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The values oflog KI, log K2 and log K3 for the com-
plexes of bivalent metal ions studied have been summ-
arised in Table 1. The order of decreasing stabilities
of the metal complexes is : Ni > Co > Fe > Zn >
Pb > Cd > Mn > Mg. This order is in agreement
with the order found by Mellor and Maley" and
Irving and Williams", In the case of Co(H) and
Ni(II), log K, and log K2 values could not be,
obtained since they form very strong complexes with
the ligand as indicated by the values of log ~2 and,
log ~,3' ' '

The stability constants of Cu(H) complexes could
not be determined since Cu(H) is completely complex-
ed at a very low pH value. ' ,
, From the' values of stability constants at different

ionic strengths, it is seen that there is a regular
and gradual decrease in the stability constants with
the increase in the ionic strength of the medium. A
similar behaviour has been observed in the case of
dissociation constant of the ligand. These results;
are in accord with theoretical considerations.
, One of the authors (Kamini) is thankful to the
UGC, New Delhi for the award of a junior research
fellowship.
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The protonation and acid dissociation constants of quinoline-
8-carboxylic acid (Q-8-CA) and its 5-substituted derivatives and
the formation constants of their chelates with Mn(II), Co(II),
Ni(II), Cu(II) and Zn(II) have been studied in water-ethanol
medium using Calvin-Bjerrum pH titration technique 2S modified
by Irving and Rossotti. The metal ions form 1 :1 and 1:2 chelates
with Q-8-CA and 5-NH.-Q-S-CA except Cu(Il), and 1:1 chelates
with 5-NO.-Q-S-CA. The thermodynamic parameters, t:,.Gt,
t:,.Ht and t:,.St and their corresponding electrostatic (t:,.Get,
t:,.Het) and cratic (t:,.Gct, t::,Hct) components have been
evaluated and discussed. The overall stability constants (log th)
with respect to the metal ions follow the natural order and the
order with respect to the ligands is : S-NO.-Q-8-CA < Q-8-CA<
5-NH.-Q-8-CA.

tA part of the work was presented at the Annual Conven-
tion of Chemists held at lIT, Powai, Bombay, during December,
1980.
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QUINOLINE':8-CARBOXYLIC acid (Q:S-CAj'ii
not only an important analytical reagentv+but

also has a variety of uses due to its antidiuretic, anti-
bacterial, insecticidal and fungitoxicity activitiesv-.
Lumme" determined the protonation constant pK,
(NH+) and, the acid.dissociation constantpK(COOH)
of Q-8-CA and reported its stability constant with
various bivalent transition metal 'ions at high ionic
strengths and at 25°. However, no attention was paid
to the nature of complexes formed in the presence
of high concentrations of potassium chloride used
to maintain the ionic strength constant. Gomez
et al:" synthesized Co(Il) and Ni(II) complexes of
5-nitroquinoline~8-carboxylic acid ~5-N02-Q-8-CA)
and '5-aminoquinoline-8-carboxylic acid (5-NH2-Q-8-
CA) and discussed ligand field parameters on the
basis of IR and magnetic susceptibility data.

Earlier we reported? the formation constants of
Fe(II) complexes with Q-8-CA, 5-N02-Q-8-CA and
5-NH2-Q-8-CA in water-ethanol (50 %, v/v) medium.
In our preliminary investigations with these ligands,
it was observed that the formation constants of Co(H) ,
and Ni(II) were abnormally lower than those of Fe(H)
under similar conditions. Hence we have undertaken
a systematic study to determine the protonation,
acid dissociation and metal-ligand formation constants
of these ligands with Mn(H), Co(II), Ni(II), Cu(II)
and Zn(II) in water-ethanol (50 %, vjv) medium at
different temperatures and at 0.10 M ionic strength
employing Calvin-Bjerrumv" pH titration technique
as modified by Irving and Rossotti-".

Thermodynamic parameters, such as L'lG;, L'lH;
and L'lS; accompanying the chelate formation have
been calculated and discussed. The L'lG; and /lHt
values have been separated into their corresponding
electrostatic and non-electrostatic or cratic compo-
nents with a view to understanding the nature of
bonding between the metal ion and the ligand.'

Details of synthesizing ligands and the pH titration
technique are reported in our earlier paper", The
metal perchlorate solutions were prepared and stan-
dardized cornplexometricallyt-. All the titrations
were performed in water-ethanol (50%, v/v) medium
and an inert atmosphere was maintained by bubbling
continuously oxygen-free nitrogen through the reac-
tion-mixtures.

The protonation constants were determined by
titrating the following solutions (total vol. 50 ml)
against carbonate free sodium hydroxide (1.25 M):
(a) HC104 (5 X 10 -2M); (b) HCI04(5.5 X 1O-2M)
+ ligand (5 X 1O-3M). The ionic strength was kept
constant at 0.10 M by adding requisite quantity of
sodium perchlorate and the temperature was main-
tained at 30°.

For the determination of acid dissociation and che-
late formation constants the experimental procedure
involved the potentiometric titrations of the following
solutions (total vol. 50 ml) against standard sodium
hydroxide (0.10 M): (i) HCI04 (4.00 X to-3M);
(ii) HCI04 (4.00 X to-:IM) + ligand (2 X to-3M);
(iii) HCI04 (4 00 X to-3M) + ligand (2.00 X 10-3M)
+ metal perchlorate (4.00 X 10-4M). '

The pH correction for the aquo-organic solvent



mixtures was made as suggested by Uitert and
Haas12.

Values of ~A' Ii and pL were calculated from Irving
and Rossotti formulae-". From the titration curves
of (a) and (b), nA values at different pH meter readings
were calculated and the protonation constants were
determined from the intercepts of the plots of log
n-J(l-n-) vspH. Similarly, acid dissociation constants
were calculated from the titration curves (i) and (ii)
wherein it was observed that in the initial stage of
the titration, the ligand curve shifted to left (or above)
the acid curve due to the basic nature of tertiary
nitrogen (C = N) which accepts a proton from the
acid solution. The degrees of formation ( Ii) of the
metal-ligand system and corresponding pL values
at different pH meter readings were evaluated from
the titration curves (ii) and (iii). The formation
curves thus obtained indicate that Q-8-CA and
5-NH2-Q-8-CA form 1 : 1 and. 1 : 2 chelates with
all the metal ions studied whereas 5-N02-Q-8-CA
forms 1 : 1 chelates except with Cu(II) , which gives
precipitate. The log Kn values were computed using
(i) half-ii-method, (ii) successive-approximation
method and (iii) least-squares method-s. The values
agree closely and hence the formation constants
calculated by the least-squares method are reported.

Thermodynamics of complex formation - Values
of log Kn were determined at 20°, 30", 40° and 50°
and at 0.10 M ionic strength (Table 1). The changes
in free energy (6Gt), enthalpy (6Ht) and entropy
(6S:1:) accompanying the metal-ligand chelate forma-
tion have been evaluated by using the van't Hoff
isotherm and isochore equations (Table 2). The
negative values of 6Gt and 6Ht reveal the sponta-
neityand exothermic nature of the reactions.

To get an insight into the extent of ionic and
covalent nature of the complex formed, the 6 Gt
and 6Ht values were separated into their respective
electrostatic (6Get, 6Het) and non-electrostatic or
cratic (6Gct, l:,Hct) components as derived by
Degischer and Nancollas=. Comparison of the
electrostatic and cratic parts of the thermodynamic
parameters (Table 3) for the equilibrium (1),

M(ll) (aquo) + L ¢ M(Il) (L) ....(1)

NOTES

'TABLE1 - STEPWISEAND OVERALLSTABILITYCoNSTANTSOF
Mn(ID, corm, Ni(ID, cerm and Zn(In CHELATESIN WATER-
ETHANOL MEDIUM (50%, v/v) AT DIFFERENTTEMPERATURFS

AT 0.10 M IONTCSTRENGTH

Stability Temperature
Metal ion constant

. 20° 30° 40° 50°

H+
Mn(ID

Co (II)

Ni(ID

Cu(ID

Zn(Il)

H+
Mn(11)

Co(II)

Ni(II)

Cu(ID

Zn(lI)

H+
Mn(ID
Co(II)
Ni(II)
Zn(II)

pKa
log KI
log K2
log {32
log KI
log K2
log {32
log K,
log K2
log {3.
log K,
log K2
log {32
log KI
log K2
log {32

QUTNOLlNE-8-CARBOXYLICACID

6.60
3.10
2.66
5.76
4.51
3.59
8.10
5.18
4.36
9.54
6.41
5.63

12.04-
3.96

. 3.24
7.20

6.50
3.05
2.60
5.65
4.40
3.50
7.90
5.07
4.26
9.33
6.28
5.51

11.79
3.85
3.15
7.00

6.42
2.99
2.55
5.54
4.32
3.43
7.75
4.97
4.17
9.14
6.15
5.39

11.54
3.76
3.07
6.83

5-A~1INOQUTNOLlNE-8-CARBOXYLICACID

pKa 8.54 8.44 8.36
log KI 3.90 3.84 3.77
log Kg 3.02 2.94 2.89
log {32 6.92 6.78 6.66
log s, 5.41 5.29 5.18
log K. 4.71 4.61 4.52
log B. 10.12 9.90 9.70
log KI 6.13 6.00 5.88 .
log K. 5.35 5.23 5.12
log {3. 11.48 11.23 11.00
log Kl 7.79 . 7.65 7.51
log K2 7.04 6.90 6.76
log {3, 14 ~3 14.55 14.27
log «, 5.16 5.04 4.93
log K. 4.57 4.46 4.37
log {32 9.73 9.50 9.30

1
5-NITROQUINOLTNE-8-CARBOXYLICACID

6.33
2.93
2.48 .
5.41
4.25
3.38
7.63
4.88
4.09
8.97
6.05
5.28

11.33
3.67
3.00_
6.67

8.29'
3.69
2.81
6.50
5.08
4.44
9.52
5.77
5.02

10.79
7.39
6.64

14.03
4.82
4.27
9.09

4.43
2.97
3.35
3.58
2.97

pKa
log !II
log {31
log {31
log Ih

4.56
3.15
3.58
3.89
3.24

4.51
3.10
3.50
3.80
3.15

4.47
3.04
3.42
3.70
3.05

TABLE2 - THERMODYNAMICPARAMETERSOF 1 : 1 AND 1 : 2 METAL CtfELATESAT 30° AND I.L = 0.10 M.

1 : 1 Complex 1 : 2 Complex
System

~St -~Gt =s»: ~st-~Gt -~Ht
(kcal mol:") (kcal mol>') (e.u.) (kcal mol I) (kcal mol:") (e.u.)

Mn(In + Q-8-CA 4.23 2.54 5.58 3.61 2.68 3.07
Co(ll) + Q-8-CA . 6.10 3.41 8.88 4.85 3.02 6.06
Ni(U) + Q-8-CA 7.03 3.92 10.26 5.91 3.80 6.96
Cu(II) + Q-8-CA 8.71 5.11 11.88 7.64 4.81 9.34
Zn(H) + Q-8-CA 5.34 4.06 4.23 4.37 .3.48 2.94
Mn(II) + 5-NH2-Q-8-CA 5.33 3.18 7.10 4.08 3.12 3.17
Co (II) + 5-NH2-Q-8-CA 7.34 4.30 10.01 6.40 3.87 8.34
Ni(lI) + 5-NH.-Q-8-CA 8.32 4.86 11.42 7.25 4.48 9.15
Cu(U) + 5-NH2-Q-8-CA 10.61 5.63 16.44 9.57 5.53 13.33
Zn(U) + 5-NH.-Q-8-CA 6.99 4.50 8.22 6.18 4.40 5.86
Mn(II) + 5-N02-Q-8-CA 4.30 2.66 5.41
Co(ID + 5-NO.-Q-8-CA 4.85 3.23 5.34
Ni(II) + 5-NO.-Q-8-CA 5.27 4.12 3.80
Zn(II) + 5-NO.-Q-8-CA 4.37 3.95 1.39
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TABLE3 - ELECTROSTATICAND CRATIC COMPONENTSOF THERMODYNAMICPARAMETERSOF EQUILIBRIA(1) AND (2)

(Values in kcal mol-I)

1 : 1 Complex 1 : 2 Complex
System Electrostatic Cratic Electrostatic Cratic

-L:::.Ge:t: L:::.He:t: -L:::.Gc:j: -L:::.Hc:j: -L:::.Ge:j: L:::.He:t: -L:::.Gc:t: -L:::.Hc:j:

Mn(ID + Q-8-CA 2.97 1.14 3.68 3.70 2.42 0.93 3.61 3.61
Co(II) + Q-8-CA 3.69 1.42 4.83 4.83 3.08 1.18 4.19 4.20
Ni(II) + Q-8-CA 4.00 1.53 5.45 5.45 3.27 1.26 5.05 5.06
Cu(II) + Q-8-CA 4.35 1.67 6.78 6.78 3.79 1.45 6.27 0.26
Zn(II) + Q-8-CA 2.67 1.03 5.08 5.09 2.39 0.92 4.40 4.40
Mn(II) + 5-NH2-Q-8-CA 3.30 1.27 4.45 4.45 ~.44 0.94 4.06 4.06
Co(II) + 5-NH2-Q-8-CA 3.94 1.51 5.82 5.81 3.57 1.37 5.24 5.24
Ni(II) + 5-NH2-Q-8-CA 4.25 1.63 6.49 6.49 3.75 1.44 5.92 5.92
Cu(II) + 5-NH2-Q-8-CA 5.35 2.05 7.68 7.68 4.67 1.79 7.32 7.32
Zn(II) + 5-NH2-Q-8-CA 3.55 1.36 5.85 5.86 3.03 1.16 5.57 5.56
Mn(II) + 5-N02-Q-8-CA 2.93 1.12 3.79 3.78
Co(II) + 5-N02-Q-8-CA 2.92 1.12 4.35 4.35
Ni(I1) + 5-N02-Q-8-CA 2.58 0.99 5.11 5.11
Zn(I1) + 5-N02-Q-8-CA 2.05 0.79 4.74 4.74

indicates that L,.Gct values are significantly more
negative than L,.Get values suggesting that cratic
forces are stronger than the electrostatic forces in
1 : 1 chelates. The difference between the two com-
ponents decreases in the order : Cu(H) > Ni(H) >
Co(H) > Mn(H). This indicates that ionic character
and number of unpaired electrons increase in the
reverse order: Cu(H) < Ni(lD < Co(Il) < Mn(H).
Thermodynamic data (Table 3) computed for the
equilibrium (2),

M(Il)(L) + L ~ M(II)(L)2 ... (2)

show a decrease in the ionic and covalent characteris-
tics indicating that bis complexes are less stable than
the mono complexes.

The overall stability constants (log I'n) with res-
pect to the metal ions follow the order: Mn(H) <
cerrn < Ni(lD < Cu(H) > Zn(lD. The order with
respect to the ligands is: 5-N02-Q-8-CA < Q-8-CA<
5-NH2-Q-8-CA. This sequence is in accordance
with the electron- withdrawing and electron-donar
ting properties of the nitro and amino groups res-
pectively.

The authors thank Prof. T. Navaneeth Rao,
'Director, P. G. Courses (Osmania University) for
helpful discussions and Prof. M. L. N. Reddy, Princi-
pal, Nizam College, Hyderabad, for providing
necessary research facilities and constant encourage-
ment.
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Calvin-Bjerrum pH titration technique as modified by Irving
and Rossotti, has been applied for detennining the step-wise
formation constants of the complexes of Ga(lII) with pyrocatechol
(PYC), protocatechuic acid (PCA), es-resorcylic acid (RCA),
pyrogallol (PGL), gallic acid (GLA) and 2,3-dihydroxynaphtha-
Iene-ri-sulphonic acid (DHNSA). Log K values and overall
changes in L:::.G, L:::.H and L:::.Saccompanying the complex forma-
tion have been evaluated at 25°, 35° and 45°C and at an ionic
strength O.2M (NaCIO.). Stoichiometries of the various comp-
lexes have also been discussed.

IN continuation of our earlier work1'2 on Ga(IIl)
. complexes, we report in this note the proton-

ligand stability constants of pyrocatechol (PYC),




