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Abstract: The complexometric reaction between Co(II), Ni(II), Cu(II) with 1-Benzothiazol-2-
yl-3-(2-hydroxy phenyl)-5-(4-methoxy phenyl) pyrazoline(L1), 1-Benzothiazol-2-yl-3-(2-
hydroxy phenyl)-5-phenyl pyrazoline(L2), 1-Benzothiazol-2-yl-3-(2-hydroxy phenyl)-5-(4-
chloro phenyl) pyrazoline(L3), 1-Benzothiazol-2-yl-3-(2-hydroxy-5-methyl phenyl)-5-(4-
methoxy phenyl) pyrazoline(L4), 1-Benzothiazol-2-yl-3-(2-hydroxy-5-methyl phenyl)-5-(4-
chloro phenyl) pyrazoline(L5) and 1-Benzothiazol-2-yl-3-(2-hydroxy-5-methyl phenyl)-5-
phenyl pyrazoline(L6) have been studied by Conductometric method. N-Benzothiazol-2-yl-
3,5-disubstituted pyrazolines forms 1:1 complexes with Co2+, Ni2+,Cu2+ cations in solutions.
The stability of these complexes was calculated by conductance measurement by using
Modified Job’s Method. The analysis has been carried out by using Conductometry and pH-
metry. On the basis of Modified Job’s Method, thermodynamic parameter Gibbs free energy
also obtained for above complexes.
Key Words: Stability constants, N-Benzothiazol-2-yl-3,5-disubstituted pyrazoline, Co(II),
Ni(II), Cu(II) , Thermodynamic parameter, Conductometry.

1.Introduction :

The presence of another group or atoms like O,N,S created a heterocyclic compound, having wide
applications in pharmaceutical chemistry1-2. Pyrazolines are derived from pyrazoles but being an heterocyclic
compound, pyrazoline have an tremendous applicability. As known that compounds made by heterocyclic
atoms are generally  acts like a drugs having various types of activities. Hence pyrazoline considered as
therapeutic agent3. Like that substituted pyrazolines also shows biological activities like antimicrobial4-6,
antiinflammatory7-8, anticancer9, antitumor10, antidiabetic11, anti-HIV12 etc.  It  also  has  special  importance  in
biochemical systems.

Some pyrazoline derivatives shows bacterial13 and fungicidal14 activity.

The various types of physical-chemical techniques are used for the complexometric study like pH-
metry15, potentiometry16, conductometry17, polorography18, spectrophometry19, ion exchange20 etc.

Out various techniques, conductometry technique is considered as a more accurate because it shows
high precious at extremely low solution concentrations where the interactions between cation and anion are
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known to be very small. In addition, conductometry is a highly sensitive and inexpensive technique with a
simple experimental arrangements.

Many metal-containing compounds, especially those of transition metals are coordination complexes.
Coordination complexes are so pervasive that the structure and reactions are described in many ways.

The affinity of metal ions for ligands is described by stability constant and also referred as formation constant.

Formation constant vary widely, large values indicate that the metal has high affinity for the ligand, provided
the system is at equilibrium. When complex ions forming in solutions they also play a key role in solubility of
other compounds. When a complex ion is formed it can alter the concentrations of its components in the
solution.

As a whole stability constant is a measure of the strength of the interaction between the reagents that
come together to form the complex.

The thermodynamics of metal ion complex formation provides much significant information. In
particular it is useful in distinguishing between enthalpic and entropic effects. Enthalpic effects depend on bond
strengths and entropic effects have to do with changes in the order/disorder of the solution as a whole.

Literature survey reveals that the conductometry and thermodynamic study of complex formation is
also studied by various reserchers21-27.

While comparative study of determination of formation constants with potentiometry and pH-metry
was carried out by using traditional methods28-30.

In the present investigation, formation constants of transition metal ions Co(II), Ni(II), Cu(II) with 1-
Benzothiazol-2-yl-3-(2-hydroxy phenyl)-5-(4-methoxy phenyl) pyrazoline(L1),  1-Benzothiazol-2-yl-3-(2-
hydroxy phenyl)-5-phenyl pyrazoline(L2), 1-Benzothiazol-2-yl-3-(2-hydroxy phenyl)-5-(4-chloro phenyl)
pyrazoline(L3), 1-Benzothiazol-2-yl-3-(2-hydroxy-5-methyl phenyl)-5-(4-methoxy phenyl) pyrazoline(L4), 1-
Benzothiazol-2-yl-3-(2-hydroxy-5-methyl phenyl)-5-(4-chloro phenyl)pyrazoline(L5) and 1-Benzothiazol-2-yl-
3-(2-hydroxy-5-methyl phenyl)-5-phenyl pyrazoline(L6) in 1:1 ratio at 28±0.10C. For this study, Modified Job’s
Method was used. The ionic strength was maintained constant at 0.1M.

The Modified Job’s Method generally used for the synthesis and characterization of some transition
metal complexes31-33.

The comparative study of formation constants of complexes has been done by two analytical techniques
as conductometry and pH-metry further both the techniques were implemented for thermodynamic parameter
determination.

2.Experimental :

2.1 Reagents And Solvents :

The ligands were synthesized by the microwave assisted method. The purity of the compounds are
checked by analytical and spectral analysis i.e. melting point determination, IR, and NMR spectra. All
chemicals were used of AR grade i.e. metal nitrates.AR grade acetone was used as a solvent. The stock solution
of the metal nitrates and ligands in acetone were prepared by the water and solvent in a minimum volume of
mixture.

0.02M, 0.005M, 0.0025M of metal solution were prepared by dissolving the requisite quantities in conductivity
water.

Similarly, ligand solution of 0.01M, 0.005M and 0.0025M concentration were also prepared in acetone.
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2.2 Apparatus :

The conductance measurement were performed by using conductometric instrument EQUIP-TRONICS
conductivity meter model no. EQ.665 equipped with a combined  conductivity cell. The instrument is calibrated
by adjusting 1.00mƱ on conductometer before each titration. The model EQ-621). All the weighing were done
on electronic balance [Contech CB-series with accuracy ±0.001]. A conductometric cell with a cell constant of
1 was used throughout the study.

2.3 Methods :

For the conductometric titrations, two methods were used

2.3.1. Monovarient Method :

For the detection of Metal-Ligand ratio the monovarient method was used to determine the
stoichiometry of the complex systems and firstly given by Nayar and Pande.

For this method the stock solution of ligand solution of 0.01M concentration in acetone-water mixture
was prepared. Similarly, metal salt solution of 0.02M was prepared in conductivity water. These stock solutions
were taken for the further dilution.

Out of total, 5ml of stock solution of ligand solution was diluted upto 50ml in a beaker and kept at
thermostatic bath at 250C.This was titrated against 0.02M metal salt solution conductometrically. Conductance
was recorded after every addition of 0.5 ml of metal salt solution with constant stirring at constant temperature.
Conductance can be calculated as

Conductance = {(V+v)/V}*(Observed conductance)      -------------------- (I)

Where, V= initial volume of ligand solution,

v = volume of metal solution added.

Graph I : Conductometric titration between 1-Benzothizol-2-yl-3-(2-hydroxy phenyl)-5-(4-chlorophenyl)
pyrazoline (L3) with Co(NO3)2.6H2O

The reported conductometric data is presented in table (Table I).
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Table I : Conductometric titration between 1-benzothiazol-2-yl-3-(2-hydroxy phenyl)-5-(4-chlorophenyl)
pyrazoline (L3) + Co(NO3)2.6H2O

             S.N. Volume of metal salt
added (ml)

Observed
Conductance(mS)

Corrected
Conductance(mS)

1 0 0.02 0.02
2 0.5 0.04 0.0404
3 1 0.07 0.0714
4 1.5 0.09 0.0927
5 2 0.12 0.1248
6 2.5 0.14 0.147
7 3 0.17 0.1802
8 3.5 0.19 0.2033
9 4 0.22 0.2376
10 4.5 0.24 0.2616
11 5 0.26 0.286
12 5.5 0.28 0.3108
13 6 0.31 0.3472

                14              6.5                       0.33              0.3729
15 7 0.35 0.399
16 7.5 0.37 0.4255
17 8 0.39 0.4524
18 8.5 0.41 0.4797
19 9 0.43 0.5074
20 9.5 0.45 0.5355
21 10 0.46 0.552

The equivalence point was determined from graph which reflects 1:1 composition of metal and ligand.

2.3.2. Continuous Variation Method :

For the determination of composition and stability constant of complexes Modified Job’s Method was
implemented. For this solution, both metal salt and ligand solution was taken in equal concentration. These
solutions then separated in three series i.e. C1, C2 & C3 for the determination of conductance. In set C1 metal
solution is added from 0.0ml to 10ml quantity so that total solution that made was of 10ml. Similarly C2 set was
filled with ligand solution from 0.0ml to 10ml and C3 set was also having metal and ligand both the solutions to
filled total 10ml quantity from 0.0ml to 10ml.

Conductance was recorded for each solution. Conductance was calculated as ‘C1+C2-C3’34. Graphs
were plotted between conductance and mole metal-ligand ratio. The same procedure was repeated for another
concentration. The graph was plotted as conductance of both concentrations taken on one axis and mole ratio on
another axis. On the basis of equivalence point, the composition and stability constants for the complexes were
determined.

The results were presented in tables Table II(i) & Table II(ii).
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Table II (i) : Conductance of 1-Benzothiazol-2-yl-3-(-2-hydroxy-5-methyl phenyl)-5-(4-chlorophenyl)
pyrazoline (L3) with Co(NO3)2.6H2O.

   Concentration of  metal – 0.005M,                                    Concentration of ligand – 0.005M

S.N. Ratio M:S
(C1)

S:L
(C2)

M:L
(C3)

Conductance
(C1+C2-C3)

1 0:10 0.00 0.029 0.00 0.029
2 1:9 0.05 0.028 0.04 0.038
3 2:8 0.10 0.031 0.07 0.061
4 3:7 0.16 0.031 0.11 0.081
5 4:6 0.20 0.031 0.14 0.091
6 5:5 0.26 0.032 0.18 0.113
7 6:4 0.33 0.034 0.26 0.102
8 7:3 0.42 0.034 0.36 0.094
9 8:2 0.51 0.034 0.47 0.074

          10          9:1         0.60        0.033         0.56        0.073
11 10:0 0.67 0.035 0.65 0.055

Table II (ii)  Concentration of  metal – 0.0025M,  Concentration of ligand – 0.0025M

S.N. Ratio M:S
(C1)

S:L
(C2)

M:L
(C3)

Conductance
(C1+C2-C3)

1 0:10 0.00 0.029 0.00 0.029
2 1:9 0.02 0.030 0.02 0.030
3 2:8 0.04 0.032 0.04 0.032
4 3:7 0.07 0.033 0.07 0.033
5 4:6 0.09 0.033 0.09 0.033
6 5:5 0.13 0.032 0.12 0.042
7 6:4 0.17 0.035 0.18 0.025

8 7:3 0.22 0.036 0.24 0.016
9 8:2 0.28 0.036 0.30 0.016
10 9:1 0.40 0.037 0.42 0.017
11 10:0 0.50 0.034 0.52 0.014

The graphs plotted from the results shows 1:1 ratio of metal- ligand.

2.4 Synthsis of N-Benzothiazol-2-Yl-3,5-Disubstituted Pyrazoline with Transition Metal :

For the synthesis of complex ligand 1-Benzothiazol-2-yl-3-(2-hydroxy phenyl)-5-(4-chlorophenyl)
pyrazoline (L3) is taken with Co(II) metal ion.

Equimolar solutions of metal and ligand were prepared and were mixed in equal quantities. pH of
mixture was maintained at 8.2 by using freshly prepared NaOH solution. Then solution is refluxed for about
5hrs. and kept undisturbed for 7days. After 7 days, brown colored precipitate was obtained. The product is
filtered, dried and weighed. The yield of product is approximately 25.7%.
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3. Results and Discussions :

For the determination of stability constants, Turner and Anderson’s Modified Job’s Method were used.

Suppose the initial concentration of metal ions are ‘a’ and that of ligands ‘b’ then the stability constant
‘K’ is given by

K =                 -------------- (II)

Where ‘x’ is the concentration of complex.

From the intercept on the two curves at same conductance, the stability constant was calculated i.e. a1,
a2 and b1, b2 represent the concentration of metal and ligand respectively for 1:1 complex. Hence equation (II)
became

  =        ------------- (III)

Log K values are determined from (Graph II)

Graph II :Conductometric estimation of composition of complex of 1-Benzothiazol-2-yl-3-(2-hydroxy
phenyl)-5-(4-chlorophenyl) pyrazoline (L3) and Co(NO3)2.6H2O

For the other ligand solutions L1,L2,L3,L4,L5 & L6 with Co(II), Ni(II),Cu(II) log K values are given in
(Table III)

Table III : Comparative log K values of stability constants of complexes Co(II), Ni(II), Cu(II) with ligand
L1 to L6

  S.N.           System Conductometric  pH-metric
1 Co(II)-L1 2.50 2.45
2 Ni(II)-L1 1.99 1.96
3 Cu(II)-L1 1.83 1.3
4 Co(II)-L2 1.67 1.7
5 Ni(II)-L2 1.70 1.69
6 Cu(II)-L2 1.72 1.78
7 Co(II)-L3 2.20 2.19
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8 Ni(II)-L3 1.89 1.62
9 Cu(II)-L3 2.03 2.09
10 Co(II)-L4 1.98 1.99
11 Ni(II)-L4 1.86 1.81
12 Cu(II)-L4 1.55 1.54
13 Co(II)-L5 1.90 1.91
14 Ni(II)-L5 1.63 1.66
15 Cu(II)-L5 1.46 1.43

                16              Co(II)-L6              1.58              1.59
17 Ni(II)-L6 1.76 1.76
18 Cu(II)-L6 1.58 1.53

The stability constant was determined by pH-metry also. The stability constants of the complexes
implemented for the study are presented in table35. The values determined by both techniques reflects the
confirm formation of complex between metal ion and ligand.

3.1 Determination of Thermodynamic Paramaters :

Stability of complex depends on reaction energy i.e. thermodynamic stability is concerned with metal-
ligand bond energies and stability constants.

On the basis of log K values, free energy change of the system can be calculated by using following
equations

ΔG = -2.303 RT log K       --------------- (IV)

Where, R = Gas constant & T = absolute temperature.

The free energy change can also be calculated on the basis of pH-metry. Hence the comparative values
are shown in (Table IV).

3

Table IV : Comparative values of ΔG ( JK-1mol-1) of ligands L1 to L6 with Co(II), Ni(II), Cu(II)

         S.N             Systems Conductometry pH-metry
1 L1+Co(II) -14408.74 -14214.39
2 L2+Co(II) -9625.04 -9863.04
3 L3+Co(II) -12679.69 -12705.92
4 L4+Co(II) -11411.72 -11545.56
5 L5+Co(II) -10950.64 -11081.42
6 L6+Co(II) -9106.32 -9224.85
7 L1+Ni(II) -11469.36 -11371.51
8 L2+Ni(II) -9797.94 -9805.03
9 L3+Ni(II) -10893.01 -9398.90
10 L4+Ni(II) -10720.10 -10501.24
11 L5+Ni(II) -9394.50 -9630.97
12 L6+Ni(II) -10143.75 -10211.15
13 L1+Cu(II) -10547.20 -7542.33
14 L2+Cu(II) -9913.21 -10327.19
15 L3+Cu(II) -11699.90 -12125.74
16 L4+Cu(II) -8933.42 -8934.76

            17              L5+Cu(II)             -8414.70             -8296.56
18 L6+Cu(II) -9106.32 -8876.74
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On the basis of all these data, it has been observed that the formation constant or formation of complex
of N- benzothiazole-2-yl-3,5- disubstituted pyrazoline with Co(II), Ni(II), Cu(II) takes place in 1:1 ratio. Hence
it is proved that, the Modified Job’s Method of continuous variation was used to calculate stability constants
and free energy change.

During the complexometric titration, complex formation was confirmed by the formation of precipitate
during titration and change in the color of solution. This happened due to the formation of 1:1 complex by
replaceable H+ from the phenolic –OH group.

While in the values of formation constants some variations are obtained, it may be due to

a) Abnormal conductance of hydrogen and hydroxyl ions36.

The size of hydrogen ion in solution is very small and because of its effective size and conducting
power it combine with the water molecule forming H3O+ ion. While the conductance of hydroxyl ion in water is
less than that of hydrogen ion and hence behave abnormally.

b) Differ in size of metals :

Typically the chemistry of transition metal complexes is dominated by interactions between s and p
molecular orbital’s of the ligands and the orbital’s of the metal ions. The s,p and d orbital’s of the metal can
accommodate 18 e-s. The maximum coordination number for a certain metal is thus related to the electronic
configuration  of  the  metal  ion  and  to  the  ratio  of  the  size  of  ligands  and  metal  ion.  Large  metals  and  small
ligands lead to high coordination number. Small metals with large ligands leads to low coordination number.
Due to their large size early transition metals tend to have high coordination number.

c) The conductivity of an ionic solution increases with increasing concentration. In strong electrolytes
conductivity increases and in weak electrolytes it is more gradual. This is so happened because of increase in
the number of ions per unit volume of the solution.

d) The effect of temperature and pressure is also takes place on conductivity. The increase in temperature and
pressure, the conductance of the solution increases.

So because of all these factors variations may be obtained in the results.

The negative values of free energy shows that the formation of complex is feasible and spontaneous.

5. Conclusion :

On the basis overall information N-Benzothiazol-2-yl-3,5-disubstituted pyrazoline with transition
metals shows 1:1 complex formation.

Complex formation reaction involves changes in the number of ions then there would be changes in
conductivity of solution. In the complexation reaction there is a decrease in number of ions in solution. Hence
the conductance of solution decreases due to formation of complex. Similarly, if the complex formation
involves the liberation or absorption of protons or hydroxyl ions, then the conductance of the solution changes
abnormally. This is because of  the abnormal conductivity of the protons and hydroxyl ions in aqueous
solutions. This change in conductance can be used to detect the complex formation37.

References :

1. Wakode A W, Burghate A S, Wadhal S A. Microwave assisted improved method for the synthesis,
characterisation and antimicrobial studies of newly synhtesized benzothiazolyl and benzimidazolyl
substituted derivatives, Indo Amc. J. Pharma. Res.,2014, 4(10), 5010-5016.

2. Belokar G U & Burghate A S. Physical parameter study of heterocyclic antiematic and anti-
inflammatory drugs by refractometry, Rasayan J. Chem.,2014, 7(4), 317-319.

3. Virmani  M  &  Hussain  S. Synthesis of substituted 2-pyrazoline-5-one derivatives and their
antimicrobial activity,Uni. J. Pharma.2014, 3(4), 37-41.



A.S.Burghate et al /Int.J. ChemTech Res. 2015,8(11),pp 403-412. 411

4. Azarifar D and Shaebanzadeh M. Synthesis and Characterization of New 3,5-Dinaphthyl  Substituted 2-
Pyrazolines and Study of Their Antimicrobial Activity,Molecules, 2002, 7,  885-895.

5. Rana A K,Lade S B,  Sorathia  S,  Joshi  M J,  Shah N M. Synthesis,  characterization and antimicrobial
evaluation of some new N-acetyl pyrazoline derivatives from substituted furan-2-carbaldehyde, Der
Chemica Sinica, 2012, 3(4), 965-969.

6. Solanki N S, Yaduvanshi K S, Jain V, Mishra A, Marothia D. Synthesis And Antimicrobial Activity Of
Di(Subsitituted Phenyl)-2 Pyrazoline Derivatives,Int. J. Pharm. Tech.Res.,2012, 4(4), 1464-1470.

7. Amir M and Kumar S. Synthesis And Antimicrobial Activity Of Di(Subsitituted Phenyl)-2- Pyrazoline
Derivatives, Ind. J. Chem.,2005, 4(4B), 2532-2537.

8. Chavan R S, More H N, Bhosale A V. Synthesis and evaluation of analgesic and anti-inflammatory
activities of a novel series of 3-(4, 5-dihydropyrazolyl)-indoles,Int. J. Pharm.& Biomed. Res.,2010,
1(4), 135-143.

9. Gowramma B, Jubie S, Kalirajan R, Gomathy S, Elango K. Synthesis, Anticancer activity of some 1-
(Bis N, N-(ChloroEthyl) - Amino Acetyl)-3, 5- Disubstituted 1, 2-Pyrazolines, Int. J. Pharmtech.
Res.,2009, 1(2), 347-352.

10. Ganesh A. Biological activities of some pyrazoline derivatives, Int. J. Pharm. Bio. Sci., 2013, 4(2), 727-
733.

11. Emayavaramban M, Santhi N, Gopi C, Manivannan C, Raguraman A. Synthesis, Characterization and
Anti-diabetic activity of 1,3,5-triaryl-2-pyrazolines in acetic acid solution under Ultrasound Irradiation,
Int. Lett. Chem. Phy.& Astro.,2013, 14, 172-185.

12. Ali M A, Yar M S, Siddiqui A A, Sriram D, Yogeeswari P, Clercq E D. Synthesis and anti-HIV activity
of N1-nicotinoyl-3-(4’-hydroxy-3’-methylphenyl)-5-[substituted phenyl]-2-pyrazolines,Acta Pola.
Pharm., 2007, 63, 423-428.

13. Phirke J V, Meshram Y K. Microwave assisted synthesis and antibacterial activity of substituted 2-furyl
pyrazoline derivatives, Ind. J. Appl. Res., 2014, 4(7), 537-538.

14. Talegaonkar R S, Burghate A S. pH-metric studies on formation constants of the complexes of
substituted thiazolyl Schiff's bases with Some lanthanide Metal ions, J. Ind. Chem. Soc., 2012, 89,
1585-1589.

15. Panchal A D and Patel P M. Synthesis, Anti-Bacterial and Anti-Fungal Evaluation of Pyrazoline
Derivatives, E- J Chem, 2012, 9(4), 1801-1809.

16. Pandeya S B, Singh A K. Potentiometric measurements of stability constants of complexes between
fulvic acid carboxylate and Fe3+,  Plant & Soil,2000, 223, 13-21.

17. Zollinger D P, Bulten E, Christenhusz A, Bos M & Linden W E. The polarographic determination of
stability constants of urea/crown ether complexes in methanol ,Ana. Chimica Acta, 1984, 207-222.

18. Croot P L, Moffett J W, Lurther III G W. Polarographic determination of half-wave potentials for
copper-organic complexes in seawater, Marine Chemistry,1999, 67, 219-232.

19. Narayana  B  &  Divya  N  S,  Narayana  B  &  Divya  N  S.  Novel  methods  for  the  Spectrophotometric
determination of Colchicoside, Ind. J. Chem. Tech., 2010, 17, 317-320.

20. Wemming D, Weijuan L, Zuyi T, Use of the ion exchange method for the determination of stability
constants of trivalent metal complexes with humic and fulvic acids II. Tb3+, Yb3+ and Gd3+
complexes in weakly alkaline conditions, Appl. Rad. Iso., 2002, 56, 967-974.

21. Rounaghi, Hossein G, Khoshnood S, Raziyeh, A Thermodynamic Study of Complex Formation
between15-Crown-5 with Mg2+,Ca2+,Sr2+and Ba2+in Acetonitrile-Methanol Binary Mixtures Using
Conductometric Method, Iran J. Chem. & Chem. Eng.,2001, 20(2), 82-89.

22. Rezayi  M,  Kassim  A,  Ahmadzadeh  S,  Yusof  N  A,  Naje  A,  Ahangar  H  A.  Conductometric
Determination of Formation Constants of tris(2-pyridyl)methylamine and Titanium (III) in Water-
Acetonitryl Mixture, Int. J. Electrochem. Sci., 2011, 6, 4378-4387.

23. Mahmood P, Mehdi T, Akram Z, Neda H. Conductometric Studies of the Thermodynamics of
Complexation of Zn2+, Ni2+, Co2+, Pb2+, Mn2+, Cu2+ Ions with 1,13-Bis(8-Quinolyl)-1,4,7,10,13-
Pentaoxatridecane in Binary Solvent Mixtures, Iran J. Chem. & Chem Eng., 2012, 31(3), 1-7.

24. Nezhadali A, Naemi A. A thermodynamic Study of complex formation between Cu(II) ion and 4-
Amino-3-methyl-1,2,4- triazol-5-thione( AMTT) in binary ethanol/water mixture using conductometric
method, Der Pharm. Chem., 2009, 1(1), 100-105.

25. Ahmadzadeh S, Kassim A, Rezayi M, Abdollahi Y, Rounaghi G H.  A Conductometric Study of
Complexation Reaction Between Meso-octamethylcalix[4]pyrrole with Titanium Cation in
Acetonitrile–Ethanol Binary Mixtures, Int. J. Electrochem. Sci.,2011, 6, 4749-4759.

https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=xf1zmNwAAAAJ&citation_for_view=xf1zmNwAAAAJ:roLk4NBRz8UC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=xf1zmNwAAAAJ&citation_for_view=xf1zmNwAAAAJ:roLk4NBRz8UC


A.S.Burghate et al /Int.J. ChemTech Res. 2015,8(11),pp 403-412. 412

26. Gomaa E A, Ibrahim K M, Hassan N M.  Conductometric Study of Complex Formation Between Cu
(II) Ion and 2-hydroxyimino-3-(2'-hydazonopyridyl)-butane (HL), Front. Sci., 2012, 2(4), 76-85.

27. Hakimi M, Nezhadali A, Naemi A. Conductometric Study of Complex Formation Between Cu(II) Ion
and 4-Amino-3-ethyl-1,2,4-triazol-5-thione in Binary Ethanol / Water Mixtures, E-J. Chem., 2008,
5(3), 551-556.

28. Prasad S & Goncalves S B. Potentiometric and Conductometric Studies on the Formation of Thorium
Molybdates as a Function of pH, J. Braz. Chem. Soc., 2000,11(2), 199-202.

29. Obradovic M V, Sunaric S M. Conductometric and pH metric investigations of the oxalic acid and
NaAsO2 reaction, J. Serb.Chem.Soc., 2008, 73(11), 1113-1122.

30. Askar E I, Shokry H, Hashmy D A. Potentiometric and conductometric studies of malonyl
bis(salicyloylhydrazone) and divalent metal complexes, J. Saudi Chem.Soc., 2010, 14, 175-182.

31. Nair  S.  A  Study  of  Transition  Metal  Complex  of  Diuretic  Drug  and  study  of  its  Physico-chemical
properties as Potential Therapeutic Agent, Res. J.Rec.Sci., 2012, 1, 341-344.

32. Prakash O, Iqbal S A, Jacob G. Synthesis, Physico-chemical, Spectral and X-ray Diffraction Studies of
Zn(II) Complex of Pioglitazone - A New Oral Antidiabetic Drug, Ori. J. Chem, 2013, 29(3), 1079-1084

33. Das S, Malik S, Jain B. Physico-Chemical Characterization and Synthesis of Transition Metal Complex
of Omeprazolle , Int. J. Adv. Sci. Tech. Res.,2014, 4(4), 519-525.

34. Huhey J E. Proceedings of the regional Annual Chemistry Teaching Symposium,1973, p. 52-78.
35. Gotmare A G, Burghate A S, Wadhal S A. Study of stability constants of complex of N-benzothiazol-2-

yl-3,5-disubstituted pyrazolines with some transition metal ions, J. Chem. Pharm. Res.,2014, 6(2), 748-
753.

36. Glasstone S. An Introduction to Electrochemistry, EWP, Litton Edu. Pub., 1942, p. 65-67.
37. Gopalan R, Ramalingam V. Concise coordination chemistry, Vikas Pub. House, 2001, p.145.

*****


