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THE STABILITY OF THE SMECTIC C PHASE IN MIXTURES
AN INFLUENCE OF A DOPANT ON THE PHASE SEQUENCE AND THE
TILT ANGLE

R.DABROWSKI, J.SZULC and B.SOSNOWSKA
Military Technical Academy, 01-489 Warsaw, Poland
(Received March 13, 1991)

Abstract The paper descrivbes methods for obtaining
mixtures with a broad range of the smectic C phase and
with the smectic A phase above the smectic C phase. It
was demonstrated that doping is a very useful method
for modification of the smectic C mixtures and for
adjusting the tilt angle. It was also shown that smec-
tic C mixture may be composed of compounds having no
smectic C phase and that the concentration of +these
compounds can be large.

Keywords: smectic C, ferroelectric mixtures, tilt angle of molecules in smectic C
Phase

INTRODUCTION

For ferraelectric liquid crystal display materials are

needed which show strictly defined set of physical and

physicochemical properiies. These properties are as follows:

- a high chemical, photochemical and electrochemical
stability,

- a wide temperature range of the chiral smectic C phase,

- either long helical pitch p >8 um (when Clark-Lagerwall
effect is used) or short (for Beresnev effect) p << 8 um,

- the tilt angle of molecules in the smectic C layers
nearby 22.5° (to achieve maximum of the optical contrast),

- a moderate value of spontaneous polarization (the values
in the range 8 to 20 nC/cm2 guarantee good response times
and allow to avoid stable polarization of the liquid
crystal layer),

- a low rotational viscosity of the smectic C phase,

- g negative dielectric anisotropy (usually more preferable),

- a phase seguence SC*~SA**N*~I to facilitate good
alignment by interaction with the cell surfaces.

No individual compound is able to fulfill all such require-

ments. The mixing of different compounds is the method for

formulating the convenient liquid crystal substances.

[357)/13
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In this paper we like to concentrate mainly on the
following guestions:
- how to obtain the mixture with a broad range of the smec-
tic C phase,
- how to induce the smectic A phase above the smectic C
phase and how to adjust the tilt angle.

MIXTURES WITH BROAD RANGE OF THE SMECTIC C PHASE

The problem can be soclved in two steps:

in the first step a mixture with a broad range of the
smectic C phase is prepared from non-chiral compounds (a
basic mixture),

in the second step different chiral and non-chiral
compounds are added to the base mixture to adjust its pro-
perties (doping process).

Since compounds with the smectic C phase often reveal
a tendency to destabilize the smectic C phase when mixed
together it is not easy to obtain the mixture with a large
temperature range of smectic C phase starting from accidenta

ly chosen smectic C compoundsl. The reason for this phe-
nomenon is not known yef satisfactorily. The example of
such a behavior is illusirated on the diagram of the bicom-
ponent mixture (Figure 1)2 comprising very similar com-
pounds, referring to their chemical structure, namely 4-
hexyloxyphenyl 4-octyloxybenzoate and 4-(2-methylbutyloxy-
carbanyl)phenyl 4-octyloxybenzoate. We ocbserve that the
smectic C phase of both compounds is straongly depressed in
the middle range of concentraticn, and the gap between C
phases exists. The smectic C phases are separated by smec-
tic A phase.

A wide nematic gap separating the smectic C phases was
also found. This phenomenon was found for 1,2-bis(butylben-
zenenonyloxyazobenzene-4)ethane and 1,2-bis(butylazoxyben-
zene-4)ethane (see Figure 1 in Ref.3). The reason for the
existence of the gap is not understiocod yet. Probably one of
the reasons is a difference in an internal structure of the

smectic C layers of components. The compaonents of these two
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systems were carefully studied .

by X-ray. For the first pair
of compounds for which the
smectic C phases transform
into the smectic A phase the
differences in the X-ray pat-
tern were not seen but a large
difference in the tilt angle
of molecules in the smectic C
layers was observed}. For the
second system in which the
wide nematic gap separates the
smectic C phases the X-ray
pattern indicates that one of
the compenents has two-dimen-
sional ordering and is charac-
terized by a high value of the
tilt angle, which varies with
temperature but slightly. Four

T/°C

w0} 5c}

20t

A 02 04 06 08 B
XA-_’
FIGURE 1. Phase diagram of
the binary mixture composed
af 4-hexylphenyl 4-octyloxy-
benzoate (A) and 4-(2-methyl-
butyloxycarbonyl)phenyl 4-
octyloxybenzoate (8)2.

strong diffraction maxima in the form of spots along the

direction perpendicular to the

magnetic field and four very

weak reflexes in the form of hyperbola were observed. The

second component shows only one pair of diffused weak re-

flexes which become stronger near the smectic A phase. For

this compound smectic layer spacing changes with the tem-

perature and the tilt angle changes from 30° to 0°. Taking

into account the results mentioned above one should state

that for obtaining a mixture with a broad range of smectic

C phase we must choose

additive way.

components which get mixed in an

We have found that the smectic C compounds can be di-

vided into two groups. The compounds, which belong to the

first group, mix nearly additively with 4-hexyloxyphenyl 4-

octyloxybenzoate and non-additively with 4-(2-methylbutyloxy-

carbonyl)phenyl 4-octyloxybenzoate whereas the compounds,

which belong to the second group mix additively with 4-(2-
methylbutyloxycarbonyl)phenyl 4-octyloxybenzoate and non-
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additively with 4-hexyloxyphenol 4—octyloxybenzoate3.

It is also possible to find compounds which are able
to mix with compounds from both these groups, but usually a
minimum of stability of the C phases for one pair is ob-
served, see for example the mixture of compounds: 4-(2-
methylbutyloxy)phenyl 4-octyloxybenzoate and 4-(2-methyl-
butyloxycarbonyl)phenyl 4-octyloxybenzoate.

By miscibility studies we are able to select compounds
which mix without destabilization of the smectic C phase
and therefore allow to prepare a multicomponent mixture
with a broad range of smectic C phase. The example of such
a mixture is the four component mixture 1:

H17C80—©—CDD—®—006H13 17.3 wt.%
H21Cloo@ -con@ ~0CH, 5 13.9 wt.%
H17CBD—©—CDS—©—C5H11 20.4 wt.%
H

*
17C80—©—C00——UCSH11 43.9 wt.%

N-NY 5
H]9C90—©~<S)-—DC9H19 4.5 wt.%

*

having the phase transition in °C: Cr O SCSU.7SA66.7N*77 I.

The next question which is to be answered is as fol-
lows. Are the compounds with smectic C phase the only suit-
able compounds to be used for preparing a mixture with a
broad range of the smectic C phase? Can other compounds be
used for this purpose? The answer can be concluded from
phase diagrams of bicomponent mixtures comprising 4-hexyloxy-
phenyl 4-octyloxybenzoate and 1-/  5-(4-hexylphenyl)pyrimidyl-2/-2-
(4-hexyloxyphenyl) or 4,4 "-bis(l-methylheptyloxycarbonyl)-p-ter-
phenyl, Figure 2.

One component of the first mentioned mixture has the
smectic A and B phases and it can be introduced even in
amounts of 60 wt.% without the significant destabilization
of the smectic C phase. In the second mixture, one compo-
nent is isotropic (C), and this component enhances the sta-
bility of the smectic C phase in the region of concentra-
tion up to 25 wt.%. Therefore mesogen not having smectic
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TIoch / Tiod} $
a b
| < | o
1201 r/

sook 100

80t

60t

A 02 04 06 08 B A 02 04 06 08 C

FIGURE 2. Phase diagram of binary mixture composed of 4-
hexyloxyphenyl 4-octyloxybenzoate (A) and 1-(5-hexylphenyl)
pyrimidyl-2)-2-(4-hexyloxyphenyl)ethane (B) - a.(Ref.4) or
4" ,8" "-pis(l-methylheptyloxycarbonyl)-p-terphenyl (C) - b
(repeated after Ref.5)

C phase and non-mesogenic compounds can be useful and can
be taken into account as the main mixture components (not
only as chiral dopants in small amounts).

THE CONTROL OF THE RANGE OF THE SMECTIC A PHASE ABOVE THE
SMECTIC € PHASE

The problem how to control the range of the smectic A phase
above the smectic C phase will be discussed using as an
example mixture 2 comprising alkoxybenzoates and one bi-

cyclococtane derivative:

4N - /. o
H17CBO { y-coo-¢ » 086H13 23.55 wt.%

/] - 0N - o
A Hy1Cy g0 <_~\> Coo </__> OC Hy 5 18.80 wt.%

H17cBo-</___“-> -cos-¢ ) -Cshy, 25.41 wt.%
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- - _¢ N _ _
B H17E380 c00-¢ Y -CH,-CH, @ ~CH,

32.44 wt.%

This mixture has a large value of the tilt angle, about

thirty degrees in room temperatures. We suppose that it

would be easier to lower the tilt angle than to increase it

by doping.

A large group of dopants was selected and added to the

mixture 2, and their ability to induce the smectic A phase

above smectic C phase was tested. These are chiral and non-

chiral mesogenes and also isotropic compounds:

Hy4 80@ coo@ CH, CH C Hs

3
1 Cr 47.5 (N*42) 1

7\ N\ CH-
C{ ) Co0-¢_)-0CH, ?H C,yHs
CH
3 Cr 38 (5A22.5> I

Hy BoO@ Coo- f‘H CO0-C,He

5 Cr 45 (SA 42.5 ) I

3

Hy 60@ -€00</ Y-coo- (I:H ~CO0C ,Hg
CH

7 Cr201 ?
I N-coo/ ¢
HoC, L0 )4 3-000¢ CO0GHE Mg
CHy
9  Cr 103 S, 129.8 N* 134 T

B

Hy1 €1 g0 )-C00-7 )-CH,- ?H -Cohs

CH3

2 Cr 42.5 SA 44 N 47 1

. *
HeC,L0< S C00-{H-000-CHg
CH
4 Cr 69 1

*
H11CSO@—CUO-?H-COO~CZH5

CH3
6 Cr (-2) I

Hy 1€ CHOD[:@O@ COOCHC Hys

3
8 Cr 821

Hy2y L O--coo-fii-tr-00eg0- -2,y

CHBCH3

10 Cr 42 1
p /0L
HsCy -G~ )-nes
CH}

11 Cr 55 (47 SA) 1

W

B AN
HsC,-CH CHZ@ coo@ NCS

CHy

12 Cr 42.5 (SA 42) 1
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H502-¢H-CH20@@-NCS H5C2-:§H—CH20—©@—CN

CHy CHy
13 Cr 116 I 14 Cr 53 (9 N*) T
*
H Cz'?H‘CHZ*(:)*(:)*CH2'0H2*<:>*NCS Hy, €1 OH)-coct;
CHy
15 Cr 72.5 5, 99 16 Cr 77 1
183 004 )-Cochy ) H300 )</ )-00C4H, 5
17 Cr 64 5, 89 1 18 Cr 65 1
PIelar e Y o,
19 Cr 51 I 20 Cr 37.5 1

e VAN
Hy 58 £09-000L)-08, i) Hy17Cs \_%’Q OCsH1)

21 Cr 55 (355 )S 77.8 N B9.5 1 22 Cr 42.2 SB 52.7 SA 62.7 1

H) 7090 CUD*C:>'C5H11 His 6*<:> /‘+Q*CH ~CH, < )-0C M) 5

23 Cr 56.5 5, 5T N 65.51 24 Cr 95.55 103.2 5, 131.5 1

A B, 022 5a
- A"
H 7640 D)-000- - -coocHs 196,C{ LD -C00LD)-Csiy
25  Cr 92.5 N 183 1 26 Cr 89 Sy121.5 5,160.5N172.21

The mentioned compounds were introduced to the base mixture
2 in increasing amounts, the phase transition temperatures
of mixture 2 with a dopant were measured and the existing
phases were identified by the thermomicroscopic method.
Different types of behavior were observed after introducing
the dopants.

a) The dopant B increases the smectic C - chiral nematic
phase transition temperature up to the concentration of
about 25% and then the SC*~N* phase fransition temperature
is slowly decreasing, Figure 3. It is very useful that the
N*~I phase transition temperature is decreasing. We have

found such a behavior only for this dopant, but we suppose
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that it will be charac-
teristic for other com-
T/°C . .
pounds with a similar
structure.
b) Dopants 1, 3, 4, 6,
10, 11, 23 decrease
smectic C - nematic

1206

phase transition tem-
100} perature (Figure 4a, b)
in the following way 23
<l<11<10<4<3<6.The

decrease of the stabi-

801
lity of smectic C phase
depends on the kind of
6 * a dopant, but it is in-
teresting tc remark that

in the case of the in-

) x0) 3D 4b—a=; vestigated compounds,
wtof of 8 which do not have the
FIGURE 3. Phase transition tem- smectic C phase, the
peratures of mixture 2 varsus depression of the smec-
concentration of dopant 8. tic C phase of the base
mixture 2 caused by them
is smaller than in the case of some mentioned earlier pairs
of compounds with smectic C properties (see Figure 1).
¢) For small concentration of the dopants 21 and 2 the
smectic C - nematic phase transition temperature is nearly
independent of the concentration (Figure 5) and for higher
concentration of the dopants smectic A phase is induced
with a low or moderate intensity. The stability of the smec-
tic C phase does not change (compound 21, Figure 5a) or de-
creases slowly (compound 2, Figure 5b). Compounds with such
properties may be useful for preparing mixtures with a short
range of the smectic A phase above the smectic C phase e.g.

* #*
with SE -SA -N -I phase transition sequence.
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T/QC TIOC
120¢ | 1206

1004 1004

804 N 801

60 60

40+ SC 40t

i

26 . 40 20 40
whol of 1 wtol'of 6

FIGURE 4. Phase transition temperatures of mixture 2
versus concentration of dopant 1 (a) or 6 (b).

d) The smectic C - nematic phase transition temperature is
decreasing in all the concentration region of the dopant
and smectic A phase is created in moderate efficiency anly
for higher concentration of the dopant. The compounds 20
and 22 have such properties, Figure 6.

e) For a small concentration of the dopants the enhance-
ment of the smectic C phase is observed. Maximum of 1its
stability is observed between 5 and 10 wt.%. For larger
concentrations of the dopant the smectic A phase is induced
strongly and, simultaneously, the smectic C phase begins to
destabilize mare quickly. It is observed that when the A
phase induces strongly the smectic € phase destabilizes
quickly (Figure 7a,b,c). The compounds 9, 13, 15, 18, 26
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have such properties behave.

T/9C ) o Tloc b
120¢ | 120
100} 100}
N
80} 80
/
SA
60
Sc
404
20 40 20 ic T
wiol’of 21 wiolof 2

FIGURE 5. Phase transition temperatures of mixture 2
versus concentration of the dopant 21.

£) The smectic C phase is destabilized in all the regiaon

of the concentration and the smectié A phase is induced

abave the concentration of 5-10 wt.%, Figure 8a,b,c,d. In

such a way behave the compounds 12, 14, 16, 17 and 19.

For compounds with CN terminal grou& (14,19) smectic C

phase is depressed most drastically}and the smectic A

phase induces in the highest degree, Figure 8c, d.

From the above discussed phase diagram study the fol-
lowing conclusion can be drawn out:

- It is possible to transform a mixture with a smectic C -
nematic (SC~N or SE-N*) sequence to a mixture with the
smeciic C —*smectic A - nematic phase sequence (SC-SA*N
or Sp =5,-N ).
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Ti°C)
120 |

100t

801

60

40

o

10,20 30
whol of 20

FIGURE 6. Phase transition temperatures of mix-
ture 2 versus concentration of the dopant 20.

- A temperature range of the existing smectic A phase above

the smectic C phase can easily be controlled as we wish.
In some cases a small amount of dopants is able to trans-
form smectic C mixture to a broad range smectic A mix-
ture. It is supposed that such smectic A mixtures can be
interesting for electroclinic effect.

The preferable results for improving the properties of
the basic mixture are obtained, when two dopants are in-
troduced to it. The first dopant is used for inducing the
smectic A phase and the other one for -enhancing the
smectic C phase and simultaneously for introducing the

chiral properties. This procedure can be demonstrated by
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by the following examples:

b
TIoC] M ¢ Tecy | y TieC '
120* 12 f 120
Ch
4
100 N / 100 1001 N y,
/ /
X
80 SA 801 | S 8% Isy
60 60 60
% S
S¢
40
401 SB R
4 > 20 30
3 1 20 30 10
10 N(.?Ioo?gb wi.oloof‘? wi.o/oof 18
rIGURE 7. Phase transition temperatures of mixtures 2
versus concentration of dopant 26 (a) or 9 (b) or 18 (c).

a) We have introduced 22.8 wt.%

, 28 wit.% of compound

2 to the base mixture and to the two obtained mixtures we

have added the chiral compound 8 in increasing amounts.

The obtained phase diagrams are shown on

?

Figure 9a, b.

These two mixtures differ in the range of smectic A phase.
The range of the smectic A phase may be shortened by in-
troducing smaller amounts of compound 2.

b) For another dopant having stronger ability +to
induce the smectic A phase a smaller concentration of it is
necessary for creating the smectic A phase, see Figure

10a, b.
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T/°C T°C
1204 120¢ I
I
100! 100}
N N
30l 801
w’x =~ e —
60 SA 60 Sa
10 0 30 10 20 30
whol’ of 16 wt.of of 17
———— et e
TI°C TIoC
120 1206 l
P——-::)\\\\\‘k\\
100 1007
N
80 80-
SA

10 20 30
wt. of°of 14 wt. o/ of 19

FIGURE 3. Phase transition temperatures of mixture
2 versus concentration of dopant 16 (a) or 17 (b) or
14 (¢) or 19 (d).
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TI°C T/oC

100 100,
80

60

20 40 50 40
wto/’ of8 wtol” of 8

FIGURE 9. Phase transition temperatures of the mix-
ture 2 including 22.8 wt.% (a) or 28 wt.% (b) of the
dopant 2 versus concentration of the second dopant 8.

Tloc Ti°C
a b
120 120
|
100
N*
Ko
801 x~
b
60 60 A
S*
C
404 40 *
Sc
20 40 20 40
wiof"of 8 wiof® of 8

FIGURE 10. Phase transition temperatures of the mix-
ture 2 containing 4 wt.% (a) or 8.6 wt.% (b) of the
second dopant 16 versus concentration of the dopant 8.
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ADJUSTING THE TILT ANGLE OF THE SMECTIC € LAYERS

The dopants 5, 2, 16, 21 having different ability to des-
tabilize the smectic C phase ( 21>2>5 >16 ) and the do-
pant 8 enhancing its thermal stability were chosen. The
tilt angle of basic mixture changes with the concentration
of dopants in the following way, Figure 11.

30t

(32
2

-
[=]
i
0

Titt angle, 8/,

=1 o) ) ~40
Temperature T-Tc/OC

FIGURE 11. Tilt angle B of the molecules in the
smectic C layer versus the distance from the smectic
C - nematic or smectic C - smectic A phase transi-
tion temperature for mixture 2 - {X]1 and mixture 2
doped with 20 wt.% of compound 8 - ® or 20 wt.% of
5 -% or 20 wt.% of 2 - « or 8.6 wt.% of 16 - @

The basic mixture 2 doped with 20 wt.% of compound 8,
nearly does not change the tilt angle. It was found from
the phase diagram study that this compound enhances only
the smectic C phase stability. The compounds 2, 5 and 16
lower the value of the tilt angle; the compound 5 lowers

weaker than the compound 2 and the compound 16.
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The compound 5 does not induce the smectic A phase, the
compound 2 induces the smectic A phase in a moderate way
and the compound 16 induces drastically the smectic A phase
and in the same way destabilizes the smectic C phase.

The tilt angle depends on the concentrations of the

compound 21, Figure 12.

Tec) a 301
o |
O )
100] C ]
N' £
oo :
- £15
/*’— g
60 Sa =10
4 =
S'
40 c
20 , 40 . 70 20 -
wt.of” of 21

Temperature T~T, /°C

FIGURE 12. a) Phase transition temperatures of mixture 2
containing 8 wi.% of compound 5 versus the concentiration
of compound 21.

b) Tilt angle B of molecules in the smectic C
layer of mixture 2 with dopant 5+and mixture 2 with dopant
5 containing additionally9.8 - + , 20 - o , 30.1 - A and
40.2 - x wt.% of compound 21.

The tilt angle value is correlated directly with the exist-
ing range of the smectic A phase above the smectic C phase.
We see it distinctly when we compare the phase diagram
(Figure 12a) with the changes of the tilt angle value,
(Figure 12b). The tilt angle decreases when the concentra-
tion of the dopant is increasing, but the changes are not
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directly proportional to the concentration and when the A

phase induction is involved and the smectic C phase is de-

pressed then lowering of the tilt angle drops more guickly.

Such a behavior was found in other investigated by us sys-

tems. Similar observation was made by Kondo7

For every pair of dopants introduced to basic mixture

2 it is possible to find such a concentration of them,

which gives the optimal value of the tilt angle and the op-

timal value of the spontanecus polarization. For example,

when basic mixture 2 and chiral dopants 8 or 5 and the do-

pant 2 or 16 or 21 inducing the smectic A phase are used

the preferable compositions are shown in Table T.

TABLE I. The preferable compositions of the mixtures

Resulting Base Weight % of dopants
mixtures mixture 8 5 2 16 21
I 84-88 4-6 8-10
1T 89-93 4-6 3-5
IT1I 58-72 §-12 20-30

The spontaneous polarization of the mixture 2 containing

4 wt.% of compound 16 depends on the concentration of do-

pand 8 in

TABLE TITI.
mixture 2

the way shown in Table II 8.

The spontaneous polarization P at 20°C of
with dopant 16.

wt.% of dopant P (nC/cm?)
6 17
12 43.7
20 75
25 103

The concentrations of dopant 8 below 6 wt.% are sufficient

for obtaining mixtures for practical applications,.
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CONCLUSIONS

Doping is a very useful method for the creation of the mix-
tures with SC‘SA‘N sequence from mixtures with SC*N se-
quence. The compounds not having smectic C phase are useful
for this purpose and can be introduced in large amounts

without destroying smectic C phase.
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