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Abstract 

 A novel Aliquat 336 based functionalized ionic liquid, methyltrioctylammonium 

naphthylacetate ([A336]+[NAA] -) have been synthesized and characterized using IR, UV, 1H 

NMR and Raman spectroscopy techniques. The prepared IL was tested for antimicrobial 

properties and chromium (VI) extraction. Anti-bacterial test was carried out towards five 

types of bacteria namely Staphylococcus aureus, Escherichia coli, Pseudomonas aeroginosa, 

Bacillus subtilis and Salmonella typhi. The antifungal test was done out towards five types of 

fungi Aspergillus niger; Trichopyton Spp, Penicillin, Microsporum gypseum and Candida. 

[A336]+[NAA] - shows inhibitory effect against all the organisms tested. Moreover, 

[A336]+[NAA] - was investigated for the extraction of Cr(VI) as extractant dissolved in a 

molecular diluent (toluene) and it provides 99.5% extraction of Cr(VI) at pH 3. Stripping of 

Cr(VI) from loaded ionic liquid phase was carried out using 0.5M NaOH. 
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1.0 Introduction 

 Room temperature ionic liquids (RTILs) have been explored for various applications  in 

electrochemistry, organic synthesis, catalysis, cellulose processing, separation technology and 

analytical chemistry etc. due to their attractive properties such as negligible vapour pressure, 

high thermal stability, wide liquid range, high solubility for organic species, wide 

electrochemical window, tunable properties i.e, the properties of a particular ionic liquid can 

be changed by changing cation – anion combination , electrical conductivity etc. [1-5] RTILs 

are organic salts molten at temperatures lower than 100°C. In the recent past, several Aliquat-

336 based ionic liquids have been studied for various applications due to their unique and 

interesting properties. Moreover, Aliquat-336 (quaternary ammonium salt, [A336]+[Cl] - is 

available commercially and inexpensive for preparing a new range of hydrophobic ionic 

liquids. Several quaternary ammonium ionic liquids have been reported in literature for 

various applications [6-9]. For example, Voorde et al. reported the separation of samarium 

and europium using a quaternary ammonium nitrate ionic liquid [10]. Arellanes-Lozada et al. 

reported methyltrioctylammonium methyl sulfate (TMA) and trimethyltetradecylammonium 

methyl sulfate (TTA) ionic liquids as corrosion inhibitors with high inhibition efficiency [11]. 

Rama et al. studied methyltri-n-octylammonium bis-(2-ethylhexyl) phosphate 

([A336]+[DEHP]–) for the extraction of actinides [9]. Dasthaiah et al. reported the extraction 

behavior of Am(III) and Eu(III) using methyltri-n-octylammonium  diglycolamate 

impregnated Amberlite XAD-7 [12]. 

Actually, there is an increasing concern about biological issues such as stability, 

toxicity, biodegradability and recyclability of ionic liquids. In this aspect, the antimicrobial 

activities of various types of ionic liquids have been reported in literature. For example, 

Hossain et al. reported the antimicrobial property of series of ammonium based ILs and it 

was noted that secondary ammonium based ILs have higher toxicity than tertiary ammonium 



based ILs [13]. Similarly, Saadeh et al. reported the antimicrobial property of 

tetrabutylammonium (TBA) salts: formate, acetate, propionate, butyrate, benzoate, 

nitrobenzoate, cinnamate, salicylate, sulfanilate, linoleate, and oleate [14]. Ahmad et al. 

reported a new types of cholinium-based ionic liquids and among them choline phenylacetate   

showed wonderful inhibition of all microorganisms tested [15].  

In the recent past, there is a growing need for an assenting action to deal with the 

environmental pollution due to heavy metal discharge from various industrial effluents. 

Especially, Chromium pollution is an important concern in chemical industries such as in 

pigment and paint production, galvanizing, plating, tanning etc [16]. Actually, the transition 

metal chromium exists in natural samples in two main valence states as Cr(III) and Cr(VI). 

Trivalent chromium is relatively harmless and plays an essential role in biological processes. 

However, Cr(VI) species are carcinogenic and toxic.  Under the alkaline  to  slightly  acidic  

conditions, the toxic hexavalent chromium anions such as chromate (CrO4
2−), bichromate 

(HCrO4
−) and dichromate(Cr2O7

2−)  are  not  strongly  sorbed  in  many  soils.  Thus, they can 

be very mobile in subsurface environment and results in toxic effects on biological systems. 

The major toxic effects of Cr(VI) are corrosive reaction in nasal septum, chronic ulcers, 

dermatitis and local effects in the lung. Hence, an effective technology is needed for the 

removal of the Cr(VI) and in this aspect research works are being carried out worldwide.  

Various methods have been reported for the removal of Cr(VI). Especially, ion-

exchange, solvent extraction, liquid membrane, electrochemical methods and adsorption are 

highly useful in the recovery of chromium [17-19]. Moreover, in the recent past, there have 

been growing research activities on removal of chromium using room temperature ionic 

liquids (RTILs) due to the fascinating properties of RTILs [20 - 22]. 

In the present study, a novel Aliquat-336 (methyltrioctylammonium) based 

functionalized ionic liquid (FIL) with strongly coordinating anion namely, 



methytrioctyllammonium naphthylaceteate ([A336]+[NAA] -) was synthesized and 

characterized by IR, UV, 1H NMR, and Raman spectroscopy techniques. The antimicrobial 

property of the synthesized ionic liquid has been analyzed.  Moreover, solvent extraction of 

Cr (VI) using FIL dissolved in molecular diluent have been studied. 

2.0 Experimental 

2.1 Materials 

All the chemicals and solvents used in the present study were of AR grade. Aliquat 

336 (methyltri-n-octylammonium chloride) was procured from Fluka (SRL Pvt. Ltd, 

Chennai). Chloroform, 2-naphthyl acetic acid, diphenyl carbazide and acetic acid were 

purchased from Sigma Aldrich (Bio corporals, Chennai). Sodium hydroxide was obtained 

from M/s. S.D Fine Chemicals, Chennai. Potassium dichromate and Toluene was obtained 

from Srihari chemicals, Chennai.  

2.2 Synthesis of methyltrioctylammonium naphthyl aceteate ([A336]+[NAA] -) 

The procedure for the synthesis of ionic liquids, [A336]+[NAA] – is shown in Figure 1. 

The first step involved the ion-exchange of chloride ion present in Aliquat-336  

([A336]+[Cl] - ) by hydroxide ion by equilibrating Aliquat-336 in chloroform with 4 M NaOH 

for one hour. The aqueous phase was removed and the organic phase was equilibrated again 

with fresh sodium hydroxide. This procedure was repeated at least 8 – 10 times until the Cl- 

ion in aqueous and organic phase was negligible (checked with acidified AgNO3 solution) 

[9]. The solvent (chloroform) was evaporated and the resultant ionic liquid ([A336]+[OH]-)   

was dried in a rotary evaporator at 70 oC for about 24 hrs. The second step involved stirring 

of 2-naphthylacetic acid (NAA) with [A336]+[OH]-   in 1 : 1. mol ratio for about 48 hr in 

acetone medium and then the solvent was evaporated. The obtained viscous ionic liquid was 

washed several times with toluene and then dried in a rotary evaporator at 70 oC for about 24 

hrs. Near quantitative yield was obtained. 
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               Figure 1.Synthesis of methyltrioctylammonium naphthyl aceteate ([A336]+[NAA] -) 

 

2.3 Antibacterial activity assay 

 Microorganisms:  Staphylococcus Aureus, Escherichia coli, Pseudomonas 

aeroginosa, Bacillus subtilis and Salmonella typhi. Standard: Ampicillin (20 µl/disc).  

 Antibacterial activity of extracts was determined by disc diffusion method on Muller 

Hinton agar (MHA) medium. This medium is poured in to the petriplate. After the medium 

was solidified, the inoculums were spread on the solid plates with sterile swab moistened 

with the bacterial suspension.  20 µl of sample (Concentration: 1000 µg, 750 µg and 500 µg) 

were added in the disc and placed in MHA plates.The plates were incubated at 37 ºC for 24 



hrs. Then the antimicrobial activity was determined by measuring the diameter of zone of 

inhibition. 

2.4 Antifungal activity assay 

Microorganisms: (Aspergillus niger; Trichopyton Spp; Penicillin; Microsporum 

gypseum; and Candida). Standard: Amphotericin-B (20 µl/disc).  

The disc diffusion method on Potato Dextrose agar (PDA) medium was used to 

determine the antifungal activity of the sample. PDA medium is poured in to the petriplate. 

After the medium was solidified, the inoculums were spread on the solid plates with sterile 

swab moistened with the fungal suspension. Amphotericin-B was taken as positive control. 

20 µl each samples and positive control  were added in sterile discs and placed in PDA plates. 

The plates were incubated at 28 ºC for 24 hrs. Based on the measurement of diameter of zone 

of inhibition, the antifungal activity was determined.  

2.5 Liquid – liquid extraction studies 

 All the extraction studies were carried out in triplicate at 298 K unless otherwise 

mentioned and the results indicate the average of three independent measurements. 0.02 M 

[A336]+[NAA] -/ toluene was prepared and it was preequilibrated with desired pH (using 

HNO3) solution  to fix the equilibrium acidity. The equilibration procedure involved mixing 

of equal volumes (10 mL each) of ionic liquid phase with desired pH solution containing 

Cr(VI) (10 ppm) in a 50 ml capacity equilibration bottle immersed in a constant temperature 

water bath. In all the above experiments, the tubes were rotated in upside down manner for 

about 2 h. The % extraction was calculated by measuring the concentration of chromium in 

the organic and aqueous layers. The percentage extraction (E) was calculated using the 

relation; 

E= 100D/[D + (Vaq/Vorg)] 



Where, D is the distribution ratio, which is [Cr]org / [Cr]aq, and Vaq and Vorg refer to the 

volume of the aqueous and organic phases, respectively. Cr(VI) was quantified by measuring 

the concentration in the aqueous phase by spectrocolorimetric method using standard 

diphenyl carbazide method at 540 nm. The metal loaded solvent was stripped with NaOH 

solution to recover the extracted Cr(VI) by equilibrating for 10 min. The % back extraction of 

Cr(VI) was determined as mentioned above. 

3.0 Results and Discussion 

3.1 Characterization of methyltrioctylammonium naphthyl aceteate ([A336]+[NAA] -) 

3.1.1 FT-IR spectrum:  Broad and strong vibrational peaks for C–H stretching of the 

methylene and methyl units are observed at 2855 and 2925 cm-1. The C-H symmetric 

deformation was seen at 1370 cm-1. The characteristic peak of C=O stretching of the –COO 

group present in anionic part of FIL was observed at 1723 cm−1. FT-IR  spectra also 

confirmed  this  deprotonation  by  the  disappearance  of  the  characteristic –OH broad  

absorption  band  of  carboxylic  acid. The peak at 1465 cm-1 corresponds to vibtatrional peak 

of CH2-N
+ group and for phenyl ring peaks were observed at 885 and 785 cm-1. FT-IR 

spectrum of [A336]+[NAA] - is shown figure 2. 
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Figure 2. IR spectrum of [A336]+[NAA] - 

 

3.1.2 UV-Visible spectrum: Absorption between 260 nm and 290 nm reveals the presence of 

naphthyl acetate anion and aliquat 336 cation. The band gap from absorption spectra of 

[A336]+[NAA] -  was found to be 4.41 eV (for λ= 281 nm, Band gap (E) = hc/λ=hc/281). UV-

Visible spectrum of [A336]+[NAA] - is shown figure 3. 
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Figure 3. UV spectrum of [A336]+[NAA] - 

3.1.3 Raman spectrum:   

A strong band at 2940 cm-1 and 3065 cm-1 corresponds to –CH2 and -CH=CH- groups 

respectively. For carboxylate group, moderate bands were observed at 1439 and 1590 cm-1. A 

characteristic peak for C-H symmetric vibrational frequency was observed at 1384 cm-1. The 

weak band at 2735 cm-1 corresponds to CH3-N group. Raman spetrum of [A336]+[NAA] - is 

shown figure 4. 
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Figure 4. Raman spectrum of [A336]+[NAA] - 

3.1.4 1H NMR : 0.863-0.890 (9H, m, -(CH2)7-CH3), 1.253-1.310 (30H,m, -CH2- CH2 (CH2)5-

CH3), 1.573-1.588 (6H,m, CH2- CH2-(CH2)5-CH3)), 3.173 (3H,s, N-CH3), 3.305 (6H, m, 

CH2- CH2-(CH2)5-CH3), 7.35 – 8.0 (Naphthalene ring) and 4.10 (s, -CH2- COO-). The 1H 

NMR spectrum of [A336]+[NAA] - is shown in figure 5. 

 

 

 

Figure 5. 1H NMR spectrum of [A336]+[NAA] - 

 



3.2 Antimicrobial activities of FIL ([A336] +[ NAA] - ) using agar disc diffusion method  

3.2.1 Antibacterial activity of [A336]+[ NAA]-   

  The zone of inhibition at synthesized FIL against gram positive and gram negative 

bacteria is presented in Table 1 and 2 respectively. The figure 6 shows disk diffusion (zone of 

inhibition) results of Staphylococcus aureus, Escherichia coli, Pseudomonas aeroginosa, 

Bacillus subtilis and Salmonella typhi bacteria. [A336]+[ NAA] - showed relatively good 

antibacterial activity. Among the gram positive bacteria tested, it was found that the 

inhibitory effect of bacillus subtilis is more as compared to that of staphylococcus aureus. 

 

Figure 6. Antibacterial activity of [A336]+[ NAA] -  against gram negative bacteria  
a). Escherichia coli, b). Pseudomonas aeroginosa c). Salmonella typhi and Antibacterial 
activity of [A336]+[NAA] -  against  gram positive bacteria d). Staphylococcus aureus,  
e). Bacillus subtilis. 
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 The zone of inhibition bacillus subtilis is found to be more than all other bacteria 

tested at the FIL concetration of 500 µg/ml. But for 1000 µg/ml of FIL, there is a higher 

inhibitory effect for the gram negative bacteria (Pseudomonas aeroginosa). Moreover, in the 

case of Bacillus subtilis (gram positive) and Salmonella typhi (Gram negative), the zone of 

inhibition is constant with respect to the change in concentration of FIL and for the other 

organisms, it increases after 750µg/ml. The zone of inhibition of bacillus subtilis (gram 

positive bactreria) is found to be more than all other bacteria tested. The reason for this 

higher inhibition could be attributed due to the presence of hydrophobic alkyl chains in the 

ionic liquid which can more easily embed into the porous cell of the gram-positive bacteria 

and disturb the peptidoglycan layer which results in the cell death [23]. 

 Reports on the antimicrobial property of various types of ILs are available in literature 

[13-15]. For example, recently, Hossain et al. [13] reported the antibacterial property of 

series of ammonium based ILs. In the present study, we have also studied an tertiary 

ammonium based ionic liquid (methyltrioctylammonium naphthyl acetate [A336]+[ NAA] -) 

and it has less toxicity than the ammonium ionic liquids reported by Hossain et al. Similarly, 

Salman et al. reported the antibacterial property of tetrabutylammonium (TBA) salts 

(formate, acetate, propionate etc.) [14]. The inhibitory effect of the FIL, 

methyltrioctylammonium naphthyl acetate against E.Coli bacteria is more than that of TBA 

acetate. 

 

 

 

 

 



 

Table 1: Zone of inhibition of various concentrations of [A336]+[ NAA] -  against gram 
negative bacteria 

 
 

   Table 2: Zone of inhibition of various concentrations of [A336]+[ NAA] -  against gram      
positive bacteria 
 

3.2.2 Antifungal property of [A336]+[ NAA]- 

The FIL, [A336]+[ NAA] - was screened for antifungal activity by Agar disc diffusion 

method using human pathogenic fungal isolates namely Aspergillus niger, Trichopyton Spp, 

Penicillin, Microsporum gypseum and Candida. The results are shown in figure 7. The data 

revealed that significant reduction in growth of fungal strain was brought about by FIL. 

Among the organisms tested the minimum inhibitory effect of the FIL was seen against 

Candida.   

Table 3: Zone of inhibition of various concentrations of [A336]+[ NAA] -  against human 
pathogenic fungal isolates 

Concentration (µg/ml) 
Zone of Inhibition (mm) 

Escherichia coli 
Pseudomonas 

aeroginosa 
Salmonella typhi 

1000 10 13 10 
750 9 11 10 
500 9 11 10 

Antibiotic (1mg/ml) 23 30 30 

Concentration(µg/ml) 
Zone of Inhibition (mm) 

Staphylococcus aureus Bacillus subtilis 
1000 10 12 
750 9 12 
500 9 12 

Antibiotic (1mg/ml) 25 32 

Concentration(µg/ml) 

Zone of Inhibition (mm) 

A.niger Candida Trichypyton 
 

Penicillin 
 

Microsporum 
gypseum 

1000 16 9 17 15 12 
750 14 8 12 13 12 



 

500 14 8 12 12 10 
Antibiotic (1mg/ml) 28 12 17 22 13 
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Figure 7.   Antifungal activity of [A336]+[NAA] - against  a). Aspergillus niger, b). Candida  

c ). Trichopyton, d). Penicillin, e).  Microsporum gypseum 



 3.3 Extraction study of Cr(VI) using [A336]+[ NAA] -/Toluene 

Extraction of Cr(VI) was carried out using 0.02 M  [A336]+[ NAA] -  /Toluene  for various  

pH range and it is shown in figure 8. The percentage of extraction of Cr(VI) was found to be in 

the range of 98-99.5%.  There are some reports on extraction of Cr(VI) using ionic liquid 

dissolved in organic solvents. For example, Kalidhasan et al. studied the extraction of Cr(VI) 

using Aliquat 336/ isoamylalcohol and reported 99.5% extraction [14]. P. Venkateswaran et al. 

reported 98% extraction of Cr(VI) in tetrabutylammonium bromide dissolved in dichloromethane 

[22]. Actually, in the present work, a low concentration (0.02 M) of ionic liquid ([A336]+[NAA] -) 

have been used which is comparably less than the concentration of the tetraalkylammonium based 

ionic liquids (~ 0.12 M) used for the extraction of Cr(VI)  in the literature.  Even with the less 

concentration of [A336]+[NAA] - , the percentage extraction of Cr(VI) obatined in the present 

study  is comparable with that obtained for literature reported tetraalkyllammonium based ionic 

liquid systems. This could be attributed due to the presence of functionalized anion (naphthyl 

acetate) in IL.  

The literature reported mechanism for the metal ion extraction based on bifunctional ionic 

liquids dissolved in molecular diluents follows the ion association type [6]. Hence in the present 

study, we believe that Cr(VI) extraction in  ([A336]+[ NAA] - ) /toluene can be attributed due to 

the complexation of both cation ([A336]+) anion ([NAA]-) with the chromium (VI) ion. 

Moreover, nitrate ion is also considered in the complex to have the charge balance. It can be 

represented as follows. 

Cr6+
aq  +  x([A336]+[ NAA] - )org + yNO3

- 
aq

             Cr (NO3)y . x([A336]+[ NAA] - )} org 

The subscripts ‘‘aq.” and ‘‘org” denote the aqueous and organic phases respectively and x 

and y are the number of nitrate ions and [A336]+[ NAA] -  ionic liquid involved in the extraction of 

chromium(VI). 
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Figure 8. Extraction of Cr(VI) using [A336]+[ NAA] -/Toluene system 

 

3.4 Stripping of Cr(VI) from loaded [A336]+[ NAA] -/Toluene phase 

The stripping agents such as NaOH, NaCl and NaNO3 etc. are reported in literature 

for the stripping of extracted Cr(VI)  from the loaded ionic liquid phase. Moreover, there was 

a very little loss in volume of ionic liquid and also holds its high extracting ability [22]. 

Hence in the present study, we have tried to use NaOH to strip the extracted metal ion from 

the ionic liquid phase. Prior to stripping, the extraction of Cr(VI) was carried out using  

0.02 M [A336]+[ NAA] -/ Toluene at pH 3. Stripping was performed by contacting the Cr(VI) 

loaded ionic liquid phase with 0.5 M NaOH and 100 % back extraction of Cr(VI) was 

achieved using 0.5 M NaOH within 3 contacts. The results suggested that NaOH solution can 

be used as stripping agent to recover the Cr(VI) from the loaded ionic liquid phase. 

 



4.0 Conclusion 

 In the present study, a novel Aliquat 336 based functionalized ionic liquid, 

methyltrioctylammonium naphthylaceteate ([A336]+[NAA] -) have been synthesized and 

characterized using IR, UV, 1H NMR and Raman spectroscopy. Antibacterial and antifungal 

activity of [A336]+[NAA] - was studied and it shows significant inhibitory effect against all 

the organisms tested. Moreover, [A336]+[NAA] - was investigated for the extraction of Cr(VI) 

as extractant dissolved in a molecular diluent (Toluene) and it provides >98% extraction of 

Cr(VI). Quantitative stripping of Cr(VI) from the loaded ionic liquid phase was achieved 

using NaOH . 
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methyltrioctylammonium naphthylacetate ([A336]+[NAA]-) . 
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spectroscopy. 

� Antimicrobial studies of  FIL 

� Solvent extraction of Cr(VI) using [A336]+[NAA]-/toluene. 
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