This article was downloaded by: [University of California, San Diego]

On: 16 August 2012, At: 02:39

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 Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Highly Dichroic
Triphenodioxazine Dyes for
Guest Host Liquid Crystalline

Mixtures

Toshihiko Tanaka ? & Toru Ashida ?

& Tsukuba Research Laboratory, Suimitomo Chemical
Co., Ltd., Kitahara 6, Tsukuba, 300-3294, Japan

Version of record first published: 24 Sep 2006

To cite this article: Toshihiko Tanaka & Toru Ashida (2001): Highly Dichroic
Triphenodioxazine Dyes for Guest Host Liquid Crystalline Mixtures, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 364:1, 779-786

To link to this article: http://dx.doi.org/10.1080/10587250108025048

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,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025048
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 02:39 16 August 2012

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




Downloaded by [University of California, San Diego] at 02:39 16 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 364, pp. 779-786 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint,
a member of the Taylor & Francis Group,

Printed in the USA

Highly Dichroic Triphenodioxazine Dyes for
Guest Host Liquid Crystalline Mixtures

TOSHIHIKO TANAKA and TORU ASHIDA

Tsukuba Research Laboratory, Suimitomo Chemical Co., Ltd., Kitahara 6,
Tsukuba, 300-3294 Japan

Novel triphenodioxazines have been synthesized and evaluated. The dyes were not only
highly dichroic in guest-host liquid crystal mixtures but also vivid because of a sharp peak in
absorption spectra. Mesogenic substituents to the 2,9- position of the chromophore improve
the order parameter in the mixture. Moreover, the mixtures also showed significant polarized
photoluminescence. These results would reveal a few advantages of the novel dyes for some
possible applications.
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INTRODUCTION

Dichroic dyes were extensively studied during the 70s and the 80s in
order to apply them to guest-host liquid crystal displays (GHLCDs), which
was first reported by Helmeier!"!! The most of them are azo dyes or
anthraquinone dyes.” They have linear chromophores with their electronic
transition moments parallel to their long axis. Then, they are embedded along
a nematic director in an uniform orientation of LC mixture, thereby showing
significant linear dichroism. Then, another chromophores were also
investigated for that purpose, ™ but most of them have not used in LCDs.

Recently novel dichroic dyes are needed for some possible new
applications. Vivid dyes should be useful for multilayered GHLCDs, 4
which have attracted much attention because of their good color performance
with a possible excellent brightness in reflection modes. Vivid dyes have
sharp absorption spectra, which would result in effective control of each
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primary color in the multilayered devices. Fluorescent dichroic dyes are aiso
needed for polarized photoluminescence (PL) and -electroluminescence,
which have recently attracted much attention. *’! Those new demands often
require new chromophores.

Triphenodioxazine dyes have had a long history since the discovery of the
chromophore by Fisher in 1879."™ They have been applied to pigments and
various kinds of dyestuffs. " An important advantage of the dye is strong
absorption due to a large molar absorption coefficient, which is about 5 times
to that of anthraquinone dyes. However, they have not investigated as
dichroic dyes with a few exceptions, where some dyes appeared in a few
patent applications. I""

In this paper, we report novel triphenodioxazine derivatives for GH
mixtures. We found in the previous report that some triphenodioxazines
having benzoate groups are highly dichroic and vivid in LC mixtures. !
Here, we have modified their 2,9-substituents to improve the dichroism,
which has been investigated by the polarized absorption and emission (EM)

of the GH mixtures.
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FIGURE 1 Structure of novel triphenodioxazines
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EXPERIMENTAL

Novel Triphenodioxazine derivatives from Dx-1 to Dx-6 (Fig.1) were
synthesized from dianilide compounds according to the method reported.
"l The dianilide compounds were synthesized by coupling chroranil with
aniline derivatives corresponding to the final dye structure. The crude
products were purified by chromatography on silica-gel using chloroform as
eluent. Structure of the products was confirmed by MS and "H-NMR spectra.

GH mixtures containing the dyes were prepared by mixing them with a
liquid crystal mixture (ZL11132 , E7 or E9, Merck Japan Co.Ltd.) at about
80°C; after that, each mixture was injected into a cell. The dye concentration
was 0.03%(w/w) for Dx1 and was 0.1%(w/w) for the other dyes (Dx2~Dx6).
The cell used consisted of two quartz glass plates, each having a rubbed
polyimide layer to obtain parallel alignment. The cell gap was about 20um.

Order parameters S, of dyes in the mixture were determined from two
polarized absorption spectra of each cell by the formula: ¥

Sa=(Da-1)(Da+2) , 8]
where D, is a dichroic ratio from the two spectra obtained. The two polarized
UV-visible absorption spectra of each cell were recorded on a Cary SE
spectrophotometer equipped with a highly efficient Gran-Thomson polarizer
before the sample at 23°C. The spectra were obtained at normal incidence in
transmission mode with polarization parallel and perpendicular to the
nematic director, respectively. The reference spectra, taken with cells with
just the host LC in the same manner on the same two polarization
respectively, were subtracted from the each sample spectra during data
processing.

Another order parameters S; were also determined from two EM spectra
of each cell by the following formula:!”!

Se =(Df?-1Y(D"+2)  , (2

Dy =F,/Fy s (3)
where F, is PL intensity at a peak with both excitation (EX) and EM
polarized parallel to the director and Fy, is that perpendicular to the director.
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The EM spectra of the cells were recorded on a Jobin Yvon-Spex Fluorolog3
spectrofluorometer by the EX at 520nm equipped with a polarizer both on
the EX and the EM beam. The EX was done at normal incidence with
polarization of the light parallel or perpendicular to the nematic director.
The EM spectra with the same two polarizations were respectively obtained
with an emitted light of an oblique angle (22.5 degrees from normal to the
cell surface), which is also perpendicular to the nematic director. The EX
spectra were also recorded with the same measurement apparatus by the EM
of 585nm or of 630nm.

RESULTS AND DISCUSSION
Mesogenic 2,9-substituents (X) contribute to increase in S,. The dyes are

highly dichroic in the GH mixture, as shown in Fig.2 and in Table 1: the
obtained S, are from 0.66 to 0.76. Then, the dyes with large mesogenic
groups (Dx4~Dx6) shows appreciably larger S, than those with simple
alkoxy groups (Dx1~Dx3): the increase in S, by the 2,9-mesogens are about
0.05. The values of S, in E9 or in ZLI-1132 are also slightly higher than
those in E7; higher S, of those hosts would account for the small differences.

These mixtures also display vivid red due to a sharp peak in absorption
spectra, which was reported for a few similar derivatives previously.""'! In
addition, the shape in the spectra is not influenced by the X or the hosts; two
kinds of half width (W, and W, ) are defined in Fig.2 and those values are
listed in Table 1, then the values showing no significant change by the X or
the host. Because a clear subpeak due to a vibrational level appears in the
spectra, the values of W, are larger than those of W,. Nevertheless, the total
half width (W=W+W, ) is smaller than that of known anthraquinones, which
is about 100nm. Particularly, the small W, of triphenodioxazine should
provide pure red by a combination with yellow stuffs.

The GH mixtures also-exhibit polarized PL: typical polarized EX and EM
spectra are shown in Fig.3 and the values of spectral parameters are

summarized in Table 2.
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FIGURE 2 Polarized absorption spectra of Dx6 in E9:
(a) with the incident light polarized parallel to the nematic director,
(b) with the incident light polarized perpendicular to the nematic director

TABLE 1 Values of parameters from absorption spectra of dyes in GH mixtures.

Sa A max (nm) Wi (nm) W2 (nm)
Dy¢ £7 Eo 1132 E7 E9 1132 E7 E9 1132 E7 E9 1132

Dx1 0.66 0.67 067 566 568 562 55 53 S5 15 16 18
Dx2 0.69 0.70 0.70 567 565 S63 S3 52 51 14 16 16
Dx3 069 0.71 0.71 566 567 563 S1 S3 49 13 15 14
Dx4 0.73 076 0.75 566 567 563 51 S1 51 15 14 16
Dx5 0.73 0.75 0.73 567 566 562 52 S0 53 13 16 13
Dx6 0.72 0.75 0.75 567 567 563 51 53 51 15 14 14

1132: in ZLI-1132, Amax: peak wavelength

The EX maxima from 561 to 567nm arise from optical absorption of the
guests. The shape of EX spectra is identical with that of absorption spectra.
Moreover, differences in the peak wavelength (Amax) are negligible between

the absorption and the EX spectrum for each of the dyes.
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FIGURE 3 EX and EM spectra of Dx6 in E9 :
(a) EX profile, the EM (585nm) and EX both polarized parallel to the director,

() EX profile, the EM (630nm) and EX both polarized parallel to the director,

(d) EX profile, the EM (630nm) and EX both polarized perpendicular to the director,

(¢) EM profile, the EM and EX (520nm) both polarized parallel to the director,
(f) EM profile, the EM and EX (520nm) both polarized perpendicular to the director.

TABLE 2 Values of parameters from EX and EM spectra of dyes in GH mixtures.

A max (nm)

Dye Ic EX EM  SS(nm) Dr Sk

Dx3 E9 567 586 19 19.1 0.53
Dx4 E9 566 586 20 250 0.57
DxS§ E9 566 587 21 4.6 0.57
Dx6 E7 565 584 19 19.6 0.53
Dx6 E9 566 586 20 235 0.56
Dx6 ZLI-1132 561 580 19 219 0.59

SS: Stokes Shift, Amax: peak wavelength
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On the other hand, another EX maxima near 350nm originate from the host
because the dyes did not show appreciable absorption in this region.
Moreover, the hosts showed Amax near 350nm in their absorption spectra.
Hence, an energy transfer should take place from the hosts to the dyes.
However, the details of the transfer including the mechanism are not yet
known.

The values of S¢ are smaller than those of S,. We think that the difference
would arise from the angle between the emission transition moment and the
nematic director of dye molecules in the mixtures. The moment of emission
should be a little different from that of absorption transition because the
values of Stokes shift (SS) obtained are about 20nm. Nevertheless, these
values are relatively small with comparison with other chromophores. We
have to consider whether the difference in structure between the excited and
the ground state would be large enough to generate such decrease in S¢ or

not.

CONCLUSION

We have revealed the following results on the novel triphenodioxazine
dyes:
(1) The mesogenic 2,9-subsituents can improve the order of the dye in the
GH mixture.
(2) The mesogenic 2,9-subsituents do not influence the shape in absorption
spectra of the dye, thereby displaying a vivid red due to the sharp spectrum.
(3) The GH mixtures exhibit bright photoluminescence with significant
dichroism in polarization.
Hence, we think the vividness with the high order or the photoluminescence

would be a sonsiderable advantage in some possible new applications.

785



Downloaded by [University of California, San Diego] at 02:39 16 August 2012

786 TOSHIHIKO TANAKA and TORU ASHIDA

ACKNOWLEDGEMENTS

This work was performed under management of Association of Super-
Advanced Electronic Technologies (ASET) in the ministry of International
Trade and Industry (MITI) Program of Super-Advanced Electronic
Technologies supported by New Energy and Industrial Technology

Development Organization (NEDO).

References

(1]

G.H. Helmeier and L.A. Zanoni, Appl. Phys. Let., 13, 91(1968).

[2] A.V.lvashchenko, Dichroic Dyes for Liquid Crystal Displays, CRC Press, (1994).
[3] N. Wakita and Y. Yamanaka, Proc. IDW99’, 117 (1997).
[4] Y. Nakai, T. Ohtake, and A. Sugahara, et al., SID 97 Digest, 83 (1997).
[5]1 M. Grell and D.D. Bradley, Adv. Mater., 11, 895 (1999).
[6] N.S. Sariciftci, U. Lemmer, D. Vacar, A.J. Heeger, and R.A J. Janssen, Adv. Mater., 8,
651 (1996).
[7] D. Bauman and A. Skibinski, Mol. Cryst. Liq. Cryst., 138, 367 (1986).
[8] G. Fischer, J. Prak. Chem. 19, 317 (1879).
[9] A.H.M. Renfrew, Rev. Prog. Coloration, 15, 15 (1985).
[10] M. Kaneko, T. Ozawa, T. Yoneyama, S. Imazeki, A. Mukoh, M. Sato, EP 0076633

(1]

(1982).
T. Tanaka, C. Sekine, T. Ashida, M. Ishitobi, N. Konya, M. Minai, and K. Fujisawa,
Mol. Cryst. Lig. Cryst., to be published.



