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Antiferroelectric Compounds with 
trifluoromethyl group in o-Position of Terminal 

Chain 

w. DRZEWINSKI~, K. CZUPRYNSKI~, R. DAB ROW SKI^, 

A. MURAVSKI~ 
J. PRZEDMOJSKIb, M. NEUBERT‘, S. YAKOVENKOd and 

’Military University of Technology, 00-908 Warsaw, Poland, blnsritute of Physics, 
Warsaw Polytechnic, 00-665 Warsaw, Poland, ‘Liquid Crystal Institute, Kent 

State University, Kent OH 44242, USA and dEKMO, Minsk, 220064 Rep. Belarus 

Chiral (S) 4-(l-metbylheptyloxycarbonyl)phenyl 4’-(o-trifluoroethoxyaIcoxy)biphe- 
nyl-4-carboxylates and 4’-(~-trifluoro-butanoyloxyalcoxybiphenyl)carboxylates were pre- 
pared and their phase transitions and the temperature dependence of the smectic layer 
spacings, tilt angle, spontaneous polarization, threshold and switching times for the antifer- 
roelecrtic - ferroelectric transition were measured. 

Keywords: antiferroelectrics; phase transitions; smectic layer spacings; spontaneous polari- 
zation; tilt angle; switching parameters 

INTRODUCTION 

As we have shown recently [ l ]  it is possible to obtain compounds 
having a smectic antiferroelectric phase (SmCA’) also when they contain 
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298 W. DRZEWINSKI rt (11 

terminal chain R substituted by many fluorine atoms in an analogous 
structure to MHPOBC, formula I 

The presence of the SmCK phase was observed for R= 
CnFzn+ ,COO(CH2),0 (perfluoroalkanoyloxyalcoxy group) and n= 1 +7. 
The big differences in phase diagrams and physical properties of the 
smectic phases were observed between these compounds and their non- 
fluorinated analogues [2]. Therefore it seems to be interesting to prepare 
fbrther compounds substituted with fluorine according to better known 
relations between a structure of fluorinated terminal chain R and the 
properties of the antiferroelectric smectic phase which in result would 
contribute to enlargement of the assortment of compounds able to be 
applied in displays. 

STUDIES OF PHYSICAL AND PHYSICOCHEMICAL 
PROPERTIES 

Phase transitions 
The detailed description of the preparative procedure for compounds 
with R in the form of CF3CH20(CH2)m0 and CF~CH~CHZCOO(CH~)~O 
(series 1 and 2) are given in a Ph.D. thesis [3] and in the paper [4]. 

Phase transition temperatures and enthalpies for series 1 and 2 are listed 
in Table I and are compared with the ones having the terminal chain in 
the form of CH3CH20(CH2)20 or CH~CH~CHZCOO(CH~),O or 
CF$F2CF2COO(CH2),,,0 [S]. The presence of CF3 group in the 
terminal position of the chain strongly favors appearance of the tilted 
phases, especially the SmCL one. This phase was observed in series 1 
even for the members with a very short terminal chain R while for their 
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ANTIFERRO. COMPOUNDS WITH TRIFLUO. ... 299 

hydrogen analogues (see la') only the smectic A phase above the 
melting point was seen 

TABLE I Temperatures ("C) and enthalpies (kcaVmol, second 
line) of phase transitions for compounds of series 1, 2, 3 and 4 

from DSC; experimental procedure the same as in [ 5 ]  
No R Cr SmL' SmC.,' SmC' SmA IS0 

l a  CFI-CHI~(CHI)IO- ' 107.4 - 127.0 - * 151.2 * 
la'  CHl-CH1O(CH&O- * 102.3 (90.5)' . 148.1 * 

6.25 0.06 1.30 

Ib CFICH~~(CHI)IO-  

I C  CF,CHiO(CHi)40- 

Id CFJ-CHIO(CHI),O- 

2a CFICHICHICOO(CHI)@- 

2b CF,CHICHICOO(CH~)~O- 

38 CHJCH~CHICOO(CHI)~O- 

3b CHiCHiCHiCOO(CHi)G 

4a CFJCF~CFICOO(CH~)IO- 

4b C F C F ~ C F E W C H I L O -  

6.20 
106.6 
8.3 

121.3 
7.90 
75.2 
6.SO 
99.0 
6.6 
87.4 
9.5 
67.0 
5.04 
69.9 
8.5 
83.5 
4.42 
69.8 

* 

* (43.0) 
0.3 . 

* (54) 

123.5 
0.10 
127.0 
0.02 
126.7 
0.10 
1 11.3 
0.02 
112.0 
0.03 
92.8 
0.09 
91.5 
0.02 
121.0 
0.02 
120.7 

133.0 
0.10 
127.3 
0.00 
122.2 
0.12 
114.8 
0.16 

100.6 
0.08 
123.6 
0.28 
125.6 

1.90 
134.0 
1.20 
145.6 
I 3 0  
137.3 
1.10 
126.8 
1.28 
116.9 
0.81 
116.2 

I .3 
110.6 
1.00 

128.8 
0.73 

a - in the recent work [ 5 ]  we termed t ius monotropic phase as Bhcx but our 
further miscibility study and the observation of the change black monotropic 
texture to transparent one during the transition gave evidence that it is a tilted 
IA phase. 

An increase of the length of spacer in the all listed series decreases the 
melting points, clearing points and the range of SmA phase but do not 
depress tilted phases SmCh and SmC. 

Smectic laver wacings 
The temperature dependence of smectic layer spacings (d) for 
compounds series 1-4 are given respectively in Figure la, b, c, d. For 
series 1 the compounds having the even number of atoms in the terminal 
chain R ( l a  and Ic, respectively 6 and 8 atoms) show thicker smectic 
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300 W. DRZEWINSKI e t a /  

layer spacings in the smectic A phase as well as in the smectic CL phase 
than the following members having the odd number of atoms in this 
chain: (1 b and 1 d, respectively 7 and 9 atoms), Figure 1 a. For series 2, 3 
and 4 the compounds 2% 3a, 4a having the odd number of atoms in R 
(nine) exhibit the thicker smectic layer spacings than the following ones: 
(2b, 3b, 4b; ten atoms), Figure lb, c and d. 

3,3 

3.2 
3,1 

3.0 3.2 

.I0 t-!,,["Cl5 40 .x .50 -20 -10 0 10 
I+.. I'C] 

FIGURE 1 The smectic layer spacing versus temperature for the 
compounds of series: 1 (a), 2 (b), 3 (c) and 4 (d), for 4b ti, was 
taken instead of k - ~ ;  X-ray DRON-UH2 difiactometer and the 
semifree film of the liquid crystal (the liquid crystal was placed on 
a single glass support) were used. 

The increase of the chain R results in decreasing of the ratio ddA, (dA- 
layer spacing for SmA phase), Figure 2; these molecules are more tilted 
in the smectic layers. The ratio d/dA changes with temperature in the 
most rapid way for the compound lc in which the chain R contains four 
methylene group as the spacer (m4).  The m e  was found for series 2, 

3,4 where the ratio d/dA were also smaller for compounds with m=4 for 
the same t-tC.A. 
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',0° 1 

0.94 7 

-35 -20 -5 t-tCJC] 10 

FIGURE 2 
temperature in series 1. 

Comparison of the change of the ratio d/dA upon 

The data listed in Table I1 lead to the conclusion - the exchange of the 
methyl end group (CH3) for the trifluoromethyl group (CF3) in the chain 
C H 3 C H 2 0 ( C H 2 ) , 0  or C H 3 C H 2 C H 2 C O O ( C H 2 ) , 0  causes the decrease 
of the smectic layer breadth in the SmA phase (dA) as well as in the 
SmCA phase in spite of the longer molecules. Simultaneously the ratio 
dC*A/dA decreases and tilt angles B,, and B,, €I2, 0, increase. 

TABLE I1 Comparison of the data for the smectic layers from 

X-ray scattering. The tilt angles: el,  B2 and 0 3  - arccos ( & * d d A  

or dCeAmuJl or &.A(20)/1) and Bq, from optical measurements 

LmI "nl [ml I k l  I k l  ldsgl ldcg] 
No 1' dA &*A, d c * ~ d I  ddl d d d ~  8s (w) 82 e,(ZOf 8a(20)b 

la 3.577 3.23 3.10 0.867 0.903 0.960 29.9 16.3 29.6 23.2 
la' 3.491 3.43' . - 0.982' - 
Ih 3.712 3.20 3.04 0.819 0.862 0.950 35.0 18.2 34.7 28.1 
Ic 3.765 3 47 3.28 0.871 0.922 0.945 29.4 19.0 29.1 29.0 
Id 3.960 3.40 3.23 0.816 0.859 0.950 35.3 18.2 35.1 33.8 
2a 3.811 3.44 3.25 0.853 0.903 0.945 31.5 19.1 31.5 31.3 
2h 3.765 3.43 3.19 0.847 0.911 0.930 32.1 21.6 31.8 34.4 
3a 3.779 3.49 3.33 0.881 0.924 0.954 28.2 17.4 28.2 24.3 
3b 3.771 3.44 3.17 0.841 0.912 0.922 32.8 22.9 - 30.7 
4a 3.811 3.29 300 0.787 0.863 0.912 38.1 24.2 37.3 39.0 
4h 3.842 - 2.93 0.763 - ~ 40.3 . 39.6 40.3 

a - HyperChem program; b-at distance of 20°C from transition to A phase; 
c - maximum value, dA increases with temperature decrease. 

The enlargement of the fluorinated part of the chain R (the change of 
C F 3 C H 2 C H 2 -  group for CFJCF~CF~-) involves further diminishing of the 
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layer spacings in the both above mentioned phases and an increase of the 
tilt. The largest values of tilts (39 deg and 40 deg) were found for 
compounds 4a and 4b with the chain CF3CF2CF2COO(CH2), (m=3 and 
4 respectively). The molecules with methylene spacer m=4 in the series 
2, 3 and 4 and with m=5 for series 1 have the largest tilts. 

Spontaneous polarization and antiferroelectric-ferroelectric 
transition 

The spontaneous polarization and switching properties measured for 
temperature 20°C and 30°C below the transition to the SmA phase (t-tA) 
are listed in Table 111. 

-50 -35 -20 t-t,.,[OC] -5 

FIGURE 3 
and Vw for compounds la, l c  and 3b. 

Temperature dependence of threshold voltages VIO 

The polarization values change in the range of 100+300 nC/cm2, 
but they are different from the ones resulting from the relation between 
the value of the polarization and the structure of the alkyl tail R. For the 
same pairs of analogous compounds with fluorinated and nonfluorinated 
chains the fluorinated ones have a larger polarization (see the examples 
of the compounds 3a and 4a) but for the other pair (see 3b and 4b) both 
compounds have a large spontaneous polarization. Such situation may 
be understood if we take into account the fact that only molecules with 
hindered rotation participate in the creation of spontaneous polarization 
[6,7]. According to Raszewski et al. calculations concerning the 
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ANTIFERRO. COMPOUNDS WITH TRIFLUO 303 

molecules with chiral center COOCH(CH~)C~HI~ less than a dozen 
percentage of all ones [7] stopped their rotation and therefore small 
effects may influence the equilibrium between hindered and free rotated 
molecules. Threshold voltages and the shape of hysteresis curves have 
strongly individual characters, see Figure 3, but some relation with the 
structure of R are seen 

TABLE 111 Comparison of spontaneous polarization (Ps) and 
electrooptical data for antiferroelectric-ferroelectric transition (F) 

( V I O , ~ ~ ,  50.50, t50.0, ~ - 5 n + + 5 0 )  for compounds of series 1-4 at 
temperature 20 and 30°C below transition to smectic A phase. 

No V,,[Vl Va [y Ps [Clml’l rccro, IPS1 ‘ k N + * J O I  [wl 4,c-ol~wl 
la 29.0 15.7 I00 24 30 35 

I00 28 32 35 
Ib I6 6 6 1  I70 1 5  28 56 

30 34 60 
Ic 176 99 

15.2 1 3  
Id 21 6 12 I I70 34 24 57 

23 9 I4 4 190 41 27 63 
2n I I  5 12 I50 

15 3 
2b I I  3 

14.6 
3a 20.2 

24.3 
3b 41 

5.6 
4a 10.0 

I4 7 
Ah 

12 
3.4 
4.8 
7.7 
4.3 
I .o 
0.3 
1.3 
1.5 

~~. 
I75 
I80 

130 
165 
210 
280 
300 
340 
i7n 

I I  
37 
51 
31 
41 
14 
19 
20 
22 

30 
38 
45 
16 
27 
27 
35 .. 
28 

33.5 

68 
200 
180 
154 
133 
126 
10s 
42 
41 

7.9 1.9 200 12 41 71 
VIO - transmitance reaches the value of 10%; VW -transmime falls to 90%. 

All measurements were done in the glass cells 13x15 mm with IT0 electrodes 

5x5 mm (resistivity 100-200 Ohm). The cells gap was 1.7 pm. The SmCi  had 
planar alignment mode by parallel rubbed nylon-6 (20 nm thick). Spontaneous 
polarization was measured by the triangle wave form method (91 at 100 Hz. 

The all fluorinated compounds of series 1 have high values of Vl0 and 

they are much higher than for the fluorinated esters 2 and 4. In series 1 

the values of VW are very different, the members l a  and Id show the 

large value of VW but lb, Ic show the small value of Vw 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

43
 1

6 
A

ug
us

t 2
01

2 



304 w. DRZEWINSKI et ui. 

Nonfluorinated esters 3a have also a large threshold VIO and a broad 

hysteresis curve, but members with m=4 have the smallest threshold 

voltages Vlo and VW. It seems that the correlation between threshold 

voltages and the tail structure exists and the compounds with methylene 

spacer m=4 have smaller both threshold voltages Vlo and VW, In 

majority of cases the increase of temperature reduces the voltages Vlo 

and VW and differences VIO-VW near transition to C* phase falls to zero 

and some cases of thresholdless transition AF-F is observed [8]. 
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