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Relation between molecular structure and
order parameter of liquid crystals and dyes in GH-LCD
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Abstract

In a Guest-Host cell, the orientational ordering of dyes doped into liquid crystals has been
investigated. To evaluate the influence of the host liquid crystals on the ordering of the dyes, we
have measured precisely the ordering parameters of the liquid crystals by using the dichroic ratio of
the absorbances for infrared light polarized parallel and perpendicular to the director. Our
experimental results show that the ordering of the dyes can be expressed as a function of not only
the molecular structure of the dyes but also the order parameter of the liquid crystals. These
functions are dependent on the kinds of the liquid crystals and the dyes. Particularly, the
combination such as anthraquinone dyes doped into cyanobiphenyl liquid crystals show a very high
ordering parameter. This is considered due to a strong intermolecular interaction between the dipoles

of both liquid crystals and dyes.
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Fig. 1. The orientation of the molecular axis

M and the transition moment 1 of
the dye in the liquid crystals.
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Table 1. The molecular structure of liquid crystals

Liquid Crystals
5B CsHn<O—O)rCN
7CB  CrHe<O—O-cN
LC42 cmo-@-u_(:—)_n-@-c‘n,
LC53  CyHy<H)-C00~D)-0CHs
LC55  CrHi<O)-C00~O)-CN

GR41 Mixture

E 2 &Y 44 GR4IY AHE
Table 2. The components of the mixture of GR41

Component of GR41 Ratio (wt%)

CeHn<0r—<0O)-CN 37.5
CaHe<O)~<O-cN 21.6
CaHn0<C—0O)-cN 1.7
CsHn0~<0~0)-CN 8.6
C,Hy0<0)—O)-CN 8.0
Cstn<Q—0—0)-cN 1.7
CoHeO)—0)-co0<O-cN 4.9
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Table 3. The molecular structure of dyes

Structural Formuiar of Dyes (/1d)*
6205  C4Ha<{ON=N-O)rN=N-ON_] 3.86
G156 (O)-N=N~<Cr-N=N-O)N]) 3.40
G159  CsHwO<O)-N=N<B)-NO, 2.48
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CrHp
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g3 AE A Aol Yeld Aoz AFY
At 19 9, 102 27 a, b} (/)99 4B
& E Aotk 4% av A9 wygAMz w3
b Aae gl mAs 98 velde seoy
@ sdvh ageA F4 geuigt AR a

ol HolaA gz olRe MaRAI AW



6
5| ANT / CB
4t
-
3 L
AZO/CB
2r ANT,AZO / EST,AZX
1 . .
0.3 0.4 0.5 06
S

LC
A k9 Y4 genyg JE4

The dependence of k on the structural
parameters of the dyes

a3y 8.
Fig 8.

A anrics

L ® Azoios
1.2 ' ‘
[ ]
© 0.8 - *y .
04 | * s
0.0 L L .
2 3 4
. (11d)*
a8 9 71g7) afl A #Eny o4&

9. The dependence of the slope a on the

structural parameter.

Fig.

1.0
A ArTics
® azoics
0.8 ® ANT AZOIAZX,EBT
06 | a Iy
A
< 0.4 AL :
A 3K
0.2 [} |
=
° [ ]
0.0 L
2 3 4
(1/d)*

38 10. H¥ bl 4 Feiuy &y
Fig 10. The dependence of the intercept b on
the structural parameter

HAe] wigE vzt Mae gz nA £ gl
T 9% Fo=x AL Y9uIg. £33
cyanobiphenyl# Aol anthraquinoneX 47t &
TE AS agtel M AES ¢ 4 Jded oE o

993

AN AR E A Vol 10, No. 10, December 1997,

E Alole] A% a3 1ol olg B/ i
29 dQog dFe] wiFgFIdMEe F7
ol A Vdstx] Rie Ao
H 4 @e S0 &, 43 d5o02Es I Higol
SAF FANG AfdE Mie bR wgAA
g Hole AL YeEhEY oJRAL AA Fo F
ol 2eke] Mart EQEoBA YA Aleld] &7
B32go] HE3le] AT Hio] o]k Frol )
FAdol HEE RE uses Aoz FAHAY
Aok, wEkA bgte ERAF ATFRLe] s 2
cyanobiphenyld N3 anthra- quinoned A4 2
xgol /M 21 £F Y4 sengr AQSg=
AL Q1o A L8 bte] HRAE AL B
T At

4.4 8

Guest-Host cell®] BAENE #$ss Hag
s @3l U¥YH FESE P A hostE
54T Ao nAPsa MAE HHAZ A M2
o WMigEE 1 HEH Y4 sy (/) blE
e At olH Alde dgHd ge Ay
Hog 7l¢d & Yoy 7N kE AFT Yo
2ol o8 A= sagug o))

Dy—1 =K (d)*~1)}

ER ZHE Ao Wgng HN F4 A¥WEY
oz2e AH3 FHsT A7) HAE Hrralo
Ao WFEE FAHAG o] FAI FAL o
3 2& BA7 A& gyt

SMzdch"i“b

4% a b ARTH ALY BT Aol o4
4459 golth

+ ¥ ATE dstiiehn 19959 E Ao
A8l olstel £Y52e.

5. 3 n 2 8

1. H. Kanoh, E. Mizobata, H. Ikeno and S.
Kaneko, “A 23cm diagonal bright reflective



Guest-Host TFT-LCD”, SID '95 Digest, pp.
333~336, 1995.

. H. Suzuki, Y. Iwamoto, H. Koimai, Y. limura,
S. Kobayashi, T. Hashimoto, T. Sugiyama and
K. Katoh, "Polarizer-free reflective amorphous
N'-GH-LCD using a developed black dye”,
Proc. 15th Int. Display Res. Conf., pp. 611~614,
1995.

. H. Seki, N. Sugiura, M. Shimizu and T. Uchida,
"A new reflective Guest-Host display using a
light scattering film”, SID '96 Digest, pp. 614~
617, 1996.

. Y. Nakai, T. Ohtake, A. Sugahara, et al, "A
reflective tri-layer Guest-Host color TFT-
LCD", SID ‘97 Digest, pp. 83~86, 1997.

. T. Uchida, S. Miyazaki, M. Matsuda and Y.
Shibata, Int. Lig. Cryst. Conf., M-043-AP, 1986.
. M. Y. Kok, A. J. Est, and E. E. Burnell, Liquid
Crystals, Vol. 3, No. 4, p. 485, 1988.

. R. Kiefer, G. Baur, "On the correlation between
the order parameters of dichroic dyes and liquid
crystal hosts for various nematic liquid crystal
classes”, Proc. 4th Int. Display Res. Conf., pp.
61 ~64, 1984.

8 W. S. Park and 8 T. Uchida, "Effect of

molecular structure of a dichroic dye and the

'3
L

2 GHY LCDo Qlold 4% 2 244 H2--—t3

ordering of a liquid crystal on the dichroism
of the dye-liquid crystal binary”, Liquid
Crystals, Vol. 5, No. 5, pp. 1405~1413, 1989.

9. S. Nagappa, K. Nataraju and M. Marthandappa,

10.

12.

"Order parameter of mixtures of nematic
compounds”, Mol. Cryst. Lig. Cryst.,, Vol. 197,
pp. 15~20, 1991,

N. Kirov and P. Simova, "Influence of ac.
electric field on infrared absorption spectra of
liquid crystals and determination of orien-
tational order parameter by infrared
dichroism”, Mol. Cryst. Lig. Cryst., Vol. 58, pp.
268~298, 1980.

N. Kirov and P. Simova, "Influence of a.c.
electric field on infrared absorption spectra of
liquid crystals and determination of
orientational order parameter by infrared
dichroism”, Mol. Cryst. Liq. Cryst.,, Vol. 58, pp.
299~309, 1980.

J. S. Prasad, M. M. M. Abdoh, C. I V.
Shastry and N. C. Shivaprakash, "Infrared
and far- infrared studies on the nematogenic
homologous  series  trans-4-alkyl-cyclohex-
anes”, Mol. Cryst. Lig. Cryst., Vol. 104, pp.
141 ~152, 1984,

e

19601 249 1494 19819 A& oista A
A3 244 19839 AR Az
g3 EA(4D), 19899 ¥ Fiko
WAF%3 FY(3eh. 1944-%Bd LG
Az 22 LCDAFA% 19956-8 A <
S ¥ AR/ AFEHFGE 2uS




