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separation processes. Imidazole-based ILs rashmita7ls@gmail.com
generally used as extraction solvents and in food
analysis. Based on this context, this book chaptanoj Kumar Banjare
focuses on the characteristics, synthedBgpartment of Chemistry (MSS)
generations, and main applications of ILs MATS University, Pandri Campus
different areas such as Metallurgy, separatiofgipur, Chhattisgarh, India.
biochemistry, the food industry, and drug deliverganojbanjare7 @gmail.com
systems. This chapter also includes
physicochemical, and toxicological, and alderashant Mundeja
discusses ILs composed of ions based on natidapartment of Chemistry (MSS)
products. Future outlooks on the subject and tMATS University, Pandri Campus
major technological challenges and advantagesRaipur, Chhattisgarh, India.
using these attractive liquids are also discusied.
we know in our day-to-day lives the demand for
drugs in society is being to increases. With these
new trends getting new challenges to design new
drugs. To meet this requirement in society many
pharmaceutical companies are introducing new
drugs with poor solubility which shows no proper
diagnosis and indicates the birth of another health
issue in the human body our research groups are
trying to solve the problem by introducing and
adding ionic liquids in the drugs to the enhance of
proper solubility of drugs in the human body. Here
we have discussed the preparation and advanced
types of biodegradable lonic liquids (BDILs),
Task-special lonic liquids(TSILs), and Room-
Temperature lonic liquids(RTILs) which are very
useful in society. This molten solution can be
categorized as sustainable, durable, active
substance in the pharmaceutical field, and reliable
It can be treated as a good catalyst and, a better
guality enhancer in the medical field.

Keywords: lonic liquids, smelted or liquified salt,
Task special ionic liquids, Biodegradable lonic
liquids, agro-food industry, pharmakon industry,
Room temperature ionic liquids, Sustainable
liquids, Active Pharmaceutical Ingredients.
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l. INTRODUCTION

The ionic liquid functions as a salt in the liqyhase having a low M.P. with a
specific temperature, considered as 100 °C (212 V&)ous ionic liquids are made of a
combination of salts and ions named ionic glasses; fluids, liquid electrolytes ionic melts,
fused and liquid salts sequentially. When a sai$ §elt with no degradation or vaporizing
will produce an ionic liquid. Similarly the melgnpoint of NaCl (Sodium chloride) at 801
°C (1,474 °F) can consist of chloride anions (Ckad sodium cations (Na+) Conversely,
these positive and negative charges balance with ether, creating the overall compound
that behaves as neutral in charge. Generally, thas® such as NaCl or KCl, are considered
solid state at room temperature while it gets raetippressive heat of 770 °C( K& and
800.7 °C (NaCl) and are called "smelted or licpdfsalts."

In short, we can understand what is ionic liquidhie following reaction

Only ion solution

Salt Water O rusm temperiture nota ionic liquid

Self assembled

No need
- At moderate Liquid consider
S‘(] lt DthEI temperature = . s
as a Ionic liquid.
solvent

Figure 1: When we say this is lonic Liquid

lonic liquids (ILs) are composed of oddly shapedsiosuch as large, misshapen
cations, and small to large anion types like bffates. The formation of a lattice structure is
challenging due to the presence of large and itaegons, making them liquid. The less
optimal packing method allows for less heat endogipe added to facilitate IL flow. Some
ionic liquids hover liquid even below the freezimpint of water, demonstrating the
complexity of ILs in various applications.

Conspicuously solvents marked as ionic liquids hewme into the view of such an
encouragement. lonic liquids, also known as iomigd$§, inventor or architect solvents,
neoteric solvents, and smelted salts, are serem®o@fanic anions and organic cations. The
ionic liquid is a salt with a melting point belowet boiling point of water. They have a
polarity and hydrophobicity/hydrophilicity that cére adjusted by a suitable combination of
anion and cation, giving them the title “inventmrarchitect solvents” Salts have strong ionic
bonds, leading to melting points and high lattioergies, while some, especially those with
organic cations, making them liquid at or belownmo@mperature, have low lattice energies.

Earlier Work done in this Field: R. Rajni et all discussed that designer solvent leads The

reaction condition can be adjusted to suit the radoiun because of this specific quality
called a specific ionic liquidSingh S.K.engaged in this research about the application of
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ionic liquid in both academic and industrial apations.Ameta G. etall explained that the
sonochemical synthesis and characterization of amatlum has ILs which can give
information about the green pathway of modificatiSarac B. et alThe study explores the
impact of adjusting the counter ions length ane silkkyl chain on the thermodynamics of the
micellization process at imidazolium-baseman SAlhsagueous medig¥anvin J. et al.
illustrate the self-assembly of the environmentéilgndly (ECO-Friendly) alkyl sulphonate-
based SAILs.

II. HISTORY

The first ionic liquid was discovered on the dated aby the discoverer of
ethanololammonium nitrate, in an altercation withG&abriel and J. Weiner reporting it in
1888. Paul Walden reported the first room-tempeeatanic liquid, (C2H5)NH+3*NO-3
methylammonium nitrate in 1914. In 1914, an alkytaomium nitrate salt was created with a
melting temperature of 12°C. In the 1960s, Dr. dke&¥ discovered a liquid formed by mixing
copper chloride with alkylammonium chlorides. Ireth970s and 1980s, ionic liquids with
pyridinium cations and alkyl-substituted imidazatitand tetrahalogenoaluminate anions or
halide emerged as potential power unit electrolyt@sic liquids (ILs) have a history of this
topic that can be traced back to the 19th centwith the first "red oil" described in a
Friedel-Crafts reaction. In the 1970s, Dr. Jerrwéddd created "liquid clathrates” by adding
aluminum alkyls with salts. ILs were initially used a supplement for LiCI-KCI| smelted salt
electrolytes for thermal power units.

. CHARACTERISTICS

lonic liquids are distinct from traditional saltsial to their actuality in the liquid
phase. we would come into contact with in a typcamistry laboratory. lonic Liquids are
naturally colorless gelatinous liquids. These makerare publicly adequate to non-ionizing,
being heat resistance, nonconductors, and disdtagevapor pressure, often having low
combustibility.™?

lonic Liquids |
Applications

Figure 2: Relative Characteristics of lonic Liquids
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ILs" diverse solubility properties, including vamgi solubility of saturated aliphatic
compounds, alkenes, and aldehydes, can be utilizbghasic catalysis processes for easy
product and substrate separafiinThe solubility of gases, particularly CO2 gasyémerally
favorable in many ionic liquids.

CO and hydrogen are, their solubility varies witle thoice of anion and side chain
lengths on the cation, less soluble in ionic liguidan in organic solvents. The capability to
mix ionic liquids with organic solvents or waterries because of different chemical
reactions® These salts can be put into operation to funct®tigands, bases, or acids, and
serve as precursors for preparing stable carbenes.

lonic liquids (ILs) can be distilled under vacuuranditions at temperatures near
300°C, consisting of ion pairs. The glass transitemperature was detected below -100°C in
the case of N-methyl-N-alkylpyrrolidinium cations ludrosulfonyl-
trifluoromethanesulfonylimide (FTFSI). They havewede range and can freeze down to
extremely low temperatures. such as -150°C. Lowpegature ILs are recommended as the
fluid base for a spinning liquid-mirror telescdpé

Water, a common impurity in ionic liquids, can sfgrantly influence the delivery

[rlt%]sources of RTILs, even at low concentrations, tuigs absorption from the atmosphere.

IV. PROPERTIES OF IONIC LIQUIDS

lonic liquids, with their diverse assets, can bstomized for various applications,
including biological, electrochemical, and catalytiesearch. They have low melting
temperatures, and those remaining liquids beloat doom temperature are known as room-
temperature ionic liquids (RTILs). The majority iohic liquid is non-volatile, meaning that
it does not diffuse volatile organic compounds (\&@to the atmosphere.

* The substance is non-flammable, making it easiéatalle and store due to very low
vapor pressures, which is unlikely to evaporate.

* lonic liquid shows very The product is changeleshigh temperatures, up to 392°F
or 400°C /752°F/200°C, relenting on the specifiodurct.

* It behaves as a good conductor.

» Itis Hydrophobic or Hydrophilic in nature.

» It has a broad electrochemical range.

* The ionic liquid is very stable with water and ogygwhich can be used as active
ingredients in the drugs.

* It has the capability to vanish both inorganic angnic compounds.

» lonic liquids can simplify and reduce waste in feparation process, but this topic is
for another blog post.

V. CLASSIFICATION

ILs are classified based on proton transfer paaéraind historical generations,
typically categorized into two echelons
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* Protic ionic liquids (PILs
» Aprotic ionic liquids (APILS)

Aprotic ionic liquids an Protic ionic liquids andcre formed by proton transfer frc
Brgnsted acid to base, respectively, through nkzdteon andquaternizatio reactions.

{A) Protic lonic Liguid

Broansted Base (B) + Bronsted Acid (B) HE + A

@&
A=y ar '..."'-G‘.‘.‘-\-‘..N.-r""n"ﬁ‘_ f..mq.m.-""‘-.._, |
—_— . S - M + MaBFg B ] !
i "‘,__.—-"..:JI \..__-:';'_J {a — BF, E

Figure 3: The synthetic rou: A) 1-ethyl-3methylimidazolium tetrafluoroborate and
ethylammonium nitrate

' Tonic liquids

I Cations Anions

I Ammoniums | Imidazoles I Borate ‘ I Halide
I Phosphonium | Piperidines I Phosphate ‘ l Dicyanamide
l Pyxidiniums: T l Nonaflate l Sulfate
I Sulfones Morpholines I Syliossie l Thioeyepate
I Guanidini Choli Tricyanometh Bis(trifluorom |
uanidiniums oline ide ethylsulfony1)
imide
I Oxazolium | Triazolium
| Thiazolium | Pyrazolium
N-alkyl-
isoquinolinium

Figure 4: Classification of lonic Liquids
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VI. GENERATION OF ILS
Here we have discussed the basic three generatiomsic liquid which are as follows

* First Generation
* Second Generation
* Third Generation

1. First Generation: The first generation of ionic liquids, a controvatgopic, is believed
to have begun with Paul Walden's discovery of etfmyphonium nitrate in 1914, but some
biographers attribute it to Gabriel and Weiner B88. The confusion arises from the
[r2e7P0rted melting point differences, indicating beginning of the First Generation of ILs.

2. Second Generation:The 2'¢ Generation of Inhibitory Organic Compounds (ILsjsw
introduced in 1992 by Wilkes and Zaworotko, basedtlee alternative anions and 1-
ethyl-3-methylimidazolium cation. Over the past g&ars, these ILs have become a
significant scientific topic due to their ease ahiling.

3. Third Generation: The third generation of ionic liquids may includa&ious commercial
pesticides, with extensive research on their ptaggeand toxicity. An EU review led to
the withdrawal of effective measures, and the gakeror ionic liquid replacements
remains uncertailf”. The 3 Generation of ILs has adjustable physical andnite
properties, allowing for rationally selected biakmag action, as seen in Hough's review of
IL candidates as Active Pharmaceutical Ingredien{srecursors.

The study presents novel ILs with 1,4-diazabicyz/d[2]octane as a cation and
pelargonic acid as an anion, combining herbicidal @eterrent functions.
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Evolution of lonic Liquids

:

New, functionalized ionic liquid material

Generation 1:
ILs with unique tunable physical properties
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Generation 3:
ILs with targeted biological properties combined with chosen physical and chemical properties
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Figure 5: Generations of ILs through time.
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EXAMPLE OF IONIC LIQUIDS

ILs are salts of symmetrical weakly coordinatingioas and organic cations,

unsymmetrical flexible with a wide variety of catio and anionic components.

Q{flucrmulfnnyl}imide

’ T1 R1 R1
+// + + T
N f: RE_T Rq R:1_ P R,{ +L
i R 20 Iy
lli Ri R Rs Rs 1/ \‘/ ;\‘R: R: Ry
Pyridinium  Pyrrolidinium  Ammonium  Phosphonium Imidazolium Sulfonium
BF, PFy Cl Brrl NOy R—80y R—COO R:POy
Tetrafluoroborate  Hexafluorophosphate Halides Nitrate  Sulfonate Carboxylate Phasphate
8] 0
i o} o o] H
\sf__,.Nﬁ_Hs/ \\SENHS/ sz—T—coo- 5 S{(/_ .
b \F 7 N\ CF E -
* \ | N\ R \
0 o 0 o CF,
Bis(trifluoromethanesulfonyl)imide Amino Acid

Trif!uoromethanewlfcny

Figure 6: Typical lons in lonic Liquids (ILs).

1. Cations: Room-temperature ionic liquids (RTILs) are primardomposed of salts that

Copyright © 2024 Authors

emanate from 1-methylimidazole, such as 1,3-di(N;difdethylaminoethyl)-2-
methylimidazolium (DAMI). 1-butyl-3-methyl- (BMIM) 1-ethyl-3-methyl- (EMIM), 1-
decyl-3-methyl- (DMIM), 1-dodecyl-3-methyl- docetyiM, 1-octyl-3 methyl (OMIM),
1-butyl-2,3-dimethylimidazolium (BMMIM). e.g. tetbutylammonium and
tetraethylammoniufff’.

. Anions: Magnetic ionic liquids can be created by incorfiagpparamagnetic anions, as
exemplified by 1-butyl-3-methylimidazolium tetrachbferraté®! It generally contains
various types of anions, such as hexafluorophosp(RRE6), tetrafluoroborate (BF4)
trifluoromethane sulfonate (OTf), dicyanamide (N(@N and bis-trifluoro
methanesulfonamide (NTf2), ethyl sulfate (EtOSO@&Jrbgen sulfate (HSO4).
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Figure 7: Structural representation of ionic liquids (ILs)

3. Polymerized lonic Liquids (PILs): PILs are a polymeric form of ionic liquids is h#iie
ionicity of ionic liquids. due to an ion being fideas the polymer fraction. PILs have
similar applications as ionic liquids but offer teet control over ionic conductivity,
extending their use for smart materials and sdédtelytes.

VIIl. SYNTHESIS OF IONIC LIQUID

The 1st room-temperature ionic liquid, [EtNH3][NO®/as stumbled on in 191%
Enthusiasm in ionic liquids grew after the lightiag of bipartite ionic liquids made from a
combination of N-alkyl pyridinium or 1,3-dialkyl ildazolium chloride and aluminum(lll)
chloride. lonic liquids are classified as simpldtssand bipartite ionic liquids, with their
properties and M.P. influenced by the mole fractiofithese substancé$?The preparation
of ILs can be explained in two steps:
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NR,

+R'X | Step
I} +
[R'RsN] X (1) +Metal salt M*[A]”
Step 1Ib —MX (precipitation)
(2) +Bronsted acid H" [A]~
—HX (evaporation)
(3) Ion exchange resin

Step I1a

+Lewis acid
MX,

[R'RsN]" [MX, ] [R'R;N]" [A]

Figure 8: Preparation way of lonic Liquids

Steps of synthesis of ionic

liquid
Step: 1 Step: 2
The craved cation can be amalgamated Anion reciprocity reaction involves tending
through quatemization reactions or acid halide salts with Lewis acids to create Lewis
protonation with a haloalkane and heating, acid-based ionic liquids or by anion metathesis.

resulting in the emergence of carved cations.

Figure 9: Flow Chart of Synthetic Steps of lonic Liquids

IX. APPLICATION

lonic liquids (ILs) are effective in solubilizingO2 and are used as alternate solvents
in various applications. They are versatile and lbarused as electrolytes, with sustainable
electrochemical windows, high heat resistance, lamdvapor pressure. Task-special ionic
liquids (TSIL) are being designed to capitalize their potential. These substances hold
significant industrial and scientific interest due their distinctive physicochemical
properties.

1. Food Industry: The utilization of ILs in the food industry is agsificant advancement
that can be expanded by superscription the unigoeopation and requirements of each
proces$”. With the following diagram, we can understand thgoortance of ionic
liquids in the agri-food sector.
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Figure 10: Application of lonic Liquid in Food Industry

2. Electrochemistry: lonic liquids (ILs) are promising alternatives f@placing electrolyte
solutions based on organic molecular solvents duéair stability, better viscosity, and
ease of synthesis. They have been used in eleetrocal applications such as
bioanalytical sensors, electroplating of metalswo units, ultracapacitors, solar
collectors, and photovoltaic cells. Imidazoliunsed lonic Liquids are the most
commonly used class, with that stance of 2-4 cartoms in the cation chain length
being preferred for electroplating processes. H@amewobalt, zinc, and copper-stance
setups are highly moisture sensitive, and theirwgromechanisms can only be
determined in wet systems. Quaternary ammoniums sate thriftycally excellent
assignable to their better chemical and thermalsteexce than imidazolium and
pyridinium-based compounds. Novel ionic liquids exéstence progressed, but their cost
remains a significant limitation. The next steptasfine-tune their functionalities by
amalgamating 2 or more ionic liquids. The economipact of producm% an ionic liquid
that could effectively replace conventional orgasotvents is significarit™.

3. lonic Liquids as Toxicity: lonic liquids are materials consisting of anionsl @ations at
or below 100°C, with a theoretically possible numbe106 combinations, allowing for
the creation of ILs for specific applicatiofs!

4. Drug Delivery: lonic liquids (ILs) are smelted salts with enorraaarganic anions and
cations, causing charge dispersion and making alliys structure difficult. They are
used in crystallizing active pharmaceutical ingeeds (APIs), as liquid analeptics, as
well as good emulgent, co-solvents, and solventsnadicine framing, and in drug-
delivery-based systems attributable to their idimsstic character§

Copyright © 2024 Authors Page??2
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. Luminescent Ln-lonic Liquids beyond Europium: lonic liquids (ILs) are essential in
soft luminescent materials, containing lanthanidetanthanide compounds, and are the
combination of inorganic and organic ions at a Mdgtow 100°C'7.

Biomedical Applications: lonic liquid gels have promising biological actifor
pharmaceutical and biomedical applications. Thigerg explores their classification,
synthesis, properties, and applications, focusmbiomedical purposes like antibacterial,
antitumor, drug delivery, and hemostd&is

Protein-related Applications: Supported ionic liquids (SILs) are being explorasl
alternative enzyme supports in biological or orgacatalysis and as brand new
reinforcement in introductory liquid chromatograpioy purifying extravagant enzymes
and proteins, by modifying their surface and prépst

. Crucial aspect of lonic Liquids for Metals: lonic liquids (ILs), also known as molten
salts, have shown promise in sustainable high-valeéal recovery. solid eradication,
agricultural waste-based IL, Supported lonic LigBittase (SILP), and Functionalized ILs
are promising solutions for efficient and enviromtadly friendly methods in complex

systems'*®!

. Super lonic Liquids can be applied as Chromatograplt Matrices: lonic liquids have
been explored as peculiar ligands in chromatogcaplatrices, known as supported ionic
liquids (SILs). These organic salts have a widecstiral diversity and can display multi-
modal behavior due to their +ve / -ve charged gsouplLs maintain ILs' valuable
features but are supported, avoiding large amaninitss. Despite losing their liquid state
when immobilized, ILs can establish numerous irtgoas, making them serviceable in
hydrophobic, hydrophilic,multi-modal, affinity, adn-exchange chromatography.

10. Liquid—Liquid Microextraction: lonic liquids (ILs) are green chemistry-drivenftso

materials with unique properties like low meltingimts, excellent solubility, structural
designability, low vapor pressures, and qualityt mesistance.

X. CHALLENGES

lonic liquids (ILs) are exciting due to their qualive and quantitative both

applications. By using techniques like Raman spsectipy, infrared spectroscopy, SEM,
potentiostats, and molecular dynamics simulatioms, can explore their mysteries and
explore our verdict, encouraging others to conteteptheir benefits and enactment.

XI. FUTURE ASPECTS

The major objectives of lonic liquids are low-toixy ions used to create specific

synergistic properties in ionic liquids. lonic ligs, attributable to their adaptable characters,
have potential applications as therapeutic agemtwvdrious diseases, including cancer and
viral infections. The pharmakon industry is pregegtappling with numerous challenges for
non-sustainable drugs with poor solubility and paggregation behaviour with any solvents.
The major aim of this proposal method is for theeercher of this field to focus on the
synthesis and characterizes of sustainable drugsibg any additives such as surface active
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based ionic liquids which enhance their non-toyxitiehaviour of drugs with more effective
nature, good solubility and aggregation behavidwrogs.

Batteries
Fuel Cells

Nanomaterials

Solar Energy Industrial
Conversion lonic Liquids

Nuclear Fuel
Rad Waste

Lubricants
Heat Transfer

Enzymatic
Catalysis

Figure 11: Future use of lonic Liquid in Various Disciplines

This research work will focus on some recent sigfactive-based ionic liquids with
drug molecule formulation to enhance the diagneffisiency of a drug; which can prevent
the toxicity level in the community and lead to tairsable methodology. This is an excellent
discovery for the world of medicine.

Xll. CONCLUSION

Antibiotic resistance poses new challenges to diegjgn and discovery, prompting
the utility of ionic liquids as tenable solvents f@rious applications, but they are frequently
too syrupy or extravagant for bulk utility. Day gy, the utility of various drugs in society
may increase. To meet this demand, we need to esiath green and less hazardous,
sustainable drugs which we may characterize anthegize with the help of surface-active
ionic liquid-based drugs. Systematic investigatin ongoing of the physiochemical
properties of various drugs and their interactioth\surfactant/ ionic liquids. The surfactant-
derived micellar solutions significantly enhancéx tsolubility of hydrophobic drugs in
water, indicating these molecules in the hydropbalmre and protecting them from drug
degradation.
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