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Abstract: Five Schiff base complexes, namely [FeL2(H2O)2] (1), [CoL2(H2O)2] (2), [NiL2] (3), [CuL2] (4), and 

[ZnL2] (5) were synthesized and characterized via solubility, melting points, molar conductivity, 

magnetic susceptibility, UV-Vis and IR spectroscopies. The complexes showed a metal-to-ligand ratio of 

1:2 and were observed to be non-electrolytic, as per the results of molar conductivity tests. The IR 

spectra showed that the coordination between the carbonyl groups, the methanolic oxygen atom of the 

Schiff base, and the metal centers occurred in a bidentate manner. Electronic spectra and magnetic 

susceptibility tests revealed that complexes 1 and 2 had an octahedral geometry with a six-coordinate 

local symmetry around the metal ions. In contrast, complexes 3–5 were observed to be square planar. 

Studies on magnetic susceptibility further showed that complexes 3 through 5 are paramagnetic, whereas 

complex 5 is expectedly diamagnetic. As a result of forming high spin complexes with Fe(II) and Co(II) 

ions, the results further revealed that the Schiff base ligands are weak field ligands. The antimicrobial 

tests revealed that the metal complexes had more inhibition activity when compared to the free ligands. 

Thus, the Schiff base complexes have potential as powerful, all-purpose antimicrobial agents. 

Keywords:  Schiff base, Ligand, Metal (II) complex, Characterization, Spectra, Antibacterial, Antifungal. 

 

Introduction  

Antimicrobial resistance remains a global challenge. 

Infections and the emergence of resistance to the drugs 

used to prevent and treat them have readily spread across 

geographical borders, threatening global health security 

(WHO, 2016). For example, people with methicillin-

resistant Staphylococcus aureus (MRSA) are 64 % 

more likely to die than people with a non-resistant 

form of the infection. Resistance also increases the 

cost of health care with lengthier stays in hospitals and 

more intensive care. In the search for new antimicrobials 

effective in the treatment of infections caused by multi-

resistant bacteria, due consideration ought to be given to 

the synthesis of drugs with new activation targets, as well 

as modification of the activity of compounds with known 

antimicrobial activity (Saga and Yamaguchi, 2009). Most 

metal ions are essential components to maintaining 

human homeostasis and play crucial roles in many 

biological processes by involving as cofactors in the 

biological function of proteins, and operating many 

regulations, stabilization, and completion courses of 

cellular functions (Gkouvatsos et al., 2012; Zheng et al., 

2020).  

Medicinal inorganic chemistry, the most attractive 

research area in the field of knowledge concerned with 

the implementation of metal-based complexes to the 

therapy or diagnosis of diseases (Mjos and Orvig, 2014) 

has played an important role in this perspective. 

Although the historically proven use of metal-based 

remedies and drugs traces back to very ancient times. 

Medicinal inorganic chemistry seems to be considered a 

young discipline among the medicinal chemistry fields of 

biological drugs or small organic molecules. Silver, for 

instance, was used to treat wounds and ulcers by the 

Greek physician Hippocrates, and gold was used to treat 

diseases thousands of years ago in China (Magner and 

Kim, 2017; Iorungwa et al., 2020). The introduction of 

metal ions or metal ion binding components into a 

biological system for the treatment of diseases is one of 

the main subdivisions in the field of bioinorganic 

chemistry (Magner and Kim, 2017; Iorungwa et al., 

2020). 

Many of the current antifungal agents that are used in 

therapy are either becoming resistant or have severe 

adverse side effects. This has led to the continued search 

for new antifungal compounds, including coordination 

complexes of biologically important molecules (Farrell et 

al,.2003). The medicinal uses and applications of Schiff 

base and Schiff base complexes are of increasing 

commercial importance. The use of chelating agents in 

the treatment of Wilson’s disease is a good example of 

how chelating agents have arrested medicinal problems 

due to free metal ion toxicity (Sarkar, 1999). Continued 

research aimed at developing Schiff-base drugs which 

can perhaps work by a different mode of action and 

therefore arrest the challenge of resistance, is, therefore, 

a way forward (Agbaje et al., 2014). Thus, the present 

study aims to synthesize, characterize, and evaluate the 

antifungal properties of Schiff base complexes of Fe2+ 

Co2+, Ni2+, Cu2+, Zn2+ ions derived from acetone and 2-

phenylglycine. 

 

Materials and Methods 

The reagents used for the research work were acetone 

(Sigma Aldrich; 97 % assay), 2-phenylglycine (Sigma 

Aldrich; 95 % assay), zinc(II) chloride hexahydrate, 

nickel(II) chloride hexahydrate, copper(II) chloride 

dihydrate, iron(II) chloride tetrahydrate and cobalt(II) 

chloride hexahydrate (all BDH products with 99, 98, 99, 

99 and 98 % assays respectively). Solvents used include 

ethanol (EtOH), methanol (MeOH), ammonia, 

dimethylsulphoxide (DMSO), and dimethylfurmanide 

(DMF) which were all Sigma Aldrich products. Others 

are ethylester and distilled water. The standard drugs 

used were ciprofloxacin and Econazole (May and Baker 

Pharmaceutical Company). All the reagents and solvents 

were of analytical grade and were obtained from 

commercial supplies. The reagents were used as received 
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without further purification, except for ethanol and 

acetone which was redistilled using standard procedures. 

The following apparatus and equipment were used: water 

bath (improvised), oven (heating and drying oven DGH-

9053), furnace (Nabertherm programmable furnace, 

Model GmbH), digital weighing balance (FINLAB 

Electronic Balance Model ESJ200-4), melting point 

apparatus (Stuart Automatic Model SMP40) and 

magnetic stirring hot plate (BIBBY STERILIN Model 

HC500). Others were scientific magnetic susceptibility 

balance (Sherwood AUTO scientific MSB), conductivity 

meter (HACH conductivity meter: Sension5), UV-visible 

spectrophotometer (Agilent Cary Series), and IR 

spectrophotometer (Agilent Cary 360). 

Synthesis of the Schiff Base Ligand 

The method described by Goreci et al, (2016) was 

adopted. About 1 mmol of acetone was stirred for 30 min 

together with 2-phenylglycine and dissolved in 10 mL of 

dry ethanol in a 500 mL round bottom flask. A few anti-

bumping granules were introduced into the flask. A 

refluxed condenser was attached, and the mixture was 

refluxed on a steam bath for 4 – 5 h and then allowed to 

cool overnight. The precipitated Schiff base was filtered, 

washed with cold ethanol several times, and dried in air 

at room temperature. The solid crystal were thereafter 

recrystallized with ethanol. The reaction proceeded 

according to Scheme 1A. 

Synthesis of the Metal(II) Complexes 

The method for the synthesis of the M(II)complexes 

(Scheme 1B) was carried out by adopting the procedure 

described by Shakir, (2014). For Fe(II), the iron(II) 

chloride salt was dissolved in 5 mL of absolute ethanol 

and 1 mmol of the Schiff base ligand at a metal-to-ligand 

molar ratio of 1:2. The metal salt was gradually added 

drop by drop to the solution of the ligand. The reaction 

mixture was allowed to magnetically stirred for 1 h at 

room temperature. The reaction mixture was filtered, 

washed with ethanol, and dried at 50 oC in an oven for 1 

h. The same method was employed for the synthesis of 

Ni(II) L, Co(II) L, Zn(II) L, and Cu(II) L complexes with 

appropriate modifications. 

 
Scheme 1. Synthesis of the Schiff base ligand (A), 

synthesis of the metal(II) complexes, M = Cu, Co, Fe, Ni, 

and Zn (B) 

Characterization of the M(II) Complexes 

The synthesized complexes were characterized by some 

classical and spectroscopic methods of analyses. These 

include solubility studies, melting point determination, 

molar conductivity measurement, magnetic 

susceptibility, infrared and electronic spectroscopies. 

Antimicrobial Studies 
Antimicrobial studies were carried out in the 

microbiology laboratory of Ahmadu Bello University, 

Zaria, with the agar-well diffusion technique employed 

as described by Girish and Satish, (2008).The test 

organisms used for this analysis were clinical isolates of 

bacteria and fungi obtained from the Department of 

Microbiology, Ahmadu Bello University, Zaria. The 

isolates were: Bacillus subtilis, Staphylococcus aureus, 

Escherichia coli, Salmonella typhi,Proteus 

species,Pseudomonas aeruginosa, Candida albicans, 

Aspergillus niger, and Aspergillus flavus. The culture 

media used were Mueller Hinton agar (MHA), Mueller 

Hinton broth (MHB), Potato dextrose agar (PDA), and 

Nutrient agar (NA), the media were used for sensitivity 

test, determination of minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC). 

All media were prepared according to the manufacturer’s 

instructions and sterilized by autoclaving at 121 0C for 15 

min. 

The standardized inocula of both the bacterial and fungal 

isolates were streaked on sterilized Mueller Hinton agar 

and Potato dextrose agar plates respectively with the aid 

of sterile swab sticks. Four wells were punched on each 

inoculated agar plate with a sterile cork borer. The well 

was properly labeled according to the different 

concentrations of the extract prepared which were 100, 

50,25, and 12.5 mg/mL respectively. Each well was filled 

up with approximately 0.2 mL of extract. The inoculated 

plates with the extract were allowed to stay on the bench 

for about one hour; this is to enable the extract to diffuse 

on the agar. The plates were then incubated at 37 0C for 

24 h (plates of Mueller Hinton agar), while the plates of 

Potato dextrose agar were incubated at room temperature 

for about 3-5 days. At the end of the incubation period, 

the plates were observed for any evidence of inhibition 

which will appear as a clear zone that was completely 

devoid of growth around the wells (zone of inhibition). 

The diameter of the zone was measured using a 

transparent ruler calibrated in millimeters and the result 

was recorded. 

The minimum inhibitory concentration (MIC) of the 

compounds was determined using the tube dilution 

method with the Mueller Hinton broth used as diluents. 

The lowest concentration of the compounds showing 

inhibition for each organism when the compounds were 

examined during the sensitivity test was serially diluted 

in the test tubes containing Mueller Hinton broth. The 

standardized organisms were inoculated into each tube 

containing the broth and extract. The inoculated tubes 

were then incubated at 37 0C for 24 h. At the end of the 

incubation period, the tubes were examined/ observed for 

the presence or absence of growth using turbidity as a 

criterion, the lowest concentration in the series without 

visible sign of growth (turbidity) was minimum 

inhibitory concentration. The result from the minimum 

inhibitory concentration was used to determine the 

minimum bactericidal concentration (MBC) of the 

compounds. A sterilized wire loop was dipped into the 

test tubes that did not show turbidity (clear) in the MIC 

test and a loopful was taken and streaked on sterile 

Nutrient agar plates. The plates were incubated at 37 0C 

for 18 – 24 h. At the end of the incubation period, the 

plates were examined/ observed for the presence or 

absence of growth. This is to determine whether the 

antimicrobial effect of the extract is bacteriostatic or 

bactericidal. 

Strict adherence to the method was ensured and at least 

30 days zone diameter was accurately measured with a 

ruler and the nearest millimeter recorded. The diameters 

were toward the middle of the acceptable range and 
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temporary performance limits were then calculated as the 

mean ± standard deviation. Discs for diffusion were 

handled correctly within the laboratory and stocks of 

discs were stored at –20 0C with working stock 

refrigerated with an indicating desiccant and protected 

from light. Discs were allowed to reach room 

temperature before opening for use.   

Physical Properties of the Metal Complexes 
The physicochemical properties of the synthesized metal 

complexes (1–8) are summarized and presented in Table 

1. The complexes were all coloured with the ligand 

showing a white colour, while complexes 1, 2, 3, and 4 

showed brown, pink, deep green, and dark blue 

respectively. Expectedly, the complex of Zn (5) showed a 

white colour. Relatively high yields were also obtained 

for the ligand (78.45 %) and metal complexes (77 – 91 

%), with the highest yield recorded for complex 3 (90.50 

%), while complex 5 gave the lowest percentage yield 

(76.89 %). The melting point or decomposition 

temperature of the ligand was observed to be in the range 

of 63.50 – 66.30 while those of the complexes were 

higher as expected. This is further evidence of the 

formation of metal complexes. 

 

 

Table 1: Physical Properties of the Ligand and Metal Complexes 

Compound Formula 

weight 

(gmol-1) 

Decomposition  

temperature (oC) 

Colour Yield (%) 

L 191.24 63.50 – 66.30 Off white 78.45  

[FeL2(H2O)2] (1) 472.33 185.30 – 188.10 Brown 86.47  

[CoL2(H2O)2] (2) 475.41 109.20 – 112.20 Pink 88.76  

[NiL2] (3) 439.17 244.60 – 247.10 Deep green 90.50  

[CuL2] (4) 444.03 117.60 – 121.20 Dark blue 81.74 

[ZnL2] (5) 445.87 146.40 – 147.10 White 76.89 

 

Infrared spectral characterization 

A comparative study of IR spectral data of the reported 

complexes with that of the free ligand has proven to offer 

sufficient evidence towards a better understanding of the 

coordinating behaviour of Schiff base ligand towards 

metal ions. Thus, the infrared spectra analyses of the 

Schiff base ligand, and its corresponding coordination 

complexes were carried out and the relevant peaks (cm
-

1
) are given in Table 2 and some selected spectra are 

shown in Figure 1.  The absorption band due to ν(C=N) 

was observed to overlap with that of v(C=O) occurring at 

ca. 1581 cm−1 in the spectrum of the free ligand, L. This 

signal was observed to be shifted to higher wave 

numbers appearing at 1591, 1605, 1609, 1638, and 1619 

cm−1 for complexes 1, 2, 3, 4, and 5 respectively, 

indicating the coordination of the M(II) ions to the 

carbonyl oxygen of ν(C=O) group. This assertion is 

consistent with the presence of bands at ~691–898 cm−1 

in the spectra of all the complexes, attributed to ν(M-O) 

vibrations. The lower value of v(C=O) stretching 

observed in the spectra of the complexes may be 

explained based on a drift of lone pair density of 

carbonyl oxygen towards the metal ion indicating that 

coordination takes place through the oxygen of (C=O) 

groups (Chandra and Sharma, 2002; Lodeiro et al., 

2003). 

Table 2: FTIR Spectra of the Ligand and the Synthesized Complexes 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, in the spectrum of the free ligand, the v(O-

H) stretching vibrations appeared at 3164 cm−1 which is 

an indication of the presence of a phenolic OH group in 

the Schiff base ligand. Similar signals appeared in the 

spectra of the complexes with increased intensities at ca. 

3131, 3009, 3405, 3146, and 3193 cm−1 for complexes 1, 

2, 3, 4, and 5 respectively which may rather be ascribed 

to the OH from water of hydration, and/or water of 

coordination as in the cases of complexes 1 and 2. 

Interestingly, the band assigned to v(C-N) vibrations in 

the spectrum of the ligand was observed at 1120 cm−1. In 

the spectra of the complexes, however, this band is 

shifted towards lower wavenumbers at 1086. 1101. 1110, 

1110, and 1101 cm−1 for the complexes 1, 2, 3, 4, and 5 

respectively (Warad et al., 2014). The fact that these 

peaks appear to have shifted bathochromically in the 

spectra of the respective complexes can be additional 

evidence for the involvement of the carbonyl oxygen in 

M-O bonding. Furthermore, the low-intensity bands that 

appear in the spectra of the complexes around 493 – 517 

cm−1 could be attributed to the v(M-O) vibrations. This 

provides strong evidence that the intended complex 

compounds were successfully formed, which is 

consistent with the findings of other researchers who 

studied similar compounds. (Warad et al., 2014; Sani et 

al., 2017). 

Electronic Spectra Studies 

The electronic spectra of the Schiff base ligand, L, and its 

complexes 1, 2, 3, 4, and 5 were measured in DMSO 

Compound/ 

bands (cm-1) 

Ar-H O-H C-H C=N/ 

C=O 

C-N M-O 

L 3339 3164 2900 1581 1120 - 

[FeL2(H2O)2] (1) 3358 3131 2895 1597 1086 502 

[CoL2(H2O)2] (2) 3395 3009 2895 1605 1101 507 

[NiL2] (3) 3513 3405 3169 1609 1110 517 

[CuL2] (4) 3315 3146 3037 1638 1110 493 

[ZnL2] (5) 3395 3193 2985 1619 1101 507 

http://www.ftstjournal.com/


Some Metal (II) Complexes of Schiff Base Ligand Derived from Acetone and 2-Phenylglycine: Structural Aspects and In Vitro Antimicrobial Investigation 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2024: Vol. 9 No. 1 pp. 184 – 192  

187 

187 

(Figure 2), and the spectra data is presented in Table 3. 

The electronic spectrum of the free ligand showed two 

strong bands at 299 and 408 nm which may be assigned 

respectively to π–π* of the aromatic ring and n–π* 

transition associated with the carbonyl (-C=O-) linkages. 

Following complexation, the position of the bands 

associated with π–π* transitions were observed to have 

shifted to 310, 300, 290, 355, and 302 nm for complexes 

1, 2, 3, 4, and 5 respectively, while those ascribed to n–

π* transitions shifted to 364, 386, 404, 397, and 415 nm 

for complexes 1, 2, 3, 4, and 5 respectively suggesting 

the coordination of the carbonyl oxygen to the metal 

centers. 

 

 
Figure1. FT-IR spectra of the synthesized compounds; Schiff base ligand (A), [CoL2(H2O)2]  (B), [FeL2(H2O)2] 

(C), and stacked spectra of the ligand and the complexes(D) 

The bands observed at 509, 528, 670, and 740 nm in the spectra of complexes 1, 2 3, and 4 may be assigned respectively to 

d-d transitions. Consequently, the d-d spectral bands of complexes 1 and 2 are consistent with that of six-coordinate 

geometry around Fe(II) and Co(II), on the basis of which an octahedral geometry may be assigned for these complexes while 

those of 3 and 4 are consistent with a square planar geometry around Cu(II) and Zn(II) (Patil et al., 2011). Complex 5 

showed no d-d bands as expected since Zn(II) ion has a d10 electronic configuration. 

 

Table 3: UV-vis Spectra Data for the Ligand and the Synthesized Complexes 

 

 

 

 

 

 

 

Compound/peaks (nm) (π-π*) transition (n-π*) transition d-d transition 

L 299.91 408.07 - 

[FeL2(H2O)2] (1) 310.94 364.98 509.98 

[CoL2(H2O)2] (2) 300.55 386.59 528.32 

[NiL2] (3) 290.15 404.10 670.86; 746.52 

[CuL2] (4) 355.57 397.67 740.90 

[ZnL2] (5) 302.87 415.18 - 
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Figure2.UV-vis spectra of the synthesized compounds; Schiff base ligand (A), [CoL2(H2O)2]  (B), [FeL2(H2O)2] 

(C), and stacked spectra of the ligand and the complexes (D) 

 

Molar Conductivity Measurements 
Conductivity measurements are commonly used to 

determine metal complex structure within solubility 

limits. The molar ions a complex liberates in solution can 

be used to determine the degree of ionization of the 

complexes (Refat, 2007; Refat et al., 2013). The molar 

conductivity values for the Schiff base ligand and its 

complexes in 1.0 x 10-3 moldm-3 DMSO are presented in 

Table 4. The observed molar conductivity values of both 

the ligand (68.34 Ω-1 mol-1 cm2) and the complexes 

(47.41 – 70.56 Ω-1 mol-1 cm2) suggest that the compounds 

are non-electrolytic. This indicates the absence of an 

outer coordination sphere in the structure of complexes 

since charge neutrality is maintained when an M2+ ion 

combines with 2L− to give the most likely primary 

structure [ML2]. This observation implies that a metal-

ligand ratio of 1:2 could be at play. Higher conductivity 

readings are usually observed in the electrolytic range 

(106-311 Ω-1 mol-1 cm2) when ions beyond the 

coordination sphere (electrolytes) are present (Refat et 

al., 2013).  

Based on the conductivity data, it is evident that the 

complexes being studied are probably non-electrolytes. 

This indicates that the complexes are formed in a metal-

ligand ratio of 1:2, as charge neutrality can only be 

maintained when 1 mole of M2+ combines with 2 moles 

of L. This fact is important in establishing that there is 

the absence of such ions as Cl− in the outer coordination 

sphere of these complexes which eliminates the 

possibility of a 1:1 or 1:3 metal-ligand ratio. (Mohamed 

et al., 2009; Abou-Hussein and Linert, 2015). This fact 

was strongly supported by simple qualitative analysis 

where Cl− ions were not precipitated following the 

addition of aqueous solutions of silver nitrate to a 

solution of the complexes (Refat, 2007). 

Table 4: Room Temperature Magnetic Susceptibility and Molar Conductivity of the M(II)Complexes 

Compound µeff (B.M) 

 

Temperature (K) 

 

Λ(Ω-1 mol-1 cm2) 

L - 300.00 62.30 

[FeL2(H2O)2] (1) 4.97 300.00 66.60 

[CoL2(H2O)2] (2) 5.31 300.50 70.56 

[NiL2] (3) 3.16 300.50 47.41 

[CuL2] (4) 1.86 300.00 51..63 

[ZnL2] (5) 0.00 300.50 55.38 

B.M = Bohr magnetons 

Magnetic Susceptibility Studies 
The spin-only magnetic moments of the complexes are 

shown in Table 4 with the results suggesting 

paramagnetic behaviour for complexes 1 – 4, while 

diamagnetic character was observed for complex 5. 

Complexes 1 and 2 showed spin-only magnetic moments 

of 4.97 and 5.31 BM respectively which are close to the 

theoretical spin-only moments predicted for four and 

three unpaired electrons in Fe2+ and Co2+ ions 

respectively suggesting an octahedral geometry around 

these ions (Lots, 2008). Furthermore, the magnetic 

moments of complexes 3 and 4 were observed at 3.16 

and 1.86 BM respectively suggesting the existence of 

these complexes in a high spin state which is 
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characteristic of Ni2+ and Cu2+ ions in square planar 

environments. This could infer that the Schiff base ligand 

under study is a weak field ligand as it gave high spin 

complexes with the M(II) ions. These claims are backed 

by d-d transitions that are indicative of an octahedral 

local symmetry around Fe(II) and Co(II) ions, and a 

square planar symmetry around Ni(II) and Cu(II) ions as 

seen in the visible spectrum of these complexes. 

As expected for a d10 electronic system, the Zn complex 

(5) was found to be diamagnetic and have magnetic 

moments of zero. This shows that there are no unpaired 

electrons in the degenerate 4d orbitals of the Zn(II) ion 

ruling out the possibility of d-d transition. The result is in 

concomitance with the findings of other researchers for 

some complexes of Cd(II) (Iorhemba et al., 2018).Thus, 

based on the structural data obtained from the present 

study, the geometries of the synthesized metal complexes 

are proposed in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Proposed Structures of the Metal(II) 

Complexes (A), M = Fe, or Co; (B), M = Ni, Cu, or Zn. 

Antimicrobial Screening 
A comparison was made between the antimicrobial 

potency of the Schiff base ligand L and the synthesized 

complexes 1 – 5 against two Gram-positive bacteria, four 

Gram-negative bacteria, and three fungi. The results are 

presented in Table 5. Ciprofloxacin and Econazole were 

used as standard reference drugs for bacteria and fungi 

respectively. The standard drug, ciprofloxacin 

demonstrated better activity against the bacteria species 

when compared to all the synthesized complexes except 

in a few cases. For example, complexes 2 and 3 showed 

better activity against B. subtilis, S. typhi, and P. specie 

than the standard drug suggesting the pharmaceutical 

potential of the complexes. Interestingly, the Schiff base 

ligand proved inactive against all the bacteria strains. 

However, the complexes demonstrated significantly 

induced biological potency which infers an induced 

lipophilicity of the complexes following coordination 

(Chang et al., 2010). It is important to note that 

complexes 2 – 5 showed better activity against the 

bacteria strains than complex 1 which induced minimal 

activity on B. subtilis, S. aureus, and S. typhi while no 

activity was observed against all the other bacterial 

strains suggesting that the microbes are resistant to the 

Fe(II) complex. Thus, it may be indicative that activity is 

linked with chemical structural dynamics which in turn 

affect the lipophilicity of metallodrug candidates. 

Complexes 2 – 5 seem promising drug candidates as their 

activity aligns with the standard drug. 

Table 5: Zone of Antimicrobial Inhibition (nm) of the Ligand and M(II) Complexes  

Test organism L (1) (2) (3) (4) (5) C 

Bacteria        

B. subtilis 0 12 26 28 21 18 25 

S. aureus 0 8 27 32 34 21 40 

E. coli 0 0 24 26 24 20 35 

S. typhi 0 17 28 24 21 17 23 

P. specie 0 0 27 22 18 19 20 

P. aeroginosa 0 0 24 25 19 22 39 

Fungi        

C. albicans 0 0 0 0 0 0 32 

A.niger 0 0 21 40 25 18 40 

A. flavus 0 0 19 32 27 20 35 

C = ciprofloxacin, E = Econazole, L = Schiff base ligand 

Furthermore, the Schiff base ligand demonstrated no 

activity on the studied fungi strains. However, after 

complexation, the complex compounds 2 – 5 showed 

induced potency against A. niger and A. flavus but no 

activity against C. albicans. Similarly, complex 1 was 

found to be inactive against all the studied fungal strains 

suggesting that the fungi strains under investigation are 

resistant to the Fe-based complex. It is important to note 

that the antifungal activity of complex 3 compared 

favorably to that of the standard drug, C. albicans and A. 

flavus respectively. It can be inferred that the new 

complexes demonstrated interesting inhibitory 

performance indicating their potential as alternative 

antifungal agents. Earlier reports have suggested that 

metal centers could enhance or induce the antimicrobial 

activity of ligands. This aligns with the findings of the 

investigation into these metallodrug candidates, as the 

inactive Schiff base ligands are induced rather than 

enhanced against the fungi strains being studied 

following complexation. These findings are in agreement 

with previous reports for similar kinds of compounds 

(Iorungwa et al., 2019; Iorungwa et al., 2020). 

The MIC and MBC results for the bacteria (Tables 6 and 

7) also revealed that the metal complexes are effective 

against microbial strains while the free ligand is not. 

Thus, among all the metal complexes synthesized, 2 

proved to be the best drug candidate against S. typhi and 

complex 4 against B. subtilis with minimum inhibitory 

concentrations and minimum bactericidal concentrations 

of 3.13 and 6.25 µgmL-1 respectively in each case. This 

is again closely followed by complex 2 with MIC and 

MBC values of 6.25 and 12.50 µgmL-1 respectively 

against B. subtilis, S. aureus, and E. coli. It is important 

to state that complex 1 demonstrated no bactericidal or 

bacteriostatic potential against S. aureus as the complex 

compound showed a very high MIC value against the 

microbe. Similarly, the most promising metallodrug 

candidate against the studied fungi strains was found to 

be complexes 3 with MIC and MFC values of 6.25 and 

12.50 µgmL-1 against A. niger. Fungicidal activities were 

absent for complex 2 against A. niger and A. flavus which 
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suggests that the complexes are not fungicidal but 

fungistatic against the respective organismsThe Schiff 

base complexes investigated thus exhibit potential as 

antibacterial and antifungal agents. 

Table 6: Minimum Inhibition Concentration (µgmL-1) of the Ligand and M(II) Complexes  

Test organism L (1) (2) (3) (4) (5) 

Bacteria       

B. subtilis - - 6.25 6.25 3.125 6.25 

S. aureus - 100 6.25 25.00 25.00 12.50 

E. coli - - 6.25 25.00 12.50 12.50 

S. typhi - 50 3.125 25.00 25.00 25.00 

P. specie - - 12.50 12.50 25.00 6.25 

P. aeroginosa - - 12.50 12.50 25.00 6.25 

Fungi       

C. albicans - - - - - - 

A.niger - - 50 6.25 12.50 25.00 

A. flavus - - 50 12.50 12.50 25.00 

L = Schiff base ligand, − = Not determined for MIC 

 

Table 7: Minimum Bactericidal Concentration and Minimum Fungicidal Concentration  

(µgmL-1) of the Ligand and the M(II) Complexes 

 

Test organism L (1) (2) (3) (4) (5) 

Bacteria       

B. subtilis - - 12.50 12.50 6.25 12.50 

S. aureus - ** 12.50 50.00 50.00 25.00 

E. coli - - 12.50 50.00 25.00 25.00 

S. typhi - 100 6.25 50.00 50.00 50.00 

P. sp. - - 6.25 25.00 50.00 12.50 

P. aeroginosa - - 25.00 25.00 50.00 12.50 

Fungi       

C. albicans - - - - - - 

A.niger - - ** 12.50 25.00 50.00 

A. flavus - - ** 25.00 25.00 50.00 

L = Schiff base ligand, − = Not determined for MBC. ** = No MFC (compound is bacteristatic not bactericidal) 

 

Conclusion 
Five Schiff base complexes [FeL2(H2O)2] 

(1), [CoL2(H2O)2] (2), [NiL2] (3), [CuL2] (4), and 

[ZnL2] (5) where L= Schiff base derived from 2-

phenylglycine and acetone were synthesized  and 

characterized by melting point determination, solubility, 

molar conductivity, magnetic susceptibility, UV-Vis and 

IR spectroscopies. Molar conductivity measurements 

showed that complexes are non-electrolytic with their 

composition corresponding to a metal-ligand ratio of 1:2. 

The IR spectra showed that the Schiff base ligand acted 

in a bidentate fashion to the metal centers with 

coordination involving the carbonyl groups and the 

methanolic oxygen atom of the Schiff base. Electronic 

spectra and magnetic susceptibility measurements 

suggested a six-coordinate local symmetry around the 

metal ions in an octahedral geometry in the case of 

complexes 1 and 2 while 3 – 5 were observed to be 

square planar. Magnetic susceptibility studies also 

revealed that complexes 3 – 5 are paramagnetic while 5 

was diamagnetic as expected. The result also suggested 

the Schiff base ligands to be weak field ligands as they 

formed high spin complexes with Fe(II) and Co(II) ions. 

The structural formula for the metal complexes is shown 

in Figures 6 and 7, based on obtained structural data. The 

antimicrobial studies suggested that the Schiff base 

ligands are inactive against the studied bacteria and 

fungi, and their metal complexes showed significantly 

induced antimicrobial sensitivity against the studied 

microbial strains in comparison to the free ligands. The 

Schiff base complexes are thus promising potent broad-

spectrum antimicrobial agents. 

 

Competing Interests  

The authors declare that there are no competing interests 

regarding the publication of this paper. 

 
 References  

Abu-Dief, A. M., and Mohamed, I. M. (2015). A review on 

versatile applications of transition metal complexes 

incorporating Schiff bases. Beni-suef university 

journal of basic and applied sciences, 4(2): 119-133. 

Agbaje, O. B., Wakil, S. M. and Osowole, A. A. (2014). 

Synthesis, Spectroscopic Characterization and 
Antimicrobial Activities of Some Mixed Drug 

Metal(II) Complexes of Sulfamethoxazole and 

Paracetamol. Journal of Research and Developments 
in Chemistry, 4(2): 1-12 

Al Zoubi, W. (2013). Biological activities of Schiff bases and 

their complexes: a review of recent 
works. International Journal of Organic Chemistry, 

3(3): 1-24. 

http://www.ftstjournal.com/


Some Metal (II) Complexes of Schiff Base Ligand Derived from Acetone and 2-Phenylglycine: Structural Aspects and In Vitro Antimicrobial Investigation 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2024: Vol. 9 No. 1 pp. 184 – 192  

191 

191 

Amjad, M., Sumrra, S. H., Akram, M. S., and Chohan, Z. H. 

(2016). Metal-based ethanolamine-derived 
compounds: a note on their synthesis, 

characterization, and bioactivity. Journal of Enzyme 

Inhibition and Medicinal Chemistry, 31(4): 88-97. 
Ashraf, M. A., Mahmood, K., Wajid, A., Maah, M. J., and 

Yusoff, I. (2011). Synthesis, characterization, and 

biological activity of Schiff bases. IPCBEE, 10(1): 
185. 

Bagihalli, G. B., Avaji, P. G., Patil, S. A., and Badami, P. S. 

(2008). Synthesis, spectral characterization, in vitro 
antibacterial, antifungal, and cytotoxic activities of 

Co (II), Ni (II) and Cu (II) complexes with 1, 2, 4-

triazole Schiff bases. European Journal of medicinal 
chemistry, 43(12): 2639-2649. 

Chandra, S., and Sharma, S. D. (2002). Chromium (III), 

manganese (II), cobalt (II), nickel (II), copper (II) 
and palladium (II) complexes of a 12-membered 

tetraaza [N 4] macrocyclic ligand. Transition 

metal chemistry, 27: 732-735. 
Chohan, Z. H., and Hanif, M. (2010). Design, synthesis, and 

biological properties of triazole derived compounds 

and their transition metal complexes. Journal of 
enzyme inhibition and medicinal chemistry, 25(5): 

737-749. 

Chohan, Z. H., Arif, M., Shafiq, Z., Yaqub, M., and Supuran, C. 
T. (2006). In vitro antibacterial, antifungal and 

cytotoxic activity of some isonicotinoylhydrazide 
Schiff's bases and their cobalt(II), copper(II), 

nickel(II) and zinc(II) complexes. Journal of Enzyme 

Inhibition and Medicinal Chemistry, 21(1): 95-103. 
Clinical and Laboratory Standard Institute (CLSI) (2016). 

Performance Standards for Antimicrobial 

Susceptibility Testing (26th Edition). CLSI 
Supplement M100S, Wayne P. A. USA. 

Cui, X. S., Chen, J., Chai, K. Y., Lee, J. S., and Quan, Z. S. 

(2009). Synthesis and anticonvulsant evaluation of 3-
substituted-4-(4-hexyloxyphenyl)-4H-1, 2, 4-

triazoles. Medicinal chemistry research, 18(1): 49-

58. 
Da Silva, C. M., da Silva, D. L., Modolo, L. V., Alves, R. B., de 

Resende, M. A., Martins, C. V., and de Fátima, Â. 

(2011). Schiff bases: A short review of their 
antimicrobial activities. Journal of Advanced 

research, 2(1): 1-8. 

Da Silva, C. M., da Silva, D. L., Modolo, L. V., Alves, R. B., de 
Resende, M. A., Martins, C. V., & de Fátima, Â. 

(2011). Schiff bases: A short review of their 

antimicrobial activities. Journal of Advanced 
research, 2(1), 1-8. 

Dalia, S. A., Afsan, F., Hossain, M. S., Khan, M. N., Zakaria, 

C., Zahan, M. K. E., and Ali, M. (2018). A short 
review on chemistry of schiff base metal complexes 

and their catalytic application. International Journal 

of  Chemistry Studies 6: 2859-2866. 
Das, P., and Linert, W. (2016). Schiff base-derived 

homogeneous and heterogeneous palladium catalysts 

for the Suzuki–Miyaura reaction. Coordination 
Chemistry Reviews, 311: 1-23. 

de Romaña, D. L., Olivares, M., Uauy, R., and Araya, M. 

(2011). Risks and benefits of copper in light of new 
insights of copper homeostasis. Journal of Trace 

Elements in Medicine and Biology, 25(1): 3-13. 

Dharmaraj, N., Viswanathamurthi, P., & Natarajan, K. (2001). 
Ruthenium (II) complexes containing bidentate 

Schiff bases and their antifungal activity. Transition 

Metal Chemistry, 26: 105-109. 
Farrell, N., McCleverty, J. A. and Meyer, T. J. (2003). Metal 

complexes as drugs and chemotherapeutic agents, 

Comprehensive Coordination Chemistry II. 
Pergamon, Oxford, United Kingdom. Pp. 809-840. 

Girish, H. V., and Satish, S. (2008). Antibacterial activity of 

important medicinal plants on human pathogenic 
bacteria-a comparative analysis. World Applied 

Sciences Journal, 5(3): 267-271. 

Gkouvatsos, K., Papanikolaou, G., and Pantopoulos, K. (2012). 

Regulation of iron transport and the role of 
transferrin. Biochimica et Biophysica Acta (BBA)-

General Subjects, 1820(3),:188-202. 

Holla, B. S., Veerendra, B., Shivananda, M. K., and Poojary, B. 
(2003). Synthesis characterization and anticancer 

activity studies on some Mannich bases derived from 

1, 2, 4-triazoles. European Journal of Medicinal 
Chemistry, 38(7-8), 759-767. 

Housecroft, C. E. and Sharpe, A. G. (2005) Inorganic Chemistry 

(Second Edition). Ashford Colour Press Ltd., 
Gosport, Pp. 579-587. 

Hussein, M. A., Shaker, R. M., Ameen, M. A., and Mohammed, 

M. F. (2011). Synthesis, anti-inflammatory, 
analgesic, and antibacterial activities of some 

triazole, triazolothiadiazole, and triazolothiadiazine 

derivatives. Archives of pharmacal research, 34(8): 
1239-1250. 

Iorhemba, M. A., Shallangwa, G. A., Idris S.O (2018). 

Spectroscopic, Structural, Molar Conductivity, 
Magnetic and Antibacterial Activity Studies of 

Co(II) and Ni(II) Complexes of L-methionine and 

L-leucine. Federal University Wukari Trends in 
Science and Technology Journal, 3(1):109 – 116 

Iorungwa, M. S., Mamah, C. L. and Wuana, R. A. (2019). 

Synthesis, Characterization, Kinetic, 
Thermodynamic and Antimicrobial Activity 

Studies of Complexes of Cd(II), Cr(III), and 
Zr(IV) derived from Benzaldehyde and 

Ethylenediamine. Chem Search Journal, 10 (2): 

10-24 
Iorungwa, M. S., Wuana, A. R., Tyagher, L., Agbendeh, Z. M., 

Iorungwa, P. D., Surma, N. and Amua, Q. M. 

(2020). Synthesis, Characterization, Kinetics, 
Thermodynamics and Nematicidal Studies of 

Sm(III), Gd(III) and Nd(III) Schiff Base 

Complexes. ChemSearch Journal,11 (2): 24 – 34 
Joseyphus, R. S., and Nair, M. S. (2008). Antibacterial and 

antifungal studies on some schiff base complexes of 

zinc (II). Mycobiology, 36(2): 93-98. 
Kailas, K. H., Sheetal, J. P., Anita, P. P., and Apoorva, H. P. 

(2016). Four synthesis methods of schiff base ligands 

and preparation of their metal complex with Ir and 
antimicrobial investigation. World Journal of 

Pharmacy and Pharmaceutical Sciences, 5(2): 1055-

1063. 
Kumar, S., Jain, T., and Banerjee, D. (2019). Fungal Diseases 

and Their Treatment: A Holistic 

Approach. Pathogenicity and Drug Resistance of 
Human Pathogens: Mechanisms and Novel 

Approaches, 111-134. 

Lee, J. D (2013) Concise Inorganic Chemistry. (Fifth Edition). 
Learning solutions specialty publications, Pp. 208-

226. 

Lodeiro, C., Bastida, R., Bértolo, E., Macías, A., and Rodríguez, 
A. (2003). Synthesis and characterisation of four 

novel N x O y-Schiff-base macrocyclic ligands and 

their metal complexes. Transition metal 
chemistry, 28: 388-394. 

Lotz, A. (2008). Variable Temperature Equipment for a 

Commercial Magnetic Susceptibility Balance. 
Journal of Chemical Education, 85(1): 107-108. 

Magalhães, T. F. F., da Silva, C. M., Dos Santos, L. B. F., 

Santos, D. A., Silva, L. M., Fuchs, B. B., ... and de 
Fátima, Â. (2020). Cinnamyl Schiff bases: synthesis, 

cytotoxic effects and antifungal activity of clinical 

interest. Letters in Applied Microbiology, 71(5): 490-
497. 

Magner, L. N., and Kim, O. J. (2017). A history of medicine. 

CRC Press. 
Mavor, A. L., Thewes, S., and Hube, B. (2005). Systemic fungal 

infections caused by Candida species: epidemiology, 

infection process and virulence attributes. Current 
drug targets, 6(8), 863-874. 

http://www.ftstjournal.com/


Some Metal (II) Complexes of Schiff Base Ligand Derived from Acetone and 2-Phenylglycine: Structural Aspects and In Vitro Antimicrobial Investigation 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; April, 2024: Vol. 9 No. 1 pp. 184 – 192  

192 

192 

Milto, I.V., Suhodolo, I.V., and Prokopieva, V.D. 

(2016) Molecular and cellular bases of iron 
metabolism in humans. Biochemistry Moscow 81: 

549–564. 

Mjos, K. D., and Orvig, C. (2014). Metallodrugs in medicinal 
inorganic chemistry. Chemical reviews, 114(8): 

4540-4563. 

More, M. S., Joshi, P. G., Mishra, Y. K., and Khanna, P. K. 
(2019). Metal complexes driven from Schiff bases 

and semicarbazones for biomedical and allied 

applications: a review. Materials Today 
Chemistry, 14, 100195. 

Mumtaz, A., and Mahmud, T. (2019). Structural investigation of 

some novel synthesized Schiff base Transition metal 
complexes derived from drug together with 

antimicrobial study. Pakistan journal of 

pharmaceutical sciences, 32(3): 963-968. 
Patil, S. A., Unki, S. N., Kulkarni, A. D., Naik, V. H. and 

Badami, P. S. (2011). Co(II), Ni(II) and Cu(II) 

complexes with coumarin-8-yl Schiff-bases: 
spectroscopic, in vitro antimicrobial, DNA 

cleavage and fluorescence studies. Spectrochimica 

Acta Part A: Molecular and Biomolecular 
Spectroscopy, 79(5): 1128-1136. 

Petrucci, R.H.; Harwood, W.S. and Herring, F.G. (2002) 

General Chemistry. 8th edition, Prentice-Hall, pp. 
341-2. 

Pinto, J., Shenoy, M. M., Girisha, B. S., and Suchitra, M. 
(2008). Fungal Infections in Humans. Front. Fungal 

Ecol. Divers. Metabol., 227. 

Rai, M., Ingle, A. P., Pandit, R., Paralikar, P., Gupta, I., 
Anasane, N., and Dolenc-Voljč, M. (2017). 

Nanotechnology for the treatment of fungal 

infections on human skin. In The microbiology of 
skin, soft tissue, bone, and joint infections (pp. 169-

184). Academic Press. 

Raman, N., Dhaveethu Raja, J., and Sakthivel, A. (2007). 
Synthesis, spectral characterization of Schiff base 

transition metal complexes: DNA cleavage and 

antimicrobial activity studies. Journal of Chemical 
sciences, 119: 303-310. 

Rastija, V., Vrandečić, K., Ćosić, J., Šarić, G. K., Majić, I., 

Agić, D., and Molnar, M. (2022). Effects of 
Coumarinyl Schiff Bases against Phytopathogenic 

Fungi, the Soil-Beneficial Bacteria and 

Entomopathogenic Nematodes: Deeper Insight into 
the Mechanism of Action. Molecules, 27(7): 2196. 

Refat, M. S. (2007). Synthesis and characterization of 

norfloxacin-transition metal complexes 
(group 11, IB): spectroscopic, thermal, kinetic 

measurements and biological 

activity. Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy, 68(5): 1393-1405. 

Refat, M. S., El-Deen, I. M., Zein, M. A., Adam, A. M. A. and 

Kobeasy, M. I. (2013b). Spectroscopic, structural and 
electrical conductivity studies of Co(II), Ni(II) and 

Cu(II) complexes derived from 4-acetylpyridine with 

thiosemicarbazide. International Journal of 
Electrochemical Science, 8(7): 9894-9917. 

Saga, T., and Yamaguchi, K. (2009). History of antimicrobial 

agents and resistant bacteria. Jmaj, 52(2): 103-108. 
Sakhare, D. T. (2020). Synthesis, characterization of schiff bases 

and biological activities of their transition metal 

complexes-review. International Journal of 
Advanced Science and Engineering, 6(04): 1538-

1544. 

Sani, U., Na’ibi, H. U., and Dailami, S. A. (2017). In vitro 
antimicrobial and antioxidant studies on N-(2-

hydroxylbenzylidene) pyridine-2-amine and its M 

(II) complexes. Nigerian Journal of Basic and 
Applied Sciences, 25(1): 81-88. 

Sani, U., Na’ibi, H. U., and Dailami, S. A. (2017). In vitro 

antimicrobial and antioxidant studies on N-(2-
hydroxylbenzylidene) pyridine-2-amine and its M(II) 

complexes. Nigerian Journal of Basic and Applied 

Sciences, 25(1): 81-88. 
Saranya, J., JoneKirubavathy, S., Chitra, S., Zarrouk, A., 

Kalpana, K., Lavanya, K., and Ravikiran, B. (2020). 

Tetradentate Schiff Base complexes of transition 
metals for antimicrobial activity. Arabian journal for 

science and engineering, 45: 4683-4695. 

Sarkar, B. (1999). Treatment of Wilson and Menkes diseases. 
Chemical reviews, 99(9): 2535-2544.                                                     

Sundberg, R. J. and Martin, R. B. (1974). Interactions of 

histidine and other imidazole derivatives with 
transition metal ions in chemical and biological 

systems. Chemical Reviews, 74(4): 471-517. 

Vinas, P., Campillo, N., Garcia, I. L., and Córdoba, M. H. 
(1996). Speciation of vitamin B12 analogues by 

liquid chromatography with flame atomic absorption 

spectrometric detection. Analyticachimica 
acta, 318(3): 319-325. 

Warad, I., Azam, M., Al-Resayes, S. I., Khan, M. S., Ahmad, 

P., Al-Nuri, M., and Al-Noaimi, M. (2014). 
Structural studies on Cd (II) complexes 

incorporating di-2-pyridyl ligand and the X-ray 

crystal structure of the chloroform solvated 
DPMNPH/CdI2 complex. Inorganic Chemistry 

Communications, 43: 155-161. 

World Health Organization. (2016). National action for global 
change on antimicrobial resistance (No. 

WPR/2016/DHS/008). WHO Regional Office for the 
Western Pacific. 

World Health Organization. (2016). World Health Statistics 

2016 [OP]: Monitoring Health for the Sustainable 
Development Goals (SDGs). World Health 

Organization. 

Zheng, X., Cheng, W., Ji, C., Zhang, J., and Yin, M. (2020). 
Detection of metal ions in biological systems: A 

review. Reviews in Analytical Chemistry, 39(1): 231-

246. 
 

 

 

http://www.ftstjournal.com/

