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Dopant effect on threshold electric field of
antiferroelectric liquid crystal switching
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Research Center, Chisso Petrochemical Corporation,
5-1 Goi Kaigan, Ichihara, Chiba, Japan 290

The influence of dopants on the threshold electric field for switching anti-
ferroelectric liquid crystals was determined from the optical response curve
obtained by using a triangular wave. The effect of dopant concentration on the
transition temperatures of the mixtures with a host material was also investigated.
The threshold electric field was diminished depending on (i) the chemical structure
of the additive and (ii) increasing amounts of the additive. The upper limits of the
temperature region of the S, phases also decreased with increasing amount of
additive, and these phases disappeared at 40mol?% of additive in all cases.
Compound (C) is the most effective with respect to the threshold electric field. Itis a
two ring compound and has a chiral part similar to that of the host antiferroelectric
liquid crystal compound.

1. Imtroduction

Antiferroelectric liquid crystals are paid much attention as materials which have
potential for new liquid crystal displays, and antiferroelectric liquid crystal displays in
fact have already been reported [1,2]. The particular characteristic of an anti-
ferroelectric liquid crystal is its sharp DC threshold and double hysteresis loop [3-6].
The threshold electric field is an important technological parameter in the antifer-
roelectric liquid crystal switching mode, but there is no report at all concerned with
threshold electric field [7].

We have reported [8] that the threshold electric field for various antiferroelectric
liquid crystal compounds considerably depends on chemical structure, i.e. alkyl chain
lengths of the terminal groups, the nature of the chiral part, and also the core structure.

We synthesized 4-(1-methylheptyloxycarbonyl)phenyl 4'-octyloxybiphenyl-4-
carboxylate (MHPOBC) and found chiral smectic phases [3]. Chandani et al. [9] later
proved the existence of the antiferroelectric chiral smectic C (S¢,) phase in the same
compound; the properties of this phase are dealt with in [10-13].

In this paper we report the influence of several kinds of additives, which are in
themselves not antiferroelectric liquid crystals, to the threshold electric field of the host
compound MHPOBC.

2. Experimental
The structures of MHPOBC and the additives used, and their transition
temperatures are shown in the table; MHPOBC was the host liquid crystal and
compounds (A)D) were the additives. The threshold electric fields of the mixtures
were determined from the optical response curve obtained by employing a triangular

* Author for correspondence.
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Figure 1. Typical curve for optical response with applied voltage. A, B and a relate to the
antiferroelectric state, ferroelectric state and threshold electric field respectively.

wave (0-05Hz) and the use of a polarizing microscope (Nikon) [12]. A function
generator (Wavetek Model 275), a digital oscilloscope (Gould Type 4035), a regulated
DC power supply (Hamamatsu Model HTV C448A), a central processor (Mettler
FP 80), and a power amplifier (Yamabishi) were also used in these measurements. A
typical curve for optical response with applied voltage is shown in figure 1.

The samples used were aligned by rubbing one of the glass plates coated with
polyimide. The cell thickness was 524005 um. The threshold electric field was
averaged between the values measured with a + voltage and a — voltage because of the
small difference between these values.

The transition temperatures were measured by observing the texture during the
heating process at a rate of 1°Cmin™*, using a polarizing optical microscope, and
melting points were obtained by DSC (Rigaku DSC 8240) on heating cycles at a rate of
5°Cmin 1,

3. Results and discussion

3.1. Transition temperatures

Figures 2-5 show the phase diagrams for the mixtures of the host MHPOBC and
the additives (A)(D). The upper limits of the temperature region of the S, phases
decrease with increasing amount of additive, and S&, phases disappear at 40 mol 9 of
additive in all cases. In the case of additive (B), the S&, phase is better preserved
compared with the others and the temperature region of the S§ phase extends as the
content of (B) increases. The stability of the S&, phase decreases in the additive
sequence (B), (A), (C), (D). This result seems not to be related to the phase sequences of
the additives, but more to their molecular shape or structure. The best stabilization of
the S&, phase is obtained with molecules similar in shape to MHPOBC.

3.2. Threshold electric field

Figures 6-9 show the influence of additive concentration. The threshold fields of the
mixtures are smaller than that of MHPOBC and tend to decrease as the additive
concentrations increases. Comparing mixtures containing the additives at 10 mol %, or
20 mol %, the threshold field increases in the additive order (C), (D), (B), (A) (see figures
10 and 11, respectively). The threshold fields of mixtures containing (A) are higher than
those of (B), although (A) is a two ring compound. This is because (A) has the same
partial structure as MHPOBC which has an antiferroelectric liquid crystal phase.



373

Dopants and threshold field of an AFLC

N
I 0,156 N D.€:88 VS Do5-18 7S D.€5 O mfGO|A\H T@nofwo (@
=N
10:581 ¥§ D:5T D SO0 —HO— o.@l 09 O“'H8D )
eHO o]
I 0.6FT ¥S D:801 2S D:£8 1S D99 O S99 —HO— O |©I :oc:mo (@)
HO
10961 VS DoT¥ O EHH90— HO— oo|©| . |©|oczmo )
HO
10,8671 ¥S DTTCT 26 D.L0T1 98 08611 '35 0.99 U5 0,890 PHO—HO~ ou@l xOIOxo:xmo punodwoo 150F
HO
ainjerodwa) UONISUBI] punodwio)) ‘ON

‘soanieloduro) woryisuen} 1oY; pue () -(V) SSANIPPE pue DGOJHI Jo semionns sy

1102 Alenuer 9z Zg:TT @I Papeo |uwog



11: 32 26 January 2011

Downl oaded At:

374 K. Murashiro et al.

160

140

O

£ 120
100|

80L

60

40

0 10 20 30 40
Content of additive / mol%

Figure 2. Phase diagram of MHPOBC and additive (A).
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Figure 3. Phase diagram of MHPOBC and additive (B).
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Figure 4. Phase diagram of MHPOBC and additive (C).
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Figure 5. Phase diagram of MHPOBC and additive (D).
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Figure 6. Influence of concentration of additive compound (A) on the threshold electric field
shown by MHPOBC. @, MHPOBC; [, 10mol%;; W, 20mol %; O, 30mol %,.
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Figure 7. Influence of concentration of additive compound (B) on the threshold electric field
shown by MHPOBC. @, MHPOBC; (1, 10mol %; B, 20mol %, O, 30mol%,.
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Figure 8. Influence of concentration of additive compound (C) on the threshold electric field
shown by MHPOBC. @, MHPOBC; [, 10mo1 %; M, 20mol %; O, 30mol %,
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Figure 9. Influence of concentration of additive compound (D) on the threshold electric field
shown by MHPORC. @, MHPOBC; (1, 10mol%;; M, 20mol %.
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Figure 10. The temperature dependence of the threshold electric field. 10 mol 9 of each additive
in MHPOBC. @, MHPOBC; [J, (A); R, (B); O, (C), A, (D).
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Figure 11. The temperature dependence of the threshold electric field. 20 mol %, of each additive
in MHPOBC. @, MHPORC; O, (A); H, (B); O, (C); A, (D).



11: 32 26 January 2011

Downl oaded At:

Dopants and threshold field of an AFLC 379

z Q X X= CH3 CF; etc.
N g Y= —CO— “COQ— “/—_>“etc

Core part Z= H F et

Figure 12. Characteristic partial structures of compounds showing the antiferroelectric liquid
crystal phases.

Characteristic partial structures of compounds which exhibit antiferroelectric liquid
crystal phases are shown in figure 12 [8, 14-16]. There is commonly an ester or ketone
bond between the core part and the chiral carbon, and a polar group as indicated by Y
in the core. The ester bond near the chiral carbon seems to contribute to the existence of
the antiferroelectric liquid crystal phase and the magnitude of the threshold electric
field. The threshold field of the mixture containing (C) is the lowest of all the mixtures
investigated. This may also be because the structurally similar additive (C) is a two ring
compound which acts like a lubricator, able to mix easily without partially breaking the
layer structure of the antiferroelectric liquid crystal phase.

4. Conclusion
To the antiferroelectric host MHPOBC, different compounds which do not exhibit
antiferroelectric behaviour have been added. In all cases, the threshold electric field was
diminished depending on the chemical structure of the compound; it also decreased
with increasing amounts of the additives. The threshold electric field of a host may
therefore be decreased by adding compounds, which are not in themselves anti-
ferroelectric liquid crystals.
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