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Abstract :   

The synthesis and characterization of   Fe (II), Co(II) & Ni(II) complexes of 2-Hydroxy acetophenone nicotinoylhydrazone  are 

reported based on elemental analysis, molar conductivity, magnetic susceptibility measurements, infrared and  electronic  

spectroscopy . The ligand was found to behave as monobasic  tridentate (NNO donor) manner. All the synthesized  complexes are 

non-electrolytic in nature. Biological activities of the ligand and its complexes were tested against  Escherichia coli, Klebsiella 

pneumoniae, Staphylococcus aureus and Bacillus subtilis bacteria. 

________________________________________________________________________________________________________  

I. INTRODUCTION 

Schiff bases are an important class of ligands in coordination chemistry. Schiff bases derived from 

hydrazones and aroylhydrazines have been widely used as ligand for the synthesis of transition metal 

complexes [1]. Schiff bases or their metal complexes have many applications in analysis of water [2]. 

Hydrazones, heteroaroyl hydrazones ligands and their metal complexes are biologically active[3] .  

Hydrazones, especially acyl and aroylhydrazones, are multipurpose class of ligands having great 

biological and chemical activities. Hydrazones exhibit physiological and biological activities in the 

treatment of several diseases such as tuberculosis [4], Fe overload disease [5–7] and as inhibitors for many 

enzymes [8]. These properties of the hydrazones are attributed to the formation of stable chelate complexes 

with transition metals which catalyze physiological processes. They are of interest in the field of 

electrochromism where a change in the oxidation state of the metal is possible [9,10]. Aroylhydrazone 

complexes, on the other hand, seem to be a good candidate for catalytic oxidation studies because of their 

stability to resist oxidation. Acyl and aroylhydrazones contain trigonal N and O-donor atoms that can 

coordinate to metal ions [11,12]. On the other hand, it is well-known that the azide anion is an efficient and 

versatile mediator for magnetic coupling and was more commonly employed in the design of polynuclear 

transition-metal complexes with remarkable diversity in structure and magnetism [13]. 

Heteroaroyl hydrazones forms stable metal complexes with transition metal ions and inner transition 

metal ions due to complexing ability of ligand through keto-enol tautomerism and availability of other 

donor sites in the ligand. i.e., nicotinoylhydrazone has three donor atoms(O,N,N). Hydrazones and their 

metal complexes are found to have potential application in biology and medicine. 

 .  Nicotinic acid (in large doses) lowers the levels of both cholesterol and triglycerides in the plasma. 

It has been used as anti-hyperlipoproteinemic drug. It inhibits low-density protein production and of 

lipolysis in fatty tissue. Nevertheless, it does not have an effect on the general synthesis of cholesterol in the 

organism. Nicotinic acid in combination with bile acid-reducing drugs can lower the level of cholesterol and 

triglycerides by 10–30% [14-18].  

  A few studies of metal complexes of nicotinoylhydrazones have been observed. In this view, we 

are much interested to prepare a new series of metal complexes of  nicotinoylhydrazones. Here in, we report 

synthesis, spectral studies and antibacterial activity of C14H13N3O2 ligand and its iron(II), cobalt(II) and 

nickel(II) complexes. 

 

II. Materials and method 

Nicotinic acid hydrazide, 2-methoxyacetophenone, agarose were purchased from Sigma-Aldrich. All other 

chemicals were of AR grade and used as provided. The solvents used for the synthesis were distilled before 

use. Elemental analyses were carried out on a Heraeus Vario EL III Carlo Erba 1108 instrument. Magnetic 

http://www.jetir.org/


© 2018 JETIR November 2018, Volume 5, Issue 11                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1811C15 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 750 
 

measurements were taken at 298K using lakeshore VSM 7410 instrument. Molar conductivity 

measurements at 298 ± 2K in dry and purified DMF were carried out using a ELICO CM model 162 

conductivity meter. The electronic spectra were recorded in DMF with a UV lamda50 (Perkin-Elmer) 

spectrophotometer. IR spectra were recorded in the range 4,000–400 cm-1 with a Perkin-Elmer spectrum100 

spectrometer on KBr discs. 

 

2.1 Preparation of Ligands 

Ligand was prepared by reacting niazid with 2-Hydroxy acetophenone. A methanolic solutions of 

nicotinylhydrazide (5mmol), carbonyl compound (5mmol) were mixed in a 100-ml round bottom flask.  

Two drops of HCl were added to the reaction mixture and refluxed for 3 hours. On cooling the reaction 

mixture to room temperature, yellow colored crystalline products were separated. The products were 

collected, washed with hot water and few drops of hexane and dried in vacuum.  Structure of the ligand is 

shown in Fig. 1. 

 
Fig 1: Structure of 2-Hydroxy acetophenone nicotinoylhydrazone(C14H13N3O2) 

 

2.1.1. Characterization of 2-Hydroxy acetophenone nicotinoyl hydrazone (C14H13N3O2): 

2-Hydroxy acetophenone nicotinoyl hydrazone (C14H13N3O2): Yield 72%, M.Pt.242-244 ºC, Anal (%) 

Calc.(found): C-65.97(65.88); H-5.07 (5.04); N-16.68(16.64); 1H-NMR spectra:  δ(13.18) (singlet 1H), 

δ(11.64) (singlet 1H), δ(8.8)(multiplet 4H),  δ (7.3) (multiplet 4H), δ(2.50) (singlet 3H), assigned to –OH,  -

NH,  nicotine H, benzene H, methyl H protons respectively. Mass spectra of C14H13N3O2 shows molecular 

ion peak m/z 255. The mass spectrum of C14H13N3O2 is shown in Fig 2. 

                        
                                                     Fig 2: The mass spectrum of C14H13N3O2 

2.2. Preparation of complexes 

All the metal complexes were prepared in a similar way by following method. To a hot solution of ligand 

C14H13N3O2 (0.02M) in 25ml of methanol a suspension of respective metal salts [Chlorides of Fe (II),          

Co (II), Co (II)] was added drop wise with constant stirring. The reaction mixture was refluxed on a water 

bath for 4-6h. The precipitated complexes were filtered, washed with ethanol. Followed by ether and dried 

over fused calcium chloride. Yield: 54-60%. 

2.3 Antimicrobial Analysis by Disc Diffusion Method.  
The 2-Hydroxy acetophenone nicotinoylhydrazone(C14H13N3O2) and its metal complexes were screened 

for their antimicrobial activity by disc diffusion method [19] against six bacterial strains such as  
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Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Bacillus subtilis  bacteria. 

Antibacterial activity was tested by the filter paper disc diffusion technique involving the cultures of the 

selected organisms for 24h. Mueller Hintonagar number 2 (Hi Media, India) was used as the bacteriological 

medium and sterile yeast nitrogen base with 2% agar (Hi Media, India) was used as the fungal medium. The 

test solutions of the ligand and its metal complexes were prepared in sterile dimethyl sulfoxide (DMSO) 

solvent for the study. The synthesized 2-Hydroxy acetophenone nicotinoylhydrazone(C14H13N3O2) and its 

metal complexes were tested at different concentrations to find out the minimum concentration of the  

ligand and its metal complexes required for inhibiting the growth of microbes. 

 Ampiicillin (100 𝜇g/mL) was taken as the standard for antibacterial activity. The organism was seeded 

into sterile nutrient agar medium by mixing one mL of inoculum with 20mL sterile melted nutrient agar 

kept at 48–50ºC in a sterile petri dish. The medium was allowed to solidify first. Then the test solutions, the 

standard drugs, and the blank were impregnated in whatmann filter paper discs, placed on the solidified 

medium in the petridish, and left undisturbed for 2 h at room temperature. The petridishes were then 

incubated at 37ºC for 24 h and the zone of inhibition for the test samples, standard, and control (DMSO) 

was measured.  

 

III. RESULTS AND DISCUSSION  

3.1 Elemental analysis, molar conductivity measurements and magnetic moment  

All the complexes are stable at room temperature, non-hygroscopic, slightly soluble in water, but more 

soluble in methanol, ethanol and readily soluble in CH3CN, DMF and DMSO. The analytical data (Table 1) 

are consistent with the proposed molecular formulae of complexes. Low molar conductivity values of 

present complexes suggest  non-electrolytic nature of the complexes. The effective magnetic moment (μeff) 

of the metal complex of FeC28H24N6O4 is 5.1B.M. The value suggest  high spin octahedral geometry for the 

complexes [20]. The effective magnetic moments (μeff) of the CoC24H26N6O4 is 4.28 B.M. which is 

consistent with three unpaired electrons and falls within the range reported for mononuclear cobalt(II) 

complexes[21]. The magnetic moment of NiC28H24N6O4 is 2.95 B.M. The data reveal that the observed 

magnetic moment values of these complexes are as expected for mono nuclear nickel(II) complexes having 

two   unpaired electrons [22]. Mass spectrum of FeC28H26N6O4 is shown in Fig.3. Mass spectra of 

FeC28H26N6O4 shows molecular ion peak at m/z 564. 

Table 1: Physico-chemical properties of metal complexes 

S.NO Complex Melting 

Point 

ºC 

Elemental analysis found 

(cal.)% 

µeff ɅMa 

C H N M 

1 FeC28H24N6O4 >300 59.87 

(59.57) 

4.12 

(4.15) 

13.84 

(13.78) 

9.05 

(9.09) 

5.2 4.8 

2 CoC28H24N6O4 >300 59.17 

(59.16) 

4.26 

(4.22) 

14.84 

(14.79) 

10.32 

(10.37) 

4.31 11.2 

3 NiC28H24N6O4 >300 59.25 

(59.29) 

4.19 

(4.23) 

14.78 

(14.82) 

10.39 

(10.35) 

2.95 18 

          

Fig 3 Mass spectrum of FeC28H24N6O4 
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3.2 Electronic spectra 

. 

Electronic absorption  spectra of metal complexes were recorded in DMSO. The important electronic 

spectral data of metal complexes are presented in Table 2. The electronic spectrum of  complex  

FeC28H24N6O4 is shown in Fig 4. The study of magnetic and electronic spectra data are quite informative in 

characterizing the geometry of the complexes. The UV-visible spectrum of the ligands and their complexes 

were recorded in DMSO. 

All the complexes show strong intense bands in the region 34364-31153 cm-1 attributed due to 

intraligand  and π-π* aromatic ring. Another sharp peak shows in the region of 28328-25445 cm-1 is due to 

n-π* transition. One medium intensity band observed in the range 21551-20491 cm-1 is due to metal to 

ligand charge transfer transition (MLCT). A weak band is observed in the region of 16863-15504 cm-1 

which can be assigned to d-d transition. 

 

 

 

Table 2 Electronic Spectral data(cm-1) of metal complexes 

Complex π-π*  

 transition 

n-π*  

transition 

CT  

transition 

d-d 

 transition 

FeC28H24N6O4  

34364 

 

28328 

 

21551 

 

16863 

CoC28H24N6O4  

32581 

 

26564 

 

20491 

 

15504 

NiC28H24N6O4  

31153 

 

25445 

 

20661 

 

17235 

 

 

 

Fig 4 Electronic spectra of FeC28H24N6O4 

 

3.3 IR spectra  

The important bands in infrared spectra of the ligand and it’s metal complexes are discussed. 

Important IR spectral bands of complexes are presented in Table 3. An intense band is observed in the 

region of  3220 cm-1 in IR spectra of ligand  due to phenolic ν(-OH) group. The band is disappeared in metal 

complexes. This indicates deprotonation of phenolic group and bond formation between phenolic oxygen 

and metal ion [23, 24]. In the IR spectrum of  ligand a strong  band is observed in the region of 1689 cm-1 

which is assigned to ν(C=O)group. In the IR spectra of  complexes this peak is shifted  to lower wave 
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numbers suggesting the involvement of >C=O group in chelation. The C=N (imine)  vibration  is observed 

in 1603 cm-1 range in the IR spectra of ligands. This band is shifted to lower wave number in IR spectra of 

all the complexes suggesting the participation of azomethine nitrogen atom in coordination with metal ion. 

The non-ligand absorption bands occurring in the regions 522-538 cm-1 and 403-417 cm-1 are assigned to 

ν(M-O) and ν(M-N)  vibrations respectively[25] 

       Table 3:  Important IR spectral bands of complexes & ligand 

Compound ν(O-H) 

cm-1 

ν(N-H) 

cm-1 

ν(C=O) 

cm-1 

 

ν(C=N) 

cm-1 

 

ν(M-O) 

cm-1 

ν(M-N) 

cm-1 

    C14H13N3O2 3220 3003 1689 1603 - - 

 

FeC28H24N6O4 - 3001 1686 1599 528 417 

 

CoC28H24N6O4 - 3009 1669 1601 538 414 

 

NiC28H24N6O4 - 3091 1664 1602 522 403 

 

 

 

 

 

 

  

Based on the above spectral data we suggest general structure of the metal complexes. It is shown in Fig. 5. 

 

    Fig. 5 Structure of metal complexes 
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3.4 Antibacterial activity 

To determine the antibacterial activity of  C14H13N3O2 ligand and its Fe(II), Co(II), and Ni(II) complexes, 

the disc diffusion method was used, with ampiciillin as the standard antibiotic. The prepared compounds 

were tested against Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus and Bacillus Subtilis 

bacteria, Pseudomonas aerogenosa, Candida albicans, species microorganisms. Table 6 contains the 

screening results corresponding to the C14H13N3O2 its metal complexes with good inhibition of growth 

against the tested organisms. The C14H13N3O2 ligand and its complexes hold a less activity against the E. 

coli. The C14H13N3O2 ligand and its metal complexes showed a reasonable result against the growth of 

Klebsiella. The ligand and its complexes showed a more activity against the growth of S. aureus. The  

ligand C14H13N3O2 and complexes  showed highest activity against the growth of this bacterium. A 

comparative account on the effect of antibacterial activity against the chosen microbes indicates that the 

ligand and its three metal chelates show reasonable activity against Klebsiella Pneumonia (19, 18, and 16 

mm) and Bacillus subtilis (21, 18, and 19 mm) while the growth of other organisms is moderately inhibited 

by the FeC28H24N6O4 ligand and better activity was shown by its Fe(II), Co(II) and  Ni(II)  The highest 

antibacterial action (21 mm) has been observed for FeC24H26N6O4 complex against Bacillus Subtilis. 

 

 

 

 

 

 

 

Table 4. Antibacterial activity of metal complexes and ligand 

 

 

 

 

Compound 

 

Bacterial growth inhibition zone (in mm) 

 

 

S. Aureus 
 

B. Subtilis 
 

K. Pneumonia 
 

E. Coli 

 
 

10 
(µg/mL) 

 

20 
(µg/mL) 

 

30 
(µg/mL) 

 

10 
(µg/mL) 

 

20 
(µg/mL) 

 

30 
(µg/mL) 

 

10 
(µg/mL) 

 

20 
(µg/mL) 

 

30 
(µg/mL) 

 

10 
(µg/mL) 

 

20 
(µg/mL) 

 

30 
(µg/mL) 

 

     C14H13N3O2 
       

 

8 

 

12 

 

14 

 

9 

 

11 

 

13 

 

7 

 

10 

 

12 

 

6 

 

8 

 

10 

 

FeC28H24N6O4 

 

12 

 

17 

 

20 

 

16 

 

18 

 

21 

 

13 

 

16 

 

19 

 

15 

 

18 

 

20 

 

CoC28H24N6O4 

 

10 

 

13 

 

13 

 

6 

 

15 

 

18 

 

11 

 

15 

 

18 

 

12 

 

14 

 

17 

 

NiC28H24N6O4 

 

11 

 

13 

 

15 

 

10 

 

17 

 

19 

 

12 

 

14 

 

16 

 

7 

 

11 

 

14 

 

Standard 
 

 

16 

 

18 

 

21 

 

17 

 

18 

 

22 

 

15 

 

17 

 

20 

 

18 

 

20 

 

22 

 

Control 

 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

Standard: Ampicillin; Control:DMS 

 

IV. Conclusions 

2-Hydroxy acetophenone nicotinoylhydrazone(C14H13N3O2) has been synthesized and characterized based 

on elemental analysis, Mass, IR, NMR and ESR spectral studies. Fe(II), Co(II) and Ni(II) complexes of        

2-hydroxy acetophenone nicotinoylhydrazones(C14H13N3O2) have been synthesized and characterized based 

on various physicochemical and spectral techniques. These studies revealed  that the complexes have 

general formula ML2 (where L = hydrazone). The hydrazones act as monobasic tridentate ligand. Electronic 

spectral data suggest that the complexes have octahedral geometry. Antibacterial activity of metal 

complexes have been studied. Among three complexes FeC28H24N6O4 shows better activity. 
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