Chemistry International 4(1) (2018) 33-42

i
International, C

SCIENTIFIC

—Organization—

International Scientific Organization
http://iscientific.org/
Chemistry International
www.bosaljournals.com/chemint/

—

-

e

Thermodynamic studies on metal complexes of Cd?*, Ni%*, Cu?* and Co?* with
pyridine-2,6-dicarboxylic acid in water, methanol and water-methanol binary
solvent systems at 298.15, 308.15 and 318.15 K by conductometric method

Khushbu K. Mehta, Raviprakash S. Chandra, Dhruvi R. Mehta and M. M. Maisuria*

Department of Chemistry, School of Sciences, Gujarat University, Ahmedabad 380009, India
*Corresponding author’s E. mail: mmmaisuria@yahoo.co.in

ARTICLE INFO ABSTRACT

Article type: Stability constants are measured for complexes of Cd?+, Ni2*, Cu2* and Co?* with
Research article pyridine-2,6-dicarboxylic acid(PDA) in water, methanol and water-methanol
Article history: binary solvent systems at 298.15, 308.15 and 318.15 K by conductometric
Received June 2016 method. The result shows that the stoichiometry of the complexes of PDA with all
Accepted December 2017 metals in all binary solvent systems is 1:2 [MLz]. The logKs values of PDA-M2+
January 2018 Issue complexes in H20-MeOH binary solvent systems increase with increasing % of
Keywords: MeOH and temperature. The AH? and AS° of the complexation reaction in the
Pyridine-2,6-dicarboxylic acid different H20-MeOH binary solvent systems were evaluated by the temperature
Stability constants dependence of the formation constants using a linear least square analysis
Complexation according to van’t Hoff equation.

Thermodynamic parameters

© 2018 International Scientific Organization: All rights reserved.

Capsule Summary: Stability of Cd2+, Ni2*, Cuz* and Co?* complexes with pyridine-2,6-dicarboxylic acid (PDA) in water,
methanol and water-methanol binary solvent systems at was measured at different temperature and both solvent and
temperature affected the stability of PDA complexes with Cd2*, Niz+, Cu?* and Co?*.

Cite This Article As: K. K. Mehta, R. S. Chandra, D. R. Mehta and M. M. Maisuria. Thermodynamic studies on metal complexes of
Cd2+, Niz*, Cuz*and Co?+with pyridine-2,6-dicarboxylic acid in water, methanol and water-methanol binary solvent systems at

298.15,308.15 and 318.15 K by conductometric method. Chemistry International 4(1) (2018) 33-42.

INTRODUCTION

Conductometric method is very simple and easy technique
for metal complex studies. To study the effect of charge, size
and type of the metal ion, nature of ligand, physical and
chemical properties of solvent, temperature on the stabilities
of the complexes. Researcher can also calculate
thermodynamic parameters like enthalpy, entropy and Gibb’s
free energy (G. A. Lawrance, 2010; N. Matsuura et al,, 1976;
Francis and Shrivastav, 2011). From conductometric method,
the value of formation constant(logKy) can be evaluated by
GENPLOT computer program. The enthalpy change(AH) and
entropy change (AS) of the complexation reactions in the
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different binary solvent systems can be calculated by
temperature dependence of the formation constant using a
linear least square analysis according to van’t Hoff equation
(Ravi and Maisuria, 2013; Dhruvi et al., 2014). Pyridine 2,6-
dicarboxylic acid (PDA) and its derivatives occupy a uniquely
important place in analytical chemistry. Complexes of PDA
with some transition metals are helpful in normalizing
elevated blood glucose levels in diabetic rats, therefore,
fundamental information regarding solution chemistry of
metal complexes of PDA as ligand is important (Eugenijus
Norkus et al, 2005). In this paper we have reported the
formation constants of PDA with Cd?+, Ni2*, Cu?* and Co?*in
water, methanol and H20-MeOH binary solvent systems at
298.15, 308.15 and 318.15 K. This study is useful to
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understand the effect of ionic size, solvent composition,
temperature and the nature of the complexing agent.

MATERIAL AND METHODS

The reagents used were of analytical reagent grade and used
without further purification. Nickel nitrate(Ni(NOs3)2.6H20),
cobalt nitrate(Co(NOs3)2.6H20) and potassium chloride(KCI)
from Merck limited Mumbai, cupric nitrate(Cu(NO3)2.3H20),
cadmium nitrate(Cd(NO3)2.4H20) were purchased from ACS
chemicals, Ahmedabad. Pyridine 2,6-dicarboxylic acid(PDA)
was purchased from Fluka. Methanol extra pure was
purchased from Finar Chemicals limited Ahmedabad.
Conductivity water with conductivity less than 2.0 x 10-¢ was
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used for preparation of all the solutions. Glassware used
were thoroughly cleaned with freshly prepared aqua - regia
and rinsed thoroughly with deionized water.

The conductance measurements were performed using
model EQ-665, a digital Equiptronics conductivity apparatus,
at a constant temperature maintained within #0.3 °C using
WENSAR thermostat, model WMS 300. The conductance of
the solutions was measured using a conductivity cell
consisting of two platinum electrodes with a cell constant of
1.02 cm! throughout the studies. The cell constant was
determined using 0.1N and 0.01 N analytical grade KCl in
deionized water and the mean value was used. The specific
conductance of this solution at various temperatures has
been reported in the literature (H. ]. Bushmann, 1989).
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Fig. 1: Molar conductance (ohm! cm? mol-1) vs. PDA/[Cd 2*] plots in pure H20, pure MeOH and H.0-MeOH
binary solvent systems at various temperatures. v/v % of MeOH in the binary solvent systems is: (A) 0% (B) 20

% (C) 40%, (D) 60% and (E) 100%.
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Fig. 2: Molar conductance (ohm! cm? mol-1) vs. PDA/[Ni2*] plots in pure Hz0, pure MeOH and H20-MeOH binary
solvent system at various temperatures. v/v % of MeOH in the binary solvent systems is: (A) 0% (B) 20 % (C)

40%, (D) 60% and (E) 100%.

Measurement of conductance and evaluation of

formation constant (Kr)

The change in conductance is measured when a metal salt
solution to which ligand solution is added, this provide
valuable information about metal ligand interactions.
Conductance measurement gives information about the
affinity of the ligand and the stoichiometry of the
complexation reaction. The measurement of conductance is
generally carried out by titrating the metal salt solution with
ligand solution in a suitable solvent system. The titration may
give rise to two different conductometric effects. In the case
when ligand titrated to the metal salt solution in which the
metal salt is not fully dissociated, the opposite
conductometric effect is observed. In the case when the metal
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salt is completely dissociated in the solvent, the complexation
by a ligand leads to a large cationic complex of the metal ion
and the ligand. In this case the complex has less mobility in
the solution than the uncomplexed metal cation, resulting in
the diminished capacity of charge transfer and hence the
conductivity of the solution decreased. Since the ligand
coordinates to the metal ion, leaving the anion undisturbed,
dissociation of the metal salt increases and hence the
conductivity of the solution is increased (Bushmann, 1989).
In some cases, inspiteof increase in the ligand concentration
the change in conductance is negligible; consequently,
determination of the formation constant by conductometric
method becomes difficult.

There are two factors responsible for a very small
change in conductance in spite of an increase in the
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Table 1: LogKs values of PDA-M?* complex in pure H,O, pure MeOH and H,O-MeOH binary solvent systems at

different temperatures

Log .= 5D,
Complex Solvent Madium At285.15K At30B15 K At3IEISE
Fuz H O 3832010 3842003 4032008
B0t H,O-20% = 0H 3852005 402+007 4124006
DA ca &0% H 0-4all=0H 4012007 4102002 418004
40% H, 0 -50% M= 0H 408015 417015 4232017
Furz M2 OH 4362011 440027 4462015
Pure H.O 380=003 3.8420.015 388=005
80% H, 0 -20% M=0H 387005 300=010 3052007
—— 50% B0 - 4096 M= OH 3012000 304005 4012006
4% H O-S% M= 0H 386£012 4002020 4072014
Furz MeOH 4212009 428015 4342019
Pusz H.O 372002 3742000 377015
B0%0 HLO-20% M=0H 3762004 3842003 3.83=0. 05
TDA-Co 6% FL O -40% M= OH 3825004 3882005 3044005
40% H, 0 -60% Me OH 383007 3.98<0.10 401£0.15
Furz 120H 404010 4122025 421=018
Pure H,0 3732006 3742010 377012
0% H, 0 -20% M= OH 3822005 3852005 380005
FDA-Co 60% H, O -40% M=0H 3B6=008 301003 300001
40% H_0-60% Ma OH 3885007 3042003 4032010
Frurz h=0H 387015 403007 416+012

concentration of ligand: (1) when there is no complexation
occurs between metal ion and ligand and (2) mobilities of a
resulting metal-ligand complex and the corresponding metal
ion are both equal at the same concentration. The first factor
is responsible in the most of the cases. When the dielectric
constant of the solvent is very high and conductance
measurements are made at low concentration, the correction
for viscosity changes and association between the metal ion
i.e. an uncomplexed metal ion, an anion and the ligand metal
complex are neglected. The equilibrium can be described for
a 1:1 metal-ligand binding is as follows;
M+ + L =ML+ 1D

Where, M+, L, and ML* represent the free solvated
cation, the free ligand, and the complex respectively. The
thermodynamic equilibrium constant Ky for the association is
given by

[ML™] - famy™
[M™][L] - fan™ fo) @

Where, [ML*], [M*], [L], and f represent the equilibrium molar
concentrations of the complex, the free cation, the free ligand,
and the activity coefficients of the species indicated,

Kr-
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respectively. Under the dilute conditions used, where the
ionic strength is less than 0.001 M, the activity coefficient of
the uncharged ligand fq) can be reasonably assumed to be
unity. The use of the Debye-Huckel limiting law of
electrolytes leads to the conclusion that fiuhy = fu*); thus,
Equation (6) reduces to

L7
ML) @)

If a is the fraction of total metal cation that is uncomplexed
with the ligand, then the following equations result:

K -

I

[M*] = a [M] 4)
[ML*]= (1 - o [M]c (5)
[L] = [L]e= (1 - &) [M] (6)
Where, [M]y, [L]y, [M*], [ML*] and [L] represent the

concentration (in molarity) of total cation, total ligand, free
uncomplexed cation, and the complex and free solvated
ligand respectively.

The dilute conditions used make it possible to
neglect ion aggregation and corrections for viscosity changes.
The molar conductivities A can be calculated by using the
following equation.
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Fig. 3: Molar conductance (ohm' cm? mol!) vs. PDA/Cu?*] plots in pure H:0, pure MeOH and H.0-MeOH
binary solvent systems at various temperatures. v/v % of MeOH in the binary solvent systems is: (A) 0% (B) 20

% (C) 40%, (D) 60% and (E) 100%.

1000 w

A = __— (7)
[M];

Where, k is the conductivity of the test solution in
Siemens.cm-1.
On the other hand, A can be related to a by the following
equation,
A=aAm++(1-a)Am (8)
Where, Av* and Awmw represent the molar conductivities of the
ligand free metal salt solution and the complexed cation
solution at the same concentration, respectively.
Rearranging Equation (8) gives an expression for a as;

A — At 9)
At — At
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Substituting Equations (8) and (9) into Equation (7) gives the
following equation:

Kvit = (1 -a)/a[L] (109)
Substituting the value of @ from Equation (9) in (10):

A — A
N —Ame[L]
(11)

Further, substitution of Equation (9) into Equation (6) gives
(12)

Ky =

m o= - (e R (12)

, Nt — /\ML) [,M]T
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Fig. 4: Molar conductance (ohm cm? mol!) vs. PDA [Co?*] plots in pure H20, pure MeOH and H.0-MeOH
binary solvent systems at various temperatures. v/v % of MeOH in the binary solvent system is: (A) 0% (B) 20

% (C) 40%, (D) 60% and (E) 100%.

Substitution of Equation (12) into Equation (11) gives the
expression for Kmi*:

At — A
Kwme+ =
A — A {L]r( Aar— A )[M]t} (13)
NAvr—Ame
The above equation can be simplified as
a;a
Kmr™ = 172
a3 a[L], - azai[M], (14)

Where, a1 = Au* - A, a2 = Av* —Awm, az = A-AwmL.
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Here, Equation (18) can be rearranged to form a quadratic
equation in terms of A as:

aA2+bA+c=0

Where

a = Ku* [M]e

b = (Kmu+ [L]e + 1) - [M]e Km* (A + Am) and
¢ = [M]eKmL* AA mL - az ([L]t KmutA + Amp).

(15)

RESULTS AND DISCUSSION

The variation of molar conductance(A) versus the ligand[L]:
to cation[M]: molar ratio ([L]:/ [M]t) for complexation of PDA
with Cd?+, Ni?+, Cu?*and Co?*in water, methanol and H20-
MeOH binary solvents were studied at various temperatures.
Typical series of molar conductance values as a function of-
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Fig. 5: LnKs vs. 1000/T plots for the complexation of Cd?*, Ni?*, Cu?*and Co?" ions with PDA in binary solvent systems:
(A = Pure MeOH, B = 60% MeOH, C = 40% MeOH, D = 20% MeOH, E = Pure H,0)

el

45 °C

35 °C

25 °C

viv % MeOH

el

35 °C

25 °C

0.4 0.6 0.8 1 1.2

v/iv % MeOH

43 -

45 °C

35 °C

25 °C

0 0.2 0.4 0.6 0.8 1 1.2
viv % MeOH

4.2
415 ¢
41 ¢
4.05 [

S03.95 |

H]

- 39 [
3.85 [
3.8 F

3.75
3.7

0.4 0.6 0.8 1 1.2
v/iv % MeOH

Fig. 6: Changes of the stability constant (logKy) of PDA-Cd?*, PDA-Ni?*, PDA-Cu?* and PDA-Co?* complex with the

www.bosaljournals/chemint/

39

editorci@bosaljournals.com


http://www.bosaljournals/chemint/
mailto:editorci@bosaljournals.com

ISSN: 2410-9649

Mehta et al / Chemistry International 4(1) (2018) 33-42

” 25%¢ A

43 -

42 \ //
4.1 \\ -

\ ~
4 =

B

o

39 E D

i E
o Cdz+

3.7

log K¢

36

iscientic.org.
45
35°C

14 |‘ 2 = A

a3 \ : -

a2 - B
& a1 C
¥ .\./ 2
i ’ E

39 .

1.5 \////,C;?"

Niz+
3.7 . Cu2+cog+

36

45 500 A

4.3 \\

42 b

3.9

3.8 N

log K¢
&\
Ry
‘moow

Fig. 7: Variation of logKr for PDA-Cd?+, PDA-Ni%*, PDA-Cu?* and PDA-Co?2* complexes versus cationic radius in
H20-MeOH binary solvent systems (A = Pure MeOH, B = 60% MeOH, C = 40% MeOH, D = 20% MeOH, E = Pure

H:0) at various temperatures.

[L]t/[M]t mole ratios in pure H20, pure MeOH and H20-MeOH
(v/v % MeOH =20/40/60) binary solvent systems are shown
in Figurel-4. From figure 1-4, it is observed that, addition of
PDA to metal ions (Cd2+, Ni2*, Cu2*and Co?*) in pure H:20 ,
pure MeOH and H20 - MeOH (v/v % MeOH = 20/40/60)
binary solvent systems at different temperatures resulted in
an increase in molar conductance by increasing the ligand
concentration.

It is observed that addition of PDA to cadmium ion
solution at different temperatures results in an increase in
molar conductance. Thus indicates that (Cd2+- PDA) complex
is more mobile than free solvated cadmium cations. Similar
behavior was observed for Cu?+, Co?* and Ni?* cations in
various binary solvent systems.

The formation constant of the PDA at each
temperature were calculated from the variation of the molar
conductance as a function of [L]t/[M]: mole ratios using
GENPLOT computer programme. The values of the formation
constant [LogKgq for the PDA-M2+ (M2+ = Cd?*, Ni2*, Cu?*and
Co?*) complexes in various binary solvent systems listed in
Table-1.

It is evident that the formation constant values
increases with increases in temperature. This indicates that
the complexation reactions for PDA and metal ions (Cd#*,
Ni2+, Cu?*and Co?*) in pure Hz0, pure MeOH and H20-MeOH
binary solvent systems are endothermic.

Van't Hoff plot for complexation

www.bosaljournals/chemint/

For better understanding of the thermodynamics of
complexation reactions of Cd?+, Ni2*, Cu2tand Co?2*ions with
PDA, it is useful to investigate the enthalpic and entropic
contributions in these reactions. The AH° and ASe of the
complexation reactions in different H20-MeOH binary
solvent systems were evaluated by the temperature
dependence of the formation constants using a linear least
squares analysis according to the van’t Hoff equation (M.
Shamsipur et al.,, 2000).

Comparison of the stability constant values given in
the Table-1 provides information that the stability constant
increase by increase in the concentration of MeOH with
smaller Gutmann donor number (DN: MeOH=19.0) in binary
solvent systems. However the formation constant decreases
with increases H20 concentration with relatively equal donor
number(Dn: H20>19.0) which is in accordance with the
reverse order of the solvating ability according to Gutmann
donor number. As donor number of MeOH(19.0) and H20( =
19.0) are approximately equal and if we ignore very small
difference in donor number of solvents it seems to dielectric
constant(e) of solvents play an important role in the
formation of complexes.

The result which are summarized in Table-2 show
that in all the cases, the complexation reactions between PDA
and the studied metal cations in H20-MeOH binary solvent
systems are entropy stabilized and enthalpy destabilized.
According to the data in the table indicates that the
thermodynamic quantities are very sensitive to the
composition and the nature of the mixed solvent and non-

40
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Table 2: Thermodynamic parameters for PDA-M?* complexes in pure H,O, pure MeOH and H,O-MeOH binary

solvent systems at 298.15 K.

Complex Solvent Miedinm AG= 5]?‘3 AH = SPa AF =SD‘3
(T aml™) {Tmal™) (Tl Ky
Pz H O 21.00:0.20 1532 =015 127372031
B0% H O-20%aM=0H 22.55:0.17 15.110.21 12562027
ma-cgs S HO-40%M=0H 22,860,035 15.00=0.14 13003015
41% H O -50% M20H 23 870.10 13.210.30 122 550 07
Purz h=0H 14864014 0822021 11415017
Pue H.O 2186502 TAED1T 131.05+50.14
%o H.0-20% M= OH 12064010 7.80 =0.10 105.03£70.51
ma i  FHO-4%M=0H 22302027 B.80 =035 10004560 35
40% H.0-60% M= OH 22 580,10 546 0.10 122. 177040
Pure W=0H 24042017 1117 =015 125.03240 35
Purz H.O -21.240.20 403030 §4.800.17
Bls H, 0 -10% h=0H -21.450.10 15.00=0.17 12230028
ma oy U H -4 M=0H 21.8120.25 10.70:0.20 100.0820.10
40% H. 0 -60% MaOH 212.40:0.20 7334017 00,850,189
Purz 1[=0H 23.02+0.15 15.06<0.32 127052035
Pur= H.O -21.2640.18 376018 83.800.17
8% H O -20% M=0H 21.80:0.21 £03:012 08,3640, 12
mats 60%0 H. O -4l b= 0H -12.01=0.07 11.96+0.26 113 57035
408 H 0-80%1=0H 22142024 13.27:0 21 11872011
Purz M=0H 212674020 16.70=0.17 131.77=030

monotonic behavior is observed for the variation of enthalpy
and entropy changes versus the composition of the water-
methanol binary solvent systems (Hakimi et al., 2008).

Effect of solvent on complexation

From Figure 6, the changes of the stability constant (logKy) of
PDA-Cd?+, PDA-Ni?*, PDA-Cu?* and PDA-Co?* complexes
versus the composition of H20-MeOH binary solvent systems
at various temperatures were observed. It is interesting to
note that the formation constants of PDA-M2+ (M = Cd, Ni, Cu,
Co) complexes increase, with increases concentration of
methanol in H20-MeOH binary solvent systems.

Effect of ionic size on complexation

The variation of logKr for formation of PDA-Cd?+, PDA-Ni?+,
PDA-Cu?* and PDA-Co?* complexes vs. the ionic radius in
H20-MeOH binary mixtures is shown in Figure 7. It is evident
in these figures that the order of selectivity of logKr of these
complexes at 298.15, 308.15 and 318.15 K is PDA-Cd?* >

www.bosaljournals/chemint/

PDA-Ni2* > PDA-Cu?+ > PDA-Co?*. Further, it is observed that
no particular selectivity order is observed for all
compositions of binary solvent systems as well as in pure
water as the radius of Cu?* and Co?* is very close to each
other.

CONCLUSIONS

According to the results obtained in the present work,
complexes formed between the ligand and the metal cation, it
indicates the probability of changes in the stabilities and
stoichiometry of the complex. In most of the cases PDA
formed 1:2 [ML:] complex. The results obtained in our
studies suggest that stability of the complexes of PDA with
the metal cations in solutions undergoes the chemical and
physical properties of each solvent molecule such as donor
number and polarity and with increasing methanol percent
when mixed one another and therefore changing their
solvating ability towards the ligand, metal cation and the
resulting complex .The negative values of AG shows the
ability of the studied ligand to form stable complexes and
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process trends to be spontaneously. However, the obtained
positive value of AH indicates that enthalpy is not driving
force for the formation of the complexes. Furthermore, the
positive value of AS indicates that entropy is a driving force
for the complexation reaction.
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