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ABSTRACT 
The composition and stability of the complexes of a Schiff base derived from isatin and 4-
aminoantipyrine (IAAP) with Co(II), Ni(II), and Cu(II) ions have been investigated using 
spectrophotometric method in 70 % methanol-water solution at room temperature. The experimental 
conditions have been investigated to reach the optimum conditions for IAAP-metal ions interaction, 
including detection of a suitable wavelength and pH medium of the reaction.  The stoichiometry of the 
complexes were determined using Mole ratio method and Job’s continuous variation method and the 
value was found to be 1:1 metal to ligand ratio. Stability constants (K) values were calculated using the 
continuous variation method and found to be in the order of 6.19 x 105, 8.01 x 105, and 3.21 ×104 dm6 
mol–2 for Co(II), Ni(II), and Cu(II) complexes, respectively.  From the thermodynamic parameter, ΔG 
values, the reactions were all spontaneous and exothermic. 
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Introduction 

Now a day’s chemists are very much focused on the Schiff bases derived from heterocyclic ring 
with carbonyl compounds as its important special center of attraction in many areas like biological, 
clinical, medicinal, analytical and pharmacological field. Isatin is a synthetically versatile substrate that 
can be used to prepare a large variety of heterocyclic compounds, such as indoles and quinolines, and 
as a raw material for drug synthesis (Sharma, 2007).  Schiff bases of isatin are known to possess a wide 
range of pharmacological properties including antibacterial (Sharma et al., 2012a), anticonvulsant 
(Shutilova et al., 2010), and antifungal (Balan et al., 2013). 4-aminoantipyrine based heterocyclic had 
a great importance as it is abundant in nature and have wide pharmacological activities, is used in the 
preparation of azo dyes.  4-aminoantipyrine also has been used for the protection against oxidative stress 
as well as prophylactic of some diseases including cancer, and these are important directions in medical 
applications (Shukla et al., 2013 and Sharma et al., 2012b). Several derivatives of antipyrine were also 
evaluated as analgesic, anti-inflammatory, antimicrobial, and anticancer activity. In recent years 
spectrophotometric methods have become the most frequently used and important methods of 
quantitative analysis (Lenhart  et al., 2000, and Da Silva, et al., 2001). They are applicable to many 
industrial and clinical problems involving the quantitative determination of compounds that are colored 
or that react to form a colored product (Jouad et al., 2001).  
       Two well known, spectrophotometric methods for complex determination as the Job variation 
method (Job, 1928) as modified by Vosburgh and Cooper ( Vosburgh et al., 1941) the mole ratio method 
(Konstantinovi et al., 2003), have been used for some time to obtain the molecular composition of the 
formed complexes where the complex has a measurable property such as optical absorption that is 
different from the reactants. The ratio of units in the complex is determined by a maximum or minimum 
in a plot of ∆A (difference in expected and observed magnitude of a property) versus mole fraction of 
one of the complexing agents. This maximum or minimum is the intersection of two straight lines for a 
strong complex. For a weaker complex there is an intersection of a line from the points near mole 
fraction 1.0. In the mole ratio method, the ratio of the units in the complex species is determined by the 
inflection point in a plot of a property such as optical absorption versus the mole ratio of the reactants 
(Abdel-Rahman et al., 2016). This method only works for a strong complex. Since both of the methods 
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involve the intersection of two straight lines in the limit of very strong complexes, one should be able 
to develop equations for these lines. These equations would explain why the method works and allow 
for further information to be obtained from slopes and intercepts. This development is the object of this 
discussion (Shakir et al., 2016). 
     
Experimental Work 
1. Materials and reagents 
       All chemical used in the present work were of highest purity available. They include: isatin, 4-
aminoantipyrine, hydrated metal nitrate salts namely, {Ni(NO3)2.6H2O, CO(NO3)2.6H2O, 
Cu(NO3)2.3H2O}, ethanol, methanol, distilled water, bi Distilled water, phosphoric acid, acetic acid, 
boric acid and sodium hydroxide. 
 
2. Synthesis of the organic ligand. 
       An ethanoic solution of (20 mL) of 4-aminoantipyrine (0.01 M, 2.03 g) was added to a solution of 
(0.01 M, 1.47 g) isatin dissolved in (20 mL) of ethanol. The mixture was reflexed for 4 hours on water 
bath then left to cool. After cooling, a red solid compound was isolated. The product was filtered off, 
recrystallized from ethanol and finally dried in a desiccator over anhydrous calcium chloride. The 
structure of the synthesized ligand, IAAP is illustrated in Figure. 1.  
 

 
Fig. 1. Structure of the synthesized Schiff base ligand, IAAP 

3. Preparation of solutions for spectral measurements.  
   3.1. Preparation of universal buffer solutions. 
       A series of universal buffer solutions covering the range of pH values from 2.4 to 11 were prepared 
as recommended by Britton (Yeo et al., 1944). 
 

   3.2. Preparation of metal salt solutions.  
       Stock solutions of metal nitrate were carefully prepared by dissolving in 70% (v/v) methanol-bi 
distilled water to give a concentration of (1.0 ×10-3 M). The concentration of metal ions was checked 
complexometrically using standard solution of EDTA-Na2 and suitable indicator. 
 
 4. Working procedure. 
      To establish the most favorable conditions for IAAP - metal ions interaction, different experimental 
conditions are carefully studied and optimized such as a selection of a suitable wavelength for 
measurement, and pH of the medium, Moreover, for optimization of the reaction conditions, the studied 
parameter was varied while the others were kept constant. 
 

   4.1. Effect of pH on the absorption spectra. 
       The effect of different pH on the IAAP - metal ions interaction was studied in universal buffer 
solution as optimum buffer for investigating the complex species. A series of solutions were prepared 
by transferring l.0 mL of (l.0 ×10-3M) of metal ions, (1.0 ×10-3M) of ligand solutions in 70% (v/v) 
methanol - bi distilled water. The absorption spectra recorded in the UV-Visible region against buffer 
solution of the same pH value containing 70% (v/v) methanol as a blank. 
 

4.2. Selection of analytical wavelength 
        For the selection of the analytical wavelength of IAAP, the working test solution of IAAP (1x10-3 
ML-1) was scanned between 200 to 800 nm at room temperature using a UV–Vis spectrophotometer 
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against 70 % methanol- water as blank. Additionally, the analytical wavelength for IAAP - metal ions 
interaction can be detected as; in a clean calibrated 5 mL volumetric flask, 1 mL of 1x10-3 ML-1 of 
metals ion solutions, separately added to 1 mL of 1x10-3 ML-1 of IAAP solution, then each solution was 
made up to the mark with 70 % methanol- water and mixed thoroughly by shaking. After that, a portion 
of each solution was carefully transferred into a 1 cm quartz cell and the absorption was recorded at 
room temperature over a spectral range of 200 - 800 nm by scanning on a UV–Vis spectrophotometer 
against 70 % methanol- water as blan (Moghadam et al., 2016). Finally, the wavelength with the 
maximum absorbance, max, namely was determined. 
 
4.3. Determination of molecular structure. 
       The following spectrophotometric methods were used for the determination of the molecular 
structures and stability constants of the colored complexes. 
 
 The molar ratio method.  
         In the molar ratio method, the concentration of metal ion is kept constant while that of the ligand 

is varied. The absorbance of the prepared solutions, were measured at constant wavelength. The former 

values were then plotted versus the molar ratio (ligand)/(Metal ion). The intersections of the straight 

lines obtained show the molar ratio of the most stable complexes (Pandey et al., 2001).  

 

 The continuous variation method. 
       In the present work, the modification of Job’s continuous variation method (Irwing, 1953), is 

utilized for investigating the reaction between metal ions and the ligand.  A series of solutions was 

prepared by mixing equimolecular solutions of the metal ions and the ligand in different proportions 

while keeping the total molar concentration constant (1.0 ×10-3M), this steps were done at temperature 

25 and 50  ◌֯c. A plot of the absorbance of the solutions measured at recommended wavelength vs. the 

mole fraction of the metal ions manifests a maximum at the expected molar ratio of the most stable 

complexes (Pandey et al., 2000).   

 
Results and discussion. 
 
 1. Ligand - metal ions interaction and optimized conditions  
 
       The absorption spectra of the isatin-4aminoantipyrine (IAAP) complexes with Co(II) and Ni(II) in 
solutions of different pH values are shown in (Figures 2 and 3), respectively.  
 

 
Fig. 2: The absorption spectra of the [IAAP] - Co (II) interaction in solutions at different pH value 
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Fig. 3. The absorption spectra of the [IAAP]- Ni(II) interaction in solutions at different pH. 

 

 
Fig. 4. The absorption spectra of the [IAAP]- Cu(II) interaction in solutions at  different pH. 

 
The optimal pH value for the formation of the Co(II) and Ni(II) complexes (cM = 1.0 ×10-2 M, cL 

= 1.0 ×10–3 M) at pH = 7.5. The maximum absorbance at 451 nm for Co(II) and Ni(II) decreases at 
lower pH values than these.     
  Absorption spectra of the isatin-4aminoantipyrine (IAAP) complex with Cu(II) ion in solutions of 
different pH values are shown in (Figure 4). The optimal pH values for the formation of the Cu(II) 
complex (cM = 1.0 ×10-3 M,  cL = 1.0 ×10–4 M) is at pH = 4.9 without buffer and at 5.5 with buffer. 
Maximum absorbance at 451 nm for Cu(II) decreases at higher pH than this wavelength. 
       The dependence of the absorbance of the complexes on pH is shown in (Figures 5-7). An analysis 
of the curves shows the optimal pH value for complex formation at 6.6 for Co(II) and Ni(II) and at 4.5 
for Cu(II). These pH values are in good agreement with those obtained from the absorption spectra of 
the complexes. 
  
2. Stoichiometry of the complexes 

   Mole ratio method and Job's continuous variation method were used to determine the stoichiometry 
of the complexes (Metal : IAAP ratio) existing in solution.  The stability constants of the complexes in 
solution were calculated according to a mole ratio method. In which varying concentrations of ligand 
(1.0 ×10-3 M) was mixed with constant M(II) concentration (2.0 ×10-3 M) at 451 nm and at pH= 6.0, 
6.6 and 4.5  for Co(II), Ni(II),and Cu(II)  respectively are given in  Table  1, as shown in Figure 8  Sharp 
break was observed at 1:1 mole ratio of (IAAP) and M(II).  
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  Fig. 5. The effect of pH on the absorption spectra of Co (II)-(IAAP) interaction 

 

 
Fig. 6. The effect of pH on the absorption spectra of Ni(II)-(IAAP) interaction  

  

 
Fig. 7. The effect of pH on the absorption spectra of Cu(II)-(IAAP) interaction .  

 Table 1: The Mole ratio data of Co(II), Ni(II) and Cu(II) - (IAAP) interaction 

 Absorbance at  λ 451 nm 
[IAAP] / [M] Series 

Cu(II) Ni(II) Co(II) 
0.492 0.688 0.762 0.25 1 
1.107 1.336 1.54 0.5 2 
1.51 2.048 2.27 0.75 3 

1.995 3.215 3.436 1 4 
1.81 3.011 2.854 1.25 5 

1.602 2.89 2.632 1.5 6 
1.4 2.78 2.55 1.75 7 

1.32 2.65 2.65 2 8 
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Fig. 8: Mole ratio method for:  (a)- Co(II)-(IAAP);(b)-Ni(II)-(IAAP); and (c) Cu(II)-(IAAP) interaction 
        

The job’s method of continuous variation was applied, keeping the sum of the molar concentration 
of metal ion and ligand constant( cM = cL = 1.0 ×10–3 M), the ratio of  both Co(II), Ni(II) and Cu(II) 
and (IAAP) was varied and the absorbance of the resultant mixtures were recorded at 451 nm and pH= 
6.0, 6.6 and 4.5 for Co(II), Ni(II) and Cu(II), respectively as  shown in Figures 9  and Table 2. Analysis 
of the obtained date from Figure. 9 indicated that: The plot consists of two straight lines and offered 
maximum absorbance at mole fraction 1:1 [L] : [M].  
 

Table 2: Job’s method of continuous variation data of M( II)‐(IAAP) complex. 

Absorbance at λ  451 nm 
Mole fraction Series 

Cu-IAAP Ni-IAAP Co-IAAP 
0.567 0.598 0.425 0.1 1 
1.165 1.228 0.83 0.2 2 
1.558 1.848 1.397 0.3 3 
2.251 2.498 1.876 0.4 4 
2.752 3.039 2.395 0.5 5 
2.854 3.12 2.54 0.6 6 
3.01 3.21 2.65 0.7 7 

3.213 3.24 2.77 0.8 8 
3.324 3.3 3.01 0.9 9 
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 Fig. 9: Continuous variation method for   a-  Co(II)-(IAAP),  b- Ni(II)-(IAAP) and c- Cu(II)-(IAAP) 

interaction   
 
3. Estimation the stability constant of IAAP- metal ions interactions 
        Estimation of the stability constants of the metal complexes resulted from the interactions between 
IAAP and Co(II), Ni(II) and Cu(II) ions in solution was an important aim of our work to provide an 
indication about the coordination behavior and the binding strength of IAAP Schiff base towards the 
selected metal ions. The spectrophotometric measurements using Job's continuous variation method 
were used to estimate the formation constants of the metal complexes formed in solution as explained 
in Fig.6 (a-c) for Co(II), Ni(II), and Cu(II) ions, respectively. Based on the obtained results, a simple 
equilibrium model between IAAP and the selected metal ions for the metal complexes formation can 
be represented as: M + IAAP ⇌ [M(IAAP)] for 1:1 stoichiometry {M was Co(II), Ni(II) or Cu(II) ion}. 
Additionally, the complex formation constant (Kf) can be evaluated using the mathematical relationship 
given as:  
                                Kf  =  (A / Am) / [1- (A / Am)]2C for 1:1 stoichiometry  
where; A is the observed maximum absorbance, Am is the absorbance obtained from the extrapolation 
of the two lines obtained from Job's continuous variation curve and C is the initial molar concentration 
of study metal ion (Islam et al., 2016  and  Mashaly et al., 1999). 

Moreover, using the relationship; ΔG = - RTlnK; Gibbs free energy (ΔG, kJ mol-1) of the metal 
complexes formation can be estimated where, R is the gas constant (equal to 8.314 J mol-1 K-1), T is the 
temperature in Kelvin and K is the determined stability constant ( Atalay and Akgemci, 1998).   
The obtained values of Kf for the interaction of IAAP with Co(II), Ni(II) and Cu(II) ions were found to 
be 6.19 x 105, 8.01 x 105 and 3.21 ×104, respectively. It is clear that Cu(II)- [IAAP] interaction has the 
higher stability formation constant value in comparison to Co(II) - [IAAP] and Ni(II) - [IAAP] 
interaction. Additionally, the obtained negative values of ΔG for the same system; -5.41×104, -
2.665×104 and -2.664×104, respectively. These negative values of ΔG mean that the kinetic process is 
a spontaneous one (Altun et al., 2017). 
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Table 3: Composition and stability constant of the complexes of metal(II) ions  with IAAP in 70% 

methanol-water. 

M(II)-[IAAP] Interaction M : IAAP 
at 25 C 

K Log k 

Co(II)-[IAAP] 1:1  56.19 x 10 5.79 

Ni(II)-[IAAP] 1:1  58.01 x 10 5.90 

Cu(II)-[IAAP] 1:1  43.21 ×10 4.51 
              

Form the date we can concluded that the order of the stability of the complexes are  
Cu(II)-[IAAP]  ˃  Co(II)-[IAAP] ˃ Ni(II)-[IAAP] 

 
 4. Validity of Beer̓ s- Lambert's law.  
       This method is carried out in order to apply the spectrophotometric method for quantitative 
determination of Co(II), Ni(II) and Cu(II) ions as their colored complexes with the individual ligand in 
70% (v/v) methanol-double distilled  water at the optimum pH. A series of 10 mL  solution were 
prepared in which the concentration of the ligand was kept constant (1.0 ×10-4 M)  while the metal ion 
concentration was varied from (1.0 ×10-5 M to 2.0 ×10-4 M). The absorbencies of these complexes were 
measured using the same concentration of ligand at the same condition as a reference solution. 
       The absorbance at different wavelengths for both Co(II), Ni(II) and Cu(II) ions complexes (Figure 
10)  shows the relation between absorbance of the formed complexes and the concentration of the metal 
ions at optimal wavelengths. The figures show that good straight lines are obtained passing through the 
origin, which denote that Beer - Lambert's law was obeyed up to (1.0 ×10-4 M).  
 

 
Fig. 10: Validity of Beer-Lambert's law for:  (a)- Co(II)-(IAAP); (b)-Ni(II)-(IAAP); and (c) Cu(II)-

(IAAP) interaction 

 

5. Method validation 
        Under the described experimental conditions, the calibration graph, Fig. 8 was obtained by plotting 
the measured absorbance at the specified λmax as a function of a varying concentration of metal ion. 
Each point of the calibration curve corresponding to the mean value obtained from eight independent 
measurements. The results showed that a linear relationships were obtained over the working 
concentration ranges of 2x10-4 :  1 x 10-3 Mol/L for M(II)-IAAP  interaction at λmax 451 with good 
regression coefficient values of 0.9968-0.9989. Moreover, the high regression coefficients indicate the 
adherence of the calibration curves to Beer's law. Furthermore, the graph is described by the regression 
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equation; y= a + bx where; y is the absorbance, a is the intercept, b is the slope and x is the concentration 
of IAAP in Mol mL-1 ( Errayess et al., 2017). The calibration parameters including the slope, intercept 
and correlation coefficient are summarized in Table 4. 

The limits of detection (LOD; the lowest amount of an analyte in a sample that can be detected by 
an analytical method) and limits of quantification (LOQ; the lowest amount of an analyte in a sample 
that can be quantitatively determined with acceptable accuracy) were calculated by using the following 
equations: 

LOD = (3SD) / b 

 LOQ = (10SD) / b 

                  SD = [∑(Xi – Ẍ)2 / (N-1)]½ 

Where; SD is the standard deviation of the absorbance measurements, b is the slope of the calibration 
curve, Xi is the absorbance, Ẍ is the mean value of Xi and N is the number of runs ( Belal et al., 2015;   
El-Didamony et al., 2017 and  Azmi et al., 2013).  
 
Table 4: Optical characteristics and statistical data of the proposed method for interaction of  

IAAPcomplexes  with Co(II), Ni(II) and Cu(II) ions  

Parameters(a) 
Analytical data 

Co(II)-IAAP Ni(II)-IAAP Cu(II)-IAAP 

λ max (nm)  451 451 451 

Molar absorpitivity; Ɛ (L mol-1 cm-1)       3.83x103 4.01x103       2.375x103 

Beer's law limit (M L-1) 1x10-3- 2x10-4 1x10-3- 2x10-4 1x10-3- 2x10-4 

Intercept (a) 0.4251 0.0087 0.1273 

Slope (b) 0.282 0.533 0.583 

Correlation coefficient (r) 0.9968 0.9987 0.9989 

Standard deviation SD 0.0026 0.00485 0.00536 

Limit of detection; LOD (M mL-1) 1.95 1.37 1.18 

Limit of quantification; LOQ (M mL-1) 5.45 6.43 3.85 

 
6. Conclusions 
        The main focus of the presented work was on the optimize and validation of a spectrophotometric 
method for determination the stability constant of the metal complexes of isatin 4-amino antipyrine 
(IAAP) with Co(II), Ni(II) and Cu(II) ions. From this study we concluded that  Co(II), Ni(II) and Cu(II) 
ions  form  1 : 1  (metal : ligand ) complex.  Stability constants (K) values were calculated using the 
continuous variation method and found to be in the order of 6.19 x 105, 8.01 x 105, and 3.21 ×104 dm6 
mol–2  for Co(II), Ni(II), and Cu(II) complexes respectively.  From the thermodynamic parameters ΔG 
values, the reactions were all spontaneous and exothermic. Also beer’s law obeyed up to (2 x 10-4 M)  
for Co(II), Ni(II)  and Cu(II) complexes. 
 
References  
 
 Abdel-Rahman, L.H.,  Abu-Dief, A.M.,  Newair, E.F., Hamdan, S.K., 2016. Some new nano-sized 

Cr(III), Fe(II), Co(II), and Ni(II) complexes incorporating 2-((E)-(pyridine-2-
ylimino)methyl)napthalen-1-ol ligand: Structural characterization, electrochemical, antioxidant, 
antimicrobial, antiviral assessment and DNA interaction.  J.  Photochem.    Photobiol. B Biol. 160, 
18–31. 

 Altun, O.,  and  M. Suozer, 2017. Synthesis, spectral analysis, stability constants, antioxidant and 
biological activities of Co (II), Ni (II) and Cu (II) mixed ligand complexes of nicotinamide, 
theophylline and thiocyanate.   J. Mol. Stru.,1149,  307-314. 

 



Curr. Sci. Int., 7(4): 873-883, 2018 
ISSN: 2077-4435 

882 

Atalay T. and E. G ̈uler Akgemci, 1998. Thermodynamic Studies of Some Complexes of 2-
benzoylpyridine 4-phenyl-3-thiosemicarbazone. Tr.  J. Chem., 22 ,  123-128. 

 Azmi, S.N.H., B. Iqbal,  N.S.H. Al-Humaimi, I.R.S. Al-Salmani,  N.A.S. Al-Ghafri, and N. Rahman, 
2013. Quantitative analysis of cefixime via complexation with palladium(II) in pharmaceutical  
formulations by spectrophotometry. J. Pharm. Anal. 3(4): 248-256. 

Balan, A.M.K.R.,  F.N.  Ashok, M. Vasanthi, R. Prabu   and A. Paulraj, 2013. Mixed ligand complexes 
of nickel(II), copper(II) and zinc(II) with nicotinanilide and thiocyanate,” International Journal of 
Life Science and Pharma Reviews, (3) 2:  67–75.            

 Belal, F., M.A. Omar,  S. Derayea, S. Zayed, M. A. Hammad and S. F. Saleh, 2015.  Simultaneous 
determination of paracetamol, caffeine and codeine in tablets and human plasma by micellar liquid 
chromatography.  Eur. J. Chem. 6,  468-474. 

Da Silva, J. F., S. J. Garden, A.C.  Pinto, and  J. Braz, 2001,  Chem. Soc., 12, 273-285. 
El-Didamony, A.M., and M.O. Abo-Elsoad, 2017. Kinetic spectrophotometric method for the 

determination of some fourth generation fluoroquinolones in bulk and in pharmaceutical 
formulations.   J. Saudi Chem. Soc. 21, S58-S66. 

Errayess, S.A., A.A. Lahcen,   L. Idrissi, C. Marcoaldi,  S. Chiavarini  and  A. Amine, 2017. A sensitive 
method for the determination of Sulfonamides in seawater samples by Solid Phase Extraction and 
UV–Visible spectrophotometry.  Spectrochim. Acta Part A: Mol. Biomol. Spectrosc., 181, 276-
285. 

Irving, H.  and R.J.P. Williams, 1953.  The stability of transition-metal complexes.  J. Chem. Soc., 11, 
3192-3210. 

Islam, Md. Al-Amin-Al-Azadul, Md. Chanmiya Sheikh, Mohammad Abdul Mumit, Ryuta Miyatake, 
Md. Ashraful Alam and  Md. Omar Ali Mondal, 2016, Synthesis, characterization and 
antimicrobial activity of a bidentate NS Schiff base of S-benzyl dithiocarbazate and its divalent 
complexes.  J. Coord. Chem. 69, 3580-3592. 

Job, P., 1928. Formation and stability of inorganic complexes in solution. Ann Chim 9:113 
Jouad, E.M. , G. Larcher, M. Allain, A. Riou, G.M. Bouet, M.A. Khan and X. D. Thanh, 2001,   

Synthesis, structure and biological activity of nickel(II) complexes of 5-methyl 2-furfural 
thiosemicarbazone.  J. Inorg. Biochem.,  86, 565-571. 

 Konstantinovi, S.S., B.C. Radovanovic, Z. Caki and  V. Vasi, 2003, Synthesis and characterization of 
Co(II), Ni(II), Cu(II) and Zn(II) complexes with 3-salicylidenehydrazono-2-indolinone.  J. Serb 
Chem., 68, 641-649. 

 Lenhart, J., S.E. Cabaniss,  P. Mac Carthy and B.D. Honeyman, 2000, Uranium (VI) complexation 
with citric, humic and fulvic acids.  Radiochim. Acta,  88, 345-357. 

 Mashaly, M., H. Bayoumi and  Taha,   1999. Metal complexes of triazine-Schiff bases: Spectroscopic 
and thermodynamic A studies of complexation of some divalent metal ions with 3-(α-
acetylethylidenehydrazino)  J. Serb. Chem. Soc., 64, 621-634. 

 Moghadam, M.R., S.M.P. Jahromi and A. Darehkordi, 2016, Simultaneous spectrophotometric 
determination of copper, cobalt, nickel and iron in foodstuffs and vegetables with a new bis 
thiosemicarbazone ligand using chemometric approaches.  Food Chem., 192, 424-431. 

 Pandeya, S.N., D. Sriram, P. Yogeeswari and S. Ananthan, 2001, Antituberculous Activity of 
Norfloxacin Mannich Bases with Isatin Derivatives.  Chemotherapy,   47, 266-273. 

 Pandeya, S.N., D. Sriram, G. Nath and E. De Clercq, 2000, Synthesis, antibacterial, antifungal and 
anti-HIV activities of norfloxacin mannich bases  Arzneim– Forsch.  Drug Res, 50, 55-72. 

 Shakir, M., S. Hanif, M.A. Sherwani, O. Mohammad, M. Azam and S.I. Al-Resayes, 2016.  
Pharmacophore hybrid approach of new modulated bis-diimine CuII/ZnII complexes based on 5-
chloro Isatin Schiff base derivatives: Synthesis, spectral studies and comparative biological 
assessment. Journal of Photochemistry & Photobiology, B: Biology, 157, 39–56. 

 Sharma, N., R. Prakash and K. Chaturvedi, 2012. Spectroscopic and Antimicrobial Studies Of Mixed 
Ligand Complexes of Transition Metal (II) Ions With Nitro Quinoline and Dibenzoyl Methane. 
Sci. Revs. Chem. Commun, 2(2): 108-114. 

 Sharma, R. C., P.P.  Giri, Kumar and D. Neelam, 2012, Synthesis, spectral and antimicrobial activity 
of mixed ligand complexes of Co(II), Ni(II), Cu(II) and Zn(II) with N,O and S donor ligands.  
Journal of Chemical and Pharmaceutical Research, 4(4): 1969-1973. 

Sharma, R.K., 2007, “Text book of Coordination Chemistry” Discovery Publishing House, 1st edition.  

http://www.doiserbia.nb.rs/Article.aspx?id=0352-51399910621M
http://www.doiserbia.nb.rs/Article.aspx?id=0352-51399910621M
http://www.doiserbia.nb.rs/Article.aspx?id=0352-51399910621M


Curr. Sci. Int., 7(4): 873-883, 2018 
ISSN: 2077-4435 

883 

Shukla, S., A. Kashyap and A. Kashyap, 2013, Synthesis, spectroscopic and thermal investigation of 
new nickel (II) amino acid complexes. Research Journal of Pharmaceutical, Biological and 
Chemical Sciences, 4(4) 1062-1066. 

Shutilova, N. I. and D.N. Moiseev, 2010, Role of transition metals in biological systems: Mn-protein 
center of water oxidation and its function in photosynthetic oxygen formation.  Protection of Metals 
and Physical Chemistry of Surfaces, 46, 502-507. 

Vosburgh, W.C. and G.R. Cooper, 1941. The identification of complex ions in solution by spectrometric 
measurements.   J. Amer. Chem. Soc., 63, 437-442. 

Yeo, J. H.,   and Jones. A. L., 1944., Colorimetric determination of iron with disodium-1, 2-
dihydroxybenzene-3, 5-disulfonate.  Ind. Eng. Chem. Anal., Edn., 16, 111-125. 

 

 

 

 

 




