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Introduction

First observations by Lehmann

Lehmann, 1900:

e coexistence of cholesteric droplets
j with the isotropic fluid
oG ) e rotation of the droplets internal

texture when heated from below

O. Lehmann. Ann. Phys., 307(8):649-705, 1900
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Leslie interpretation of the Lehmann experiment

First explanation by Leslie in 1968:

@ nematic phase: symmetry D, = invariant by inversion

F. M. Leslie. Proc. R. Soc. A, 307(1490):359-372, 1968
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Introduction

Leslie interpretation of the Lehmann experiment

First explanation by Leslie in 1968:

e nematic phase: symmetry D, = invariant by inversion

@ cholesteric phase: symmetry Co = not invariant by inversion
= existence of a torque on the director: I'y, = v n x [n x G]
v: Leslie thermomechanical coefficient
n: director

G: temperature gradient

Leslie paradigm

The rotation of the texture in the Lehmann experiment is due to the Leslie
thermomechanical torque I'f,

F. M. Leshe Proc. R. Soc. A, 307(1490):359-372, 1968
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Measurement of the Leslie thermomechanical constant

o cholesteric sample with
sliding planar anchoring

crossed polarizers

P. Oswald and A. Dequidt. EPL, 83(1):16005, 2008
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Measurement of the Leslie thermomechanical constant

o cholesteric sample with
sliding planar anchoring

G e solution of the torque equation:

v
T+ 2’73/d

~1: bulk rotational viscosity

vs: surface rotational viscosity

crossed polarizers
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Measurement of the Leslie thermomechanical constant

o cholesteric sample with
sliding planar anchoring

G e solution of the torque equation:

v
T+ 2’73/d

~1: bulk rotational viscosity

vs: surface rotational viscosity

o |w| measured from the the crossed
polarizers intensity

e sign(w) given by the sense of
rotation of the negative defects

crossed polarizers

P. Oswald and A. Dequidt. EPL, 83(1):16005, 2008

The end of the Leslie Kent
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Results
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Thermomechanical model for the Lehmann effect

@ Droplets with a banded texture in
coexistence with the isotropic fluid

natural light

P. Oswald and A. Dequidt. Phys. Rev. Lett., 100(21), 2008
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Thermomechanical model for the Lehmann effect

@ Droplets with a banded texture in

T- coexistence with the isotropic fluid
w o Leslie thermomechanical model
d G without backflow:
G
~ 14 1[n)
71w
Ty

—

natural light

P. Oswald and A. Dequidt. Phys. Rev. Lett., 100(21), 2008
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Thermomechanical model for the Lehmann effect

@ Droplets with a banded texture in

T- coexistence with the isotropic fluid
w o Leslie thermomechanical model
d G without backflow:
G
~ 14 1[n)
71w
Ty

—

o To test this model, we describe our
data with a similar relation:
vG
-2~ 14 4R
nw

and compare the measured values

natural light of v and v

P. Oswald and A. Dequidt. Phys. Rev. Lett.,
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Summary

Leslie effect:
e v/q dependant of the chiral dopant and positive or negative
@ due to the chirality of the phase

Lehmann effect:
e 7/q much larger than v/q

e 7/q independant of the chiral dopant and always positive

Lehmann effect due to the chirality of the director field
and/or the chirality of the phase?

New problematic

Can we observe the Lehmann effect in droplets of an achiral phase with a
chiral director field?

ILCC 2016 The end of the Les paradigm
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© Lchmann effect in a nematic LC
o Twisted Bipolar droplets
@ Results with a lyotropic chromonic nematic
@ Theoretical model
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How to obtain twist

Frank-Oseen elastic energy:

F[n]:/‘/g(fﬁ [V-n>+ Ky [n-V xn]?+ Ks [nxVxn]Z)

Two possible origins for a twisted director field:

@ action of a chiral interaction potential between molecules:
* Fln] = F[n]+ [, dV K2 ¢ [n-V x n]
* pertinent only in cholesteric phase

@ action of a topological constraint on the LC domain surface:
* F[n] — F[n] + [;dS ~(n), with v the surface tension
* twisted director field if the twist deformation has a negligible energy cost
* no need for a chiral phase

ILCC 2016 The end of the Leslie paradigm Kent
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Stability of bipolar configuration

Ky ~ K, K3
twist ~ splay, bend

Topological constraint:
planar anchoring

Ky, < Ki, Kj
twist < splay, bend

R. D. Williams. J. Phys. A, 19(16):3211, 1986

The end of the Leslie paradigm
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Rotation of twisted bipolar droplets

e Lyotropic chromonic nematic used:
water + 30% SSY
(Kg/Kl ~ 016, KQ/Kg ~ 012)

J. Ignés-Mullol, G. Poy, and P. Oswald. Phys. Rev. Lett., 2016, in press
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Rotation of twisted bipolar droplets

e Lyotropic chromonic nematic used:
water + 30% SSY
(Kg/Kl ~ 016, KQ/Kg ~ 012)

o Achiral phase, with random
handedness of the twist inside the
droplets

o The sign of twist fixes the sign of the
angular velocity = two senses of
rotation
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Rotation of twisted bipolar droplets

e Lyotropic chromonic nematic used:
water + 30% SSY
(Kg/Kl ~ 016, Kg/Kg ~ 012)

o Achiral phase, with random
handedness of the twist inside the
droplets

o The sign of twist fixes the sign of the
angular velocity = two senses of
rotation

Rotation only due to the twist of the director field

J. Ignes Mullol G. Poy, and P. Oswald. Phys. Rev. Lett., 2016, in press
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Relation between the period and the radius
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Thermomechanical coupling of Akopyan and Zel’dovich

o Akopyan/Zel’dovich thermomechanical torque T'yemn = 1 X frem on the
director m of a nematic phase, with:

fnem = gl (Vn) G

& ([Vxn]-n) (nxG)
& ([Vxnlxn) (n-G),

+ +

R. Akopyan and B. Zel’dovich. JETP, 87:1660-1669, 1984
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o Akopyan/Zel’dovich thermomechanical torque T'yemn = 1 X frem on the
director m of a nematic phase, with:

fnem fl (Vn) G
+ & ([Vxn]-n) (nxG)
+ & ([Vxn]xn) (n-G),

o Theoretical prediction without backflow:

mwRk

o =& hin]+& bin]+& Iin]

I;[n]: rescaled functionals of the texture on the unit sphere

R. Akopyan and B. Zel’dovich. JETP, 87:1660-1669, 1984
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Finite-Element simulation of the texture

@ Droplet texture given by the minimum of:

W, 9
5 (n-v) +/VdV/\(n~n—1)

L[n,\] = F[n] +/SdS
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Finite-Element simulation of the texture

@ Droplet texture given by the minimum of:

Ln,\ =

n~u)2+/VdV/\(n~n—1)

e Non-linear problem = Newton-Raphson system projected on a FE space:

(n,\) = (n,\) + a (dn,d6)), a €]0,1]

Hnn H)\n ON _ Dn
Hn)\ 0 oA o D)\
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Finite-Element simulation of the texture

@ Droplet texture given by the minimum of:

Lln, A = /d

e Non-linear problem = Newton-Raphson system projected on a FE space:

2—&—/dV/\(n~n—1)
%

(n,\) = (m,\) + a (6n,0)), a €]0,1]
(G oy (5) =-(B2)

o After convergence, the solution n* depends only on three parameters:
(K2/K1)7 (Kg/Kl) and (R/la) = (R Wa)/Kl

ILCC 2016 The end of the Le aradigm
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Numerical results

1wR

o =& Lin]+& bin] + & Lin]

o (K3/K;) and (K,/K3) known
= I; depend only on (R/I,)

ILCC 2016 The end of the Leslie paradigm



Lehmann effect in a nematic LC cal model

Numerical results

—¥ =& Li[n] + & I[n] + & I3[n]
o (K3/K;) and (K,/K3) known
= I; depend only on (R/I,)

o Simplified model with & = &:

OAT =N Ry R)
Ea la

J(R/la) is computed with our FE code
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Numerical results

3500

1w R B _ B § 3000

——a =& hinl+& Lin]+ & Is[n] 5

% 1500 —

o (K3/K;) and (K,/K3) known E -

= I; depend only on (R/I,) o
Radius R (um)

o Simplified model with & = &: e O linear in R

= J(R/l,) constant
oar="""p; (R)

] = Strong anchoring

a

J(R/la) is computed with our FE code
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Numerical results

SDER & hinl +& Bl + & L

Rescaled period © AT (s K)

o (K3/K;) and (K,/K3) known
= I; depend only on (R/I,)

10 20 30 40 50
Radius R (pm)

o Simplified model with & = &: e O linear in R

o R = J(R/l,) constant
O AT = E% RJ ( ) = Strong anchoring

o With J(R/l,) ~ J(o0), we
J(R/l,) is computed with our FE code find £ = 76 pN/K

a la

Good qualitative agreement; Quantitative agreement?
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o Lehmann effect in an achiral phase with a twisted director field:

The Lehmann effect is only due to the chirality of the director field
U

The Leslie thermomechanical model cannot explain alone the Lehmann effect
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Conclusion

Conclusion

o Lehmann effect in an achiral phase with a twisted director field:

The Lehmann effect is only due to the chirality of the director field
U

The Leslie thermomechanical model cannot explain alone the Lehmann effect

e Good qualitative agreement with the Akopyan/Zel’dovich
thermomechanical model

e But large value of £ in comparison with the theoretical prediction of
Akopyan and Zel’dovich

o Question: quantitative agreement with the value of & below Tx?
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Equivalent expressions for the thermomechanical force

Dequidt convention:

frv =6 (V-n)G
+& (n-[Vxn])(nxG)
+& (n-G)([V xn] xn)
—&4 V- (Geon—[G-n]l)

Correspondence between conventions:

5_1 = —y1(m1 + 72 + 73)

2 = —mim3
Akopyan/Zel’dovich convention: 5= —
frv =(=61+&/2)(V-n) G >3 = V1T
+& (n-Vxn)nxG €4 = —y1(m2 + 73)
+(€3/2—€4/2) (n-G) ([V X n] x n) = 62
~ (€&/2) (IVn]- G+ G- Vn) oY
E2 =62 —£3/2
Brandt/Pleiner convention: _
frv = —nm [V-n]G 5_3—*54/2
— 72 [Vn]- G §4=—E3

—mm3[G-V]n
—mlra =73l [n-Gl[n-Vin

H. Pleiner and H. R. Brand. Springer, 1996
A. Dequidt, G Poy, and P. Oswald. Soft Matter, 2016, to be published
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Conclusion

Photobleaching experiment

[}

EX+EM EX

[ Liquid Crystal
Glycerol layer
Circulating water
[ Glass plate

M SF S1 PL

o LC mixture doped with
fluorescent molecules

o Gaussian beam of a laser focalized
near a rotating droplet

@ The bleached spot is not advected
= droplet not rotating as a solid

G. Poy and P. Oswald. Soft Matter, 12(9):2604-2611, 2016
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