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Two types of fast switching mixtures with high positive dielectric anisotropy were described. The first type, with a birefrin-

gence below 0.3, was designed for devices operating at room or lower temperatures and the second one, with a birefringence

higher than 0.3 for devices operating at elevated temperatures.
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Liquid crystals (LCs) with large birefringence �n � 03. are

needed for many photonic applications to obtain fast oper-

ating shutters, broad range filters, and holographic devices

[1,2].

Good quality thin cells are now available, and many

manufacturers have reported display devices with a cell

gap below 6 µm [3]. Therefore, interest in high birefrin-

gence nematic materials has increased.

The birefringence of LCs is mainly determined by

�-electron conjugation length, molecular shape, linking

group, and terminal groups. Benzene rings and double and

triple bond systems lead to highly conjugated compounds.

Major drawbacks of such highly conjugated structures are

usually observed, high melting temperature and strong

smectogenity. The isothiocyanates as compounds with the

high �n seem to be more suitable than other polar ones be-

cause of lower viscosity. Many isothiocyanato (NCS) com-

pounds have been prepared and described recently [4–7]

but mainly alkoxy derivatives were presented.

To improve their mesogenic properties, linear mole-

cules having a NCS group in one terminal position of the

rigid core of the molecule and alkyl group in the other end

were laterally substituted with F or Cl atom or CH3 group.

To distinguish differences in the molecules rigid core, we

set up two series (1 and 2) of structures shown in Table 1.

Such structures greatly reduce melting temperature and vis-

cosity and lead to the compounds with a high positive di-

electric anisotropy.
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The refractive indices of single compounds of the formula

1–2 at temperature 20�C were extrapolated from guest-host

systems of 5, 10, and 15 wt. % of the investigated com-

pounds doped into mixture of Demus’ esters. The refractive

indices of the mixtures of series 1711 were measured di-

rectly using an Abbe refractometer, while of series 1631,

1658, 1659, 1680, and 1734 were obtained from measuring

the phase retardation of the homologenous cell and calcula-

tion from the formula

� � � � �( , , ) ( , , )V T d n V T� 2 �

The free relaxation time (decay) of the controlled phase

change was used to calculate the visco-elastic coefficient

( )�1 11K according the following equation

� � �0 1
2

11
2

� d K/

The dielectric constants were obtained from a direct

measurement using an HP4192A bridge. Threshold voltage

and the elastic constants K11, K33 were measured using a

LCAS II system from LC Vision.
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Two-, three-, and four-ring compounds belonging to the se-

ries shown in Table 1 have been studied and characterized.

Their phase transition temperatures [�C] and birefringences

are given for the members with propyl or pentyl chain as il-

lustration of their mesogenic and optical properties.

The compounds 1 were prepared by the coupling reac-

tion of a boronic acid derivative with a haloaniline and

compounds 2 were prepared by the coupling of an acety-

lene derivative with a haloaniline. The main difficulty dur-
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Table 1. Structures, phase transition temperatures, and birefringence of the synthesized components.
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Table 2. Physical properties of the nematic mixtures for low temperature operating devices.

1280 1711 1711-A 1711-B 1711-C

Clearing point, (�C) 68–76 77–86 69–77 79–86 88–94

Viscosity �(mm2s–1) at 20� 12.6 17.9

at 0� 33.5 49.4

at –20� 147

�n (589 nm at 20�C) 0.1612 0.2406 0.2474 0.2777 0.2945

ne 1.6698 1.7640 1.7756 1.881 1.8266

�� 8.6 10.8 11.9 13.1 10.5

�
��

12.3 14.6 16.4 3.9 4.1

V10 (V) 2.0*

1.26
1.79*

1.15
1.74*

1.10
1.77*

1.17
1.90*

1.27

V50 (V) 2.26*

1.60 1.47 1.39 1.46 1.60

V90 (V) 2.66*

2.06 1.85 1.75 1.80 2.02

p = V50/V10–1 12.6*

27.6 27.6 25.6 24.7 25.3

p = V90/V10–1 32.2*

63.8 60.8 58.1 53.5 58.2

Temp. dep. (0–40�C) (%/�C) 0.3*

Response time 20�

ton (ms) 4.8*

1.03 1.04 1.70 1.86 1.80

toff (ms) 36*

4.50 4.33 5.97 5.80 4.75

K
��

�p�� 17.2 17.8 21.3 19.6

K
		

�p�� 20.4 20.7 24.6 23.1

FoM (µm2/s) 6.0 6.2 5.5 5.2

�
�

�mPs) 58 84 82 75

�
�
/K11 (ms/µm2) 8.6 8.8 12.6 12.1

d (µm) 6.5*

1.7 1.6 1.62 1.67 1.62

* measured in the cell d = 6.5 µm.



ing the synthesis was to limit side reactions leading to

autocoupling and generation of symmetrical hydrocarbons

and diacetylenes. Detailed methods of synthesis are pre-

sented in other papers [8–10] and there are given the phase

transitions for the other members of homologous series.

Two-ring monofluorosubstituted compounds 1a and 2a

are low melting and low clearing mesogens, see example,

while difluorosubstituted 1b and 2b are not mesogenic at

room temperature. Three-ring compounds 1c and 2c have a

broad nematic phase range and moderately high melting

points, in the range of 50–100�C, and clearing points of

about 200�C. Smectic phases are observed in three-ring

substituted compounds, especially in series 2, but at low

temperatures only. Four-ring compounds except 1d-f have

very high melting points and are not useful for mixtures

preparations. The birefringence of two-ring compounds 1

and 2 is between 0.25–0.3 and it increases to 0.65 for

four-ring compound 2e with two triple bonds.

The compounds of series 1 and 2 were used to prepare

two types of nematic mixtures with high birefringence and

large positive dielectric anisotropy, see Tables 2 and 3.

Isothiocyanates based mixture W-1280 with very fast

switching, low melting point (below –40�C) and low vis-

cosity [11] was used as a host mixture for series of 1711.

The mixtures of 1711 were prepared by doping our host

(W-1280) by the compounds 1a–1c and 2a–2c in increasing

amount. Several quickly operating mixtures with birefrin-

gence growing up to 0.3 were prepared in such a way. They

are capable to operate below room temperature. Our mea-

surements proved that by using such composition enable us

to obtain rise and fall time in the range of 1–2 ms and 4–5

ms respectively if thin (1.7 µm) cells are used. The second

type of mixtures was prepared only from the compounds

1–2 without the host mixture previously mentioned. This

shows birefringence up to 0.40 but the mixtures with

higher birefringence up to 0.5 can be also formulated.

Drawback of these mixtures is their increased viscosity. To

describe switching performance of high birefringence mix-

tures we typically use figure-of-merit. It takes into one ac-

count birefringence and viscoelastic coefficient (�1/K11)

while a cell thickness is not critical.

FoM
n K

�

�

2
1

1�

Although, increased viscosity of high birefringence mix-

tures, their figure-of-merit is much higher than the obtained

for series 1711. A typical value is between 10 and 15. It sug-

gests that switching times obtained for such mixtures should

be very short if thin cell is in use. Our experiment with a very

thin cell < 1.5 µm shows that this kind of mixture can switch

very quickly at room or elevated temperatures, see Table 3.

"� #����������

Using the low-viscosity advantage of isothiocyanato com-

pounds, high-birefringence and low to moderate viscosity

mixtures showing short response times in thin cells can be

formulated. Two types of such mixture with a positive di-

electric anisotropy were demonstrated. The first one, with

ability to operate, in the low temperature region shows

value of FoM at the level of 2–5. The second type mixtures

show FoM in the range of 10–15. Because their high bi-

refringence, relatively thinner cell can be used for further

reduce of the response time. The operating voltage can be

minimized as a result of high value of dielectric anisotropy

of this type of mixture.
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Table 3. Physical properties of high birefringence nematic

mixture.
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Cr-(N), (�C) < –5 < 0 < 0 (–2) (–3)
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�
�

3.9 4.2 4.6 5.0 4.4

�� 11.8 15.6 16.7 11.6 17.6

�n (633 nm) 0.3637 0.3800 0.3700 0.3064 0.3900

	
��

�p�� 17.6 21 16 8.38 26.2

	
		

�p�� 34.6 32 31 20.3 28.1

	
		

�	11 1.97 1.5 1.9 2.42 1.07

�
�

�	
��

�ms/µm2) 9.1 10.5 12.0 11.2 11.6

FoM (µm2/s) 14.5 13.8 11.7 8.4 13.1
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Response
time (20�C)

ton (ms) 1.86

toff 3.90

d (µm) 1.52
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