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Heliconical-fluctuation-induced compensation point in the diluted cholesteric phase of
mixtures containing the flexible dimer CB7CB
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We show experimentally and theoretically that the heliconical fluctuations that develop in a
cholesteric phase (Ch) close to a transition to a chiral twist-bend nematic phase (Nrg) may lead
to the appearance of a compensation point. At this point, the equilibrium twist of the cholesteric
phase vanishes and changes sign. Mixtures of the flexible dimer CB7CB and the rod-like molecules
8CB or 5CB, doped with a small amount of the chiral molecules R811, S2011, CC or CB15, are
used in experiments to determine the conditions for the appearance of a compensation point.

PACS numbers: 61-30.Eb, 61-30.Dk, 62.25.-g

I. INTRODUCTION

By doping a nematic phase with a small amount of a
chiral molecule, one obtains a cholesteric phase in which
the director 77 spontaneously rotates along a space direc-
tion called the helical axis [1]. In the structure at equilib-
rium, the director is perpendicular to the helical axis and
turns 27 radians over a distance P called the helical pitch,
corresponding to an equilibrium twist ¢ = 27/P. In most
of the diluted cholesteric mixtures, the equilibrium twist
does not change significantly with temperature. In this
context, “diluted” means that the concentration of chiral
molecules does not exceed a few percent by weight.

There are, however, exceptions to this situation, for
instance when the liquid crystal (LC) presents a tran-
sition to a smectic A phase in which the molecules ar-
range in parallel layers. In that case, the pitch diverges
at the transition when it is second order [2-7]. Accord-
ing to Alben [8] this divergence is due to the divergence
of the twist elastic constant K5 that is known to di-
verge as the coherence length ¢ (by assuming that the
coherence lengths parallel and perpendicular to the di-
rector are equal) [9-12]. Physically, this divergence is
due to the deformation of the cybotactic groups which
are transient domains of size £ of smectic layerlike order-
ing [13]. It is remarkable to note that these groups have
been experimentally observed only recently by electron
microscopy in frozen samples [14]. It must be empha-
sized that this behavior is independent of the chemical
nature of the chiral molecule used to dope the LC. An-
other exception occurs when the mixture has a compen-
sation point at which the pitch diverges and changes sign.
This situation is rather rare in diluted mixtures and cru-
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cially depends on the chemical nature of the chiral dopant
as it results from particular interactions (steric, electric,
etc.) between the LC molecules and the chiral dopant.
One example is given in Ref. [15] where the LC used is
the CCN-37 (4a,4’a-propylheptyl-1a,1’a-bicychlohexyl-
43-carbonitrile) and the chiral dopant is the cholesteryl
chloride (CC), a molecule known to give a compensation
point when it is mixed at high concentration with sev-
eral usual LC such as 8CB (4-n-octyl-4’-cyanobiphenyl),
80CB (4-n-octyloxy-4’-cyanobiphenyl) or MBBA (N-(4-
methoxybenzylidene)-4-butylaniline) [16]. Another ex-
ample was recently found by one of us (PO) in a mix-
ture of a flexible dimer CB7CB (see below) and a rodlike
molecule (8CB) doped with a very small amount of the
chiral molecule R811 [17]. In this mixture, a surpris-
ing compensation point appeared in the vicinity of the
twist-bend nematic phase (Ntg), contrasting with previ-
ous studies only mentioning a divergence of the pitch at
the transition [18]. We recall that in the Npp phase, the
bent-core molecules spontaneously arrange into a doubly
degenerate heliconical structure at a nanometer scale (for
a review, see Ref. [19]).

In this paper, we determine under which experimen-
tal conditions such a compensation point occurs close to
the Ntp phase and we suggest that this phenomenon
is closely linked to the presence of cybotactic groups of
the Npp phase (Sec. II). To reinforce this hypothesis,
a qualitative model is presented (Sec. III). Conclusions
and perspectives are drawn in Sec. IV.

II. EXPERIMENTAL SECTION

The LC used is the flexible dimer CB7CB (17,77-
bis(4-cyanobiphenyl-4’-yl)heptane). It was purchased
from Synthon (Germany) and used without further pu-
rification. In this molecule, the spacer between the
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FIG. 1. Liquid crystals used: (a) CB7CB; (b) 8CB; (c) 5CB

two cyanobiphenyl (CB) groups contains an odd num-
ber of carbons (7) resulting in a bent-shaped molecule
(Fig. 1(a)). This molecule is not chiral. Because of its
shape, this LC has a phase transition between an uni-
axial nematic and a twist-bend nematic phase at Tyg =~
103.1°C. The nematic phase melts at Tny; ~ 115.5°C.
By mixing CB7CB with a rod-like molecule such as
8CB (4-n-octyl-4’-cyanobiphenyl, Fig.1(b)) or 5CB (4-
n-pentyl-4’-cyanobiphenyl, Fig. 1(c)) it is possible to de-
crease both Typ and Ty while increasing the domain
of existence of the nematic phase. In practice, we used
the following mixtures: CB7CB+50 wt% 8CB (M1),
CB7CB+37.5 wt% 8CB (M2), CB7CB+25 wt% 8CB
(M3), CB7CB+12.5 wt% 8CB (M4) and CB7CB+50
wt% 5CB (M5) which all exhibit a transition from N to
Nrp phases. 5CB was purchased from Merck (Germany)
and 8CB from Synthon (Germany) and were used with-
out further purification. The transition temperatures of
the mixtures M1-M4 were measured between two bare
glass plates in a Mettler oven FP82 and are reported in
Fig. 2. For the mixture M5, we measured Txp = 24.5°C
and TNy = 59°C. These data are in good agreement
with the phase diagrams of the mixtures CB7CB+8CB
and CB7CB+5CB given in Ref. [20] and Ref. [21], respec-
tively. Note that Tny is here the temperature at which
the first droplets of isotropic liquid nucleate upon heating
(solidus temperature) and Txp the temperature at which
the first domains of Npp phase nucleate upon cooling
(liquidus temperature).

A. Materials

The chiral molecules used were R811 (R~(+)-octan-2-yl
4-((4-(hexyloxy)benzoyl)oxy) benzoate, Fig. 3(a)), CB15
(R-(+)-4’-(2-methylbutyl)-[1,1’-biphenyl]-4-carbonitrile,

Fig.3(b)),  S2011  (S-(—)-4-(3,5-difluoro-4-(octan-2-
yloxy)phenyl-4-propyl-1,1’-bi(cyclohexane),  Fig. 3(c))
and CC (cholesteryl chloride, Fig.3(d)). All were

purchased from Merck (Germany) and used as received.
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FIG. 2. Phase diagram of the mixture CB7CB+8CB. The
mixtures M1-M4 are indicated on the graph. Open circles:
Tni1 (solidus temperature); Solid circles: Tnp (liquidus tem-
perature). The open triangles give the temperature at which
the last germs of nematic phase disappear upon heating (lig-
uidus temperature). Solid lines are just guides for the eye.
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FIG. 3. Chiral dopant used: (a) R811; (b) CB15; (c) S2011;
(d) cC

The first two (R811 and CBI15) are known to give
right-handed cholesteric phase, while the last two (S2011
and CC) give left-handed cholesteric phases [22].

B. Experimental setup and sample preparation

All observations were made with a Leica Laborlux 12
Pol Microscope equipped with a Guppy F-503 CMOS
camera. The samples were prepared between indium tin



oxide (ITO) coated glass slides. Their thickness was fixed
thanks to Nickel wires or silica micro-beads used as a
spacer and was measured with an Ocean Optics USB2000
spectrometer. It ranges between 2 and 15 nm depending
on the concentration of chiral molecules in the mixture.
A home-made oven was used to fix the temperature of
the samples. The temperature was regulated to within
40.01°C thanks to an ATNE ATSR100 PID tempera-
ture controller. The polyimide Nissan 0825 was used to
prepare the plates treated for planar unidirectional an-
choring according to the protocole described in Ref. [23].
A thin polymercaptan layer was used to obtain a planar
sliding anchoring according to the protocole described in
Ref. [24].

C. Pitch measurements

In practice, the classical Cano wedge technique [1]
cannot be used to measure the pitch close to a Nrp
phase transition. The main reason is due to the ex-
istence of a band instability of the texture [17] that
shifts the y-lines from their usual equilibrium position
in d = P/4;3P/4;5P/4... (with d the sample thick-
ness), making impossible a precise measurement of the
pitch. Another limitation comes from the large viscosity
of the mixtures containing CB7CB leading to equilibra-
tion times of the texture that can exceed one day.

For these reasons, we chose another method consisting
of measuring the rotatory power of thin samples sand-
wiched between a plate treated for planar unidirectional
anchoring and a second one treated for planar sliding an-
choring. The details of this measurement are given in
Ref. [17]. In short, the sample is placed under the mi-
croscope and is illuminated with a polarized light beam
whose incident polarization is parallel to the director on
the bottom plate treated for planar unidirectional an-
choring. The rotatory power is determined by measuring
for which angle between the polarizer and the analyzer
the transmitted intensity [, is maximum. From this an-
gle, the pitch is determined by using the Ong formula
[25, 26] that allows to calculate I, provided that the
birefringence is known. Note that using this formula is
necessary, in particular at high temperature, when the
Mauguin condition for the adiabatic rotation of the light
polarization is no longer fulfilled. For the mixtures M1,
we used the birefringence data given in Ref.[17]. For
the other mixtures, the birefringence was measured us-
ing a Berek rotating compensator following the protocole
described in Ref. [17]. The major advantage of this tech-
nique is that the measurements are very fast because the
samples equilibrate within a few minutes after each tem-
perature change.
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FIG. 4. (a) Phase diagram of the mixture M14+R811. (b)
Equilibrium twist ¢ as a function of the temperature shift
T — Tng for the mixture M1 doped with (from bottom to
top) 0.09 (empty diamonds), 0.181 (solid circles, data taken
from Ref.[17]), 0.49 (empty circles), 0.82 (solid triangles),
1.12 (empty triangles) and 1.48 wt% (full diamonds) of R811.
(¢) Zoom on the data shown in (a) inside the rectangle in light
gray. The solid lines are just guides for the eye.

D. results

We first measured the equilibrium twist ¢ of the mix-
ture M1 doped with increasing concentrations of R811.
The phase diagram of this mixture and typical curves are
shown in Fig. 4. As expected with R811, we observe that
g > 0 (right-handed cholesteric) and is approximately
constant far from the transition to the Nt phase. In
this regime, ¢ is proportional to the concentration of
R811 as shown in Fig.5(a). From this figure, the he-
lical twist power —defined to be HTP= 1/PC where C
is the concentration by weight of the chiral molecule—
can be calculated at T — Tyg = 30°C: HTPprgi1 =
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FIG. 5. Equilibrium twist measured at T — Tng = 30°C
(denoted by qo) (a) and at T'= Txe (denoted by gng) (b) as
a function of the concentration of R811 in the M1 mixture.
The solid line in (a) is the best linear fit of the data. The
solid line in (b) is just a guide for the eye.
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FIG. 6. Temperature difference T. — Txp as a function of
the concentration of R811 for the mixture M1 (solid circles),
M2 (empty squares), M3 (solid triangle) and M4 (empty dia-
mond). The negative values of T, — Tng for the mixtures M1,
M3 and M4 were obtained by extrapolating to 0 the ¢(T")
curves.

19.2pum ! wt% !, This value is pretty large in compari-
son to that found with usual LC such as cynanobiphenyls
(around 13pm~!wt% ! [22]). This is due to the large
molar mass of the CB7CB as one immediately realizes
by calculating the HTP in pm~'mole%~!. In these units,
the HTP have similar values in all the LC. Much more in-
teresting is the observation of a compensation point near
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FIG. 7. Equilibrium twist as a function of temperature for the
mixtures M3 + 0.091 wt% R811 (a) and M4 + 0.194 wt%R811

(b).

Tnp which disappears above a critical concentration C*
close to 1.25 wt% (Fig. 5(b)). This is also visible in Fig. 6
in which the temperature difference T, — Txp is plotted
as a function of C, by denoting by 7. the compensation
temperature. Another interesting point is that the twist
has always a finite value at Txp as shown in Fig. 5(b).

Chiral dopant |HTP (um™' wt% ')
R811 19.2
CB15 10.8
S2011 -15.1
CcC -3.44

TABLE I. HTP of the chiral dopants measured at T'— Tng =
30°C in the mixture MI.

We then performed similar measurements with the
mixtures M2, M3 and M4. With the mixture M2, we
observed again the existence of a compensation point
at small concentration of R811. For this mixture, we
found that C* =~ 0.93wt% as shown in Fig.6. This is
less than the value found with the mixture M1. Finally,
we observed that the compensation point disappears in
mixtures M3 and M4 (Fig.7). In that case, ¢ is posi-
tive whatever the temperature and the concentration of
R811. In addition, the decrease of the equilibrium twist ¢
is much less important when approaching from the Npg
phase in mixture M4 than in mixture M3. These re-
sults show that the larger the temperature interval in
which the cholesteric phase exists, the larger is the varia-
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FIG. 8. Equilibrium twist as a function of temperature for
the mixture M1 doped with 0.19wt% CB15 (a), 0.147 wt%
52011 and 0.185wt% CC (c).

tion of the equilibrium twist when approaching from the
Nrp phase. In particular, the cholesteric phase must ex-
ist over a wide enough temperature interval to observe
a compensation point in the vicinity of the Nrg phase.
This behavior is clearly related to the first order character
of the Ch-to-Nrg phase transition which is known to de-
crease when the temperature interval Ty —7Tnp increases.
This is indeed confirmed by latent heat measurements as
those reported in Ref. [21] for the mixture CB7CB+5CB.
In that case, the latent heat decreases by a factor of 4
with respect to the pure CB7CB for a concentration of
5CB close to 40 % by weight.

The next question to solve was to determine whether
the existence of the compensation point depends on the
chemical nature of the chiral molecules. This is clearly
the case with the LC CCN-37 for which a compensa-
tion point is observed with the CC —but not with R811.
This is shown in Ref.[15]. Is it similar with the mixture

q(um™)

25 30 35 40 45 50 55
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FIG. 9. Equilibrium twist as a function of temperature for
the mixture M5 doped with 0.257 wt% R&11.

M1? To address this question, we doped the mixture M1
with small amounts of the chiral molecules CB15, S2011
and CC. With all of the mixtures, we observed the same
behavior as with R811, i.e. the existence of a compen-
sation point near the Npp phase and a plateau at high
temperature. Typical curves are shown in Fig.8. From
these curves the HTP of each chiral dopant was deduced.
Their values at T'—Tnyg = 30 °C are given in Table 1. As
expected, the HTP of R811 and CB15 is positive, while
the HTP of S2011 and CC is negative. In all cases, we
also observe that the HTP of these chiral dopants is typ-
ically 1.5 times larger than in usual nematic LC when
the percentages are given in wt%. This study shows an
important result, namely that the existence of the com-
pensation point is independent of the chemical nature of
the chiral dopant. As a consequence, the compensation
point is not due to specific interactions between the LC
and the chiral molecules, but rather to a pretransitional
effect when the Nrg phase is approached.

To confirm this point, we also tested the role of the
rod-like molecule used. We replaced 8CB by 5CB and
prepared a sample of the mixture M5 doped with 0.2 wt%
of R811. With this mixture, we again observed a com-
pensation point close to the Ntp phase as can be seen
in Fig.9. This result confirms that molecules other than
8CB can be used and that only the presence of a Npg
phase is necessary to observe a compensation, provided
that the phase transition is weakly enough first order.

III. QUALITATIVE MODEL

Our observations show that the existence of a com-
pensation point is due to the presence of a Nrg phase.
This observation contrasts with what is observed at the
cholesteric-smectic A phase transition where ¢ vanishes
—but does not change sign. In the latter case, the de-
formation of the cybotactic groups of lamellar phase is
responsible for the pitch divergence. By analogy, one
could think that the deformation of the cybotactic groups
of Nt phase could play the same role because of their



lamellar-like structure. This interpretation was indeed
proposed by the authors of Ref. [18] to explain the large
increase of the pitch measured in their mixtures at large
concentration of chiral dopants. This interpretation is
certainly partly correct, but fails to explain the twist re-
versal at low concentration of chiral molecules. Note that
this analogy with the N-to-SmA transition has also been
proposed to explain the increase of the bend constant K3
that is observed near the Ntp phase [20, 23, 27].

Contrary to the case of the Ch-to-SmA phase transi-
tion, the twist constant Ky does not diverge at the com-
pensation temperature in the present mixtures [17]. For
this reason the explanation for the divergence of the pitch
must be different. Major differences indeed exist between
cybotactic groups of SmA and Nrpg phases:

- First, the cybotactic groups of the Npp phase re-
main locally nematic and can be more easily twisted than
those of the SmA phase in which a true lamellar struc-
ture exists. The twist of the cholesteric helix deforms
the pseudo-layered director field inside the Nt groups.
This tends to untwist the helix, similar to the SmA tran-
sition. However, this effect cannot lead to a complete
compensation without the divergence of Ks.

-Second, the Ntp groups are chiral, because the he-
liconical arrangement of the molecules inside is twisted
either to the right or to the left. In cholesteric LC, one of
the two chiralities is favored. In the following, we show
qualitatively that this imbalance between the two enan-
tiomeric configurations is fundamental and can lead to an
inversion point, because forming heliconical Nrg groups
with a favorable twist becomes easier if the cholesteric
helix is twisted in the opposite direction.

For this purpose, we calculated the elastic energy
stored inside a deformed cybotactic group. This calcula-
tion is qualitative but could serve as the starting point
for a more complete theory.

The elastic free energy per unit volume of the
cholesteric phase is given by

F = % Ky (V-71)%+2 Ky (ﬁ-VXﬁ—H]o)Q-F% K3 (iixVxii)?
(1)
In this expression, qq is the bare spontaneous twist, and
K, K5 and K3 are the bare splay, twist and bend (flexo-
electricity renormalized [28]) elastic constants, not taking
into account heliconical fluctuations.
The helical axis is taken along the z-axis, so that the
director has components:

cosqz 1
fi=| singz | =R(qgz) | 0 (2)
0 0

where R(®) is the matrix that rotates vectors by &
around the z axis. Note that ¢ may be different from
do-

We then choose a particular form of the cybotactic
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FIG. 10. Field lines of the director inside the cybotactic group
defined by Egs. (3)-(5). The color indicates the magnitude of
angle 0 in rad.

z

group, namely we assume that the director takes the form

cosf
fi=R(qz) | sinfcos¢ (3)
sin @ sin ¢
with
1/u?+v2 22
smweo () e
¢=ku+go (5)

In this equation, 6y is the amplitude of the fluctuation,
assumed to be small. o and o, are the extent of the fluc-
tuation perpendicular and parallel to the helicoidal axis
z. k is the wave vector of the heliconical perturbation,
which is large because the heliconical pitch is typically
10nm [21]. w and v are the coordinates in the rotated
frame, i.e.

y | =R(qz) | v (6)

The director field is represented in figure 10.

The elastic free energy F' is expanded up to second
order in 6 and the excess free energy 0F = F — 2 Ky(q—
qo)? is integrated over the full space. All the calculations
are performed using Mathematica. After dividing by the
volume of the cybotactic group V = (27)%/202%0,, the
average contribution of the cybotactic group to the free
energy is found to be

03 K + K.
0 [q2< 1t 2]{)20'2+K3—2K2)+

oF) = 55 :

q<2KQQO+(3K2K12K3)k>+

Ki+Ky+2K3

20_2 +2k(K3]€—2K2Q0)] (7)



In this equation, a term proportional to e~ " was ne-
glected because the cybotactic group is assumed to ex-
tend over several heliconical wavelengths. To simplify, we
K1+ K>

202
o, > o, although this hypothesis is not really necessary
in the rest of the discussion.

By adding back the mean field contribution %Kg(q —
¢0)? and by minimizing (F') with respect to ¢, one obtains
a renormalized equilibrium twist g up to order 2 in 6y:

2
also neglected the term in 89&5 by assuming that

93‘10 ( 2 2
=qg+—(2(Ky—K3)— (K1 +Ks)k“0o
q=4qo 8\/§K2 ( 2 3) ( 1 2)

+<Kl—3K2+2K3>fO) ®)

There are three terms in the parenthesis:

- The first one is constant and positive since K3 is
smaller than K5 in the mixtures with CB7CB.

- The second one in k2 02 is always negative. Its mag-
nitude is greater than that of the first one whenever
K, > Ky and k?>¢2 > 1. This term tends to decrease
the equilibrium twist as observed experimentally and is
all the more significant when o is large. This is the case
if the Ch-to-Nrp phase transition is weakly first order, in
agreement with the experimental observations that show
that a compensation point is only observed in the mix-
tures in which the latent heat of the Ch-to-Nrg phase
transition is small enough.

- The third term in k/qo is more ambiguous. A priori,
the prefactor K1 —3K>+2K3 is negative when K3 < K o
and Ky > K1/3. However, the sign of k/qo has to be
determined because cybotactic groups with positive or
negative k are possible. Although both chiralities would
be equally probable in the nematic phase, the situation is
clearly different in the cholesteric phase in which one type
of groups is expected to dominate. Indeed, Eq. (7) shows
that the odd term in k in the energy of the cybotactic
group is

(6Fpaq) = 010 ((3K2—K —2K3)q—4K2> 9)
° 8v2 ! qo

The parenthesis is negative when qio <
which is indeed the case experimentally.
This expression shows that the energy is minimum if
k qo > 0. That means that the groups with k of the same
sign as qo are favorable. The immediate consequence is
that the third term in the parenthesis of Eq. (8) is also
negative and contributes to decreases ¢ in absolute value.
One interesting point is that this term is inversely pro-
portional to qg. For this reason, the smaller the concen-
tration of chiral molecules, the greater 1/¢o and this term
in absolute value. This could qualitatively explain why
we only observe a compensation point in the most diluted
mixtures. Note that all of our observations suggest that
both the second and third terms play a role in the appear-
ance of a compensation point. Indeed, the second one is
important to explain the role played by the first-order
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FIG. 11. Curves ¢q/qo as a function of the temperature shift
T — Txg for the mixture M1 + 0.182wt% R811 (solid circles)
and the mixture M1 4 0.88 wt% CC (open circles). The con-
centrations of chiral molecules were chosen in order that qo,
here measured at 50 °C, was the same for the two mixtures
and equal to 0.19 pm 1. The curves superimpose despite the
fact the two chiral molecules are very different and of opposite
handedness.

character of the transition while the third one underlines
the importance of the magnitude of go (without this term
one would always observe a compensation whatever the
value of qg, in contradiction with experiments).

An attentive reader will note that the previous Egs. (7)
and (8) are only valid when the relative fraction of groups
with a wavevector k of the same sign as ¢ is close to
1. This will be the case if gy is large enough in abso-
lute value. However, these equations are inconsistent and
must be modified in the limit g — 0, as one can see im-
mediately from Eq. (8) that shows that ¢ — constant # 0.
In this limit, the linear term in k in these two equations
must be weighted by a factor 6f = f© — f~ where f+
(f) are the relative fractions of groups of wavevector
k (—k) by taking k of the same sign as ¢o. This factor
is difficult to estimate here, but we can predict that, in
the limit go — 0, ¢ and § f should be proportional to ¢q.
In this way, the previous contradiction disappears since
q — 0 when gg — 0, as expected for a nematic phase and
in agreement with Fig. 5.

Taking this remark into account, we see in the end that
the curve ¢(T') must only depend on T and qg. Indeed,
Eq. (8) can be rewritten as

g:17A(T)7B(T)M

10
q0 q0 ( )

where A and B are functions of T' that only depend on
the LC mixture.

From Eq. (10), two important predictions follow that
can be verified experimentally:

-The first one is that, for a given LC mixture, the
curve ¢(T') must only depend on gg, independently of the
chiral molecule chosen. More precisely, the curve ¢/qo
vs. T — Txp (where qp is the value of ¢ measured on the
plateau at high temperature, for instance at T — Ty =
30°C for the mixture M1) must be the same for all the
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FIG. 12. Curves sign (qo) X gns versus |go| (a) and T, —
Txs versus |qo| (b) for all the samples prepared with the M1
mixture. The solid circles have been measured with R811,
the empty circle with S2011, the empty triangle with CB15
and the empty diamonds with CC. In each graph all the points
fall on the same master curve within experimental errors. The
solid lines are just guides for the eye.

chiral molecules provided that gy is the same in absolute
value. To check this point, we compared a mixture of
M1 + R811 with a mixture of M1 + CC. These two
chiral molecules were chosen on purpose because they
are chemically very different, as can be seen in Fig. 3, and
of opposite handedness. We prepared a mixture of M1
+ 0.88wt% CC. This concentration was chosen in order
that go be the same in absolute value as the one of the
mixture M1 + 0.182wt% R811 (see Fig. 4(a)). We then
measured the curve ¢(T) for this new mixture and we
reported on the same graph in Fig. 11 the curves ¢/qq as
a function of T'— Tnp for the two mixtures. Remarkably,
one observes that the two curves are very similar and
superimpose as predicted by the model.

- The second prediction is that, for a given LC mixture,
the curves sign(qg) X gnp versus |qo| and T. — Tnp versus
|go| must be the same for all the chiral molecules chosen.
This is indeed the case for the mixture M1 as can be
seen in Fig. 12 where all the experimental points fall on
the same master curves.

All of these observations confirm that the heliconical
fluctuations (or cybotactic groups of Nrp phase) are re-
sponsible for the pitch variation near the Nty phase.

Finally, the influence of the Nrp fluctuations on Ky
can also be qualitatively assessed. The renormalized Ko

is indeed given by

P
Ky = BYE

92
=Ko+ -2 (2K3 — 4Ky + (K; + K3) K20?) (11
2 8\@( 3 2 + (K1 2) ) (11)

This formula shows that the measured twist constant Ko
increases when approaching Ty from above, but does
not diverge as long as ko remains finite, which is the
case when the transition is first order. This was indeed
observed experimentally [17].

In the same way, the two other elastic constants should
be renormalized by the presence of the cybotactic groups.
This is clearly visible for K3 that is observed to increase
in the same interval of temperature as the pitch when
approaching from Tnp [20, 23, 27, 29].

IV. CONCLUSION

We have shown experimentally that the compensation
point that occurs near the Nrtp phase in the diluted
cholesteric mixtures containing the flexible dimer CB7CB
is not accidental, but mainly due to the particular elastic
properties of the cybotactic groups of NTg phase present
in the cholesteric phase. In particular, the choice of the
chiral molecule is not crucial, only counting its HTP mea-
sured at high temperature in the absence of cybotactic
groups.

Particular conditions are nonetheless required to ob-
serve a compensation.

- First, the phase transition must be weakly enough
first order in order for the cybotactic groups to be big
enough. This condition is realized by mixing CB7CB
with a rodlike molecule like 8CB or 5CB in order to in-
crease the temperature interval in which the cholesteric
phase exists. From this point of view, the situation is the
same as in mixtures with a nematic-to-smectic A (NA)
phase transition. One example is the mixture 8CB +
10CB in which the NA phase transition passes from first
to second order when the temperature interval in which
the nematic phase exists becomes larger than 1.4 °C typi-
cally [9, 30]. It would be interesting to precisely measure
the latent heat of the Nrp-to-N phase transition in the
mixture CB7CB 4 8CB to check whether it exists a sim-
ilar tricritical point. This could be the case if one refers
to the similar mixture CB7CB + 5CB in which such a
point seems to exist for a concentration of 60 wt% of 5CB
(value obtained by extrapolating to 0 the latent heat data
given in Ref. [21]).

- Second, the spontaneous twist gy must be very small
in absolute value, which certainly explains why the com-
pensation was not observed before, the vast majority of
the papers dealing with the optical properties of the he-
liconical structure induced by an electric field at large qq
(several pm ™~ to observe Bragg diffraction and mirrorless
lasing in the visible spectrum) [31].



In the future, it would be important to improve the
theoretical model. Indeed, our model is very qualitative
because the cybotactic groups are localized in space and
transient, and because different forms than that given
in Egs. (3)—(5) exist. In addition, our model does not
allow to calculate the wavenumber k of the heliconical
modulation, nor its amplitude 6. The size of the cyb-
otactic groups is also unknown. One could be tempted
to calculate k and o by minimizing our energy (7) as a
function of £ and o. This procedure is possible but leads
to a value of k that is inversely proportional to K3. This
result is obviously incorrect since k remains finite at the
transition to the Npp phase when K3 tends to 0 [32].
This is due to the fact that we have omitted in our calcu-
lation the fourth-order elastic term introduced by Dozov
in the expression of the elastic energy to calculate k& and

6 [32]. So our calculation is only consistent by assuming
that k£ and 6 are fixed and probably of the same order of
magnitude as in the Npp phase at the phase transition.
The next step would thus to take into account this term
and to integrate on all the possible Fourier modes of the
heliconical fluctuations. Such a calculation is out of the
scope of this paper but is planned for future work.
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