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Abstract –Cr (III), Mn(III),Fe(III)and M(III) complexes with a Schiff base derived from 2-amino-4-ethyl-5-

hydroxybenzaldehyde and thiocarbohydrazide were synthesised and characterised using a variety of techniques, including 

elemental analysis (C, H,N), molar conductance measurements, magnetic measurements, and electronic, mass, and IR spectral 

studies. A five-coordinated square pyramidal geometry was suggested for all the complexes based on these findings. The Schiff 

base ligand and the complexes were also evaluated for antibacterial activity (against Escherichia coli, Staphylococcus aureus, 

Pseudomonas aeruginosa, Bacillus megaterium, and the fungus Kluyveromyces fragilis, Rhodotorula rubra, Candida albicans, 

and Trichoderma reesei). Additionally, an attempt was made to correlate the complexes' antimicrobial activity with their 

geometry. Each complex was shown to be less active against E. coli, S. aureus, and P. aeruginosa. Although the Cr (III) complex 

had the greatest antibacterial action, the ligand alone was shown to be potent against the fungus T. reesei. 
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I. INTRODUCTION 

The field of Schiff base complexes is rapidly expanding because of the many structural possibilities for the ligands, which vary 

according to the aldehyde and amine employed. Numerous Schiff bases and related complexes have received much research 

attention due to their industrial and biological uses. The fungicidal action of certain Schiff bases was investigated, which is 

connected to their chemical structure. Schiff base compounds (RC=N) are often generated when a primary amine is condensed 

with an active carbonyl. Additionally, cross-linking agents may be synthesised from metal complexes containing O, N, or S 

ligands. For instance, an intracoordination salt such as salicylates or anthranilates in combination with aliphatic or aromatic 

amines may build strong five-or six-membered chelate rings capable of generating metal-containing cross-linking agents with the 

desired qualities. The synthesis of oxovanadium (IV) complexes of Schiff bases was studied by elemental analysis, spectrum data, 

and electrochemical tests. The Schiff bases were formed via the condensation of 2-aminobenzaldehyde with different diamines 

(1,2-diaminoethane, 1,2-diaminopropane, and 1,3-diaminopropane). A variety of complexes with Schiff bases derived from the 

condensation of salicylaldehyde and o-aminophenol or 2-aminobenzoic acid were synthesised and characterised using a variety of 

techniques, including elemental analysis and molar conductance measurements, as well as IR and electronic spectroscopy.  

The goal of this project was to make, characterize, and test Schiff base complexes made from thiocarbohydrazide and 2-amino-4-

ethyl-5-hydroxybenzaldehyde. 

II. EXPERIMENTAL 

2.1 Materials: -  

All compounds employed in this study were classified as analytical reagents (anhydrous). 

2.2 Synthesis of the Schiff base: -  

The Schiff base (ligand) was produced by heating a dilute ethanolic solution of thio-carbohydrazide (5 mmol) in the presence of 2-

amino-4-ethyl-5-hydroxy benzaldehyde (10 mmol) under reflux for 2 hours. After filtering the precipitate from the reaction 

mixture, it was washed with ethanol and dried in a desiccator over anhydrous CaCl2. The solid substance was yellow in colour 

(yield 65 percent). 
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2.3 Synthesis of the complexes: -  

The Schiff base was dissolved in 50 cm3 of ethanol and gently agitated for one hour to obtain a homogenous solution, followed by 

the addition of trivalent chromium, manganese, or iron chloride salts (25 cm3). For 6–8 hours, the resultant solution was refluxed. 

The mixture was concentrated to half its original volume and dried over anhydrous CaCl2 for two days in a desiccator. After 

filtering the complexes, they were washed with ethanol and dried. The complexes dissolved in DMF and DMSO but were 

insoluble in other organic solvents and in water. They were thermally stable until 523–553 K, at which point they dissolved. 

III. METHODS: - 

C, H, and N microanalysis were performed at SAIF, CDRI, Lucknow, India, using an elemental analyzer, and metal 

concentrations of Mn (III), Co (III), and Fe (III) were determined, atomic absorption spectrophotometer. Conductivity was 

determined in DMSO at ambient temperature using a digital conductivity metre. At room temperature, magnetic susceptibility 

studies were performed using a vibrating sample magnetometer. The electronic spectra (in DMSO) were recorded. The infrared 

spectra were obtained 1650 FT-IR spectrophotometer in the wavenumber range of 4000––200 cm-1 (molar conductivities, 

magnetic moments, and spectral data are shown in Tables I and II). The FAB mass spectra were acquired at room temperature.  

Full separation was obtained using the solvent system acetone/conc. HCl/water (86:8:7); the RF values for M (II) complexes 

(0.20, 0.34, 0.60) and HPLC rose in the following order: Mn, Co, and Cu (0.20, 0.34, 0.60). 

3.1 Antimicrobial activity: -  

The agar well diffusion technique was used to determine the antibacterial and antifungal activity of the newly synthesised 

compounds.  All microbial cultures were adjusted to the 0.5 McFarland Standard, which corresponds visually to a microbial 

solution containing roughly 1.5108 cfu/ml. Twenty millilitres of agar medium was placed onto each Petri plate, and the plates 

were swabbed with a 100 millilitre inocula of the test microorganisms and left for fifteen minutes to allow for adsorption. Wells 

were drilled into seeded agar plates using an 8 mm-diameter sterile corn borer and filled with 100 ml of a solution of each 

chemical dissolved in dimethyl sulphoxide (DMSO) at a concentration of 1.0 mg/ml. For 24 hours, all plates were incubated at 

300 K. The antibacterial activity of all produced compounds was determined using a zone reader to determine the zone of growth 

inhibition against test organisms (Hi antibiotic zone scale). Negative controls included dimethyl sulphoxide (DMSO) medium, 

whilst positive controls included ciprofloxacin (a conventional antibiotic) and griseofulvin (a typical antifungal medication). The 

experiments were replicated three times. 

The ligand HL and its Cr (III), Mn (III), and Fe (III) complexes were evaluated for antibacterial and antifungal activity against 

Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus megaterium, as well as the fungi Kluyveromyces 

fragilis, Rhodotorula rubra, Candida albicans, and Tricho 

IV. RESULTS AND DISCUSSION 

The elemental analysis (C, H, N, and M) of the metal chelates in Table I revealed that they may be represented by the formula [M 

(C19H24N6O2S) X]X2, with M (III) equal to Cr, Mn, and Fe and X equal to Cl. The TLC and HPLC methods were used to 

validate the purity of the Schiff base and its complexes. 

Table 1. The Schiff base ligand and its metal complexes: elemental analysis, molar conductance, and magnetic moment 

Compound Molecular 

Formula 

FW Colour Calculated (Found)/% 𝝁𝒆𝒇𝒇 

 

𝜦𝑴 

 

   C H N M 𝝁𝑩 

 
𝑺𝒄𝒎𝟐𝒎𝒐𝒍−𝟏 

Ligand 

(HL) 

C19H24N6O2

S 

506.62   Yello

w 

45.0  

(45.4) 

4.7 

(4.8) 

16.6 

(15.9) 

- - - 

          

Cr complex [Cr 

(HL)X]X2 

558.61 Greeni

sh 

40.8 

(40.5) 

4.3 

(4.2) 

15.0 

(15.0) 

9.3 

(9.4) 

4.35 58.8 

          

Mn 

complex 

[Mn 

(HL)X]X2 

562.46    Dark 

Brown 

40.5 

(40.6) 

4.3 

(4.2) 

14.9 

(15.1) 

9.9 

(9.8) 

4.85 40.0 

          

Fe complex [Fe 

(HL)X]X2 

561.56 Orang

e red 

40.6 

(40.5) 

4.3 

(3.3) 

15.0 

(14.9) 

9.8 

(9.6) 

5.78 32.5 
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The molar conductance studies in DMSO (Table I) indicated that these chelates were 1:2 electrolytes (conductance values of 30–

60 S cm2 mol–1, compared to the published range of 30–180 S cm2 mol–1).  The anions assays were positive both before and 

after the chelates were decomposed with concentrated HNO3, indicating their existence both outside and within the coordination 

sphere. Numerous efforts were made but failed to create a single crystal acceptable for X-ray crystallography. However, the 

analytical, spectroscopic, and magnetic data allowed for the prediction of the complexes' likely structure. The complexes' low 

molar conductance might be a result of the huge size of the cat-ion coordination sphere, which may have a poor ionic mobility; the 

values of molar conductance indicate that the complexes were electrolytes with chloride as the counter ion. 

The infrared spectrum revealed significant information about the nature of the functional group linked to the metal atom. The 

appearance of a single medium band in the complexes in the area of 3250–3330 cm–1 may be attributed to N–H stretching 

vibrations. It was discovered that the thiocarbohydrazide spectra had a pair of bands corresponding to v(NH2) at 3245 and 3309 

cm–1. The stretching vibration of (C=N) was discovered to have a lower frequency (1520–1560 cm–1) than predicted (1580–1650 

cm–1). This may be stated in terms of a drift of the azomethine nitrogen's lone pair density towards the metal atom,18,19 showing 

that coordination happened through the (C=N) groups' nitrogen. The bands between 3020 and 3040 cm–1 may be attributed to the 

(C–H) stretching vibrations of the benzil and naphthalene rings. The C–N stretching ranged between 1000 and 1300 cm–1. In 

thiocarbohydrazide, the band of about 780 cm–1 may be attributed to free (C=S). This band is also present in the spectra of all the 

complexes, indicating that the sulphur atom is not covalently bound to the metal atom. The band at 3292–3438 cm–1 is due to the 

complexes containing –OH groups. The complexes' far infrared spectra include bands in the range 420–450 cm–1, corresponding 

to (M–N) vibrations, indicating that the azomethine nitrogen is coordinated. At 290–310 cm–1, the bands may be attributed to (M–

Cl) vibrations.  

Tabel II. The location of the infrared spectral bands (cm-1) and electronic spectral data in DMSO (cm-1) of the Schiff base 

ligand and its metal complexes are shown. 

 

Compd. 

 

(NH2) 

 

(C=N) 

 

(C=S) 

  

(M–Cl) (M–N) 

–OH 

str. 

–OH 

ben. 

UV–Vis maxima, cm-1 

(extinction coefficients, 

m3 mol-1 cm-1) 

Ligand 3250 1560 740 295 410 3327 1350 27027 

(HL)        (35.8) 

Cr 3280 1530 760 310 400 3292 1352 8950–9300 

complex        (24.5, 8.20) 

Mn 3260 1560 730 290 440 3375 1380 22200–22575 

complex        (32.4, 12.6) 

Fe 3310 1520 780 397 450 3438 1332 9540–9830 

complex        (18.3, 8.9) 

The FAB mass spectra of the ligand were recorded, as well as those of the Cr (III), Mn (III), and Fe (III) complexes. All spectra 

had parent peaks corresponding to molecular ions (M+). By comparing the molecular formula weights of these complexes to 

their m/z values, the hypothesised molecular formula of these complexes was verified. m/z 506 (ligand), 558 (Cr(III) complex), 

562 (Mn(III) complex), and 561 (Fe(III) complex) were observed as molecular ion peaks.These findings are consistent with the 

chemical formula for these complexes, [M(C19H24N6O2S)X]X2, where M stands for Cr(III), Mn(III), and Fe(III), and X stands 

for Cl–.Along with the peaks associated with the molecular ions, the spectrum displayed peaks associated with numerous 

fragments formed during the complexes' thermal breakage. The peak intensity indicated the shards' stability. 

In DMSO, we recorded the electronic spectra of the Schiff base and its complexes. The absorption spectrum of the free ligand 

had a prominent band centre at 370 nm (27027 cm–1), which was attributable to the thioxo group's n  π* transition. Another 

strong band in the free ligand's higher energy area was associated with the benzene rings' n  π* transition.  

At ambient temperature, the magnetic moment of the Cr (III) complex was 4.35 B, which is close to the value anticipated for 
three unpaired electrons in the metal ion. The Cr (III) complex's electronic spectrum revealed bands in the range of 8950–9310 
cm–1. The spectral bands are consistent with the structure of a five-coordinated Cr (III) complex. Based on the analytical data, 

spectral investigations, and electrolytic nature of the complex, 4B14Ea,4B14B2,4B14A1and4B14Ebare the electrical 

spectral bands.

The Mn (III) complex has a magnetic moment of 4.85 B, indicating a high spin d4 system. 

The electronic spectrum of the manganese complex exhibits three d–d bands that are located between 12250 and 12590 cm–1. 

The spectra are like that of five coordinated square pyramidal Mn (III) complexes. Additionally, the appearance of a large ligand 

field band at 20400 cm–1 supports this. The following bands may be assigned: 5B1 5A1, 5B1 5B2, and 4B1 5E. In single 

electron transitions, the band assignments are as followsdz2  dx2–y2, dxy dx2–y2and dxy, dyz dx2–y2, in decreasing order 

of energy. The complex, however, lacked optimal C4V symmetry. 

The magnetic moment of the Fe (III) complex was 5.78 B, equivalent to five unpaired electrons, which is close to the high spin 

values expected for this metal ion. 28. The electronic spectrum of the Fe (III) complex exhibited a variety of bands in the range of 

9820–9970 cm–1, which is comparable with the spectrum of spectral bands previously reported for the Fe (III) complex composed 

of five coordinate square pyramids. The different bands are denoted by the abbreviations dxy, dxz, dyz, and dxy dz2.  
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According to Table III, HL (ligand) displayed moderate antibacterial activity against all tested bacteria and the Candida albicans 

fungus. HL was highly antifungal against K. fragilis and T. reesei but had no effect on R. rubra. The Cr(III) complex was found to 

have strong antibacterial and antifungal activity against B. megaterium, K. fragilis, R. rubra, and Candida albicans, as well as 

moderate antibacterial and antifungal activity against E. coli, S. aureus, and P. aeruginosa, but no activity against T. reesei.The Mn 

(III) complex was moderately active against P. aeruginosa and B. megaterium, highly active against K. fragilis, Candida albicans, 

and Toxoplasma reesei, and inactive against E. coli, S. aureus, and R. rubra. The Fe(III) complex had a minor effect on S. aureus, 

P. aeruginosa, B. megaterium, and T. reesei, a more significant effect on K. fragilis and Candida albicans, and no effect on E. coli 

or R. rubra. 

Table III. The standards, solvent, ligand, and its metal complexes all have antibacterial and antifungal action. 

Cmpd. E. S. P. B. K. R. C. T. 

 coli aureus aeruginosa megaterium fragilis rubra albicans reesei 

Ligand (HL) 7 7 7 8 12 0 9 14 

Cr complex 9 8 7 16 18 16 12 0 

Mn complex 0 0 9 7 10 0 15 12 

Fe complex 0 8 9 7 15 0 12 7 

Ciprofloxacin 24 20 22 24 – – – – 

Griseofulvin – – – – 24 24 24 23 

DMSO 0 0 0 0 0  0 0 

 

The ligand and its metal complexes were compared to the conventional antibiotic’s ciprofloxacin and griseofulvin for antibacterial 

and antifungal activity. The variance in activity of various metal complexes against different microorganisms is due to the cell's 

impermeability or changes in the microbial cells' ribosomes. The lipid membrane that surrounds the cell facilitates the passage of 

any lipid-soluble molecules, and it is well established that liposolubility plays a critical role in determining antimicrobial efficacy.  

The limited activity of the metal complexes in this investigation might be attributed to their low lipophilicity, which resulted in a 

lower penetration of the complex through the lipid membrane, rendering them incapable of blocking or inhibiting microorganism 

growth. 

V. CONCLUSIONS 

The analytical findings indicated that each ligand molecule included a single metal ion, implying a mononuclear structure for the 

complexes [M(C19H24N6O2S) X]X2. The electronic spectrum data strongly suggests that the complexes have a square 

pyramidal shape. Antimicrobial activity was determined for the ligand and its Cr (III), Mn (III), and Fe (III) complexes against a 

variety of pathogens. All the complexes were shown to be less active against the bacteria E. coli, S. aureus, and P. aeruginosa, 

while the Cr (III) complex had the greatest antibacterial activity against the bacteria B. megaterium and the fungi K. fragilis and 

R. rubra. 
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