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The influence of lateral substitution of liquid crystals on the structure of their smectic Ad phases 
revealed by X-ray diffraction study is discussed. 
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1 INTRODUCTION 

It has been shown that the lateral substitution of liquid crystals strongly affects 
their mesomorphic and physical properties in different degrees depending on the 
nature of lateral substituents, their quantity and positions in the liquid crystalline 
molecular cores.' As the mesophase stability is influenced by molecular 
packing2, the investigation of intermolecular interactions, association phenom- 
ena, dipole-dipole correlations affecting the molecular packing could lead to a 
better understanding of liquid crystal properties. The high sensitivity of the X-ray 
diffraction pattern to the details of molecular structures and their arrangements 
makes X-ray diffraction is one of the useful methods to study the association 
phenomena in  liquid  crystal^.^-'^ 

It has been shown that the liquid crystals formed by the molecules with 
strongly polar terminal groups (CN, NO2) exhibit a number of lamellar pack- 

* Correspondence Author. 
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12 VLADIMIR F. PETROV et 01. 

ing~:-~.'~. Apart from the ordinary smectic A, phase with a spatial period, d, 
approximately equal to the molecular length, L, there are bilayered smectics A2 
with the period d -- 2L and intermediate (partially bilayered) smectics Ad having 
the period d which is L < d c 2L. 

These phenomena are due to the specific nature of intermolecular interactions 
in polar liquid crystalline compounds, resulting in various effects of molecular 
association. Anti-parallel correlations between permanent and induced molecular 
dipoles influence the subtle balance between the attractive dispersion forces and 
the repulsive steric ones, and give rise to the structural packing of the SA1, S A ~  or 
SAd types." The molecular flexibility of the alkyl chains and lateral substitution 

20 of molecular fragments also influence the stability of the multiple SA phases. 
Simultaneously a phenomenological theory describing the formation of different 
density waves in the SA phases has been developed, based on a free energy 
expression with two coupled smectic order  parameter^.^ This model introduces 
the idea of frustrated smectics with competing length scales. 

Here we present X-ray diffraction studies of some cyano substituted deriva- 
tives differing in the structure of their lateral substituents. The experimental 
results will be discussed in terms of influence of lateral substitution of liquid 
crystals on the structure of their smectic Ad phases. 

2. EXPERIMENTAL TECHNIQUE 

X-ray diffraction experiments were performed with a Rigaku-Denki RINT 2200 
diffractometer, fitted with a Rigaku lTC-20A thermal controller, where CuKa 
(A = I .543 A) was used as the X-ray source. The reflection angle was calibrated 
by the examination of both left and right angles. Samples filled in the quartz cap- 
illaries (d = 1 mm) were oriented by a constant magnetic field (300 G). The sam- 
ples were placed along the goniometer axis so that the counter movement in the 
recording plane allowed us to scan the nematic and smectic A reciprocal lattice 
mode along q (q = 2rr / d is the reciprocal space vector), i.e. in the direction par- 
allel to the director n. 

3. EXPERIMENTAL RESULTS AND INTERPRETATION 

The phase transition temperatures of some laterally substituted derivatives2' and 
their parent compound 4-cyanophenyl 4-(4-nonyloxybenzoyloxy) benzoate22 
presented in table I clearly show that the lateral substitution of the compound 1 
by Br, OCH,, NO*, CI groups to receive the compounds 2, 3, 4, 5, respectively, 
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THE INFLUENCE OF LATERAL SUBSTITUTION 13 

sufficiently reduces their clearing and melting temperatures and smectic A ther- 
mostabilities to different degrees depending on the lateral substitutent. Increasing 
the quantity of lateral substituents introduced in the molecular core of these liq- 
uid crystals further decreases the clearing and melting temperatures and smectic 
A thermostability (compounds 1 and 5 6 ) .  

These can be expressed by the following orders of iricreasing the clearing 
points (TN-ls) - nematic-isotropic phase transition temperatures, the smectic A 
thermostabilities (TSA) - smectic A - nematic phase transition temperatures, and 
nematic (AT) and smectic A (AT A) ranges depending on the lateral substituents 
x ,  Y: 

T N - I ~  + X : NO2 < OCH3 < Br < C1< H 

A T +  X :  OCH3 < C1< NO2 < Br < H 

TSA + X : NO2 < OCH3 < BY < C1< H 

A T A  + X :  NO2 < OCH3 < C1< Br < H 

(1) 

(11) 

(111) 

(IV) 

T N - I ~ , A T , T s A . A T A + X - Y  : C 1 - C l < C l - H < H - H  (V)  

It has been proposed that there is a linear correlationship between decreasing 
the nematic thermostability and increasing the size of lateral ~ubs t i t uen t s .~~  For 
compounds 1 - 6 one can derive the following orders of increasing the ratio 1 /V 
of lateral substituents X, Y (table I): 

X - pheiiylerie + 1/V : OC&< NO2 < Br < C1 < H (VI) 

X, Y - plieriylerie -+ 1/V : C1- C1 < C1 - H < H - H. (VII) 

where V is the Van der Waals volumes of disubstitued X, Y-phenylene frag- 
m e n t ~ . ~ ~  From the comparison of the orders (I)  and (VI), (V) and (VII), it follows 
that the proposal can be supported only in the case of laterally chloro- and 
dichloro- substituted derivatives 5,6  and their parent compound 1. 

The layer spacing of the smectic A phase d obtained from X-ray diffraction 
profiles, the molecular lengths L calculated by MOPAC AM 1 method25 for com- 
pounds 1 - 6 (fig. I) ,  and their ratios d / L are presented in table 1. The values of 
ratios d / L > I  indicate the formation of partially bilayer smectic A phase - A, in 
compounds 1 - 6. Based on these results, the antiparallel molecular arrange- 
ments can be proposed for them (fig.2,3). Interestingly, the lateral substitution of 
the compound 1 changes the layer spacing d to different degrees depending on 
the lateral substituent X: both decrease (X = OCH,, NO,, C1; compounds 1 and 3 
- 5) and increase (X = Br; compounds 1 and 2) of the d are observed (table I): 

t l +  X :  NO2 x OCHs < C1< H < Br (VIII) 
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15 THE INFLUENCE OF LATERAL SUBSTITUTION 

CgO(H )CN %v* 
Q 

CgO(Br)CN 0 

Cy O( C1)CN 

CgO(C1,CI)CN 

FIGURE 1 Molecular models of compounds 1 - 6 1  calculated by the MOPAC AM method25 

Increasing the quantity of lateral substituents introduced in the molecular core 
of the compound 1 further increases the layer spacing d (compounds 1 and 5,6): 

(IX) d --t X - Y : C1- H < H - H < C1- C1 
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16 VLADIMIR F. PETROV el ul. 

a 

CyO(OCH3)CN 

FIGURE 2 Proposed molecular arrangements for compounds 1 - 4 

The intensity of X-ray scattering (1) and the correlation length l,, calculated 
according to the reference", also show the strong dependencies on the structure 
of lateral substituents and their quantity (table I): 

1.C + X :  NO2 < H < Br < C1< OCH3 (XI 
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THE INFLUENCE OF LATERAL SUBSTITUTION 17 

I . (  -+ X - Y : H - H < C1- H < C1- C1 

These results reveal that lateral NO2 substitution leads to decreasing the inten- 
sity of X-ray scattering and correlation length compared with those of the parent 
compound, while lateral Br, CI, OCH3 substitutions increase them (compounds 1 
- 5). 

Increasing the quantity of lateral substituents (chloro-, dichloro- substituted 
compounds 5, 6 and their parent compound 1; table I) results in increasing the 
intensity of X-ray scattering and the correlation length (XI) and decreasing the 
clearing points, smectic A thermostabilities, nematic and smectic A ranges (V). 

As shown in fig. 4, lateral Brand C1 substitution of the compound 1 changes its 
decreasing temperature dependence of layer spacing d to increasing dependen- 
cies observed for the compounds 2 and 5, respectively. 

(XI) 

CgO(CI,CI)CN 

FIGURE 3 Proposed molecular arrangements for compounds 5 - 6 

These results can be explained in terms of coupling of conformational degrees 
of freedom of the alkyl(a1koxy) chains with parameters which characterize the 
density and local polarization states of partial bilayer smectics. l 2  The introduc- 
tion of lateral substituents in molecular core of compound 1 increases its trans- 
verse dimensions in the associated state as compared to the transverse sections of 
the alkoxy chains, see fig. 2,3. This leads to an unfavourable increase of the 
packing entropy, which decreases the stability of the smectic Ad phase.26 The 
response of the system on increasing the free volume in the s,d phase may be 
orientational melting of the terminal alkoxy chains that lower the energy of the 
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4 A 

44 

42 

40 

38 

VLADIMIR F. PETROV ef al. 

20 30 40 50 60 70 80 90 100 110 

TN-ls Tmeas 9 "c 
FIGURE 4 Temperature dependencies of layer spacing d for compounds 1 (0). 2 (*), 5 (M) 

orientational interaction in smectics2', or an appearance of the additional quan- 
tity of alkoxy chain conformers effectively increasing the entropy of the sys- 
tem. 16 

These conformers may give a denser packing in the smectic Ad phase which 
scatters X-rays with higher intensity 10,11,'6,28. Keeping in our mind that, if the 
potential minimum of relative positions of two monomers forming a dimer is rel- 
atively broad, a spectrum of relative positions is possible, leading to the vana- 
tions of the layer spacing in the smectic Ad phase with temperature26, we can 
propose that the conformational order of the alkoxy(alky1) chains and the addi- 
tional contribution of lateral substituents to the differences in the steric(hard 
repulsive) packing of rigid cores and flexible chains affect the degree of overlap- 
ping of molecules in the SAd p h a ~ e ~ ~ " ~ ' ~ . ~ ~ ,  which leads to increase in the dimer 
layer spacing with decreasing the temperature (compounds 2, 5; see also refer- 
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THE INFLUENCE OF LATERAL SUBSTITUTION 19 

ence 9) in contrast to decreasing behaviour of the layer spacing observed for lat- 
erally unsubstituted cyano derivatives (compound 1, see also references 8, 9, 11, 
13). 

4. CONCLUSION 

The presented results show the strong influence of lateral substitution of liquid 
crystals on the structural parameters of their smectic A d  phases which depend on 
the structure of lateral substituents and their quantity. 
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