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Effect of Deep Eutectic Solvent (DES) on
physicochemical and electrochemical
properties of triethylmethylammonium
tetrafluoroborate in propvyvlene
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storage applications: A comparative
analvysis
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Highlights

- Comparative thermo physical and electrochemical study of
TEMWABF, in different binary and termary systems.

- TEMABF,: boehaved as a structure maker in DES 4+ agqueous PC
swystom and structure breaker in DES+PC systonm.

- DES enhanced the solure—solvent interactions in DES+PC
systerm and H-bonding was found beoween warter and DES in
DES + aq. PC systern.

- CVv and conductance study to validate elecorochemical
properiies respectively.

Abstract

The use of non-roxic and biodegradable Deep Eurectic Solvents (DES) in enersy
storage has atiracted a lot of attention as the toxic, costlhy and flammable
organic clectrolytes do not scem to be sustainable for the environment. So, o
analyse the porential of DESs in this area their physicochemical properties anmncl
molecular interacrion study can be quite helpful. The measurements were made
of the density, sound speed, and clectrical conductivity of
Triethylmethyvlammonium Tetrafluorcborate (TEMABF,.) at four different
remperacures in rwo different solvent systems: propylene carbonarce (PC) with
erhaline DES (a mixture of ethylene glhycol and chlorine in a 1:2 ratio) added as
an additive, and binary aqueous PC with ethaline DES again, added as an
acddirive. Density and specd of sound mMmeasurements were used to determine
the physicochemical characteristics such as apparent molar volurme amnd parcial
molar volume ), apparent molar isentropic compressibility and partial molar
iscntropic compressibility and limiting molar expansibilities. The effects of DES
on the intermolecular inreracrions in the PC and agueous PC saolvent
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Abstract

Effect of pyrrolidinium-based ionic liquid (IL) (1-butyl-1-methyl pyrrolidinium iodide) on the volumetric,
acoustic and electrochemical properties of aqua solutions of benzylamine and benzamide has been analyzed at
equidistant temperature range (288.15 K to 318.15 K) using different techniques. Density (p) and sound speed
(u) for five different molal compositions (0.001 mol kg‘] to 0.009 mol kg‘lj of the IL has been measured in
binary aqua solutions of benzyl amine and benzamide. Using the measured density and sound velocity data,
volumetric and acoustic quantities viz., AMV (apparent molar volume, V), PMV (partial molar volumes, V;}“ ),
standard partial molar volume of transfer (A V), partial molar isentropic compression (K |

molar isentropic compression (K 4 5 ), and partial molar isentropic compression of transfer (Kg‘s) have been

), apparent

calculated. Transfer parameters were also determined and further used for the computation of pair and triplet
interaction coefficients. The ion—solvent interactions have also been analyzed from conductance studies.
Cyclic Voltammetry (CV) studies were further performed to investigate the electrochemical properties of the
ternary mixtures for exploring their applications in different energy storage devices. The experimental results
were also used to predict the structural behavior of the IL in aqueous benzylamine/benzamide solutions.
Additionally, FTIR (Fourier Transformation Infrared Spectroscopy) and DFT (Density Functional Theory)
techniques using (B3LYP)/6-311G++ (d, p) basis set of hybrid density functional theory was applied to the

optimized geometrical structure of the ionic liquid using the Gaussian 09 program.
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Review

Unravelling the prospects of electrolytes containing ionic liquids
and deep eutectic solvents for next generation lithium batteries

Shivani, Ramesh Chand Thakur °, Akhil Thakur, Akshay Sharma, Renuka Sharma

Department of Chemistry. Himachal Pradesh University, Summer Hill, Shimla 171005, Himachal Pradesh, India

ARTICLE INFO ABSTRACT

Article histary: The rising need for efficient and sustainable energy storage systems has led to increased interest in the
Received 17 December f“z“ use of advanced electrolytes consisting of deep eutectic solvents (DESs) and ionic liquids (ILs). These elec-
Revised 24 January 2025 trolytes are appealing candidates for supercapacitors, next-generation lithium-ion batteries, and different

Accepted 31 January 2025

energy storage systems because of their special features including non-flammability, low volatility, low-
Available online 20 February 2025 2y age sy pe . Y ¥

toxicity, good electrochemical stability, and good thermal and chemical stability. This review explores the

= advantages of the proposed electrolytes by examining their p ial to add the critical chall in
:rmd;n lithium ba}tery technology, including safety concerns, energy density limitations, and operational stabil-
Deep eutectic solvents ity. To achieve this, a comprehensive overview of the lithi salts ¢ | pl i in rechargeable
Tonic liquids lithium battery electrolytes is presented. Moreover, key physicochemical and functional attributes of ILs
Lithium salts and DESs, such as electrochemical stability, ionic conductivity, nonflammability, and viscosity are also

discussed with a focus on how these features impact battery performance, The integration of lithium salts
with Ils and DESs in modern lithium battery technologies, including lithium-ion (Li-ion) batteries,
lithium-oxygen (Li-0,) batteries, and lithium-sulfur (Li-5) batteries, are further examined in the study.
Various electrochemical performance metrics including cycling stability, charge/discharge profiles, reten-
tion capacity and battery's coulombic efficiency (CE) are also analyzed for the above-mentioned systems.
By summarizing recent advances and challenges, this review also highlights the potential of electrolytes
consisting of DESs and ILs to enhance energy density, durability, and safety in future energy storage appli-
cations, Additionally future research directions, including the molecular optimization of [Ls and DESs,
optimizing lithium salt compositions, and developing scalable synthesis methods to accelerate their prac-

tical implementation in next-generation energy storage applications are also explored.
© 2025 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published by
Elsevier B.V. and Science Press. All rights are reserved, including those for text and data mining, Al
training, and similar technologies.

Electrochemical performance
Lithium batteries

1. Introduction

The fast advancement and growing need for high-performance,
lightweight, and affordable portable electronics, such as those used
in electric cars, aeronautics, and healthcare industries, has encour-
aged researchers to investigate enhanced electrochemical energy
storage (EES) technologies | 1,2]. In the pursuit of renewable energy
options, there is an urgent need for the development of long-
lasting, highly effective, high energy-power resources. Different
EES systems, including batteries and supercapacitors, have
emerged as appealing candidates to meet these demands. Batteries
shine with their high energy density and high-rate capability,

* Corresponding author,
E-maoil address; dothakurchem@gmail.com (RC, Thakur),

hetps: ffdoLorg/ 10,1016[] jechem.2025.01 060

whereas supercapacitors provide advantages such as quick
charge-discharge rates, high power output, and extended cycle life
|3.4]. A civilization that can rely on renewable energy will be able
to shift away from its reliance on fossil fuels towards the effective
integration of renewable energy sources, including hydropower,
wind, and solar, with EES systems, especially batteries |5]. World-
wide interest has been drawn in rechargeable lithium batteries
owing to their potential as sustainable energy storage systems.
These include solid state lithium batteries with solid state elec-
trolyte, lithium oxygen (Li-O,) batteries, lithium sulfur (Li-S) bat-
teries with sulfur composite cathode, emerging lithium metal
batteries (LMBs) with intercalation-type cathode, and standard
lithium-ion batteries (LIBs] |6.7]. Since their inception in 1991,
lithium-ion (Li-ion) batteries are regarded as one of the most
intriguing EES technologies among the numerous types of
rechargeable batteries. To store energy in Li-ion batteries, lithium

2095-4956/0 2025 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published by Elsevier BV. and Science Press. All rights are reserved,

including those for text and data mining. Al training and similar technologies.
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