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Helical twisting in cholesterics
doped by banana-shaped molecules
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Helical pitch vs. temperature measurements were carried out for cholesteric liquid
crystal matrices of different types doped with a set of banana-shaped compounds. The
effects of these dopants on the helical pitch were found to be essentially different for
systems based on cholesterol esters and for induced cholesterics based on twisted nematics.
In the first case, all the dopants used decreased the helical pitch, i.e., caused additional
helical twisting, with its magnitude varying for different dopants. In the second case, with
matrices based on chiral R-811 and S-811 in cyclohexanecarboxylic acids (CHCA) and 5CB,
unwinding of the helix was generally observed. For one of the dopants, however, namely,
for 1-[4-(4-dodecyloxybenzoyloxy)benzoyloxy]-3-[4-(4-nonylbenzoyloxy)benzoyloxy] ben-
zene, additional twisting was noted in matrices with CHCA close to the isotropic transition
point, and in matrices with 5CB — in all the temperature range. The results obtained can
be considered as important arguments in the controversial issue of chiral properties of
banana-shaped compounds in liquid crystal phases.

OmpemeseHbl 3aBUCUMOCTH IIAra CIUPAJUA OT TEMIIEPATYPHI IJs X0JIECTePUUECKUX MATPHIL
Pa3IUYHBIX THUIIOB, JETHPOBAHHBIX PSAAOM J00aBOK C MOJIEKyJaMu OaHAHOBUIHOM (POPMBEI.
VcTaHOBIEHO, UTO BJIAMSHNE 9TUX AO00ABOK HA IAr CHOUPAJUA CYI[ECTBEHHO OTJIMYAETCS IJIs
cuCTEeM HA OCHOBE 9()HPOB XOJECTEePHHA U [JA HHAYIUPOBAHHBIX XOJECTEPHKOB HA OCHOBE
3aKPYYEHHBIX HEMATHKOB. B mepBoM ciyuae Bce NOOABKU IIPUBOAMJIMN K YMEHBIIEHHIO IIara
COMPAJIN, T.e. BLI3BIBAJHU MOIIOJHUTEJIbHOE 3aKpyunBaHme. Bo BTopom ciyuae, ¢ MaTpPUIAMU
Ha ocHoBe xmpaiabHbIX R-811 u S-811 B nukaorexkcankapoouoseix Kucaorax (LIT'KK) u 5CB,
HaOJII0MAI0Ch PacKpyuyMBaHWe clupajau. B To Ke BpeMs AJs1 OZHOII 13 H00aBOK, a MMEHHO,
1-[4-(4-momennIoKcuGeH30MI0KCH )0€H30MIOKCH |-3-[4-(4-HOHMIOEH30MIIOK C1 )08 H30MIOKCH]  GeH-
30J1a, OTMEUEHO AOMOJHUTENbHOe 3aKkpyunBanue B marpunax ¢ [II'KK BOsusu TOYKM M30TPOIIHO-
ro mepexoma, a B marpurax ¢ 5CB — Bo Bcem TemieparypHoM wunHTepBase. IloayueHHBIE
pesyJbTATBl MOKHO PACCCMATPHBATL KaK BAYKHBIA apryMeHT B I[IPOTHBOPEUMBOM BOIIPOCE O
XMWPaJbHBIX CBOMCTBaX 0AHAHOIIOAOOHBIX BEILECTB B JKUAKOKPHCTAIINYECKHX (hasax.
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1. Introduction

Among the new challenging objects of
liquid crystal (LC) science, one can note so-
called "bent-core” or "banana-shaped” mole-
cules, which, either forming LC phases by
themselves or acting as dopants in various
LC matrices, give rise to a number of pecu-
liar features of the mesomorphic properties
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[1, 2]. The most intriguing of these features
is that, though banana-shaped molecules are
not chiral (i.e., show no optical activity),
they can induce chiral properties in liquid
crystalline phases [3, 4]. Thus, smectic lay-
ers formed by such molecules can possess
both chirality and polarity, resulting in fer-
roelectric and antiferroelectric LC phases
essentially similar formed by well-known
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chiral smectics-C*. Moreover, doping of a
chiral ferroelectric liquid crystal with an
achiral bent-core molecule can enhance the
chirality of the system irrespective of the
handedness of the host [5]. Even macro-
scopically isotropic liquids formed by ba-
nana-shaped molecules can display signs of
chirality due to the presence of short-range
smectic-like positional order; in such sys-
tems, the only macroscopically broken sym-
metry is chirality [6].

It has been reported [7] that doping of
chiral nematic (cholesteric) liquid crystals
with achiral banana-shaped dopants can en-
hance helical twisting, which is manifested
by a decrease in helical pitch (determined by
measurements of selective reflection spec-
tra). This was explained by an assumption
that achiral molecules possessing equal and
opposite chiral conformations with high
helical twist, when placed in chiral environ-
ment, preferentially assume the conforma-
tion that favors twisting of the same sense
as the twisting of the host phase [8].

There are numerous publications on chi-
ral properties of banana-shaped molecules,
but practically all of them deal with smectic
phases. On the contrary, data related to ne-
matic and cholesteric phases are scarce and
inconclusive [9].

In our work, we studied a set of five
different banana-shaped molecules as
dopants in cholesteric matrices of different
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chemical composition. Our aim was to dis-
tinguish between purely physical factors
and effects of intermolecular interaction
features that could be specific to certain
types of systems.

2. Results and discussion

Chemical structure of the banana-shaped
molecules and mesomorphic transition
points of LC phases formed by these sub-
stances are shown in Table. Banana-shaped
compounds are known to form seven modifi-
cations of biaxial smectic mesophase [10],
with the eighth modification described in
[1]. Chiral properties are shown by com-
pounds forming B, (SmCP) mesophase with
ferroelectric properties. Thus, compound
No.2 (Table), which contains bromine atom
only in the central naphthalene fragment,
forms ferroelectric mesophase of modifica-
tion B, [11]. When bromine is present in
aromatic rings of lateral fragments, the
ability of 2,7-dihydroxynaphthalene esters
to form the ferroelectric B, mesophase is
weakened, and compound No.5, which, like
compound No.2, includes terminal dodecy-
loxy groups, is characterized by formation
of the nematic and B; (Col,) phases. The
induced B, phase is observed only in the
electric field [12]. The compound No.1,
which contains chlorine atoms in lateral
fragments [13], differs from its bromine-
containing analog (compound No.5) by the
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Fig. 1. Selective reflection maximum A, ,  as
function of temperature for cholesteric sys-
tems with banana-shaped dopants: I — M5,
2 —Mb+1% No.2, 3 —M5+5 % No.2,
4 — M5+1 % No.3, 5 — Mb + 10 % No.1,
6 — M5+ 7 % No.l, 7 — M5+ 10 % No.5,

8 — M5+ 7 % No.b, 9 — M5+ 7 % No.4.

presence of By phase without electric field.
Synthesis and mesomorphic properties of
1,3-dihydroxyphenol with different number
of benzene rings in lateral chains (com-
pound No.3) or with different terminal
groups (compound No.4) were presented in
[14].

Three cholesteric LC hosts were used:

1. Steroid cholesteric matrix M5 (65 %
cholesterylnonanoate + 30 % cholesterylfor-
mate + BM % cholesterylbutyrate);

2. Induced cholesteric matrix (25 % S-811
or R-811 + 75 % 4CHCA (4-trans-butyl-cy-
clohexanecarboxylic acid);

3. Another induced cholesteric matrix
(25 % 8-811 +75 % bCB (4-pentyl-4'-cy-
anobiphenyl).

S-811 and R-811 (obtained from Merck)
are chiral dopants of opposite chirality:

Selective reflection (SR) spectra were
measured using a Hitachi 330 spectro-
photometer; the cholesteric mixture in the

0
H,;C‘OO—( 0
0‘©_< -

0
CsHys

isotropic introduced into a
thermostabilized 10 pm thick cell by capil-
lary forces; the cell walls were pre-treated
with PVA and unidirectionally rubbed,
which ensured formation of planar texture.
The detailed procedure of sample prepara-
tion and measurements was described in
[15]. The SR maximum wavelength A,

was, as it is conventional for cholesteric

phase was
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Fig. 2. Selective reflection maximum 2,  as
function of temperature for induced
cholesteric systems: I — 25 % R-811 + 75 %
4-CHCA, 2 — 25 % S-811 + 75 % 4-CHCA,
3 — 225 % R-811 +67.5 % 4-CHCA +
10 % No.1, 4 — 225 % S-811 + 67.5 % 4-
CHCA + 10 % No.1, 5 — 23.25 % R-811 +
69.75 % 4-CHCA + 7 % No.4, 6 — 23.25 %
S-811 + 69.75 % 4-CHCA + 7 % No.4, 7 —
22.5 % R-811+67.5 % 4-CHCA +10 %
No.5, 8 — 22.5 % S-811 +67.5 % 4-CHCA
+ 10 % No.5b.
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Fig. 3. Selective reflection maximum 2,  as
function of temperature for induced

cholesteric systems: 1 — 25 % S-811 + 75 %
5CB, 2 — 22.5 % 8S-811+67.5 % 5CB +
10 % No.1, 3 — 23.25 % S-811 + 69.75 %
5CB+ 7 % No.4, 4 — 22.5 % S-811 +
67.5 % 5CB + 10 % No.5.

liquid crystals, considered as a measure of
helical pitch p (A,,,, = np, where n is the
refractive index); the value of A, is often
called "the optical pitch” (see, e.g., [7]).
The helical twisting is determined by the
inverse pitch p~1, thus, from our data we
evaluated changes in 1/A,,, as function of
the dopant mass concentration C.

The results on A,,,. as function of tem-
perature for the three types of cholesteric
matrices are presented in Figs. 1-3. The
shifts of inverse optical pitch wvalues as
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Fig. 4. Recorded changes in 1/, , as func-
tion of concentration C of banana-shaped
compounds: I — M5 + No.1, 2 — M5 + No.2,
3 — M5 + No.3, 4 — M5 + No.4, 5 — Mb +

No.5.

function of banana-shaped dopant concen-
tration are shown in Figs. 4, 5.

All the dopants Nos.1-5 induce addi-
tional helical twisting in the steroid
cholesteric mesophase (matrix M5, Figs. 1
and 4). This effect is the strongest with
dopant No.1, and the weakest — with
dopant No.4. Dopant No.8 is rather close to
No.1 in this respect (though its solubility
was the lowest, and measurements were pos-
sible only at concentrations below ~1 %).
Dopant No.2 is close to No.4.

In non-steroid matrices (nematic + chiral
dopant), the observed behavior was essen-
tially different. In the S-811 + 4CHCA and
R-811 + 4CHCA hosts (Fig. 2), all the
dopants led to untwisting of the cholesteric
helix (as it could be normally expected non-
chiral dopants). It should be noted that with
S-811 and R-811 (enantiomers of opposite
chiralities) the measured values of A, . (T)
and their dopant-induced shifts were nearly
the same within experimental errors
(though the helical twisting was of opposite
senses). It should be noted that the weakest
untwisting was noted for dopants No.4 and
No.5.

An obvious conclusion is that the charac-
ter of dopant-induced changes in helical
twisting is not directly related to specific
features of banana-shaped molecules and is
essentially determined by the chemical na-
ture of the cholesteric host. Enhancement of
twisting by non-chiral dopants (e.g., con-
ventional nematics) is well known for ster-
oid cholesteric matrices (i.e., based on cho-
lesterol esters). On molecular level, this is
explained by steric interaction between the
steroid ring ("angular” methyl groups
stretching out of the basic plane) and an-
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Fig. 5. Recorded changes in 1/, , as func-

tion of concentration C of banana-shaped
compounds: I — (25 % S-811+ 75 % 4-
CHCA) + No.1, 2 — (26 % S-811+ 75 %
5CB) + No.1, 3 — (256 % S-811+ 75 %
4-CHCA) + No.4, 4 — (256 % S-811 + 75 %
4-CHCA) + No.5, 5 — (256 % S-811 + 75 %
5CB) + No.5, 6 — (25 % S-811 + 75 % 5CB)
+ No.4

isotropic (elongated) molecules of the
dopant [16, 17]). With a non-steroid
cholesteric host, the effect of twisting en-
hancement if present at all, is much weaker
than the normal untwisting caused by addi-
tion of non-chiral components to the
cholesteric system.

In this respect, one should note that in
the frequently cited work [7] the effect of
anomalous twisting by banana-shaped mole-
cules was observed in the cholesteric phase
of cholesteryl 4-formylbenzoate, and no reli-
able data could be found on similar effects
in induced (non-steroid) cholesterics.

Of course, there is some contribution of
the "banana-like” shape to helical twisting
changes upon doping. We see that dopant
No.4 leads to the weakest untwisting (and
even some twisting can be noted close to the
isotropic transition). Moreover, when we
use induced cholesterics based on nematic
5CB (Fig. 3), dopant No.4 really gives rise
to extra twisting. This, however, can be re-
lated to other features of cyanobiphenyl-
based induced cholesterics, presumably due
to dimer formation and pre-transitional
phenomena in a broad temperature range.

Further discussion and theoretical assess-
ment should probably involve data on
cholesterics doped with azoxy nematics as-
suming stable cis-form under UV irradia-
tion [15, 18]. In this case, it was argued
that molecular structure of azoxy nematic
molecules in cis-form could be considered as
geometrically similar to conventional "bent-
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core” molecules. Future experimental stud-
ies (now under way) would include other
examples of bent-core molecules, as well as
other cholesteric matrices with different
chemical composition.
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CoipasapHe 3aKpyYyBaHHA Y XOJIeCTepPHKAX,
ITOMOBAHMX OAHAHOMOMAIOHMMHN MOJIEKYJaMHU

M.I.Cepbina, C.I1.Makcumenro, P.B.Kondpamwesa,
J.I'' fepraw, H.C.Hosixoea, JI.M./Iuceyvruil

Busuaueno sasexHOCTi KPOKY cmipaJji Bij Temmeparypu s XOJIECTEPUYHUX PiAKOKPHMC-
TAIiYHUX MATPHUIL PI3HOrO THUITY, AONOBAHMX HHBKOI MOJEKyJ OaHaHOIOAiOHOI (opmu.
YceranosieHo, 10 BILIMB IIMX MOMNAHTIB HA KPOK cIipaJi icTOTHO BigpisHseTrbca IJs cuCTEM
Ha OCHOBi ecTepiB xoJiecTepHHY Ta IJis iHIYKOBAHMX XOJIECTEPUKIB Ha OCHOBiI 3aKpydYeHUX
HeMaTuKiB. ¥ MmepIioMy BHUIIAAKY BCl ZOIAHTH IIPUSBOLUJIM A0 3MEHIIEHHS KPOKY cIlripaJi,
TOOTO CIPUYMHSIN OAOJATKOBE 3aKPyUYyBaHHS, CTYIiHb SKOro BapiroBajsa AJd PiBHUX IO-
nagTis. Y ApyromMy BUIIQAKY, 3 MATPUIAMHA Ha OCHOBI xipanpHmx R-811 Ta S-811 y mukio-
rexcaukapbonoBux Kwuciaorax (III'KK) ta 5CB cmocrepiranmocsi posSKpydyBaHHsS CIipadi.
IIpore, masi ommoro 3 momadTis, a came, 1-[4-(4-momenmaokcuben3oinokcu)oensoinokcu]-3-[4-
(4-HOH1TOEH301IOKCH)0EeHB01IOKCH |0eH30y, BilBHAUEHO MOJATKOBE 3aKPYyUYYBAHHA y MAaTPHU-
gax 3 II'KK mobiusy TOouKM i30TpomHOro mepexoxy, a y marpuusax 3 bCB — B ycbomy
inrepBaai Temmeparyp. OTpuMaHi pe3yabTaTH MOMHA POSIVIALATH AK BAMKJIUBUI apryMeHT y
CyIlepeuMBOMY MNHUTAHHI XipaJibHHX BJaCTHUBOCTEM 0AaHAHOIOAIOHHMX PEUYOBMH y PiAKOKpUC-

TamiyHuX (pasax.
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