing films were prepared using these dyes. PVA/iodine
polarizing film was also manufactured to compare the stability of two
types of polarizing films. The optical properties of the polarizing films
were investigated. Their stability to temperature and humidity was
examined as well.

EXPERIMENTAL
Synthesis of Azo Dyes 1-3 (Scheme 1)

Azo dyes 1-3 were prepared by the direct diazotization of 4,4’-diamino-
stilbene dihydrochloride, followed by coupling of the diazonium
salt with 7-amino-4-hydroxy-2-naphtalenesulfonic acid, 6-amino-
4-hydroxy-2-naphtalenesulfonic acid, and 4-amino-5-hydroxy-2,7-
naphtalenedisulfonic acid in alkaline medium. The purity of the dyes
1-3 was confirmed by thin layer chromatography using isopropanol/
acetone/ammonia (2:3:1) as the mobile phase. The yields, melting

e
NH, 2 HCI

1) Diazotization
2) Coupling

NaO;S
1; X, Y=H, Z=NH,
2; X, Z=H, Y=NH,
3; X=NH,, Y=H, Z=SO;Na

SCHEME 1 Synthesis of dichroic azo dyes 1-3.
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TABLE 1 The Yields, Melting Points, "H-NMR, and FT-IR Data of the
Synthesized Dyes

Yield m.p.
Dye (%) (°C) 'H-NMR (ppm, DMSO-d6) FT-IR (cm ™!, KBr)
1 43.0 >300 6.66 (s, 2H, ArH), 6.71 (d, 2H, ArH), 3417 (—NHy), 1609
(decomp.) 7.24 (s, 2H, —-CH=CH-), 7.28 (-C=0), 1182, 1051
(s, 2H, ArH), 7.64(d, 4H, ArH), (—S03)
7.68 (d, 4H, ArH), 7.95
(d, 2H, ArH)
2 87.3 >300 6.98 (d, 2H, ArH), 7.33 (s, 2H, 3422 (—-NH,), 1623
(decomp.) —CH=CH-), 7.40 (s, 4H, ArH), (—C=0), 1212, 1050

7.42 (d, 2H, ArH), 7.71 (d, 4H, ArH),  (~SOy)
7.77 (d, 4H, ArH)
3 385  >300 6.90 (s, 2H, ArH), 7.05 (s, 2H, ArH), 3420 (—NH,), 1616
(decomp.)  7.27 (s, 2H, ~CH=CH-), 7.31 (~C=0), 1214, 1043
(s, 2H, ArH), 7.66 (d, 4H, ArH), (—S03)
7.69 (d, 4H, ArH)

points, "H-NMR, and FT-IR data of the synthesized dyes are summar-
ized in Table 1.

Preparation of Polarizing Films

The PVA film used in this study was supplied by Kuraray Co. Ltd.,
with a degree of polymerization of 1700 and a thickness of about
75 um. Dyeing solutions were prepared with dyes 1-3 (4wt%) and
0.1wt% NasSOy4. The PVA film was immersed in the dyeing solution
at 40°C for 6min. A PVA film was iodinated with aqueous solution
of KI/I, at 25°C for 50sec. The dyed or iodinated PVA films were
drawn in 3 wt% boric acid solutions at 40°C. The draw ratio was 6:1.
The stretched films were washed with water and dried in a vacuum
for one day.

Measurement of Optical Properties

UV-vis absorption spectra of the polarizing films were measured on a
HP 8452 A spectrophotometer which was equipped with a Glan-
Thompson polarizer. Dichroic ratio (R), order parameter (S), single-
piece transmittance (Tg,), and polarizing efficiency (PE), were
measured at the absorption maximum of the dye according to Egs.
(1)=(4) [7]. Aj and A, denote the absorbances parallel and perpendicu-
lar to the drawing direction. T| and T are the transmissions parallel
and perpendicular to the orientation direction, which were calculated
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from the absorbances (T = 10
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,A).
_ 4
R=73 (1)
(R-1)
S= R+2) @)
Tsp :% (T” + TL) (3)
(T -=T))
= (T.+T)) @

Investigation of Stability to Temperature and Humidity

The polarizing films were stored in temperature and humidity cham-
ber at 80°C and 70% relative humidity for 150 hrs. The stability of the
polarizing films was evaluated from the difference of PE (APE).

RESULTS AND DISCUSSION

In Figure 1, the absorption of polarizing films doped with dyes 1-3
showed maximum when the light vector was polarized parallel and

Absorbance

3.0
Dyel (A1)
25| M./"".\ ................... Dyel (A")
/ ' [ Dye2 (A))
Lol 7; ..\ \.\ O - Dye2 (A")
, . \\ ——— Dye (AD
/ i i Dye3 (A))
15t . )
- /
; 7 / 1\
o+ 7 / i
/ / \|
Va / \
0.5 7
N - \ .
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Wavelength (nm)

FIGURE 1 The absorption spectra of the polarizing films doped with dyes 1-3.
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TABLE 2 The Optical Properties of the Polarizing Films Doped with Dyes 1-3

Dye Jmax (NM) R S Tsp PE
1 570 25.2 0.89 0.39 0.99
2 622 21.0 0.87 0.40 0.98
3 636 26.0 0.89 0.40 0.99

minimum when the vector was perpendicular to the drawing direction.
This result means that the direction of transition dipole moment in
dichroic dyes is in good agreement with the orientation of the polariz-
ing film.

The optical properties of the polarizing films are given in Table 2.
The polarizing efficiency of the polarizing films approached almost full
contrast; i.e., no light passes two crossed polarizing films. However,
single-piece transmittances were rather low in comparison to a perfect
polarizer (Tg, =0.5). The order parameters calculated from the
dichroic ratios were near the value of 0.9, which suggests that the
orientation distribution of the dye molecules is narrow.

In Figure 2, APE of the PVA/iodine polarizing film decreased over
time, which may be attributed to the sublimation of iodine molecules

0 [ %‘-—— ....... Q ................ tf&——————-s
-
.
o
4t \0\..\
'~
& ~.
< X
-8 F \‘v
—— PVA/dyel N
-------- O PVA/dye 2 N
——-—- PVA/dye3 N
Q21 ——o— PVA/ N
0 30 60 90 120 150
Time (hr)

FIGURE 2 The change of polarizing efficiency difference (APE) of the polar-
izing films over time (80°C, 70% relative humidity).
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from the host polymer. However, APE of the PVA/dye polarizing film
remained unchanged. Clearly, the PVA/dye polarizing film has an
advantage over the PVA/iodine polarizing film with respect to tem-
perature and humidity resistance.
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