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Local Distortion Energy and Coarse-Grained Elasticity of the Twist-
Bend Nematic Phaset

C. Meyer,*? |. Dozov®?

The recently discovered twist-bend nematic phase of achiral bent-shaped molecules, Nts, has doubly degenerate ground-
state with periodically modulated heliconical structure and unusual distortion elasticity, the theoretical description o
which is still debated. We show that the Nts phase has the same macroscopic symmetry as another periodic mesophase,
the chiral smectic-A, SmA*. Based on this Nts/SmA* analogy, we develop a coarse-grained elastic model for the Nt phase
Adopting one of the existing microscopic Nrs elastic models, we calculate the coarse-grained elastic constants, coherence
and penetration lengths in terms of a few Frank-like nematic elastic coefficients that can be measured in macroscc,

experiments. The same coarse-grained approach, applied to different local elastic models, may provide an efficic .
experimental test of their validity. We show that the anisotropy of the Nts coarse-grained elasticity is opposite to that of
the SmA*, leading probably to different configurations of some of the defects of the “layered” N+s structure. Moreover, wa
argue that the intrinsic chiral frustration of the Ntz phase may be resolved by penetration of the twist field in the bull
through a network of screw dislocations of the Ns pseudo-layers, resulting in a twist-bend analogue of the twist grain

boundary phase TGBa.

Introduction

The nematic phase, N, is the most symmetric liquid crystal (LC)
phase, exhibiting only orientational long-range order. Most often, it
is formed by rod-like molecules, approximately aligned along the
nematic director n. In the ground-state, n is uniform and its
distortion costs some elastic energy. However, chiral molecules
form a cholesteric (chiral nematic, N*) phase, with spontaneously
twisted director and helical structure. The smectic phases present in
addition positional long-range order - they have layered structures
and different elastic properties.

Less symmetric molecules also form LC phases. Smectic and
nematic phases of bent-shaped molecules, showing chiral symmetry
breaking 2 and giant flexoelectricity 3, have attracted much
attention. Recently, a phase transition from the standard N phase
to a distinct nematic, Nx, has been reported 4° for achiral bent-
shape dimers. A detailed study by Cestari et al. ® provided strong
evidence that the Ny phase of the dimer CB7CB is a twist-bend
nematic, Ntg: the molecules are arranged on a conical helix, with
short pitch p and doubly degenerate chirality. This Ntg structure was
rapidly confirmed experimentally for CB7CB and other bent-shape
compounds 1013,

Theoretically predicted long ago, the Ntg phase may arise from
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different physical mechanisms: transverse nematic ferroelectricity
14, condensation of a polar-order wave 1> 16; elastic instability duc
to spontaneous bend distortion 7. Recent models treated also the
elasticity 1822 and the response to external fields 10 23 of the Nt

phase, which is very important for both basic research and
technological applications. In first approximation, the Nz elasticity
can be considered differently according to the length-scale. At short
scale A, A< p, the elastic response is a function of the loca
deviation from the heliconical equilibrium Nt structure. This local
(“fine-grained”) elasticity should be similar to the usual nema..

elasticity, adapted?! to the doubly degenerate Nz structure (there
is only one ground state in N and N* phases). The models proposec'
for this local elasticity 17-22 still await an indisputable experimentai
verification.

At large scale, A >> p, the N elastic behaviour should be
similar 10. 23, 24 to other periodic LC phases, like cholesterics anc
smectics. This large-scale elasticity, which is better described ir.
terms of compression and curvature of the Ntz “pseudo-layers”
governs the macroscopic features of the twist-bend nematic:
textures, field effects, surface anchoring, etc. Moreover, the loi,
range elasticity can be derived from the local elastic properties i -
coarse-grained approach, as demonstrated before for the
cholesteric phase 25 26, This will afford a macroscopic test of the
microscopic elastic models, e.g. by experiments involving field- ¢ ¢
temperature-induced texture transitions.

In this article, we develop a coarse-grained elastic model for the
Nte phase consisting of achiral bent-shaped molecules. We show
that on a scale much larger than the period of the spontaneou ly
distorted twist-bend nematic structure, the twist-bend nematic has
the same symmetry, namely D., as the SmA* phase. By analogy
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with de Gennes’ 27 complex smectic order parameter y, we
introduce a complex order parameter o for the Nrg phase, with
amplitude related to the heliconical tilt angle and phase defined by
the displacement of the Nt pseudo-layers from their equilibrium
positions. By symmetry, we argue that the macroscopic elastic
energy of the Ntg phase is analogous to the Landau - de Gennes
energy of the SmA*,

To calculate the coarse-grained elastic constants and
characteristic lengths, we adopt one of the local elasticity models,
proposed so far for the Ntg phase. Averaging the local energy over
one Nrg period, we obtain the macroscopic elastic constants in
terms of a few experimentally accessible Frank-like nematic elastic
coefficients. We show that the anisotropy of the elastic properties
and their temperature dependence are substantially different from
their smectic analogues. Moreover, we show that the Ntg pseudo-
lamellar arrangement is chirally frustrated due to the structural
chirality of the phase and we predict the existence of twist-bend

nematic phases with TGB-like macroscopic structure.

Model

Nt / SmA* analogy and coarse-grained elastic model of the twist-
bend nematic phase

The structure of the Ntg phase (Fig. 1(a)) constituted by achiral
bent-shaped molecules has been theoretically predicted long ago 4
17 and was experimentally confirmed recently %13, As any other
nematic phase, the twist-bend nematic presents only orientational
long-range order, with the main axis L of the molecule oriented on
average along the director n, the macroscopic symmetry axis of the
phase. There is no long-range positional order and the centre-of-
mass distribution of the molecules is random, in contrast to the
mass-density wave in smectic phases (Fig. 1(b)). However, the most
striking feature of the Ntz phase is the spontaneous distortion of
the director: instead of remaining uniform, Vn=0, as in most
other mesophases with achiral building blocks, the director n is
periodically distorted in the ground-state of the Nis phase (Fig.
1(a)), n(z)=(sin@cosge,sin@sing,cosd), and the molecules are
organized in a short-pitch conical helix with period p ~ 10 nm 1012,
Here @ is the conical tilt angle of the director and ¢ = g,z is the
azimuthal angle, or phase, of the heliconical precession of the
director around the helix axis z, with wave-vector q,= 9,2 49,
+27/p. The chiral symmetry of the Nts phase is broken: the helix can
be right-handed or left-handed, depending on the sign of the
pseudo-scalar dy and both of these structures are ground-states of

the Nt phase (with the same energy).

Due to the low symmetry of the bent-shape molecules and to
the strong heliconical distortion of the director, the Ntg phase has
very low local symmetry, with additional biaxial and polar long-
range orientational order 17: 19, For this reason, we can expect that
on length scale A <p most of the properties of the twist-bend
nematic, e.g. its elastic behaviour, will be different from the
properties of other mesophases with periodic structure and higher
symmetry, e.g. the cholesteric and the SmA* phases. However, at
large scale, A >> p, the twist-bend nematic recovers the usual Do

symmetry point group of the N* and SmA* phases. For example,

2| J. Name., 2012, 00, 1-3

due to the short pitch, p<< A (A4 being the wavelength of light),
the optic axis N of the Ntg phase is not along n, but along the
macroscopic average of n over a few periods, i.e. N is a unit vector
parallel to the helix axis 1% 28, At macroscopic scale, A >> p, the
optic axis N is a C symmetry axis of the Ntg phase and the twist-
bend nematic belongs to the same D symmetry point group as the
SmA*. Moreover, these two phases have the same translational
symmetry since both of them are periodic in one-dimension, anc
with very short pitch. For symmetry reasons, we then expect that
some of the macroscopic properties of the two phases will be
similar. Actually, a number of observations show that this is indeed
the case for the macroscopic elastic properties. In fact, the typica
textures of unaligned Ntz samples (Fig. 1(c)) are strikingly similar to
the usual focal-conic domains commonly observed in SmA, SmA*
(Fig. 1(d)) and short-pitched N* phases. Another example is the
recently reported 2° fast polar electro-optic effect in the Nts phase,
which is an exact analogue 10 of the well-known electroclinic effect
30 in the SmA* phase. Both the textures and the electrooptic
response strongly depend on the macroscopic elastic properties ~f
the phase, indicating that the macroscopic elasticity of the Nt
phase can be treated by analogy with the well understood elastic
of smectics.

Let us consider the unperturbed state of the chiral smectic ..
phase, SmA*. It is uniaxial, with optic axis along the director n , anc

has a lamellar structure: the mass density p is modulated along the
z-axis ( Z || ng ), with wave vector gy =Qgng, where g =27z/d (dis
usually close to the molecular length). In the distorted SmA*, the
director n(r) and the positions of the layers vary slowly in space (Fig
2(a)). In his seminal paper 27 about the smectic — superconductor
analogy, de Gennes proposed a complex smectic order paramete
w =|w|exp(ig), where |v|is the amplitude of the mass-density
wave and the phase ¢ describes the local layer displacement,
U=d¢@/27, which varies slowly in space. For small distortions
on=n-ng, the most general energy density compatible with the

SmA* symmetry is 26
2 1 4 2 . 2
meA*: All//l +EB|l//| +CH|VHI//| +Cl|(vL—|q05n)V/|

+1[Klls2 + Ko (t —tO)2 + K33b2}
2

Here A and B define the smectic “condensation” energy, favouring
the density modulation for A<O0; the C-terms, with
V)= (0,0,0/0z) V, =(0/0x,0/0y,0), describe 1 -
anisotropic “gradient” energy forbidding fast variation of y; Kii i -
the Frank-Oseen elastic constants 3! for splay S=n(V-n), twist
t=n-(Vxn) and bend b=nx(Vxn) distortions, and the pseud-

scalar t0 describes the spontaneous twist of the nematic, due to i -

and

molecular chirality.

In the N1g phase, the density is uniform but the order parameter
tensor Q, and hence n, rotates along the z direction. T' 2
equilibrium Ny structure corresponds to a circularly polariz -
tensorial wave, with amplitude Singpand phase @=0gz. The

This journal is © The Royal Society of Chemistry 20xx
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surfaces described by @ =27m, with m integer, define a set of
equidistant “pseudo-layers”, corresponding to the same orientation
of the director projection on the pseudo-layer. In the distorted Nt
structure, both the amplitude SINA(r) and the phase ¢(r) are
functions of the position (Fig. 2(b)). By analogy with the SmA¥*,
when d9(r) =6(r) — 6y, 5p(r) = p(r) —pz and their gradients are
small, we can define a complex Nz order parameter
o(r) =sing(r)exp(idp(r)) , describing the heliconical tilt and the
displacement of the pseudo-layers. Moreover, similar to the

smectic case, in the ground-state of the Ntz phase, the optic axis
N =Njis parallel to qo and perpendicular to the pseudo-layers. In

the distorted Ntg state, however, N can deviate from Ng by
ON=N-Ng, where SNLN and ON? <<1.

By analogy with the SmA*, substituting n with N and  with g,
we write the coarse-grained (CG) Ntg energy in the form

2 -
He> = t5" (o) + 1 |Vio| +re|(Ve- |q06N)a‘2
+i|<1’“1(s”)2 +K£\‘2((tN)2—2t(')\'tN)+K3'\§(bN)2}

where KiIi\l are the elastic constants for splay sN = N(V-N), twist
tN=N-(VxN) and bend bN =Nx(VxN) distortions of N, and

t(',\‘ describes the spontaneous twist of N, due to the structural

chirality of the N phase (see the discussion below). At the Ntg- N
phase transition, o=sind=0 and N=n, implying that

Ki'i\' =K;j; (if the pretransitional fluctuations are neglected). The

first term in eqn (2), which is independent of J¢r), is the
condensation energy of the Ntg phase. Its coarse-grained derivation
is unphysical: it is defined by the short-scale Ng structure, with
lower symmetry than the uniaxial CG symmetry. In fact, this term
should be derived directly from the local elastic model (see next
section).

Coarse-grained elastic constants and characteristic lengths
calculated using an explicit local elastic model

The coarse-grained energy in eqn (2) is derived purely from
symmetry arguments, without any assumption about the local
elasticity. In this sense, it is very general and describes qualitatively
the macroscopic elastic behaviour of the Ntg phase independently
of the material parameters of the twist-bend compound. More
quantitative results can be obtained by adopting an explicit local
elastic model. Calculating the energy density on the microscopic
scale and then averaging it over a few periods will relate the
macroscopically measurable properties, e.g. elastic constants, to
the local variables, e.g. to the microscopic Frank-Oseen-like elastic
constants in our case. This approach is quite general and it can be
applied to any macroscopic physical property in order to investigate
the microscopic structure of the Ntz phase by classic macroscopic
experiments. Indeed, we have already successfully applied it for the
bent-shape dimer CB7CB in two particular cases, estimating its
heliconical pitch from the Ntg phase “electroclinic” response 10, and
measuring the temperature dependence of the heliconical tilt angle

This journal is © The Royal Society of Chemistry 20xx
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28 hy comparison of the birefringence measured in the N and Nt
phases. Moreover, applying the same CG approach using different
local elastic models will provide a powerful test of these still
debated models by simple macroscopic experiments.

Hereafter, we will adopt for the local elasticity the elastic-
instability (or negative-elasticity) model of the Ntg phase 17. Let u.
consider a nematic phase formed by achiral bent-shaped molecules.
As usual, the nematic order is described by the tensor
Qij =S(3ninj —5;;)/2, where S is the scalar order parameter 6. A

constant S, the distortion energy density of the nematic is
1 2 2 2
2

where the elastic coefficients K; are positive, imposing uniform
ground-state. The elastic-instability model 17 suggests that, fo.
strongly bent molecules, Ks3 with  decreasing
temperature, and even becomes negative. This pathologica

behaviour, confirmed now both experimentally 12 32, 33 gnd

decreases

theoretically 3436, results in spontaneous bend of the director. Foi
K33 <0, high-order gradient terms are needed in the energy, -

bound it from below 17. In the simplest case of one-dimensional
variation of n, n = n(z), the distortion energy is minimized foi «
twist-bend heliconical structure of the director field. At equilibrium,

the tilt angle € =6 is constant, defined by sin? g = —Kg3/(3K5,)
and the phase ¢ is@(z)=0y-z=0yz, where the wave vecto
0o =Ve(z) is defined by q02 = q02 =-K33/(3C), andC >0is ¢
fourth order elastic constant (for more details see 7 and ESI).

To calculate (see ESI) the condensation energy 5™ (|o]) fron

the elastic-instability model we assume a small uniform deviation o”
@, 56 <<1, from the equilibrium tilt-angle value |00| =0 :

tig" (o) = HE" (oo]) + Kspd0°
1 2
~ s Ka3to6o” - 3 K3300°56°

Here and further on, for the sake of simplicity, we suppost
56° << 4902 <<land we neglect high-order terms in 902.

The CG energy coefficients can be obtained from the loc
distortion energy considering a few simple particular cases. We first
consider a uniform compression of the pseudo-layers, defined by
|c7| E|Uo| , SN=0 and =0y +d5qg=const. Comparing the exc
local energy, Ofjc(50Q)= —(2/3)K330025q2, with the CG res -
0 feg(09) = }/“Hozéqz , we obtain directly y = —2K33/3.

For y, , we consider a uniform tilt of N with respect to q b &
small angle o, with 6N =(0,,0), |0'|E|c70| and 0p=0. The CG
distortion energy is: & fcg (a):yJ_QOZqozaz. The local distortion

energy, obtained (see 1° and ESI) by averaging over one period f

J. Name., 2013, 00, 1-3 | 3



Soft Matter

the heliconical structure, is: 5f|oc(a):K5Na2/2, where

Ksn =(Kqp + K22)902q02/2 ,and we obtain | =(Ky; +Ky)/4.
To calculate Ki'i\l and t(',\' , We assume again |G| E|0‘0| , 0p=0
and SN =(0,a(r),0), where a(r) is a slowly varying function,
p|Va| <<1. We consider separately the cases with Va parallel to
the x, y or z axis (see Fig. 3), corresponding respectively to pure

twist, splay, and bend distortions of N. Averaging the excess energy
over one period, we obtain it as a sum of three terms (see ESI) ,

proportional respectively to az, da/dx and (da/dxi)z, where

X =%XY,Z.The a? term gives again y |, and the terms linear in
da/dx; vanish for X =Y,z, as in the usual nematic phase 3. The

comparison of the other terms with eqn (2) gives:

N 2. N Y .
ty =0oth” ; Kip =Kp1; K=Ky
(5)
N 1 2
K3z =Kg3 +E(Kll+ K22)6

The Ké\é constant is negative and we can expect, by analogy, a

spontaneous bend of the optic axis N in the N phase,
superimposed on the heliconical distortion of the director n.
However, this analogy is spurious (see ESI), due to the y, termin
eqn (2), which makes the tilt of N very costly. Indirectly, the y

term also forbids any large twist or bend of N, as only distortions
with q=Vp = qoN are allowed. Then, VxN = VxV g /go= 0, i.e. the
twist and bend (but not the splay) of N are expelled from the Ntg
phase, exactly as the twist and bend of n are expelled from the SmA
27, Moreover, by analogy with the N - SmA transition 27, we expect a
pretransitional divergence of Ky, and Kzjclose to the N - N
transition.

As in the smectic case 37, far from the boundary surfaces and
defects the coarse-grained Ntg energy can be further simplified,
taking into account that |O'| E|c70| and N|/g. The energy density

then becomes a function of the “layer” compression only,
£=08q/qy, and the principal radii of curvature of the pseudo-

layers, Ry and R>:
2
1= 1 1 1
158 ==Be?+= Kl“{[— + —] (6)
2

Here B= 27”q02 sin? 6 = —4K33q02902/3 is the compression

modulus of the layers and we omitted the surface-like term related
to the Gaussian curvature. Like in smectics, when the assumption
A >>p s satisfied, eqn (6) is valid even for strongly distorted
pseudo-layers (e.g. in the focal conic domains).

The CG energy describes both the amplitude and the relaxation
length of the distortions. Let us consider a small deviation of the
heliconical tilt angle, 86(0)=6, —@,, imposed by a boundary

surface (Fig. 4). Deep in the sample, the deviation vanishes,

4| J. Name., 2012, 00, 1-3

00(0) =0 . Minimizing the excess energy due to 00(r), we obtain

the (anisotropic) coherence lengths of the Ntz phase:

7] 1 1 Ky +K 1
&= I == Ih _ I 7

=
Kss o \lea %‘%\i 8Ky do

(7

These lengths are meaningful in the CG model. Actually, the laige
value of &, &£,09>>1, justifies a posteriori the CG averaging over

one period, used for the derivation of y,. On the contrary
& =1qp is an exact result, as both y and K5, are derived directly

from the local distortion energy, without any CG approximation.

To estimate the penetration lengths for the main distortions o°
N, we consider a small tilt ON imposed at the boundary, relaxing
inside a Ntg sample with almost perfect structure, |O'|E|c70| anc

g=0g. Three different geometries are possible (see Fig. S1),
corresponding respectively to splay, twist and bend of N. In al
cases, the energy due to SN=0is 7J_q025in2905N2>0. [T~1
i=12, the gradient energy is Ki’i\‘(d(SN/dXi)2/2>O, and A

relaxes exponentially with characteristic lengths:

Ki 1 2Ky,
27,00°0)>  Gob \| Kag +Kyp 7

42:’ K 1 [ 2Ky @)

292
\Izh% 6" % \] Ky + Koo

In both cases, 4 =1/qy6y >>1/0qq, justifying a posteriori the CG
approximations.

The bend case is more complicated, due to K% <0. Including 2
fourth order term in the distortion energy of the optic axis N, we
obtain a solution (see ESI) which is a damped oscillation with large
wave vector, k3 =y, and short relaxation length A3 =2/qg. Tin.

result is obviously incompatible with the CG approach, forbidding
strong gradients of the macroscopic variables. Therefore, the case
of a bend distortion of N should be treated directly with the local
elastic model, avoiding the CG approximation.

Anisotropy and temperature dependence of the coarse-grained
elastic parameters

Except for A3, our CG results are qualitatively similar to the SmA’

case: the twist and bend distortions of N are forbidden and expell
from the bulk, the deviations from the condition ¢=(yN are

energetically very costly, etc. Quantitatively, however, the smectic
and the coarse-grained results are very different. For example
§H >>¢&  in smectics 3% 39, while for the N phese

§/é = ,7\\/“ =4/8/36, <<1, i.e. the anisotropy is reversed. In

consequence, the Nrg “clusters” in the nematic phase, due to
pretransitional fluctuations, will have an oblate shape, whereas t' 2
smectic “clusters” are prolate. Similarly, the shape of the ea_-
dislocation cores will be different: in both phases, the melted core

This journal is © The Royal Society of Chemistry 20xx
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of an edge-dislocation is expected to have an elliptical shape, with
semi-axes §” and & ; however, in the SmA* case, the long axis §H

is perpendicular to the layers, whereas in the Ntg case, the long axis
& is parallel to the pseudo-layers. We also expect that in the Nrg

phase the core energy of the edge-dislocations will be smaller than
that of the screw-dislocations, due to their cross-sections,

proportional respectively to §H§l and é_z , that are smaller for the
former. However, these qualitative predictions must be taken with
caution because the structure within the melted core might be
different from the intuitively expected uniform nematic, as recently
suggested for the planar defects separating two monochiral Ntg
domains 28, We note also that the ratio §H/§J_, which is constant
for the SmA, is temperature-dependent in the Ntz phase, due to
0y ~~T*-T . The Nz compression modulus also has an unusual

temperature dependence, I§~6’04~(T*—T)2, which is much

faster than for the SmA ( B~T*-T ), and becomes extremely soft
close to the N — N transition temperature T*. These features are
related to the “negative elasticity” model adopted here, giving a
temperature-dependent coefficient 7 T*-T, which is not

expected in some of the proposed local elastic models. Therefore,
the measurement of the temperature dependences of macroscopic
properties, e.g. B and 6,, will be an efficient test of the Nyg local
elastic models.

The spontaneous twist of the optic axis, té\‘:qoﬁoz, is also

drastically different from the SmA* case: it is due to the Ntg chiral
structure (the heliconical distortion of n), and not to the molecular

chirality. As expected by symmetry, té\‘ is a pseudo-scalar: its sign,
as the sign of g =dg/dz, is inversed in a mirror image. Moreover,

in the N* and SmA* cases, ty is almost temperature-independent
and continuous at the N* - SmA* transition whereas t[')\‘ varies with

the temperature as (T *7T)3/2, and vanishes in the N phase.

Type | versus Type Il behavior and TGB-like structure of the N1
phase
The twist-bend nematic is frustrated by the chiral field h= KZNZt(')\l ,

expelled from the bulk. By analogy with the SmA* 27 and with
superconductors, two kinds of coarse-grained Ntg behaviour are
expected, depending on the value of the Ginsburg parameter
ke =A/&, . For k Sl/\/g, we expect type | behaviour: for strong
enough chiral field h>h;, the bulk Ns order melts, €, =0. For

ke >1/«/§ , type Il behaviour is expected: above a critical value h¢,

the twist field penetrates in the “layered” Ng structure through a
network of screw dislocations of the pseudo-layers, forming Twist
Grain Boundaries (TGB). Then, we expect a TGBnrs phase, a twist-
bend nematic analogue of the TGBa phase 40. Our CG result
ki = 4Ky, /(Ki1 + Kyy) =4/3, corresponds to a moderate type I/

behavior of the Nrg phase. Moreover, assuming ki >>1/\/§ we

obtain h > hq (see ESI), indicating that the twist-bend nematic has
TGByrs structure at any temperature. Detailed analysis of the

This journal is © The Royal Society of Chemistry 20xx
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TGBnre phase, considering moderate k; values and the structure of

the Ntp screw dislocations, will be presented elsewhere.

Comparison with previously reported experimental data

The symmetry-based CG energy (2) is independent of the choice of
a local elastic model which is only required for the calculation of the
coefficients. The “negative-elasticity” model adopted here giv

most of the CG energy coefficients (except for K:;’,\é and J3) as ¢
function of the measurable quantities K;;, Ky, gpand 6, . For
CB7CB, the most studied compound in this context, K;; =5 pN,
P~8nmand g =9° at the N - N transition 10-12 28 Assuming
Ky ~ Kq1/2, we obtain 7 =0.12 pN, y, =1.9 pN, 5” =0.8 nm
& =31 nm, 4=59 nm, 4, =42 nm and B=3800 Pa. Our
estimation of the compression modulus agrees qualitatively witl.

the value B =2000 Pa, reported for a different compound from
previous experiments and coarse-grained models 23 24, based on ¢
different local elasticity. We expect that future experiments w*
improved precision and CG theories based on different microscopic
mechanisms will provide valuable test of the validity of the Ntg lo__"
elastic models proposed so far, which are still a controversial issue.
We note that our CG model, after straightforward extension .o
cover the cases of external fields and surface-imposed constraints,
will greatly simplify the interpretation of future macroscopir
experiments. Actually, a similar approach provided an excellent
electro-optical estimation of the heliconical pitch of the dimc
CB7CB 10 shortly before its more direct freeze-fracture
measurements 1112,

Some of our results are qualitatively similar to the recentl
proposed Landau model for the Ntg phase 8. Actually, both models
are based on the uniaxial large-scale symmetry of the phase anc
introduce almost identical complex order parameters, respectively
o and ¢. However, we exploit explicitly a local elastic model
relating the CG energy coefficients to measurable constants,
facilitating experimental Moreover, the temperaty
dependences of most of the energy terms are quite different for the
two models, as both 6?2 and go? are proportional to T-T* in our case
17, while go is constant in the Landau model 18,

tests.

Conclusion

We have demonstrated that, at the macroscopic scale, the twist-
bend nematic phase has the same symmetry as the SmA* phase
both these phases show one-dimensional periodic structure, with
pitch of a few nanometers; both are chiral because of the molecula
chirality of the SmA* and the doubly degenerate heliconi

organization of the achiral bent-shaped molecules in the Ntz phase;
and both phases possess a C.. symmetry axis, the director n for t*-
SmA* and the macroscopic optic axis N for the N phase. \
proposed an Ntz / SmA* analogy and by considering a complex
order parameter, the Ntz analogue of the de Gennes smectic orde.
parameter y, expression for the
macroscopic elastic energy density of the Ntz phase. Adopting 1 1e
“elastic-instability” local elastic model of the Nz phase and
averaging the energy density over a few periods of the Nrg

we proposed a general

J. Name., 2013, 00, 1-3 | 5
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structure, we obtained the macroscopic elastic constants as
functions of a few microscopic elastic parameters. Our CG approach
may be useful for the treatment of the macroscopic experimental
results in terms of the existing local elastic models and for the test
of the validity of these models.

Despite the qualitative analogy, we showed that the anisotropy
and the temperature dependence of the macroscopic elastic
properties of the Ntg phase are quite different from those of the
SmA*. We argued that this may result in drastically different
geometry and energy balance of the dislocations and other defects
of the Ntz phase compared to their SmA* analogues. Finally, we
demonstrated that the Ntg phase is macroscopically frustrated due
to its chiral symmetry breaking and that this can lead to phases with
large density of screw dislocations, analogues of the TGB phases of
the rod-like smectogens and of the Shubnikov phase of the Type Il
superconductors.
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Figure Captions

Fig. 1. Structure of the Ntg and SmA* phases. (a) In the Ntg phase, the achiral bent-shaped molecules are organized on a conical helix with
short pitch p #10 nm. The nematic director n is tilted at angle & with respect to the helix axis z. The planes corresponding to the same
projection of n on the xy-plane form a set of equidistant “pseudo-layers” of the periodic Ntg phase. This ground state is chiral, with doubly
degenerate handedness. At macroscopic scale, the state is uniaxial, with C. axis along the optic axis N, which is the macroscopic average
orientation of n over several periods. Locally, the symmetry of the phase is much lower, with additional local biaxial and polar orders: the
“long” molecular axis L is preferentially oriented along the heliconically precessing director n; the “bow” axis B is on average parallel to the
bend vector b, which rotates on a helix. (b) In the SmA*, the center-of-mass density of the molecules is periodically modulated along t'
nematic director n. The molecules are organized in layers perpendicular to n, which is also a C» symmetry axis of the phase. The SmA*
phase is chiral due to the molecular chirality. (c) The typical macroscopic texture of the Ntg phase (free drop of CB7CB, T=75 °C) is the foca
conic texture, which is optically undistinguishable from the focal conics in the SmA, SmA* and N* phases. (d) Focal conic texture of a SmA*
cell with untreated surfaces (80CB, doped with 20.5 % S-811 by weight, T=62°C).

Fig. 2. Analogy between the SmA* and Nt phases. (a) The undistorted SmA* layers (dashed lines) are equal-phase planes of the densit
wave  with wave vector (g =(yNg. In the distorted SmA*, the layers (solid lines) are displaced by u(r) along z and the director n(r) is

tilted. (b) The Nt pseudo-layers are equal-phase surfaces of the heliconical precession of n around the optic axis N. In the distorted Nrg,
the pseudo-layers are displaced and N(r) is tilted.

Fig. 3. Principal distortion modes of the Ntg optic axis N: twist (a), splay (b) and bend (c).

Fig. 4. Coherence lengths of the twist-bend nematic. The surface-imposed conical angle 6, << @, relaxes to its equilibrium value & in the

bulk.
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We develop a coarse-grained model describing the macroscopic elasticity of
the Twist-Bend Nematic by analogy with the chiral smectic-A phase.
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