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ABSTRACT

In light of the distinctive structural characteristics, liquid crystals are crucial to science and technology.
Determining the solvent polarity characteristics of liquid crystals is critical for increasing their performance.
In the present study, a dye-based spectroscopic approach for a mixed nematic liquid crystal was employed to
calculate the Kamlet—Taft parameters. The results reveal that the anisotropic environment of the liquid crystal
impacts the photophysical behaviour of solute molecules; in the nematic phase, changes in variables are
gradual, however in the pretransitional zone, a quick and dramatic reduction is apparent. These outcomes
emphasize the importance of examining solvent polarity factors at various temperatures to better understand
molecular interactions in liquid crystal.
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1. INTRODUCTION

Anisotropy is a basic property found in liquid crystals, deriving from the lacking orientational order of
its component molecules. This anisotropy gives birth to a spectrum of unique physical features, including as
direction-dependent optical behaviour, dielectric response, and molecular mobility. As a result, liquid crystals
play a crucial role in several optical, industrial, and therapeutic applications, where their sensitivity to
external fields and their adjustable structural organization are particularly useful [1].

Liquid crystals' interactions with dissolved solute molecules are largely determined by the polarity of
the solvent environment in addition to their structural anisotropy. Dipole—dipole effects, hydrogen bonding,
and polarizability are examples of intermolecular interactions that are directly impacted by solvent polarity
and have an impact on the photophysical behaviour of solute molecules. In order to explain solvatochromic
shifts, fluorescence behaviour, and excited-state processes taking place inside liquid-crystal media, it is
necessary to determine the polarity properties of an anisotropic solvent environment. [2—4].

Among the several techniques devised to quantify solvent polarity, the multiparameter Kamlet—Taft
solvatochromic scale is regarded the most thorough and broadly applicable. This model isolates and evaluates
the contributions of hydrogen-bond donating ability (HBD), hydrogen-bond accepting ability (HBA), and
dipolarity/polarizability of the medium. The Kamlet—Taft equation, displayed in Eq. (1), describes the
solvatochromic reaction of a probe molecule.

v=vy+aa+bf +srt* (1)

In this statement,

vy is the reference transition frequency in the absence of solvent effects,
o signifies the solvent’s hydrogen-bond donating acidity (HBD),
p represents its hydrogen-bond accepting basicity (HBA),

where * represents the solvent environment's dipolarity or polarizability.
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The coefficients a, b, and s show the sensitivity of the solvatochromic probe to each of these interaction
factors. Because this scale differentiates between specific and nonspecific solute—solvent interactions, it
provides a valuable tool for assessing solvent polarity in anisotropic systems such as liquid crystals, where
directional ordering contributes extra complexity into solvation dynamics [5].

The absorption maxima of a solvatochromic dye is determined in a range of solvents with various
physicochemical characteristics in order to ascertain the polarity descriptors of a solvent system. Since these
dyes' electronic transitions are so senmsitive to environmental changes, they show observable spectrum
alterations. Variations in the apparent wavelength (or wavenumber) indicate changes in polarity, hydrogen-
bond donating or accepting capacities, and the general electrical nature of the medium. The Kamlet—Taft
multiparameter equation may be used to analyze these spectrum shifts in order to identify and measure the
distinct contributions of a (acidity of HBD), f (basic HBA), and w*(dipolarity/polarizability), so offering a
complete image of the solvent’s polarity profile [5,6]. In this research, this solvatochromic technique was
employed to evaluate the Kamlet—Taft characteristics of a nematic liquid-crystal mixture whose specific
molecular composition was not entirely known. Because the solvation environment in liquid crystals varies
greatly with phase structure, measurements were undertaken throughout various distinct sections of the phase
sequence. These included the isotropic phase, when molecule orientations are random, the pretransitional
zone along the isotropic—nematic boundary, where short-range orientational correlations arise; and the
nematic phase, defined by long-range orientational ordering. By capturing absorption spectra across a wide
temperature range, it was possible to gain understanding of how temperature variations affect solute—solvent
interactions and change the medium's polarity. Since even small changes in molecular order can affect
hydrogen-bonding interactions, local polarizability, and overall solvation dynamics within the anisotropic
phase, such temperature-dependent solvatochromic analysis is particularly helpful for liquid-crystal systems

[7-9].
2. EXPRIMENTAL SECTION

2.1 Materials

Coumarin 504 and DRII (Figure 1), the dyes utilized in this investigation, were acquired as follows: Coumarin
504 was acquired from Sigma-Aldrich, whereas DRII was produced at the laboratory of the Department of
Applied Physics at the University of Tabriz. Furthermore, 4-nitroaniline derivatives, including ethyl-4-
nitroaniline, were first taken into consideration; nevertheless, DRII was employed as a suitable substitute
because of their poor solubility in the UV area and incompatibility with the nematic liquid-crystal media.
Moreover, as the Reichardt dye was insoluble, Coumarin 504 was utilized in this work. A nematic liquid-
crystal mixture (ML—0688, Ae = 13.1) with positive dielectric anisotropy was used for the tests.
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Fig. 1. Chemical structures of the Coumarin 405 and DRII dyes.
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The anisotropic solvent environments used in this study are listed in Table 1.

Table 1. Names and specifications of the anisotropic solvents used

Liquid crystal  TC/°C Ae An
ML-0689 77.1 13.1 0.63

2.2 Absorption and emission spectroscopy

A double-beam Shimadzu UV-2450 UV-Visible spectrophotometer was utilized to collect absorption spectra.
For spectroscopic studies quartz cells measuring (5 x 1 % 0.2 cm) were employed for research in the liquid
crystal medium.

2.3 Estimation of polarity parameters

The maximum absorption wavelengths of the dyes in different solvents were determined to calculate the
Kamlet—Taft polarity parameters. ET(30) was used to determine the hydrogen-bond donating ability (o), and
(DRII) was used to determine n* and . Because coumarin 504 is sensitive to both specific and nonspecific
solute-solvent interactions, it was used as the probe for the remaining parameters. The Kamlet-Taft values for
each solvent were extracted by carefully analyzing the measured absorption maxima using the equations in
Eqs. (2)—(9). This process offers a methodical and trustworthy way to measure solvent polarity, enabling the
separation and comparison of the distinct contributions of hydrogen bonding and dipolarity/ polarizability in
various solvent environments [10-12].

% — V(N Ndimethyl 4-nitroanitine) — 25+ 18 )
—3.52
V (N N-dimethyl 4-nitroaniline) — L - 1905 V(prpy 7594.39R=0.98 (3)

_ 0984 1V(N,N—dimethy1—4—nitmaniline) - V(4—nitroanilin) + 349

2.759 )

Veaoninoanitiney = 1-089TV gy +—8402.4 = 0.95 (5)

. _ Er(30)~14.67*-30.31

16.5 (©)

E,(30) = 28591.5 7)

‘max(Reichardt —betaine—dye)
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N _ ET(3O)Solvent -30.7
' 324

®)
Vie iitetanege =~ 148V +188778.00,R* =099 (9)

3. RESULTS AND DISCUSSION

The maximum absorption wavelengths of DRII and Coumarin 504 in the nematic liquid crystal were
utilized to compute the Kamlet—Taft solvent polarity parameters. Table 2 provides a summary of the
corresponding values derived from these dyes' solvatochromic absorption spectra.

Table 2. Kamlet—Taft Solvent Polarity Parameters of the Nematic Liquid Crystal at Room Temperature

Liguid crystal — z+ B o«  E (30) EY
ML-0689  0.55 0.54 019  41.1 0.33

As predicted, the nematic liquid crystal displays greater dielectric constant, f, and n* values compared
to conventional solvents. The comparatively high values of these characteristics show that the medium is
extremely polar, indicating strong interactions between the liquid crystal molecules and polar solute
molecules, even if the particular molecular structure of this liquid crystal is not fully described. Analysis of
the Kamlet-Taft characteristics further indicates that this liquid crystal includes many hydrogen-bond-
accepting groups (f), but its hydrogen-bond-donating ability (o) is comparably modest. These discoveries are
consistent with the general behaviour of nematic liquid crystals, where directional ordering and anisotropic
interactions contribute to higher dipolarity and hydrogen-bonding potential.

In order to investigate how the solvent polarity of the liquid crystal changes with temperature, the
maximum absorption wavelengths of the reference dyes were determined throughout a variety of temperatures
in the ensuing tests. This method allowed for a thorough evaluation of the Kamlet—Taft polarity parameters’
temperature dependence, offering insight into the relationships between solute—solvent interactions, phase
transitions, and molecular order in the nematic medium.
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Fig. 2. Effect of temperature variation on the Kamlet—Taft solvent polarity parameters of the ML—0689 liquid
crystal.

Figure 2 displays the influence of temperature on the Kamlet—Taft solvent polarity characteristics of
MLC-0689. As the image indicates, the overall solvent polarity diminishes with increasing temperature,
indicating the degradation of orientational order and the weakening of intermolecular interactions at greater
thermal energy. The comparatively little change in polarity during the nematic (anisotropic) phase suggests
that the solvation environment is somewhat stabilized by the ordered molecular structure. In contrast, in the
pretransitional region just before the transition from nematic to isotropic phase the solvent polarity
characteristics decrease dramatically, with a substantially steeper slope. This shows that the pretransitional
variations severely disturb molecular alignment and solute—solvent interactions, resulting in fast shifts in the
polarity experienced by the solute. The solvent polarity steadily decreases with temperature in the isotropic
phase, but more slowly than in the pretransitional zone. The lack of long-range molecular organization results
in a more uniform but less strongly interacting medium, even if the polarity is still slightly greater than in the
nematic phase. In the end, these findings show that the liquid crystal’s phase and temperature have a significant
impact on its Kamlet—Taft solvent polarity characteristics. The results show the susceptibility of liquid-crystal
media to temperature and structural differences, which must be addressed when interpreting photophysical
behaviour or developing applications requiring solute—solvent interactions in such anisotropic settings.
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CONCLUSION

The findings show that there is a significant contact between the liquid crystal molecules and the
solvatochromic dyes, with dipole—dipole interactions being primarily responsible for stabilizing the solute in
the anisotropic media. The unusually high values of f and ©* are consistent with this discovery, showing the
polar character of the liquid crystal environment. These results imply that the liquid crystal molecules have
large molecular dipoles and hydrogen-bond-accepting groups, which enable strong electrostatic interactions
with polar solutes. Furthermore, these interactions are strengthened by the directional ordering in the nematic
phase and the molecules' intrinsic polarity, which causes the dyes to exhibit noticeable solvatochromic
changes. comprehending photophysical behaviour and how molecular structure influences solvation and
polarity-dependent processes in liquid crystals requires a knowledge of such intense solute—solvent
interactions.
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