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ABSTRACT

The association constant ,formation constants and Gibbs free
energies are calculated from the conductometric titration curves of CuCl2
with 4-phenyl-2-diacetyl monoxime-3-thiosemicarbazone (BMPTS) in
methanol at different temperatures( 293.15 K, 298.15 K, 303.15 and
308.15 K). On drawing the relation between molar conductance and the
ratio of metal to ligand concentrations, different lines are obtained
indicating the formation of 1:2 , 1:1 and 2:1 (M:L) stoichiometric
complexes. The formation constants of different complexes in methanol
follow the order: Kf (2:1) » Kf (1:1) > Kf (1:2) for (M: L). As the temperature
increases, the formation constants and association constants of different
complexes increase. The enthalpy and entropy of formation and
association of CuCl2 with (BMPTS) were also estimated and their values

were also discussed.

INTRODUCTION

Transition metal ions have a strong role in bio-inorganic chemistry and redox enzyme systems and may
provide the basis of models for active sites of biological systems [1- Copper(ll) ion is a biologically active,
essential ion, chelating ability and positive redox potential allow participation in biological transport reactions.
Cu(ll) complexes possess a wide range of biological activity and are among the most potent antiviral,
antitumor and anti inflammatory agents[2l. The hydrazones and their metal complexes have many important
applications in analytical chemistry and pharmacology 3451, Schiff bases hydrazone derivatives and their metal
complexes have been studied for their interesting and important properties, e.g., antibacterial &7 antifungal
8l antioxidant [©l anticancer 201 and catalytic activity in oxidation of cyclohexene [11 Moreover, Schiff bases
hydrazone derivatives are versatile ligands and they offer the possibility of different modes of coordination
towards transition metal ions. Also, some of these derivatives have been applied as iron chelator drugs in
therapy of anemia 121 and treatment of neuropathic pain 13l This work deals with the Determination of solvation
free energies (AG)s ,Enthalpy changes of solvation(AH)s and the entropy of solvation (AS) from conductometric
technique. Thus, thermodynamic studies of complexation reactions of this Schiff base with transition metal ions is
important on the thermodynamics of complexation reaction, but also lead to a better understanding of the high
selectivity of this ligand towards different metal cations.

The aim of this work is the evaluation the non-covalent behavior of CuCl2 with (BMPTS) in absolute ethanol

solutions at 294.15 K. These non-covalent interactions can help us for analysis of salts in bodies and environment
[14,15,16]

EXPERIMENTAL
Materials and Methods

All manipulations were performed under aerobic conditions. The cupper chloride and the used reagents
were Merck pure.
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Preparation of BMPTS

4-phenyl-1-diacetylmonoxime-3-thiosemicarbazone (BMPTS) was prepared by boiling an ethanol (EtOH)
solution of 4-phenylthiosemicarbazone (1.7g) with an EtOH solution of diacetylmonoxime (1g) under reflux for two
hours. The solution was then concentrated to one half of its volume and cooled. Yellowish white needles separated

which were recrystallized from hot absolute EtOH. (M.p: 192 OC; yield 80%). The purity of the compound was
checked by TLC.

@ i i
NH . N
”)J\H/ 2 HO/ AN

reflux

4- Phenyl thio semicarbazide diacetyl monoxime

CHj;

Scheme. (1): The outline of the synthesis of 4-phenyl-1-diacetyl monoxime-3-thiosemicarbazone (BMPTS)

Conductance measurement

The conductometric titration of the CuCl2 (1x10+4) mole/L against the ligand (1x10-3) mole/I in methanol
was performed with 0.2 ml interval additions from (BMPTS) solution. The specific conductance values were
recorded using conductivity bridge AdWa, AD 3000 with a cell constant equal to 1. The temperature was adjusted
at 293.15 K, 298.15 K, 303.15 K and 308.15 K

RESULTS AND DISCUSSION

The specific conductance values (Ks) of different concentrations of CuCl2 in methanol were measured
experimentally in absence and in the presence of ligand at different temperatures (293.15 K, 298.15 K, 303.15 K
and 308.15 K).

The molar conductance (/\m) values were calculated [14.15.16] ysing equation:

A m = (Ks-KsoIv)Kcell X 1000/C (1)

Where Ks and Kson are the specific conductance of the solution and the solvent, respectively; Kcen is the cell
constant and C is the molar concentration of the CuCl2 solutions.

The limiting molar conductances (/\w) at infinite dilutions were estimated for CuClz2 in methanol in

presence of the ligand at different temperatures by extrapolating the relation between /\m and Cm”: to zero
concentration as shown in Fig.(1).
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Figure 1: The relation between molar conductance (/\m) and (Cm*?) of CuCl2 in presence of BMPTS at different
temperatures (293.15K, 298.15 K, 303.15 K and 308.15 K).
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By drawing the relation between molar conductance (/\m) and the molar ratio of metal to ligand [M/L]
concentrations (Fig. 2,3,4&5), different lines are obtained with sharp breaks indicating the formation of 1:2, 1:1

and 2:1 [M:L] stoichiometric complexes.
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Figure 2: The relation between /\m
and [M/L]at 293.15 K.

RRJC | Volume 3] Issue 2 | April - June, 2014

145

1 CUCl#BIPTS

1401

1354

1304

120

1154

1104

Figure 3: The relation between/\m
and [M/L]at 298.15 K

30



€-ISSN: 2319-9849
p-ISSN: 2322-0082

160

" CuCIBIPTS 165 1
155 0] " CuCl,#BIPTS

150 1554

1454 150

140 1454

135 1404

130 135

1254 130

NWr—————7T 7T T T 125 T T T T T T T

Figure 4: The relation between /\m Figure 5: The relation between /\m
and [M/L]at 303.15 K. and [M/L] at 308.15 K

The experimental data of (/\m) and (/\o) were analyzed for the determination of association and formation
constants for each type of the stoichiometric complexes.

The association constants of CuCl2 in the presence of ligand (BMPTS) in methanol at different
temperatures ( 293.15 K, 298.15 K, 303.15K and 308.15 K) for 2:1,1:1 and 1:2 [M:L] were calculated by using
equation [17.18]

Ka=[A 02 A o- A m)]/[4Cm2+ A 35(z)] (2)

Where (/\m, /\o) are the molar and limiting molar conductance of CuClzin presence of BMPTS respectively;
Cm is molar concentration of CuClz2, y* is activity coefficient S(Z) is Fuoss-Shedlovsky factor, equal with unity for
strong electrolytes [19] The calculated association constants are shown in Table (1).

Table 1: Association constants of CuClo with (BMPTS) at different temperatures (293.15 K, 298.15 K, 303.15 K
and 308.15 K) in methanol.

Cliigand] Cmicuci2] Ka

Temp 293.15 K 298.15 K 303.15 K 308.15 K
4.76E-05 9.52E-05 1.05E+09 1.06E+09 1.08E+09 1.11E+09
6.25E-05 9.38E-05 9.89E+08 9.98E+08 1.01E+09 1.06E+09
7.41E-05 9.26E-05 9.17E+08 9.82E+08 9.94E+08 1.04E+09
9.09E-05 9.09E-05 9.12E+08 9.38E+08 9.53E+08 9.92E+08
1.12E-04 8.88E-05 8.55E+08 8.94E+08 9.12E+08 9.44E+08
1.33E-04 8.67E-05 8.26E+08 8.55E+08 8.75E+08 9.01E+08
1.53E-04 8.47E-05 7.79E+08 8.23E+08 8.56E+08 8.63E+08
1.67E-04 8.33E-05 7.76E+08 8.07E+08 8.40E+08 8.57E+08
1.85E-04 8.15E-05 7.51E+08 7.82E+08 8.14E+08 8.38E+08
2.02E-04 7.98E-05 7.27E+08 7.58E+08 7.88E+08 8.10E+08

The Gibbs free energies of association (AGa) were calculated from the association constant [20. 21] py
applying equation:

AGa=-RTInKa (3)

Where R is the gas constant (8.314 J) and T is the absolute temperature .The calculated Gibbs free energies were
presented in Table (2).

RRJC | Volume 3] Issue 2 | April - June, 2014 31



e-ISSN: 2319-9849
p-ISSN: 2322-0082
Table 2: Gibbs free energies of association of CuCl2 with (BMPTS) at different temperatures (293.15 K, 298.15 K,
303.15 Kand 308.15 K) in methanol

Cligone] Crnicuciz) AGy(k J/mol)

Temp 293.15 K 298.15 K 303.15 K 308.15 K
4.76E-05 9.52E-05 -50.6230 -51.5253 -52.4294 -563.3670
6.25E-05 9.38E-05 -50.4808 -51.3640 -52.2533 -53.2376
7.41E-05 9.26E-05 -50.2961 -51.3237 -52.2163 -53.1936
9.09E-05 9.09E-05 -50.2825 -51.2106 -52.1090 -53.0722
1.12E-04 8.88E-05 -50.1251 -51.0923 -51.9974 -52.9451
1.33E-04 8.67E-05 -50.0427 -50.9821 -51.8936 -52.8265
1.53E-04 8.47E-05 -49.9004 -50.8851 -51.8381 -52.7160
1.67E-04 8.33E-05 -49.8895 -50.8390 -51.7907 -52.6961
1.85E-04 8.15E-05 -49.8084 -50.7599 -51.7115 -52.6391
2.02E-04 7.98E-05 -49.7292 -50.6812 -51.6313 -52.5537

The formation constants (Kr) for CuCl2 complexes were calculated for each type of complexes (1:2), (1:1) and (2:1)
(M: L) [22. 231 by using equation:

Ke=[Am- Aobsl/[( Aobs Am)[L]] (4)

Where /\wm is the limiting molar conductance of the CuCl2 alone, /\obs is the molar conductance of solution during
titration and /\w is the molar conductance of the complex.

The obtained values (Ks) for CuClz-ligand stoichiometric complexes are presented in Tables (3,4 &5)

Table 3(a): Formation constants and Gibbs free energies of formation for1:2(M/L) Complexes in absolute methanol

at 293.15K
2 _

Mo (G0N 1L N/ WO (7 Noto) ‘ (<ol
136.495 1.67E-04 1.69E-04 133.1854 7.86E+05 -33.08508
137.985 1.76E-04 4.41E-04 131.69456 2.99E+05 -30.72652
139.509 1.85E-04 7.45E-04 130.1708 1.75E+05 -29.41866
141.067 1.94E-04 1.08E-03 128.613 1.19E+05 -28.47686
142.481 2.02E-04 1.41E-03 127.1988 8.99E+04 -27.80149

/\ML =135.48cm2.0hm-1.

Table 3(b): Formation constants and Gibbs free energies of formation for1:2(M/L)
Complexes in absolute methanol at 298.15 K

Pt (em?.0hm’) 1w PooPod 0 (P an) . o
143.7567 1.67E-04 1.45E-04 137.6333 9.51E+05 -34.1213
145.3203 1.76E-04 4.28E-04 136.0697 3.18E+05 -31.4071
146.9168 1.85E-04 7.45E-04 134.4733 1.81E+05 -30.0025
148.5473 1.94E-04 1.10E-03 132.8427 1.21E+05 -29.0118
150.0584 2.02E-04 1.45E-03 131.3316 9.07E+04 -28.2964

/\vL =142.89c¢m2.0hm-1.

Table.3(c): Formation constants and Gibbs free energies of formation for1:2(M/L) Complexes in absolute methanol

at 303.15 K
2 -

Ao (G0N 1L P/ LT (/o) ‘ /o
151.019 1.67E-04 1.13E-04 141.2611 1.25E+06 -35.3748
152.655 1.76E-04 4.07E-04 139.6249 3.43E+05 -32.1212
154.324 1.85E-04 7.37E-04 137.9557 1.87E+05 -30.5968
156.028 1.94E-04 1.10E-03 136.2525 1.23E+05 -29.5488
157.636 2.02E-04 1.47E-03 134.6444 9.14E+04 -28.7894

/\ML =150.34cm”.0hm™.
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Table 3(d): Formation constants and Gibbs free energies of formation for1:2(M/L) Complexes in absolute methanol

at 308.15 K
2 _

Mo (G0N 1L P/ (7 oto) ‘ (ol
155.74 1.67E-04 9.85E-05 145.5003 1.48E+06 -36.3946
156.99 1.76E-04 3.24E-04 144.25 4.45E+05 -33.323
158.732 1.85E-04 6.63E-04 142.5082 2.15E+05 -31.4575
160.508 1.94E-04 1.04E-03 140.7322 1.35E+05 -30.272
162.213 2.02E-04 1.43E-03 139.0272 9.74E+04 -29.4294

/\wL =155.15cm2.0hm1,

Table 4(a): Formation constants and Gibbs free energies of formation for1:1(M/L) Complexes in absolute methanol
at 293.15 K

2 -

Ao (G0N 1L P/ (/i \oe) ‘ W
123.62 9.09E-05 6.82E-05 146.05999 2.14E+06 -35.52884
125.171 1.02E-04 2.35E-04 144.50884 6.16E+05 -32.48966
127.239 1.12E-04 4.89E-04 142.44064 2.91E+05 -30.66381
129.308 1.23E-04 7.92E-04 140.37244 1.77E+05 -29.45531
130.859 1.33E-04 1.06E-03 138.82129 1.31E+05 -28.71157

/\mL =122.87cm2.0hm-2.

Table 4(b): Formation constants and Gibbs free energies of formation for1:1(M/L) Complexes in absolute methanol

at 208.15 K
2 _

Mo (G0N 1L P/ I (\r/ \o) ‘ (ol
130.8149 9.09E-05 4.77E-05 150.5751 3.16E+06 -37.0948
132.3851 1.02E-04 2.14E-04 149.0049 6.97E+05 -33.3523
134.4786 1.12E-04 4.69E-04 146.9114 3.13E+05 -31.3682
136.0487 1.23E-04 7.08E-04 145.3413 2.05E+05 -30.3202
138.1423 1.33E-04 1.04E-03 143.2477 1.37E+05 -29.3218

/\wmL =130.29¢cm2.0hm-1.

Table 4(c): Formation constants and Gibbs free energies of formation for1:1(M/L) Complexes in absolute methanol

at 303.15K
2 -

Mo (G0N 1L N/ I (/N o) ‘ W
138.355 9.09E-05 3.23E-05 153.9247 4.77TE+06 -38.7561
139.956 1.02E-04 2.00E-04 152.3238 7.63E+05 -34.1401
142.091 1.12E-04 4.58E-04 150.1893 3.28E+05 -32.0094
143.692 1.23E-04 7.00E-04 148.5885 2.12E+05 -30.9139
145.826 1.33E-04 1.04E-03 146.4539 1.41E+05 -29.8777

/\wL =138cm2.0hm-1,

Table 4(d): Formation constants and Gibbs free energies of formation for1:1(M/L) Complexes in absolute methanol

at 308.15K
2 -

Ao (C50NM 1L N/ I (/N o) ‘ /o
141.808 9.09E-05 1.89E-05 159.4317 8.42E+06 -40.8535
143.55 1.02E-04 1.99E-04 157.6896 7.93E+05 -34.7994
145.873 1.12E-04 4.79E-04 155.3667 3.25E+05 -32.5123
147.615 1.23E-04 7.40E-04 153.6246 2.08E+05 -31.3674
149.938 1.33E-04 1.11E-03 151.3017 1.36E+05 -30.2915

/\vL =141.6cm2.0hm1,
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Table 5(a): Formation constants and Gibbs free energies of formation for 2:1(M/L) Complexes in absolute
methanol at 293.15K

2 -
Mo (G0N 1L P/ (7 oto) ‘ (ol
115.53 4.76E-05 4.43E-05 154.15 3.48E+06 -36.71271
116.024 4.94E-05 7.03E-05 153.656 2.18E+06 -35.57605
116.898 5.06E-05 1.16E-04 152.78163 1.31E+06 -34.33686
118.45 6.25E-05 2.41E-04 151.23048 6.29E+05 -32.5402
119.978 7.41E-05 3.99E-04 149.7016 3.76E+05 -31.28538

/\wL =114.6cm2.0hm-1,

Table 5(b): Formation constants and Gibbs free energies of formation for2:1(M/L) Complexes in absolute methanol

at 208.15K
2 _

Mo (G0N 1L P/ I (/\r/ \o) ‘ W
122.622 4.76E-05 3.34E-05 158.768 4. 75E+06 -38.1092
123.347 4.94E-05 7.05E-05 158.043 2.24E+06 -36.2474
124.011 5.06E-05 1.06E-04 157.379 1.49E+06 -35.2304
126.1045 6.25E-05 2.62E-04 155.2855 5.94E+05 -32.954
127.6746 7.41E-05 4.26E-04 153.7154 3.60E+05 -31.717

/\mL =121.92cm2.0hm-2.

Table.5(c): Formation constants and Gibbs free energies of formation for2:1(M/L) Complexes in absolute methanol

at 303.15 K
2 .
Mo (G0N 1L P/ I (\r/ \o) ‘ (ol
129.6777 4.76E-05 1.80E-05 162.6023 9.04E+06 -40.3707
130.5243 4.94E-05 6.05E-05 161.7557 2.67E+06 -37.2999
131.418 5.06E-05 1.07E-04 160.8619 1.50E+06 -35.8439
133.553 6.25E-05 2.66E-04 158.7273 5.97E+05 -33.56211
135.154 7.41E-05 4.34E-04 157.1265 3.62E+05 -32.2612

/\vL =129.3cm2.0hm,

Table.5(d): Formation constants and Gibbs free energies of formation for2:1(M/L) Complexes in absolute methanol

at 308.15 K
2 -

Mo (G0N 1L N/ I (/N o) ‘ W
133.375 4.76E-05 1.07E-05 167.865 1.57E+07 -42.4452
133.965 4.94E-05 4.03E-05 167.275 4.15E+06 -39.0437
134.259 5.06E-05 5.61E-05 166.981 2.98E+06 -38.1885
136.582 6.25E-05 2.14E-04 164.6581 7.68E+05 -34.7174
138.324 7.41E-05 3.83E-04 162.916 4.25E+05 -33.2022

/\vL =133.15c¢m2.0hm-1.

Table.6: The enthalpies (AHa) and entropies (ASa)of CuCl2 with BMPTS at different temperatures

M:L (AS) kJ/mol.K (AHA)KJ/mol
Temp 293.15 k 298.15 K 303.15 K 308.15 K

1:2 0.1875 0.1876 0.1876 0.1875 5.0856

1:1 0.1852 0.1852 0.1852 0.1853 4.0214

2:1 0.1822 0.1821 0.1821 0.1822 2.7760

Table.7: The enthalpies (AHr) and entropies (ASr)of CuCl2 with BMPTS at different temperatures

M:L (ASt) kJ/mol.K (AHHKJ/mol
Temp 293.15 k 298.15 K 303.15 K 308.15 K

1:2 0.2241 0.2239 0.2243 0.2240 32.6345
1:1 0.3525 0.3519 0.3516 0.3527 67.8237
2:1 0.3894 0.3875 0.3886 0.3890 77.4379
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Also the Gibbs free energies of complex formation were calculated using equation 95).
AGs= - RT In Ks 5)

The calculated AGr values are presented also in Tables (3,4&5).

The enthalpy (AHa) for CuCl2 complexes were calculated for each type of complexes (1:2), (1:1) and (2:1)
(M:L) by using van 't Hoff equation 2425 ;

dinK/dT = AH/RT2 (6)

Where R is the gas constant (8.314 J) and T is the methanol. By drawing the relation between log Ka and 1/T,
different lines are obtained indicating the formation of 1:2,1:1 and 2:1 (M:L) stoichiometric complexes Fig.(6).

Figure 6: The relation between (log Ka) and (1/T).
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From the relation between log K and 1/T, AHa can be calculated for each type of complexes from the slope
of each line (-AH/2.303R).The entropy (ASa) for CuCl2 complexes were calculated for each type of complexes (1:2),
(1:1) and (2:1) (M:L) by using equation :
AG =AH - TAS (7)
Where (S) is the entropy of system.

The calculated values of (AHa) and (ASa) for CuCl2-ligand stoichiometric complexes are presented in Table
(6).

By drawing the relation between log Kr and 1/T, different lines are obtained indicating the formation of
1:2,1:1 and 2:1 (M:L) stoichiometric complexes Fig.(7).

The enthalpy (AHs) for CuCl2 complexes were calculated for each type of complexes (1:2), (1:1) and (2:1)
(M:L) by using van 't Hoff equation .

The calculated values of (AHr) and (ASs) for CuCl2-ligand stoichiometric complexes are presented in Table

(7).

Since the conductance of an ion depends mainly on its mobility, it is quite reasonable to treat the
rate process taking place with the change of temperature on the basis of equation(8):

/\o=A eEa/RT (8)
where A is the frequency factor, R is the gas constant and Ea is the Arrhenius activation energy of the transfer

process. Consequently, from the plot of log /\o vs. 1/T, the Ea values can be evaluated [251 as shown in Fig (9),
giving high activation energy value due to solvation behavior.
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Figure 7: The relation between (log Kr) and (1/T).
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Figure 8: The relation between log /\o and 1/T. Ea=7.2853KJ/mol
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CONCLUSION

According to the results presented in the article, one can be noticed that conductometry investigation of
complexation in methanol at different temperatures( 293.15 K, 298.15 K, 303.15 and 308.15 K) could be
obtained. Using the obtained data, selection of proper choice of parameter to predict selective and sensitive
method.

The stability constants for the complexation of copper(ll) ion with (BMPTS) were determined
conductometrically at different temperatures. Thermodynamic parameters of complexation were determined
from the temperature dependence of the formation constant. The negative values of AG show the ability of the
studied ligand to form stable complexes and the process tend to proceed spontaneously. However, the
obtained positive values of AH means that enthalpy is not the driving force for the formation of the
complexes. Furthermore, the positive values of AS indicate that entropy is responsible for the complexing
process. As the temperature increases, the formation constants and association constants of different complexes
increase.
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