
This article was downloaded by: [University of California, San Diego]
On: 07 August 2012, At: 12:20
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
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

An Influence of Nematic Medium
on Helical Twisting Power of Chiral
Compounds
W. Rejmer a , K. Czupryński a & W. Drzewiński a

a Institute of Chemistry of Military University of Technology (MUT),
Warsaw, Poland

Version of record first published: 16 Jun 2011

To cite this article: W. Rejmer, K. Czupryński & W. Drzewiński (2011): An Influence of Nematic
Medium on Helical Twisting Power of Chiral Compounds, Molecular Crystals and Liquid Crystals, 547:1,
33/[1723]-38/[1728]

To link to this article:  http://dx.doi.org/10.1080/15421406.2011.572505

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.

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421406.2011.572505
http://www.tandfonline.com/page/terms-and-conditions


An Influence of Nematic Medium on Helical
Twisting Power of Chiral Compounds

W. REJMER, K. CZUPRYŃSKI, AND
W. DRZEWIŃSKI

Institute of Chemistry of Military University of Technology (MUT),
Warsaw, Poland

In this paper four optically active dopants with high Helical Twisting Power are
investigated. Chiral compounds were tested in two kinds of achiral mixtures with
broad temperature range of the nematic phase. The mixtures have been chosen con-
sidering different kind of polar group substitution in their components molecules and
therefore their different dielectric anisotropy.
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1. Introduction

Chiral liquid crystallinematerials have been attracting interest of the researchers around
theworld due to their technological applications e.g., in liquid crystal display technology
or optical tunable filters [1]. Chiral phases can be observed in chiral mesogenic com-
pounds ormixtures of achiral liquid crystalline materials and chiral compounds. Differ-
ent parameters seem to be responsible for inducing the helicity in an achiral phase. In the
course of this inductionmolecular chirality of a dopant is transferred to liquid crystalline
material causing change in size and sense of helical pitch. This transfer is dependent on
the interactions between molecular structure of the chiral dopant and the properties of
its surrounding [2]. One of the parameters that informs us of chiral dopants ability to
induce the helical structure in an achiral liquid crystalline host isHelical Twisting Power,
calculated by the equation HTP (mm�1)¼ 1=(Pcr), where P (mm) is the helical pitch
length, c (mol=mol) is the molar ratio of chiral dopant and r is enantiomeric excess
[3–5]. The object of this paper is to show the dependence of Helical Twisting Power
on structural properties of chiral dopant and type of achiral matrix.

2. Materials

Two kinds of achiral nematic materials with crystal-nematic transition below �10�C
have been chosen. Their components represent two different types of molecular
structures of nematic materials. The first one is 1816 nematic mixture (Table 1) with
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positive dielectric anisotropy and nematic-isotropic transition at 87.6�C. It is
composed of terminally substituted isotiocyanates. The second one is 1781 nematic
mixture (Table 2) with negative dielectric anisotropy and nematic-isotropic tran-
sition at 94.8�C, composed of laterally fluorosubstituted terphenyls.

Four compoundswere used as a chiral dopants (Table 3): two of them (OAD66 and
OAD 44) with chiral groups at each end of the molecule and two (OAD 5 and OAD 3)
with chiral group in the centre of the molecule (Table 3). Dopants were chosen because
of their potentially high Helical Twisting Power and in consequence the possibility of
obtaining measurable data while using their small weight ratio percentage.

3. Experimental

Mixtures with 10% weight ratio of optically active dopant have been prepared. Their
cholesteric – isotropic transitions have been indicated (Fig. 1).

For two kinds of our chiral dopants enlargement of the alkyl chain causes dif-
ferent effects while considering the cholesteric-isotropic transition. For compounds
OAD 66 and OAD 44, longer alkyl chains at the end of molecules causes lowering
of the induced cholesteric phase temperature ranges. For compounds OAD 3 and
OAD 5 the effect of alkyl chain enlargement is opposite. This effect is present in
the both modified base mixtures.

The helical pitch has been measured by means of selective light reflection
method. The samples have been put between two glass plates without any surface
treatment inside a Peltier cell. To provide the planar alignment of molecules, the
liquid crystal sample is heated to the isotropic phase on a single glass plate, cooled
down, and when the transition to cholesteric phase starts the second plate is put
on top. The cell has been placed into UV-3600 Shimadzu spectrophotometer with

Table 1. The 1816 nematic mixture composition

Compound structure Weight ratio (%)

22

24

24

19

6

5

34=[1724] W. Rejmer, K. Czupryński, and W. Drzewiński

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
2:

20
 0

7 
A

ug
us

t 2
01

2 



a temperature controller. The measurements were conducted with 5�C step at the
cooling. Helical pitch P (mm) has been calculated according to the equation
P¼ kmax=n where kmax (mm) is the selectively reflected light wavelength, and n is
the average refractive index. The average refractive index of the base mixtures is
1,5 and modification of the mixtures with chosen chiral dopants have a very small

Table 2. The 1781 nematic mixture composition

Compound structure Weight ratio (%)

9

13

19

8

9

13

6

12

6

5
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effect on it. The results of modification of nematic mixture 1816 are shown in
Figure 2.

In Figure 2 it is noticeable that for both types of chiral compounds longer alkyl
chain increases the Helical Twisting Power. This effect has a smaller magnitude for
compounds with chiral groups at the ends of the molecule than for compounds with
one chiral group at the centre of the molecule. It is easy to observe that the obtained
diagrams exhibit Helical Twisting Power almost constant with temperature for all of
the chiral dopants, however the mixtures modified with OAD 66 and OAD 44
induce helical structure that exhibits the smallest changes with temperature. This

Table 3. Optically active dopants structures and abbreviations

Compound structure Abbreviation

OAD 5

OAD 3

OAD 66

OAD 44

Figure 1. Phase transition temperatures for the mixtures studied.
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is favorable for application in optoelectronic devices that need to work in a broad
range of temperatures.

Figure 3 shows the same kind of dependence of HTP for modification of the
mixture 1781.

The values of the Helical Twisting Power in the mixture 1781 are lower than in
the mixture 1816, and they increase with temperature rising. We can also observe
smaller difference between the Helical Twisting Power of OAD 3 and OAD 5 and
greater difference between HTP of compounds with chiral groups at the end of
the molecules. In both cases, compounds OAD 5 and OAD 3 have higher potential
for inducing helical structures than the compounds OAD 66 and OAD 44. Also the
compounds with longer alkyl chains have higher Helical Twisting Powers in the both
base mixtures.

4. Conclusions

The results show that longer alkyl chains in chiral dopants give higher Helical
Twisting Power in the case of nematic medium. This can prove that chiral com-
pounds with longer molecular axis create stronger interactions between molecules

Figure 2. Temperature dependence of HTP for modification of 1816 nematic mixture.

Figure 3. Temperature dependence of HTP for modification of 1781 nematic mixture.
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of an achiral base mixture. It is observed that the chiral group placed in the centre of
the molecule gives higher HTP than the chiral groups at the end of the molecules.
This might be caused by the fact that a part of the chiral molecule surrounding
the chiral centre has higher mobility in compounds OAD 3 and OAD 5 than in com-
pounds OAD 44 and OAD 66. Higher sensibility to helical structure formation of the
nematic mixture 1816 can be caused by the linear shape of its molecules, undisturbed
by substituents in the rigid core (as in the components of mixture 1781). It is possible
that HTP can be higher in the mixture 1781 for different kind of chiral structures. It
is also observed that modification of the 1816 nematic mixture gives almost constant
HTP, especially with OAD 44 and OAD 66. This may lead to a conclusion that in
terms of modeling of materials properties, the base mixture is equally important
as the chiral dopant used. This research provides a wider scope of formulating mate-
rials for technological applications.
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