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Bicomponent System with Induced 
Antiferroelectric SmCA* Phase 

SEBASTIAN GAUZAa, KRZYSZTOF CZUPRYI'hKIa, 
ROMAN DqBROWSKIa, WOJCIECH KUCZY6SKIb and 

DAMIAN POCIECHA' 

aMilitary University of Technology, Warsaw 00-908, Poland, bInsti?ute of Molecu- 
lar Physics, Polish Academy of Science, Poznad60-I 79, Poland and CLaboratory 

of Dielectrics and Magnetics, Warsaw Universiv, Warsaw 02-089, Poland 

In mixture of two ferroelectric compounds: 4-( I-methyloctyloxy-carbony1)phenyl 4'-octy- 
loxybiphenyl-4-carboxylate and 4-(1-methyl-heptyloxycarbonyl)phenyl 4-(peflUOrO- 
hexyl-2-etoxy) biphenyl-4-carboxylate an antiferroelectric SmCA* phase was induced. 
Dielectric and electrooptic properties were investigated and discussed. V-shaped switching 
was observed in this mixture. 

Keywords: phase diagram; chiral smectic Cp*; induced antiferroelectric phase; X-ray scat- 
tering; dielectric permittivity; V-shaped switching 

INTRODUCTION 

Recently we observed that an antikroelectric smectic phase (SmC,,*) 
was induced hamixture oftwo chiral esters"].  he h ester M a 

partially fluorinated terminal chain and phase sequence smc~*-smA- 
Is0 and the second ester had only a hydrogenous tenniaal chain and 
phase sequcact SmA-1~0. The &m stability of thc induced 

11 14511189 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

41
 1

6 
A

ug
us

t 2
01

2 



1904 1 I461 SEBASTIAN GAUZA ei al. 

SmG* phase was observed for mole ratio 1:l and equilibrium between 

induced S d a +  and SmC# phases existed in the broad temperature 

range on the side of excess of the fluorinated compound. This material 
showed V-shaped switching in this labile region. We decided to look for 

other, similar systems, especially for that which could have the phase 

transition sequence SmCp+-SmA on both sides of the induced SmCA+ 

phase. We found that such properties show the bicomponent system 
composed of compound 1 (the same as previously investigated) and 

compound 2 having the following formulas and phase transitions: 

F,,C,CH,CH,O *C00-@OOF’HC.H,, CH, 1 

Cr, 80.7 Cr 98.1 SmC,,* 148.1 SmA 183.6 Is0 

Cr, 60,8 Cr 79.7 (SmlA* 65.8) SmCp* 118.4 SmC,* 118,7 SmA 144.1 Is0 

Both components of the mixture possess the fmoelectric S d p +  phase. 

None of them exhibits (enantiotropic or monotropic) the 

antiferroelectric SmCA* phase which was confinned by miscibility 
studies of compounds of similar structure having a S&A* phase. 

In this work we present thennomicroscopic, X-ray, dielectric and 
electrooptic studies of mixture 1-2. We believed that better knowledge 
of systems with iaduced S d A +  phase would input to discussion about 
sense of fiiustration in v-~haped switching phenomena I2] as well as it 
would introduce a new method of the formulation of antifkrroelectric 
materials with strictly adjusted properties. 
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INDUCED ANTIFERROELECTRIC smC,* PHASE [ I  147]/191 

EXPERMENTAL PART AND RESULTS 

Thermomicro~D icstudKs 

The phase diagram of bicomp~nent mixture 1-2 is mscnteed m F i g m  1 .  

It was obtained by weighhg separate samples of each concentration. 

The temperatures of phase transitions were determined by using a 

Linkam THMS 600 hot stage and Biolar PZO polarizing miCroscope. A 

liquid crystal was pla~ed &een thin microscope plates without 

spacer. The induced antifkroelectric SmCa* phase started to create 
after introducing a hoorinated conrpoluad 1 ,  only m amount of 0,05 

mole & d o n  of 1, to non-fluorinated compound 2 and it existed for 

FIGURE 1 Phase diagram of mixture 1-2 from polarizing microscopic 

observations during -heating, ---cooling. The curves -..-relate to 

hysteresis of S m C A *  to S d p *  transition h m  dielectric mwlsurements. The 

gray colour shows the area, wherem V-shaped switching is observed. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

41
 1

6 
A

ug
us

t 2
01

2 



1924 I 1481 SEBASTIAN GAUZA et al. 

wide concentration range of 2 between 0,25-0.95 mole fraction of it. 

The temperature 1 10°C was the maximum value for the thermal stability 

of the induced antifkmektric S&A* phase. We observed wide 
temperature hysteresis for transitions between iuduced antkoelectric 

S&A* and ferroelectric SmCp+ phases during heating and cooling 

cycles. The h w  is smaller in the central psrt of induced SmCA+ 

phase and wider onits sides, where it begins to form 

X-rav studies. Tempemtw and concentration d d e n c e  of saectic 
laver SpaEieOs 

UH2 and by GUinier c 8 m e ~ ~  during cooling cycles also a semifree liquid 

crystal film supported on thin glass plate was used. The change of the 

smectic layer spacings (d) and relative layer spacings (ratio d/dA)  for the 
mixture 1-2 upon temperature and for different concentration of 2 is 

presented in Figure 2aand2b. The values ofd inthe SmAphase ofboth 
single compounds change. They are 3,46 am and 3,77 nm, respectively, 

for compounds 1 and 2 at 10 OC above the transition to the tilted phase. 

The -tic layer spacings were measured by difractowtm DRON- 

. c :m 0.78 d2 

0 5 . 4  

3.2 

- z u a ? ~ ~ ) a a i m  
TM-TI 'C 

FIGURE 2 Temperature dependence of the smectic layer spacings d -a 

and relative layer spacings (d/dd -b of compounds 1 and 2 and their 

UlhUES. dA - maximum Spacing Of s d  phase. 
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INDUCED ANTIFERROELECTRIC SmCA* PHASE [ I149]/193 

Tlae W i c  layer spacings of their mixtures for SmC@* and SmC,+* 

phases decreased quicker than the $11 of the concentration of non- 
fluorinated compound (see Figure 2b). The transition between smC~* 

and SmCA* phase is well seen as the small drop of value d what 
confirms that the i n t d  layer structure is actually being rebuilt and 
that the phase of separation is not observed. The layers ace tilted at 

Tc-A-T = 50°, respectively for compouad 1 - 0,78 and 2 - 0,93 

(calculated h m  a), 1 - 0,91 and 2 - 0,98 (calculated h m  ad,+). At 

low tempmtm the obsenned imease of d is related to the presence of 
S ~ A *  phase for siagk compouds 2 and to crydIk&n for other samples. 

. . .  . .  Dielectric and 
Dielectric and electmoptic investigations were perfonned using 2 p  

thick cells purchesed from EHC (Japan) and 5 pm thick cells purchased 

firom Linkam (UK). The mvedgated materials were introduced in their 

isotropic phese into the measuring cells by capillary action. The samples 
were heated up to the isotropic phase prior to the measurement and then 
slowly cooled to the SmA p b .  In most cases this procedure was 

sufiicient for obtaining good homogeneous planat alipnment of 
samples. The electric permittivity wasmasurtdwiththeimpedance 

andyzer HP 41% using the voltage of OSV. Switchiug observations 
were canied out on the sample in extinction position between crossed 

polarizers on the microscope stage using a modified Mettler stage 

connected with Unipan (Warsaw) type 650 temperature controller which 
secured the h q m a t u e  stability of about fo.01 K. Triangle-shaped 
voltage of 10 to 4OV amplitude and 0.03 to 300 Hz frequencies was 

applied to tbe electrodes. The intensity of light passing through the 
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1944 1 150) SEBASTIAN GAUZA et al. 

sample, polarizer and adyzcr was registed using a photodiode 

cormected to a prearaplifier and storage oscilloscope HP 54602A. More 
details are given m work 

Dielectric mesurement gives fiuther confirmation of the elristence of 

induced s d ~ *  phe4e 1-2 IllkhlE, See F W  3. During COO@, the 
dielectric permittivity kreases from the value 5 in the paraelectric 
SmA phase to about 75 m the helectric state. During further cooling, 

the high value of permittivity persists up to 98 "C for 0.6 mole M i o n  

of 2 for example, and then quickly starts to dtcrease (Figure 3Ac). The 

microscope field observations simuhaneously reveal that a change of 
texture starts to perform at this temperature, Figure 3Bb. At 50 "C, for 
the 98me composition, the dielectric permittivity settles slightly below 

10 and the texture b the whole chsracteristi of SdA'phaSe. 

Lhring heating, this texture and low value ofpermittivity E persist up to 

119"C,mthistempcratureasuddentransitiontothehelectricstate 

takes place, what is demonstrated by the change ofboth texture and the 
value of E. The observed hysteresis strongly depends on composition, 
Figure 3A. The transition temperatures measured during cooling and 
during heating di&r, respectively, for mole W i o n s  of compound 2: 

0.15 - 9, 0.3 - 40, 0.6 - 22, 0.75 - 22, 0.9 - 49 degrees. The largest 

temperature hysteresis of the transition between ferroelectric and 
antSxroelectric phese~ was observed while s~c,' was arising. It is a 

very striking feature of the induced antifemelectric phase, Figure 3. 

Similar fkatura are shown for the electrooptic responses (Figure 3B). 
Thresholdless, V-shaped switching can be observed in all investigated 
mixtures with inducad SmC; phase, but for Merent electric field 

conditions, see Figure 4 and Figure 5. As Figure 4 demonstrates, at low 
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fkequencies of the applied triangle-shaped voltage, the typical V-shaped 

switching is observed (the small hysteresis in the low-fiequency region 

is probably caused by ionic current effects). This type of switching 

appears at high temperatures, wherein the ferroelectric SmCp' phase is 

stable in bulk samples but it also exists at lower temperatures, wherein 

the SmCp* and S&A* phases are in equilibrium (Figure 5). The texture 

observation revealed that in a large part of the induced SmCA+ phase a 

strong electric field caused the transition to the SmCp* phase. Hence, 

the SmCp* phase exists in whole temperature range where the 

thresholdless change of light transmission occurs. They cover almost the 

same temperature range as the hysteresis region (see Figure 5). 

0.m 

FIGURE 3 Temperature hysteresis of electric permittivity - A and 

light transmittion - B measured at frequency 440 Hz in the 1-2 mixture 

for a-0.15, b0.3, c-0.6, d-0.75, e-0.9 mole fixtion ofcompound 2. 
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1964 1152) SEBASTIAN GAUZA el al. 

This observation agrees with the current hypothesis, that the 

thresholdle~ d ~ h b g  appears in S d p *  phase under certain 
conditions t41. 

FIGURE 4 V-shaped switching in the mixture 1-2 for a-0.15, b-0.3, 

c-0.60, d-0.75, e-0.9 mole hction of compound 2 upon frequency at 

temperature 115 OC. S m C i T ,  SmC; equilibrium region fiom the 

dielectric observations is marked by gray color. 

DISCUSSION AND CONCLUSIONS 

Performed experiments demonstrated that the antiferroelectric SmCa* 

phase may be induced by mixing fmelectric components. The 
observed enhancement of SmCa* phase is probably the result of 
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INDUCED ANTIFERROELECTRIC SrnCA* PHASE [ I  153]/197 

molecular layering in such way, that the chain of fluorinated molecules 

alternate each other with the chain of hydrogenous molecules. It reduces 

repulsive forces and increases attraction force due to greater dipole- 

induced dipole interaction. Such dimmer like ordering of molecules was 

FIGURE 5. Electrooptic switchhg in mixture 1-2 for: a-0.15, M.3, c-0.6, 

d-0.9 mole hction of compound 2 at fkquency 0,3 Hz and various 

temperatures. smck~t S ~ C ;  e q u i l i i  region from the dielectric 

observations is marked by gray color. 
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198/[ I 1541 SEBASTIAN GAUZA et al. 

proposed for chain fluorinated smcctic c esters ty ~anulis et a1.['1. In 

such mixtures , the molecular interactions leading to either sytaclinic 

(ferroelectric) or anticlinic (antifkrmelectric) order can be of very 

similar strength in some concentrations and temperature regions, 

especially where SmC,+* phase starts to induce, see Figure 1. The 

SmCa* order is strengthened at lower temperatures especially for 

concentration 1 : 1. The switching for antiferroelectric-telectric field 

which induced tramition at lower temperature region was not measured 
because tbe threshold was too high for used field voltage and the 
measurement results will be presented in other work soon. Frustrations 

resulting h m  the competition between thoelectric a d  

antiferroehtric ordering gives hysteresis in high temperature for the 
S ~ C ;  S~C' transition as well as v-shaped switching. We suppose, 
that the presence of hysteresis is a token of the threshold-less switching 

(see Figure 1). 
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