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Rotation of small crystals of non-chiral
substances at the top of a cholesteric droplet:
an inverse case of the Lehmann-type effect
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Recently, a Lehmann-type effect of rotation of small single crystals of chiral sub-
stances during their dissolution at the top of a nematic droplet has been reported, with the
angular velocity of rotation of the dissolving crystals of the same size being proportional
to the helical twisting power of the dopant and rotational viscosity of the nematic solvent.
In this paper, an inverse effect is reported — rotation of small single crystals of non-chi-
ral substances during their dissolution at the top of a cholesteric liquid crystal matrix.
The most important feature, i.e., direct proportionality of the rotation angular velocity to
the degree of helical twisting, remains the same in this variant of the experiments, thus
further supporting the idea that we deal with a direct evidence of transformation of the
energy of chiral interactions into the energy of molecular movement. An important note
is that the anisometry of the dopant is not relevant for this effect, with essentially similar
results obtained for ¢rans-stilbene and imidazole.

Henasuo Obli BelABIeH a(derT, mogobublil adekTy Jlemana — BpalleHne KPUCTAJIINKOB
XUPAJBHBIX BEIeCTB IIPM WX PACTBOPEHUHU HA IIOBEPXHOCTH KAIlJIX HEMATUYECKOIO JKHIKOIO
KPHCTAJNJIA; IPU 9TOM YIJIOBas CKOPOCTh BPAIEHUS KPHUCTAIINKOB OSWHAKOBOIO pasmepa
IPOIIOPIHMOHAJBbHA 3aKPYyUYHBAIONIE CIOCOOHOCTH MO0AaBKU M BPAIATEJbHON BA3KOCTU HEMa-
TUYECKOTr0 pacTBopuTens. B mamuoii pabore ommcan OOpaTHBIA ciydalli — BpallleHne KPUC-
TAJJINKOB HeXUPAJbHBIX BEIECTB IIPU MX PACTBOPEHUU B XOJIECTEPUUECKON KUIKOKPUCTAJ-
nudecKoil marpuile. BaskHelias 0OCO0EHHOCTL — MIpPAMAas IIPOMNOPIMOHAJIBLHOCTh YIJIOBOM
CKOPOCTH BPAII[EHMs CTEIeH! CINPAIbHOrO 3aKPYyUMBAHUSA — COXPAHSETCS U B 9TOM BapHaH-
Te SKCIIEPUMEHTAa, MOATBEPIKIasi IIPEIIION0KeHNe O TOM, YTO B OOOMX CIYyYAAX IPOUCXOIUT
[IpeBpallleHre dHePrur XUPAJIbHBIX B3aMMOAEHCTBUI B 9HEPIrUi0 MOJEKYJISAPHOIO IBUMKEHUS.
IIpu sToM MoOJeKyJspHAsS aHM30MeTPHUSA LO00ABKU He SBJISETCS CYIIeCTBEHHON — OJu3Kue
pes3yabTaThl MOJYYEHBbl IJS MPAHC-CTUIb0OeHa M MUMHIA30JI4a.
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Some years ago, we reported the phe-
nomenon of the visually observed rotational
motion of a small steroid single crystal on a
nematic droplet during its dissolution and
accompanying induction of the cholesteric
phase [1, 2]. The discovered effect was con-
sidered as an analogue of the Lehmann rota-
tion, with an evidence of the concentration
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gradient of chiral molecules along the full
thickness of a nematic droplet.

In our subsequent works, our studies of
the effect of rotation of single crystal of
chiral dopants at the top of a nematic drop-
let were extended to include a number of
chiral substances of different chemical na-
ture and different helical twisting power
(HTP) wvalues (including non-chiral sub-
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stances), nematic solvents with different
macroscopic properties, as well as effects of
the size of the dissolved crystal and the
temperature of the nematic matrix [3-5].
An important and somewhat unexpected re-
sult of these studies showed that the angu-
lar velocity of rotation of the dissolving
crystals was directly proportional to the
helical twisting power of the dopant and to
the rotational viscosity of the nematic ma-
trix. These relationships held as quantita-
tive dependences with the same fitting coef-
ficient a in a rather broad range of crystal
sizes, with the reciprocal crystal length at
the level of 0.1-1 pm serving as just an-
other parameter to which the rotation veloc-
ity was proportional [4]. And, if rotational
viscosity was varied not by changing the
nematic matrix, but by increasing or de-
creasing its temperature, the angular rota-
tion velocity changed correspondingly [5].
The general expression for the angular rota-
tional velocity o, as formulated and experi-
mentally verified in [3-5], is

1
=a By —, 1
o=a- B-7 o1 1

where [ is the helical twisting power of the

chiral substance involved, p and y; are the
density and the rotational viscosity of the
liquid crystal, and ! is a characteristic di-
mension of the crystal surface contacting
the liquid crystal droplet. Thus, we claimed
in these papers [3—5] that this rotation ef-
fect studied was, in fact, a direct observa-
tion of transformation of the energy of chi-
ral interactions into the energy of molecular
movement, which is closely related to the
problem of molecular motors.

To generalize our approach, it was inter-
esting to study an inverse situation — when
the dissolved crystal is not chiral, and the
chirality resides in the liquid crystal me-
dium, i.e., when the crystal is dissolved on
the top of a droplet of a cholesteric (i.e.,
helically twisted nematic).

The cholesteric matrix used in our ex-
periments was a mixture of cholesteryl chlo-
ride (CC) and 4-octyloxy-4'-cyanobiphenyl
(80CB) taken in 1:1 mass proportion. This
composition has been widely used in many
works (among the latest examples, one can
note the paper [6] and references therein) as
a so-called "compensated”™ cholesteric mix-
ture — the temperature-dependent helical
twisting is of opposite signs below and
above a "compensation point”, and unwind-
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Fig. 1. Helical pitch of the cholesteric mix-
ture CC + 80CB as function of temperature
measured by the Cano wedge method. Open
and solid circles refer to two independently
prepared mixture samples.

ing of the cholesteric helix is observed when
this point is approached from either side.
The temperature range of the cholesteric
phase of this mixture, as determined by dif-
ferential scanning calorimetry (Mettler TA
3000), was from 63° to 69.5°C, with sub-
stantial supercooling and relatively high
stability of the supercooled state; this al-
lowed multiple reproducible measurements
in a temperature range covering lower tem-
peratures. The helical pitch values were meas-
ured by the Cano wedge method (Fig. 1).

The non-chiral substances dissolved at
the top of CC + 80CB cholesteric droplets
included imidazole and trans-stilbene. In
both cases, small single erystals in the size
range from 0.1 to 2 mm were available. The
two substances are substantially different in
their chemical structure from the viewpoint
of molecular anisometry and potential meso-
morphism — the imidazole molecule is just
a five-atom heterocyclic ring, while stilbene
molecule is clearly anisometric shape, and
many well-known typical mesogens are among
stilbene p-substituents [7, 8].

The angular velocity v, of the dissolving
crystal was determined visually using an
optical microscope. The experimental set-up
and details of the experimental procedure
were the same as in our previous works

[3-5]. Fig. 2 shows the 7y, of rotation for
imidazole crystals of different size meas-
ured at two temperatures: 64°C and 68°C.
Similarly to the case of chiral substances
[3-5] and in agreement with Eq.(1), the an-
gular velocity was inversely proportional to
the crystal length (the largest dimension)
within the 0.1 mm to ~2 mm range (the
other dimensions of the crystal samples cho-
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Fig. 2. Angular rotation velocity of the dis-
solved imidazole crystals as function of the
crystal length measured at two temperatures
below and above the compensation point
(64°C, left-handed helix, and 68°C, right-
handed helix, respectively).

sen for this set of measurements were
roughly close to ~0.1 mm). At 64°C (left-
handed helix), the crystal rotation was
counterclockwise; at 68°C, the clockwise ro-
tation corresponded to the right-handed
helix. A small discrepancy could be noted
between linear fits for data obtained at
these temperatures — the absolute values of
angular velocity at 68°C were slightly but
clearly lower, which could be naturally at-
tributed to the rotational viscosity decreas-
ing with temperature [5].

In Fig. 8, vy, for imidazole and trans-stil-
bene crystals is shown as function of the
reciprocal helical pitech of the CC + 80OCB
mixture. Accounting for the dependence of
the angular velocity upon crystal size (Fig.
2), the data given were obtained for crystals
of dimensions 0.2x0.1 mm2. The helical
pitch values corresponding to the measure-
ment temperatures were taken from Fig. 1.

It can be seen that the reciprocal pitch of
the helically twisted matrix in which a non-
chiral crystal is dissolved effectively plays
the role of helical twisting power of a chiral
crystal dissolved in a nematic matrix; in
both cases, Eq.(1) gives a basic description
of the phenomenon of crystal rotation.

This similarity of quantitative descrip-
tion supports the idea that in both cases —
chiral crystal in non-chiral matrix or non-
chiral crystal in chiral matrix — we see a
direct evidence of transformation of the en-
ergy of chiral intermolecular interactions
into the energy of molecular movement.
This phenomenon can also be considered as
another example of chirality transfer [9] —
from the microscopic to the macroscopic
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Fig. 3. Angular rotation velocity of the dis-
solved imidazole (open circles/squares) and
trans-stilbene (solid circles/squares) as func-
tion of the inverse helical pitch of the
cholesteric mixture. Squares and circles refer
to counterclockwise and clockwise rotation,
respectively. The solid and dashed lines are
linear fits for points above and below the
compensation point (where no rotation was
observed).

level (the case of [1-5]) or from the
mesoscopic (structural) level to the macro-
scopic level (the present work).

Another important point is essential
similarity of the results obtained for trans-
stilbene and imidazole. This suggests that
molecular structure features of the dopant
(including anisometry) are not relevant for
this effect — in the same way as the chiral
dopant nature was irrelevant in the pre-
vious case [3—5]. This allows us to assume
that the phenomenon studied is of purely
"physical” nature, with any specific interac-
tions between the dopant and matrix mole-
cules being of minor importance.
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Ob0epTaHHAI KPUCTAJHUKIB HeXipaJbHHUX PEUYOBUH
Ha XOJIECTEePMYHiil KpamnjuHi: 00epHEeHUH BHUIATOK
edeKTy IeMaHIiBCHKOT0 THILY

I.A.I'6o3006cvruii, JI.M./JTuceyvruil

HemonaBuo 0yjo BuABiIeHO e(eKT, MomiObHUil mo edexty Jlemana, Axuil mojsarae B obep-
TaHHI KPUCTAJIUKIB XipaJbHUX PEYOBMH NIPU IX PO3BUMHEHHI Ha [MOBepXHi KpaljuHU HeMa-
TUYHOTO PiIKOr0 KpHcTaja, KyToBa IIBUAKICTh 00epTaHHA KPUCTAJUKIB OZHAKOBOT'O PO3Mipy
IpomopIifiHa 3aKPYUYyBaJbHINl 3ZAaTHOCTI AOMIMIKU Ta B’fABKOCTI HEMATHUYHOTO POSUMHHUKA.
B miit pobori ommcaHo 3BOPOTHiH epeKT — 00EpPTAHHA KPUCTAJIMKIB HeXipaJbHUX PEUOBUH
nopu iX PO3UMHEHHI y XoJjecTepUuHill pigkokpucranaiuxiii marpuni. Ha#iBamknusimia puca,
TOOGTO IpPsAMa IPOIOPIiHiHICTE KYTOBOI MIBUAKOCTI 00epTAHHA CTYIIEHS CIipaJbHOTO 3aKpPyUy-
BaHHA, 30epiraeThcd i B IbOMY BapiaHTi €KCIIEPUMEHTY, HiATBEPIKYIOUN BUCHOBOK IIPO Te,
mo B 060X BUOAAKAX MU MAa€EMO IpPAME CBiJueHHA IepeTBOPeHHd eHeprii XipaabHUX
B3AEMOJill B €HepPrilo MOJIEKYJIAPHOTO PYyXy. BamKInBO0O 0cobJIUBICTIO € Te, II[0 MOJEKYJIAPHA
aHidoMeTpisa HJOMIMIKU He € icTOTHOIO y IboMy edeKTi — icToTHO moxZiGHI pesynbTaTU OTPU-
MaHO IJIA MPaHC-CTUILOEHY Ta imimasoury.
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