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ABSTRACT 

Pyridoxal isonicotinoyl hydrazone (PIH) has been 

synthesized. Complex of Pyridoxal isonicotinoyl hydrazone 

(PIH) with transition metals, Ni (II) has been synthesized in 

methanol medium. The formation of the complex are 

endothermic processes. The ligand was characterized by 

melting point, elemental analysis, absorption spectra and 

antimicrobial activity while the complex was characterized 

by melting point, absorption spectra. A simple and sensitive 

spectrophotometric method was developed for transition 

metal complex of pyridoxal isonicotinoyl hydrazone (PIH). 

The optimum condition for complete colour development 

have been established. The stability constant, dissociation 

constant & change in free energy of Ni(II) has been 

determined by Job’s variation & mole ratio method indicte 

that the M:L is 2:1. Tolerance limit of diverse ions in the 

determination of Ni(II) with pyridoxal isonicotinoyl 

hydrazone (PIH) is investigated. 

Pharmaceutical Sciences 
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INTRODUCTION 

Hydrazones are important organic analytical reagent for the determination of metal ions in 

microgram quantities. They react with many metal ions forming coloured complexes and act as 

chelating agents. In general, the techniques of solvent extraction is widely used in the 

sprctrophotometric determination of metal ions
1-2

 . However organic solvents such as benzene and 

chloroform are often carcinogenic, toxic and cause environmental pollution. It is significant to 

develop a method which does not involve solvent extraction. The potential application of 

hydrazone derivatives for the spectrophotometric determination of metal ions has been 

reviewed
3
.The coordination chemistry of hydrazones is an intensive area of study and numerous 

transition metal complexes of these hydrazones as ligande have been investigated in view of their 

application in various fields
4-6

. Hydrazones are interesting ligands with multiple functional 

groups, which display variable coordination modes under different chemical environmental
7
. The 

chemical properties of hydrazones have been widely investigated due to their chelating 

capability
8
, pharmacological activity

9-10
 and analytical applications

11
. The varity of hydrazide 

derivatives play various biological activities viz anticancer, anti-HIV
12

, anthelmitic
13

, 

antimycobacterial 
14 ,

 anti-inflammatory
15-16

, antidiabetic
17

, antimicrobial
18-20

, trypanocidal
21 

, 

analgesic 
22 

, anti-tuberculosis 
23-27 

, antimalarial activities 
28 

antipyrasitic activity 
29 

. Pyridoxal 

isonicotinoyl hydrazone (PIH) is an iron chelator with antioxidant activity, low toxicity and is 

useful in the experimental treatment of iron overload diseases. Pyridoxal isonicotinoyl hydrazone 

(PIH) prevents copper mediated in vitro free radical formation
30

. 

Nickel is very important metal for both industrially and biologically. It is one among the essential 

trace elements along with cobalt, copper, zinc and manganese in the human diet
31 

. Experiments 

on synthetic nutrition that nickel and cobalt play a direct role in nutritional phenomenon
32 

. Nickel 

bound to ribonucleic acid has special affinity for bone and skin and plays an important role in 

pigmentation
33 

. It has been reported that normal human plasms contains 0.12-0.085  g ml
-1 

 of 

nickel(II). Nickel is one of the important alloying element for steel and  cast iron. A nickel metal 

enzyme is an essential micronutrient
34-36 

 for plants arose from ureases. Literature survey 

indicated that several spectrophotometric methods
37-47 

 were reported for the determination of 

nickel(II) by using various chromogenic reagent. Hydrazones are important class of analytical 

photometric reagents, the potential of which were reviewed
48 

. 
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MATERIALS  AND  METHODS 

All chemical and solvents used were of analytical grade . An Elico pH meter LI-610 is used for 

the pH measurements. An Elico UV-visible spectrophotometer model UV-SL-164 equipped with 

1 cm quartz cell used for spectrophotometeric measurements taken on the instrument. Elemental 

analysis and antimicrobial activity was done in Laboratory approved by Central Government for 

AGMARK.   

SYNTHESIS  AND  CHARACTERISATION  OF PYRIDOXAL ISONICOTINOYL 

HYDRAZONE (PIH) 

Synthesis of Pyridoxal Isonicotinoyl Hydrazone (PIH)  

 

N

HO

H

OH

N N

H

N

H

H

O

1-(1-(pyridin-3-yl)vinyl)hydrazine

3-hydroxy-5-(hydroxymethyl)pyridine-4-
carbaldehyde

N

HO

H

N

N
H

N
OH

O

(Z)-N'-((3-hydroxy-5-(hydroxymethyl)pyridin-4-yl)methylene)nicotinohydrazide  

The crude product is crystallized in methanol. The recrystallized product has melting point is           

176 
0
C and molecular weight by formula is  284 .00. 
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Characterization of Pyridoxal isonicotinoyl hydrazone (PIH) 

Absorption Spectra of Pyridoxal isonicotinoyl hydrazone (PIH) 

Absorption Spectra of pyridoxal isonicotinoyl hydrazone (PIH)  was recorded against a blank 

solution containing buffer (pH 4) . Absorption spectra was recorded in the wave length range 220 

nm to 500 nm. It shows an absorption maximum at 300 nm wavelength the molar absorptivity of  

PIH  is  0.87321 x 10
3
 L.mol

-1
.cm

-1
. Fig 1.  

Elemental Analysis of pyridoxal isonicotinoyl hydrazone (PIH) 

The elemental analysis  of PIH was done in Laboratory approved by Central Government for 

AGMARK. It shows the result of elemental analysis in Table 1. 

Effect of Reagent concentration 

Effect of Reagent concentration was studied by taking varying amount of reagent and fixed 

amount of transition metal. 

Validity of Beer’s Law and Composition of Complex  

For the study of Beer’s law the solutions were prepared which containing different amounts of Ni 

(II), same amount of ligand pH 4. The composition of the Ni (II)-metal complex is found to be 

1:2. It was determined by studying Job’s method. The ratio of metal ion to ligand molecule in the 

coloured complex was found to be 1:2 composition of complex. 

Antimicrobial Activity of Pyridoxal isonicotinoyl hydrazone (PIH) 

The elemental analysis of PIH was done in Laboratory approved by Central Government for 

AGMARK. It shows the result of elemental analysis in Table 2. 

Physico-chemical Characteristic Pyridoxal isonicotinoyl hydrazone (PIH) 

Physico-chemical  and Analytical characteristic of  transition metal complex of ligand was studied 

and given in Table 4 and Tolerance limit of diverse ions in the determination of ligand  shown in 

Table No. 5 

RESULT AND DISCUSSION    

Table No. 1.    Elemental Analysis of PIH 

Sr.No. Chemical Analysis Percentage Found Percentage Expected 

1) Carbon 54.92 % 55.55 % 

2) Hydrogen 04.22 % 05.38 % 

3) Oxygen 16.90 % 18.02 % 

4) Nitrogen 23.94 % 22.39 % 
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Table No. 2.   Antimicrobial Activity  of  PIH 

Sr.No.                 Antimicrobial Activity 

1)            Klebsiella  Pneumoniae Nil 

2)            Vibriae  Cholerease Nil 

3)            Bacillus  Megaterium Nil 

4)            Salmonalla  typhi Nil 

5)            Shigella  Flexneri Nil 

Table 3.     Experimental Result & Physical data of  PIH & Ni (II) - Complex 

Code  No Compound 

M.P. ( 
0
C ) 

Colour Molecular weight 

by formula     

gm/mole 

Yield 

Ligand 176
0
C Greenish 284.00 85 % 

Ni (II)-Ligand 137
0
C Greenish yellow 299.845 71% 

Table . 4.    Physico-Chemical and Analytical Characteristic of Ni (II) Complex of PIH 

Sr.No.             Characteristics                Result 

           Ni (II)-ligand 

 1) Absorption  Spectra        300 nm 

 2) Molar  absorptivity        0.87321 x 10
 3 

Lit. mol
-1

. cm
-1 

 3) pH  range  ( optimum )        4.0 

 4) Reagent  required  for maximum  

complexation 

       0.227 ml 

 5) pKa        6.004 x 10
 8
 

 6) Beer’s  law   validity   range ( ppm)        7 ppm 

 7) Composition  of  complex  ( M : L )        1:2 

 8) Stability  Constant        3.925031 x 10
 7
 

 9) Dissociation  Constant        4.352416 x 10 
– 8

 

 10) Change  in free  energy        -37.67 KJ/mole 

 11) Sandell’s  Sensitivity  ( µg /cm
 2

 )         0.002954 µg /cm
 2
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Table No.5 Tolerance limit of diverse ions of Ni (II) Metal complex of PIH 

Sr. No. Metal ion Salt Interference 

1) Mg (II ) MgSO4 121 

2) Ca(II ) CaCl2.2H2O 46 

3) Cd (II ) CdCl2 53 

4) Mn (II ) MnCl2 39 

5) Co ( II ) CoSO4 52 

6) Ce ( IV ) Ce (SO4 )2 Interferes 

7) Ba ( II ) BaCl2 25 

8) Cr ( III ) K2Cr2O7 32 

9) Hg ( II ) HgCl2 54 

10) Ti (V ) K-titanyl  oxalate 72 

11) Ni ( II ) NiCl2 34 

12) Sn ( II ) SnCl2 27 

13) Na (I) NaCl 67 

14) Pb (II ) PbSO4 15 

15) V ( v) V2O5 22 

16) Zn ( II ) ZnSO4 Interferes 

17) Al ( III ) AlCl3 36 

18) Pd ( II ) PdCl2 Interferes 

19) K( II) KCl 64 

 

Fig 1. Absorption Spectra of Pyridoxal isonicotinoyl hydrazone (PIH) 
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Structure of Ni (II)- Pyridoxal isonicotinoyl hydrazone (PIH) 
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