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a b s t r a c t 

As Ionic Liquids (IL) was considered as designer molecules for use in chemical and biological sectors, its 

demands and researches have been increasing day by day. To design new ILs and evaluate its antimi- 

crobial activities, the ortho-toludinium carboxylate ionic liquids (OTILs) were synthesized through the 

Brønsted acid-base neutralization reaction between ortho toluidine and carboxylic acids with yields (74 

to 88)%. The synthesized OTILs were characterized by FT-IR, UV and 1 H-NMR, which had confirmed their 

conversion of the reaction and their structure. The eight human pathogenic bacteria were used for an- 

tibacterial screening, as well as three antifungal activities had estimated against three fungi. However, 

the synthesized ILs showed the good result to antimicrobial activity against both bacteria and fungi. Due 

to show high antimicrobial activity, MIC was performed against two bacteria whereas the MIC had found 

the range 250 to 500 mM. Furthermore, density functional theory (DFT) had used for determining the 

HOMO, LUMO and chemical reactivity descriptors for the computational investigation of OTILs, as well 

as molecular docking screening had performed against three pathogens. By the molecular docking score 

as binding affinity and chemical descriptors, the effect of alkyl chain and electronegative atom in anion 

had direct contribution on antimicrobial activity which was the similar result from the experimental data 

of antimicrobial activity. Finally, attaching Fluorine atom in anion could show the highest antimicrobial 

activity and docking score among chlorine, bromine, iodine even alkyl chain. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

ILs, a fascinating class of materials for concurrent era, com- 

oses of discrete cation and anion. Initially, it was synthesized 

n 1914 as ethanolammonium nitrate for commercial use in elec- 

rochemical applications, especially in non-volatile electrolytes for 

atteries [1] . Afterwards, it was attracted to research for its tun- 

ble chemical and thermophysical and chemical properties, such 

s high ionic conductivity and a wide electrochemical window [2] , 

ood thermal stability [3] , low flammability [4] , tunable polarity, 

olvation power for organic [5] and inorganic compounds [6] , sur- 

ace activity [7] , low melting point and negligible vapor pressure 

8] . Due to its desirable properties, ILs was used in membrane 

evelopment [9] , reaction catalyst [10] , biochemistry [11] , bioor- 

anic process or engineering [12] , chemical process [13] , organic 

ynthesis [14] , electrochemistry [15] , analytical chemistry [16] , ex- 

raction of nano particles [ 17 , 18 ], absorber of CO 2 and SO 2 [10] .

ith beginning of 21 st century, ILs has considered as the alter- 

ative organic solvent or traditional reaction solvent in synthesis 
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lacing as green solvent [ 19 , 20 ]. Besides, it was opened a new

indow for drug discovery in pharmaceutics and medicine [21] as 

ioactive molecules of anticancer [22] , antimicrobial agents [23- 

7] , antiviral [ 28 , 29 ], antifungal and antiparasitic drugs [ 30 , 31 ],

nti-infective defense, as well as in the pharmaceutical and food 

ndustries, agrochemistry, artificial enzymes biocides and biotech- 

ology [ 32 , 33 ]. Regarding the biological activity, the phospho- 

ium and ammonium-based ionic liquids have been used as poten- 

ial molecules for treatment of cancer [34] , insect detergents [35] , 

lood and tissue preservatives [36] , phenol degradation [37] wood 

reservatives [38] , antibacterial agents, antiviral agents, antifungal 

gents, antiparasitic drugs and herbisides [ 39 , 40 ] due to its low 

oxicity [ 41 , 42 ]. Mainly, the chains, that can be connected to the

entral N 

+ atom forming quaternary ammonium ILs, could be pre- 

ared to tune the physical properties, such as melting point, water 

iscibility, conductivity and viscosity by selection and modifica- 

ion of the anion and cation of the ILs [ 43 , 44 ]. Moreover, it was

llustrated that alkyl chain was shown a vast antimicrobial potency 

n various infection diseases as that larger alkyl chain was illus- 

rated the higher activity [45] , and come to think of bifuctional 

roup [46] or multi functional group [47] . It must be added that di- 

ationic part of ILs can show a variable effect on microbial potency 

https://doi.org/10.1016/j.molstruc.2021.131087
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131087&domain=pdf
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48] . In addition, according to Holbrey and Rogers et al., reported 

he various factors with main importance on biological activity of 

Ls are the charge, size, alkyl chain, electronegative group and dis- 

ribution of charge on the ions and small changes in the shape of 

ovalent bonds with protein or micromolecules interaction, as well 

s its thermal properties [49-51] . One of the most recent fields by 

Ls to be explored is that of biologically active compounds [ 30 , 52 ].

hus, Smiglak et al. highlighted the potential use of ILs drug de- 

iverers through the improvement of solubility of active pharma- 

eutical ingredients (APIs) proteins and amino acids in ILs with 

trong hydrogen bond acceptors [53] which had considered the 3rd 

eneration ILs. Among of 3rd generation ILs, hydrophobic quater- 

ary ammonium-based salts can show dual biological tasks, such 

s sweet and anti-microbial activity [54] that led to select the ani- 

ine base for acting the cation making ammonium ion in IL, called 

s the protic ILs (PILs), to estimate the antimicrobial agents of hu- 

an pathogenic micro-organism. To kick off about the PILs, it is 

 sub-division of ILs which are easily synthesized by preparation 

ormula of a Brønsted acid and a Brønsted base [55] , and used as

otential selective drug design and delivery system [56] . As a re- 

ult, the quaternary ammonium-based ILs was chosen for investi- 

ation of study with organic alkyl chain and electronegative atom 

ffect examination combining organic base as cations to produce 

mmonium salt with different types of organic acids as an anion. 

he ammonium-based ILs is introduced as new fields of bioactive 

gainst different bacteria, fungi, and plant and virus pathogen [57- 

9] . With experimental work, to evaluate the hydrogen bonding 

nd hydrophobic bonding, the molecular docking was performed 

gainst the pathogens which were compared with the experimen- 

al data of antimicrobial activity. Before docking, chemical reactiv- 

ty descriptors was estimated by DFT functional to say about its 

igand acceptability in part of HOMO or LUMO and chemical sta- 

ility. 

. Methodology and Experiment 

.1. Materials and reagents 

The Formic acid, acetic acid, propanoic acid, butanoic acid, tri- 

uroacetic acid, ortho toluidine, thin layer chromatography powder 

nd agar media were analytical grade purchased and used with- 

ut purification, but solvents were distilled before use. The bac- 

erial and fungal strains were collected from the Department of 

harmacy in the University of Dhaka and conducted as sub cul- 

ure before use each time. The FT-IR spectrophotometer, (Model: 

RAffinity-1S and type Double beam) SHIMADZU, Japan, range 600- 

500 cm 

−1 was used with KBr disc technique for taking the FTIR 

pectra. The work of synthesis, purification and analysis were done 

t the department of chemistry in Bangladesh University of Engi- 

eering and Technology (BUET), Dhaka-10 0 0, Bangladesh. The an- 

imicrobial activity was done at Pharmacy at University of Dhaka, 

angladesh. The 1 H NMR Spectroscopy (Bruker, 400 MHz, Switzer- 

and, Model: Avance-III HD) was recorded in Jahangirnagar Univer- 

ity, Bangladesh. 

.2. Synthesis and Purification of Ionic Liquids 

The ortho toluidinium carboxylate ILs was synthesized by an 

cid-base neutralization reaction [60] . The base, ortho toluidine, 

as added with carboxylic acids under stirring maintaining low 

emperature by ice-bath around the round bottle flux. At first, the 

quimolar carboxylic acid was added in a slow by dropwise about 

5- 20 minutes, maintaining the temperature. Then the mixture 

as stirred for 18-24 hours at room temperature until obtaining 

 clear, viscous liquid which was monitored by thin-layer chro- 

atography (TLC). The reaction product was a viscous salt of ortho 
2 
oluidinium carboxylate [60] . The ILs purification process consisted 

f a strong agitation and slight heating, at 100 º C under pressure, 

nder a vacuum of 20 KPa and found a limpid and viscous appear- 

nce liquid. The ortho toluidinium salt formation and their struc- 

ure were confirmed by FT-IR spectra, UV spectra and 

1 H NMR. The 

tructure of synthesized IL is shown in the figure 3 and synthe- 

ized reaction scheme was presented in figure 1 . 

.3. Characterization 

For the characterization by 1 H NMR spectrum of ortho tolui- 

iniumtrifluroaccetate (IL05) was accounted for the chemical shift 

t 8.15 (s, 3H, PhNH 3 ), 7.31 (s, 1H, Ph), 7.30 (s, 1H, Ph), 7.26 (s, 1H,

h), 7.21 (s, 1H, Ph), 2.27 (s, 3H, PhCH 3 ). There was not presence

ny chemical shift at 3.55 ppm which was confirmed the absence 

f peak for -NH 2 group, and in case of the –COOH group, the orig- 

nal peak of that functional group was not shown at 11.42 ppm 

onsidering its conversion. However, the absence chemical shift at 

riginal peak region of –COOH and -NH 2 group pointed out the 

onversion into carboxylate groups and ammonium group in am- 

onium carboxylate ILs. For the fact of FTIR, the strongest peaks at 

bout 3440 cm 

−1 (N-H) asymmetry and 3007 cm 

−1 (N-H) symme- 

ry make available the existence of ammonium ion [61] , on top of 

he another two peaks at 1760 cm 

−1 (C-O) asymmetry, 1655 cm 

−1 

-CO) symmetry prove the existence of carboxylate ion [62] . Finally, 

he FTIR spectrum of IL01, IL02, IL03 and IL04 were similar to ILs 

nd confirmed their functional groups as ILs. Withal, the UV spec- 

ra for IL05 shows the similar absorption at about 240 nm wave- 

ength which is almost same for IL01, IL02, IL03 and IL04. 

ortho toluidiniummethanoate (IL01) , [CH 3 PhNH 3 ] [HCOO], 

.W.: 153.0,Yield (%): 81.0%., Physical state: liquids, FT-IR (KBr) in 

m 

−1 : 3457 (N-H) asymmetry, 3024 (C = C) in benzene ring, 3366 

N-H) symmetry, 2903 (C-H) asymmetry, 2859 (C-H) symmetry, 

596 (PhNH 3 
+ ), 1622 (C-O) asymmetry, 1667 (-CO) symmetry. 

ortho toluidiniumacetate (IL02) , [CH 3 PhNH 3 ] [C 2 OOH 3 ], 

.W.:167.0, Yield (%): 78.0%., Physical state: liquids, FT-IR (KBr) in 

m 

−1 : 3416 (N-H) asymmetry, 3021 (C = C) in benzene ring, 3361 

N-H) symmetry, 2930 (C-H) asymmetry, 2859 (C-H) symmetry, 

360 (PhNH 3 
+ ), 1617 (C-O) asymmetry, 1587 (-CO) symmetry. 

ortho toluidiniumpropanoate (IL03) , [CH 3 PhNH 3 ] [C 3 OOH 5 ], 

.W.: 179.0,Yield (%): 77.0%., Physical state: semi-melted, FT-IR 

KBr) in cm 

−1 : 3433 (N-H) asymmetry, 3020 (C = C) in benzene 

ing, 3330 (N-H) symmetry, 2990 (C-H) asymmetry, 2874 (C-H) 

ymmetry, 2370 (PhNH 3 
+ ), 1621 (C-O) asymmetry and 1612 (-CO) 

ymmetry. 

ortho toluidiniumbutanoate (IL04) , [CH 3 PhNH 3 ] [C 4 OOH 7 ], 

.W.: 195.0, Yield (%): 78.0%., Physical state: melted solid, FT-IR 

KBr) in cm 

−1 : 3457 (N-H) asymmetry, 3024 (C = C) in benzene 

ing, 3366 (N-H) symmetry, 2903 (C-H) asymmetry, 2859 (C-H) 

ymmetry, 2360 and 2596 (PhNH 3 
+ ), 1622 (C-O) asymmetry, 1667 

-CO) symmetry. 

ortho toluidiniumtrifluroaccetate (IL05), [CH 3 PhNH 3 ] 

C 2 F 3 OOH 3 ], M.W.: 221.0, Yield (%): 88%., Physical state: white 

olid crystal, FT-IR (KBr) in cm 

−1 : 3440 (N-H) asymmetry, 3007 

N-H) symmetry, 2830 (C-H) symmetry, 2602 (PhNH 3 
+ ), 1760 

C-O) asymmetry, 1655 (-CO) symmetry. 1 H NMR chemical shifts: 

.15 (s, 3H, PhNH 3 ), 7.31 (s, 1H, Ph), 7.30 (s, 1H, Ph), 7.26 (s, 1H,

h), 7.21 (s, 1H, Ph), 2.27 (s, 3H, PhCH 3 ). 

.4. Antimicrobial test against bacteria and fungi 

.4.1. Preparation of IL solutions in different concentrations 

For preparation of sample, the ILs sample was measured for 

reparation of mili-Molar (mM) solution with high level of accu- 

ately so that no impurities were obtained. Moreover, the five var- 

ous solutions, such as 10 0 0 mM, 750 mM, 500 mM, 250 mM, and
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NH2

H/R-COOH

NH3

H/R-COO

Stirring for about 
24-30 hours

Room temparature

Here, R= CH3, CH3CH2, CH3CH2CH2, 
 and CF3

toluidinium 
carboxylate

CH3 CH3

Fig. 1. Reaction scheme for synthesis 

Table 1 

Data of Zone of Inhibition for antibacterial activity 

IL-1 IL-2 IL-3 IL-4 IL-5 Control Starting 

Bacillus cereus( + ) 7 8 14 20 22 0 0 

Staphylococcus aureus( + ) 12 9 13 18 20 0 0 

Bacillus subtilis( + ) 12 9 11 19 22 0 0 

Sarcina lutea( + ) 10 11 12 18 22 0 0 

Escherichia coli(-) 13 13 14 18 20 0 0 

Salmonella typhi(-) 15 11 13 18 21 0 0 

Pseudomonaaeroginosa(-) 13 12 14 16 22 0 0 

Shigella dysenteriae(-) 12 11 14 18 22 0 0 
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25 mM, were prepared for determination of minimum inhibitor 

oncentration (MIC). 

.4.2. Antibacterial test 

A beginning examination for the antibacterial activities of pure 

Ls, well diffusion method taking 20 μL ILs solution in each well 

ith concentration 10 0 0 mM was executed for primary screen- 

ng both gram-positive, Bacillus cereus, Staphylococcus aureus, 

arcina lutea and Bacillus subtilis, and gram-negative bacteria, 

scherichia coli, Salmonella typhi, Pseudomonas aeroginosa and 

higella dysenteria [ 63 , 64 ]. For this procedure the auto-clave (Sys- 

ec V-40 and Systec V-55: 220-240 V, 50/60 Hz, 16A) was used 

or sterilized and this full work was done in Laminar flow [Model: 

HS-10 0 0/130 0/160 0/180 0 (-U)] for removal of contamination. The 

one of inhibition (including the well diameter 8.0 mili meter as 

m) was measured in mm scale with consideration ±1.0 with all 

aking values. All the measurements were done in triplicate, and 

he average value was listed in table 1 . The initial concentration 

as maintained for all ILs in 10 0 0 mM distilled water. A control 

late was always observed during working procedure by the sol- 

ent. 

.4.3. Antifungal test 

In analogous ways, antifungal investigation against three phy- 

opathogenic fungi, such as Aspergillus niger, Saccharomyces cere- 

isiae and Candida albicans, was finished from end to end well dif- 

usion method. With beginning, the amount of 100 μL of ILs solu- 

ion for 10 0 0 mM was kept in petri plate before adding the freshly

repared media with well shaking for right proportion of mixing. 

fter waiting about 30 minutes for solidification, the fungal strain 

as transferred in incubator for growing the fungal strain during 

2 hours. Finally, the result was traced in mm scale, and this pro- 

edure was performed triplet time for avoiding errors. 

.4.4. Determination of MIC 

The five subsequence concentrations, such as 10 0 0 milimolar 

mM), 750 mM, 500 mM, 250 mM, and 125 mM were taken for 
3 
etermination the MIC against two antibacterial stain and analyzed 

he recorded mean result using origin graph to calculate the MIC 

y graphical method. 

.5. Computational Methods 

For molecular modelling and theoretical investigation, Material 

tudio 8.0 (Accelrys, now BIOVIA 2019) [65] were used for molec- 

lar optimization and determination the chemical descriptor us- 

ng DFT functional [66-69] of DMol code [ 70 , 71 ]. Afterwards, the 

ptimized structure was taken in to protein data bank (pdb) file 

or molecular docking as ligand. The molecular docking was per- 

ormed by PyRx software using autodocking option by obtaining 

equired condition to calculate the binding affinity while ILs was 

he ligand, and protein of pathogens as micromolecules. Then, the 

ocking complex of ligand-protein was analysis by discovery stu- 

io [72] . Lastly, the ADMET was obtained the online data base 

dmetSAR ( http://lmmd.ecust.edu.cn/admetsar2/ ) [73] for calculat- 

ng absorption, distribution, metabolism, excretion and toxicity pa- 

ameters, and other online portal named SwissADME ( http://www. 

wissadme.ch/ ) [74] was used to calculate the Lipinski rule. 

To explain the chemical descriptors calculating from the com- 

utational tools using DFT functionals, the HOMO and LUMO are 

he crucial parameters which are used to calculate the ionization 

otential (I), electron affinity (A), energy gap, chemical potential, 

lectronegativity, electrophilic index, hardness and softness by the 

ollowing equations 1 - 8 . 

E gap = ( E LUMO − E HOMO ) (1) 

 = −E HOMO (2) 

 = −E LUMO (3) 

 

μ) = − I + A 

(4) 

2 

http://lmmd.ecust.edu.cn/admetsar2/
http://www.swissadme.ch/
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Fig. 2. Comparative study for anion on antibacterial activity 
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η) = 

I − A 
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(5) 

 

S ) = 

1 

η
(6) 

 

χ) = 

I + A 

2 

(7) 

 

ω ) = 

μ2 

2 η
(8) 

. Results and Discussions 

The protic Ionic Liquids (PILs) consists of Brønsted acid and 

rønsted base. In this study, the use acids, aliphatic carboxylic 

cids, as anion in ILs have considered the Brønsted acid and or- 

ho toluidine acting as cation in IL has recognized as Brønsted 

ased. According to that literature, the IL01-IL09 is called PILs, and 

eported their computational and biological study with in-silico 

tudy. 

.1. Antibacterial studies 

To evaluate the antibacterial activity of synthesized five ILs, well 

iffusion method was performed for taking zone of inhibition in 

m scale without 8 mm hole of well for 10 0 0mM for ortho tolu-

dinium based Ionic Liquids, and it was listed in table 1 while 

he four Gram positive bacteria and Gram negative bacteria was 

aken. It must be noted that there were no effect of the control 

nd starting material (ortho toluidine), and when it was converted 

nto ionic liquids by adding carboxylic acids, the antibacterial ac- 

ivity was increased. 

From the table 1 and figure 2 , it was shown that the zone of

nhibition of IL05 is maximum both of gram-positive and gram- 

egative bacteria, showing about more than 20 mm while the IL04 

as placed below the IL05 having about 17 mm. It could be con- 

luded that the alkyl chain has an effect on antibacterial activity 

ven the substituent group attaching with anion where electroneg- 

tive atom (Fluorine) can show the height activity among others. 

.2. Antifungal activity 

Regarding the antifungal analysis, the growth percentage com- 

ared with the control was illustrated by following formula where 

he growth percentage of control was 100%. 

 Growth percentage = 

Growth of f ungi with ILs solution 

Growth of f ungi without ILs solution as control 
× 100
4 
The antifungal analysis was as well measured by the term 

f the growth percentage compared with the control while the 

rowth of control is 100% percent using the following formula 

hich shows a ILs how can be able to show it potency agonist any 

ungal stain. 

ercentage of Inhibition = ( Growth percentage of control ) 

−( Growth percentage of ILs sample )

From table 3 , the percentage of inhibition was shown that the 

L05 was found the highest percentage in almost three fungi. The 

ain fact of this reason is to be noted that the halogen atom in 

he anion molecule is the main fact. To test the anion effect on an- 

ifungal activity of ILs, the formate, acetate, propanoate, butanoate, 

nd trifluoroacetate anion were used whereas the butanoate an- 

on can also show the antifungal activity more than formate, ac- 

tate but less than propanoate. It was evaluated that anion has 

lightly antifungal activity even the antibacterial activity was af- 

ected the negative charge distribution of anion although the same 

ation was attached for all ILs. It was summarized that increasing 

he length of anion, the antifungal activity was increased while at- 

aching electronegative atom (F) could show similar effect. 

.3. Minimum inhibition concentration(MIC) 

To explain the MIC, the zone of inhibition was accounted for 

ifferent concentrations, such as 10 0 0 mM, 750 mM, 500 mM, 250 

M and 125 mM. These calculated results were plotted in view of 

one of inhibition touching at zero point called the MIC value. The 

IC was presented in table 4 against the Bacillus cereus( + ) and 

scherichia coli(-) pathogens. It was found for the MIC for tested 

Ls about ranging 500 mM to 125 mM, and it was the lowest mag- 

itude for IL05 and IL04 for bacteria. 

. Computational Approaches 

.1. Optimized structure of ILs 

The molecular structural geometry or stable configuration af- 

er optimization through computational functional of DFT, which 

ontains the values of the reactivity indices and biological activity, 

s presented in the in figure 3 for nine ILs. The molecules belong 

o the class asymmetry, and non-planar, and they have more than 

ne element of symmetry and the plane of the molecule with their 

harge. 

.2. Chemical reactivity using HOMO and LUMO 

The energy levels of the molecular orbitals using the terms, 

OMO and LUMO, provides in rank on the possible electronic tran- 
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Table 2 

Data of %, growth percentage against fungal 

Chemicals 

Zone of growth (in mm) %, growth percentage 

Aspergillus niger Saccharomyces cerevisiae Candida albicans Aspergillus niger Saccharomyces cerevisiae Candida albicans 

Control 24 37 38 100 % 100% 100 % 

S. material 22 35 35 91.67% 94.60 % 92.10 % 

IL01 16 23 21 66.67 % 62.26% 55.26% 

IL02 15 21 19 62.50 % 56.75% 50.00% 

IL03 14 19 18 58.33% 51.35% 47.36% 

IL04 13 18 17 54.16% 48.65% 44.75% 

IL05 12 15 17 50.00% 40.54% 44.75% 

Table 3 

Percentage of inhibition 

Tested chemicals Aspergillus niger Saccharomyces cerevisiae Candida albicans 

Control 0% 0% 0 % 

Staring material 8.33% 5.40% 7.90% 

IL01 33.33% 37.25% 44.74% 

IL02 37.50% 53.25% 50.00% 

IL03 41.67% 48.65% 52.25% 

IL04 45.84% 51.35% 55.25% 

IL05 50.00% 59.46 % 55.25% 

Fig. 3. Optimized structure of ILs 

s

h

e

fi  

b

t

e

e

w  

l  

t

s

c

I

w

L

m

t

0

3

I
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ition, electron upcast and downcast part in molecule which are 

ighlighted in figure 4 . The larger value of the LUMO indicates the 

asily attached to the protein of pathogens which has shown in 

gure 5 , and the colors: deep yellow is a positive value, and light

lue is a negative value. In addition, the HOMO is the region of 

he molecule whereas the electrophilic group can be attached. En- 

rgy difference between HOMO and LUMO orbital, known as en- 

rgy gap, indicates the chemical stability for structure or molecules 

hich is listed in table 5 , and greater value of energy gap indicates

ower chemical stability [75-83] . From the table 5 , it has found that

he energy gap is about 6.579 kcal/mol to 5.329 kcal/mol, but IL04 

howed the highest energy gap 8.144 kcal/mol. 
5 
To make a comparative study and alkyl chain effect on biologi- 

al study, the optimized alkyl chain and halogen atoms containing 

Ls was designed. The hardness and softness are directly related 

ith Lewis acid and base and chemical stability. A small HOMO- 

UMO gap automatically means small excitation energies to the 

anifold of excited states. The softness and hardness are listed in 

able 5 where the softness are in 0.304, 0.375, 0.323, 0.245, 0.303, 

.297, 0.323, 0.304 and 0.335 and hardness are in 3.289, 2.664, 

.092, 4.072, 3.292, 3.358, 3.095, 3.286 and 2.981, respectively of 

L01 to IL09. 

Electrophilicity index of a molecule reports to about the binding 

bility of a compound with biomolecules, and the greater value of 



A. Kumer and M.W. Khan Journal of Molecular Structure 1245 (2021) 131087 

Fig. 4. Orbital picture of HOMO and LUMO 

Fig. 5. Docking interaction diagram of 2D and 3D 

Table 4 

Specific value of MIC 

Bacillus cereus( + ) 

10 0 0 mM 750 mM 500 mM 250 mM 125mM MIC mM 

IL01 7 3 0 0 0 500 

IL02 8 3 0 0 0 500 

IL03 14 9 6 0 0 250 

IL04 20 11 8 3 0 125 

IL05 22 14 9 5 0 125 

Escherichia coli(-) 

IL01 13 8 4 0 0 250 

IL02 13 6 0 0 0 500 

IL03 14 8 3 0 0 250 

IL04 18 12 7 3 0 125 

IL05 20 12 8 3 0 125 

e

i

o

w
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v

m

p

2  

a

t

o  

6 
lectrophilicity index of molecule demonstrated the higher bind- 

ng capacity with proteins acting as an electrophilic species. The 

btained value of electrophilicity index is about 3.243 to 3.937 eV 

hile the larger value is for IL02 and second larger value is IL09. 

.3. Molecular Docking 

The foremost undertaking of docking study has employed to in- 

estigate the possible interaction between ligands (ILs) and macro- 

olecules, such as Bacillus cereus ( + ), Escherichia coli (-), and As- 

ergillus niger (fungi).The protein pocket, hydrogen bonding and 

D diagram have showed in figure 5 , S2 and S3, and their binding

ffinity with these pathogens in table 6 . It already was established 

hat the binding affinity of standard drug is almost 6.0 kcal/mol 

r above [ 84 , 85 ]. From the table 6 , it is shown that the starting
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Table 5 

Data for HOMO LUMO and chemical reactivity parameters 

Chemical descriptors IL01 IL02 IL03 IL04 IL05 IL06 IL07 IL08 IL09 

HOMO, eV -7.909 -7.245 -7.598 -8.704 -8.243 -7.748 -7.827 -8.241 -7.747 

LUMO, eV -1.330 -1.916 -1.414 -0.560 -1.659 -1.031 -1.637 -1.668 -1.785 

LUMO–HOMO gap, eV 6.579 5.329 6.184 8.144 6.584 6.717 6.190 6.573 5.962 

Ionization potential (I), eV 7.909 7.245 7.598 8.704 8.243 7.748 7.827 8.241 7.747 

Electron affinity (A), eV 1.330 1.916 1.414 0.560 1.659 1.031 1.637 1.668 1.785 

Chemical Hardness, ( η), eV 3.289 2.664 3.092 4.072 3.292 3.358 3.095 3.286 2.981 

Chemical Softness, (S), eV 0.304 0.375 0.323 0.245 0.303 0.297 0.323 0.304 0.335 

Electronegativity, ( χ ), eV 4.619 4.580 4.506 4.632 4.951 4.389 4.732 4.954 4.766 

Chemical Potential, ( μ), eV -4.619 -4.580 -4.506 -4.632 -4.951 -4.389 -4.732 -4.954 -4.766 

Electrophilicity Index, ( ω),eV 3.243 3.937 3.283 2.634 3.723 3.242 3.617 3.737 3.809 

Table 6 

Docking score by interaction between ligand and macromolecule 

Bacillus cereus( + ) Escherichia coli(-) Aspergillus niger (1ks5) 

Binding affinity 

(kcal/mol) No of H bond Total bonds 

Binding affinity 

(kcal/mol) No of H bond Total bonds 

Binding affinity 

(kcal/mol) No of H bond Total bonds 

IL01 -5.3 0 07 -4.9 00 07 -5.0 03 04 

IL02 -5.7 01 03 -5.1 02 05 -5.2 03 05 

IL03 -6.2 00 06 -5.5 05 10 -5.6 03 05 

IL04 -5.9 00 04 -5.2 01 05 -5.5 02 04 

IL05 -6.4 03 06 -5.7 02 06 -6.0 04 09 

IL06 -5.8 05 08 -5.6 06 09 -5.5 03 05 

IL07 -5.8 03 07 -5.8 03 07 -5.6 03 07 

IL08 -5.3 03 07 -5.8 03 07 -5.6 03 07 

IL09 -5.9 02 06 -5.8 02 06 -5.6 02 06 

starting -2.8 00 03 -2.9 00 03 -2.7 00 04 
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aterial named aniline can show very poor binding affinity which 

s about -2.8, -2.9, -2.7 kcal/mol. But it was increased almost two 

imes after converting into ortho toluidinium carboxylate ILs show- 

ng in table 6 . From the table 6 , it is noted that IL05 illustrates the

ighest binding affinity, which is more than 6.0 kcal/mol against 

hree pathogens although all are about slightly below 6.0 kcal/mol. 

rom the full analysis of table 6 , containing docking score, it can be

ummarized that alkyl chain of anion has a regular effect on bio- 

ogical activity with protein while fluorine atoms on anion (IL05) 

an show the highest binding score. 

On the other hand, the orbital picture of H bonding, hydropho- 

icity, 2D diagram and molecular interaction shown in table S1, 

nd S2, it is clear that the hydrogen bonding, hydrophobic bond- 

ng and van dar Waal force with protein are occurred for binding 

s drug presented in figure 5 . In case of IL05, showing higher bind-

ng affinity causes the extra halogen bond forming which are not 

ormed for other ILs. Moreover, IL04 can show the second high- 

st binding affinity although there are not formed halogen bonds. 

hough the halogen atoms are attached in the IL07, IL08 and IL09, 

hey can not form the halogen bond with proteins which lead a 

ast contribution for making larger binding affinity. 

.4. ADMET Study 

The ADMET stands for absorption, distribution, metabolism, ex- 

retion and toxicity, which have been considered as 

The crucial parts of any drug development program and essen- 

ial for compliance with regulatory guidelines. It conveys a theoret- 

cal model involved whole-animal to save time-consumption and 

ost. 

First of all, table-S3 conveys that all ILs are satisfied by Lipinski 

ule, means that they have good binding affinity. The hydrophilic- 

ty, logp, has been increased with increasing the alkyl chain and 

ttaching halogens atoms in anion. 

All of ILs are negative response in P- I glycoprotein inhibitor, P- 

I glycoprotein substrate, Renal Organic Cation Transporter, CYP450 

C9 Substrate and CYP450 1A2 Inhibitor listed table S4. But they 
7 
llustrate the positive response for Human Intestinal Absorption, 

aco-2 Permeability and Blood Brain Barrier. In addition, the sub- 

ellular localization is found at Lissome. 

In case of toxicity shown in table S5, all ILs are non carcino- 

genic molecules although they have medium water solubil- 

ity, LogS, which have been changed with increasing alkyl 

chain and found the maximum value for IL09. For case of 

AMES toxicity, all can not show this toxicity except IL01, IL02 

and IL03. They show the medium affinity to Acute Oral Tox- 

icity, Oral Rat Acute Toxicity (LD50), Fish Toxicity pLC 50 and 

T.Pyriformis toxicity. 

. Conclusion 

The synthesis of ortho toluidinium carboxylate ILs is synthe- 

ized with high yield without solvent just 24-30 hours stirring 

y the acid-base neutralization. Afterward, the purification, ana- 

ytical data of IR, UV and NMR give the supports for the confir- 

ation of reaction and structure of the molecule. To estimate the 

ioactivity of OTILs, the well diffusion methods was use while the 

tarting material was near to zero or very poor zone of inhibi- 

ion as antimicrobial agent against all taken pathogens. But, there 

ere a huge change of antimicrobial activity of ILs from start- 

ng, and the zone of inhibition was found almost 07 nm to 22 

m whereas the IL05 showed the highest antibacterial activity. In 

ase of antifungal activity, it was found that the antifungal activ- 

ty was increased about 60% in term of zone of inhibition com- 

ared with control, and IL05 illustrated the same result like an- 

ibacterial. It could be said that the effect on alkyl chain of anion 

n the antibacterial and antifungal activity of ILs had to be change 

ith increasing the length of anion although adding fluorine atom 

ith ethanoate anion can show the best result among tested ILs. 

n the other hand, the theoretical investigation through compu- 

ational approaches, the chemical reactivity and molecular dock- 

ng score have been changed in a regular fashion on base their 

hain length of anions. The chemical reactivity regarding the term 



A. Kumer and M.W. Khan Journal of Molecular Structure 1245 (2021) 131087 

o

c

f

i

e

r

p

i

h

f

F  

n

D

a

A

U

B

M

D

o

S

f

R

 

[

[

[

[

[

[

[

[

[

[

 

[

[  

[

[

[

[

[

[

[

f LUMO-HOMO gap gradually increases with increasing the alkyl 

hain, and found the highest in IL04, as well as the inverse ef- 

ect was found for softness. According to molecular docking, with 

ncreasing alkyl chain, the binding affinity was increased though 

lectronegative atoms fluorine could make the best docking score 

ather than other halogen atoms, and the IL05 could show the su- 

erior binding affinity against antimicrobial pathogens. Moreover, 

t was estimated that halogen bond was created for IL05 not other 

alogen containing ILs. However, halogen atom has a capacity to 

orm the interaction with protein of pathogens in anion of ILs. 

rom the AMDET study, it could be said that all of tested ILs are

on carcinogenic, low toxic with low water solubility. 

eclaration of Competing Interest 

The authors declare that they have no conflict of interest. All 

uthors gave final approval for publication. 

cknowledgement 

I am grateful to the Department of Chemistry, Bangladesh 

niversity of Engineering and Technology (BUET), Dhaka-10 0 0, 

angladesh, for all kind of supports. I am also grateful to Prof. Dr. 

. Abdur Rashid, Professor, Department of Pharmacy, University of 

haka, Dhaka, Bangladesh, for all kind of support for the working 

f antimicrobial studies. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.molstruc.2021.131087 . 

eferences 

[1] P. Walden, Molecular weights and electrical conductivity of several fused salts, 

Bull. Acad. Imper. Sci.(St. Petersburg) 8 (1914) 405–422 https://ci.nii.ac.jp/naid/ 
10 025720 020/en/ . 

[2] Siyi Q.C. Zhang, Wenbo Zhang, Yalin Lan, Xinyuan Zhang, Density, viscosity, 
conductivity, refractive index and interaction study of binary mixtures of the 

ionic liquid 1–ethyl–3–methylimidazolium acetate with methyldiethanolamine, 
J. Mol. Liq. 233 (2017) 471–478, doi: 10.1016/j.molliq.2017.03.036 . 

[3] Liem C.J.B.-L. Clarke, Jason P Hallett, Peter Licence, Thermally-stable im- 

idazolium dicationic ionic liquids with pyridine functional groups, ACS 
Sustainable Chemistry & Engineering 8 (2020) 8762–8772, doi: 10.1021/ 

acssuschemeng.0c02473 . 
[4] Bin H.-B.Z. Wu, Shang-Hao Liu, Chan-Cheng Chen, Flammability estimation of 

1-hexyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide, J. Loss Prev. 
Process Ind. 66 (2020) 104196, doi: 10.1016/j.jlp.2020.104196 . 

[5] Stefano A.B. Mezzetta, Carlo Pretti, Gianfranca Monni, Valentina Casu, 

Cinzia Chiappe, Lorenzo Guazzelli, Insights into the levulinate-based ionic liq- 
uid class: Synthesis, cellulose dissolution evaluation and ecotoxicity assess- 

ment, New J. Chem. 43 (2019) 13010–13019, doi: 10.1039/C9NJ03239H . 
[6] Rangachary A.M. Karmakar, Ping Yang, Enrique R Batista, Solubility model of 

metal complex in ionic liquids from first principle calculations, RSC Adv. 9 
(2019) 18506–18526, doi: 10.1039/C9RA04042K . 

[7] Justyna A. Ł. Mezzetta, Julia Woch, Cinzia Chiappe, Janusz Nowicki, 

Lorenzo Guazzelli, Surface active fatty acid ILs: Influence of the hydrophobic 
tail and/or the imidazolium hydroxyl functionalization on aggregates forma- 

tion, J. Mol. Liq. 289 (2019) 111155, doi: 10.1016/j.molliq.2019.111155 . 
[8] M.B. Ahrenberg, Martin Neise, Christin Keßler, Olaf Kragl, Udo Verevkin, Sergey 

P Schick, Vapor pressure of ionic liquids at low temperatures from AC-chip- 
calorimetry, PCCP 18 (2016) 21381–21390, doi: 10.1039/C6CP01948J . 

[9] H.-F.F.J. De los Ríos , A.P. Lozano , L. J. , S. Sánchez-Segado. , A. Ginestá-Anzola ,

C. Godínez , F. Tomás-Alonso. , J. Quesada-Medina. , On the selective separation 
of metal ions from hydrochloride aqueous solution by pertraction through sup- 

ported ionic liquid membranes, J. Membr. Sci. 44 (2013) . 
[10] Andrea L.M. Guglielmero, Christian Silvio Pomelli, Cinzia Chiappe, 

Lorenzo Guazzelli, Evaluation of the effect of the dicationic ionic liquid 
structure on the cycloaddition of CO 2 to epoxides, Journal of CO 2 Utilization 

34 (2019) 437–445, doi: 10.1016/j.jcou.2019.07.034 . 
[11] J.S. Claus, O; Fridolin, Udo Kragl, Ionic liquids in biotechnology and beyond, 

Solid State Ion. 314 (2018) 119–128, doi: 10.1016/j.ssi.2017.11.012 . 

[12] Marco S.H. Werner , Peter; Wasserscheid , Ionic liquids in chemical engineering, 
Annual review of chemical and biomolecular engineering 1 (2010) 203–230 . 

[13] DG A.R. Sawant, NB Darvatkar, MM; Salunkhe, Recent developments of task- 
specific ionic liquids in organic synthesis, Green Chem. Lett. Rev. 4 (2011) 41–

54, doi: 10.1080/17518253.2010.500622 . 
8 
[14] H.M. Zhao, V Sanjay, Applications of ionic liquids in organic synthesis, Al- 
richimica Acta 35 (2002) 75–84, doi: 10.1007/978- 3- 030- 44176- 0 _ 3 . 

[15] V.L.T. Martins, M Roberto, Ionic liquids in electrochemical energy storage, Cur- 
rent Opinion in Electrochemistry 9 (2018) 26–32, doi: 10.1016/j.coelec.2018.03. 

005 . 
[16] He M.J.N. Trujillo-Rodríguez, Marcelino Varona, Miranda N Emaus, Israel 

D Souza, Jared L Anderson, Advances of ionic liquids in analytical chemistry, 
Anal. Chem. 91 (2018) 505–531, doi: 10.1021/acs.analchem.8b04710 . 

[17] Z.A. He, Nanoparticles in ionic liquids: interactions and organization, PCCP 17 

(2015) 18238–18261, doi: 10.1039/C5CP01620G . 
[18] J.S. Dupont, D Jackson, On the structural and surface properties of transition- 

metal nanoparticles in ionic liquids, Chem. Soc. Rev. 39 (2010) 1780–1804, 
doi: 10.1039/B822551F . 

[19] T. Welton, Ionic liquids: a brief history, Biophys. Rev. 10 (2018) 691–706, 
doi: 10.1007/s12551- 018- 0419- 2 . 

20] S.T.H. Keaveney, S; Ronald, Jason B Harper, Ionic liquid solvents: The impor- 

tance of microscopic interactions in predicting organic reaction outcomes, Pure 
Appl. Chem. 89 (2017) 745–757, doi: 10.1515/pac- 2016- 1008 . 

[21] Celso M.M.A. Santos, Joana Silva, Catarina Florindo, Alexandra Costa, 
Željko Petrovski, Isabel M Marrucho, Rui Pedrosa, Luís C Branco, An- 

timicrobial activities of highly bioavailable organic salts and ionic liq- 
uids from fluoroquinolones, Pharmaceutics 12 (2020) 694, doi: 10.3390/ 

pharmaceutics12080694 . 

22] João A.R.C.R. Dias, Maria Helena Fernandes, Ricardo Ferraz, Cristina Prudên- 
cio, The anticancer potential of ionic liquids, ChemMedChem 12 (2017) 11–18, 

doi: 10.10 02/cmdc.20160 0480 . 
23] Ismail M. Hossain, Ajoy Kumer, Synthesis and characterization of ammonium 

benzilate bioactive ionic liquids and their antimicrobial activity, Asian Journal 
of Physical and Chemical Sciences 4 (2017) 1–13, doi: 10.9734/AJOPACS/2017/ 

38386 . 

24] Ismail M. Hossain, Ajoy Kumer, Synthesis and Characterization of Ammonium 

Ionic Liquids and Their Antimicrobial and Computational Overview, Asian jour- 

nal of chemical science 3 (2017) 1–10, doi: 10.9734/AJOCS/2017/38877 . 
25] M.I.K. Hossain, Synthesis and Characterization of Ammonium Benzilate Bioac- 

tive Ionic Liquids and Their Antimicrobial Activity, Asian Journal of Physical 
and Chemical Sciences 4 (2018) 1–13, doi: 10.9734/AJOPACS/2017/38386 . 

26] M.I. Hossain, Ajoy Kumer, Sayeda Halima; Begum, Synthesis and Characteriza- 

tion of Ammonium Benzoate and Its Derivative Based Ionic Liquids and Their 
Antimicrobial Studies, Asian journal of physical and chemical science 3 (2018) 

1–9, doi: 10.9734/AJOCS/2017/38877 . 
27] M.I.K. Hossain , Synthesis and Characterization of Ammonium Ionic Liquids and 

Their Antimicrobial and Computational Overview, Asian journal of chemical 
science 3 (2018) 1–10 . 

28] V.M. Kumar, V Sanjay, Synthesis of nucleoside-based antiviral drugs in ionic 

liquids, Bioorg. Med. Chem. Lett. 18 (2008) 5640–5642, doi: 10.1016/j.bmcl. 
2008.08.090 . 

29] J.L.R. Shamshina, D Robin, Are Myths and Preconceptions Preventing us from 

Applying Ionic Liquid Forms of Antiviral Medicines to the Current Health Cri- 

sis? Int. J. Mol. Sci. 21 (2020) 6002, doi: 10.3390/ijms21176002 . 
30] K.S.G. Egorova, G Evgeniy, Valentine P; Ananikov, Biological activity of ionic 

liquids and their application in pharmaceutics and medicine, Chem. Rev. 117 
(2017) 7132–7189, doi: 10.1021/acs.chemrev.6b00562 . 

[31] LC I.B. Marrucho , L. Rebelo , N.; P. , Ionic liquids in pharmaceutical applications,

Annual review of chemical and biomolecular engineering 5 (2014) 527–546 . 
32] M. Erbeldinger , et al. , Enzymatic Catalysis of Formation of Z-Aspartame in Ionic 

Liquid − An Alternative to Enzymatic Catalysis in Organic Solvents, Biotechnol. 
Prog. 16 (20 0 0) 1129–1131 . 

33] S.C. Pereira , et al. , Enzymatic synthesis of amoxicillin by penicillin G acylase in
the presence of ionic liquids, Green Chem. 14 (2012) 3146–3156 . 

34] V. Kumar , S.V. Malhotra , Study on the potential anti-cancer activity of phos- 

phonium and ammonium-based ionic liquids, Bioorg. Med. Chem. Lett. 19 
(2009) 4643–4646 . 

35] W.L. Hough-Troutman , et al. , Ionic liquids with dual biological function: sweet 
and anti-microbial, hydrophobic quaternary ammonium-based salts, New J. 

Chem. 33 (2009) 26–33 . 
36] J. Pernak , et al. , Choline-Derivative-Based Ionic Liquids, Chemistry – A Euro- 

pean Journal 13 (2007) 6 817–6 827 . 

37] M.D. Baumann , et al. , Phosphonium ionic liquids for degradation of phenol 
in a two-phase partitioning bioreactor, Appl. Microbiol. Biotechnol. 67 (2005) 

131–137 . 
38] J. ZABIELSKA-MATEJUK , et al. , in: The resistance of Scots pine wood pro- 

tected with ammonium ionic liquids to attack by mould fungi, Annals of War- 
saw University of Life Sciences-SGGW, Forestry and Wood Technology, 2010, 

pp. 497–501 . 

39] Marta R.F. Giszter, Katarzyna Marcinkowska, Agata Sznajdrowska, Synthesis, 
surface properties and biological activity of long chain ammonium herbicidal 

ionic liquids, J. Braz. Chem. Soc. 27 (2016) 1774–1781, doi: 10.5935/0103-5053. 
20160058 . 

40] Hubert R.R. Kordala-Markiewicz, Bartosz Markiewicz, Filip Walkiewicz, 
Agata Sznajdrowska, Katarzyna Materna, Katarzyna Marcinkowska, 

Tadeusz Praczyk, Juliusz Pernak, Phenoxy herbicidal ammonium ionic liq- 

uids, Tetrahedron 70 (2014) 4784–4789, doi: 10.1016/j.tet.2014.05.041 . 
[41] J.F.K. Pernak, Synthesis and properties of chiral ammonium-based ionic liq- 

uids, Chemistry–A European Journal 11 (2005) 4 4 41–4 4 49, doi: 10.1002/chem. 
20 050 0 026 . 

https://doi.org/10.1016/j.molstruc.2021.131087
https://ci.nii.ac.jp/naid/10025720020/en/
https://doi.org/10.1016/j.molliq.2017.03.036
https://doi.org/10.1021/acssuschemeng.0c02473
https://doi.org/10.1016/j.jlp.2020.104196
https://doi.org/10.1039/C9NJ03239H
https://doi.org/10.1039/C9RA04042K
https://doi.org/10.1016/j.molliq.2019.111155
https://doi.org/10.1039/C6CP01948J
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0009
https://doi.org/10.1016/j.jcou.2019.07.034
https://doi.org/10.1016/j.ssi.2017.11.012
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0012
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0012
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0012
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0012
https://doi.org/10.1080/17518253.2010.500622
https://doi.org/10.1007/978-3-030-44176-0_3
https://doi.org/10.1016/j.coelec.2018.03.005
https://doi.org/10.1021/acs.analchem.8b04710
https://doi.org/10.1039/C5CP01620G
https://doi.org/10.1039/B822551F
https://doi.org/10.1007/s12551-018-0419-2
https://doi.org/10.1515/pac-2016-1008
https://doi.org/10.3390/pharmaceutics12080694
https://doi.org/10.1002/cmdc.201600480
https://doi.org/10.9734/AJOPACS/2017/38386
https://doi.org/10.9734/AJOCS/2017/38877
https://doi.org/10.9734/AJOPACS/2017/38386
https://doi.org/10.9734/AJOCS/2017/38877
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0027
https://doi.org/10.1016/j.bmcl.2008.08.090
https://doi.org/10.3390/ijms21176002
https://doi.org/10.1021/acs.chemrev.6b00562
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0031
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0031
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0031
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0031
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0031
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0038
https://doi.org/10.5935/0103-5053.20160058
https://doi.org/10.1016/j.tet.2014.05.041
https://doi.org/10.1002/chem.200500026


A. Kumer and M.W. Khan Journal of Molecular Structure 1245 (2021) 131087 

[

[  

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[  

[

[

[  

[

[

[

[  

[

[

[

[
[  

[

 

[  

[

[  

[

[

[

[

[

[

42] J.T. Feder-Kubis, The effect of the cationic structures of chiral ionic liquids on 
their antimicrobial activities, Tetrahedron 69 (2013) 4190–4198, doi: 10.1016/j. 

tet.2013.03.107 . 
43] M.I.A. Ghassan M JAl Kaisy , J MLeveque , T V V L NRao , Novel low viscosity

ammonium-based ionic liquids with carboxylate anions: Synthesis, characteri- 
zation, and thermophysical properties, J. Mol. Liq. 230 (2017) 565–573 . 

44] T.B. Leta Deressa , Ming-Jer Lee S.Gupta , The chemistry of ammonium-based 
ionic liquids in depolymerization process of lignin, J. Mol. Liq. 248 (2017) 

227–234 . 

45] Selin M.B. Yagci, JPA Heuts, W Ming, G; de With, Antimicrobial polyurethane 
coatings based on ionic liquid quaternary ammonium compounds, Prog. Org. 

Coat. 72 (2011) 343–347, doi: 10.1016/j.porgcoat.2011.05.006 . 
46] Katarzyna A.M. Turguła, Daniela Gwiazdowska, Filip Walkiewicz, 

Katarzyna Marcinkowska, Juliusz; Pernak, Difunctional ammonium ionic 
liquids with bicyclic cations, New J. Chem. 43 (2019) 4 477–4 488, 

doi: 10.1039/C8NJ06054A . 

[47] Katarzyna F.M. Walkiewicz, Aleksandra Kropacz, Alicja Michalczyk, Ro- 
muald Gwiazdowski, Tadeusz Praczyk, Juliusz Pernak, Multifunctional long- 

alkyl-chain quaternary ammonium azolate based ionic liquids, New J. Chem. 
34 (2010) 2281–2289, doi: 10.1039/C0NJ00228C . 

48] Stefano W.B. Florio, Felicia D’Andrea, Antonella Lupetti, Cinzia Chiappe, 
Lorenzo Guazzelli, Comparative evaluation of antimicrobial activity of different 

types of ionic liquids, Materials Science and Engineering: C 104 (2019) 109907, 

doi: 10.1016/j.msec.2019.109907 . 
49] M.B.S. Turner, K Scott, John D Holbrey, Robin D Rogers, Production of bioactive 

cellulose films reconstituted from ionic liquids, Biomacromolecules 5 (2004) 
1379–1384, doi: 10.1021/bm04 974 8q . 

50] Asako S.P.N. Kelley, John D Holbrey, Keith D Green, W Matthew Reichert, 
Robin D; Rogers, Understanding the effects of ionicity in salts, solvates, co- 

crystals, ionic co-crystals, and ionic liquids, rather than nomenclature, is crit- 

ical to understanding their behavior, Cryst. Growth Des. 13 (2013) 965–975, 
doi: 10.1021/cg40 0 0439 . 

[51] J.D.R. Holbrey, W Matthew, Igor Tkatchenko, Ezzedine Bouajila, Olaf Wal- 
ter, Immacolata Tommasi, Robin D; Rogers, 1, 3-Dimethylimidazolium-2- 

carboxylate: the unexpected synthesis of an ionic liquid precursor and 
carbene-CO 2 adduct, Chem. Commun. (2003) 28–29, doi: 10.1039/B211519K . 

52] Danilo N.M. Gal, Sofiya Kolusheva, Paola Galletti, Emilio Tagliavini, Raz; Jelinek, 

Membrane interactions of ionic liquids: Possible determinants for biologi- 
cal activity and toxicity, Biochimica et Biophysica Acta (BBA)-Biomembranes 

(1818) 2967–2974. 2012, doi: 10.1016/j.bbamem.2012.07.025 . 
53] Marcin W.L.S. Hough, Héctor Rodríguez, Richard P Swatloski, Scott K Spear, 

Daniel T Daly, Juliusz Pernak, Judith E Grisel, Richard D Carliss, Morgan 
D; Soutullo, The third evolution of ionic liquids: active pharmaceutical ingre- 

dients, New J. Chem. 31 (2007) 1429–1436, doi: 10.1039/B706677P . 

54] Marcin W.L.S. Hough-Troutman, Scott Griffin, W Matthew Reichert, 
Ilona Mirska, Jadwiga Jodynis-Liebert, Teresa Adamska, Jan Nawrot, 

Monika Stasiewicz, Robin D Rogers, Ionic liquids with dual biological function: 
sweet and anti-microbial, hydrophobic quaternary ammonium-based salts, 

New J. Chem. 33 (2009) 26–33, doi: 10.1039/B813213P . 
55] T.L.D. Greaves, J Calum, Protic ionic liquids: evolving structure–property re- 

lationships and expanding applications, Chem. Rev. 115 (2015) 11379–11448, 
doi: 10.1021/acs.chemrev.5b00158 . 

56] Lorenzo S.G. Tampucci, Susi Burgalassi, Sara Carpi, Patrizia Chetoni, An- 

drea Mezzetta, Paola Nieri, Beatrice Polini, Christian Silvio Pomelli, 
Eleonora Terreni, pH-responsive nanostructures based on surface active 

fatty acid-protic ionic liquids for imiquimod delivery in skin cancer topical 
therapy, Pharmaceutics 12 (2020) 1078, doi: 10.1016/j.molliq.2019.111822 . 

57] M.I.H. Ajoy Kumer , Antimicrobial Effect of substituent’s in benzene ring as an- 
ion source of ammonium caboxylate Ionic liquids, in: Proceeding of national 

Conference of the 38th Annual Conference of Bangladesh Chemical Society, 

Chittagong Bandar Auditorium, University of Chittagong, 2017, p. 22. March 31 . 
58] M.I. Hossain , Ajoy Kumer , Synthesis and characterization of ammonium ben- 

zoate and its derivative based ionic liquids and their antimicrobial studies, 
Asian Journal of Physical and Chemical Sciences 5 (2018) 1–9 . 

59] M.E.-H.M. Ismail Hossain , Ajoy Kumer , Acute Toxicity of OH-Functionalized 
Ionic Liquids to the Aquatic species, International Journal of Advances in Engi- 

neering Science and Technology(IJAEST) 4 (2015) 244–249 . 

60] D.N. Alvarez V.H. , R. Gonzáles-Cabaleiro , S. Mattedi , M. Martin-Pastor , M. Igle-
sias , J.M. Navaza , Brønsted ionic liquids for sustainable process: synthesis 

and physical properties, Journal of Chemical & Engineering Data 55 (2010) 
625–632 . 

61] Xinxin F.Y. Zou, Jing Zhang, Ni;Huang Cheng, Electropolymerization in a novel 
proton functionalized room temperature ionic liquid anilinium acetate, Synth. 

Met. 204 (2015) 76–83, doi: 10.1016/j.synthmet.2015.03.015 . 

62] Timothy M.E.M. Abdelhamid, Tamar L Greaves, Anthony P O’Mullane, Graeme 
A; Snook, High-throughput approach for the identification of anilinium-based 

ionic liquids that are suitable for electropolymerisation, PCCP 17 (2015) 17967–
17972, doi: 10.1039/C5CP02294K . 
9 
63] B. Bonev , J. Hooper , J. Parisot , Principles of assessing bacterial susceptibility
to antibiotics using the agar diffusion method, J. Antimicrob. Chemother. 61 

(2008) 1295–1301 . 
64] N.C.f.C.L. Standards , Methods for dilution antimicrobial susceptibility tests for 

bacteria that grow aerobically;," approved standard, 5th edn, NCCLS document 
M7-A5, Wayne, PA, 20 0 0 . 

65] J. Ramos, "Introducción a Materials Studio en la Investigación Química y Cien- 
cias de los Materiales," 2020. 

66] R.P. Car, Unified approach for molecular dynamics and density-functional the- 

ory, Phys. Rev. Lett. 55 (1985) 2471, doi: 10.1103/PhysRevLett.55.2471 . 
67] W.B. Kohn , D Axel , Robert G Parr , Density functional theory of electronic struc-

ture, J. Phys. Chem. 100 (1996) 12974–12980 . 
68] R.G. Parr, Density functional theory of atoms and molecules, in: Hori- 

zons of Quantum Chemistry, ed, Springer, 1980, pp. 5–15, doi: 10.1007/ 
978- 94- 009- 9027- 2 _ 2 . 

69] R.G. Parr, W. Yang, Density functional approach to the frontier-electron theory 

of chemical reactivity, J. Am. Chem. Soc. 106 (1984) 4049–4050, doi: 10.1021/ 
ja00326a036 . 

70] B. Delley, DMol, a standard tool for density functional calculations: review and 
advances, in: Theoretical and computational chemistry, 2, ed, Elsevier, 1995, 

pp. 221–254, doi: 10.1016/S1380- 7323(05)80037- 8 . 
[71] B. Delley , Time dependent density functional theory with DMol3, J. Phys. Con- 

dens. Matter 22 (2010) 384208 . 

72] A. S. Inc. Discovery Studio Modeling Environment, release 4.0 [Online]. 
73] Chaofeng H.L. Yang , Lixia Sun , Jie Li , Yingchun Cai , Zhuang Wang , Weihua Li ,

Guixia Liu , Yun; Tang , admetSAR 2.0: web-service for prediction and optimiza- 
tion of chemical ADMET properties, Bioinformatics 35 (2019) 1067–1069 . 

[74] Olivier A.M. Daina, Vincent; Zoete, SwissADME: a free web tool to evaluate 
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 

molecules, Sci. Rep. 7 (2017) 42717, doi: 10.1038/srep42717 . 

75] Ajoy Z.K. Afroza, Md.Nuruzzaman Sarker, Sunanda Paul, The substituent group 
activity in the anion of cholinium carboxylate ionic liquids on thermo-physical, 

chemical reactivity, and biological properties: A DFT study, International Jour- 
nal of Chemistry and Technology 3 (2019) 151–161, doi: 10.32571/ijct.648409 . 

[76] Arfat K. Ajoy , Boshir Ahmed Md , Md Sharif , Abdullah; Al-Mamun ,
A Theoretical Study of Aniline and Nitrobenzene by Computational 

Overview, Asian journal of physical and chemical science 4 (2017) 1–12. 

https://doi.org/10.9734/AJOPACS/2017/38092 . 
77] Sarker K. Ajoy , Paul Sunanda , Nuruzzaman Md. , Jahidul Mohammad , The pre-

diction of thermo physical, vibrational spectroscopy, chemical reactivity, bio- 
logical properties of morpholinium borate, phosphate, chloride and bromide 

Ionic Liquid: A DFT Study, International Journal of New Chemistry 6 (2019) 
236–253. https://dx.doi.org/10.22034/ijnc.2019.110412.1053 . 

78] M.N. Ajoy KUMER , Sunanda PAUL SARKER , The theoretical investigation of 

HOMO, LUMO, thermophysical properties and QSAR study of some aro- 
matic carboxylic acids using HyperChem programming, International Journal 

of Chemistry and Technology 3 (2019) 26–37 doi-10.32571/ijct.478179 . 
79] Nuruzzaman A. Kumer , Md. Sarker , Sunanda Paul , Afroza; Zannat , The Theoret-

ical Prediction of Thermophysical properties, HOMO, LUMO, QSAR and Biologi- 
cal Indics of Cannabinoids (CBD) and Tetrahhdrocannabinol (THC) by Computa- 

tional Chemistry, Advanced Journal of Chemistry-Section A 2 (2019) 190–202. 
doi-10.33945/SAMI/AJCA.2019.2.190202 . 

80] A. Kumer , Md Nuruzzaman Sarker , Sunanda; Paul , The theoretical investiga- 

tion of HOMO, LUMO, thermophysical properties and QSAR study of some aro- 
matic carboxylic acids using HyperChem programming, International Journal of 

Chemistry and Technology 3 (2019) 26–37 . 
81] A. Kumer, Md Nuruzzaman Sarker, Sunanda; Paul, The thermo physical, HOMO, 

LUMO, Vibrational spectroscopy and QSAR study of morphonium formate 
and acetate Ionic Liquid Salts using computational method, Turkish Compu- 

tational and Theoretical Chemistry 3 (2019) 59–68 https://dergipark.org.tr/tr/ 

download/article-file/723558 . 
82] Nuruzzaman A. Kumer, Md. Sarkar, Sunanda; Pual, The Simulating Study of 

HOMO, LUMO, thermo physical and Quantitative Structure of Activity Relation- 
ship (QSAR) of Some Anticancer Active Ionic Liquids, Eurasian Journal of Envi- 

ronmental Research 3 (2019) 1–10 https://dergipark.org.tr/en/pub/ejere/issue/ 
45416/478362 . 

83] Nuruzzaman A. Kumer, Md. Sarker, Sunanda; Paul, The thermo physical, 

HOMO, LUMO, Vibrational spectroscopy and QSAR study of morphonium for- 
mate and acetate Ionic Liquid Salts using computational method, Turkish Com- 

putational and Theoretical Chemistry 3 (2019) 59–68 https://dergipark.org.tr/ 
tr/download/article-file/723558 . 

84] S.F. Shityakov, In silico predictive model to determine vector-mediated trans- 
port properties for the blood–brain barrier choline transporter, Advances and 

applications in bioinformatics and chemistry: AABC 7 (2014) 23, doi: 10.2147/ 

AABC.S63749 . 
85] Stefano S.F. Cosconati , Alex L Perryman , Rodney Harris , David S Goodsell , 

Arthur J; Olson , Virtual screening with AutoDock: theory and practice, Expert 
Opin. Drug Discovery 5 (2010) 597–607 . 

https://doi.org/10.1016/j.tet.2013.03.107
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0044
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0044
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0044
https://doi.org/10.1016/j.porgcoat.2011.05.006
https://doi.org/10.1039/C8NJ06054A
https://doi.org/10.1039/C0NJ00228C
https://doi.org/10.1016/j.msec.2019.109907
https://doi.org/10.1021/bm049748q
https://doi.org/10.1021/cg4000439
https://doi.org/10.1039/B211519K
https://doi.org/10.1016/j.bbamem.2012.07.025
https://doi.org/10.1039/B706677P
https://doi.org/10.1039/B813213P
https://doi.org/10.1021/acs.chemrev.5b00158
https://doi.org/10.1016/j.molliq.2019.111822
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0060
https://doi.org/10.1016/j.synthmet.2015.03.015
https://doi.org/10.1039/C5CP02294K
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0064
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0064
https://doi.org/10.1103/PhysRevLett.55.2471
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0067
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0067
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0067
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0067
https://doi.org/10.1007/978-94-009-9027-2_2
https://doi.org/10.1021/ja00326a036
https://doi.org/10.1016/S1380-7323(05)80037-8
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0071
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0071
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0073
https://doi.org/10.1038/srep42717
https://doi.org/10.32571/ijct.648409
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0076
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0077
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0078
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0078
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0078
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0079
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0080
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0080
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0080
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0080
https://dergipark.org.tr/tr/download/article-file/723558
https://dergipark.org.tr/en/pub/ejere/issue/45416/478362
https://dergipark.org.tr/tr/download/article-file/723558
https://doi.org/10.2147/AABC.S63749
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085
http://refhub.elsevier.com/S0022-2860(21)01218-7/sbref0085

	Synthesis, characterization, antimicrobial activity and computational exploration of ortho toludinium carboxylate ionic liquids
	1 Introduction
	2 Methodology and Experiment
	2.1 Materials and reagents
	2.2 Synthesis and Purification of Ionic Liquids
	2.3 Characterization
	2.4 Antimicrobial test against bacteria and fungi
	2.4.1 Preparation of IL solutions in different concentrations
	2.4.2 Antibacterial test
	2.4.3 Antifungal test
	2.4.4 Determination of MIC

	2.5 Computational Methods

	3 Results and Discussions
	3.1 Antibacterial studies
	3.2 Antifungal activity
	3.3 Minimum inhibition concentration(MIC)

	4 Computational Approaches
	4.1 Optimized structure of ILs
	4.2 Chemical reactivity using HOMO and LUMO

	4.3 Molecular Docking
	4.4 ADMET Study

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgement
	Supplementary materials
	References


