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Abstract  

The new Schiff base ligand N'-(4-hydroxy-3,5-dimethoxybenzylidene)  

isonicotinohydrazide (L՜) has been prepared through the condensation of  

isonicotinohydrazide in combination with 4-hydroxy-3,5-

dimethoxybenzaldehyde and identified via FT-IR, UV-Vis spectroscopy, 
1
H 

and 
13

C NMR spectra, and microanalysis (CHN). Furthermore, four metal 

complexes, including cobalt (II), nickel (II), and palladium (II) ions, have 

also been synthesized and characterized using FT-IR, UV-Vis spectroscopy, 

magnetic susceptibility, molar conductivity measurement, and chloride 

content. These studies show that the molar ratio [L:M] was [2:1] for all 

complexes. The cobalt (II) and nickel (II) complexes had an octahedral 

geometry coordinated by the ligand (O, N) in a bidentate mode, whereas Cu 

(II) and Pd (II) had a square planar geometry. The activity of the enzyme for 

the ligand (L՜) and its complexes via the esterase AST was additionally 

examined. The enzyme activity study showed that the ligand's metal 

complexes exhibited diverse inhibition behaviors. The prepared (L՜) ligand 

and its metal complexes were tested against the fungus Candida albicans 

and microorganisms, including G+ bacteria (Staphylococcus aureus and 

Enterococcus spp.) and G- bacteria (E. coli and Pseudomonas aeruginosa). 

[Pd(L՜)2]Cl2 showed good antibacterial activity against Candida albicans, E. 

coli, and Pseudomonas  aeruginosa. 

Keywords: Dimethoxybenzylidene, Enzyme activity, Isonicotinohydrazide, 

Schiff bases complexes, Transition metal complexes. 
 

  

1. Introduction  

The designation "Schiff bases" originally pertained to organic compounds containing the 

active functional group azomethine (>C=N-). These compounds were originally synthesized by 

the chemist Hugo Schiff via a straightforward condensation reaction involving aldehydes or 

ketones and primary amines
1
. They could coordinate via metal ions through the nitrogen of the 

imine or an atom of another group usually linked to the aldehyde
2
. Schiff bases represent a 

highly promising class of targets owing to their extensive array of biological activities, including 

antifungal, antibacterial
3
, antimalarial

4
, antileishmanial, anti-inflammatory, antiviral, antipyretic 

characteristics, and anti-cancer properties
5
. Coordination chemistry has increasingly employed 

Schiff bases in recent years. Comprehensive research has been undertaken on the formation of 

Schiff base complexes with metals, owing to the promising properties of these complexes and 

their wide range of applications across diverse scientific fields
6,7

.  Recently, these complexes 

have facilitated the exploration and identification of various metal complexes
8
. Schiff base 

formation is widespread because of its simple synthesis, high yield, and ease of separation
9
. 

Schiff base complexes have extensive applications in biology, serving as antidepressants, 

antimicrobials, antitumor agents, anti-inflammatory agents, and other medicinal compounds. 

https://doi.org/10.30526/39.4.4463
https://doi.org/10.30526/39.4.4463
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0002-3540-7401
mailto:ban.ali2305@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0009-0006-5471-8343
mailto:shaimaa.h.n@ihcoedu.uobaghdad.edu.iq


IHJPAS. 2026; 39(4): 205-214 

206 

Additionally, these  complexes exhibit significant catalytic activity in numerous reactions
10

. In 

the present work, (Z)-N'-(4-hydroxy-3,5-dimethoxybenzylidene) isonicotinohydrazide with the 

complexes of [Co (II), Ni (II), Cu (II), and Pd (II)] was synthesized. In addition, their physical 

properties and enzyme activity were investigated. 

 

2. Materials and Methods 
All the reagents and solvents were purchased from commercial sources. Astuart digital 

SMP30 melting point device was used to measure melting points. A Shimadzu FT−IR model 

4800S spectrophotometer was used to record FT−IR spectra over the range 4000−400 𝑐𝑚−1
. A 

Shimadzu recorded UV-Visible spectra 160 by using a quartz cell 1 cm and measured at (200-

1100) nm in dimethyl sulfoxide (DMSO) at 25C°. Atomic absorption was measured using a 

Shimadzu AA 680 G. Elemental analysis (CHN) of the ligand (L՜) and calibration-type linear 

regression EA were performed on its metal complexes. The 
1
H-NMR and 

13
C-NMR of the ligand 

(L՜) was registered at a spectrophotometer Bruker DMx-500 (300 MHz) by using DMSO− 𝑑6 

and (CD₃)₂CO. The magnetic susceptibility of the synthesized complexes was determined by 

using an automatic magnetic susceptibility balance at room temperature (RT) in Inolab Multi 

740, 82362 WTW, which was also used to measure the conductivity of solutions in DMSO 

solvent. 

2.1. Synthesis of the ligand (L՜) 

The new Schiff base ligand (L՜) was prepared by condensing a solution of (0.137 g, 0.001 mol) 

isoniazid (isonicotinohydrazide) in 10 mL of absolute ethanol. Gradually, this solution was 

added to an acidified mixture containing glacial acetic acid drops and 0.182 g (0.001 mol) of 4-

hydroxy-3,5-dimethoxybenzaldehyde, dissolved in 10 mL of absolute ethanol. The final reaction 

mixture was refluxed for 8 hrs. The resulting yellow precipitate was filtered, washed with 

absolute ethanol, dried at room temperature, and finally recrystallized from hot absolute ethanol. 

The synthesized ligand (L՜) was tested for solubility in ethanol, methanol, chloroform, 

tetrachloroethane, dimethylformamide, and DMSO. The purity of the ligand (L՜) was determined 

by TLC on silica gel as the stationary phase and (Hexane/Ethyl acetate) as the washing solvent in 

a specific ratio, with a melting point of 71% (228−230)°C. The preparation reaction of the ligand 

(L՜) is illustrated in Scheme 1. 

 
Scheme 1. Synthesis of N'-(4-hydroxy-3,5-dimethoxybenzylidene) isonicotinohydrazide Schiff base ligand 

 

2.2. Preparation of metal complexes 

The complexes were prepared by adding a two-fold excess of ligand (L՜) solution to one mole of 

an ethanoic metal salt solution. The salts of [CoCl2. 6H2O (0.238 g, 1.00 mmol)], [NiCl2. 6H2O 

(0.238 g, 1.00 mmol)], [CuCl2. 2H2O (0.169 g, 1.00 mmol)], and [PdCl₂ (0.177 g, 1.00 mmol)] 

were added to 0.602 g (2.00 mmol) of the ligand (L՜). A color change was observed after mixing 

the two solutions. The reaction mixture was then heated under reflux for 8 hrs. The resultant was 

filtered through filter paper, washed with ethanol, and then air-dried at room temperature. 

 

 

 

 



IHJPAS. 2026; 39(4): 205-214 

207 

3. Results   

3.1. General physical characterization for the ligand (L՜) and its complexes 

The physical properties, including color, melting point, yield %, and metal analysis of the ligand 

(L՜) and its complexes, were illustrated in Table 1, and solubility in Table 2. 

Table 1. General physical characterization of the ligand (L՜) and complexes 

Molecular  

Formula of 

compound 

M wt. 

g/mol 

Melting 

point 
o
C  

or dec. 

Color 
Yield 

% 

Elemental micro analysis  

(calc.)% 

C H N M Cl 

C15H15N3O4 (L) 301.17 228-230 Yellow 71 
59.31 

(59.71) 

4.78 

(4.98) 

13.88 

(13.94) 
- - 

[Co (L՜) 2Cl2] 

C30H30N6O8Cl2Co 
732 234-236 Green 63 

49.11 

(49.18) 

4.05 

(4.09) 

11.39 

(11.47) 

8.05 

(8.06) 

9.65 

(9.69) 

[Ni (L՜) 2Cl2] 

C30H30N6O8Cl2Ni 
732.1 245-247 Brown 54 

49.20 

(49.18) 

4.10 

(4.09) 

11.40 

(11.47) 

8.09 

(8.06) 

9.63 

(9.69) 

[Cu (L՜) 2]Cl2 

C30H30N6O8Cl2Cu 
736.6 Dec.226 Brown 79 

48.83 

(48.87) 

4.03 

(4.07) 

11.39 

(11.40) 

8.54 

(8.62) 

9.60 

(9.63) 

[Pd (L՜) 2] Cl2 

C30H30N6O8Cl2Pd 
779.4 252-254 Dark 81 

46.15 

(46.17) 

3.86 

(3.84) 

10.76 

(10.77) 

13.60 

(13.65) 

9.12 

(9.10) 

*Calc. =calculated, Dec.= decomposition temperature. 

 

Table 2. The solubility of ligand (L՜) and its complexes in various solvents 

Complexes H2O EtOH MeOH THF Acetone CHCl3 DMF DMSO 

C15H15N3O4 (L՜) ─ + + + ─ + + + 

[Co (L՜)2Cl2] ─ ÷ ÷ ─ + ─ + + 

[Ni (L՜)2Cl2] ─ ÷ ÷ ─ + ─ + + 

[Cu (L՜)2]Cl2 ─ ÷ ÷ ─ + ─ + + 

[Pd (L՜)2]Cl2 ─ ÷ ÷ ─ + ─ + + 

*Where: (+) = soluble, (─) = insoluble and, (÷) = partially soluble. 
 

3.2. 
1
H-Nuclear magnetic resonance spectrum for the (L՜) ligand 

The chemical shifts for the ligand (L՜) are shown in Figure 1. 

 
Figure 1. The 

1
H–NMR spectrum of   ՜  ligand  

 

3.3.
 𝟏𝟑C-Nuclear magnetic resonance spectrum for the (L՜) ligand 

Figure 2 shows the chemical shift of the ligand (L՜). 
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Figure 2. The 

13
C–NMR spectrum of (L՜) ligand 

 

3.4. Fourier transform infrared spectroscopy of the ligand (L՜) and its complexes 

The IR bands of the ligand (L՜) and its complexes were illustrated in Table 3; Figure 3 shows 

FT-IR for (L՜), and Figure 4 shows FT-IR of [Co (L՜)2Cl2]. 

Table 3. Infrared spectra for the ligand (L՜) and its complexes 

 

Compounds 

υ (N-H) 

δ (N-H) 

cm
-1

 

υ (C=O ) 

cm
-1

 

υ (C=N) 

cm
-1

 

υ (N-N) 

cm
-1

 

υ (M-N) 

cm
-1

 

υ (M-O) 

cm
-1

 

υ (C=C) Ar. cm
-1

 

υ (C-H) Ar. cm
-1 

υ (C-H) Aliph. cm
-1

 

C15H15N3O4    

(L՜) 

3178 (br) 1649 (s) 1581(s) 1060 (s) ___ ___ 1510 (s) 

3072 (br) 

2967 (br), 2848 (br) 

[Co (L՜ )2Cl2] 3244 (s) 

1538 (s) 

1610 (s) 1588 (s) 1066 (m) 558 (s) 480 (s) 1515 (s) 

3070 (m) 

2960 (w), 2840 (w) 

[Ni (L՜ )2Cl2] 3428 (br) 

1546 (s) 

1658 (s) 1588 (s) 1066 (s) 581(m) 476 (m) 1528 (m) 

3060 (m) 

2981 (s) , 2902 (s) 

[Cu (L՜ )2]Cl2 3377 (m) 

1549 (m) 

1617 (m) 1585 (s) 1060 (sh) 546 (br) 499 (br) 1549 (m) 

3067 (m) 

2966 (m),2872(m) 

[Pd (L՜ )2] Cl2 3346 (br) 

1577 (s) 

1655 (br) 1614(s) 1041 (s) 585 (br) 480 (br) 1531 (s) 

3050 (sh) 

2976 (br), 2860 (br) 

br.= broad, m.= medium, s.= strong, sh.= sharp, w.= weak. 

 

 
Figure 3. The FT-IR spectroscopy of the ligand (L՜) 
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Figure 4. The FT-IR spectroscopy of [Co (L՜)2Cl2] 
 

3.5. Electronic spectrum and magnetic properties for the ligand (L՜) and its complexes 

The ultraviolet-visible spectrum of (L՜), the ligand, and its prepared complexes resolved in 

DMSO (10
-3

 mole/L) were measured, and the values of 𝝁𝒆𝒇𝒇, the effective magnetic moment at 

(300 K) room temperature, and the electronic spectrum of the ligand (L՜) and complexes 

recorded in DMSO solution at wavelengths (200-800) nm were determined. Their data are listed 

in Table 4. 
Table 4. Electronic spectral data, magnetic moment, molar conductance, and the proposed geometry for the ligand 

(L՜) and complexes 

Compound 
λ 

nm 

ύ 

cm
-1

 

 ε max 

(mol
1
.L.cm

1
) 

The electronic  

Transitions 

ΛM (DMSO) 

S. cm
2
. mol

-1
 

𝝁 𝒆 𝒇 𝒇  (B.M) 

Suggested geometry 

C15H15N3O4 (L՜) 
251 

363 

39840 

27548 

1885 

111 

𝜋 → 𝜋* 

n→ 𝜋* 
_____ _____ 

[Co (L՜ )2Cl2] 
340 

483 

29411 

20703 

1284 

747 

C.T 
 4
T1g  (F) → 

4
T1g  (P) 

9.43 
4.80 

Octahedral 

[Ni (L՜ )2Cl2] 

284 

352 

430 

35211 

28409 

 23255                             

1022 

198 

160 

𝜋 → 𝜋* 

C.T 
3
A2g (F)  →  

3
T1g  (P) 

10.12 
2.38 

Octahedral 

[Cu (L՜ )2]Cl2 
345 

470 

28985 

21276 

498 

475 

C.T 
2
B1g → 

2
Eg 

74.51 
1.65 

Square planer 

[Pd (L՜ )2] Cl2 
339 

492 

29498 

20325 

641 

660 

C.T 
1
A1g→ 

1
B1g 

78.30 
Diamagnetic Square 

planer 

 

3.6. Molar conductance for the prepared complexes 

The suggested structures for the prepared complexes are illustrated in Figure 5. 

 
Figure 5. The proposed structures for the prepared complexes 
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3.7. Study of complexes' formation in solution mole ratios 

Figure 6 illustrates the mole-ratio slope for [Co (L՜)2Cl2], and Figure 7 represents the molar-

ratio slope for [Ni (L՜)2Cl2]. 

 
Figure 6. The mole- ratio slop for [Co (L՜)2Cl2] 

       

 

 

 

 

 

 

 
 

 

 
 

Figure 7. The mole- ratio slop for [Ni (L՜)2Cl2] 

 

3.8. Studying of enzyme activity methods: Determination of AST activity 

The colorimetric approach was used to assess AST activity in human serum. The ligand's 

biological activity and its metal complexes, as well as the inhibition percentages, were 

determined by comparing activity in the presence and absence of inhibition under identical 

conditions, according to the following equation; Table 5 presents them. 

                    
                                          

                                         
 ∗ 100                                              (1) 

Table 5. The effect of the varying of the ligand (L՜) and complex concentrations on human serum (AST) 
Compound Inhibition concentration (M) AST Activity (IU/L) Inhibition % 

Control zero 360 ____ 

C15H15N3O4   (L՜) 

10-2 260 27.8 

10-4 275 23.6 

10-6 300 16.7 

10-8 335 6.9 

[Co (L՜ ) 2Cl2] 

10-2 310 13.9 

10-4 335 7 

10-6 360 0 

10-8 360 0 

[Ni (L՜ ) 2Cl2] 

10-2 349 13.0 

10-4 330 8.4 

10-6 360 0 

10-8 360 0 

[Cu (L՜ ) 2]Cl2 

10-2 65 82.0 

10-4 200 44.4 

10-6 310 13.8 

10-8 333 7.5 

[Pd (L՜ ) 2] Cl2 

10-2 66 81.7 

10-4 135 62.5 

10-6 200 44.4 

10-8 340 5.5 

0
0.2
0.4
0.6
0.8

1
1.2
1.4

0 5 10

A
b

s 

V (L:M) 

V (L:M) Abs 

0.5:1 0.26 

1:1 0.98 

2:1 1.22 

3:1 1.29 

4:1 1.3 

5:1 1.31 

V  (L:M) Abs 

0.5:1 0.60 

1:1 1.9 

2:1 2.2 

3:1 2.25 

4:1 2.3 

5:1 2.33 0

0.5

1

1.5

2

2.5

0 2 4 6 8

A
b

s 

V (L:M) 
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3.9. The antimicrobial study 

The zones of inhibition of fungal and bacterial activity around the samples are shown in Table 6. 

Table 6. The effect of the prepared ligand (L՜) and its complexes against fungus and G
-
 and G+ bacteria  

Compounds 

Inhibition zone (mm) diameter at concentration 10
-3

 

Candida 

albicans 

G- bacteria G+ bacteria 

E.coli 
pseudomonas  

aeruginosa 

Staphylococcus 

aureus 

Enterococcus 

Spp 

Amoxicillin 25.4 26 23.4 27.2 28.6 

C15H15N3O4 (L՜) 0 0 14 0 12 

[Co (L՜)2Cl2] 12 0 0 12 13 

[Ni (L՜)2Cl2] 12 0 12 13 11 

[Cu (L՜)2]Cl2 0 0 14 14 14 

[Pd (L՜)2] Cl2 25 13 12 0 12 

 

4. Discussion 

4.1. The 
1
H-Nuclear magnetic resonance spectrum for the (L՜) ligand 

The ¹H-NMR spectrum of the ligand (L՜) showed a signal at δ H= 11.96 ppm due to the phenolic 

(O-H) proton
11

. The chemical shift at δ H = 9.01 ppm indicates the azomethine proton
12

. The 

spectrum shows signals for the protons of the aromatic rings at δ H= 7.69–8.78 ppm. A signal at 

δ H= 7.01 ppm is equivalent to the proton assigned to the (NH) group
13

. The singlet signals at 

δH= 3.73-3.82 ppm belong to the (OCH₃) group
14

. The spectrum           

4.2.  The 𝟏𝟑C-Nuclear magnetic resonance spectrum for the (L՜) ligand 

The 
13

C-NMR for ligand (L՜) in DMSO-d6 revealed the chemical shift in the range (𝛿= 161.86 

ppm) assigned to the carbon of the carbonyl group (C=O) (C10)
15

. The chemical shift of the 

carbon atom of azomethine is (𝛿=150.74 ppm) (C9)
16

. The chemical shift appeared at (150.12 

ppm, 149.83 ppm) (C3, C5) due to (C─OCH3). The chemical shift in the range (𝛿 148.58 ppm) is 

due to (C─OH) (C4); the chemical shifts in the range (𝛿 105.23-𝛿 141.13) ppm are attributed to 

carbon atoms of the aromatic ring. The chemical shift at (𝛿=56.47 ppm) is assigned to the 

(─OCH3) group (C1, C2). The signal at 39.42-40.42 ppm is due to the solvent.   

4.3. FT- IR spectrum for the ligand (L՜) and its complexes 

The IR spectrum of ligand (L՜) showed a band at (3178) cm-
1
, corresponding to the υ(N-H) 

frequency. The strong band observed at (1649) cm-1 is due to the (C=O) group of INH 

(isoniazid)
17

. The band at υ (1581) cm
-1

 is assigned to the azomethine (C=N) stretching 

frequency of the ligand (L՜). The observed bands at (1510) cm
-1

 and (3072) cm
-1

 are assigned to 

the aromatic (C=C) and (C-H) stretching frequencies, respectively
18

. υ(C=N) for the Schiff base's 

vibration frequency was shifted to higher or lower frequencies in the complexes. The vibration 

stretching of the ligand (L՜) donated υ (C=O) exhibited a frequency shift to either a higher or 

lower frequency in the range (1610-1658) cm
-1

 in the spectra of the complexes
19

. IR spectra of 

all complexes showed new bands in the range (546-585) cm
-1

 and (476-499) cm
-1

, which were 

assigned to υ (M-N) and υ (M-O), respectively
20

. 

4.4. Electronic spectrum and magnetic properties of the ligand (L՜) and complexes 

Electronic spectrum data and magnetic susceptibility measurements were used to determine the 

composition of the complexes. UV- visible spectra of the yellow solution for the synthesized (L՜) 
ligand showed a pair of peaks at (251 nm, 39411 cm

-1
) and (363 nm, 27548 cm

-1
), which may be 

assigned to the (π → π*), (n→ π*)
21

. These electronic transitions shifted to higher or lower 

frequencies in the electronic spectra of all complexes produced, confirming ligand coordination 

to the metals. Absorption peaks at (340 nm, 29411 cm⁻¹), (352 nm, 28409 cm
-1

), (345 nm, 28985  

cm
-1

), and (339 nm, 29498 cm
-1

) were assigned to charge transfer (C.T.) for [Co (II), Ni (II), 

Cu(II), and Pd(II)] complexes, respectively. The peak of Co (II) observed at 340 nm (29411 

cm⁻¹) was assigned to the field transition of the ligand, and the peak at 483nm (20703 cm
-
¹) was 
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due to (
4
T1g (F) → 

4
T1g (P)). The computed effective magnetic moment value was 4.80 B.M., 

within the limits for the predicted octahedral geometry range of 
22

. The Ni (II) spectrum showed 

one peak at 430 nm (23255 cm⁻¹) attributed to (
3
A2g (F) →

3
T1g (P))

23
. The magnetic moment 

was 2.38 B.M.; the ligand-field characteristics indicated an octahedral structure around Ni(II). 

The Cu(II) spectrum showed a peak at 470 nm (21276 cm
-1

), corresponding to the transition 

(
2
B1g → 

2
Eg). This peak position is consistent with square-planar geometry, and the magnetic 

moment value is 1.65              B.M.
24

. The UV-visible spectrum of the Pd(II) complex exhibited 

a new absorption peak at 492 nm (20325 cm
-1

) due to (
1
A1g→ 

1
B1g). The Pd(II) complex was 

square planar due to 
4
 d-systems. The magnetic moment of the Pd complex was confirmed to be 

diamagnetic
25

. 

4.5. Molar conductance for prepared complexes 

The low molar conductivity values for Co(II) and Ni(II) complexes (9.43 and 10.12 S.cm².mol⁻¹) 
in DMSO indicate non-electrolytic behavior and the formulation [M(L)2Cl2]. Whereas the Cu(II) 

and Pd(II) complexes have higher molar conductivities (74.51 and 78.30 S.cm².mol⁻¹), indicating 

electrolytic behavior and supporting the formulation [M(L)2]Cl2, with chloride ions present in 

solution
26

.  

4. 6. Study of complex formation in solution: The molar-ratio method 

The molar ratio method is used to determine the ratio of metal ions to ligand [L:M] in the 

complex solution. Ethanol was used as a solvent in this study. A series of solutions containing a 

fixed amount of metal and different ligand concentrations (2×10
-3

 M) was prepared. The 

absorbance was measured at (λMax) for the complex. The relationship between the absorbance 

and the ratio of [L] / [M] was drawn to determine the L/M and the results (2x10⁻³ M) where the 

metal fixed and the  ligand concentration changed in the presence of an ethanoic solution. A plot 

would show absorbance increasing with ligand addition until the [L]/[M] ratio reaches 2. This 

indicates a [2:1] stoichiometry for both Co(II) and Ni(II)
27

. 

4.7. The antimicrobial study 

The biological activity of the synthesized ligand (L՜) and its complexes was tested against 

chosen species of microorganisms, including the G+ bacteria (such as Enterococcus spp. and 

Staphylococcus aureus) and the G- bacteria (such as Pseudomonas aeruginosa and E. coli)
28

, and 

antifungal activity (Candida albicans) in agar
29

. Samples were dissolved in DMSO to provide a 

final concentration of 10
-3

 mg/mL. The dissolved samples were used to determine the area of 

inhibition of microbial growth on the agar plates. Agar plates were incubated for 24 hours at 37 

°C. The investigation showed that Cu (II) exhibited good activity against Enterococcus, 

Staphylococcus aureus, and Pseudomonas aeruginosa. Pd (II) complexes displayed significant 

antimicrobial potential, with superior antifungal activity against Candida albicans and good 

activity against E. coli, Enterococcus, and Pseudomonas aeruginosa compared to the free ligand 

and other complexes. This may be due to improved fungal cell permeability, confirming 

preferential antifungal efficacy alongside moderate antibacterial performance. 

 

5. Conclusion 

This study demonstrated that condensation of isonicotinohydrazide with 4-hydroxy-3,5-

dimethoxybenzaldehyde yields a new bidentate ligand with potential metal-ion binding sites. The 

Schiff base coordinates through the azomethine nitrogen and oxygen atoms, acting as a bidentate 

ligand. Various geometric shapes are achieved by coordinating the synthesized ligand with 

specific bivalent metal ions. Spectroscopic analysis showed that metal ions coordinate through 

(N-O) donor atoms. These include the nitrogen atom of the imine group and the oxygen atom of 

the carbonyl group. The analysis suggested that the Co(II) and Ni(II) complexes possess an 

octahedral geometry. They are coordinated to the (O, N) atoms of the ligand in a bidentate mode. 

In contrast, Cu(II) and Pd(II) adopt a square-planar geometry. For the enzyme-activity study, 

DMSO was used to denote the inhibitory effects; the inhibitory concentration was 10
−2

 M for 
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Co(II), Ni(II), Cu(II), and Pd(II). The resulting compound, used as an antibacterial against four 

bacterial species (both G+ and G-), demonstrated good efficacy with [Pd(L՜)2]Cl2. 
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