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ABSTRACT ,

The. complexation reactions between CuCl, CoCl, and NiCl, with 2,3-Pyrazinedicarboxylic
acid in methanol (MeOH} at 313.15 K were studied by conductometric methods. The
association constants, formation constants and Gibbs free energies were calculated from the
conductomelric titration curves. On drawing the relation between molar conductance and the
ratio of metal 1o ligand concentrations, different lines were oblained indicating
the formation of 1:1 and 2:1 (M:L) stoichiometric complexes. The formation
constants and Gibbs free energies of different complexes in absolute Methanol

at 313.15 K follow the order:)
Kq2:)>K (1 )for (M:L) and LN Gf2: >4\ Gff1: 1) for (M:1)

KEY WORDS: Association constants; formation constants; Gibbs free energies of association;

Gibbs free energies of compiex formation.

RESUMO

A formagdo de complexos entre CuCl,, Coll, , NiCl, e deido 2, 3-pirazinodicarboxifico em
metanol & 31315 K foi estudada usando métodes de condutividade. As constanies de
associaclo e formacdo e as energias livres de Gibbs jforam calculadas a partir de curvas de
titulagéio  condwtimétrica. A relagdo entre o conduldncia molar e a proporgdo das
conceriragdes metal-ligonte levow a linhas retes indicande a formaco de complexos
estequiomdtricos (M:L) 1:] e 2:1. As constantes de formacdo e as energias livres de Gibbs

dos vdrios complexos em metanol ¢ 313.15 K seguem a ordem:

Kq2:)>Kf1:1) para (M:L) e D> GR2:1)> I\ Gy1:1) para (M:L)

PALAVRAS CHAVEConstantes de associacio. Constantes de formaclio,Energias livres de

Gibbs de associagiio, energias Hvres de Gibbs para formachio de complexos.
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INTRODUCTION

The long range ion — ion interactions due to screened columbic forces are the most important
features of electrolyte in solutions. These act together with shorter — ranged forces between
the solvent molecules and between the solvent molecules and ion. Electrical conductivity
(EC) is a measure measure of solvent to conduct electric current and depends on:
concentration of the ions, ligand and temperature in solutions. Current is carried out by both
cations and anions, but to different degree. The conductivity due to divalent cations is more
than that of mono-valet cations, it is not true for anions. Metal cations with d° noble gas
electron configuration (alkali and alkaline earth) metal ions together with the inert molecular
ions like tetraalkylammonium,-phosphonium,-arsonium , and trialkylsulfonium ions exhibit
properties mainly determined by their charge and size [1].Solvation of such cations in protic
and polar solvents is due essentially to electrostatic ion-dipole and ion induced dipole
interactions. Metal cations with filled d - orbitals, the d '” cations, exhibit partially covalent
character in their interactions; their properties depend on the charge and size and partially on
their electro negativity. Cations with incomplete d- orbitals called d"-cations .With these
cations protic and polar solvent molecules are strongly bound in complexes to a central cation
through p-d orbital overiap and exchange only slowly with the bulk solvent. The formation
of complexes becomes more important at high concentration of the complex ion and is likely
to be more extensive in non-aqueous solvents, particularly in dipolar aprotic solvents,
whereas the salvation of anions is weaker. leading to stronger complexation. Therefore
conductivity study is valuable on using transition metal cations [2-7]. This work provides the
analytical analyst and the biological analyst data can help him for deterring the concentration
of CuCl, CoCl; and NiCl,  in blood and different solutions.

2. 3-Pyrazinedicarboxviic acid
identification

MName 2,3-Pyrazinedicarboxylic acid
Synonyms Pyrazine-2 3-dicarboxylic acid

0
N
Molecular E" ’ OH
Structure Sy OH
O

Motecular Formula  CsMHaN,O,
Molecular Weight  168.11

CAS Registry

Mumber 89-01-0
EINECS 201-875-3
Properiies

Melting point 185-188 °C
Water solubliity Soluble
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EXPERIMENTAL

The chemicals used 2, 3-pyrazine dicarboxylic acid and methanol were
provided from Merck Co. and used directly without purification.

The experimental procedure to obtain the formation constant of complexes of
2,3-Pyrazinedicarboxylic acid with CuCly, CoCl; and NiCl, by conductometric
procedure was as follows : -

A solution of metal chloride (1x10 * M) was placed in a titration cell, at a
const temperature (313.15) K , and the conductance of the solution was
measured . The ligand (1x107* M) was transferred step-by-step to the titration
cell using a precalibrated micropipette and the conductance of the solution was
measured after each transfer. Addition of the ligand solution was continued
until the total concentration of the (2, 3-Pyrazinedicarboxylic acid) was
approximately four times higher than that of metal ions. The conductance of
the solution was measured after each addition. The complex formation
éonstant, K¢, and the molar conductance of the complex, ML, were evaluated

by computer fitting to the molar conductance mole ratio data.
RESULTS AND DISCUSSIOIN

- The stability of a transition metal complex with a polydentate chelate ligand
depends on a range of factors including: number and type of the donor atoms
present, the number and size of the chelate rings formed on complexation. In
addition, the stability and selectivity of complexities strongly depend on the
donor ability and dielectric constant of the solvent and shape and size of the
solvent molecules.

- 2, 3-Pyrazinedicarboxylic acid is a polydentate ligand which tends to be
completely coordinated to a metal ion. This reagent is soluble in water and

soluble in most organic soivents

- The specific conductance values (Ks) of CuCly, CoCl, and NiCl, in absolute
{(MeOH) were measured experimentally in absence and in the presence of
ligand at 313.15 K.

The molar conductance (/\,} values were calculated [8] using equation (1):
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Figure 1.
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— (Ks _Ksolv )Kceli X 1000
m C (1)

Where K and Ky, are the specific conductance of the solution and the

A

solvent, respectively; Keey is the cell constant and C is the molar concentration
of the CuCl,, CoCl, and NiCl, solutions.

- The limiting molar conductances (/\;} at infinite dilutions were estimated
CuCl,, CoCl; and NiCl, in absolute methanol (MeOH) alone and in the
presence of the ligand by extrapolating the relation between A\, and Cp”* to
zero concentration (Fig.1). By drawing the relation between molar
conductance (/\n) and the molar ratio of metal to ligand (M/L) concentrations
, different lines are obtained with sharp breaks indicating the formation of 1:1

and 2:1 (M:L) stoichiometric complexes (Fig.2).

- The experimental data of (/\,) and (/\;) were analyzed for the determination
of association and formation constants for each type of the stoichiometric

complexes.
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Figure 2. The relation between molar conductance (/) and the molar ratio (M/L) of
CuCly, CoCl, and NiCly in the presence of HL in absolute methanol at 313.15 K

indicating the formation of 1:1 and 2:1 (M:L) stoichiometric complexes.

- The association constants of CuCl, CoCl, and NiCl, in the presence of
ligand in absolute MeOH at 313.15 K for 1:2 asymmetric electrolytes were
calculated {9, 10] by using equation {2):

— Ag(AO—-Am)
1 4CE + APS(2) @

Where (/\n, /\o) are the molar and limiting molar conductance, respectively of
CuCl, CoCly, and NiClh, , Cy is molar concentration of CuCl, CoCl, and
NiCl, , S(Z) is Fuoss-Shediovsky factor , equal one for strong electrolytes
[11]. The calculated association constants are shown in Table 1.
- The Gibbs free energies of association (AG,) were calculated from the
association constant [12,13] by applying equation (3} :

AGu=-RTinK,s (3)
Where R is the gas constant {8.341 J) and T is the absolute temperature
{313.15 K). The calculated Gibbs free epergies were presented in Table 1.
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Table 1. Association constants and Gibbs free energies of association for
CuCl, CoCl, and NiCl, in the presence of ligand in absolute
MeOH at 313.15K .
¢ A A (PP acale, K AGn
{k J/mol)
Cu | Co Ni | Cu | Co | Ni Cu | Co | Ni Cu | Co | Ni | Cu | Co Ni
G-

G001 447365 TE59Y TEHTOTT S VT e TESE T TETABET | BB70865 SWER TIG4048 5166318 | 63677 | 064001 EE
WWW SRR ST TETE AT TIEEHE TR TR BT 6072 9330655 GTT0234 | VA BGGT 20106 TIHTA
I v AT ST AT EE Y T R T I T R GAEATE | 1425005 | 0083774 | 128085 | B9k BAGES
o006 T S e T e T T T B 7 T M TS BT BT FOETTS TTGT008 | ZOREETE | sy | A07em 2T
[ 6000826 T 065553 335737 47361 2376486 TG | 28457481 WA 85 | BRI | 12052061 | bo.0ATd 2n2 221288 | 108R%4 | -1.9528% -2.07445

- The association free energies evaluated for CuCl12, CoCi2 and NiCl2 -ligand
complexes are small and spontaneous indicating electrostatic atfraction.

- The formation constants (K¢ for CuCl,, CoCl, and NiCl, complexes were
calculated for each type of complexes (1:1) and (2:1) (M:L) by using equation
(4) [14,15]:

Ay—-A
K. = obs (4)
’ €ﬂob.s "ﬁM.t)[L]

Where /v, is the molar conductance of the CuCl2, CoCl2 and NiCI2 alone,

Fies 1s the molar conductance of solution during titration and /\wp, is the molar
conductance of the complex.

- 'I}ie -f}btained values (K¢ for CuCl,, CoCl, and NiCl; -ligand stoichiometric
complexes arc presented in Table 2, 3. The Gibbs free energies of formation

h stoichiometric complexes were calculated by using the equation :
AGe= -RTIn K¢ (5)
< _‘ﬁG‘f values are presented in Tables 2, 3.
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Table 2. Formation constants and Gibbs free energies of formation for 11
(M/L) , CuCl, CoCl, and NiCh-H,L in absolute
MeOH at313.15K .
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IL] Nobs {Noos-Mma )L (Nn -lobs) Ke AG
{k J/imaol)
Cu Co | Ni Cu Co Ni Cu Co Ni Cu Co Ni Cu Co Ni
{

0007525 | 1305847 | TOATAGE 279.0154 T03A% 626712 T 054097 381.4053 2E e 70,5405 11700.35 BEOTT ] 161.006 53099 283558 T EoA

G.001378 250748 | 6760132 370.7068 6023731 0020425 0537443 38,7252 W 38T 1702542 TE2E35 TOB05.4 Z788.516 DR ] 2508 | 221939

[Xeer 120,082 BAGETE0 2613417 014727 0013208 BaRTE3T 357.5387 350842 186.6564 26571365 2485 43 636327 25514 7% BT

3.6 143764 1 8090875 FLTRrez] T00676 6007413 G008135 3576266 A 57 8578 SE618.62 584054 71597.08 SEEBSS 2BEeE0 | 25.0587

G.06008 TGE. 2562 | G7.0RB5Y DA, AR TEHT7T 0060831 TO60675 37478 | 45EBI5T 705.7567 e BIB0B0 5 | 4547 | -3B.9282 P U X T

P v . #
Table 3. Formation constants and Gibbs free energies of formation for 2:1
{(M/L) CuCl,, CoCl, and NiCh-H,L in absolute
MeOH at 313.15 K.
[L] Naps (Nops=Ma)/TL] (Poaliobs) K AG
(i J/mol)
Cu Co Wi Cu Co Ni Cu Co Ni Cu Co i Cu Co i

(" .GOEE T 85 0008 7787709 EARECET] GESEH 60187 [LEEED 36 B0GT AR V58 1051 FRR7AGES 2655558 T B SRR 26 NETE AT
TVG0ZE | 14B.7528 | 76.53127 307 6265 5.02835 T.07259 omsﬂ‘g”“"r 36330672 413 4687 143,675 TGTRGIT FHE T FHAE 558 FAE956 T S G
—— P

TGS 1L 387G X o T GO07737 BozEEE 3676125 ABETTB 50,4073 I B FITE0 36 BHE 554 ZEBGET BLYISE BATIA

V001853 TAOATE 7246812 S50 0.008276 CO03675 BRIES 3718253 4175379 65 4955 508558 7136048 Ta205.02 FTEESE T 304048 ] 24108 |

YO0T867 1354058 PpEI prirE 000G SIS EGET g HOETL 67 HETTE TR

- The association free energies evaluated for CuCl2, CoCl2 and NiC12 -1 igand

complexes indicating a spontaneous electrostatic attraction.
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- The formation constants and Gibbs free energies of different complexes in
absolute methanol at 313.15 K follow the order: K¢ (2:1) » K¢ (1:1) for (M:L),
and AGe(2:1) > AGg(1:1) for (M:L).

CONCLUSION

This work concentrated on the behavior of CuCly,, CoCl and NiCl, with the
ligand conductometrically .The main target is to discuss the complexation
between the metal and ligand for evaluating different concentrations from the

metal ion in different solutions

REFERENCES

1. Trevor M.Letcher,”Development and Aplications in Solubility”. The
Royal Society of Chemistry”, Cambridge, 2007.

2. Robinson, R.A and Stokes, R.H., Electrolyte Solutions”, Butterworth &
Co. (Publishers) Ltd., Newion Abbot, Devon 2002..

3. Barthel, JM.G., Krienke, H. , Kunz , W. Physical Chemistry of
Electrolyte Solutions, Springer- Verlag , Darmstadt, New York 1998.

4. Bohm, L.L. and Schulz, G.V.,Ber. Bundenges. Phys.Chem., 73,260 (1969)

Hofelmann, K, Jagur - Grodzinski, J. E. Land Szware, M., J .Am. Chem.

Soc., 91, 4045 (9169).

6. lJustice, 1.C., Elecirochim.Acta, 16,761 (1971).

7. Zwanzig R., J.Chem.Phys. 38, 1603 (1963).

8. Gryzybkowski, W. and Pastewski, R. Electrochimica Acta 25, 279 (1980).

9. El-Shishtawi, N.A, Hamada. M.A. and Gomaa, E.A. J Chem. Eng Data

55, 5422 (2010).

18, Hamads, M.A. , Fl-Shishtawi, N.A. and Gomas, E.A. , Sowh . Braz .

J.Chem. 17, 33 (2009).

11, Gomaa. E.A. Thermochimica Acta 120, 183 (1987).

12. Gomaa, E.A. Thermochimica Acta 128, 99 (1988),

13. El-Dousski, F.F. Journal of Molecular Liguids 142, 53 (2008).

14. Takeda, Y. (1983) Bull. Chem. Soc. Jpn, 56, 3500 (1983).

15. Rahmi-Nasrabadi, M., Ahmedi, F., Pourmor-tazari, S.M., Ganjal, M.R.

L

and Alizadeh, K. Jowrnal of Molecular Liguids 144, 97 (2009).

The SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an open-access journal since 1993. Journal DOI: 10.48141/SBJCHEM.
http://www.sbjchem.com.

This text was introduced in this file in 2021 for compliance reasons.

© The Author(s)

OPEN ACCESS. This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License , which permits use, sharing , adaptation , distribution , and
reproduction in any medium or format , as long as you give appropriate credit to the original author (s) and the source , provide a link to the Creative Commons license , and indicate
if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons license unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/ licenses/by/4.0/.



	5



