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Chelating tendencies of several biologically important compounds viz.
glycocyamine (GCN: N-amidino-aminoethanoic acid) taurine (TRN: 2-
aminoethanesulphonic acid) and pyridoxal [PDL; 3-hydroxy-5-(hydroxymethyl)-
-2-methyl-pyridine-4-carbaldehyde] have been examined by pH-metric ti-
tration technique in their binary complex formation with copper(IT) and
uranyl(VI) ions. The work has further been extended to investigating the
ternary complex formation involving 2.2’-bipyridine, 1,10-phenanthroline or
nitrilotriacetic acid as a primary and 77BN and PDL as secondary ligands. All
the experiments were carried out at 25°C and at an ionic strength of 0.13/
(NaCl0y) in aqueous or 50 % (v/v) aqueous-ethanol medium according to the
suitability of the experimental conditions. Stabilities of ternary complexes as
compared to those of the corresponding binary complexes of the secondary
ligands have also been discussed.

Bindre Kupfer(11)- und Uranyl(VI)-Komplexe von Glycocyamin, Taurin und
Pyridoxal; Erweiterung zu terndiven Systemen mit 2,2 -Bipyridin, 1,10-Phenan-
throlin und Nitrilotriessigsiure

Das Komplexierungsvermdgen einiger biologisch wichtiger Verbindungen
[Glycoeyamin (GCN : N-Amidino-aminoethansiure), Taurin (TRN; 2-Amino-
ethansulfonsdure und Pyridoxal (PDL; 3-Hydroxy-5-(hydroxymethyl)-2-
methyl-pyridin-4-carbaldehyd)] gegeniiber Kupfer(IT)- und Uranyl(VI)-Ionen
wurde untersucht. Fiur TRN und PDL wurde das System auf ternére
Komplexe erweitert (2,2'-Bipyridin, 1,10-Phenanthrolin und Nitrilotriessig-
sdure als Primdrligand). Die Messungen wurden bei 25 °C und bei lonenstar-
ken von 0,1M (NaClO,) in Wasser oder 50 %, Wasser—Ethanol durchgefiihrt.
Die Stabilitdt der terniren Komplexe im Vergleich zu den entsprechenden
bindren wird diskutiert.

" Present address: M.L.N. Medical College, Allahabad 211002, India.

0026-9247/78/0109/0953/$ 01.60



954 R. K. Mittal et af.:

Introduction

The importance of transition metal ions in the biological systems
and the phenomenon of chelation is well recognized!.2. However,
an accurate elucidation of the chelation process, is apparently
complicated in metabolic reactions where a variety of equilibria
involving a number of metal ions and donor molecules coexist. Yet
studies on complexation reactions between biologically important
metal ions and donor molecules in vitro is desirable, as one of the steps
to an understanding of the subject, and work in thig direction is already
in progress?.4. The advantages of investigations involving two or more
different ligands are also evident, as complexation equilibria in such
systems would be much closer to those existing in metabolic reactions.

Results of studies on the chelating tendencies of copper(ll) and
uranyl(VI) ions with glycocyamine (N-amidino-aminoethanoic acid;
GCN), taurine (2-aminoethanesulphonic acid; TRN) and pyridoxal [3-
hydroxy-5-(hydroxymethyl)-2-methyl-pyridine-4-carbaldehyde; >DL]
are being reported here. The work has further been extended to
examining the ternary complexing systems involving 2,2"-bipyridine
(BIPY), 1,10-phenanthroline (PHEN) and nitrilotriacetic acid (N7 4)
as primary (4) and TRN and PDL as secondary (L) ligands where a few
copper(Il) complexes could be studied. It may be mentioned that
various ligands viz. GCN, TEN, PDL, BIPY, PHEN ,and NT 4 are all
of biological importanced-11,

Formation constants corresponding to various complexation equi-
libria in the binary #—L systems have been investigated by the /rving
and Rossotti pH-titration technique!?, while those occurring in the
ternary complexing systems by the same technique as modified by
Chidambaram and Bhattacharyal3. All the experiments were carried out
at 25°C and at an jonic strength of 0.1 maintained by sodium
perchlorate in aqueous or 50 % (v/v) aqueous-ethanol medium according
to the suitability of the experimental conditions.

Experimental

Solutions and Malerials

All the solutions were prepared in doubly distilled COg- free water and the
reagents used were of analytical grade.

Stock solutions of cuprie perchlorate (0.1 in 0.2M perchloric acid), uranyl
perchlorate (0.1 in 0.2 perchloric acid) and sodium perchlorate (1.0M) were
prepared and standardized. Perchloric acid (0.24) and sodium hydroxide
(0.1 M) were prepared and used after standardization. Stock solutions (0.01M)
of the chelating ligands viz. GCN, TRN, PDL, BIPY, PHEN , and NT 4 were
prepared by direct weighing and dissolving them separately in water.

BCPW sample of absolute alcohol was used whenever necessary, after
distilling it.
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Procedure

All the measurements were carried out at 25 °C using a Leeds and Noxthrup
pH-meter with a glass-calomel electrode assembly:

For pH-metric titration of binary and ternary complexing systems
(involving BIPY as a primary ligand) the following mixtures were prepared:
(A) 5.0ml perchloric acid (0.02M) + 5.0ml sodium perchlorate (1.0M)
+ 40.0ml water, (B) 5.0ml perchloric acid (0.02M) + 5.0ml sodium per-
chlorate (1.0M) + 5.6ml ligand (0.01M of GCN, TRN or PDL)+ 35.0ml
water, (C') 4.0 ml perchloric acid (0.024) + 1.0 m! metal perchlorate (0.01} in
0.02 perchloric acid) + 5.0m] sodium perchlorate (1.0M) + 5.0ml ligand
(0.01M of GCN. TRN or PDL)+ 35.0ml water, (D) 5.0ml perchloric acid
(0.02Y + 5.0 ml sodium perchlorate (1.0M) + 5.0ml BIPY (0.01.M) + 35.0 ml
water. (¥) 5.0 ml metal perchlorate (0.0LY in 0.02M perchloric acid) + 5.0ml
sodium perchlorate (1.0M) + 5.0ml BIPY (0.01.M) + 35.0 ml water, (F') 5.0 ml
metal perchlorate (0.01.3M in 0.02M perchloric acid) + 5.0ml sodium per-
chlorate (1.0M) + 5.0ml BIPY (0.01M) + 5.0 ml secondary ligand (0.01% of
TRN or PDL)+ 30.0ml water; total volume in each case 50.0ml. These
mixtures were individually titrated against standard alkali, whereby six
titration curves viz. 4, B, ¢, D, E, and F were obtained in each case (Figs.
omitted).

In M-PHEN-L systems investigations in 509, aqueous-ethanol (v/v)
medium became imperative as M-PHEN complexes could not be examined in
aqueous medium due to occurrence of opacity, turbidity, precipitation etc.
Titration mixtures were thus prepared similarly as above but the volume in each
case was raised to 50.0 ml by suitable addition of water andjor alcohol in such a
way that 50 % aqueous-ethanol (v/#) medium was maintained in each case.

With NTA as a primary ligand, the studies were again carried out in
aqueous medium and mixtures were prepared similarly., N7 4 is not a neutral
ligand like BIPY or PHEN and contains dissociable protons for which an
allowance was made in the calculations.

Also, as PDL sample was available only in form of its hydrochloride, an
allowance was given in calculations for the excess acidity in all the systems
investigated.

Calculations
Binary M-L Complexing Systems

From the titration curves the average number of protons bound per
free ligand ion (7 4), average number of ligands attached per metal ion
(7) and free ligand exponent (pl) were calculated, whereby the
formation curves corresponding to proton-ligand (Fig. 1) and metal-
ligand (Fig. 2) systems were obtained. Approximate values of the
formation constants were evaluated by interpolation at half 7, i-value
method and more precise values were determined by the average value
method.

Ternary M-A-L Complexing Systems

The corresponding curve departs from the secondary ligand
titration curve only after the complete formation of 1:1 (M : A) species
and before the hydroxo complex formation of (M -BIPY 2+ or
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Fig. 1. Formation curves: Protonation Systems of GCN, TREN, and PDL
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Fig. 2. Formation curves: [M-L]
~@-9- UOy(VI)—GCN, -¢ -o- Cu(ll)—GCN. -o-0o- Cu(ll)TEN, -0-a-
UOy(VI)—TRN, -0 -@- Cu(II)—PDL, - -0- UOy(VI)—PDL
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(M -PHEN* species; (M NTA4) species not undergoing any hy-
droxo complex formation even at higher pH values. Thus, the average
number of secondary ligand molecules attached per (M -BIPY)pR+,
(M-PHENp or (M -NTA) ions, fiy;,, were caleculated in analogy
to 14,

From the values obtained for %, the free ligand exponents pL;y
were calculated4.

00 i
30 40 5.0

Plmix

Fig. 3. Formation curves: [M-4-1]
-¢-o- Cu(ll)>-PHEN—TRN, -0-o0- Cu(Il)-PHEN—PDI,
-0-0- Cu(I\—BIPY—PDL, -0-0- Cu(Il)—NTA—TRN

The parameters fiy;, and pL_;, were treated similarly as in the
binary systems in order to get the formation curves (Fig. 3) and the
values of the formation constants.

Results and Discussion
Proton Ligand Systems of GON, TRN and PDL

Amongst the ligands chosen in the present investigation GCN is an
amino acid, and T'RN also behaves like an amino acid

NH CHp — CHy — SO3H
NH=cl and [ 2T T
™ NH-CH,-COOH NH3
(GCN) ( TRN )

possessing the following zwitterionic structures:

NHj CHy, —CHy— 805
< and ¥ 3

NH=CZ + —
"N NH,. CHy-COO NH3

+ - +_ -
( GCN ) C TRN )
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In the initial stage of titration the following species will be formed by
protonation:

NH, CHa — CHy— SO,H
nH=c and N e
NHy: CH,,+ COOH NH3
+ +
(GCN) ("TRN )

Though in the case of GCN the value of protonation constants
corresponding to the cationic imino group, —NH,, and the carboxylic
acid group, —COOH, could be obtained, 7RN provided only one value
of protonation constant under the experimental conditions (Table 1).

In case of PDL the basic nitrogen of the pyridine ring is protonated
during the initial stage of the titration. Values of protonation
constants, corresponding to the cationic tertiary nitrogen and the
phenolic group are recorded in Table 1.

P
(0] \H
Vi
¢Z, HO— N\—CH,0H
HijCHZOH HC— 7
|
N
(POL ) ('PDL)

Binary Metal Complexes of GON, TRN and PDL

In M-PDL systems the initially colourless reaction mixture
gradually acquired a greenish tinge and subsequently changed to dark
green during the addition of alkali. However, the exact pH of colour
changes could not be detected under experimental conditions. In cases
of M-GCN and M-TEN systems no colour changes were observed. It
was noted that UO,(VI) forms complexes with GCN, TRN and PDL in
two steps. With Cu(1l) both the steps could be studied only with GCN,
while with T7RN and PDL the second step formation constant K, could
not be studied due to occurrence of opacity, turbidity, precipitation etc.
Values of step formation constants corresponding to various equilibria
are recorded in Table 1.

The absence of protonated and polynuclear species was confirmed
by using several concentrations of the reactants; the results obtained
were identical. In a majority of M-I systems. precipitation occurred
soon after the M : L (1:1) stage of complexation was complete, and no
studies beyond this stage were possible. Hence, M L, and the hydroxo
species likely to be formed after this stage could not be considered.
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Ternary Metal Complexes of TRN and PDL

Amongst various ternary complexing systems undertaken in the
present investigation only a few copper(11) complexes could be studied.
Others could not be pursued any further either due to occurrence of

Table 1. Stability constants of binary and ternary chelates

log (Equil. Const.)

Reactions
Method® Method”

L=GQCN
L~ + Ht = LH 1075 10.85
LH + H+= LHS — 2.59
Ca2 + L- = Cu'L+ 7.20 7.92
Cul-+ L =Cul, 6.65 6.53
TO3" + L= U0, L+ 945 950
1{:02 L —+ L-= .[.VOZ ]4«2 R.75 868

L = TR;\"
L-+H-=LH .90 8.82 (8.88)°
(w2t 4 L~ = Cu L* — 1.67 (5.90)°
UO3" + L~ =TU0, L+ 7.50 7.68
ULt + L~ = UQ,L, 6.70 6.92
(Cu PHENY*+ 4+ L~ = (Cu- PHEN - L)~ — 5.24¢
(Cu NTA) + L= (Cu-NTA - L~ — 3.08

L =PDL
L-+H =LH 8.60 8.44 (8.52)°
LH +H =LH3 3.05 3.93(4.14)°
Cuzt + L-=Cul~ 5.00 4.93(5.22)°
COET + L= U0, L+ 7.10 7.14
COu L + L~ =T0, L, 6.25 6.20
(Cu-BIPYR+ + L~ = (Cu-BIPY - L)* 5.05 4.90
(Cu-PHENY' + L= = (Cu-PHEN - L)* 5.55 5.60

? Interpolation at half 7 value method.
" Average value method.
“ In 50 9% agueous-ethanol.

opacity, turbidity, precipitation etc., or the conditions required for the
technique to be applicable could not be fulfilled.

In the complexing systems which could be studied, it is interesting
to note that in case of B/PY as a primary ligand the values of log
KO By (B BIPY = stoichiometric mixed ligand formation
constant) are not much lower than the corresponding log K, (K, = first
step formation constant of the secondary ligand binary complexes)
(Table1). However, from statistical considerations, the value of log
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E;‘gﬁ;%L should be appreciably lower than log K; as the con-
centration of electrons around the metal ion in (Cu- BIP Y )2+ would be
more than in [Cu-(H;0),]** owing to the bipyridine molecule being
more strongly coordinating than water. The reason for the
(Cu- BIP Y2+ species is, that the M-N bond is influenced not only by
L. — M o-interaction, but there also occurs to some extent M — L
(d= — p=)-interaction which does not permit the concentration of
electrons on the metal ion to increase significantly.

Mixed ligand complexes involving 1,10-phenanthroline as a primary
ligand (Table 1) exhibit similar behaviour as those in the ternary
complexing systems of bipyridine, perhaps due to the structural
similarities of PHEN with BIPY.

It can be seen from Table 1 that the mixed ligand formation
constant log Kgﬁﬁgj ;, corresponding to the association of the
secondary ligand (L) with (Cu-N7T4)~ ions is much less than log K;.
This may be expected on the basis that there occurs a Coulomb
repulsion between the secondary ligand anions and the N7'4 anions,
during the mixed ligand complex formation tending to lower the
stability of the mixed ligand chelates, whereas no such repulsion is
encountered during the process of formation of M:L (1:1) species.
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