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Orientational Elasticity of Nenatic Dimers

N.V. TSVETKOV?, V.V ZUEV®, 1.V. KSENOFONTOV? and
V.N. TSVETKOV®

3Physical Faculty of St. Petersburg State University, 198904, Ulianovskaya st.1,
St. Petersburg, Petrodvoretz, Russia and O nstitute of Macromolecular Compounds
of the Russian Academy of Sciences, 199004, Bolshoi prospect 31, St.Petersburg,
Russia

Using the method of threshold Frederick’s transitions in magnetic field were determined the
values of splay orientational elastic constants K,; of the nematic dimers 4,4'-bis-cyanobiphe-
nyloxyalkanes with the number n of CH, groups in their spacers from 2 to 12. The dramatic
odd-even effect in the dependence of K versus n was evaluated. This effect is mainly due to
the oscillations of the degree of intermolecular orientational order in the series of the com-
pounds under investigation. The increase of the values of the splay elastic constant K, of
both odd and even homologous series of nematic dimers with increase of the spacer length
was determined.

Keywords: nematics; dimers; orientational elasticity

INTRODUCTION

The recent considerable interest in the study of dimers and trimers of the
«siames twins» type is due to the strong odd-even effect in their thermal [1]
characteristics and also to marked oscillations in the degree of orientational
order [2], in the entropy and enthalpy of the isotropic liquid - liquid crystal
transitions [3, 4] when spacer length in the molecules of these compounds is
varied. In our recent investigations dimers (4,4’-bis-
cyanobiphenylyloxyalkanes, BCBOA) and trimers (4,4 -bis-[c-(4-
cyanobiphenyl-4’-yloxy)alkyloxy]biphenyls) have been studied in dilute
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solutions and nematic melts by the methods of electric birefringence [5] and
orientational elastic deformations in electric fields [6, 7]. A strong odd-even
effect was detected for these compounds in the optical anisotropy of their
nematics (caused by variations of the degree of intermolecular orientational
order S) and in the electrical threshold deformational potentials (caused
mainely by the conformational-dipolar changes in their intramolecular
structure, i.e. the variations in intramolecular orientational-polar order) as a
result of change of spacer length in the molecules. In the present work
BCBOA nematic dimers were studied by the method of orientational elastic
deformations in a magnetic field with the aim of investigating the effect of the
length of flexible chain fragments on the elastic characteristics of their
mesophase.

EXPERIMENTAL

The number n of CH; groups in the spacers of the dimers investigated ranged
from 2 to 12. All investigated BCBOA exhibit thermotropic nematic
mesomorphism. Their isotropization temperatures Tx determined by
polarizing microscopy are given in Table 1. Orientational elasticity of BCBOA
nematics was investigated in plane - concave layers up to 10” cm thick by the
procedure described in detail in [8]. The sample temperature was determined
with the aid of a thermocouple to within 1°C. Process of nematics
reorientation was carried out under the influence of a magnetic field with a
strength up to 6 kGs.

RESULTS AND DISCUSSION

The elastic properties of BCBOA were studied in initially planar oriented
nematic layers. Under the influence of the external magnetic field the system
of interference rings distorted in the range of layer thickness 2z >z.. The
resulting deformation is the splay elastic deformation. Measuring the radius r.
of the critical boundary, it is possible to calculate z,

z=1’/2R (m
where z is the layer thickness corresponding to the critical boundary and R
is the radius of lens curvature. The values of z. make it possible to calculate
the ratio of the splay elastic constant K, to the diamagnetic anisotropy of unit
volume of the nematic Ay,
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zH=nt (K,1/Ax)"? V)
where H is the magnetic field strength.

The temperature dependencies of K,,/Ay, for some BCBOA are shown
in Figure 1. As can be seen from Figure 1, the K,)/Ay, rations for all BCBOA
decrease with increasing temperature. This fact indicates that the orientational
elastic constant K;; decreases with temperature more rapidly than Ay (and,
correspondingly, than S [9]). This fact is typical for low molecular weight and
polymer nematics. It must be pointed out that the K,i/Ay ratio for BCBOA
depends not only on temperature but also on the number n of CH; groups in
the spacer. It is reasonable to discuss this ratio at the same relative
temperature T=AT/Ty (AT and Ty are presented in units of Kelvin’s absolute
temperature scale), just as we have done previously in discussing the optical
and electrooptical properties of BCBOA nematics [6].

Table 1 lists the values of K;,/Ay for BCBOA nematics at the same
relative temperature 1=0.057. The same data are illustrated in Figure 2 in the
form of the dependence of K;i/Ay, on the number n of CH, groups in the
spacer.

K,/ (dyne)
16

12

AT 120 100 80 60 40 20 0

FIGURE 1 The temperature dependencies of K,i/Ay for some
BCBOA. The numbers of the curves correspond to the numbers n of
CH; groups in the BCBOA spacers.

Table 1 and Figure 2 show that the K, /Ay, ratios have a general trend
to increasing with increasing #» when some oscillations exist (they are
particularly noticeable for BCBOA with #= 2 and 7). The increase in K;,/Ax
with increasing n may be due both to a decrease in Ay with decreasing
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fraction of aromatic moiety in BCBOA molecules and to the increase in the
orientational elastic constant with increasing length of the molecule.

TABLE 1

Isotropization temperatures and characteristics of

BCBOA nematics at relative temperature t=0.057.

Tam(°C) 270 169 255 186 218 182 205 176 187 171
Kway 85 6 75 76 9 76 105 113 12 143
(dyne)
Agx10" 151 123 141 11 13 11 127 098 119 114
Kux107 128 74 107 84 12 84 133 111 143 163
(dyne) e s et
Ky1/ay (dyne)
151
,o/o
ol f“’
Lo
5)—
1 I A l [l I i L L l 1 l
0 2 4 6 8 10 12 n
FIGURE 2 The dependence of K;;/Ay on the number » of CH;

groups in the spacer for BCBOA nematics at the same relative
temperature t=0.057.

To discuss the dependence of the orientational elastic constant K;, on
spacer length, it is necessary to know the values of diamagnetic anisotropy Ay
of BCBOA nematics, which are not known. However, these values can be
determined relatively precisely on the basis of the mass fraction of aromatic
moiety in the molecule. For this purpose it is possible to use the dada in [10]
in which the values of molar anisotropy’s Ay, have been determined for a
number of nematic liquid crystals. The values of Ay of unit volume of the
nematics were calculated from the known values of their molecular weights
and also assuming their densities to be p=1 g/cm’. In further discussion we
will be interested only in values of Ay for BCBOA at the same relative
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temperature t=0.057. Therefore, the values of Ay obtained at the same
relative temperature for nematics investigated in [10] will be used.

Figure 3 shows the dependence of Ay, on the mass fraction W of the
aromatic moiety in the molecule for a number of nematics investigated in [10]
at the same relative temperature 1=0.057.
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FIGURE 3  The dependence of Ay on the mass fraction W of the
aromatic moiety in the molecule for a number of nematics at the same
relative temperature 1=0.057. (1) methoxycinnamic acid, (2) p-
acetoxybenzalazine, (3) azoxyphenetole, (4) anisaldazine, (5)
azoxyanisole, (6) di-anisalbenzidine, (7) anisal-p-amynoazobenzene,
(8) di-benzalbenzidine.

The points in Figure 3 may be approximated by a straight line which is also
shown in this figure. If this dependence is extrapolated to W=1 (i.e. to a
molecule consisting only of benzene rings), then the value of Ay obtained will
be twice smaller than that for crystalline benzene with respect to the axis lying
in the plane of the phenyl ring [11, 12]. This result means that at the
predetermined relative temperature 1 the degree of orientational order S of
nematics investigated in [10] is close to 0.5.

To calculate the values of Ay for the BCBOA nematics studied by us,
it is necessary, first, to calculate the values of W and, second, to take into
account the fact that for nematics of dimer series the values of S (and, hence,
that of Ay) experiences strong odd-even oscillations. It is not very difficuit to
take into account the latter fact because the values of S for BCBOA at
1=0.057 have been determined previously [6] proceeding from data on the
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optical anisotropy of these compounds in the crystalline phase. It should be
borne in mind that the values of S obtained by us were in good agreement
with the corresponding values measured at the isotropization temperature by
NMR spectroscopy [2]. Therefore, the Ay values for BCBOA can be
calculated from the tangent of the siope of the linear dependence in Fig. 3 and
the value of S at t=0.057 according to the equation:

Ax=(1.76x10"7 W S)/0.5 . 3
Using the values of Ay determined in this way, it is easy to calculate the
orientational elastic constants K;; of BCBOA nematics, which are listed in
Table 1. The same data are plotted in Figure 4 in the form of the dependence
of Ky, on the number » of the CH, groups in the spacer.

K,,x10’ (dyne)

16 |- o
12 s
8 |—

4

FIGURE 4 The dependence of K,, on the number n of the CH, groups
in the spacer for BCBOA nematics at the same relative temperature
1=0.057.

It can be seen from Table 1 and Figure 4 that the dependence of K,
on n exhibits a pronounced odd-even effect, the maxima in K,, values
corresponding to even # and the minima to odd #. Note that oscillations in the
Kii values are almost completely determined by oscillations in Ax on S when
n is varied (the Ki)/Ax ratio does not exhibit the odd-even effect with the
exception of =2 and 7). This result is not fortuitous. In fact, the orientational
elastic constant is determined by forces of intermolecular interaction in the
nematic (nematic potential). The same forces induce the long-range
orientational order in the liquid-crystalline medium, which is characterised by
the parameter S.

The analysis of the dependence in Figure 4 also suggests that the value
of Ky in the series of both odd and even n tends to increase with increasing n.
In other words, for BCBOA nematics the value of K|, increase with the length
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of the molecules, which agrees qualitatively with the predictions of the
theories of orientational elasticity [13].

CONCLUSIONS

It was shown that the splay orientational elastic constant of a series of
BCBOA nematics exhibits a strong odd-even effect when the length of the
oxyalkane spacer is varied. The oscillations of the dependence of K;, on n are
mostly determined by the odd-even effect in the dependence of the degree of
intermolecular orientational order on n in the nematics investigated. An
increase in the orientational elastic constant K, with increasing elongation of
the molecule is detected in the series of both even and odd BCBOA
homologues.
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