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Liquid Crystalline Host 
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Japan 

(Received April 11, 1986; in final form May 22, 1986) 

A study is presented of the optical order parameters and spectroscopic properties of 
a-substituted anthraquinone dyes in a nematic liquid crystalline mixture composed of 
cyanophenylcyclohexane derivatives. Then, the results of this study are discussed in 
terms of the effects of the dye structure on the order parameters. From the systematic 
variation in structure, the order parameters are found to be improved when a 
biphenylamino group is introduced into the a-position of the anthraquinone nucleus. 
In addition, preliminary data on the solubility and photostability of the dyes are 
reported. 

Key words: guest-host, dichroic dye, liquid crystal, anthraquinone, 
order parameter 

1. INTRODUCTION 

The use of dichroic dyes in liquid crystal displays is a subject of 
continuing scientific and commercial interest. More recent efforts 
have been concentrated on anthraquinone dyes which are noted for 
their excellent photostability. Much research has been concerned with 
this chemical class of so some with exceptionally high order 
parameters have already been d i~cove red .~ .~ .~ - ’  However, much basic 
research still remains on the relationship between the molecular struc- 
tures and properties of dichroic anthraquinone dyes. 

tPresent address: Advanced Research Laboratory, Hitachi, Ltd., Kokubunji, 
Tokyo 185, Japan. 

119 

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
 1

3:
52

 1
9 

Fe
br

ua
ry

 2
01

3 



120 SHUJI IMAZEKI 

This paper reports on the order parameters and spectroscopic prop- 
erties for a number of a-substituted anthraquinone dyes. The effect 
of various substituents on the dye order parameters is examined in 
detail, especially that of a biphenyl ring and a very long flexible chain, 
such as an n-octadecyl group. This work is part of a systematic 
investigation aimed at obtaining a detailed picture of dichroic dye 
behavior in nematic liquid crystalline hosts. 

2. EXPERIMENTAL 

Simplified chemical structures of the investigated a-substituted anthra- 
quinone dyes are given in Figure 1. These dyes include l-arylamino- 
4-hydroxyanthraquinone (Type I dyes), 1,5-bisaryIaminoanthraquinone 
(Type I1 dyes), and 1,4-bisarylaminoanthraquinone (Type 111 dyes). 
The dyes were obtained either commercially or were synthesized by 
slightly modifying standard methods. The syntheses and characteri- 
zation of the dyes are not described in detail here. Each dye was 
ultimately purified until it was made ‘single-spot’ pure by thin-layer 
chromatography. On the other hand, the commercial samples were 
purchased from BDH Chemicals Ltd. and not further purified. The 
nematic host used is the cyanophenylcyclohexane mixture ZLI-1132 
(produced by E. Merck), which has a positive dielectric anisotropy. 

The cells used during experimentation consisted of two glass plates, 
4 x 4 cm in area, each having a transparent layer of indium oxide. 
These oxide layers were coated with a rubbed polymer layer to obtain 
parallel alignment. The cell gaps were about 10, 50, and 100 pm. 

The optical order parameter S of the dyes dissolved in the nematic 
liquid crystal was obtained using plane-polarized light by the 
formula : 8.9 

A,, - A ,  =, + A,, 
S =  

*-Ar q$yr *-Ar 

OH Ar-NH 0 NH-Ar 

TYPE I TYPE I 1  TYPE I I I  
FIGURE 1 
investigated. Ar indicates a aryl group. 

Simplified chemical s1ructures of the a-substituted anthraquinone dyes 
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ORDERING OF ANTRAQUINONE DYES IN NLCs 121 

where A,, is the absorbance of the dye at its maximum absorption 
wavelength (Amax) when the polarization is parallel to the alignment 
direction and A ,  is the absorbance at X,,, when the polarization is 
perpendicular to the alignment direction. Optical absorption spectra 
were measured at 22°C using a Hitachi 340 spectrophotometer. 

The accelerated photodegradation tests of the dyes in the liquid 
crystalline medium were carried out with an Atlas Sunshine Weather 
O'meter, Type 651XW-WR (Atlas Electric Co.) .  A carbon arc lamp 
was used as the light source for exposing samples, and the total light 
intensity at the cells was about 1 x lo2 mW - cm-2. During exposure, 
the cells were put on an aluminium plate. A UV filter was not em- 
ployed. The accelerated tests were performed at temperatures of 
about 50°C in a dry atmosphere. The photostability of the dyes was 
examined by monitoring the absorbance changes of the dyes in the 
parallel mode during the tests. The cells containing only the host 
liquid crystal were also exposed for use as reference in the spectro- 
scopic measurement. 

3. RESULTS AND DISCUSSION 

3.1. 1 -arylamino-4-hydroxyanthraquinone (Type I dyes) 

The order parameters and maximum absorption wavelengths (Amax) 
for 1-arylamino-4-hydroxyanthraquinones (Type I dyes) are shown 
in Table I. This type of a-substituted anthraquinone dyes gives a 
range of colors from violet to blue. 

Dyes 1-12 contain a phenyl ring. The 4'-alkylphenylamino and 4'- 
alkoxylphenylamino derivatives have previously been reported in de- 
tail by Pellatt et al.' The order parameter values of the phenylamino 
derivatives shown in Table I can be roughly classified into three cat- 
egories: (A) dyes with order parameters ranging from 0.60 to 0.62 
(Dyes 1 , 2 , 4 , 5 , 9 ,  and lo), (B) ones with S-values ranging from 0.66 
to 0.67 (Dyes 3, 11, and 12) and (C) those ranging from 0.51 to 0.54 
(Dyes 6, 7, and 8). A comparison of Dyes 1 and 7 shows that the 
introduction of a fluorine atom into 2'-position of the phenyl ring 
considerably decreases the order parameter. A similar effect of the 
substituent position on the order parameter has been reported by 
Pellatt et al.' 

Next, Dyes 13-22 contain a biphenyl ring. The effect of this ring 
on the order parameter is demonstrated by comparing S for Dye 2 
with that for Dye 14. It can be seen that the replacement of the phenyl 
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122 SHUJI IMAZEKI 

TABLE I 

Experimental data on 1-arylamino-4-hydroxyanthraquinone dyes (Type I dyes) 

NH-Ar & 
0 OH 

L J  nm L , , l n m  
Dye No. Ar (in ZLI-1132) S (in chloroform) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9.  

10. 

11. 

O C I  

F 

560 
586 

564 
587 

553 
590 

554 
598 

- 

- 

- 

- 

562 
588 

550 
5 74 

- 

- 

556 
5 70 - 

542 
572 
- 

562 
584 
- 

562 
584 
- 

561 
592 
- 

0.60 

0.61 

0.66 

0.62 

0.60 

0.53 

0.51 

0.54 

0.61 

0.61 

0.66 

556 
586 

559 
586 

- 

- 

- 

- 

- 

545 
573 
- 

549 
575 - 

540 
572 
- 

556 
580 
- 

556 
580 
- 

556 
580 
- 
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ORDERING OF ANTRAQUINONE DYES IN NLCs 

TABLE I Continued 

123 

A,,,/nm hrnaxlnm 
Dye No. Ar (in ZLI-1132) S (in chloroform) 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

558 
589 

586 

- 

588 

588 

590 

590 

590 

590 

584 

585 

585 

0.67 

0.64 

0.67 

0.66 

0.67 

0.67 

0.69 

0.71 

0.68 

0.69 

0.67 

556 
584 

582 

- 

584 

584 

586 

586 

586 

5 84 

576 

578 

580 

ring by a biphenyl one acts to increase the order parameter by 0.06. 
Furthermore, from a survey of the results shown in Table I ,  a general 
trend can be observed; that is, the dyes containing a biphenyl ring 
have a higher order parameter than those containing a phenyl ring. 

When the terminal substituent of the biphenyl ring is an n-alkyl 
group (Dyes 14, 15, and 16), the order parameters of the dyes do 
not seem to depend on the chain length. This result is somewhat 
surprising, where a very long chain, such as an n-octadecyl group, 
does not appreciably effect the order parameter. For the dyes con- 
taining an alkoxy group (Dyes 17, 18, and 19). on the other hand, 
the order parameter increases with the length of the alkoxy chain, 
i.e. S(Dye 19) > S(Dye 18) > S(Dye 17). 
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124 SHUJI IMAZEKI 

Typical absorption spectra €or Type I dyes in chloroform are shown 
in Figure 2. The spectra in the liquid crystalline medium are similar 
to those in chloroform, where the band shape is maintained and a 
wavelength shift of only a few nanometers is observed. 

The visible absorption band of the dyes containing the phenyl ring 
(Dyes 1- 12) has double-headed characteristics. When the phenyl ring 
has an alkyl or alkoxy group at its 4’-position (Dyes 1, 2, and 3), the 
shorter wavelength peak is observed as a shoulder of the main ab- 
sorption peak. On the other hand, in dyes with Cl, F, or -0COO- 
group in the 2’- or 4’-position of the phenyl ring (Dyes 5, 6, 8, 9, 10, 
and l l) ,  the shorter wavelength peak is more intense than the longer 
one. and i t  makes the major contribution to the observed absorption 
band. Because of the greater influence of the shorter wavelength 
peak, Dyes 6 and 8 are violet in color. When Ar is the biphenyl ring, 
the double-headed characteristics in the band shape are hardly 
discernible (Dyes 13-22). 

3.2. 1,5-bisarylarninoanthraquinone (Type II dyes) 

The order parameters and maximum absorption wavelengths for 1,5- 
bisarylaminoanthraquinones (Type I1 dyes) are shown in Table 11. 

.- 

I 

a, 
U 
C 
rd a 
0 
L 

.. .. . . , 

400 500 60 0 70 0 
Wavelength (nm) 

FIGURE 2 Typical absorption spectra for Type I dyes in chloroform: - , Dye 1 ;  . Dye 8; ---, Dye 9; . . . . ., Dye 15. 
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ORDERING OF ANTRAQUINONE DYES IN NLCs 

TABLE I1 

Experimental data on 1,5-bisarylaminoanthraquinone dyes (Type I1 dyes) 

125 

NH-Ar & 
Ar-NH 0 

L J n m  &,,,,inm 
Dye No. Ar (in ZLI-1132) S (in chloroform) 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

548 

548 

548 

548 

546 

530 

516 
540 
- 

513 

550 

553 

552 

548 

0.67 

0.66 

0.67 

0.69 

0.66 

0.64 

0.60 

0.59 

0.72 

0.73 

0.73 

0.72 

540 

541 

- 

542 

542 

530 

518 

510 

544 

544 

546 

544 D
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126 SHUJI IMAZEKI 

This type of a-substituted anthraquinone dyes ranges in color from 
red to violet. 

Dyes 23-30 contain phenyl rings. These dyes have order param- 
eters ranging from 0.59 to 0.69 in ZLI-1132. The replacement of 
hydrogen in the 2'-position of the phenyl ring by fluorine (Dyes 29 
and 30) results in lower S values, similar to the case of Type I dyes. 

Dyes 31-34 contain biphenyl rings. These dyes exhibit S values 
over 0.70. A comparison of the order parameter between Dyes 24 

TABLE 111 

Experimental data on 1,4-bisarylaminoanthraquinone dyes (Type 111 dyes) 

0 NH-Ar 

A,,,'nm A,,,/nm 
Dye No. Ar (in ZLI-1132) S (in chloroform) 

35. 410 -0.09 410 

610 608 
645 649 0.49 - 

0 CZ H5 
- 

37. 

~ O C 9 H , 9 ( n )  

38 

79 

412 

610 
650 

430 

- 

606 
644 
658 

420 

616 
654 

420 

- 

616 
655 - 

-0.12 

0.50 

-0.13 

0.58 
0.43 

-0.18 

0.58 

- 0.20 

0.58 

41 1 

606 
646 

4 18 

- 

608 
642 
652 
- 

415 

610 
650 

414 

610 
650 

- 

- 
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ORDERING OF ANTRAQUINONE DYES IN NLCs 127 

and 32 definitely shows that a biphenyl ring induces higher S values. 
This is a similar behavior to that of Type I dyes. 

The order parameters of the 175-bisarylamino series do not seem 
to strongly depend on the length of the terminal flexible chain. Even 
a very long chain, such as an n-octadecyl group, does not play a 
significant role in increasing the order parameter. 

3.3. 1,4-bisaryIaminoanthraquinone (Type 111 dyes) 

The order parameters and maximum absorption wavelengths for 1,4- 
bisarylaminoanthraquinones (Type I11 dyes) are shown in Table 111. 
This type of a-substituted anthraquinone dyes gives a blue-green 
color. 

The S values for Type 111 dyes range from 0.49 to 0.58 in 
ZLI-1132. In addition, the biphenyl ring tends to increase the order 
parameter in this series, too. 

Typical polarized spectra for Type 111 dyes are illustrated in Figure 3. 

400 50 0 600 70 0 
Wavelength (nm) 

FIGURE 3 Polarized absorption spectra for Dye 39. 
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128 SHUJI IMAZEKI 

TABLE 1V 

Comparison of some selected S values for the a-substituted anthraquinone dyes 

Aryl group 1 ,S-bis- 1-arylamino- 1,4-bis- 
arylamino 4-hydroxy arylamino 
derivative derivative derivative 

G C ~ H S  0.67 0.60 0.49 

G C L H S  0.66 0.61 0.50 

o O C s H i 9  0.66 0.66 0.58 

9 
F 

0.60 

0.59 

0.53 

0.54 

0.62 0.43 

0.72 0.64 

0.73 0.67 

W C l O H 2 I  0.73 0.66 0.58 

0.72 0.67 0.58 

The visible absorption spectra for these dyes have a weak band in 
the short wavelength region in addition to the double-headed one in 
the long wavelength region. As shown in the figure, this short wave- 
length band has a negative anisotropy which gives negative order 
parameter values. Similar observations have previously been reported 
by Jones et a1.2 and Clark et al.’” 
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ORDERING OF ANTRAQUINONE DYES IN NLCs 129 

3.4. Additional results 

Some selected data for the order parameters of the dyes investigated 
here are shown in Table IV. The table shows that the order param- 
eters decrease in the order 1,5-bisarylamino (Type 11) > l-arylamino- 
4-hydroxy (Type I) > 1,4-bisarylamino (Type 111). This clearly shows 
that the rigid portion in the dye molecules is a primary factor in 
determining the order parameter. 

1 

aJ 
V 
C 
Id 

0 
VI 

n 

n a 

L 

0.5 aJ > 
rd 
aJ 

.- 

.c, 

d 

a 

0 
0 50 100 150 

Time (hr) 
FIGURE 4 Time dependence of the absorbance for the various anthraquinone dyes 
during the acceleratedphotodegradation tests: 0, Dye 12 (589 nm); 0, Dye 26 (548 nm); 
@, Dye 16 (586 nm); A,  Dye 28 (530 nm); A, Dye 30 (513 nm); 0, Dye 11 (561 nm); ., H,C,OOC+N=N+N(CH,), (reference dye). 
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130 SHUJI IMAZEKI 

Although the solubility of the dyes has not yet been precisely ex- 
amined, some of them have been found to give excellent solubility 
in ZLI-1132. For example, Dyes 1. 2, 3,  10, 15, and 24 provide a 
solubility over 3 wt% at room temperature. In particular, the value 
for Dye 10 is greater than 10 wt%. On the other hand, the solubility 
of dyes containing a fluorine atom or biphenyl ring is generally low. 

Some selected results from the accelerated photodegradation tests 
are shown in Figure 4. For comparison, a well known dye has been 
subjected to the same test. From Figure 3 ,  it can be seen that the 
less stable dyes have -F or -OCCk--. These figures indicate that 
the effects of the terminal group on photostability cannot be ignored. 

4. CONCLUSION 

The effects of molecular structure on the order parameters and 
spectroscopic properties have been examined for a number of a- 
substituted anthraquinone dyes. From the systematic variation in  
structure, it has been found that the order parameters can be im- 
proved when a biphenylamino group is introduced into the a-position 
of the anthraquinone nucleus. However, the behavior of the dyes 
containing a very long flexible chain, such as the n-octadecyl group, 
illustrates the complicated nature of guest-host interactions. 

Acknowledgment 

The author is sincerely grateful to Mr. T. Nakada and Mr.  H. Ahe for their assistance 
during the various phases of this work. The author also wishes to thank Dr. A. Mukoh 
and Dr. T. Narahara for their continuous encouragement. 

References 

1 .  

2 
3 .  
4. 
5 .  

6 .  
7.  

8. 
9. 

10. 

M. G. Pellatt. I. H. C .  Roe and J. Constant. Mol. Crysi. Li9. Crysf.,  59. 299 
(1980). 
F. Jones and T. J .  Reeve, Mol.  Crysr. Li9. Crxsf.. 60. 99 (1980). 
J .  Cognard and T. Hieu Phan. Mol. Crysr. Li9. Crysr.. 70, 1 (1981). 
S. Aftergut and H. S. Cole. Jr..  Mol. Cryst. Li9. Crgsr.. 78. 271 (1981). 
G. Heppke, B. Knippenberg. A. Moiler and G. Scherowsky. Mol. Crysr. Li9. 
Crysr.. 94, 191 (1983). 
N. Basturk. J .  Cognard and T. Hieu Phan. Mol. Crysr. Li9. Crysr., 95, 71 (1983). 
F. C. Saunders. K. J. Harrison. E. P. Raynes and D. J .  Thompson, I E E E  Tranr.. 
EDM. 499 (1983). 
A. Bloom and P. L. K. Hung. Mol. C r w .  Li9. Cryrf., 40. 213 (1977). 
H. S. Cole, J r .  and S. Aftergut. J. Chem. Phgs., 68. 896 (1978). 
M. G. Clark and F. C. Saunders. Mol. Cr-vsr. Li9. Crysf. Len. .  82. 267 (1982). 

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
 1

3:
52

 1
9 

Fe
br

ua
ry

 2
01

3 


