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Abstract—The work is devoted to the study of the optical properties of ionic thermotropic liquid crystals
of the homologous series of cobalt alkanoates and their smectic glasses using methods of electronic
spectroscopy. The aim of the study was to determine the dominant coordination of cobalt cations in the
alkanoate matrix and the nature of the matrix's influence on the absorption of samples. It is shown that
the dominant coordination of cobalt ions in the studied media is the octahedron. A significant decrease in
the absorption coefficient with the increase in the length of the aliphatic chain in the homologous series
of cobalt alkanoates is due to a decrease in both the volume concentration of the cobalt cation complexes
and the values of the dipole moments of the d-d transitions.

Index Terms—Ionic thermotropoic liquid crystals; smectic glasses; cobalt alkanoates; optical absorption

Spectra.
I. INTRODUCTION

The ability of liquid crystals to reveal small
temperature gradients has resulted in studies of their
utility in the thermal testing of aerospace materials
and components. These studies led to successful
application of liquid crystals in low-cost techniques
for performing thermal mapping on large areas in
avionics [1]. Also, it is well known that first liquid
crystals displays were created and tested for aviation
[2]. The development of these technologies and
further research into new types of liquid crystals led
to the creation Active-Matrix Liquid-Crystal Display
(AMLCD) — type of display technology commonly
used in aviation [3]. Nowadays, research into the
properties and characteristics of liquid crystals led to
their wide applications — not only in display
technologies, but also in photonics, laser beam
steering, information storage, non-destructive
testing, developing adaptive optical elements for
space applications, creation of tunable lenses for
augmented reality, Bragg gratings for sensors, etc.
[4], [5].

Modern tendencies in holographic recording of
information mostly associated with the developing
of new multifunctional materials. One of such
materials is metalalkanoates which form TILC
during their melt. TILC are the universal matrixes
for great number of organic and nonorganic

materials. In particular, they are wused for
introduction of the different dyes in order to create
medium for holographic grating recording.

II. PROBLEM STATEMENT

Cobalt alkanoates are standing out of
metalalkanoates series due their ability to absorb
light in visible spectral region. Also, the important
feature of these materials is ability to overcool with
vitrification. Received glass state is characterized by
preserving liquid crystal (LC) structure. Materials
with preassigned characteristics can be established
by varying length of cobalt alcanoates hydrocarbon
chains.

Aim of the work is:

e development of preparation methods of liquid
crystal cells and mesomorphic glasses based on
cobalt alkanoates;

e determination of cobalt ions coordination, it’s
possible change depending on the temperature and
physical state of matter (mesophase, mesomorphic
glass).

III. ANALYSIS OF RESEARCH AND PUBLICATIONS

Recently metalalkanoates are used for developing
of new optical and nonlinear-optical materials [6] —
[8]. In particular, metalalkanoates serve as matrixes
in composites for dyes and photosensitive impurities
with great and fast nonlinear response.
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Another perspective way of developing materials
with improved nonlinear-optical characteristics on
the basis of metalalkanoates is establishing of LC
compounds with ions of d- and f~metals [8] — [10]. It
is common knowledge that ions of d- and f~metals
are widely used for developing of nonlinear-optical
materials [8], [9]. Therefore it is necessary to study
optical properties of cobalt alkanoates TILC and
mesomorphic glasses.

IV. METHODS AND OBJECTS OF RESEARCH

Electronic spectroscopy was used to study optical
properties of cobalt alkanoates. Measurements were
taken in the temperature range 20-150° C, towards
increase and decrease of the temperature, with
measurement pitch 3° C. Temperature was regulated
by using specially constructed oven, which was
situated in the monochromator chamber on the light
path.

Electronic absorption spectra of cobalt alkanoates
samples were studied in visible optical wavelengths
diapason (400-700 nm) using automatic spectral
setup CSOS-6 on the basis of monochromator
MDG-6. As the radiation detector for wavelength
range A = 650-1200 nm was used PED-62. Scanning
of the spectrum was carried out using step engine,
scanning pitch — 2.00 nm. Number of averaging
was 1000.

Obtained spectrum of the intensity-transmittance
wavelength relation was converted to the optical
density wavelength relation wusing expression
D = lg(, /1), where D is the optical density, I, is
the intensity of incident beam, / is the intensity of
the beam after passing the sample.

Mentioned below representatives of homologous
series of cobalt alkanoates Co’" were used for
spectral studies: cobalt caprylate
(C,H,;CO07),C0™ (Tpe = 93° C, Tur = 164° O),
cobalt decanoate (C9H19COO‘)2C02+ (Tmer = 82° C,
T > 300° C), cobalt laurate (C,,H,,COO"),Co”"
(Tnere= 88° C, Ty > 300° C).

To obtain spectra were used optical quartz
cuvettes with a thickness of 30 um. Samples in the
form of polycrystalline powder were placed in the
cuvette and heated to the temperature of mesophase
formation. Orientation of the samples was examined
in polarized light using a microscope with a warm
stage. In the liquid crystal state samples were mainly
homeotropic orientation. In the case of slow cooling
the liquid crystal went into a state of smectic glass
that obtain at the room temperature for a quite long
time (one year), keeping the structure of the liquid
crystal.

V. RESULTS AND DISCUSSION

The absorption spectra both of cobalt caprilate
mesophase (C,H,;,CO0O™),Co’* (in the temperature

range 115°C — 150° C) and mesomorphic glass
(room temperature 25° C) are shown in the Fig. 1.
The spectra of cobalt caprylate consist of a broad
absorption band with a maximum at 565 nm and
clearly marked shoulder at 530 nm due to electronic
transitions in complexes of cobalt ions and their
coordinating ligands. With increase of the
mesophase temperature from 100° C up to 135°C
shape and position of the absorption spectrum bands
of Co’* ions remained practically constant. But a
change of the intensities of the absorption maxima
was observed (Fig. 2). This is caused by the change

of Co”" ions coordination symmetry — they become
less centrosymmetric, which is indicated by a
decrease of the optical absorption intensity with
increasing of the temperature AD / AT <0 [11]. With
the further increase of temperature (up to 150° C) an
increase in the intensity of optical absorption AD / AT
> 0 is observed. That is complexes of cobalt ions

Co”" become a centrosymmetric again.

The absorption spectra of cobalt decanoate
mesophase (C,H,,COO"),Co”* (90° C — 130° C) and
cobalt decanoate mesomorphic glass (25°C) are
shown in the Fig. 3. The spectra of cobalt decanoate
consist of a broad absorption band with a maximum at
560 nm and clearly marked shoulder at 530 nm due to
electronic transitions in complexes of cobalt ions with
the surrounding ligands. As for the sample of cobalt
caprylate, with increasing of the temperature shape
and position of the absorption spectrum bands of
Co”" ions remain almost unchanged.
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Fig. 1. The absorption spectra of Co>* ions in the
mesophase (100° C — 150° C) and mesomorphic glass
(25° C) of cobalt caprylate (C,H,,COO"),Co**
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Fig. 2. Temperature dependence of the absorption maxima
of Co*" ions in the mesophase (100° C — 150° C) of cobalt
caprylate (C,H,,COO"),Co™
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Fig. 3. The absorption spectra of Co®" ions in the
mesophase (90° C — 130° C) and mesomorphic glass
(25° C) of cobalt decanoate (C,H,,COO"),Co**

The intensity of absorption maxima changes with
increase of the temperature from 90° C up to 125° C
(Fig. 4). As in the previous case, reduce of the
optical absorption intensity with temperature
increase (AD /AT < 0) indicates that cobalt ion
complexes surrounded by decanoate ligands undergo
a  coordination  distortion,  becoming  less
centrosymmetric with temperature increase up to
125°C. The reverse process takes place at the
temperature 130°C. The increase of optical
absorption intensity with the temperature AD / AT > 0
denotes the restoration of cobalt Co’" ion
complexes to more centrosymmetrical coordination.

Absorption  spectra  of  cobalt laurate

(C,,H,,CO07),Co*™* at the temperature of

mesophase existence (100° C — 130° C) and at the
room temperature (25° C — mesomorphic glass) are
shown in the Fig. 5. As for previous samples the
spectrum is characterized by a broad absorption
band with a maximum at 565 nm and clearly marked

shoulder at 530 nm. With temperature increase the
shape and position of the absorption spectrum bands
of Co’" ions in observed samples remain practically
unchanged. But there is a change in the intensities of
the absorption maxima (Fig. 6). The typical decrease
in absorption intensity with increasing temperature
(AD / AT < 0) indicates that complexes of cobalt ions
undergo conformational distortion becoming less

centrosymmetric in the case of temperature
increase [6].
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Fig. 4. Temperature dependence of the absorption
maxima of Co®* ions in the mesophase (90° C — 130° C)
of cobalt decanoate (C,H,,COO),Co™" .
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Fig. 5. The absorption spectra of Co®" ions in the
mesophase (100° C — 130° C) and mesomorphic glass
(25° C) of cobalt laurate (C,,H,,COO"),Co*"

Spectra of cobalt alkanoates homologous series
can be considered in terms of ligand field theory [6],
[7], as excitation display of the octahedral
coordination (coordination number = 6) of cobalt
ions. Two characteristic electronic transitions were
observed for this coordination. Maximum on 535 nm
corresponds  to an  electronic  transition
Ti(*F) = *Ti(*P) [6], [8], and maximum on
565 nm — “T',(‘F) — *A,(*F) [6], [8].
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Thus, studies of the homologous series of cobalt

Co’" alkanoates in the mesophase and in the
mesomorphic glass revealed the presence of

octahedral Co”" ions. The decrease of the intensity
of optical absorption with increasing temperature of
the mesophase AD/AT < 0 indicates that the
octahedral coordination of cobalt ions undergo
certain distortions, becoming less centrosymmetric,
especially for the longest homolog Co(C,;) (Fig. 6).
It is known that for d-metal alkanoates extinction
coefficient decreases with increasing number of
carbon atoms in the aliphatic chain of the ligand
[11]. This is because the increase of alkanoate ligand
size promotes the increase of the coordination
distortion. We can assume that the larger ligand is
located in the coordination sphere of a transition
metal cation, the less is centrosymmetric complex.
Alkanoate-anions with short chains are able to form
more symmetrical surroundings around the cobalt
cation unlike the alkanoate-anions with long chains,
since they have more spatial barriers. For the studied
homologous series modulo the value of AD/AT
increases monotonically from short aliphatic chain
Co(Cy) to the long Co(Cy,), i.e. homologues with
longer chain are less centrosymmetric.

Also, for the studied homologous series found
that the change of the aliphatic chain length of
alkanoate anions does not affect form and position
of the absorption bands. But there is a significant
decrease in the intensity of absorption. The
absorption coefficient o decreases monotonically
from 450 cm™ to 200 cm™': o (CoCs) >a (CoCp)
> o (CoCyy) (Fig. 7).
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Fig. 6. Temperature dependence of the absorption maxima
of Co>" ions in the mesophase (100° C — 130° C) of
cobalt laurate (C,,H,,COO"),Co™
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Fig. 7. The absorption spectra of Co’" ions in
mesomorphic glasses of homologous series Co(Cy),
Co(Cyp), Co(Cy2)

Reduction of optical absorption can be caused
mainly by two factors:

e decrease of the concentration of cobalt ions
complexes in the homologous series Co(Cy),
Co(Cyp), Co(Cy,) with increasing of the aliphatic
chain length;

e decrease of the d-d transition dipole moments
La.q With increasing of the aliphatic chain length: pq.
d(CoCs) > pa.a(CoCyo) > paa(CoCyy) [14].

It should be noted that observed strong changes
in absorbance properties of studied materials can be
used for developing of the tunable advanced optical
materials. And the main reason for this is the
experimental fact that fundamental linear optical
properties of the cobalt alkanoates glasses can be
tuned by varying of the alkanoate-anion length.

VI. CONCLUSIONS

A detailed study of the electronic absorption
spectra of cobalt ion complexes in individual
samples of the homologous series of cobalt
alkanoates has been carried out.

It is found that octahedral coordination of ions is
present in both mesophase and mesomorphic glass
of individual compounds of the homologous series
of cobalt alkanoates Co(Cg), Co(Cg), Co(C,). It is
shown that the octahedral ions become less
centrosymmetric ~ with increasing temperature
(AD / AT < 0) and aliphatic chain length.

It is shown that a significant decrease in the
absorption coefficient with increasing aliphatic chain
length is caused by a decrease in both the volume
concentration of cobalt cation complexes and the
magnitude of the dipole moments p,, d-d-transition
in homologous series. P (CoCg) > pa(CoCyg) >
Had(CoCiy).
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O. B. Ipigskina, A. IL Momximyk, T. C. Jlenb. CeKTPH NOrIHHAHHS AJKAHOATHHX piakux kpucraiis Co’' Ta

CMEKTHYHHUX CTCKOJI

Po6oTy mpHCBSYEHO JOCIiIKEHHIO ONITHYHUX BIIACTUBOCTEH 10HHUX TEPMOTPOITHUX PiKUX KPUCTAIB TOMOJIOTIYHOTO
pAOy alkaHoaTiB KOOAJbTy Ta iX CMEKTHYHHX CTEKOJ METOJaMH EJIEKTPOHHOI CIEKTPOCKOIMii. MeToro IOCIiKeHHS
OyJl0 BU3HAYEHHsI JOMIHYIOYOi KOOpJAMHALT KaTiOHIB KOOAIBTY Yy ajKaHOATHIH MaTpHIl Ta XapakTep BIUIMBY MaTpPUII
Ha TIOTJIMHAHHS 3pa3KiB. B X011 MPOBEACHUX IOCHIIKECHD TOKa3aHo, 10 TOMIHYIOUOK KOOPIUHALIE 10HIB KOOATIBTY B
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JIOCIIDKCHUX CEepelOBHINAX € OKTaeAp. 3HayHe MajiHHA KoedilieHTa TOMIMHAHHA TpH 30iJbIICHHI JTOBXKUHU
amipaTUIHOTO JIAHIIOTA B TOMOJIOTIYHOMY pSJ/Ii  aIKaHOATiB KOOAJIBTY 3YMOBJICHO 3MEHIICHHSIM SK 00’ €MHOT
KOHIIEHTpAaIlii KOMIUIEKCIB KaTioOHiB KOOANBTY, TaK i BETMUWH JUITOJIEHIX MOMEHTIB d-d-TIepeXO/IiB.

KirouoBi cjioBa: i0HHI TEPMOTPOITHI PifKi KPHUCTAIH;, CMEKTHYHI CKJa; aJKAHOATH KOOAIbTy, ONTHYHI CHEKTPH
MOTJIMHAHHS.
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