
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 08:45
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

X-ray diffraction study of
some liquid crystalline
2,5-disubstituted 1, 3, 2-
dioxaborinane derivatives
Vladimir F. Petrov a , Takeyasu Tasaka a , Hiroaki
Okamoto a , Shunsuke Takenaka a & Vladimir S.
Bezborodov b
a Department of Advanced Materials Science and
Engineering, Faculty of Engineering, Yamaguchi
University, Tokiwadai 2557, Ube, Yamaguchi,
755-8611, Japan
b Institute of Applied Physics Problems, 220064,
Minsk, Belarus

Version of record first published: 24 Sep 2006

To cite this article: Vladimir F. Petrov, Takeyasu Tasaka, Hiroaki Okamoto,
Shunsuke Takenaka & Vladimir S. Bezborodov (2000): X-ray diffraction study
of some liquid crystalline 2,5-disubstituted 1, 3, 2-dioxaborinane derivatives,
Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 339:1, 167-174

To link to this article:  http://dx.doi.org/10.1080/10587250008031041

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008031041


PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or
up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

45
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst.. Vol. 339. pp. 167-174 
Reprints avalable directly from the publisher 
Photocopying permitted by license only 

Q Zoo0 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

X-ray diffraction study of some liquid 
crystalline 2,5=disubstituted 
1,3,2=dioxaborinane derivatives 
VLADlMlR F. PETROVa', TAKEYASU TASAKAa, HIROAKI OKAMOTOa, 
SHUNSUKE TAKENAKAa and VLADlMlR S. BEZBORODOVb 

a Department of Advanced Materials Science and Engineering, Faculty of Engi- 
neering, Yamaguchi University, Tokiwadai 2557, Ube, Yamaguchi 755-86 11, 
Japan and blnstitute of Applied Physics Problems, 220064, Minsk, Belarus 

(Received February 12, 1999; In final form June 08, 1999) 

X-ray diffraction study of some liquid crystalline 2,5-disubstituted 1,3,2-dioxaborinane derivatives 
reveals the existence of a partially bilayered smectic Ad phase in the terminally CF, and OCF3 sub- 
stituted derivatives, with the higher level of molecular overlapping in the formation of the dimer 
observed for the latter compound; and the dimeric density wave fluctuations in the nematic phase of 
CN substituted derivative. 

Keywords: X-ray diffraction; 1,3,2-dioxaborinane; terminal substitution 

1. INTRODUCTION 

It has been shown that the terminal substitution of liquid crystals strongly affects 
their mesomorphic and physical properties in the different degrees depending on 
the nature of terminal substituents.'-* As the mesophase stability is influenced 
by molecular packing', the investigation of intermolecular interactions, associa- 
tion phenomena, dipole-dipole correlations affecting the molecular packing 
could lead to a better understanding of liquid crystal properties. It has been dem- 
onstrated that X-ray diffraction of the mesophases is one of the useful methods to 
study the association phenomena in the liquid  crystal^.^^^^'@'* It is well-known 
that the terminally substituted liquid crystalline cyano and nitro derivatives may 
exhibit a number of lamellar  packing^."-'^^ Apart from the ordinary smec- 

* Author for correspondence 

167 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

45
 1

6 
A

ug
us

t 2
01

2 



168 VLADIMIR F. PETROV et al. 

tic A, phase with a period, d, approximately equal to the molecular length, L, 
there are bilayered smectics A2 with the period d = 2L and intermediate (partially 
bilayered) smectics A, having the period d which is L < d < 2L. These phenom- 
ena are due to the specific nature of intermolecular interactions in polar liquid 
crystals, resulting in various effects of molecular association. Anti-parallel corre- 
lations 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 2  or s A ~  types. 22 

In the nematic phase small-angle X-ray scattering is concentrated near vectors 
qi = 27c / di in reciprocal space. Here di is the length of the structural unit of the 
medium which may often be referred to as a molecular associate 
(dimer). 12,14,23-26 

The intensity of X-ray scattering from the nematic phase includes two addi- 
tional contributions against the isotropic background. The first, pure nematic, 
results from the orientational correlations of the long molecular axes, the second 
is due to the scattering by smectic fluctuations in the nematic phase. The latter 
contribution to intensity increases sufficiently near the transition into the smectic 
A phase. Indeed, a variety of smectic phases influences the fluctuational behav- 
iour in the nematic phase. It means that X-ray diffraction allows the nucleation of 
different smectic phases in the nematic phase to be studied at the level of fluctua- 
tions, revealing for some cyano derivatives the simultaneous existence of two 
fluctuation-layer structures with incommensurate periods dl and d2, where dl < 
L and L < d2 < 2L.12+ 14, l5  The detailed theoretical description of X-ray scatter- 
ing from nematic liquid crystals is presented in reference 12. 

The present boom in the development of liquid crystal displays for multimedia 
is closely connected with the progress made in the synthesis of liquid crystals 
with fluorinated terminal substituents (F, CF,, OCF3, e t ~ . ) . ~ - ~ .  18* 27 

Recent X-ray diffraction studies of some two-ring liquid crystalline derivatives 
have revealed that in contrast to the corresponding CN derivatives, terminally 
CF, and OCF3 substituted compounds form only a monolayer smectic A, 
phase'8728 which may be caused by purely steric factors." While increasing the 
length of the perfluorinated chain and I or molecular core may lead to the forma- 
tion of the Ad phase depending on its length and its molecular core struc- 

Here we present the results of X-ray diffraction study of some terminally CN, 
OCF3and CF3 substituted liquid crystalline 1,3,2-dioxaborinane-2,S-diy deriva- 
tives. The experimental results will be discussed in terms of influence of terminal 
substitution of liquid crystals on the structure of their mesophases The synthesis, 
mesomorphic, physical and electro-optical properties of these compounds have 
been reported earlier.@ 

ture.3,4.18, 29-31 
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2. EXPERIMENTAL TECHNIQUE 

X-ray diffraction experiments were performed with a Rigaku-Denki RINT 2200 
diffractometer, fitted with a Rigaku PTC-20A thermal controller, where CuKa 
(A = 1.540 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 (480 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 = 2a Id is the reciprocal space vector), i.e. in the direction paral- 
lel to the director n. 

3. EXPERIMENTAL RESULTS AND INTERPRETATION 

The phase transition temperatures and enthalpies of compounds 1-46,8; their 
molecular lengths L calculated by MOPAC AM1 method33; the layer spacing of 
the smectic A phase and a period of the fluctuation density wave d in the nematic 
phase obtained from X-ray diffraction profiles; the intensity of X-ray scattering I 
and corresponding correlation length 5 (calculated from the angular width of the 
intensity profile at half-height A(20)12}; and the ratios d I L are presented in 
table I. The values of ratios d / L >1 indicate the formation of a partially bilay- 
ered smectic A phase - Ad in compounds 1,2,4 and the existence of the fluctua- 
tion dimeric density wave in the nematic phase of compound 3. 

Based on these results, the antiparallel molecular arrangements supported by 
the theoretical models18 can be proposed for these liquid crystals. 

The presence of the 1,3,2-dioxaborinane-2,5-diyl fragment with its elec- 
tron-deficient boron atoms having vacant p-orbitals may affect the intra- and 
intermolecular interactions between the p-orbitals and aromatic n-electron 
systems34 in compounds 1 4 ,  leading to their molecular arrangenents and results 
in the lower value of ratio d / L recorded for compound 3 in comparison with that 
of other liquid crystalline three-ring cyano derivatives.” 

The similar antiparallel molecular arrangement was proposed for another liq- 
uid crystalline 2,5-disubstituted 1,3,2-dioxaborinane derivative: 2-(4-cyanophe- 
ny1)-5-(4-butylphenyl)- 1,3,2-dio~aborinane.~~ 

It is convenient to express the influence of terminal substitution x of the system (I) 
on their ratio d I L and correlation length 5 by the following orders (table I) : 

n=5 

d/L --t X: OCF3 < CF3 

C + X: CF3 < OCF3 

(1) 

(2) 
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THE EFFECT OF TERMINAL SUBSTITUTION 171 

These results and the data presented in table I reveal that terminal OCF, substi- 
tution of the system (I) gives the liquid crystals exhibiting the smectic Ad phase 
with lower ratio d /L (higher level of molecular overlapping in the formation of 
the dimer) and higher correlation length in comparison with those of the corre- 
sponding CF3 substituted derivative, while decreasing the alkyl chain length of 
the OCF, substituted derivative from pentyl group to propyl group (compounds 2 
and 4, table I) results in increasing the ratio d/L (decreasing the level of molecu- 
lar overlapping in the formation of the dimer). 

d, A 
26 

25 

24 

23 

CsBF-CN - 
I 1 I I I 

I 

0 10 20 30 40 50 60 70 

FIGURE 1 Temperature dependences of the layer spacing d for CsBF-OCF3(*), C5BF-CF3 (O), 
C3BF-OCF3 (m), and the period d of the fluctuation density wave for C,BF-CN (0). The lines are 
guides for the eye 
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112 VLADIMIR F. PETROV et al. 

As can be seen from table I, the terminal CN substitution of the system (I) pro- 
duces the liquid crystals exhibiting only nematic phase (compound 3) with the 
lowest values of the intensity of X-ray scattering and correlation length (as 
expected). 

The temperature dependences of the layer spacing d in the smectic A phases of 
compounds 1, 2, 4; and of the period of the fluctuation density wave for com- 
pound 3 are shown in figure 1. For the OCF, substituted derivatives (compounds 
2,4) and CN substituted compound 3 d is almost independent of the temperature, 
while for the CF, substituted derivative (compound 1) d slightly decreases with 
decreasing the temperature. This difference in the temperature behaviour of the 
layer spacing of compounds 1 and 2 is probably due to the different role of 
molecular dimers in the formation of layers. l 2  

L A 

2400 

2000 

1600 

1200 

800 

400 

0 

CSBF-CN 
.. n ,-, 

I I I I 

0 10 20 30 40 50 60 70 

FIGURE 2 Temperature dependences of the correlation length < for CSBF-OCF~ (0). CsBF-CF, (O), 
C3BF-OCF3 (H) and CSBF-CN (0). The lines are guides for the eye 
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THE EFFECT OF TERMINAL SUBSTITUTION I73 

The temperature dependences of the correlation length for compounds 1 4  pre- 
sented in figure 2 show the usual increasing behaviour with decreasing the tem- 
perature, with the highest rate and value recorded for compound 4 in the smectic 
A phase and lowest value observed for nematic compound 3 (as expected). The 
different rates of increasing the correlation length observed for compounds 2 and 
4 reveal the influence of the alkyl chain flexibility in the stabilization of the 
smectic A phase.36 

The presented results of X-ray diffraction of some liquid crystalline 2,5-disub- 
stituted 1,3,2-dioxaborinane derivatives show the strong effect of the structure of 
their terminal substituents of on the structure of their mesophases. The similar 
resuts have been found for other liquid crystalline  derivative^.^' 47 14, '&18, 28-31 

4. CONCLUSION 

The results of X-ray diffraction study of some liquid crystalline 2,5-disubstituted 
1,3,2-dioxaborinane derivatives reveal the strong influence of their terminal sub- 
stitution on the structure of their mesophases resulting in the formation of a par- 
tially bilayered smectic Ad phase in the terminally C F 3  and O C F 3  substituted 
derivatives, with the lower level of molecular overlapping in the formation of the 
dimer recorded for the former compound; and the dimeric density wave fluctua- 
tions in the nematic phase of CN substituted derivative. 
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