
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 06:03
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/gmcl16

Dichroic Dyes for Guest-Host
Interactions in Liquid Crystals
T. Uchida a , C. Shishido a , H. Seki a & M. Wada a
a Department of Electronic Engineering, Tohoku
University, Aramaki Aza Aoba, Sendai, 980, JAPAN
Version of record first published: 21 Mar 2007.

To cite this article: T. Uchida , C. Shishido , H. Seki & M. Wada (1976): Dichroic Dyes
for Guest-Host Interactions in Liquid Crystals, Molecular Crystals and Liquid Crystals,
34:7, 153-158

To link to this article:  http://dx.doi.org/10.1080/15421407708084302

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/gmcl16
http://dx.doi.org/10.1080/15421407708084302
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol.  Cryst. Liq. Crysl., Vol. 34 (Letters), pp. 153-158 
@ 1977, Gordon and Breach Science Publishers, Ltd. 
Printed in the United States of America 

DICHROIC DYES FOR GUEST-HOST INTERACTIONS IN LIQUID 
CRYSTALS 

T.UCHIDA, C.SHISHID0, H.SEKI and M.WADA 
Department of Electronic Engineering, Tohoku University, 
Aramaki Aza Aoba, Sendai 980, JAPAN 

(Submit ted f o r  p u b l i c a t i o n  February 28, 1977) 

A detailed study of electronic color switching of various 
dichroic dyes available in display devices by using the 
guest-host interactions, is presented. The dichroic 
properties of various dyes are quantitatively compared. 
Some of them.can be used in display devices. 

In the previous paper&-3 the authors clarified in detail the 
basic properties of the guest-host type liquid crystal display 
devices and the effects of various parameters in these devices 
on the color display property. The results obtained showed 
that the optical densities parallel and perpendicular to the 
average direction of molecular orientation, All and Al respec- 
tively, are proportional to the dye concentration and the cell 
thickness. Then, in this paper, the properties of the elec- 
tronic color switching are quantitatively compared in a number 
of dye cells. 

lated to the difference between All and A i  . But this dif- 
ference (All  - A 1  ) is not a useful parameter for comparing the 
dichroic property of dyes in guest-host interactions, because 
it depends on the dye concentration and the cell thickness. 
The dichroic ratio 81, /A1 is independent of the dye concentra- 
tion and the cell thickness. The color density of each dye 
is normalized by considering the dichroic ratio. 
dichroic ratio All / A 1  seems to be available for quantitative 
compariaon of dyes. 

The mixed liquid crystal with positive dielectric aniso- 
tropy 

The color switching property of the device itself is re- 

Then the 

p m e  thoxybenzyl idene-p' -n-butylanil ine 5&+$ 

pethowbenzylidene-p' -aminobenzoni trile 15wt"J. 
p-ethoxybenzylidene-p'-n-butylaniline 3 5 4  
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154 T. UCHIDA, C. SHISHIDO, H. SEKI and M. WADA 

is used aa a host in the measurements. The surface of the 
glass plate of the cell is treated with N-methyl-3-amino- 
propyltrimethoxysilane (MAP)49followed by unidirectional rub- 
bing to obtain homogeneous alignment. 
A H  and A 1  are made by using linear polarized light with elec- 
tr ic vectors which are parallel or perpendicular to the molec- 
ular orientation in 'the cell, and the measured values are 
corrected by sub'tpacting abserption of the cell substrate 
and the liquid crystal. 

ture of 

used in the measurements and the length of methine-chain n, 
the maxinun absorption wavelength Am, the displayed color 
and the measured values of Al l  / A l  . Some researchersb*6used 
an order parameter S instead of A l l  / A 1  . This order para- 
meter is calculated from Att/Ai by using the following rela- 
tion on an assumption that no absorption was in the direction 
perpendicular to thelong axis of the dye molecule: 

The measurements of 

Table 1 shows the methine-dyes with the molecular struc- 

X = (CH - CH =)n Y or X - (CH = CH -)n Y 

A I I  /AL - 1 
All  /AL + 2 

The values of S are shown in Table 1. But the abovementioned 
assumption is not always adequate. Figure 1 shows the 

TABLE 1 Properties of methine-dyea. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



DICHROIC DYES FOR GUEST-HOST INTERACTIONS 155 

'C' 

Y 
CH3 

1-16 8: )=(CH-CH=), (")=S 3 
OC- N 

c 2  H5 
1 

5 30 

505 
578 
613 

640 

474 

5 34 

5 31 
611 

637 

5 35 

608 

497 

577 

624 

487 
563 
603 

orange 3.6 0046 
Violet 4.1 0.51 
Blue 5.3 0.59 

Blue 5.0 0.57 

3.1 0.41 Y l 11 mi8 h- 
0- 

Light-red 3-1 0.41 

Light-red 2 0 9  0.39 
v i o l e t  
Blue 4.8 0.56 

Bluish- 305 0.45 

Light-red 2,9 0.39 

Yellowish- 2.7 0.36 
or- 
Reddiah- 302 0.42 
v i o l e t  
Creenirh- 405 0.54 
blue 

Yellow 1.9 0.23 
Viole t  2.7 0.36 
Blue 3.8 0.48 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



156 T. UCH1DA.C. SHISHIDO, H. SEKl and M. WADA 

relation between A,, /A1 of dyes Nos. 1-8, 1-10, 1-14, 1-17, 
1-18 and n. 
the molecular structure of 

Table 2 shows azo- and azomethine-dyes with 

X - N - N - Y  or X - N = C H - Y ,  

The results are summarized as follows : 
A m ,  the displayed color, AII/AI and S. 

(1) The dichroic ratio A ~ ~ / A L  of the dyes in each homologous 
series increases with n as shown in Figure 1. 

(2) The AII/AI versus n curves shift nearly parallel f o r  var- 
ious dyes as shown in Figure 1. Then the dichroic ra- 
t i o s  of various dyes can be compared with'the dyes with the 
same value of n. By using this method, dyes in Table 1 
are numbered in the order of An/Ai values. 

( 3 )  Dyes shown in Table 2 are also numbered in the order of 
AIL/AI values. 
n-1 in Table 1, it can be seen that the values of  AII/AI 
of azo- and azomethine-dyes are larger than those of 
methine-dyes. In particular, this relationship can 
clearly be seen among the dyes in the group of Nos. 1-2, 
2-5, 2-9 and in the group of Nos. 1-4, 2-10 in which each 
group has a common structure except the central group. 
Although AII/AI of methine-dye is exceptionally large in 
Nos. 1-1 and 2-4, it cannot be seen what is responsible 
for it. 

(4) Among the dyes which have alkyl side chain o r  such allcyl 
chains as -S-CnHzn+i o r  -N(CnIIzn+i )2 at one end of the 
molecule, A l I / A ~  is larger as the alkyl chain is shorter. 
But the longer alkyl chain makes the dye more soluble, so 
that the length of the chain should be adequately control- 
led. 

By comparing these dyes with those of 

Further work is under way to solve this problem. 

7 
Dye  NO. 

a 1-10 

6 -  

FIGURE 1 The rela- 2 
tionship between the \ 
and the length of 
methine-chain n. 

dichroic-ratio AII/A, 2 

I 
1 2 3 

n 
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DICHROIC DYES FOR GUEST-HOST INTERACTIONS 157 

TABLE 2 Properties of azo- and azomethine-dyes. 

w e  Molecular structure No A , , / A ~  s Displayed 
color  A m  

437 Yellow, 7.9 0.70 2- 3 Br m N h N = C H + d < H 3  / 

- CH3 

446 Yellow 7.7 0.69 NO2 / 5 2- 4 a N h  N= CH O N < '  H3 
'H3 

430 Yellow 7.4 0.68 

6.9 0.66 57' v i o l e t  

2- 9 a t & N = P J O N ,  ,CH3 
c H3 

512 Light-red 6.2 0,63 

5.5 0.60 Bluish- 
5'5 violet 

2-10 N 0 2 1 s > N ; N 0 N < C H 3  

CH3 N c H3 
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158 T. UCHIDA, C. SHISHIDO, H. SEKl and M. WADA 

(5) Among the dyes of Nos. 1-8, 1-10, 1-17 with the molecular 
structure of 

Ail /AL of the dye with S as A* is superior to that of the 
dye with 0. 

(6) The dyes of Nos. 2-1, 2-2, which have the long molecular 
structure and the end group similar to those of the host 
liquid crystals, show an extremely large value of AII/AL. 

When the guest-host cell is observed macroscopically the 
dye with A H  /AI above four gives sufficient color switching. 
About two-thirds of the dyes reported in this paper are 
available for the color display devices. 

and the dichroic ratio A I I  /A* was discussed, but the detailed 
physicochemical mechanism has not yet been clarified. Wther 
experiments with a larger number of dyes are performed, then 
the effect of the molecular structure of dyes on the guest- 
host interactions will be clarified. 

Nihonkanko Shikiso Lab., Inc. for their cooperation in the dye 

The relationship between molecular structures of dyes 

The authors would like to express their hearty thanks Do 

synthesis. 
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