



Microwave Synthesis, Spectral, Thermal and Antimicrobial Studies of Some Schiff Base Metal Complexes
ABSTRACT
The complexes of tailor-made ligands with life essential metal ions may be an emerging area to answer the problems of multidrug resistance (MDR). VO(IV) and Co(II) derived from 2-pyridine carboxaldehyde with 4-amino benzoic acid (PAB) have been synthesised by conventional as well as microwave methods. These compounds have been characterised by elemental analysis, molar conductance, FT-IR, electronic spectra, magnetic susceptibility and thermal analysis. The complexes are coloured and stable in air. This study is aimed at microwave synthesis, spectral, thermal and antimicrobial studies of some Schiff base metal complexes. All the chemicals and solvents used were of Anal R grade. All the reagents used for the preparation of the Schiff base were obtained from HI media. Thermogravimetric analysis was carried out under atmospheric conditions with a heating rate of 10°C min-1 on TGA Q500 universal V4.5A TA instrument. The ligand and the metal salt were mixed in a 1:2 (metal: ligand) ratio in a grinder. The reaction mixture was then irradiated in the microwave oven using 4 mL of solvent. The progress of the reaction and purity of the product were monitored by TLC using silica gel G (yield: 75-80%). Analytical data revealed that all the complexes exhibited a 1:2 (metal: ligand) ratio with coordination numbers 4 or 6.  Thermal data show a degradation pattern of the complexes. The thermal behaviour of metal complexes shows that the hydrated complexes lose water molecules of hydration in the first step, followed by decomposition of ligand molecules in the subsequent steps. The Schiff base and metal complexes show good activity against the bacteria, S. typhi, B. subtilis, E. coli and fungi F.  oxysporum, A. niger, and C. albicans. The antimicrobial results also indicate that the metal complexes are better antimicrobial agents as compared to the Schiff bases. Beyond the fundamental aspects, the synthesised compounds demonstrated remarkable biological applications by showcasing the antibacterial & antifungal activity. It was observed that the ligand PAB exhibited superior bactericidal and fungicidal activity when compared to the metal complexes. These compelling findings emphasise the diverse applicability of this novel Schiff base ligand and its metal complexes, particularly in addressing biological challenges. 
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1. INTRODUCTION
“One of the most fascinating aspects of coordination chemistry is the chemistry of transition metal ions when they interact with biological molecules. Coordination chemistry, or the study of Schiff base ligands interacting with metal ions, has remained one of the most active research topics in inorganic chemistry. Organic and inorganic molecules are linked via coordination compounds. The term Schiff’s base derives from the name of the German chemist Hugo Schiff, who, in 1864, was the first to describe the products resulting from the reaction of primary amines with carbonyl compounds. Following the recommendation of IUPAC, Schiff bases are defined as chemical compounds (imines) bearing a hydrocarbyl group on the nitrogen atom R2C = NR′ (R′ ≠ H). They are considered by many to be synonymous with azomethines” (Raczuk et al., 2022; Panghal et al., 2023). “The incorporation of transition metal ions such as Co(II) and VO(IV) into the framework of azomethine-based ligands is of significant interest, as it modulates their structure, stability, and functional potential. Cobalt(II) complexes are recognised for their catalytic, magnetic, and antimicrobial properties, while Vanadium(IV) has multiple biological roles as essentiality in traces, therapeutic effect in small doses and toxicity in excess. V(V)-V(IV)/V(IV)-V(III) redox systems are very significant from a reactivity viewpoint. Vanadium compounds have been utilised in various homogeneous/heterogeneous catalytic processes, where they exhibited good synthetic potential. A large number of Schiff bases and their metal complexes have been found to possess important biological and catalytic activity” [1-4]. 
“The present-day industrialisation has led to immense environmental deterioration. Over the past two decades, the green approach to the synthesis of Schiff base ligands and their metal complexes has gained significant attention due to its sustainability and environmental benefits. This method enables eco-friendly synthesis by eliminating the use of hazardous solvents and harmful reaction conditions, thereby aligning with the principles of green chemistry. The basis of this technique of synthesis is much faster with high yields compared to conventional methods. In conventional methods, the yield is lower as compared to microwave irradiation, demonstrating the effect of microwave irradiation, which is not purely thermal” [5-10]. “Microwave-assisted synthesis is considered one of the most crucial subdivisions of green chemistry. Microwave reactions under free or less solvent conditions are eye-catching and present reduced pollution, low price, and high productivity, together with ease in processing and handling” (Hassan et al., 2022; Rahaman et al., 2024). This study is aimed at microwave synthesis, spectral, thermal and antimicrobial studies of some Schiff base metal complexes.
2. EXPERIMENTAL

2.1 Materials and methods: All the chemicals and solvents used were of Anal R grade. All the reagents used for the preparation of the Schiff base were obtained from HI media. Metal salts were purchased from CDH Chemie. The progress of the reaction was monitored by silica gel-G coated TLC plates using a MeOH: CHCl3 system (1:9). The spot was visualised by exposing the dry plate to an iodine vapour chamber. Magnetic susceptibility measurements were carried out on a Gouy balance at room temperature using CuSO4.5H2O as the calibrant. Diamagnetic corrections were applied in compliance with Pascal’s constant. Electronic Spectra (in MeOH) were recorded on Perkin Elmer Lambda- 2B Spectrophotometer (range 200-700 nm) at the Department of Chemistry, Dr. Harisingh Gour University, Sagar (M.P.). FT-IR spectra were recorded in KBR medium on a Perkin Elmer RX1 spectrophotometer, SAIF, CDRI, Lucknow and SAIF Panjab University, Chandigarh, in the wavenumber region 4000-400 cm-1. Elemental analyses were performed on the Heroes elemental analyser, SAIF, CDRI, Lucknow. Molar conductance measurements were conducted using 10-3 M solutions of the complexes in methanol on Elico-CM 82 Conductivity Bridge at room temperature. Microwave-assisted synthesis was carried out in an open glass vessel on a modified microwave oven model 2001 ETB with rotating tray and a power source 230 V, microwave energy output 800W and microwave frequency 2450 MHz. A thermocouple device was used to monitor the temperature inside the vessel of the microwave. The microwave reactions were performed using on/off cycling to control the temperature. Thermogravimetric analysis was carried out under atmospheric conditions with a heating rate of 10°C min-1 on TGA Q500 universal V4.5A TA instrument.
2.2 Conventional synthesis of the Ligand (PAB)
The ligand-PAB (Figure 1) has been synthesised by condensing the methanolic solution of 2-pyridine carboxaldehyde (0.01 mol) with the methanolic solution of 4-amino benzoic acid (0.01 mol) in a 1:1 ratio. The reaction mixture is refluxed on a water bath for about 5.5 hours. The brown product is recrystallised with ethanol and petroleum ether, and purity is checked by TLC using silica gel G (Yield: 76%). 
[image: image1.emf]
Figure 1. Structure of Schiff base Ligand

2.3 Microwave method for the synthesis of Schiff base

The equimolar (1:1) ratio of 2-pyridine carboxaldehyde with 4-amino benzoic acid (PAB) was mixed thoroughly in a grinder. The reaction mixture was then irradiated by the microwave oven using 3 ml of solvent. The reaction was completed in a short time (6 min). The resulting product was then recrystallised with ethanol, finally dried under reduced pressure over anhydrous CaCl2 in a desiccator. The progress of the reaction and purity of the product were monitored by TLC using silica gel G (yield: 83%).

2.4 Conventional synthesis of the metal complexes

The metal complexes have been prepared by the mixing of (50 ml) methanolic solution of VOSO4.5H2O/CoCl2.6H2O with the (50 ml) methanolic solution of Schiff base (PAB) in a 1:2 (metal: ligand) ratio. The mixture is refluxed on a water bath for about 7-8 hours. The reflux is kept overnight. The resulting coloured precipitated complex is washed with ethanol followed by petroleum ether, and dried under reduced pressure over anhydrous CaCl2 in a dessicator (yield: 60-70%).
2.5 Microwave method for the synthesis of metal complexes

The ligand and the metal salt were mixed in a 1:2 (metal: ligand) ratio in a grinder. The reaction mixture was then irradiated in the microwave oven using 4 mL of solvent. The reaction was completed in a short time (7-9 min). The resulting product was then recrystallized with ethanol and ether and finally dried under reduced pressure over anhydrous CaCl2 in a desiccator. The progress of the reaction and purity of the product were monitored by TLC using silica gel G (yield: 75-80%). 
3. Results and discussion
“As a result of microwave-assisted synthesis, it was observed that the reaction was completed in a short time with higher yields compared to the conventional method. In the microwave method, homogeneity of the reaction mixture was increased by rotating the reaction platform tray. The confirmation of the results was also checked by repeating the synthesis process. All the metal complexes are coloured, solid and stable towards air and moisture at room temperature. They decompose on heating at high temperatures and are more or less soluble in common organic solvents. Comparative study results obtained by microwave-assisted synthesis versus the conventional heating method are that some reactions which required 5-8 hours by the conventional method were completed within 6-8 min. by the microwave irradiation technique, and yields have been improved from 60-78% to 75-83%. The comparison study data of microwave and conventional methods, with analytical and physical data of the compounds, are given in Table 1. Analytical data show that metal complexes have 1:2 (metal: ligand) stoichiometry. The molar conductance in methanol (103M) of the complexes is 78.2 and 107.4 Scm2mol-1, respectively, for VO(IV) and Co(II) complexes. This indicates the uni-bivalent electrolytic nature” [11-14].
Table 1. The comparative results of conventional and microwave methods, analytical, physical data and magnetic moment values of the compounds
	Compounds/                 Molecular Formulae        Mol.Wt [Colour]
	Reaction period
	Yield (%)
	Elemental analysis, found (calcd.) %
	*Λm

	
	CM (h.)
	MM (min.)
	CM
	MM
	C
	H
	N
	

	(C13H10N2O2)
 226.0           
[Yellow]
	5.5
	6.0
	76
	83
	69.1 (69.0)
	4.6 (4.4)
	12.3 (12.3)
	-

	[VO(C13H10N2O2)2]SO4 5H2O 

704.9

 [Dark Brown]
	8.2
	8.9
	76.9
	75
	44.7 (44.2)
	4.4 (4.2)
	9.97 (9.33)
	38.5

	[Co(C9H8N2SO2)2Cl2] 3H2O 

599.93 

[Greenish black]
	7.3
	7.1
	78.1
	80
	36.56 (36.01)
	3.32 (3.66)
	9.01 (9.33)
	147.0


*Λm = (Ω-1cm2mol-1)
3.1 IR spectra

“The IR spectra of the complexes were compared with those of the free ligand in order to determine the involvement of coordination sites in chelation. Characteristic peaks in the spectra of the ligand and complexes were considered and compared.The ligand (PAB) has a strong absorption band at 1700 cm-1, which is assigned to the C=O (carbonyl group) of carboxylic acid. This band remains practically unchanged after complexation, suggesting non-involvement of the acid group in coordination. In the ligand spectra, a medium intense band at 1628 cm-1 due to the azomethine group has shifted to a lower wave number (1590±13 cm-1) in the metal complexes. This suggests the coordination through the azomethine nitrogen. The strong bands observed at 1476 cm-1 and 1046 cm-1 in the ligand spectrum are tentatively assigned to ν(C=N) of the pyridine ring have shifted towards the lower frequency side in the complexes. These observations suggest the involvement of pyridinic nitrogen in coordination. A broad band present in the spectra of the complexes at 3380±20 cm-1 is due to ν(OH) of associated water molecules. Another week band at 650 cm-1 (in Co(II) complex) is assignable to a coordinated water molecule. A new band at about 511 cm-1 (only in Co(II) complex) and new bands at 456±6 cm-1 (in both the complexes) may be due to the formation of (M-O) and (M-N) bonds, respectively. The spectrum of the oxovanadium(IV) complex exhibits a new band at 974 cm-1  has been assigned to the ν(V—O) vibration. The presence of an ionic sulphate group in VO(IV) complex has been confirmed by the appearance of three bands at 1116 (ν3), 900 (ν1) (merg) and 604 (ν4) cm-1. The absence of the ν2 band and the non-splitting of the ν3 band indicate that Td symmetry is still held” [15-17].
3.2 Electronic spectra and magnetic moment

The nature of the ligand field around the metal ion has been deduced from the electronic spectra (Table 2). The electronic absorption spectra of the complexes were recorded at room temperature using methanol as solvent.
The electronic spectrum of Co-PAB complex shows two bands at 12169 cm-1 and 19168 cm-1, which have tentatively been assigned to 4T1g(F)-4A2g(F) (ν2) and 4T1g(F)-4T1g(P) (ν3), respectively. The various ligand field parameters, l0Dq, B, β, β%, λ ν2/ν1 and LFSE have been calculated, and the values are as follows: 6760 cm-1, 1007 cm-1,0.89, 10.0, (-512), 2.2 cm-1 and 64.61 kJmol-1, respectively. The magnetic moment is 5.07 B.M. Thus, the tetrahedral geometry has been suggested for this complex. 
“Oxovanadium (IV)- PAB complex exhibits two bands at 12391 cm-1 and 22345 cm-1, which have tentatively been assigned to 2B2-2E (ν1) and 2B2-2B1(ν2) transitions. The magnetic moment is 1.80 B. M. This data suggests the trigonal bipyramidal/square pyramidal geometry for VO(IV) complex” [18-22].
Table 2: Electronic spectral and magnetic moment values of complexes
	S.No.
	Complexes
	Transitions
	Bands (cm-1)
	Magnetic Moment (B.M.)

	1.
	VO(IV)-PAB
	2B2-2E(ν1)
	12391
	1.80

	
	
	2B2-2B1(ν2)
	22345
	

	
	
	2B2-2A1(ν3)
	
	

	2.
	Co(II)-PAB
	4T1g(F)-4A2g(F) (ν2)
	12169
	5.07

	
	
	4T1g(F)-4T1g(P) (ν3)
	19168
	


3.3 Thermal analyses

The thermal behaviour of metal complexes shows that the hydrated complexes lose molecules of hydration first, followed by decomposition of ligand molecules in the subsequent steps. Non-isothermal solid-state kinetic data are summarised in Table 3.
“Thermogram of the complex shows a weight loss between 50-150°C. This corresponds to the loss of five lattice water molecules in the complex [Remaining Wt.% obs./cal. 89/87.2]” (Krekora et al., 2025). “After 150°C, a slow weight loss has been observed in general up to 300°C, indicating the decomposition of the sulphate moiety (non-coordinated part) from the metal chelate (Remaining Wt.% obs./cal. 76/73.6). Above this temperature, a gradual weight loss has been observed in general up to 500°C, indicating the decomposition of the ligand moiety. The weight loss observed between 300-400°C may be due to a partially decomposed ligand part in the complex (Remaining Wt.% obs./cal. 51/ 48.0). The remaining part of the ligand breaks at 400-500°C. A horizontal thermal curve has been observed after 600°C. This constant weight region corresponds to metal oxide as a final pyrolysis product (Remaining Wt.% obs./cal. 25/22. 5)” [23-26].
Table 3: Non-isothermal kinetic parameters of the [VO(PAB)2]SO4.5H2O complex
	S. No.


	Complexes
	Methods
	Dec. stage/temp. (K)
	E (J mol-1)
	Z (S-1)
	ΔS* (J mol-1)

	1
	[VO(C13H10N2O2)2]SO4 5H2O 
	P-N
	Ist/498
	28.72
	8.03×10-12
	-461.51

	
	
	C-R
	
	31.78
	3.77×10-11
	-448.66


3.4 Biological screening
“The bactericidal and fungicidal investigation data of the compounds are summarised in Table 4. The results of the investigations account for the antipathogenic behaviour of the compounds, and this efficacy is positively modified on complexation. Overtone’s Concept and Chelation Theory explain well this drug action” [27-31].

Table 4. Antimicrobial screening data for the ligands and their complexes
	Compound
	Antibacterial
	Antifungal

	
	S. typhi
	B. subtilis
	E. coli
	F.  oxysporum
	A. niger
	C. albicans

	
	25*
	50*
	25*
	50*
	25*
	50*
	25*
	50*
	25*
	50*
	25*
	50*

	PAB
	13
	16
	12
	18
	12
	14
	10
	18
	12
	15
	11
	16

	VO(IV)
	20
	25
	17
	23
	16
	19
	20
	22
	22
	25
	18
	24

	Co(II)
	16
	25
	18
	22
	15
	18
	16
	28
	18
	24
	19
	25

	Streptomycin
	24
	26
	20
	24
	20
	22
	-
	-
	-
	-
	-
	-

	Griseofulvin
	-
	-
	-
	-
	-
	-
	26
	30
	22
	24
	24
	28


*Concentration in ppm

4. Conclusion

A novel Schiff base ligand 2-pyridine carboxaldehyde with 4-amino benzoic acid (PAB), along with its metal complexes PABVO and PABCo, were synthesised utilising the microwave and reflux method. The anticipated structural integrity and physicochemical properties of the ligand and its metal complexes were confirmed through various analytical techniques, namely UV-Vis, FT-IR and thermogravimetric analysis (thermal analysis). Beyond the fundamental aspects, the synthesised compounds demonstrated remarkable biological applications by showcasing the antibacterial & antifungal activity. It was observed that the ligand PAB exhibited superior bactericidal and fungicidal activity when compared to the metal complexes. These compelling findings emphasise the diverse applicability of this novel Schiff base ligand and its metal complexes, particularly in addressing biological challenges. 
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