A LETTERS JOURNAL EXPLORING
THE FRONTIERS OF PHYSICS

OFFPRINT

Lehmann e ect in compensated cholesteric
liquid crystals

A. Dequidt and P. Oswald
EPL, 80 (2007) 26001

Please visit the new website
www.epljournal.org



TAKE ALOOK
THE EPL

Europhysics Lett@E®L) has a new online home ¢
www.epljournal.org

http://www.epljournal.org

A LETTERS JOURNAL EXPLORING Athens login
THE FRONTIERS OF PHYSICS Switch to test

107 o, [N osovers: I

Croate account | Alerts | Contact us
Journals List [ETTIPENI Search  Authors  Referses  Librarians _ User Options _ Help

P This Journal
Welcome to the new EPL website

www.epljournal.org is the new online home for Europhysics Letters (EPL). This new website features the
latest published issues, all articles published since 1996 and journal news, and will be the main contact point
for authors, referees and readers of the joumal. We are keen to hear your views on the new site, so if you
have questions or comments do not hesitate to e-mail us at info@epljoumal.org.

Latest issue (complete) No 1, January 2007 (10000-19002)
Open issue No 2, January 2007 (20001-28003)

Current volume > recommend this journal

Number 2, 2007 | G A
[ b2,y 2007 | K] e,

Journal archive il al
Vol 77,2007 ¥| _Go e-mail alerts

I~

Forthcoming articles
An advance list of articles that have been accepted for publication.
This Month's P 2005 INPACT FAGTOR
As a service to authors, all papers published in our joumals are free for 30 days from the date of online 2.237
publication. To make the most of this service sign up for free e-alerts to find out when the latest papers are
published in your field. [RSS |

[RSETeed: iatest adicles
Aboul RSS

A truly international journal

Owned by a partnership of 17 European physical societies, EPL is published under the scientific

responsibility of the European Physical Society by EDP Sciences, IOP Publishing and Societa Italiana di

Fisica. We have brought together our expertise to create a high-quality joumal for the intemational scientific

community.

Exploring the frontiers of physics

Ourvision is for EPL to become a leading home for global physics letters, to offer rapid publication of
ground-breaking physics results from the intemational community, and to provide the broadest coverage of
physics research.

Take a look for the latest journal news and information on:
reading the latest articles, free!
receiving free e-mail alerts
submitting your work to EPL

At

www.epljournal.org




A LETTERS JOURNAL EXPLORING
. THE FRONTIERS OF PHYSICS October 2007
EPL, 80 (2007) 26001 www.epljournal.org
doi: 10.1209/0295-5075/80/26001

Lehmann e ect in compensated cholesteric liquid crystals

A. Dequidt and P. Oswald

Laboratoire de Physique,école Normale Suggrieure de Lyon, UMR 5672 of the CNRS - 46 AlEe d-ltalie,
69364 Lyon Cedex 07, France

received 14 July 2007; accepted in “nal form 1 September 2007
published online 21 September 2007

PACS 61.30.-v ... Liquid crystals
PACS 05.70.Ln ... Nonequilibrium and irreversible thermodynamics
PACS 65.40.De ... Thermal expansion; thermomechanical e ects

Abstract ... In 1900, Otto Lehmann observed that the texture of a cholesteric droplet heaed
from below can rotate continuously ( Ann. Phys. (Leipzig) , 2 (1900) 649). This observation (which
has never been reproduced, to our knowledge) was explained in 1968 by Lesé (Proc. R. Soc.
London, Ser. A, 307 (1968) 359) from symmetry arguments accounting for the chirality of the

material. In 1982, Eber and Janossy showed experimentally that a similar thermomechanical e ect
also exists in a compensated cholesteric (in which the helix is conpletely unwound). This result

was immediately questioned by Pleiner and Brand who claimed that only the symmetry of the
phase (and not that of the molecule) determines the structure of the macroscopic constitutive
equations (Mol. Cryst. Lig. Cryst. Lett. , 5 (1987) 61). According to them, the Lehmann e ect

should necessarily vanish at the compensation temperature. In order to understand the correct
interpretation, we conducted very carefully the experiment in two compleme ntary geometries.
Our results agree with those of Eber and Janossy, con“rming the predominance of microscopic
symmetries over macroscopic ones.

Copyright ¢ EPLA, 2007

Introduction. ... In 1900, Otto Lehmann observed that where 1 is the rotational viscosity. Nevertheless, one
particular droplets of a cholesteric liquid crystal spread condition must be satis“ed to observe a continuous rota-
out between two glass plates could be put into motion tion, which is that the director can freely rotate at the two
when heated from below [1]. This work was completed surfaces limiting the sample. This condition is very di -
in a book published in 1921 [2], in which Lehmann cult to achieve experimentally, which certainly explains
clearly showed that it was not the droplet itself, but why the Lehmann eect is so dicult to reproduce.
its optical texture, that was rotating under the in"uence To overcome this diculty and measure the Lehmann
of the temperature gradient. Surprisingly, the Lehmann coe cient , Eber and Janossy performed an ingenious
experiment has never been reproduced, to our knowledge.experiment with a cholesteric mixture possessing a
The Lehmann rotation was explained qualitatively 68 compensation temperature,i.e. a temperature at which
years later by Leslie [3], who showed that the chirality the equilibrium twist q=2 /p (with p the cholesteric
allows the existence of an internal torque driven by a pitch) vanishes and changes sign. Their experiment
temperature gradient. More precisely, the Lehmann torque consisted of measuring the birefringence of a homeotropic

acting on the directorn reads [4,5] sample placed in a temperature gradient perpendicular
5 to the director n [6,7]. Eber and Jnossy found that, in
Lehmann =S G , (1) spite of the fact that the phase has a nematic structure

at the compensation point, the director still experiences a
where G =(n x G) xn is the component of the temper- Lehmann torque. In other words, they found that =0 at
ature gradient G= T perpendicular ton . This equation the compensation temperature at whichq= 0, concluding
predicts that the helix of a cholesteric liquid crystal must that the torque is from microscopic origin and due to the
rotate at a constant angular velocity when submitted to  chirality of the molecules. This experiment was immedi-

a temperature gradient parallel to its axis: ately criticized by Pleiner and Brand who claimed that
the Lehmann coe cient must vanish at the compensation
= SG/ i, (2) point [8,9]. Their argument was the following: esince

26001-p1



A. Dequidt and P. Oswald

o . . 2
ny(X,2) ny(x,z
it is the symmetry of the phase which determines the G o +Ks y(2 )S 20K x(X,2) -0, (@
structure of the macroscopic equations, it is clear that z z
the thermomechanical coupling constant has to vanish . .
pling with o = + d’;—;q The x-axis is chosen parallel to the

at the compensation point, since there the symmetry
is exactly that of the nematic phas€¢ [9]. They thus
concluded that the result of Eber and Janossy ( =0) was
wrong and due to some experimental artifact. This ar-
mation led to a polemic between theorists and experimen-
talists, the latter claiming that their results were reliable
and not forbidden theoretically because of the chirality of
the molecules [10]. In view of this controversial situation,

temperature gradient and the z-axis perpendicular to the
glass plates. The system is invariant along they-direction.
Second derivatives with respect tox have been neglected,
which can be justi“ed a posteriori (the sample thickness
d is always much smaller than the width of the nematic
band). Solving the previous equations give:

1sin q(dS 22) g2

we redid the experiment in order to know which of the Gty 2gl, 1 ®)
two types of symmetries, macroscopic or microscopic, was T 2K,q d 2 2 g qdkz ’
pertinent in the problem. In this letter, we shall only give Ks
the results of our measurements, reporting the details of ) Ky o % Ko
our experiments in a forthcoming longer article. = G e sin azgs sin q(dS z)g ©)
The plan of the article is the following. In the second Y7 2K, sin qdtz '
E K3

section, we recall the principle of the Eber and Janossy
_experiment in homeotropic anchoring and we show that Tpese equations generalize the solution given b)Eber
it can be extended to the planar geometry. We then ang Janossy [6] since they are still valid out of the
calculate for each geometry the director distortions in the compensation point Te. In particular, they give back

temperature gradient and the expression for the phase pe spinodal limit for the nematic phase asn, and n,

shift between the ordinary and extraordinary components diverge whengd= (K 3/K ) or d/p = K3/ (2K »).

of a laser beam crossing the sample at the compensation The solution can be linearized ing in the vicinity of the

temperature. We show that this shift depends on the compensation temperature (at whichg=0), which gives
optical indices, on the elastic constants and on are ective

Lehmann coe cient of expression ¢ = + K,dqg/dT, _ G et K2 . d « _ G st o
whereK, is the twist Frank constant. In the third section, = 3K 2 qz zS 2 (zSd). ny= 2K 3 2(dS 2).
we describe the experiment and we deduce from the )
measurement of the optical phase shifts two dierent

combinations of the e ective Lehmann coe cient with This distortion of the director “eld can be detected

the optical indices and the two other Frank constants optically by measuring the phase shift  between the
K. and K 3. In the fourth section, we brie"y explain how ordinary and the extraordinary components of a laser
we measured @/dT as well as the elastic constantsK; beam crossing the sample. In practice, the beam is never
(i=1,2,3) and the optical indices. Finally, we give in the strictly perpendicular to the sample, which may be a
last section the value of the Lehmann coe cient and we source of error. For this reason, we calculated the phase
draw conclusions about the role of the molecular chirality. shift at the compensation temperature by taking into
account a small misalignment of the laser beam. Let
be the angle (assumed to be small) between the beam
and the normal to the sample and the azimuthal angle
of the beam with respect to the temperature gradient. A
straightforward calculation yields

The Eber and J anossy experiment: theory.

In the original experiment of Eber and Janossy, the
cholesteric liquid crystal is introduced between two paral-
lel glass plates treated for strong homeotropic anchoring.
The sample is then placed inside a temperature gradient

parallel to the glass plates. In this geometry, the cholesteric - & G eff @2 2 nzSn2 Kkn.d

helix unwinds when its pitch is typically larger than the H Ks 24m2 " °

sample thickness. As a consequence a band of homeotropic S

nematic phase, centered on the compensation tempera- + G et pNeSNG (sin )kd 8)
ture, forms in the sample. This region is bordered by Ks 12nZ

cholesteric “ngers which are well visible under the micro-
scope (for a review about the helix unwinding, see [5,11]).
In practice, the nematic phase is a little distorted because
of the presence of the temperature gradient. The director
“eld distortions are obtained by solving the torque equi-
librium equations. To “rst order in temperature gradient

where n, and n are the ordinary and extraordinary
indices, respectively,k =2/ the angular wave number
of the laser, while o = +K,39 at T, as g=0. This
equation shows that, at normal incidence ( =0), 4
is proportional to G? and d®, a result already given by
Eber and Janossy in ref. [6]. On the other hand, an

G, they read , additional term linear in G appears when the laser
. e A :
2K 10 ny(x2) K nx(>2<,Z) -0, 3) beam is slightly misaligned, but the term in G? remains
z z unchanged.
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This experiment can be also performed in planar 0
anchoring, provided that the molecular alignment direc- -
tion be perpendicular to the temperature gradient. In 520
this geometry, a nematic band forms which is centered . &10—
on the inversion temperature. At equilibrium, this band =
is bordered by two -disclination lines behind which - 60—
regions twisted by 2 form. As in the homeotropic case,
the nematic is distorted by the temperature gradient. $80—
These distortions can be detected by measuring the ;
phase shift p between the ordinary and extraordinary $100 i .
components of a laser beam crossing the sample. A B L i I I
straightforward calculation gives in this case at the S10 5 0 5 10
compensation temperature: G (°C/cm)
. 2 2& 32 . Fig. 1: Phase shift as a function of the temperature gradient
p=S + GKeIf n2‘94%1nz° kned® S GKeIf (d =100 pm, homeotropic anchoring).
[0}
2& 2 _ i i o=
MeS Moy 3 gin + dcoi 2g__ SN _ cos 8
12n2 kn3 k2n2(ne S no) .
©) < .l
with = kd(ne S ny). As in the homeotropic case, the o o1
phase shift contains (in addition to the constantterm S ) v 83
a linear term in G which vanishes when =0 and a f\g 63
quadratic term in G proportional to d® and independent ] .
of angles and . 1 b=6.13x 10" d°
From these calculations, we see that measuring e
and p on the one hand, andn,, ne, K; (i=1,23) : 6 7 g8 o |
and dg/dT on the other hand, allow us to determine the d(um) 100

Lehmann coe cient . In the next section, we present our

experiment and recall how to measure 1 and  p. Fig. 2: Fit parameter b as a function of the sample thickness

5 H i
Experiment. ... Our liquid crystal is a mixture of d- The d”-dependence is well satis"ed.

4-n-octyloxy-4 cyanobiphenyl (80CB from Synthon

Chemicals GmbH & Co) and of cholesteryl chloride (CC ) )
from Aldrich) in proportion 1:1 in weight with a compen- the ordinary and extraordinary components of the laser

sation point at 59 C and a clearing point at 67 C. The beam crossing the sample was measured using a rotating

80CB was puri‘ed by A. Zywocinsky and the CC was used analyzer, a qugrter-wave plate, a p_hotodiode and a lock-in
without further puri‘cation. The glass plates were treated ~@MmPpli‘er following the method of Lim and Ho [14]. _
either for homeotropic anchoring with DMOAP (accord- AN example of curve obtained with a homeotropic
ing to the Kahn procedure [12]) or for planar anchoring 100Mm thick sample is shown in “g. 1. The solid line
with a rubbed polyimide layer baked at 300 C during "€Presents the best “t of the data to a parabola =
2 hours (ZLI 2650 from Merck). Nickel wires of calibrated 8G S bG*. According to eq. (8), a= - nfzsn%" sin kd 3
diameters were used as a spacer to “x the sample thick- _ w2 n23n? )

ness. The temperature gradient was imposed by placing and b= Kﬁs 240ng knod®. In .g. 2, we plotted
the sample in a directional solidi“cation cell (for its the “t parameter b as a function of the sample
description, see ref. [13]), itself mounted on the stage of athickness d. Within experimental errors, b is propor-
polarizing microscope. A semi-re"ecting plate was placed tional to d° as predicted by the theory. Fitting b
under the condensor of the microscope to illuminate the with a linear law in d°® leads to ;f; “zaﬁr?g kng =
sample with a He-Ne laser (= 633nm). The laser beam 4 3, ( gy 1012 rad K32mS2. As for values ofa obtained

\c/iv_as f(t)cus?c:hlnzlde the _s?mple \]fv,'[;h thz confdensor. O:tsfrom the “ts, they give expected typical angles 1...3
lameter at the beam waist was of the order of um an The same procedure in planar geometry led to

did not change signi“‘cantly over the sample thickness 2 252 . =

(ranging between 50 and 11@m). An x-y translation stage < ;Tng"kne =(25 + 6)x 102 rad K>?m>3,

allowed manual positioning of he cell in order that the  The next step was to measure the constant materials
laser spot lies exactly in the middle of the nematic band, at ny, ne, K1, K2, K3 and dg/dT at the compensation
the compensation temperature. The phase shift between temperature. Our results are given in the next section.
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52 54 56 58 60 62 64
T(°C)

Fig. 3: Broken line separating an unwound zone (nematic
phase, black) from a half-pitch twisted zone (grey). The line is

pinned on the balls used to “x the sample thickness (d=20 ym, Fig. 4: Equilibrium twist as a function of temperature. The
T=59.6 C). di erent symbols correspond to samples of di erent thicknesses

(5,6.8,9and 20um).

Material constants. ... Great care was taken to

measure these coe cients (for the details, see the forth- In order to measure .the elastic constants, we gsed
& three di erent methods. First, we measured the Freedtriks

coming longer article). The birefringence n=n¢Sn, ition in ol | ) o hod
was obtained by measuring the transmitted intensity transmor_w In planar samples using a capacitive method.
IFrom this experiment (and capacity measurements of

between crossed polarizers as a function of the Iocah ) | deduced the dielectri
thickness in a wedge planar sample. The indices were then'0Meotropic samples) we deduced the dielectric constants
=9.4+ 05 and =4.5+0.2) and the ratios ==

deduced separately by measuring in addition the phase( g
shift between the ordinary and extraordinary compo- 0.076% 0.006V2 (with .= S ) and g2=1.7+01.
nents of a laser beam crossing homeotropic samples off he latter was deduced from the “t of the whole capac-
dierent thicknesses at an incidence angle =15 . ity vs. voltage curve according to the procedure given
These two measurements gaven,=1.55+ 0.01 and In [15] by neglecting "exoelectric e ects [16] (this point
Ne=1.64+ 0.01. will be justi“ed in a forthcoming article). Second, we
The p|tch was measured as a function of temperature measured the Féedériks transitionina / 2-twisted planar
by using commercial cells (from Instec, Inc) treated for cell (thickness &8um, from Instec, Inc) close to the
planar anchoring. The cells contain silica balls which allow compensation point. Measuring the critical voltage as a
to “x their thickness accurately (5, 6.8, 9 or 20 + 0.2pm). function of the temperature (or, equivalently, as a func-
After “lling, the cells were placed in a precision oven tion of g) gave us £z =0.068+ 0.002V? [17]. Finally,
regulated within 0.01 C. The absolute value of the pitch We measured the spinodal voltage of the nematic phase
was measured by looking for the particular temperatures in homeotropic samples of various thicknesses as a func-
at which two zones with two dierent values of the tion of the temperature (or g). These measurements led to
twist coexist. Let n and n be the numbers of half K: =0.15+ 0.02V2 and K3K§ - =0.0312+ 0.0006 2.
pitches in two adjacent zones. It can be easily checked
that the two zones have exactly the same elastic energy Lehmann coecient. ...  From the measurements
at temperature T such that ¢(T)= (n+2r;) . In general, described in the two previous gectlons, we can calculate
InSn|=1 (sometimes 2). Figure 3 shows an example of all the materials constants, mcludmg_ the Lehmann
a 20um thick sample in which an unwound zone (nematic C°€ cient . All the measurements being coupled, the
phase, black between crossed polarizers) is in equilibrium €7Or €stimation is not simple and was determined by
with a half-pitch twisted zone. In this example, the using the .maX|mum—I|keI|hood method Qescrlbed in
temperature is adjusted in order that the -line separating "€ [18]. Finally, ngzfound for the elastic const?;ts:
the two zones form a broken line joining the silica balls. By Ki=(3.4+ 04)x 1052 N, Kz=(2.8+02)x 10°*N
contrast, the line segments bend visibly in the direction o

¢ and K3=(5.9% 0.6) 10512N, and for the Lehmann

the zone of lower energy when the temperature is changedC°€ cient:
by typically +0.02 C. This method allowed us to measure

o(T) (“g. 4). The best “t of the experimental data to a =(2.8+ 0.6)x 10°"kgKS1s>2,
polynomial of degree 2:q= a(T S Tg)+ KT S Tc)? led to
= 39(T = T.)=0.1365¢ 0.001umS*KS1. The sign ofq  In conclusion, we have found, in agreement with the

was determined using a cell with a strong planar anchoring pioneer work ofEber and Janossy, that the Lehmann coef-
at the bottom plate and a gliding planar anchoring at the “cient does not vanish at the compensation temperature
top plate. in a cholesteric liquid crystal. This result is in favor of
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We thank A. Zywocinsky for the puri“cation of the
liquid crystal 8BOCB and Sriram Ramaswamy for helpful
discussion.
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