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Abstract: The development of novel ionic liquid crystals for energy storage applications has gained
significant attention in recent years due to their potential to develop the field of energy storage.
Ionic liquid crystals represent a unique class of materials with high ionic conductivity and thermal
stability, making them ideal candidates for use in advanced energy storage devices. This research
aims to explore the fundamental properties, structure and liquid crystals performance of these novel
materials, with the goal of advancing their practical application in next-generation energy storage
technologies. By understanding the structure-function relationship of ionic liquid crystals,
researchers can tailor their properties to meet specific energy storage requirements, such as high
energy density, fast charging capabilities, and long cycle life. This study seeks to contribute to the
growing body of knowledge in the field of energy storage by investigating the potential of novel
ionic liquid crystals as efficient and sustainable energy storage solutions. The two ionic liquid
crystals show mesomorphic behavior and typical zwitterion characteristics that revealed by the
cyclic voltammetry techniques. These materials uploaded with lithium ions for more stability and
higher ionic conductivity.
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1. Introduction

With the increasing demand for energy storage solutions, there is a need to develop novel and
efficient electrolytes for batteries. These electrolytes should have high ionic conductivity, good
stability, and compatibility with different electrode materials [1-3]. The search for novel ionic liquid
crystals as electrolytic ion charges carriers has gained momentum in recent years due to their
potential in addressing the existing limitations of traditional electrolytes. This emerging class of
materials offers unique properties such as tunable mesophase behavior, high ionic conductivity, and
improved electrochemical stability, making them promising candidates for use in advanced energy
storage devices.

Ionic liquid crystals are designed to exhibit both ionic conductivity and liquid crystalline
ordering, a combination that is essential for efficient ion transport and electrode interactions within
the battery system. By carefully tailoring the molecular structure and composition of these materials,
researchers have been able to achieve significant advancements in enhancing their performance as
electrolytes.

Furthermore, the compatibility of ionic liquid crystals with a wide range of electrode materials
presents an opportunity to design custom-tailored electrolyte systems for specific battery chemistries,
further expanding their potential applications in energy storage. As a result, ongoing research efforts
are focused on exploring the full potential of these novel materials and optimizing their properties to
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meet the demands of next-generation energy storage technologies. The commercialization of lithium-
ion batteries has greatly impacted our daily lives by enabling portable electronic devices,
revolutionizing various industries including communications, entertainment, medicine, and more
[4]. However, to meet the growing demand for energy storage in sectors such as electric vehicles and
renewable power systems, there is a need for further advancements in lithium-ion technologies. One
of the major challenges in lithium-ion batteries is the instability of Li metal towards electrolytes,
which limits their performance and safety. To address this challenge, researchers have been
investigating the use of novel electrolyte solutions comprising ionic liquid crystals. These ionic liquid
crystals, with their unique properties such as high ionic conductivity and tunable mesophase
behavior, have the potential to overcome the existing limitations of traditional electrolytes and
enhance the performance of lithium-ion batteries. The development of these new electrolytes not only
improves the stability and safety of Li-metal batteries but also enables high-performance at a wide
range of temperatures.

As research and development efforts continue to explore the full potential of ionic liquid crystals
as electrolytic ion charges carriers, the prospects for their widespread application in next-generation
energy storage technologies appear increasingly promising. The pursuit of tailored electrolyte
systems and the optimization of the properties of these novel materials are key areas of focus as the
energy storage landscape continues to evolve. The utilization of ionic liquid crystals as electrolytic
ion charges carriers in energy storage applications offers potential advancements in stability,
performance, and safety [5].

This research is representing two novel ionic liquid crystals from zwitterions category for
assisting the lithium ion in the Lithium Battery Cells and energy storage devices. These materials had
been characterized by different tools to confirm the chemical structure, mesomorphic behavior and
the ionic conductivity through cyclic voltammetry [6-8].

2. Materials and Methods

All materials were purchased are high analytical grade of purity, and n further purifications
were made. 4-(Dimethylamino) pyridine, 1,4-butane sultone, 4-Benzhydrylpyridine 4 and toluene
were purchased from Sigma-Aldrech, Germany.

2.1. Synthesis of 4-(4-(Dimethylamino) pyridin-1-ium-1-yl)butane-1-sulfonate, will be known as (ILC1)

4-(Dimethylamino) pyridine 1 (5 g, 0.041 mmol) was dissolved in dry toluene (50 mL). To this
mixture was added 1,4-butane sultone 2 (4.2 mL, 0.041 mmol) and the mixture was refluxed for 48h
under nitrogen atmosphere. The white precipitate was filtered, washed with dry toluene, dry diethyl
ether, and dried to afford the novel compound 3 (9.11 g).
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Scheme 1. Synthetic pathway for zwitterions ILC1 and ILC2.
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2.3. Characterizations

Many techniques were used for confirming the structure and liquid crystals behavior such as
proton- nuclear magnetic resonance H-NMR, Fourier Transformation infrared spectroscopy FT-R by
Bruker, USA. The X-ray diffraction XRD was performed by D8 discovery USA, and polarizing optical
microscopy POM using Leica DM750P (Leica micros-system, Switzerland) The charge and size of
molecules were determined by Dynamic light scattering DLS and zeta potential were carried out by
Nicomp PSS, USA.

3. Results and Discussion:

3.1. Structure confirmation and characterizations

The 1H NMR spectrum of the novel compound ILC1 displayed the signals of the butyl chain at
0 1.63-1.71, 1.89-1.97, 2.84-2.87, 4.08-4.12 ppm. The methylene group CH:d appeared downfield
shifted indicating direct linking to the pyridinium nitrogen atom. The signal of the two methyl groups
appeared at 0 3.11 ppm. The signals of the pyridinium CH groups appeared doublet at & 6.81 and
7.96 ppm with a coupling constant ] = 7.6 Hz. The 1H NMR data of compounds ILC1 is described in
details as follows:

1H-NMR (400 MHz, D20, 25 °C): d (ppm) = 1.63-1.71 (m, 2H, CH2), 1.89-1.97 (m, 2H, CH2),
2.84-2.87 (m, 2H, CH2), 4.08-4.12 (m, 2H, CH2), 3.11 (s, 6H, CH3), 6.81 (d, ] = 7.6 Hz, 2H, ArH), 7.96
(d, J=7.6 Hz, 2H, ArH). As shown in Figure 1.

The functional group of both ILC1 and ILC2 are confirmed by FT-IR techniques, which is a
powerful spectroscopic tool for this purpose. The FTIR spectrum of compound ILC1 showed an

absorption band at v 1179 cm-!

assigned to the -503 stretching vibrations as demonstrated in Figure
2. The pyridinium C=N group appeared as a strong absorptions band at v 1645 cm*. The aromatic C-
H stretching mode is appeared clearly at 3057 cm! while the aliphatic C-H stretching peak is shown

at 2975 cm, 2944 cm-! and 2927 cm . The very strong peak for C-N stretching bond in ILC1 is shown

at 1035 cmt.
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Figure 1. H-NMR spectra of the ionic liquid crystals confirming structure for ILCI.
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It can be seen Figure 2, the high resolution of the stretching and bending modes and their
corresponding peaks of C-H stretching aliphatic at 2972 cm™ and 2901 cm™'. Whereas the stretching
C-H aromatic at 3123 cm! and 3049 cm™ for both phenyl groups. Again the SO3 at frequency v 1178.98
cm?, while the pyridinium C=N group appeared as a strong absorption band at frequency v 1640 cm-
1. The typical very strong peak for C-N stretching bond in ILC2 is shown at 1034 cm™. This regarding

to typical aliphatic tail which has position of the zwitterion.
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Figure 2. the FT-IR spectra of ionic liquid crystals of ILC1.

The crystallinity of these ILC1 and ILC2 has been revealed by XRD analysis, which these
materials are exhibiting the crystalline phase at the room temperature. The phase structure of the
pyridine derivative composing the ionic liquid crystals is shown in the Figure 3. It seems from these

patterns the phase is monoclinic [11] as well the molecules are stacked in layers. The d-spacing are
allocated on the XRD pattern as shown in Figure 4.
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Figure 3. the XRD spectra with d-spacing of ionic liquid crystals. ILC1. The crystalline phase is shown
specific peaks intensity up to 2776 counts for ILC1.
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The texture of ILC1 is examined by polarizing optical microscope POM Leica DM750P, the
crystals are shown in Figure 4. The texture of both ILC1 and ILC2 is shown at the room temperature,
which the phase is crystalline phase and the molecules are assembled in layers as similar as smectic
phase or lamellar phase. Therefore Figure 4 is showing the typical texture of book shelves with the
same domain. This texture gives 2D pathways and channel for ion charge transfers very easily and
being suitable to energy storage applications [9,10].

Figure 4. the POM microscopic graph of ionic liquid crystals texture a-b) ILC1 at room temperature
and c-d) for ILC2 as well at room temperature.

3.2. Particle sizes and charging

The molecules size play crucial role for facilitating ion transfer and charge density carrier.
Therefore, the size of ILC1 is determined by using dynamic light scattering techniques DLS. Figure 5
shows the size of molecules using laser scattering intensities. It can be noted that, the DLS technique
is blind selectivity experimental type which choosing size is out control on contrary of scanned SEM
or transmitted TEM electron microscopy techniques. Therefore, we used different calculations
models to have accumulative idea about the self-assemblies of ILCs molecules in aqueous media [12].
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Figure 5. the dynamic Light Scattering intensities DLS Plots are shown for ILC1. The concentration
above the critical micelles concentrations CMC started to self assembles and dispersed in Millipore
water 18.0MQ.
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The zwitterion ionic liquid crystals ILC1 is soluble in Deionized water 18.0MQ Millipore, and
the result of DLS is representing the actual status of ionic liquid crystals when they are acting the
electrolyte. In Figure 5, the intensity of scattered laser beam depending on the different assemblies’
size and volume and weight after fitting to the Gaussian distribution. The mean size is in range of
microscale from 1.1 um to 2.7 um, while from the figure, the size distribution fitted by Gaussian starts
from 0.12 um to 10 pm in the scattered intensity distribution [13].

3.3. Zeta Potential (C-Potential - Charges Mobility):

The electrical potential around the charged particles or molecules suspended in solution in
specific area is called zeta-potential. Thus, zeta-potential is a scientific term for electrokinetic potential
in colloidal dispersion [10]. The (-Potential is commonly in the mV and measured by the zeta
potential analyzer by applying low electric field and tracking the intensity of light beam scattered by
the charged particles.

The ILCs materials have zeta potential values which are considered as clues about the mobility
and charge carriers even in the absence of the Li+ ions and/or other ions which are used in the modern
batteries [14].

The zeta-potential plot as shown in Figure 6, ILC1 have considerable stability as colloidal
substance and its zeta value is about -53mV. This means the SO3- is the partially dominant charge
surrounding the molecules of ILC1. Thus, the material ILC1 is suitable to transport Li+ ions in the Li-
polymer Battery types.
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Figure 6. The Zeta potentials Plots are shown in both ILC1.

Conclusions

In conclusion, the utilization of ionic liquid crystals as electrolytic ion charges carriers in energy
storage applications presents a promising avenue for addressing the current limitations of traditional
electrolytes. The unique properties of ionic liquid crystals, including their tunable mesophase
behavior, high ionic conductivity, and compatibility with a wide range of electrode materials, offer
significant potential for enhancing the performance, stability, and safety of energy storage devices.

As research and development efforts continue to advance, the two tailored design of electrolyte
systems using ionic liquid crystals ILC1 hold great promise for meeting the demands of next-
generation energy storage technologies. The potential for improved stability and performance of
lithium-ion batteries, particularly in electric vehicles and renewable power systems, underscores the
significance of further exploring the capabilities of these novel materials.
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Overall, the exploration of ionic liquid crystals as electrolytic ion charges carriers in energy
storage applications offers a pathway towards achieving advancements in stability, performance, and
safety, thereby contributing to the continued evolution of the energy storage applications.
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