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Airborne transmission is one of the most unpredictable routes of infection.

Nowadays, airborne diseases increase ever than before because of the

complex living air environment. Apart from the inorganic particles, active

microorganisms including bacteria, viruses, and fungi are incorporated in the

pathogens acting as threaten to public health, which can hardly be treated by the

traditional air purification methods based on adsorption. Therefore, effective

filtration material with antimicrobial activity is demanded to solve the problem.

Ionic liquids (ILs) are a category of salts that remain liquid at room temperature.

The stable physico-chemical properties and extremely low vapor pressure make

them suitable for a wide range of applications. Thanks to the numerous

combinations of cations and anions, as well as the ability of inheriting

properties from the parent ions, Ils are believed to be a promising industrial

material. In recent decades, several Ils, such as imidazolium, pyridinium,

pyrrolidinium, phosphonium, and choline, have been found to have

antimicrobial activity in their monomeric or polymeric forms. This work

focuses on the antimicrobial activity and safety of the latest types of ionic

liquids, discussing the synthesis or manufacturing methods of Ils for air

purification and filtration. Furthermore, possible applications of Ils antimicrobial

materials in medical instruments and indoor environments are mentioned to

encourage the scientific community to further explore the potential applications

of Ils.
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antimicrobial ionic liquids, dicationic ionic liquids, polymer ionic liquids, antimicrobial
mechanism, air sterilization
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1 Introduction

The concept of airborne transmission, also known as aerosol

transmission, has gained prominence in recent decades due to

frequent outbreaks of epidemic diseases. Unlike the traditional

understanding of air pollution caused by inorganic particles or

noxious gases, the study of aerosols investigates the effect of

bioactive or infectious particles such as viruses, bacteria, or fungi,

which can be suspended in air for not only a short distance as

droplets, but also a long-range travel as air mass and have a strong

influence on respiratory system (Figure 1) (Duchaine and Roy,

2022, 154117; Mutuku et al., 2020, 1172–96; Morawska et al., 2020,
Frontiers in Cellular and Infection Microbiology 02
105832; Jeong et al., 2022, 100182; Xiong et al., 2020, 762–75). With

modern lifestyles resulting in an ever-increasing amount of time

spent indoors and the unavoidable production of aerosols from

breathing, talking, coughing, flushing toilets, etc., the best way to

protect the public from infectious aerosol is to sterilize the air

through the daily use of heating, ventilation, and air conditioning

(HVAC) systems. Additionally, personal protective devices such as

masks or atomizers with antimicrobial and disinfection

components are sought after for individual prevention.

Unfortunately, most commercial HVAC systems and portable

devices are not equipped with disinfection capabilities. Furthermore,

the accumulation of dust containing bioactive pathogens can create a
D
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FIGURE 1

(A) Sampling location; (B) Concentration of Respirable bioaerosols in 5 locations; (C) Total bioaerosols and PM10 concentrations at the sampling
locations. For outdoor and indoor PM10 concentrations, boxes indicate the 25th–70th percentiles; lines inside the boxes indicate the median, and
whiskers represent the maximum and minimum values. For bacterial and fungal bioaerosol concentrations, error bars represent the standard
deviation. #p < 0.05 and ##p < 0.01, respectively. Asterisks indicate no colony formation; (D) Bacterial and fungal bioaerosol concentration by size.
(a) Schematic of the six-stage Andersen cascade impactor. (b–f) Bioaerosol concentrations for each stage and sampling location. Asterisks indicate
no colony formation. Error bars represent the standard deviation. Reproduced with permission from Elsevier Ltd. (Jeong et al., 2022, 100182);
(E) Identified bacterial and (F) fungal species emanated from the Air Conditioning and Mechanical Ventilation System. Reproduced with permission
from (Xiong et al., 2020, 762–75).
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source of contamination, thus increasing the risk of infection (Xiong

et al., 2020, 762–75). Portable devices can be designed to be

disposable, but the short lifespan and the health risks of respiratory

irritation posed by antimicrobial agents, such as ozone and chlorides,

currently impede their widespread use (Bruchard et al., 2021, A35D-

1662; J. (Jim) Zhang et al., 2019, vol. 10).

Ionic liquids (ILs) are a category of highly tunable salts that retain

the properties of their parent ions.Unlike the strong electrostatic forces

between ions in normal ionic crystals, the ionic interaction is ILs is frail

owing to the structural heterogeneity of sterically hindered asymmetric

coordination complexes, disturbing the formation of an intensive

crystal, which consequently leads to the extremely low melting point

of ILs. In 1951, Frank H. Hurley and Thomas P. Wler Jr. discovered a

mixture of ethyl pyridinium bromide and aluminum chloride that had

a very low melting eutectic (-40°C) at 67-mole percent aluminum

chloride, which was used to prepare electrode as an intermediate for

metal coating/deposition (Hurley and WIer, 1951, 203). The eutectic

mixture was then believed to be a coordination complex of aluminum

andpyridiniumbromide. Following this discovery, similar compounds

with low melting points but high electroconductivity were reported in

various fields, such as electrochemistry, synthesis and catalysis, and

biomedicine. These compounds are eventually known as “Ionic

liquids”. Rather than being a new class of material, ILs are more like

an innovative concept of material synthesis, directing the industry in a

more function-oriented way. Since the quaternary ammonium cation

has a strong bactericidal effect, and its coordination structure can form

ILs to reduce its toxicity, much attention has been given to the

application of ILs in antibacterial materials, led by quaternary

ammonium ILs. As an increasing number of antimicrobial ILs have

been revealed, research has extended further in exploringways for their

application. In this study, we discuss the antimicrobial activity and

safety of the latest types of ionic liquids andmanufacturingmethods of

ILs for air purification and filtration. Furthermore, possible

applications of ILs antimicrobial materials in medical instruments

and indoor environments are mentioned to encourage the scientific

community to further explore the potential applications of ILs.
2 Application of ILs with
antimicrobial activity

Antimicrobial activity has been one of the most intensively

studied properties of ILs. In recent decades, several ILs such as

imidazolium, pyridinium, pyrrolidinium, phosphonium, and

choline have been shown to have antimicrobial activity in their

monomeric or polymeric forms (Gilmore, 2011; Siopa et al., 2016,

5909–16; Ibsen et al., 2018, 2370–79). According to the application

form and synthesis method, antimicrobial ILs can be roughly

divided into monomeric ILs, dicationic ILs, and polymeric ILs.
2.1 Monomeric ILs with
antimicrobial activity

The history of RTILs can be originated in 1914, when

ethylammonium nitrate was found on the upper layer after mixing
Frontiers in Cellular and Infection Microbiology 03
concentrated nitric acid and ethylamine (Ghosh, 2021, 241–44),

which inspired the mainstream idea of ILs preparation by

combining cations based on Lewis acid-base reactions or anion

metathesis (Singh and Savoy, 2020, 112038). Conventional

methods for cationic precursor preparation involves protonating

amines with acid or quaternizing amines with haloalkanes, while

anionic precursors can be prepared by treating halide salts with Lewis

acids (D. Fang et al., 2008, 108–11; Ratti, 2014, 1–16). As an example,

N-alkylated commercial chemicals with certain functional head

groups are a common method for forming target cation precursors,

and monomeric ILs can be prepared through electrophilic reactions

between the precursors and terminal haloalkanes (Gilmore et al.,

2013, 873–76; Florio et al., 2019, 109907).

Considering the convenience of introducing diverse types of

side chains on cationic head groups during synthesis, the

antimicrobial potency of earlier generations of ILs is mainly

attributed to their cationic moiety. Imidazolium is one of the

most industrialized ILs; its antimicrobial effectiveness has been

demonstrated against bacteria, fungi, and viruses. Similarly,

extensive research has reported cationic ILs with confirmed

antimicrobial potency against microorganisms (Docherty and

Kulpa, 2005, 185–89; Nikfarjam et al., 2021, 2104148).

Contact sterilization is the main bactericidal route for most

monomeric or DILs, restricting the application of ILs in bactericidal

materials to the scope centered on antibacterial additives. Coating is

an optimal way of forming a concentrated IL surface for improved

bactericidal performance (Fallah et al., 2021, 102454). However, ILs

exhibit stable physiochemical properties and their normal viscosity

ranges from 10 to 2000 cP, which brings difficulties in surface

spreading and fixation (Zhou et al., 2014, 275–307).

Inspired by its role as an outstanding solvent, alcohol,

acetonitrile, and tetrahydrofuran were used to prepare ILs

solutions, increasing their viscosity and making them easily

spreadable on both porous and non-porous surfaces to assemble

an antimicrobial layer. The organic solvents can then be removed

using a vacuum pump or heat (Yeung et al., 2020).

The fixation of ILs can be solved through various interactions,

depending on the coated surface. Graphene oxide, due to the

presence of oxygen functionalities on its surface, is negatively

charged. Thus, ILs with antimicrobial cations, such as

imidazolium, can be anchored to graphene oxide through the

formation of cation-p interactions (Figure 2) (Sahu et al., 2021,

124524). A hollow polymeric nanosphere composed of 1,4-

bisbenzenedimethanol monomer is reported to be embedded with

imidazolium-based ionic liquids by the sequential covalent bonding

of imidazole and bromoalkene onto the nanosphere (Zhang et al.,

2022, 5556–68). A gelatin matrix is able to hydrobond biobased IL,

choline salicylate through various bonding sites, resulting in not

only microbial growth inhibition, but also a plasticizing effect to

form a film for packaging (Mehta and Kumar, 2019, 8631–36). ILs

can also be applied to stainless steel by covalently bonding the thiol-

functionalized site created by (3-mercaptopropyl)trimethoxysilane

silane bonded on stainless steel. (Mehta and Kumar, 2019, 8631–36;

Pang et al., 2015, 162–68). (Figure 3)

As the variety of ILs expands, the concept of task-specific ILs is

being renewed, breaking the boundary of remaining in a liquid state at
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room temperature while still preserving their distinctive properties as

solvents. The concept of antimicrobial ILs is leaning towards

incorporating existing biologically active moieties into ILs to create

high-performance bactericidalmaterials. (Gilmore et al., 2013, 873–76).
2.2 Dicationic ILs

Among the antimicrobial ILs, cationic moieties are believed to

perform stronger bactericidal than anions. Consequently, DILs have

emerged, following the trend of attempting to enhance the

bactericidal potency. The synthesis of DILs shares the same idea

of precursors as monomeric ILs, but with an additional procedure

of linking the two cationic moieties through alkane substitution.

Dicarboxylate or two anions are involved as counterions (Kuhn

et al., 2021, 639; Kuhn et al., 2020, 112983; Gindri et al., 2014,

62594–602; Brunel et al., 2020, 127389).
Frontiers in Cellular and Infection Microbiology 04
According to the cation types, DILs can be divided into homo-

and hetero-DILs. A homo-DIL composed of two 1-alkyl-3-

methylimidazolium-based ILs has been demonstrated to

effectively inhibit the growth of several airborne pathogenic

microorganisms, such as Escherichia coli, Enterococcus faecalis,

methicil l in-resistant S. aureus, methicil l in-susceptible

Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas

aeruginosa, Acinetobacter baumannii, and Klebsiella aerogenes, as

well as yeast and fungi (Kuhn et al., 2021, 639). Quaternary

phosphonium and ammonium ions are two well-known

coordinate ions found in antimicrobial ionic liquids. Hetero- and

homo-dimerized ILs containing these two ions have been proven to

exhibit high antimicrobial activity (MIC=0.5 mg/L) against a range

of Gram-positive and Gram-negative bacterial strains, including

major human pathogens with multi-drug resistance (Figure 4)

(Brunel et al., 2020, 127389). Differentiated from the alkylation of

coordinate ions, the hybridization of pyridinium hydrazone yield
D
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FIGURE 2

(A) Illustration of Ionic liquid-assisted fabrication of poly(vinyl alcohol)/nanosilver/graphene oxide (GO) composites and their cytotoxicity/
antimicrobial activity; (B) Schematic presentation of interaction between PVA and GO in PVA/Ag/GO; (C) Schematic presentation of the preparation
of PVA/Ag/GO-IL nanocomposite film; (D) Schematic cation-p interaction between IL and graphene oxide; (E, a) Antibacterial activities of PVA/Ag,
PVA/Ag/GO and PVA/Ag/GO-IL against E coli (b) Graphical representation for zone of inhibition of nanocomposite films against E coli; (F, a)
Antibacterial activities of PVA/Ag, PVA/Ag/GO and PVA/Ag/GO-IL against S. aureus (b) Graphical representation for zone of inhibition of
nanocomposite films against S. aureus. Reproduced with permission from (Sahu et al., 2021, 124524).
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DILs with a more complex structure. These DILs display increased

resistance to the growth of methicillin-resistant Staphylococcus

aureus, Clostridium difficile, Escherichia coli, Neisseria

gonorrhea, and Candida albicans due to the enhanced

hydrophobicity resulting from the introduction of a terminal

phenoxy group (Rezki et al., 2019, 431–44).

Except for the expected enhanced disinfectant activity, another

appealing advantage of DILs (Dicationic Ionic Liquids) is their

reduced toxicity. Toxicity reduction caused by multiple cationic

coordinate complexes was verified by comparison between

imimdazolium-based DILs and their monomeric ILs (Gindri

et al., 2014, 62594–602). MG Montalbán et al. reported the

toxicity assessment of 1-alkyl-3-methylimidazolium-, 1-alkyl-1-

methylpyrrolidinium-, and pyridinium-based mono-cationic and

dicationic ILs, and all the homo- or hetero- DILs presented lower
Frontiers in Cellular and Infection Microbiology 05
toxicity than their corresponding monomeric ILs according to the

EC50 against luminescent bacterium Vibrio fischeri (Montalbán

et al., 2018, 129–35).
2.3 Polymeric ILs

As a continuation of the idea of improving antimicrobial

properties and reducing toxicity, polymeric ionic liquids (PILs)

have attracted great interest. The monomer of PILs comprises three

parts: a head, which is usually named after the pristine functional

coordinate ion in monomeric ionic liquids; a tail, which is derived

from the side chain linked to the coordinate ion; and a spacer or

linker, which is the structure connecting the head and forming the

polymeric backbone (Vereshchagin et al., 2021, no. 13). This
D
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FIGURE 3

(A) The chemical structure of (3-mercaptopropyl)trimethoxysilane (SCA); (B) Schematic diagram illustrating the process of coupling SCA to hydroxyl
stainless steel (SS) surface, and the grafting of the coating IL; (C) Wide scan and C1s core-level spectra of (A, B) the SS OH surface, and (C, D) the
SS-SCA surface, (E, F) SS-SCA-VOIm+Br− surface. Insets of (d1) and (f1) corresponding to the S2p and Br3d core-level spectra of the SS-SCA and SS-
SCA- VOIm+Br− surfaces, respectively; (D) AFM images of the (A) pristine stainless steel (B) SS-SCA (C) SS-SCA- VOIm+Br−; (E) Number of viable
adherent cells of E coli (CFU per coupon) on the pristine SS, SS-SCA, SS- VOIm+Br−, SS-VOIm+BF4− and SS- VOIm+PF6− surfaces respectively after
incubation with E coli suspension at 37 °C for 12 h The cell number was determined by the spread plate method. Each error bar represents the
standard deviation calculated from three replicates; (F) Inhibitory effects of the (a) pristine SS, (b) SS-SCA and (c) SS-SCA- VOIm+Br− surfaces against
E coli after immersion in E coli suspension for 12 h, respectively. Reproduced with permission from (Pang et al., 2015, 162–68).
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structure solidifies the ILs and significantly reduces their toxicity

while improving their bactericidal efficiency compared to the

corresponding monomeric form (Qin et al., 2017, 10504–11;

Muñoz-Bonil la and Fernández-Garc ı ́a, 2018, 135–49).

Furthermore, since the ILs with antibacterial activity are used as

the base material rather than a coating, the problem of fixing ILs to

the substrate material no longer exists, thus allowing more flexibility

in their application for antimicrobial purposes.

Given the adjustable preparation methods and wide range of

applications, PILs membranes were first explored. Unlike the

commonly used dimerization of two ILs in DIL, the synthesis of

PILs may simultaneously form a polymeric backbone with the

production of ILs. Pyrrolidinium-based PIL polymers were

prepared by mixing and heating diallyl methyl ammonium

hydrochloride and (S)-2-(ethyl propionate)-(o-ethyl xanthate)

through a typical reversible addition-fragmentation chain transfer

polymerization (Muñoz-Bonilla and Fernández-Garcıá, 2018, 135–

49). In contrast to polyethylene terephthalate membrane, the

prepared PIL membrane comprising 1-butyl-methyl pyridinium

demonstrated a high inhibition rate of over 95% in 4 hours of

contact with Escherichia coli and Staphylococcus aureus. The

successful production of a copolymer membrane of poly(1-vinyl-

3-butylimidazolium bromide) (VBIMBr) and polyvinyl alcohol

(PVA), as a representative, indicates the feasibility of hybridizing

the PIL and existing plastic materials with excellent mechanical

properties (H. Fang et al., 2019, 153–64). The hydrogen bond

formed between the hydroxyl group of PVA and the primary

amine of VBIMBr crosslinked the polymer chains and produced

an intense membrane with bactericidal potency against airborne

microbes. In addition to polycationic PILs, IL can also be

polymerized in an anionic form; the copolymer of bacterial

polysaccharide cellulose and ammonium-based poly-vinyl ILs
Frontiers in Cellular and Infection Microbiology 06
were crosslinked to form a soft transparent membrane while

retaining their intrinsic antimicrobial activity against

Staphylococcus aureus, Escherichia coli, and Candida albicans

(He et al., 2020, 14784–96) (Figure 5).

Nanofiber-based membranes composed of PILs have been

found to possess more practical merits than simply being used as

antimicrobial compositions, making them ideal components for

developing healthy, portable antimicrobial devices. A PIL-based

multilayer nanofiber was prepared by electrospinning of 1-hexyl-3-

vinylimidazole bis(trifluoromethylsulfonyl) imide (HVIm-TFSI)

and N-(2-(acryloyloxy)ethyl)-N,N-dimethylhexan-1-aminium

bromide (ADHex-Br) (Zheng et al., 2022, 2106570). The

membrane consists of two sides, with the HVIm-TFSI acting as

the hydrophobic side due to the presence of the connected

counterion bis(trifluoromethanesulphonyl) imide, and the

ADHex-Br comprised hydrophilic side allowing moisture to

contact the hydrophobic side. This PIL-based porous material has

the capacity to be bactericidal when exposed to moist airflows.
3 Conflict between antimicrobial
mechanism and toxicity of ILs

The interactions between cationic moieties of ILs and the cell

membrane may explain the antimicrobial activity of these ILs.

Similar to cationic biocides, the hydrophobic contact with the

outer phospholipid of the cell membrane causes a structural

transformation of the lipid bilayer through electrostatic

interactions with membrane proteins, inserting the cationic head

group into the hydrophobic area of the membrane and destroying

its integrity. This disruption of the cell membrane then leads to the

leakage of intracellular cytoplasm and further promotes the
D
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FIGURE 4

(A) Scheme of experimental homodicationic ILs and the conclusion of their antimicrobial performance; (B) Scheme of synthetic pathway of
homodicationic ILs; (C) Scheme of synthetic pathway of homodicationic ILs; (D) Effect of the total number of carbons and symmetry of 16 ILs on
their bactericidal efficiency for S. aureus. Reproduced with permission from (Brunel et al., 2020, 127389).
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disruption of the cell wall. For example, imidazolium-based ILs

interact with the cell membrane in a manner similar to surfactants.

As a result, the highly polar imidazolium ring strongly interacts

with the phospholipid head, remaining near the interface between

water and the membrane. The cation then has a preference for

orienting its alkyl side chain into the hydrophobic region composed

of phospholipid tail groups, with the long alkyl chains usually diving

deeper into the hydrophobic regime (Yoo et al., 2014, 8641–51).

Apart from the potential totoxicity caused by IL-membrane

interaction, suppressing or inhibiting the generation of biofilm has

greater importance in the antimicrobial field. Except for microbial

cells, the primary composition of the extracellular polymeric

substance of biofilm is polysaccharides (Donlan, 2002, 881–90).

The cross-linked saccharide chains hold the individual cells

together and finally form a matrix, increasing the survival of

bacterial cells under demanding environments and thus bringing

more difficulties for sterilization and purification.

The most concerning adverse effect of applications based on ILs

is their toxicity. Considering the IL-membrane interaction and the

similar membrane structure of bacterial and mammalian cells, ILs

with outstanding antibacterial performance can hardly be

considered as positively devoid of cytotoxicity. Therefore, the

balance between the antimicrobial activity and the safety of ILs

has been a focus of attention.

Three factors are typically mentioned to profile the biological

activity of ILs: (1) the side chain of the cation; (2) the functional

group (or head group) of the cation; (3) the anion. The long alkyl

side chain connected to the cation head group gives the IL an

intricate spatial structure and, to some extent, reduces the polarity

of the cation. The widely accepted “side chain effect” illustrates the

trend of increased toxicity, as well as bactericidal activity, with an

elongated alkyl side chain, which is applicable to both monomeric
Frontiers in Cellular and Infection Microbiology 07
and polymeric ILs (Łuczak et al., 2010, 593–601; Kuhn et al., 2020,

112983). The reduction in surface tension of the aqueous solutions

caused by the micelle formation of ILs has been offered as one

explanation for the “side chain effect” (Łuczak et al., 2010, 593–

601). Moreover, the increasing lipophilicity resulting from the

elongation of the aliphatic chain also contributes to severe

membrane interaction. Consequently, introducing polar

functional groups on the side chain decreases the lipophilicity of

the cation, thus reducing the toxicity of ILs (Stolte et al., 2007,

1170–79).

Imidazolium, pyrrolidinium, ammonium, morpholinium,

benzimidazolium, and piperidinium are commonly used head

groups, and their interaction with IL membranes has been

compared. It has been shown that ILs with unshielded charges,

such as benzimidazolium, imidazolium, and ammonium, cause

strong reorientation of the phosphocholine moiety in the lipid

head group of the membrane, and exacerbate the quivering of the

side chain of the lipid chain in the membrane. This is most

pronounced for large cations such as benzimidazolium and

piperidinium. Surprisingly, the relatively polar headgroup of

morpholinium has no observed effect on the bilayer (Kaur et al.,

2021, 954–63). A similar trend has been summarized and reported

in terms of decreasing toxicity against Daphnia magna:

phosphonium > ammonium > imidazolium > pyridinium >

morpholinium > pyrrolidinium > thiophenium. (Hossain et al.,

2011, 990–94).

The anion effect is usually not as dramatic as that of cations,

since no distinct trend can be concluded for the anion structure

which often varies in the experimental system and anions (Stolte

et al., 2007, 1170–79). However, revelations have been provided for

the antimicrobial activity or toxicity of reported anions. For

instance, increasing antifungal activity was found in ILs with
D
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FIGURE 5

(A) Synthetic route of Vinyl ILs and bacterial PILs crosslinked cellulose membrane crosslinked. (B) FE-SEM images of microbial cells cultured on
bacterial cellulose (BC) and BC/PIL membranes; (C) Drug resistance of S. aureus, E coli, and C. albicans to different BC/PIL membranes; (D) Inhibition
zone of the BC membrane against S. aureus (a), E coli (b), and (c) albicans (c). Reproduced with permission from (He et al., 2020, 14784–96).
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identical short-chain cations on Candida albicans, following the

order of anions: bis(trifluoromethylsulfonyl)imide > octyl sulphate

≈ tetrafluorobromide > methyl sulphate > chloride >

trifluoromethyl aryl sulfonate (Jalal et al., 2014, 260–69);

methylchlorophenoxypropionic acid and dicamba demonstrated

lower toxicity than their bromide counterparts (Piotrowska et al.,

2017, 114–19); a toxicity decrease follows the order trichloroacetic

acid > thiocyanate ≈ dicyanamide ≫ chloride > methylsulfate

(Mester et al., 2015, 96–101).

Three adjustments can be applied to subside the toxicity of ILs:

(1) introduction of polar functional groups in the side chain; (2)

addition of low-toxic cationic coordinate complexes; (3) decrease of

alkyl chain length. Considering the reorientation of ILs on the

membrane-water interface, it is hypothesized that the reduction of

ILs’ toxicity could be explained as the polarity hampering the

stretching of the side chain, thus delaying the breakdown of the

cell membrane.
4 Conclusion

Antimicrobial IL is capable of utilizing various material

synthesis methods to process or combine the proved effective

bactericidal groups to cater to different needs of air sterilization.

This article describes the three basal forms of antimicrobial IL and

the representative novel antimicrobial ILs within each form. Based

on the effective bactericidal groups, each antimicrobial IL has

different preferences in terms of killing microorganisms. For

instance, imidazolium ILs have a slightly stronger inhibitory effect

on Gram-positive bacteria than Gram-negative bacteria. Similarly,

due to the wide range of structures and forms of antimicrobial IL,

the cytotoxicity can only be predicted based on the basal moieties as

cation or anion functional group. Overall, the form of PIL can

reduce the toxicity of the original antimicrobial IL to a great extent.

Furthermore, based on experimental results, several common

components of antimicrobial IL were sorted addressing their

toxicity to provide useful references for developing and applying

new antimicrobial IL. Conversely, IL and DIL can be used as

additives or coatings to modify the existing air filter apparatus,

endowing them with high-performance bactericidal functions.
Frontiers in Cellular and Infection Microbiology 08
Generally, developing antibacterial ILs provides a promising

solution to the challenge of air quality and epidemic prevention.

With the right preparation methods and material combinations,

antibacterial ILs can be applied to a wide range of scenarios, making

them a crucial part of the fight against air pollution and the spread

of diseases.
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