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(Received 29 November 1993; accepted 2 March 1994) 

A new series of chiral homologous thiobenzoates with non-chiral end chains 
ranging from heptyloxy to octadecyloxy has been synthesized and characterized. 
The mesomorphic properties have been analysed by optical microscopy on pure 
compounds and mixtures, DSC, and electro-optical and pitch measurements. They 
display a very rich polymesomorphism including SA, S&, S:, S& SzA phases 
with reference to the compound MHPOBC through miscibility tests. Peculiarly 
noticeable are: (i) two S&, phases sandwiched between Sc and SEA phases in some 
compounds; (ii) full miscibility between the SzA phase and the Sb phase of the 
racemic reference compound MHTAC which leads us to question whether the SsA 
or S& symbol should be used to designate the antiferroelectric smectic C* phase; 
(iii) odd+ven cancellation of the S& phase in relation to both the chiral chain 
and the alkyloxy chain; (iv) a reentrant sequence, C SC SCA SC SA I, in a pure 
compound assessed by a phase diagram. The electro-optical measurements were 
carried out with the classical SSFLC geometry. The field threshold is determined 
for each titled mesophase. One can note: (i) a low threshold whatever the phase; 
(ii) a first plateau at 0.4 V pm - ' and a saturation at 1 V pm- ' in the S&, phase; 
(iii) strong pretransitional variations of the pitch at the SzA-S& and S&S: 
transitions. 

1. Introduction 
Chiral ferroelectric mesogens have been paid much attention especially during the 

last four years as materials for display application [ 1-41. A side issue of this wide search 
has been the description of numerous complex structures combining chirality, smectic 
layers and dipole order [5-lo]. This paper presents a detailed analysis of a new chiral 
series derived from 4-mercaptobenzoic acid. 

2. Materials 
The compounds studied have the following general formula: 

where n = 7-12, 16, 18 and m =4-8. 

* Author for correspondence. 

0267-8292/94 $10-00 0 1994 Taylor & Francis Ltd. 
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The synthetic route is briefly summarized below: 

\1 a : Et3N. CH2C12 

Finally: 

H(cH,),o-@ COS-@COOH 

@CH~O-@COOH + HO~H*(CH,),H 

CH, 
b : DCC, DMAP, CH2C12 

\1 c : Pd/C, AcOEt, EtOH 

Following the same scheme, a few racemic compounds have also been prepared with 
n =  10-11 andm=4-8. 

3. Mesomorphic properties 
The phase behaviour of the series of chiral compounds is summarized in table 1 and 

figure 1. The compounds are smectic A (SA) over the entire series. The clearing 
temperature decreases regularly with no odd-even effect. The smectic S:, precedes the 
helical smectics from n = 8 to n = 12. As usual its temperature range is limited. The 
ferroelectric smectic C* phase (S:) appears at n = 10 and becomes dominant over all 

"" 
6 8 10 12 14 16 18 20 

n 
Figure 1. Phase behaviour of the chiral compounds as a function of alkoxy chain length. 
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other phases for longer alkoxy chains. The antiferroelectric smectic C* phase (SEA) is 
detected from n = 9 to n = 16. The temperature range also decreases with the chain 
length. 

No direct change from SE to SEA could be observed in this series of pure chiral 
compounds. When simultaneously obtained, the two phases are always separated by 
one or two intermediate ferrielectric phases (S&J. 

As an example of the microscopic characterization, figure 2 shows the modification 
of the texture in a sample of the undecyloxy derivative on passing from Sc* (figure 2 (a) )  
to SzA (figure 2 (d)) via the two intermediate phases (figures 2 (b) and (c)) ,  supposedly 
of the same SE,, type (see further discussion). The above assignment of the different 
smectic phases relies mainly on the miscibility diagram between this undecyloxy 
derivative and the well-known compound MHPOBC shown in figure 3. In this way we 
have been able to assess the isomorphism for all phases but one. This additional 

Y . 
E- 

n =11 X MHPOBC 
m = 6  

Figure 3. Isobaric binary phase diagram showing the isomorphy of the phases of the 
thiobenzoate with n = 11 and m = 6 with MHPOBC: 

H(CH2)&@@COO@ COOfH*(CH2)# 
CH3 

J 
106 110 1l4 118 122 

T I  'C 
Figure 4. DSC thermogram for the chiral decyloxy derivative. 
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Table 2. Transition temperatures ("C) for racemic compounds. 

10 4 96 - 122 123.5 160 
11 4 92 - 0 121 0 130 0 157 0 

10 5 90 - - 123.5 155 
11 5 87 - - 0 130 0 153 0 

11 6 78 - - 0 126 0 148 0 

12 6 0 61 0 65 0 103 0 128 0 144 0 

13 6 59 - - 130.5 143 
10 7 84 - - 0 119 0 146 0 

11 7 76 - - 0 125 0 145 0 

10 8 80 - 0 91 0 117 0 144 0 

11 8 72 - - 0 122 0 141 0 

Table 3. Transition temperatures ("C) for the chiral compounds with m = 5 or 6. 

n m C  '8 ,  s,*, 1 %I* S,* Sc*, S A  I 

10 5 107 - - - 119 - 0 153 0 

11 5 104 - - - 129 - 0 151 0 

10 61. 106 112 114 119.2 120 122 150 
11 6 t  95.5 101 104.5 111 125 126 147 

i From table 1. 

mesophase is clearly detected by optical observations and DSC (see figure 4) in several 
compounds of the series. Our suggestion that it could be another ferrielectric smectic 
C* is based on the pitch measurements described later. 

At this point it is worth recalling that a previous study of miscibility carried out by 
Heppke et al. [ 113, using MHPOBC (see caption to figure 3), with MHTAC, shown 
below, has shown that the SEA phase of the former is isomorphous with the S8 phase 
reported in the latter by Levelut et al. [ 12-14]. We have confirmed these observations 
with our compounds. One of the symbols then appears redundant. 

I 

The racemic compounds in table 2 and the chiral compounds in table 3 help us to 
discuss in a more detailed manner the behaviour of these closely related phases with 
respect to chain lengths. The phenomenon which is especially spectacular in these tables 
is the odd-even cancellation of the S,*, or SC, phases [15]. The etfect with m appears 
most dramatic: neither a SC, nor a SEA is observed with odd values. Although the SC, 
phase is also absent for odd values of n, this odd-even influence of n appears milder 
on the S,*, phases of the chiral compounds (see table 1). An even-even combination 
of chains is obviously required to obtain the SC, phase, but not for the S,*, one. The 
crucial role of the parity of the chiral chain (m) shows up for all the other helical 
structures except the S,* phase (see table 3). Note finally a reentrant smectic C phase 
in the pure racemic compound (n = 12, m = 6) in table 2. This phenomenon was 
previously mentioned by Hamelin et al. [ 161, and Heppke et al. [ 1 11, in the MHTAC 
series. 
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0.5 1 
n =11 X n =12 
m = 6  m = 6  
racemate racemate 

n = 11 (left) and n = 12 (right). 
Figure 5. Isobaric phase diagram between the two successive homologous racemates with 

4. Miscibility studies 
An additional study of phase diagrams has been conducted involving the racemic 

compounds in table 3. We first checked the reentrant character of the SC phase of the 
dodecyl racemate and studied its binary diagram with the undecyloxy homologue. This 
behaviour is clearly shown in figure 5 in which the SC phase surrounds the SC, domain. 
It must be mentioned that hysteresis plays an important role at the transitions among 
S C ,  SC, and Sc, phases. (All temperature measurements for the phase diagrams are 
reported upon cooling.) Moreover the textural differences between the SC, and SC 
phases are far less obvious than those between a nematic and a smectic A phase in 
cases of nematic reentrance. For this reason the termination of the SC, domain is 
difficult to locate precisely and could only be extrapolated. Nevertheless the SC, phase 
is undoubtedly absent for a molar fraction of less than 0.5 for the undecyloxy 
compound. 

Then we used this technique to check the miscibility between the chiral { ( R )  or ( S ) }  
dodecyloxy enantiomer and its racemate. The diagram in figure 6 shows total miscibility 
between the two SA phases, the high temperature SC and the S,? phases and the SC, and 
the SEA phases. The transition between the SEA phase and low temperature reentrant 
Sc-alternatively SZ-progressively drops toward crystallization. On the other side the 
Sza and S$F,(I + 2 )  phases soon disappear with decreasing chirality (molar fraction of the 
racemic compound >0.3). At lower enantiomer content of the mixture, DSC and 
optical microscopic observations agree with a direct transition between S,? and S,?, 
phases. Although previously reported in pure chiral materials [ 171, this behaviour is 
only detected in our work in these mixtures where the optical purity is lowered. 

Finally, figure 7 shows the miscibility of the S,* and SC phases of the undecyloxy 
derivative and its racemic analogue, respectively. The extension of the S&,,, + 2 )  phases 
above the S,?, phase is notable in this system: it makes it impossible to reach a direct 
S,?-S,?, transition as previously mentioned by Hamelin [16]. Note in this case too the 
rapid expulsion of the SZm phase. 
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5 . 
c 

n =12 X n 4 2  
m = 6  m = 6  
(R) * racemate 

Figure 6. Isobaric phase diagram between the n = 12, rn = 6 enantiomer (left) and its 
homologous racemate (right). SCrc for reentrant smectic C. 

n =I1 
m = 6  
(R) * 

X n =11 
m = 6  
racemate 

Figure 7. Isobaric phase diagram between the n = 11, rn = 6 enantiomer (left) and its 
homologous racemate (right). 

5. Electro-optic properties 
These have been investigated using the undecyloxy compound. The material was 

confined between two IT0  coated glass slides; the active area was 0.25 cm'. To achieve 
a planar alignment the glass surfaces werc coated with a polyimide layer which was 
rubbed unidirectionally. The thicknes\ ofthe cell was 7.5 ,um (obtained using fibre glass 
spacers). A good planar orientation was achieved by slow cooling through the isotropic 
to Sn phase transition (O+l°C min- '>. A classical electro-optical set up was used for the 
measurement of switching current, response time and apparent tilt angle. 
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Figure 8. Apparent tilt angle versus temperature ( E  t 2 V pm - '; v = 0.2 Hz). 

10 

0 ' 8 ' I ' I . I .  

80 90 100 110 120 130 
T i  "C 

Figure 9. Spontaneous polarization versus temperature ( E  = 2 2 V pm ~ '; v = 15 Hz). 

(i) The apparent tilt angle 0 of the molecules from the normal to the smectic layers 
was measured from the difference between the extinction positions between crossed 
polarizer and analyser under an AC field ( +- 2 V pm- ') and at very low frequency 
(0.2 Hz). The field was sufficient to induce the phase transition from all S&, S,!,,, SEA 
phases to the SZ phase (see figure 8). 

(ii) The spontaneous polarization measurements (see figure 9) were also performed 
under an AC field at saturation ( E  = +- 2 V pm - '). In both cases, no anomaly could be 
detected on the 8(T) and the P ( T )  curves at the phase transitions. 

(iii) On the contrary, the measurement of the polarization versus field shows 
significant differences from one phase to the other. The SS, phase requires a relatively 
high field to accomplish transition to the ferroelectric phases, and there is a threshold 
field (see figure 10). The threshold diminishes with temperature (see figure 11). In the 
SZ,,, and SZF12 phases the behaviour is similar (which supports our suggestion that both 
phases are of the same nature): at low field a step is reached approximatively at P/2; 
this step seems to be characteristic of these phases (see figure 12). Finally, in the S z  
phase, saturation is reached with a field as low as 1 V pm- (see figure 13). 

6. Pitch measurements 
We have used the dodecyloxy derivative for helical pitch measurements. As 

previously described [I  81, we use prismatic cells with a weak edge angle ( < 0.25 
degree) oriented in the Grandjean-Can0 texture; the required orientation is complanar 
(pseudo-homeotropic). A good orientation is easily obtained in the SZ phase leasing to 
the observation of a large number of equal width Grandjean-Cano steps, thus allowing 
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Figure 1 1 .  Polarization versus field at 98°C (SF, phase; v = 15 Hz). 

Figure 13. 

.. 

0 1 2 3 
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Polarization versus field at 120°C (Sr phase; v = 15Hz). 
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Figure 14. Helical pitch versus temperature in the S$ phase (open circles), SEFI phase (full line) 
and S& phase (open squares). 

an accurate measurement of the pitch and of its temperature dependence. On the 
contrary the quality of the orientation is rather poor for the SzA phase, with only a few 
steps available (2 to 5). 

The selective reflection of the light occurring for the S z  and S& phases allows a 
check on the measured pitch values: we have especially verified that the Grandjean steps 
are actually related to the full pitch in the S z  phase and to half the pitch in the SSA phase. 
Moreover, the direction of rotation of the helix can be determined by analysing the 
direction of the circularly polarized reflected light andlor the sign of the rotatory power. 
In the S& phases, no Grandjean-Can0 steps could be obtained and we cannot provide 
any precise value of the pitch for these phases. Thus we provide only a qualitative 
description of the variations of the helix. These have been established from complanar 
flat droplets [ 181 in which one can observe: (i) equal thickness fringes, roughly parallel 
to the edge of the drop, which tighten when the pitch decreases and move apart when 
the pitch increases and (ii) disordered Grandjean-Cano threads which cross the sample 
more or less rapidly, accounting for a more or less important temperature dependence 
of the twist. Altogether the results are reported in figure 14. 

At low temperature in the S z  phase, the very short pitch ( p  = 0.355 pm at 112-3°C) 
corresponds to selective reflection of green light (normal reflection, with 
R = np = 0.55 pm); the pitch slowly increases with temperature up to 0.39 pm at 125"C, 
the corresponding colour being yellow green. Then the pitch decreases between 125 
and 129°C: the colour changes progressively from yellow to green, blue and violet. 
Finally a sudden steep drop in the pitch occurs at about 129.2"C-129.4' from 0.27 pm 
to less than 0.1 35 pm, with a rapid change of the colours over a second complete visible 
spectrum; these last reflections are related to the pitch by 2 = 2np and are the so-called 
'full pitch reflections' for very short values of the pitch. This last sudden step is a 
commonly observed signature of a weakly first order or second order SE-SA transition. 
We note that we cannot distinguish the Szol phase in these pitch measurement 
experiments. In addition the sense of the rotary power and the sense of the circularly 
polarized reflected light indicate that the helix is right handed for the S,* phase of the 
R enantiomer. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
6
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1
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In the SEA phase, the pitch is also very short and remains quasi-constant: p = 0.40 pm 
(orange reflection) at 85°C 0.39 pm (orange yellow reflection) at 107.6"C; the sense 
of the helix is left handed, opposite to that observed for the S z  phase. In fact the reversal 
of the helix occurs somewhere in the domain corresponding to the S&,, and S& phases. 
The twist ( U p )  varies steeply on both sides of the ferrielectric domain with rapid 
variations of the reflected colours (see full lines in figure 14); then the variation of the 
twist slows down and seems to be progressive, and finally the pitch diverges at the 
reversal. The two different S& phases cannot actually be distinguished, but we suggest 
that this reversal could correspond to the phase change. These difficulties are partly due 
to the large hysteresis effects observed during these experiments: on cooling the S&,, +*) 

phase extends from 112.2"C to 108-5"C, the pitch switching at about 109.5"C; on 
heating the limits of the femelectric domain are 11043°C and 115-2"C, the pitch 
switching at 114°C. These variations in the S&, domain do not agree with the following 
relation which supposes a periodic structure with three layers, one tilted in a direction 
opposite to the other two, as proposed by Takezoe et al. [19]: 

1 1 2  
~ 

PSE,, - 3 ( PSE, +jkJ 
According to this, one expects a constant twist in the S&, phase, since the twist remains 
almost constant in both the SF, and S? phases. 

7. Conclusions 
The new chiral series with the thiobenzoate core described in this paper displays 

a complex smectic mesomorphism: SZ, SE, S z  S& SA. These compounds have allowed 
an improvement in the knowledge of these different phases. In particular DSC and 
optical observations indicate that two S&, phases can exist between the SE and SEA 
phases. Strong odd-even effects are observed not only with the chiral chain length, but 
also with the achiral chain length. A reentrant SC phase is obtained in a pure compound. 
The pitch measurements show that the pitch is short in the SZ and SEA phases, but their 
twist sense is inverted. Within the S& domain the pitch varies greatly with change in 
the sense of the twist. The electro-optical measurements show a different behaviour for 
all the helical smectic phases as a function of field. Especially we observe a middle 
plateau in the polarization at low field in the S$,, state. The exact structure of these 
ferrielectric smectic phases (as well as that of the S& phase) needs clarification. 
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