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Experimental Section 

2.1. Materials  

All the chemicals were of analytical grade and were used without further 

purification. The most of the solvents were of spectroscopic grade and used as 

received from the commercial sources. The list of reagents and solvents used is given 

in Table 2.1. 

 

Table 2.1. List of reagents and solvents. 

Chemicals M.W (g/mol) Source CAS No. 

 

1-methyl 

imidazole 

 

82.1 

 

Hi-Media. Lab. Pvt. Ltd. 

 

616-47-7 

1-ethyl imidazole 96.13 Sigma-Aldrich, 

Germany 

7098-07-9 

2-

bromoethylamine 

hydrobromide 

204.89 Sigma-Aldrich, 

Germany 

2576-47-8 

Sodium 

tetrafluoroborate 

109.79 Sigma-Aldrich, 

Germany 

4316-42-1 

Potassium hexa 

fluorophosphates 

184.06 Sigma-Aldrich, 

Germany 

17084-13-8 

Salicyldehyde 122.12 S. D. Fine Chemicals, 

India 

90-02-08 

5-bromo 

salicyldehyde 

201.019 Sigma-Aldrich, 

Germany 

1761-61-5 

5-chloro 

salicyldehyde 

156.57 Sigma-Aldrich, 

Germany 

635-93-8 

2-hydroxy-5-nitro 

benzaldehyde 

167.12 Sigma-Aldrich, 

Germany 

97-51-8 

Cupric acetate 181.63 S.D.Fine Chemicals, 

India 

37829K02 

Cobalt acetate 177.021 Merck, India 6147-53-1 

Nickel acetate 176.78 Thomas Baker 6018-89-9 

Manganese 

acetate 

173.03 Sigma-Aldrich, 

Germany 

638-38-0 

Ferric chloride 162.195 Thomas Baker 7705-08-0 
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Chromium 

chloride 

 

266.44 

 

Thomas Baker 

 

10060-12-5 

Methanol 32.04 S. D. Fine Chemicals, 

India 

67-56-1 

Dimethylsulfoxid

e 

78.13 S. D. Fine Chemicals, 

India 

67-68-5 

Acetonitrile 41.05 S. D. Fine Chemicals, 

India 

75-05-8 

Water 18.015 Merck, India 7732-18-5 

Sodium 

hydroxide 

39.99 Merck, India 1310-73-2 

Ethanol 46.07 S. D. Fine Chemicals, 

India 

64-17-5 

Chloroform 119.38 S. D. Fine Chemicals, 

India 

67-66-3 

Diethyl ether 74.12 S. D. Fine Chemicals, 

India 

60-29-7 

      

2.2. Experimental Methods 

2.2.1. Physico-chemical methods used to characterize synthesized 

compounds 

Different physico-chemical techniques have been used to characterize the 

structure of Schiff base ligands and their metal complexes. A brief account of these 

methods is given below. 

a) Elemental analysis: Elemental micro-analyses (C, H and N) of all the 

synthesized compounds were performed by using Perkin–Elmer (Model 240C) 

analyzer. The metal contents in the complexes were determined with the help of 

Atomic Absorption Spectrophotometer (Varian SpectrAA 50B) by using standard 

metal solutions procured from Sigma-Aldrich, Germany.  
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Fig  2.1. Atomic Absorption Spectrophotometer (Varian SpectrAA 50B) 

 

b) Magnetic susceptibility measurement: Magnetic susceptibilities were 

measured at room temperature with a Sherwood Scientific Ltd magnetic susceptibility 

balance (Magway MSB Mk1). The MSB works on the basis of a stationary sample 

and moving magnets. The pairs of magnets are placed at opposite ends of a beam so 

placing the system in balance. Introduction of the sample between the poles of one 

pair of magnets produces a deflection of the beam that is registered by means of 

phototransistors. A current is made to pass through a coil mounted between the poles 

of the other pair of magnets, producing a force restoring the system to balance. At the 

position of equilibrium, the current through the coil is proportional to the force 

exerted by the sample and can be measured as a voltage drop.  

The solid sample is tightly packed into weighed sample tube with a suitable 

length (l) and noted the sample weight (m). Then the packed sample tube was placed 

into tube guide of the balance and the reading (R) was noted. The gram susceptibility, 

gχ , is calculated using: 

)1(
10

)(
  

9

0
Balg

×

−
××=

m

RR
lCχ  

where l  = the sample length (in cm), m  = the sample mass (in g), R  = the reading 

for the tube plus sample, 0R  = the empty tube reading and CBal = the balance 

calibration constant. Thus molar susceptibility is sampletheofWtM.M ×= gχχ . 
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The molar susceptibility is the corrected with diamagnetic contribution. The effective 

magnetic moment, effµ , is then calculated by using the following expression: 

)2(B.M83.2 Aeff T χµ ×=  

where Aχ  is the corrected molar susceptibility.  

 

Fig 2.2. (Magway MSB Mk1). 

 

 c) Melting point: The melting point of the ligand and complexes were 

determined by open capillary method with the aid of melting point apparatus. 

 

 

                         Fig 2.3. Melting point apparatus 
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d) Thin layer chromatography: The purity of the prepared compounds was 

confirmed by thin layer chromatography (TLC) on silica gel plates and the plates 

were visualized with UV-light and iodine as and when required. 

e) Powder X-ray diffraction (PXRD): Powder X-ray diffraction (XRD) data 

were obtained on a D8 Advanced Bruker using Cu Kα radiation (2θ= 0-90˚). 

 

Fig 2.4. D8 Advanced Bruker. 

 

f) Infrared spectra: Infrared spectra (KBr pellets) were recorded on a Perkin-

Elmer Spectrum FT-IR spectrometer (RX-1) operating in the region 4000 to 400 cm
-1

. 

KBr for IR spectroscopy from Sigma-Aldrich, Germany was used for preparing the 

pellets after drying the salt in a drying pistol over anhydrous CaCl2 for 24 hours and 

then kept in vacuum desiccators over anhydrous CaCl2 before use.  
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Fig 2.5. Perkin-Elmer Spectrum FT-IR spectrometer (RX-1) 

 

g) Electronic spectra: Electronic spectra of the ligands and its complexes in 

methanol were recorded on a Jasco V-530 double beam UV-VIS spectrophotometer at 

298.15 K.  It was coupled with a thermostatic arrangement and maintained at 298.15 

K. A quartz cell of 1 cm path length was used for the spectral measurements. 

 

 

Fig 2.6. Jasco V-530 double beam UV-VIS spectrophotometer 
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h) 
1
H-NMR and 

13
C-NMR:

 1H-NMR and 13C-NMR was recorded on a FT-

NMR (Bruker Avance-II 400 MHz) spectrometer at room temperature by using 

DMSO-d6 and D2O as solvents. 

 

 

Fig 2.7. FT-NMR (Bruker Avance-II 400 MHz).      

 

i) Conductivity: Specific conductance was measured at (298.15 ± 0.01) K 

with a Systronic conductivity TDS-308 meter. The conductance measurements were 

carried out by using a dip-type immersion conductivity cell, CD-10 with a cell 

constant of 1.0 ± 10% cm
-1

. The instrument was standardized by using 0.1 (M) KCl 

solution. Measurements were made in a thermostatic water bath maintained at the 

experimental temperature with an accuracy of ± 0.01 K.  

 

Fig 2.8. Systronic conductivity TDS-308 meter. 
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j) Mass Spectra: Mass spectra were recorded on a JMS-T100LC 

spectrometer. 

 

Fig 2.9. JMS-T100LC spectrometer. 

 

k) Thermal Analysis (TGA): Thermal analysis (TGA) was performed in a 

temperature range of 25-800 oC (heating rate 10 oC/min) with 4000 Perkin–Elmer 

thermal analyzer in Al2O3 crucible under nitrogen atmosphere. 

 

Fig 2.10. 4000 Perkin–Elmer thermal analyzer. 

 

2.2.2. Mass measurements 

Mass measurements were carried out on digital electronic analytical balance 

(Mettler Toledo, AG 285, Switzerland) as shown in figure 3.23. 
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Fig 2.11. Digital electronic analytical balance (Mettler Toledo, AG 285). 
 

 

This Digital balance can measure mass to a very high precision and accuracy. The 

mass measurements were accurate to ± 0.01 mg.  

2.2.3. Antibacterial assay 

Antibacterial activity of the synthesized compounds were studied in vitro 

against gram positive and gram negative bacterial strains by agar disc diffusion 

method and paper disc method [1-4]. All the bacterial strains were procured from 

MTCC, Chandigarh; India. The nutrient agar (Hi-Media Laboratories Limited, 

Mumbai, India) was autoclaved at 12l °C and 1 atm for 15-20 minutes. The sterile 

nutrient media was kept at 45-50 °C, after that 100 µL of bacterial suspension 

containing 108 colony-forming units (CFU)/mL were mixed with sterile liquid 

nutrient agar and poured into the petri plates. Upon solidification of the media, filter 

disc (5mm diameter) was individually soaked with different concentration (suitable 

for the sample) of each extract and placed on the solidified nutrient agar media plates. 

The different concentrations were made by diluting with DMSO. The plates were 

incubated for 24 h at 37 °C. The diameter of the zone of inhibition (including disc 

diameter of 5 mm) was measured with a scale. The lowest concentration of sample 

extract that inhibited bacterial growth was considered as minimum inhibitory 

concentration (MIC). MIC was measured by Broth Micro dilution susceptibility 

method.  In this work, the synthesized compounds were tested against some gram 
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positive and gram negative bacteria. The details regarding these bacteria were given 

below: 

2.2.3.1. Gram negative bacteria 

2.2.3.1a. Escherichia coli 

              Escherichia coli  (E. coli) is a  gram-negative, anaerobic, rod-

shaped, coliform bacterium of the genus Escherichia that is commonly found in the 

lower intestine of warm-blooded organisms.
 

Most E. coli strains are harmless, but 

some serotypes can cause serious food poisoning in their hosts, and are occasionally 

responsible for food contamination [5]. 

 

                                          Fig 2.12. E. coli bacteria. 

 

2.2.3.1b. Pseudomonas aeruginosa  

P. aeruginosa is a common gram-negative, rod-shaped bacterium that 

causes disease in plants and animals, including humans. P. aeruginosa is a multidrug 

resistant pathogen, recognized for its ubiquity, its intrinsically advanced antibiotic 

resistance mechanisms, and its association with serious illnesses – especially hospital-

acquired infections such as ventilator-associated pneumonia and 

various sepsis syndromes. Treatment of P. aeruginosa infections can be difficult due 

to its natural resistance to antibiotics. When more advanced antibiotic drug regimens 

are needed adverse effects may result [5]. 
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                     Fig 2.13. Pseudomonas aeruginosa bacteria. 

 

2.2.3.1c. Proteus vulgaris  

P. vulgaris is a rod-shaped, nitrate-reducing, and catalase-positive, hydrogen 

sulfide-producing, gram-negative bacterium that inhabits the intestinal tracts of 

humans and animals. It can be found in soil, water, and fecal matter. It is an 

opportunistic pathogen of humans. It is known to cause wound infections and other 

species of its genera are known to cause urinary tract infections [5]. 

 

        Fig 2.14. P. vulgaris bacteria. 

 

       2.2.3.1d. Enterobacter aerogenes  

                     It is a gram negative, catalyse positive, indole negative, rod-shaped 

bacterium. E. aerogenes is nosocomial and pathogenic bacterium that 

causes opportunistic infections including most types of infections. The majority is 

sensitive to most antibiotics designed for this bacteria class, but this is complicated by 

their inducible resistance mechanism which means that they quickly become resistant 

to standard antibiotics during treatment, requiring a change in antibiotic to avoid 
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worsening of the sepsis. Some of the infections caused by E. aerogenes result from 

specific antibiotic treatments, venous catheter insertions and surgical procedures. E. 

aerogenes is generally found in the human gastrointestinal tract and does not 

generally cause disease in healthy individuals. It has been found to live in various 

wastes and soil [5]. 

 

                                    Fig 2.15. Enterobacter aerogenes bacteria. 

               

              2.2.3.1e. Klebsiella pneumoniae 

              K. pneumoniae is a gram-negative, encapsulated, lactose-

fermenting, facultative anaerobic, rod-shaped bacterium. Although found in the 

normal flora of the mouth, skin, and intestines, it can cause destructive changes to 

human and animal lungs if aspirated (inhaled), specifically to the alveoli (in the lungs) 

resulting in bloody sputum. In recent years, Klebsiella species have become important 

pathogens in nosocomial infections. It naturally occurs in the soil, and about 30% of 

strains can fix nitrogen in anaerobic conditions. Its nitrogen-fixation system has been 

much-studied due to agricultural interest as K. pneumoniae has been demonstrated to 

increase crop yields in agricultural conditions [5]. 

 

                                         Fig 2.16. K. pneumoniae bacteria 
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         2.2.3.2. Gram positive bacteria 

         2.2.3.2a. Bacillus subtilis  

                        B. subtilis is a gram-positive, catalase-positive bacterium, found in soil 

and the gastrointestinal tract of ruminants and humans. B. subtilis is rod-shaped, and 

can form a tough, protective endospore, allowing it to tolerate extreme environmental 

conditions [5]. 

 

                                             Fig 2.17. B. subtilis bacteria. 

         2.2.3.2b. Bacillus cereus  

                         B. cereus is a gram-positive, rod-shaped, aerobic,  beta 

hemolytic bacterium commonly found in soil and food. Some strains are harmful to 

humans and cause food borne illness, while other strains can be beneficial 

as probiotics for animals [5].  

 

                                             Fig 2.18. B. cereus bacteria. 
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2.2.3.2c. Staphylococcus aureus 

S. aureus is a gram-positive, round-shaped bacterium that is frequently found 

in the nose, respiratory tract, and on the skin. It is often positive 

for catalase and nitrate reduction and is a facultative anaerobe that can grow without 

the need for oxygen. Although S. aureus is not always pathogenic, it is a common 

cause of skin infections such as a skin abscess, respiratory infections such as sinusitis, 

and food poisoning. Pathogenic strains often promote infections by 

producing virulence factors such as potent protein toxins, and the expression of cell-

surface proteins that bind and inactivate antibodies [5]. 

 

                                                Fig 2.19. S. aureus bacteria.  

 

2.2.4. Synthesis of functionalized ionic liquids (FILs) 

2.2.4.1. Synthesis of 1-(2-aminoethyl)-3-methyllimidazolium bromide, [2-

aemim][Br (1a) 

            The functionalized ionic liquid was synthesized with slight modification of a 

literature procedure [6].
 
A mixture of 1-methylimidazole (4.10 g, 0.05 mol) and 2-

bromoethylamine hydrobromide (10.25 g, 0.05 mol) was taken in a round bottomed 

flask equipped with air condenser and added ethanol (50 mL) as solvent. The reaction 

mixture was refluxed under nitrogen atmosphere at 80 °C for 24 h. On completion of 

the reaction, the solvent was distilled off and the residue was recrystallized from 

ethanol and ethyl acetate. The resultant white powder was dissolved in methanol and 

then NaOH (2.00 g, 0.05mol) was added to react for 8 h at room temperature. The 

excess NaOH were filtered off and the solvents were evaporated under vacuum. The 
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obtained product was washed successively with diethyl ether. After drying for 6 h 

under vacuum at 80 °C, the expected ionic liquid was obtained as dark brown oil (Fig 

2.20).  

 

Fig 2.20. 1-(2-aminoethyl)-3-methyllimidazolium bromide, [2-aemim]Br. 

 

[2-aemim]Br (1a): Dark brown oil; 7.11 g (yield, 67 %). Anal. Calcd. for C6H12N3Br 

(213): C, 34.97; H, 5.87; N, 20.39 %. Found: C, 34.71; H, 5.77; N, 20.11 %. FT-IR 

(KBr, cm-1): 3429 (N-H), 2994, 1624 (C=N), 1172, 756, 621. 1H NMR (400 MHz, 

D2O) δ:  3.83 (t, 2H, NH2-CH2); 4.49 (s, 3H, CH3), 4.55 (t, 1H, N-CH2), 7.40 (s, 1H, 

NCH), 7.49 (s, 1H, NCH), 8.54 (s, 2H, NH2), 8.81 (s, 1H, N(H)CN); 
13

C-NMR (400 

MHz, D2O) δ: 124.58, 123.12, 122.44, 53.46, 50.12, 39.08.. ESI-MS (CH3OH, m/z): 

126.20 [(M-Br)+]. The 1H NMR, 13C NMR, FT-IR and ESI-MS spectra are given 

below. 

 

Fig 2.21. FT-IR spectrum of [2-aemim]Br 
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Fig 2.22. 1H NMR spectrum of [2-aemim]Br. 

 

 

Fig 2.23. 
13

C NMR spectrum of [2-aemim]Br. 
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Fig 2.24. ESI-MS spectrum of [2-aemim]Br. 

 

 

Scheme 2.1. Synthesis of [2-aemim]Br (1a). 

 

2.2.4.2. Synthesis of 1-(2-aminoethyl)-3-methyllimidazolium hexafluoro-

phosphate, [2-aemim]PF6 (1b) 

Following literature procedure [7] a mixture of 1-methylimidazole (4.10 g, 

0.05 mol) and 2-bromoethylamine hydrobromide (10.25 g, 0.05 mol) in 25 mL of 

acetonitrile was heated with constant stirring at 80 °C for 4 h. On completion, the 

solvent was removed by distillation, and the residue was recrystallized from ethanol 
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to afford the hydrobromide of [2-aemim][Br] as a white solid. Then KPF6 (9.20 g, 

0.05 mol) was added to hydrobromide of [2-aemim][Br] in 20 mL of CH3CN/H2O 

(1:1, v/v). The solution was left for 24 h at room temperature and then NaOH (2.00 g, 

0.05 mol) was added for neutralization. Solvents were evaporated under vacuum. This 

was followed by the addition of CH3OH (2 mL) and CHCl3 (10 mL). The precipitated 

KBr were filtered off and the solvents were evaporated. The obtained yellow oil was 

washed successively with chloroform (10 mL × 3) and ether (10 mL × 3). After 

drying for 6 h under vacuum at 80 °C, the expected ionic liquid was obtained (Fig 

2.25). 

 

Fig 2.25. 1-(2-aminoethyl)-3-methyllimidazolium hexafluorophosphate, [2-aemim]PF6 

 

[2-aemim]PF6 (1b): Yellow oil; 9.35 g (yield, 69 %). Anal. Calcd. for 

C6H12F6N3P (271): C, 26.58; H, 4.46; N, 15.50. Found: C, 26.32; H, 4.42; N, 15.36 %. 

FT-IR (KBr, cm-1): 3429 (N-H), 3106, 2365, 1617 (C=N), 1175, 846 (P-F). 1H NMR 

(400 MHz, D2O) δ:  3.26 (t, 2H, NH2-CH2); 3.83 (s, 3H, CH3), 4.44 (t, 1H, N-CH2), 

7.39 (s, 1H, NCH), 7.48 (s, 1H, NCH), 8.52 (s, 2H, NH2), 8.79 (s, 1H, N(H)CN); 13C-

NMR (400 MHz, D2O) δ: 136.87, 124.53, 122.97, 53.35, 36.01, 27.88. ESI-MS 

(CH3OH, m/z): 126.20 [(M-PF6)
+]. The 1H NMR, 13C NMR, FT-IR and ESI-MS 

spectra are given below. 

 

 



 

 

Experimental Section 

46 

 

Fig 2.26. FT-IR spectrum of [2-aemim]PF6. 

 

 

Fig 2.27. ESI-MS spectrum of [2-aemim]PF6. 

 

3.2.4.3. Synthesis of 1-(2-aminoethyl)-3-ethylimidazolium tetrafluoroborate, [2-

aeeim]BF4 (1c)  

The amino functionalized ionic liquid [2-aeeim]BF4 was synthesized by 

following a literature procedure [7]. 1-ethylimidazole (4.80 g, 0.05 mol) and 2-

bromoethylamine hydrobromide (10.25 g, 0.05 mol) were taken in acetonitrile (25 

mL), the mixture was heated with constant stirring at 80 °C for 4 h. The solvent was 
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removed by distillation and the resulting residue was washed with ethanol and then 20 

ml of CH3CN/H2O (1:1, v/v) and NaBF4 (5.5 g, 0.05 mol) were added. The mixture 

was left for 24 h at room temperature with constant stirring and then neutralized by 

NaOH (2.00 g, 0.05 mol). Solvents were evaporated in vacuo followed by adding 

methanol (20 mL) and chloroform (2 mL), the precipitated NaBr was filtered off and 

the solvents were evaporated under vacuum. The obtained yellow oily product was 

washed throughly with chloroform and ether. After drying for 6 h under vacuum at 80 

°C, the expected ionic liquid was obtained as yellow oil (Fig 2.28).  

 

 

Fig 2.28. 1-(2-aminoethyl)-3-ethylimidazolium tetrafluoroborate, [2-aeeim]BF4 

 

[2-aeeim]BF4 (1c): Yellow oil; 7.6 g (yield, 67 %). Anal. Calcd. for C7H14F4N3B 

(227): C, 37.04; H, 6.22; N, 18.51. Found: C, 37.02; H, 6.12; N, 18.38 %. FT- IR 

(KBr, cm-1): 3447 (N-H), 3086, 2896, 1626 (C=N), 1452, 1084 (B-F);  1H NMR (400 

MHz, D2O) δ : 336 (m, 2H, NH2-CH2), 3.40 (t, 1H, N-CH2), 4.16 (s, 3H, CH3), 4.50 

(t, 1H, N-CH2), 7.40 (s, 1H, NCH), 7.50 (s, 1H, NCH), 8.61 (s, 2H, NH2), 8.87 (s, 1H, 

N(H)CN). 13C NMR (400 MHz, D2O) δ: 123, 122.50, 119.85, 49.02, 45.55, 45.24 and 

44.64. ESI-MS (CH3OH, m/z): 140 ([M-BF4]
 +). The 1H NMR, 13C NMR, FT-IR and 

ESI-MS spectra are given below. 
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Fig 2.29. FT-IR spectrum of [2-aeeim]BF4. 

 

 

Fig 2.30. 1H NMR spectrum of [2-aeeim]BF4. 
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Fig 2.31. 13C NMR spectrum of [2-aeeim]BF4. 

 

 

Fig 2.32. ESI-MS spectrum of [2-aeeim]BF4. 
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2.2.4.4. Synthesis of 1-(2-aminoethyl)-3-methyllimidazolium tetrafluoro- 

borate, [2-aemim]BF4 (1d) 

This amine functionalized ionic liquid was prepared by following the same 

procedure [6] as mentioned above. In this reaction, 1-methylimidazole (4.10 g, 

0.05mol), 2-bromoethylamine hydrobromide (10.25 g, 0.05mol) and NaBF4 (5.5 g, 

0.05 mol) were used. The product was obtained as yellow oil (Fig 2.33). 

 

 

Fig 2.33.1-(2-aminoethyl)-3-methyllimidazolium tetrafluoroborate, [2-aemim]BF4 

 

[2-aemim]BF4 (1d): Yellow oil; 7.56 g (yield, 71 %). Anal. Calcd. for 

C6H12F4N3B (213): C, 33.84; H, 5.68; N, 19.73. Found: C, 33.58; H, 5.42; N, 19.65 

%. FT-IR (KBr, cm-1): 3439 (N-H), 2369, 2055, 1634 (C=N), 1297, 1087 (B-F).  1H 

NMR (400 MHz, D2O) δ: 3.22 (t, 2H, NH2-CH2); 4.23 (s, 3H, CH3), 4.43 (t, 1H, N-

CH2), 7.42 (s, 1H, NCH), 7.49 (s, 1H, NCH), 8.67 (s, 2H, NH2), 8.75 (s, 1H, 

N(H)CN); 13C-NMR (400 MHz, D2O) δ: 137.07, 124.28, 122.33, 54.37, 39.58, 37.53. 

ESI-MS (CH3OH, m/z): 126.20 [(M-BF4)
+]. The 1H NMR, 13C NMR, FT-IR and ESI-

MS spectra are given below. 
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Fig 2.34. FT-IR spectrum of [2-aemim]BF4. 

 

 

Fig 2.35. ESI-MS spectrum of [2-aemim]BF4. 
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Scheme 2.2. Synthesis of FILs (1b), (1c) and (1d). 
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