
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 10:05
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/gmcl18

New Ferroelectric Liquid Crystals
Having 2-Fluoro-2-Methyl Alkanoyloxy
Group
Nobuyuki Shiratori a , Atsushi Yoshizawa a , Isa Nishiyama a ,
Mitsuo Fukumasa a , Akihisa Yokoyama a , Toshihiro Hirai a &
Mamoru Yamane a
a Material Development Research Laboratory, Nippon Mining Co.,
Ltd., 3-17-35, Niizo-Minami Toda-shi, Saitama, 335, Japan
Version of record first published: 24 Sep 2006.

To cite this article: Nobuyuki Shiratori , Atsushi Yoshizawa , Isa Nishiyama , Mitsuo Fukumasa ,
Akihisa Yokoyama , Toshihiro Hirai & Mamoru Yamane (1991): New Ferroelectric Liquid Crystals
Having 2-Fluoro-2-Methyl Alkanoyloxy Group, Molecular Crystals and Liquid Crystals, 199:1,
129-140

To link to this article:  http://dx.doi.org/10.1080/00268949108030924

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

http://www.tandfonline.com/loi/gmcl18
http://dx.doi.org/10.1080/00268949108030924
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1991, Vol. 199, pp. 129-140 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1991 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

New Ferroelectric Liquid Crystals Having 2- 
Fluoro-2-Methyl Al kanoyloxy Group 
NOBUYUKI SHIRATORI,T ATSUSHI YOSHIZAWA, ISA NISHIYAMA, 
MITSUO FUKUMASA, AKlHlSA YOKOYAMA, TOSHlHlRO HlRAl 
and MAMORU YAMANE 
Material Development Research Laboratory, Nippon Mining Co., Lfd. 3-1 7-35, Niizo- Minami 
Toda-shi, Saitama 335, Japan 
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We have prepared ferroelectric liquid crystals with newly designed chiral part, 2-fluoro-2-methyl al- 
kanoyloxy group. The physical properties of the ferroelectric liquid crystals having this chiral part are 
compared with those of other ferroelectric liquid crystals having 2-fluoro alkanoyloxy group, 2-trifluo- 
romethyl alkanoyloxy group, 2-fluoro-2-trifluoromethyl alkanoyloxy group and 2-methyl alkanoyloxy 
group. The ferroelectric liquid crystals having 2-fluoro-2-methyl alkanoyloxy group show large spon- 
taneous polarization, compared with other fluorinated ferroelectric liquid crystals. We have investigated 
the effect of the core structures on the spontaneous polarization. Introduction of a pyrimidine ring in 
the core part extremely enhances spontaneous polarization, over 400 nC/cm2. Moreover, we have also 
investigated the effect of chiral dopants of the compound having this c h i d  part. 

1. INTRODUCTION 

Recently, various ferroelectric liquid crystals with large spontaneous polarization, 
Ps, have been prepared to establish a fast response for electrooptic device.’, * In 
order to obtain ferroelectric liquid crystals with large spontaneous polarization, a 
few design points are reported in terms of chemical structures. The points are as 
follows: (1) The first point on the appearance of the large Ps value is introduction 
of a large dipole moment close to the chiral carbon, preferably directly to the chiral 
carbon. (2) The second point is introduction of a bulky group connecting to the 
chiral ~ a r b o n . ~ - ~  (3) The third point is a structure design of the core part of the 
molecule. However, very little has been elucidated on the effect of the core struc- 
tures, although they seem to contribute to the Ps value. Therefore, in order to 
investigate the effect of the core structures, a new chiral part which fulfills the 
design points (a) and (b) should be designed, and a series of compounds having a 
various core and together with this chiral part must be prepared. 

In this paper, we wish to report a newly designed chiral part, 2-fluoro-2-methyl 
alkanoyloxy group, and new ferroelectric liquid crystals having this chiral part, and 

t Corresponding author: Nobuyuki Shiratori. 
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discuss the effect of the core structures on the Ps value. Moreover, we wish to 
report the effect as chiral dopants of the ferroelectric liquid crystals having this 
chiral part. 

2. EXPERIMENTAL 

The synthetic route of new ferroelectric liquid crystals having 2-fluoro-2-methyl 
alkanoyloxy group is shown in Figure 1.  The optical active 2-fluoro-2-methyl al- 
kanoic acids were prepared from corresponding commercially available optical 
active 2-methyl-l,2-epoxyalkane which has been developed recently. That is, optical 
active 2-fluoro-2-methyl-1-alkanol were prepared by a reaction between optical 
active 2-methyl-1 ,Zepoxyalkane and SiF4 or (i - Pr),NH.4HF.6 Next optical active 
2-fluoro-2-methyl alkanoic acid was prepared by a oxidation of optical active 2- 
fluoro-2-methyl-1-alkanol. The phase transition temperatures were obtained using 
a polarizing optical microscope with a hot stage (Metter FP-82) at a rate of 2.0 
deg/min. The spontaneous polarization was measured by the triangle wave method.' 
Homogeneously aligned cells of 3.0 pm in thickness were prepared by rubbing thin 
polyimide films coated with substrate plates. The optical purities of these com- 
pounds in this study were inferred from the optical purities of the starting com- 
pounds. The optical purities of the starting compounds are determined by GC 
analysis of optical active phenetylamine derivatives of the starting compounds. The 
optical purities of the starting compounds are shown in Table I. The Ps value of 

SIF4 or (I-Pr)2NH.4HF I "  
CnHzn+l- :F-CH?OH 

DCC 

YH3 
CmHz,+10 - E m F O $ - $ F - - C n H z n + 1  

0 
FIGURE 1 Synthetic route of fcrroelectric liquid crystals having 2-fluoro-2-methyl alkanoyloxy group. 
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TABLE I 

Optical purity of starting compounds 

Compound Optical purity (%ee) 

FH3 

7% 
C4H9 - CF -COOH * 

C,HII- CF-COOH 

Y 
C4H9 - CH-COOH 

( 7 3  

C4H9- CH-COOH 

FF3 
C4H9 - CF- COOH * 

7H3 
C4H9- CH - COOH * 

76  

8 0  

71  

9 5  

9 3  

7 0  

all compounds are corrected to take into account the optical purities of the cor- 
responding starting compounds. Generally, the spontaneous polarization was de- 
termined with a voltage 30 Vpp at a frequency of 100 Hz. The tilt angle was mi- 
croscopically observed by a field reversal method in which a rotation angle of the 
sample was measured to achieve extinction between crossed polarizer for the two 
state with oppositely directed polarization. The response time was measured by 
applying the rectangular wave of 10 V/p,m. We defined response time, T, as the 
time when 0-90% of the transmission values detected by a photodiode. 

3. RESULTS AND DISCUSSION 

3.1 Effect of New Chiral Part on Physical Properties 

3.1 .I Phase transition temperature. The molecular structures of compounds 
1-5 used in this section are shown in Figure 2. The phase transition temperatures 
of compounds 1-5 are shown in Table 11. The S2. phase thermal stability, defined 
by the SA-SE phase transition temperature, of compounds 1 slightly decreases, 
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A 
1 

2 
CF3 

C8H170 ~ ~ 0 ~ 0 C - C H - C 4 H 9  I 

II * 
0 0 

4 

5 
FIGURE 2 Chemical structures of compounds 1-5. 

compared with that of non-fluorinated analogous compound 5. On the other hand, 
the ST: phase thermal stability of compounds 3 and 4 having -CF, attached to the 
chiral carbon greatly decreases, compared with compound 5. These results suggest 
that the difference of the size between fluorine (van der waals radius 1.47A) and 
hydrogene (1.20A), or the difference of electrostatic interaction between fluori- 
nated substituents and non-fluorinated substituents attached to the chiral carbon 
have greatly influence on the S: phase thermal stability. 

The temperature dependence of the Ps value of com- 
pounds 1-5 are shown in Figure 3. The Ps value increases by introduction of various 
fluorinated chiral parts. However, the Ps value depends on the structures of the 
fluorinated chiral parts. The order of the Ps value of the compounds being, 

3.1.2 The Ps Value. 

5 < 4 < 2 <  3 < 1. 

The relationship between the structure of the fluorinated chiral parts and the Ps 
value is summarized as follows: (1) Introduction of -F and that of -CF3 to the 
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TABLE I1 
Phase transition temDerature of comDounds 1-5 

Compound C sx SC' 'SA I 

1 * 115 * 129 162 * 

4 83 (* 82) 108 151 * 

* 96 * 143 167 * 5 
~ ~ 

C ,  crystalline solid; Sx, unidentified smectic phase; Sc", a 
chiral smectic phase; S,, a smectic A phase; I ,  isotropic liquid. 

h 

n 

E u 
\ 

W % 
& 

" 
0 10 2 0  30 40  5 0  6 0  

AT(OC) 
FIGURE 3 Temperature dependence of Ps value of compounds 1 - 5. The Ps value of all compounds 
are corrected to take into account the optical purities of the corresponding starting compounds. 

chiral carbon in compounds 2 and 3 greatly increases the Ps value. The difference 
of the Ps value between compounds 2 and 3 depends on the difference of the dipole 
moments between -F (1.85debye) and -CF, (2 ,35deb~e) .~  (2) Introduction of 
--F and -CF, to the chiral carbon in compound 4 are scarcely effective on the 
appearance of the large Ps value because the dipole moments of -F, -CF3 and 
-C=O may cancel1 each other, that is, the Ps value of compound 4 is only 2 times 
larger than that of compound 5. (3) Introduction of -F and additional introduction 
of methyl group to the chiral carbon cooperatively enhance the Ps value, that is, 
the Ps value of compound 1 is larger than those of other compounds 2-4 having 
various fluorinated chiral parts. 

This cooperative effect can be attributable to the bulkiness of the methyl group, 
that is, the bulky group attached to the chiral carbon suppresses the intra-molecular 
rotation around the longitudial axis of the molecules as Yoshino et af. reported," 
and help both dipoles of -F and-0 align in the same direction. Consequently, 
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the dipole moment of -F of compound 1 work very effectively to produce the 
large Ps value. 

The temperature dependence of the tilt angle of compounds 
1-5 are shown in Figure 4. The tilt angle of compounds 1,3,4 and 5 is almost the 
same value. However, the tilt angle of compound 2 is smaller than that of other 
compounds. These results suggest that total size of substituents attached to the 
chiral carbon has influence on the tilt angle. 

3.1.3 Tilt angle. 

3.2 The Effect of Core Structures on the Ps Value 

Although there are several reports of the effects of the core structures on the Ps 
value, most of them have been discussed very small variety of core structures." lo 

In order to study the effect of the core structure on the spontaneous polarization 
systematically, we have synthesized ferroelectric liquid crystals 6-10 having various 
core structures besides compound 1. The chemical structures of these compounds 
are shown in Figure 5 .  The phase transition temperature and the Ps value of 
compounds 6-10 are shown in Table 111. The Ps value greatly depends on the 
position and number of the ester groups in the core part. The order of the Ps value 
of the compounds being, 

6 < 7 < 8 < 9 < 10. 

It is clear that the core structure results in a drastic change of the Ps value. The 
relationship between the core structure and the Ps value will be summarized as 
following tendencies: (1) Introduction of ester groups in the core decreases the Ps 
value. (2) The position of the ester groups in the core has an influence on the Ps 
value in comparison between compounds 7 and 8. (3) Introduction of a pyrimidine 
ring in the core part greatly increases the Ps value. The Ps value of compound 10 
shows over 400 nC/cm2. 

In this report, we found that this new chiral part is useful to prepare ferroelectric 
liquid crystals with the large Ps value. However, the core structure also plays an 
important role in enhancing the spontaneous polarization. The discussion of the 

u ~~~ 

0 10 20 30 40 5 0  
AT(OC) 

FIGURE 4 Temperature dependence of tilt angle of compounds 1-5. 
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8 

9 

10  
FIGURE 5 Chemical structures of compounds 6-10. 

Ps value V.S. the core structure have been made mostly from the standpoint of 
dipole moment. However, our results suggest that the magnitude of the dipole 
moments in the core may scarcely affect on the Ps value. Yoshizawa et al. reported 
on the 13C NMR of molecular motions at the S,-Sg phase transition in optical 
active 4-(2-methyloctanoyl)phenyl 4'-nonylbiphenyl-4-carboxylate. l2 This com- 
pound has keto and ester groups as the dipole moments in the molecule. They 
reported that overall motion of keto carbon are suppressed at the S, -Sz  phase 
transition, although ester carbon in the core are not suppressed. That is, ester 
group in the core scarcely contribute to the appearance of the Ps Ps value. 

Therefore, another factors, which contribute to producing Ps, of the core struc- 
ture other than dipole moment should be considered, for example, size and shape 
of the core part, intermolecular interaction between core parts of neighboring 
molecules. The Ps value of compound 10 is extremely larger than that of compound 
9, which implies that the pyrimidine ring greatly contribute to promoting the in- 
teraction between core parts of the molecules. 
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TABLE 111 

Phase transition temperature and the Ps value of compounds 6 -  10 

Temp("C) Ps(nC/cm2) 

SC* SA I T ~ ~ - ~ ~ c  maximum Compound 

6 * 103 ( *  100) * 141* 5 15 

7 * 104 * 136 * 156* 33 146 

8 * 108 * 113 * 130* 76 176 

9 * 172 * 174 * 1 9 1 *  87 87 

250 438 10 88 * 130 
~~ ~~ 

C ,  crystalline solid; Sc*, a chiral smectic C phase; S,, a smectic A 
phase; I .  isotropic liquid. 

4. THE EFFECT AS CHIRAL DOPANT 

In previous section, we found the compound with the large Ps value, 5-(4-(2-fluoro- 
2-methylheptanoyloxy)phenyl)-2-(4-hexyloxy-phenyl)pyrimidine. Next we investi- 
gate about the effect as chiral dopant of this compound. In order to elucidate the 
effect as chiral dopant of this compound, we synthesized other ferroelectric liquid 
crystals having various fluorinated chiral parts with the same core structures. The 
molecular structures in this section are shown in Figure 6, and the physical prop- 
erties of compounds 10-14 are shown in Table IV. We compared the physical 
properties of compound 10 as chiral dopant with those of other compounds 11-14 
having various chiral parts. A non-chiral Sc host (phase transition temperature: 
Cr 2 C Sc 47 C SA 62 C N 67 I) being composed of phenylpyrimidines is doped 
with 11 wt% of chiral dopants under investigation. The physical properties of 
compounds 10-14 as chiral dopants are shown in Figure 7. The phase transition 
temperatures of the resulting mixtures are compared with that of host; spontaneous 
polarization, tilt angle and response time are measured as a function of temperature. 
The experimental data shown in Figure 7 were obtained at 25°C. We defined 
response time, 7, as the time when 0-90% of the transmission value was detected 
by a photodiode. Moreover, the temperature dependence of the response time of 
compound 10 and 11 is shown in Figure 8. The characteristics of compound 10 
having 2-fluoro-2-methyl heptanoyloxy group as chiral dopant will be summerized 
as follows: (1) The S, range of host is greatly expanded by doping compound 10. 
(2) The doping of compound 10 induces appropriate spontaneous polarization and 
tilt angle, and this FLC mixture show short response time. 

Moreover, the bulkiness of the substituent, -CH,, attached to the chiral carbon 
scarcely affect on the increase of the rotational viscosity because the Ps value and 
the tilt angle is almost the same, and the temperature dependence of the response 
time is also almost the same in compounds 10 and 11 (see Figure 7 and 8). Con- 
sequently, the ferroelectric liquid crystals having 2-fluoro-2-methyl alkanoyloxy 
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1 0  

11 

12 

0 

1 3  

7H3 
C 6 H u 0 ~ ~ ~ 0 5  -$H-C,H, 

0 

1 4  
FIGURE 6 Chemical structures of compounds 10-14. 

group are very useful to preparing ferroelectric liquid crystal mixtures with short 
response time. 

5. FERROELECTRIC LIQUID CRYSTAL MIXTURE 

Utilizing ferroelectric liquid crystal having 2-fluoro-2-methyl alkanoyloxy group as 
chiral dopant, we have prepared new ferroelectric liquid crystal mixtures (see Table 
V). The mixture, NF-3101, is characterized by phase transition of Cr-SE-SA-I, 
spontaneous polarization of 21 nC/cm2, tilt angle of 24 degree and response time 
of 27 psec, and the mixture, NF-3102, is characterized by phase transition of Cr- 
S$SA-Ch-I, spontaneous polarization of 6 nC/cm2, tilt angle of 21 degree and 
response time of 55 psec at 25°C and 10 V/pm. New designed FLC mixtures 
containing the compounds having 2-fluoro-2-methyl alkanoyloxy group can show 
very short response time. 
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TABLE IV 

Phase transition temperature and the Ps value of compounds 
10-14 

10 * 88 * * 130 * * 269 

11 134 * * 183 * 204 * 192 

12 * 94  * * 9 - 

13 * 9 2  * * - 

* 32 1 4  * 8 2  * 9 0  * 150 

C, crystalline solid; Sx, unidentified smectic phase; Sc'. a chiral 
smectic C phase; S,, a smectic A phase. 

FIGURE 7 Physical properties of FLC mixtures containing compounds 10-14. a) spontaneous PO- 
larization (nC/cm') measured by the triangular wave method at 25°C. b) apparent tilt angle (deg) under 
application of DC field at 25°C. c) response time (usec) measured by application of rectangular wave 
of 10 V/bm at 25°C. d) very small (below detection limit). 

6. CONCLUSION 

Newly designed chiral part, 2-fluoro-2-methyl alkanoyloxy group, is greatly useful 
to preparing ferroelectric liquid crystals with the large Ps value. The core structure 
of the ferroelectric liquid crystal compound also has a great influence on the Ps 
value. This effect of core structure should be attributable to the inter-molecular 
interaction between the core parts of the neighboring molecules. Moreover, we 
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100 

50 

0 

? - 0 lSO t 
- 0 

0 

00 

- 0 0  

o P % , o  

I .  

O 11 

Phase Trensltlon Tempermtures a) b) 

cr sc+ SA c h  I (P) (nC/cm2) 
("C) 'Fto-90 ps 

Code 

NF- 
3101 -9 072 082 2 7  2 1  

6 NF- 
3102 -11 64 . 74 81 5 5  

[617]/139 

c )  e 
( " )  - 

24 

- 
21 

FIGURE 8 Temperature dependence of response time of FLC mixtures containing compounds 10 
and 11. Non-chiral Sc host was doped with 11 wt% of chiral dopants. The response time, T ~ - ~  was 
measured by applying the rectangular wave of 10 V/km. 

could prepare new ferroelectric liquid crystal mixtures with short response time, 
and 30 psec. 
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