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Liquid-crystalline polymorphism in a class of low molar mass 
analogues of mesogenic polyesters 

by R. CENTORE, A. ROVIELLO and A. SIRIGU 
Dipartimento di Chimica, Universita di Napoli, Via Mezzocannone 4, 

80134 Napoli, Italy 

(Received 19 January 1988; accepted 21 April 1988) 

Low molar mass analogues of liquid-crystalline polyesters were prepared in 
which two a-methylstilbene groups are joined through an alkyl spacer. Their 
mesogenic behaviour was investigated using differential scanning calorimetry, 
X-ray diffraction and optical microscopy. The experimental results show that the 
formation of smectic phases is favoured by increasing the length of the terminal 
chains and by decreasing the length of the flexible spacer. For a given flexible 
spacer, the melting point and the nematic-isotropic transition temperature are 
enhanced by decreasing the length of the terminal chains. The terminal chains seem 
to have no substantial effect on the large odd-even effect exhibited by the thermo- 
dynamic properties associated with the nematic-isotropic transition. 

1. Introduction 
There have been several reports of low molar mass analogues of liquid-crystalline 

polymers that consist of two semi-rigid mesogenic groups joined by a flexible spacer 
[l-71. Model compounds of this class are usually called dimers and normally exhibit 
mesogenic behaviour that is more closely related to that of the corresponding poly- 
mer having the same flexible spacer than the analogous monomeric compound 
containing a single mesogenic group attached to which are two alkyl chains. 

We have shown [3] that a homologous series of dimers incorporating the a-methyl- 
stilbene group 

exhibit a very pronounced odd-even effect in their thermodynamic properties at the 
nematic-isotropic transition; this alternation is, however, smaller than for the corre- 
sponding polymers. This odd-even effect was detected also in the orientational 
ordering of the nematic phases by the measurement of order parameters using X-ray 
diffraction [8]. These large alternations may be attributed largely to the role played 
by the flexible spacer in governing the correlations between the rigid groups and 
hence, in determining the shape of the molecules in the nematic phase [3,9, lo]. 

The influence that the terminal alkyl chains have on the liquid-crystalline proper- 
ties of dimeric compounds, however, has received little attention [I. These terminal 
chains do not connect the two rigid units as does the flexible spacer and hence, they 
should have a much smaller influence on the orientational correlation between the two 
semi-rigid groups of the molecule but have a greater conformational mobility than the 
spacer. Therefor; the parity of the terminal chains would not be expected to have a 
significant effect on the pronounced alternations already discussed. 
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1526 R. Centore et al. 

Increasing the length of the flexible terminal chains may, however, be expected to 
favour the formation of a layered structure in which there is a separation of the rigid 
and flexible molecular segments. The formation of a smectic structure on melting the 
solid may, therefore, be driven by a conformational disordering of the flexible 
segments in the molecules. Indeed, there are examples of mesogenic compounds for 
which the solid-smectic transition may be considered to be simply the ‘melting’ of the 
terminal alkyl chains [ 113, although this observation is not a general one and instead 
is probably valid only for compounds possessing relatively long alkyl chains that melt 
to give highly ordered smectic phases. This behaviour has been observed for mono- 
meric compounds [12-151. For example, increasing the length of the terminal alkyl 
chains in mesogens containing the a-methylstilbene moiety [ 121 

H 3 C ( C H 2 ) ~ 2 C 0 . 0 ~ C ( c H ~ ) = C H ~ 0 . 0 C ( C H 2 k 2 C H 3  

results in the appearance of smectic phases and, for long chains, the compounds 
exhibit only smectic behaviour. 

There are, however exceptions to this behaviour. For example, increasing the 
terminal chains in the a,w-bis-(p-(4-alkoxyphenoxycarbonyl)phenoxy)-alkanes [7] 
results in a decrease in smectic stability. Also, for these dimers, a significant odd-even 
effect in the molar isotropization enthalpy as a function of the length of the terminal 
chains is observed. 

Here we present the transitional properties of model compounds (dimers) 
incorporating the a-methylstilbene group: 

12 
[ 

and we vary both the length of the terminal chains and that of the flexible spacer. The 
mnemonic used to describe these dimers is Rn,p,n where n is the total number of carbon 
atoms in the terminal chains and p is the total number of carbon atoms in the spacer. 

2. Experimental 
The Rn,p,n series was synthesized using procedures described elsewhere [3]. The 

final products were purified by recrystallization from ethanol/chloroform and were 
passed through silica gel using chloroform as eluent. The ‘H-N.M.R. spectra of the 
compounds are consistent with their formula. The differential scanning calorimetric 
analysis was performed under a dry nitrogen atmosphere using a Mettler TA3000 
differential scanning calorimeter. An Indium sample of high purity (Fluka 99.999 per 
cent) was used as the reference standard for the determination of the transition tem- 
peratures and enthalpies. A heating rate of 10 K/min was used. The optical textures 
of the mesophases were observed using a Leitz polarizing microscope equipped with 
a Mettler FP5 microfurnace. 

X-ray diffraction patterns of the mesophases were recorded using a Rigaku flat 
film camera, equipped with a microfurnace, using CuK, and CrK, radiation. The 
uncertainties in the smectic layer spacings are f 1 A. 

3. Results and discussion 
All the compounds examined exhibited mesogenic behaviour. Table 1 summarizes 

the liquid-crystalline behaviour of the Rn,p,n compounds; it is apparent that these 
model compounds can exhibit either a smectic or nematic phase, or both, and that 
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Figure 1. The dependence of the nematic-isotropic transition temperature on length of the 
spacer (p) for various lengths, n, of the terminal chains. 

Table I .  Enantiotropic liquid-crystalline phases of compounds Rng,n. 

P 
n 4  5 6 7 8 9 10 1 1  12 14 16 

2 N N N N 
4 N  N N N N N 
5 N N 
6 S , N S , N S , N  N N N N 
8 s  S S* ,N  S*,N N S, N N* 
10 S* S* S*, N S* N* S*, N N N 

N denotes nematic phase; S indicates smectic phase; compounds marked with an asterisk 
exhibit a second smectic phase, see table 2. 

this depends on the relative lengths of the terminal chains and the spacer. The 
transitional properties of the Rn,p,n compounds are listed in table 2. 

Figure 1 shows the dependence of the nematic-isotropic transition temperatures 
on the length of the flexible spacer for various values of n; the nematic-isotropic 
transition temperature increases with decreasing length of the terminal chains for a 
given spacer. Also, it is apparent that the magnitude of the large odd-even effect 
exhibited by the TNls shows very little dependence on the length of the terminal 
chains; this alternation does, however, decrease with increasing spacer length. In 
addition, the alternation exhibited by AHNI and the values of the ratio AHNIlAHt in 
which AHl is the sum over all phase changes, are essentially independent of the length 
of the terminal chains; this is also the case for the entropy change associated with the 
liquid crystal-isotropic transition. It was shown [3] that for odd members of the series 
with n = 6 there is a regular increase in the molar isotropization enthalpy and 
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entropy as a function of the length of the spacer. This behaviour, attributed to a 
progressive attenuation of the unfavourable orientational correlation between the two 
rigid groups with increasing length of the spacer, has been observed, also, for the 
orientational order parameters [ 161. An incremental factor, per methylenic unit, of 
about 0.25 kJ mol-' in AHNI was noted. This is found also, for example, in the series 
with n = 2 and n = 4. 

Varying the parity of the terminal chains for a given spacer has a relatively minor 
effect. For example, RS,,, and R5. 8,5 exhibit nematic-isotropic transition temperatures 
that lie between those found for compounds with the same spacer but with n = 4 and 
6, (see figure 1) and, in addition, the values of AHNI and of the ratios AHNI/AHt show 
a similar trend (see table 2). 

This experimental data, therefore, suggests that the length and parity of the 
terminal chains have little effect on the degree of order present in the nematic phase 
which, in fact, is largely dependent on the parity of the spacer. 

However, the length of the terminal chains plays an important role in the for- 
mation of smectic phases. In this respect, the behaviour of these dimeric compounds 
is similar to that of monomeric mesogenic compounds [12-151. The occurrence of 
smectic phases is summarized in table 1. The general trend is that the smectic phase 
is stabilized for long terminal chains and short spacers. The stabilization appears to 
be greater for the even compounds than for the odd numbers. Therefore, by suitably 
varying the two structural parameters, namely the lengths of the terminal chains 
and the spacer, it is possible to change the mesomorphism exhibited by the model 
compounds; on decreasing n for a given value ofp we pass from compounds with only 
a smectic phase to compounds with a smectic and a nematic phase, to compounds 
with only a nematic phase. The pattern of the molar enthalpic changes associated with 
the smectic-isotropic and the smectic-nematic phase transitions (table 2) is in accord 
with this trend. At a given parity of the spacer, these thermodynamic quantities 
increase with increasing n and decrease with increasing p. In several cases, the 
enthalpy change associated with the smectic-nematic transition is almost undetect- 
able within the experimental limits. 

The identification of the smectic phases was based on morphological observations 
and X-ray diffraction data. The optical textures of the higher temperature smectic 
phase consist of regions of both homeotropic and focal-conic fan texture; this is 
shown in figure 2 for an even compound and in figure 3 for an odd membered 
compound. This phase is assigned as a smectic A. 

For some model compounds, an additional smectic phase is obtained on cooling 
the smectic A phase and this lower temperature phase was identified as a smectic C, 
on the basis of the schlieren texture observed when viewed under a polarizing 
microscope; this texture is shown in figure 4. It should be noted that the smectic- 
smectic transition was not detected using differential scanning calorimetry. 

Table 3 gives the smectic layer spacings measured at approximately the same 
reduced temperature, T/T, = 0.97 where T, is the smectic-nematic or the smectic- 
isotropic transition temperature. A feature of these measurements is that for spacers 
of the same parity the periodicity always increases with the size of the molecules. 
The values measured for the smectic spacing are comparable with the all-trans 
molecular lengths. This suggests that the molecules are assembled in an extended 
conformation with their long axes perpendicular to the smectic layers; this is in 
accord with the smectic A nature of the phase inferred from the optical analysis of the 
texture. 
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Low molar mass model compounds 1531 

Figure 2. The focal-conic fan and homeotropic textures of the smectic A phase exhibited by 
Rlo,8, T = 441.1 K, crossed polarizers. 

Figure 3. The focal-conic fan and homeotropic textures of the smectic A phase exhibited by 
Rlo,7,10, T = 416.1 K, crossed polarizers. 
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Figure 4. The schlieren texture of the smectic C phase shown by R10,7,10, T = 401.2K, 
crossed polarizers. 

Table 3. The smectic layer spacings of the Rn,p,n compounds; the values for the &,p,6 

compounds are taken from [3]. 

n, P, n T / K  Tr d l A  
6, 4, 6 458 0.97 44.7 
6, 6 ,  6 423 0.93 47.0 
6, 8, 6 413 0.98 50.5 
8, 4, 8 463 0.97 47.0 
8, 6,  8 453 0-97 50.3 
8, 8, 8 433 0.98 53.2 
8, 10, 8 404 0.98 55.4 

10, 7, 10 405 0.97 53.3 
10, 8, 10 43 1 0.97 57.7 
10, 9, 10 404 0.99 55.4 
10, 10, 10 413 0.97 60.2 

The molecules with an odd length spacer, however, show smectic periodicities that 
are somewhat smaller. This is because both the all-trans conformation and also 
several conformations containing gauche bonds are not as elongated and rectilinear 
in shape as the even membered molecules. Similar differences have been pointed out 
recently [ 171 to distinguish analogous semi-flexible mesogenic polymers having even 
and odd spacers along the polymer backbone; the odd membered polymers exhibit a 
'wavier' molecular shape than the even ones. 

The different molecular shape of even and odd membered molecules does not 
appear intrinsically to prevent the compatibility of the respective smectic phases. The 
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T/K I 1 
4 5 0 -  

4 4 0 -  

4 3 0 -  

4 1 0 1  S c 4 
380 

370 
I I I  I ,  t 

0 10 20 30 40 50 00  7 0  00 SO 100 

% mol R 8,8,8 

Figure 5. The phase diagram of the binary system formed by R8,8,8 and R10.7,10. An investi- 
gation into the possible formation of a smectic C phase in the binary system has been 
deliberately neglected. 

phase diagram of the binary system R,,8,8 and R,,,,,,,, has been investigated and is 
shown in figure 5;  it should be noted that the smectic phases of these two compounds 
have the same periodicity at equal T/T, .  There is a complete miscibility over all 
compositions between the smectic phases of the two compounds. This shows that even 
and odd membered molecules exhibit the same type of smectic phase. 

The picture outlined appears to be fairly regular and may be summarized as 
follows: 

(1) the parity of the spacer has a strong influence on the thermodynamic quan- 
tities associated with the liquid-isotropic transition and has some influence on 
the relative stability of the smectic and nematic phase; 

(2) the parity of the terminal chains has no substantial effect on the thermo- 
dynamic properties at the liquid crystal-isotropic transition; 

(3) the length of the spacer has a strong ‘nematogenic’ effect and it tends to 
increase the stability of the nematic phase with respect to smectic behaviour; 

(4) the length of the terminal chains has a strong ‘smectogenic’ effect, and smectic 
mesomorphism is favoured by longer terminal chains. 

In conclusion, it is interesting to note that: 

(a) the corresponding polymers 

with values of p up to 14 are solely nematogens [18]; 

(6) the dimers Rn,p,n which stoichiometrically correspond to the polymers, either 
exactly (p  = 2n) or approximately ( p  = 2n & l),  are also nematogenic or 
are anticipated to be by extrapolating the pattern in table 1. 
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1534 R. Centore et al. 

In this particular example, the agreement between the model compounds and 
polymers appears to be complete. However, this is not always the case [7] and it is 
obvious that the definition of dimers as model compounds for the corresponding 
polymers has to be applied with a great deal of caution. 

Research supported by Minister0 della Pubblica Istruzione. 
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