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IIpennaraercss MCIOJAB30BATH XOJECTEPUKO-HEMATUUECKYIO CMECh HA OCHOBE HEMATHYECKO-
ro mujgkoro kpucraana 5CB u xoJsecTepuueckoro mugxoro xpucraana BLO-61 B xauecrse
YYyBCTBUTEJLHOTO DJIEMEHTA OITHUYECKOr'0 CEHCOPa XOJeCTEePHHA.

Pigxoxpucramiuamii 4yTJIMBUN €JIEMEHT [IJsA OITHYHHMX CEeHCOPiB XoJecTepuHy.
M.B.Bicomax, B.€ Jumumpax, 3.M.Muxumiwor, B.C.Ilempuwar, KO.FO.I'op6enko.

ITponoHyeTbCsI BUKOPHCTATH XOJIECTEPUKO-HEMATHUYHY CYMIII HA OCHOBI HEMaTHUYHOTO
pizroro kpucrama 5CB Ta xonecrepuunoro pizxoro kpucrana BLO-61 y saxocrti uyriamsoro

€JIeMEHTA OITHUYHOI'O CEeHCOPa XOJEeCTEPHUHY.

1. Introduction

Among the main factors affecting the
risk of cardiovascular diseases is the in-
creased concentration of cholesterol in
human blood. This makes monitoring of
cholesterol in biological objects an impor-
tant task [1]. Various types of biosensors
have been developed for qualitative and
quantitative determination of cholesterol
levels. One of the promising ways is to de-
velop optical sensors using liquid crystal
(LC) materials for cholesterol detection. For
example, under the influence of cholesterol
molecules nematic liquid crystals (NLC) can
change their molecular orientation from
planar to homeotropic [2, 3].

Cholesterol (C,7Hyg0) is an organic fat-
like substance from the group of sterols,
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first isolated from brain tissue and bile. It
is insoluble in water but soluble in organic
solvents. Cholesterol is found in all body
tissues and blood plasma. Cholesterol enters
the human body from food and is absorbed
well in the intestine only in the presence of
bile. Normally, in human blood the choles-
terol level amounts 150-200 mg/ml. Under
certain pathological changes in human body,
the cholesterol concentration in blood can
vary in either direction. With athero-
sclerosis or diabetes, the cholesterol level is
increased significantly, while with the or-
ganism exhaustion and certain infectious
diseases, it is reduced. In case of metabolic
distortion, cholesterol and its derivatives
would be deposited on the walls of blood
vessels, causing the atherosclerosis. Excre-
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tion of cholesterol from bile in the crystal-
line state leads to a gallstone disease.

For precise monitoring of cholesterol lev-
els in bioclogical substances, the numerous
studies are carried out with the aim to de-
sign chemical and biochemical sensors for
analytical devices of qualitative and quanti-
tative determination of cholesterol. Thus,
Marazuela et al. proposed an optical sensor
for monitoring the luminescence changes in
ruthenium complex (II) as function of cho-
lesterol concentration at 620 nm wave-
length [4]. Law et al. determined the choles-
terol level basing on the color changes of
dyes after enzymatic reactions using the
spectrophotometric method [5]. Oxidation of
dyes such as 4-aminoantypiryn, o-dianiz-
idin, 4-aminophenason and etc. are used for
this aim. Other methods were also proposed,
e.g., using immobilized cholesterol esterase
and cholesterol oxidase [6, 7], sputtered
zine oxide nanoporous thin films [8] or N-
(2-aminoethyl)-8-aminopropyl-trimethoxysi
lane self-assembled monolayer [9]. Wu et al.
used the fluorescence quenching of ruthe-
nium complex (II) by oxygen molecules,
with fluorescence increasing with the of
cholesterol concentration [10]. Kouassi et
al. determined the cholesterol concentration
by means of registration of changes in ab-
sorption intensity for 4-cholestene-3-one in
the enzymatic reaction by using the spectro-
photometry [11]. In optical sensors the sur-
face plasmon resonance effects can be used
to design the cholesterol biosensor [12-14].
Martin et al. used the ratio between the
changes in resonant frequency and corre-
spondingly the change in mass for designed
sensor on surface acoustic waves to deter-
mine the cholesterol concentration in real
time [15].

Liquid crystals are promising new mate-
rials for sensors with advanced properties.
Biosensors on the base of LC materials are
of special interest due to their unique sensi-
tive properties. The alignment of LC mole-
cules is extremely sensitive to biomolecules
and other chemicals, offering relatively
easy procedures for conversion of minute
composition changes into measurable optical
signals, without application of electric volt-
age or molecular labels; in some cases, the
optical signals can be easily recorded with
the naked eye. These important charac-
teristics of biosensors on the base of LC
makes them promising for easy detection,
high sensitivity and low-cost detection of
biosubstances [16].
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In [2, 8], cholesterol was detected by means
of changing the orientation of 4-cyano-4-
pentylbiphenyl (5CB) LC from planar to ho-
meotropic.

In [17], detection of free cholesterol
molecules by changing the pH of the 5CB
LC processed by ultravioclet (UV) radiation
was reported. Basing on this method, the
operative mechanism of cholesterol sensor
was developed, monitoring the cholesterol
concentrations in the 10 to 300 mg/dl
range, which covers the physiologically rele-
vant range in human body (90-220 mg/dl).

Another variant of LC cholesterol sensor
was proposed in [18]. The operation of this
sensor is based on changes in orientation of
the LC molecules under the influence of
cholesterol oxides (ChOx). This sensor can
measure the concentration of cholesterol in
the range of 10 mg/dl to 250 mg/dl. In
[19], the cholesterol biosensor operation was
based on changing the orientation of LC
molecules from homeotropic to planar in the
presence of cholesterol. This transition was
observed with a polarized optical microscope
in crossed polarizers.

In this paper, we propose an active me-
dium based on cholesteric-nematic mixtures
(CNM), with detection of cholesterol by
changes in selective reflection properties of
the cholesteric sensor material.

2. Experimental

As a first step of our studies, we meas-
ured changes in the optical transmittance
intensity of nematic LC 5CB and cholesteric
(chiral nematic) LC BLO-61 versus choles-
terol concentration by means of a USB-2000
spectrophotometer in the wavelength range
of 250-800 nm. The procedure of obtaining
spectral characteristics and processing ex-
perimental data was deseribed in our pre-
vious papers [20, 21].

The obtained results show that introduc-
tion of cholesterol to 5CB in concentrations
up to ~20 % practically does not affect the
transmission spectrum of the LC at room
temperature. However, for BLO-61 the in-
creased cholesterol concentration changes
the recorded wavelength of minimum trans-
mittance (Fig. 1).

As it can be seen from Fig. 1, the in-
crease in the cholesterol concentration in
BLO-61 from 0 to 5 wt.% results in a sharp
change in the minimum transmittance wave-
length (from 427 to 452 nm). With higher
cholesterol concentrations, the wavelength
at minimum transmittance is stabilized.

Functional materials, 24, 4, 2017
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Fig. 1. Dependence of the wavelength of
minimum transmittance for BLO-61 versus
concentration of the cholesterol dopant.

For further investigation, we prepared
cholesteric-nematic mixtures (CNM) of BLO-
61 and 5CB (20-40 wt.% 5CB) with incre-
ments of 5 wt.%. The nematic LC concen-
tration was chosen to obtain the maximum
of selective reflection (i.e., minimum of se-
lective transmission) in the visible region of
spectrum. The experimental composites
were obtained by heating the components to
temperatures ~5—7°C above the phase tran-
sition to the isotropic state. Stirring the
mixture was carried out by using a mag-
netic stirrer.

In the transmission spectra of the stud-
ied CNMs we observed two minimums of
transmittance, one of which, at the wave-
length of 320 nm, corresponded to the ab-
sorption band of 5CB. The location of the
second minimum depends on the nematic
5CB concentration in a CNM, with changes
in 5CB concentration from 20 wt.% to
40 wt.% shifting the selective wavelength
range from 460 to 660 nm [22].

To each of the formed CNMs, we added
cholesterol in concentrations from 5 to
25 wt.%. In Fig. 2, the obtained dependences
of the minimum transmittance wavelength on
cholesterol concentration are shown.

Taking into account the analysis of the
minimum transmittance wavelength vs. cho-
lesterol concentration plots shown in Fig. 2,
it can be concluded that increasing of the
cholesterol concentration in CNM from O to
5 wt. % shifts the minimum transmittance
towards the long-wavelength spectral range,
with further increasing of the cholesterol
concentration leads to stabilization of the
measured optical signal.

3. Results and discussion

The sensitivity properties of these nano-
composites can be characterized by the spec-
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Fig. 2. Dependences of the wavelength of
minimum transmittance versus cholesterol
concentrations for BLO-61 + 5CB sensor
nanocomposites.
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Fig. 3. Dependences of the spectral sensitiv-

ity coefficient to cholesterol of BLO-61 + 5CB
sensor composite vs. concentration of 5CB in

tral sensitivity coefficient S, defined by the
ratio S = AL/AC, where A\ is the deviation
of the minimum transmittance wavelength
of CNM, nm (depending on the cholesterol
concentration in CNM), and AC is the
change in cholesterol concentration, %. If
we change the cholesterol concentration
from 0 to 5 wt.%, an approximately linear
region can be observed in Fig. 2. From this
region, the spectral sensitivity values for
each CNM and for pure CLC BLO-61 are
determined. For pure BLO-61 the spectral
sensitivity coefficient is 4.2 nm/wt.%.
With CNMs, this ratio increases with the
increasing concentration of nematic 5CB in
CNM, and the coefficient of spectral sensi-
tivity at 40 wt.% of 5CB amounts to
20.4 nm/wt.% . The dependence of the spec-
tral sensitivity coefficient to cholesterol
versus 5CB concentration in the CNM is
shown in Fig. 3. So, we can suggest that the
best sensor composite is CNM with 5CB con-
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Fig. 4. The microphotographs of CNM sensor composites at different concentration of cholesterol.

centration of 40 wt.%, because of the high-
est spectral sensitivity coefficient.

To evaluate the morphology of the inves-
tigated composites, the pictures of CNM
with cholesterol concentrations from 0 to
25 wt. % were obtained using a MicroMed
Microscope XS8-5520 microscope (at 40x
magnification) equipped with a MicroMed
Mega Cmos 3.0 webcam (Fig. 4). In the
CNMs, some changes in morphology are ob-
served upon changing the cholesterol con-
centration, but these changes still corre-
spond to the cholesteric structure, with no
changes in the phase state or substantial
non-homogeneity observed. Let us analyze
the mechanism of interaction of cholesterol
with the multi-component chiral liquid ecrys-
tal mixture.

For CNM with cholesterol at increasing
cholesterol concentrations, the shifts of the
minimum optical transmittance (maximum
optical density) toward longer wavelengths
are observed. Such a phenomenon can arise

from contributions of atom groups with
lone pair of electrons (e.g.,, -OH group pre-
sent in the cholesterol molecule) that come
into p—m conjugation with multiple bonds.
The carbonitrile group (-C=N) in 5CB is
electrophilic (there is a partial positive ef-
fective charge on carbon atom), so prone to
reactions of nucleophilic addition.

The electrophile can react with com-
pounds having an unshared electron pair.
This suggests some interaction between the
molecules of cholesterol and 5CB as a result
of which the LC molecules can change their
spatial characteristies (structure, spiral ori-
entation, optical conformation), which in
turn directly affects the location of mini-
mum on the optical transmittance spectrum.

To interact with weak nucleophiles such
as alcohols ROH, nitrile group requires ad-
ditional activation — protonation. The reac-
tion of nucleophilic addition can schemati-
cally be presented at Scheme.
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In [28], the nature of the interaction of
5CB with cholic acid, which is a product of
oxidation of cholesterol, is analyzed, and
the mechanism of complex formation be-
tween the molecules of liquid crystal 5CB
and cholic acid is suggested. In our case,
similar interactions between 5CB and cho-
lesterol molecules result in the increased
helical pitch in the cholesteric phase, mani-
fested in the increased wavelength of mini-
mum selective transmission.

4. Conclusions

In paper shown the CNM can be used as
sensitive material for cholesterol optical
sensor. Interaction with cholesterol leads to
changes in spectral characteristics of CNM,
with the wavelength of minimum transmit-
tance shifted towards long-wavelength re-
gion of spectrum. Sensitivity characteristics
of the obtained sensor material are deter-
mined, and a physico-chemical mechanism
of interaction of CNM with cholesterol is
proposed.
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