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The formation of mixed ligand complexes of Cu(Il) with 1,10-phenan-
throline or 2.2"-bipyridyl in presence of an a-amino acid (glycine, alanine,
phenylalanine or norleucine) have been studied by the pH-metric method. The
pH-titrations of the reaction mixtures in equimolar concentrations have shown
the simultaneous addition of the ligands resulting 1:1:1 ternary complex
formation. The equilibrium and formation constants of the resulting ternary
complexes have been calculated (30 +1°C; p =0.1KNO;). The order of
stability in terms of the secondary ligands has been found to be:
Phe > Ala > Gly > Norleu.
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Komplexe mit gemischten Liganden von biologischer Bedeutung [Cu(1l)—1,10-
Phenanghrolin oder 2,2"- Bipyridyl—x-Aminosduren |

Die Bildung gemischter Komplexe von Cu(II) mit 1,10-Phenanthrolin oder
2,2"-Bipyridyl in Gegenwart einer a-Aminosdure (Glycin, Alanin, Phenylalanin
oder Norleucin) wurde pH-metrisch untersucht. Die pH-Titration der
Reaktionsmischungen in 4quimolaren Konzentrationen zeigten, dafl der
gleichzeitige Zusatz der Liganden zu terndren 1:1:1-Komplexen fiihrt. Die
Gleichgewichts- und Bildungskonstanten der resultierenden ternidren Kom-
plexe wurden bestimmt (30 +1°C; p=0,1KNO;). Die Reihenfolge der
Stabilitiat beziglich der sekundéren Liganden ist Phe > Ala > Qly > Norlew.

Introduction

Copper(1l) is supposed to play an important role in the biological
systemsl. 2. Copper(II) salts are toxic to micro-organisms, especially to
protozoa, fungi and algae, and also have antiseptic properties.
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Copper(I11) is also known to form very stable binary as well as ternary
complexes with various organic ligands3-7. 1,10-Phenanthroline (Phen)
and 2.2-bipyridyl (Bipy) are well known chelating agents and have
been reported to be biologically active either alone or in presence of
metal ion. The bacteriostatic effects of Phen or Bipy and their metallic
chelates have been studied on rumen bacteria, acid fast bacteria and a
number of gram positive micro-organisms (the mixed ligand complexes
have been found to be more effective).

The present investigations deal with the determination of equilib-
rium and formation constants of the mixed ligand complexes involving
Copper(1l), Phen or Bipy and «-amino acids; such studies may prove to
be quite useful in understanding many bio-chemical problems.

Experimental

The stock solution of copper nitrate (AnalaR, BDH) was prepared in
doubly distilled water and standardized with a standard solution of disodium
salt of EDT A using murexide as an indicator. The solution of hydrochlorides of
1,10-phenanthroline and 2,2-bipyridyl were prepared by direct weighing and
their strengths were checked by pH-metric titrations against a standard
solution of potassium hydroxide. The solutions of x-amino acids were also
prepared by direct weighing in doubly distilled water.

The pH-titrations were carried out at 30+ 1°C using a constant
temperature bath and a Systronics pH-meter standardized with a 0.05M
solution of potassium hydrogen phthalate (AnalaR, BDH).

The following pH-metric titrations were carried out:

1. 10ml (0.025 M) copper(II) nitrate.

2. 10ml (0.025 M) ligand.

3. 10ml (0.025M) ligand in presence of 10ml (0.025M) copper(Il) nitrate
[Cu(Il):primary ligand, 1:1].

‘4. 10ml (0.025 M) each of primary and secondary ligands in presence of
10mi (0.025 M) copper(ll) nitrate [Cu(II):primary ligand:secondary ligand,
1:1:1).

The ionic strength of all the solutions was kept approximately constant (u =
= 0.1KNO;) by adding 5ml of 1.0 M potassium nitrate to the each set of
solutions and the total volume was always kept constant (50 ml) by adding
requisite volume of doubly distilled water.

Results and Discussion

Curve 0 (Fig. 1) represents the pH-metric titration of copper(1I)
nitrate with 0.1 ¥ KOH. In this case the precipitation from the very
beginning and a sharp inflection at m = 1.5 indicates the formation of
precipitate containing basic salt.

Curves 14 (Figs. 1 and 2) represent the pH-metric titrations of Gly,
Ala, Phe, and Norlew with 0.1 M KXOH. The dissociation constants of
Phe and Norlew were calculated using the method of Chaberek and
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Martell® and those of Gly, Ala, Phen and Bipy were taken from the
literature®-11 (Table 1).

As reported earlier'?, potentiometric titration curves (Curve 5,
Figs. 1 and 2) of copper nitrate with KOH in presence of an equimolar
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Fig. 1. Titration curves for Cu(IX)—1.10-phenanthroline—s-amino acids. 0,

CuNOz); 1, glycine; 2, a-alanine; 3, phenylalanine; 4, norleneine; 5, 1:1 Cu{II)>

Phen; 6, 1:1:1 Cu(Il)-Phen-glycine; 7, 1:1:1 Ca(Il)-Phen-a-alanine: 8, 1:1:1

Cu(IT)- Phen-phenylalanine; 9, 1:1:1 Cu(Il)-Phen-norleucine ; m, moles of base
added per mole of metal ion

concentration of Phen or Bipy indicate the formation of 1:1 binary
chelates and their conversion into the corresponding monohydroxo
derivatives.

When the equimolar systems, Cu(II)-Phen-amino acid (Gly, Ala,
Phe or Norleu) (Curves 6-9, Fig. 1) and Cu(II)-Bipy-amino acid (Gly,
Ala. Phe or Norleu) (Curves 6-9, Fig. 2) are titrated, only one inflection
at m = 2 is observed. Comparison of these curves with the correspond-
ing composite curves [which can be drawn by adding the horizontal
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Fig. 2. Titration curves for Cu(II}—2,2"-bipyridyl—«-amino acids. 1, glycine;

2, x-alanine; 3, phenylalanine; 4, norleucine; 5, 1:1 Cu(Il)-Biby; 6, 1:1:1

Cu(Il)-Bipy-glycine; 7, 1:1:1 Cu(Il)-Bipy-a-alanine; 8, 1:1:1 Cu(II)-Bipy-

phenylalanine; 9, 1:1:1 Cu(I1)-Bipy-norleucine; m, moles of base added per
mole of metal ion

Table 1

Ligand Dissociation 1:1 Chelate Formation

constant (pK) constant(log K 3 4)
Glycine 9.699 Cu(Il)—~Phen(1:1} 7.4012
a-Alanine 9.86° Cu(Il)—Bipy (1:1) 6.3312
Phenylalanine 9.05 + 0.07
Nor-leucine 9.60 + 0.06
1,10-Phenanthroline 5.0010
2,2"Bipyridyl 4.4411

distance of the secondary ligand curve to the horizontal distance of
Cu(I1)-Phen or Bipy curve at the same pH] indicates that the formation
of 1:1:1 mixed ligand complexes is the only possibility in the ternary
systems studied.
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Initially, in the lower buffer region all these curves run slightly
above the corresponding (1:1) Cu(ll)-Phen or Bipy curves and this
behaviour may be attributed to the zwitter ion formation tendency of
x-amino acids. Further, in the beginning, 1:1 Cu(Il)-Phen or Bipy
somplex is formed and the lowering of the curves in the case of ternary
systems starts after m = 0.4 and 0.8 in Ca(I1)-Phen or Bipy-Gly, Ala or
Norlew and Cu(Il)-Phen or Bipy-Phe systems, resp. No inflection in
these cases at m = 1 and only one inflection at m = 2 indicates that
addition of the secondary ligand starts before the complete addition of
primary ligand. '

The formation of 1:1:1 mixed ligand complex in the above systems
may be represented as:

Cud® + HL = CudL+ + H+ ()

and the overall reaction for the formation of 1:1:1 ternary complex
may than be written as:

Cuz+ + HA+ + HL = CudL+ + 2H* (ii)

(where A = Phen or Bipy and HL = «-amino acid).
If K’ and K" are the equilibrium constants of the reactions (i) and
(ii) resp. then:

_ [Cud L7}[H7]

= (1)
[Cud2+][HL]

and
[Cud L¥][H*]2

T [Cuz[HA7[HL]

”

2)

Assuming that only mononuclear metal chelate species are formed in
the system, the following equations are obtained for maintaining the
material balance:

Ty =[Cuzt] + [Cud2t] + [Cad L] (3)

Ton + [HT]—[OH-] = [Cud?2t] + 2[Cud L] + [4] +[L] 4)
T, ={HA4] +[A4] + [Cud2t] + [Cud L] (5)
T,=[HL] +[L] + [CudLt] (6)

where Ty, T' 4 and T'; represent the total concentrations of all the metal,
primary ligand and secondary ligand species and Toy is concentration
of the base added to the reaction mixture during titration. In the above
systems, it may be shown that:

a[CutR2 + b[Cu2t]—c =0 (7)
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where

_Kwar b=X+7Y, c={(2mTy—[H]+[OH X Y
™’ e

k E
X = (1 + [Hﬂ) and Y = (l + H[Hﬂ )

where & represents the dissociation constant of Phen or Bipy and I is
that for the a-amino acid; Ky, is the formation constant of (1:1)
Cu(Il}-Phen or Bipy complex.

The equilibrium concentration of free metal ions present in the
reaction mixture may be determined by solving equation (7). The
concentrations of other species involved in the equilibrium relations
can then be calculated from the above equations and also the values of
equilibrium constants K’ and K”.

Stability of 1:1:1 Mixed Ligand Complexes
The stability constant of a ternary complex in these systems may be
defined as:
[Cudlt]

Kyar= [Cudz T[] (8)

and can be determined by the expression:

K
Kyar= a 9)
Further, the overall stability constant of the mixed ligand complex:
[Cud L]

o e AL ] "

Table 2. Equilibrium and chelate formation constants of mixed ligand complexes

System —log K’ —log K" log K14z log K'yra5,

Cu(Il)—Phen—Gly 198 +0.14 1.58 +0.14 7.71 £ 0.1 15.11 £ 0.14
Cu(I1)—Phen—Ala 2.03 +£0.15 1.63 £ 0.15 7 83 + 0. 15 15.23 +£0.15
Cu(Il)—Phen—~Phe 1.11 £0.17 2.71 £0.17 94 +0.1 1534 +0.17
Cu(Il}—Phen—Norleu 2.06 £+ 0.08 1.66 £ 0.08 7 54 +0. 08 14.94 + 0.08
Cu(I)— Bipy—Gly 2031012 014 +0.12 7 66 + 0.1 13.99 + 0.12
Cu(l1)—Bipy—Aia 207 £0.08  0.18+0.08 79 % 0. 08 14.12 + 0.08
Cu(ITy—Bipy—Phe 1.09 +0.14 1.20 £0.14 7 96 +0.1 14.29 £ 0.14
Cu(II)—Bipy—Norleu 2.11 +0.10 0.22 +0.10 49 +£0. 10 13.82 £ 0.10
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may be calculated from the expression:

, Kl/
KMAL.:"]C‘? (11)

The values of the formation constants of the ternary complexes are
recorded in Table 2. It can be observed that the mixed ligand
complexes involving Phen as primary ligand are more stable than those
involving Bipy. The order of stability of the ternary complexes
in terms of secondary ligands has been found to be:
Phe > Ala > Gly > Norleu.

The greater stability of the complexes containing phenyl-alanine
and «-alanine in comparison to glycine may be attributed to the
presence of electron repelling phenyl and methyl groups in phenyl-
alanine and «-alanine. The lower stability of the complexes containing
norleucine may probably be due to the presence of bulky n-butyl group.

Acknowledgement

Thanks are due to Professor K. €. Joshi (Chemistry Department,
University of Rajasthan, Jaipur) for providing laboratory facilities and the
authorities of the J. V. College, Baraut (Meerut) for the necessary encourage-
ment.

References

L (. J. Everson, J. Nutr. 93, 533 (1967).

2 W. W.Carlton and W. 4. Kelly, J. Nutr. 97, 42, 52 (1969).

3 V. 1. Athovale, N. Mahadevan, P. K. Mathur, and R. M. Sathe, J. Inorg.
Nuecl. Chem. 29, 1947 (1967).

W. E. Bennett, J. Amer. Chem. Soc. 79. 1290 (1957).

C. M. Harris and T. N. Lockyer, Nature (London) 192, 424 (1961)
G. Skarma and J. P. Tandon, Z. Naturforsch. 25, 22 (1970).

G. K. Chaturvedi and J. P. Tandon, Z. Naturforsch. 25, 26 (1970).
8. Chaberek, jr.,and A. E. Martell, J. Amer. Chem. Soc. 74, 5052 (1952).
R. M. Keefer, J. Amer. Chem. Soc. 68, 2329 (1946).

0 K. Lol and R. P. Agarwal, J. Less-Common Metals 12, 269 (1967).

1 K. Yamasaki and M. Yasuda, J. Amer. Chem. Soc. 78, 1324 (1956).

12 R. L. Qustafson and A. E. Martell, J. Amer. Chem. Soc. 81, 525 (1959).

W0 & O



