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ABSTRACT

The analysis of coordination of chelating agents to metal ions in
the formation of complexes under different experimental conditions
provide information on the effects of the conditions on the extent
of the coordination of the ligands to the metal ions for potential ap-
plications in bioinorganic and environmental Inorganic Chemistry.
The effect of solvent on the coordination of L-methionine (primary
ligand) and uracil (secondary ligand) to Co(ll), Cu(ll) and Pb(ll) ions
in the formation of binary and ternary complexes have been po-
tentiometrically investigated in water and 40% (v/v) ethanol- water
media at 27 °C and ionic strength of 0.02 mol dm—-3was main-
tained by using NaNO3. The proton-ligand stability constants and
formation constants of the binary and ternary systems were estab-
lished under the experimental conditions. The formation constants
of the ternary complexes were numerically compared with the cor-
responding binary complexes in terms of A log K and percentage
relative stabilization (%RS). Speciation of the metal ions, binary
and ternary complexes as a function of pH in the solutions was in-
vestigated by using HYSS program. The ligands were observed to
form more stable ternary complexes than binary complexes. The
proton-ligand stability constants the ligands and the formation con-
stants of the metal complexes were found to be higher in 40% (v/v)
ethanol-water than water. The distribution of the species revealed
a decrease in the metal ion concentrations with increase in the
concentrations of the binary and ternary as pH increased. The che-
lating agents interacted strongly with the metal ions and showed
different selectivity towards the metals ions. These properties can
be exploited in combating metal poisoning, separating the metals
and expounding the bioinorganic chemistry of the metal ions and
the ligands.
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Introduction

Coordination compounds have been applied as
enzyme inhibitors,anti-bacterial, antiviral and as
anti-cancer drugs Transition metal ion chelate
complexes have been found to be incorporated
in ion exchange resins for identification of met-
als, detoxification and remediation of heavy
metal pollutants. The study of interactions of
transition metal ions with different types of che-
lating agents in different solutions has advanced
in the field of inorganic chemistry 6. This provides
information on coordination properties of the lig-
ands and metal complexes under the different
experimental conditions which might serve as a
tool in environmental inorganic chemistry, bio-
inorganic chemistry and analytical chemistry for
various applications. The study of coordination
chemistry of complexes containing ligands with
N, O donor atoms has increased because of the
special ability of the ligands to form stable com-
plexes with different metal ion,s and their poten-
tial application as models for biologically im-
portant species having N and O as binding sites
7

Amino acids are the chemical units of proteins
and crucial for several biochemical processes
taking place in human system which are respon-
sible for the maintenance of life 8. Methionine
is a sulfur-containing essential amino acid that is
not synthesized in the body. It possesses vari-
ous binding functionalities °. Methionine and its
metal complexes have been frequently utilized
for both biological and chemical applications .
Uracil is one of important heterocyclic com-
pounds which are an essential constituent of all
cells with vital pharmacological activities %12,
Uracil and its complexes have been reported to
exhibit remarkable pharmacological efficiency
as a result of the presence of pyrimidine ring in
it 13. Methionine and Uracil contain functional
groups that are well situated to permit the for-
mation of rings with metal ions hence they are
potential chelating agent for the transportation of
essential metals, remediation and detoxification
of heavy metals.

Potentiometric studies of binary and ternary
complexes of (Fe(lll), Pb(Il), Co(ll), Al(lIN), La(lll),
Sr(I1), Cr(l), Ti(l) and Zr(l1)) with sulphathiazole
(as primary ligand) and amino acid glycine (as
secondary ligand) at 25°C £ 0.1°Cand 1=0.1 M
NaClO4 in 25% (v/v) pure ethanol-water medium
were carried out by 4. Ternary complexes were
found to exhibit more stability than the corre-
sponding binary complexes in the study. 4 pH-
metrically studied the formation equilibria of cop-
per(ll), adenine (A), and amino acids at 25°C in
agueous solution. Ternary complexes were re-
ported to form in a simultaneous mechanism.
The amino acid was observed to function as bi-
dentate ligands coordinating through the amino
and carboxylate group to the metal ions in the
complexes formation. An increase in the stability
of the complexes due to the coordination of the
imidazole side group of amino acid and thioether
group of adenine was observed.

The stability constants of ternary complexes of
Ni (II) with bio-molecules(drugs) (L) as primary
ligand and amino acids (R) as a secondary lig-
and were investigated by *°. It was discovered
that ternary complexes of amino acids were
formed in a stepwise mechanism, whereby (L)
binds to Ni (II) and followed by coordination of
ligand (R) to the metal ion. The ternary com-
plexes formed was less stable than the corre-
sponding binary 1:1 complexes. The less stabil-
ity was attributed to the availability of less num-
ber of coordination sites for secondary ligands
on primary complex ML than on free metal ion.
Another study was carried out on the mixed lig-
and complexes of copper (ll) ion with drug dap-
sone as primary ligand and the aminoacids as
secondary at 27°C in 80% (v/v) ethanol-water
medium by potentiometric method . Ternary
complexes were observed to be less stable than
the binary complexes due to the steric effect ex-
hibited by the primary ligand on the entry of the
secondary ligands during the process of coordi-
nation. 1’ determined stability constants of
mixed-ligand complexes of Ni(ll) and Cu(ll)
metal ions with Diethylenetriamine and Eth-
ylenediamine, Glycine, alpha-Alanine,
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Phenylalanine, Oxalic acid (ox), Tyrosine at
25°C in aqueous medium at ionic strength of 0.2
M. The binary complexes formed through the co-
ordination of the ligands to the metal ions were
reported to exhibit higher stability than the corre-
sponding ternary complexes.

Regarding the viewpoint of coordination chemis-
try of the coordinating sites present in methio-
nine and uracil, and in order to add to the exist-
ing literature on the properties of chelating lig-
ands which could be exploited in chelation ther-
apy or remediation of metals, this study investi-
gated the degree of coordination of the chelating
agents with Co(ll),Cu(ll) and Pb(ll) ions. The in-
vestigation was carried in different media in the
presence of low concentration inert electrolyte
with a view to assessing the effect of the sol-
vents on the degree of coordination of each of
the two ligands and their mixture to the metals
ions.

Experimental
Materials

All chemicals utilized in this investigation were of
the analytical grade (AR) and of highest purity.
They include Cobalt(ll)nitrate hexahydrate, cop-
per(Ilnitrate hexahydrate, lead (1) dihydrate, so-
dium nitrate, nitric acid, sodium hydroxide, dou-
ble distilled water, ethanol,oxalic acid,methyl or-
ange indicator, EDTA, L-methionine and uracil.

The solution of 0.002M of the metal salts were
prepared and the concentrations were deter-
mined using complexometric EDTA titrations .
Carbonate-free NaOH solution was prepared
from a double distilled water and its concentra-
tion was standardized by oxalic acid. The ionic
strength of each solution was adjusted to 0.02
mol/dm? by addition of appropriate amount of
NaNOs. 0.01M of nitric acid was prepared and
the strength of the solution was determined by
titration against standardized sodium hydroxide.

Apparatus
Potentiometric titrations were carried out using
Mettler Toledo(FP20 Standard) equipped with

combined glass electrode and the electrode was
calibrated before each titration using buffer

solutions of 4,7 and 9. All the titrations were car-
ried out within the slope of 99-105%.The tem-
perature was maintained constant 27°C(zx 0.1)
throughout the titrations and all the titrations
were carried out in multiples. The errors that
might occur from the liquid junction,the alkaline
and acidic errors of the glass electrode were cor-
rected by using Van Uitert and Hass equation?é,

Procedure

(a).Titration of (40 ml) solution of HNO3(0.01) ad-
justed with 0.02 mol/L NaNOs.

(b).The proton-ligand stability constants of the
ligands were determined potentiometrically by ti-
trating the ligand (40 ml) solution (2.0x103
moldm-3) of constant ionic strength 0.02 mol dm-
3 adjusted with NaNOs.

(c).The stability constants of the binary com-
plexes were determined by titrating 40 ml of a
solution of mixture of each metal ion (2.0x103
mol dm-3), each ligand (2.0x10 mol dm=®) and
0.02 moldm= NaNOs.

(d).The stability constants of mixed ligand com-
plexes were determined by titrating 40 ml of so-
lution containing each metal ion, uracil and me-
thionine all of concentration (2.0x10-2 mol dm3)
and 0.02 moldm=3 NaNOs.

All the titration were carried out in water and eth-
anol-water 40 %(v/v). A certain amount of solu-
tion of HNOs was added to all the prepared so-
lutions. The obtained values of pH were plotted
against volume of alkali added for the above sets
of the titrations. From the curves, the equilibrium
existing in each solution was examined. The pro-
ton-ligand stability constants and the formation
constants of binary complexes were determined
using Point wise method. These were evaluated
by calculating the average number of protons as-
sociated with each ligand n4 at different pH val-
ues (fi), average number of ligand molecules at-
tached per metal ion (fi) and free ligand expo-
nent (pL). The formation constants of ternary
complexes were determined by using Rama-
moorthy and Santapa method?®. The distributions
of species were obtained by Hyperquard Simu-
lation and Speciation program.
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For the sake of brievity, only the curves of the
ligands, binary complexes and ternary com-
plexes in ethanol-water medium are presented
in Figure 1.

RESULTS AND DISCUSSION

The proton-ligand stability constants of the lig-
ands were calculated from the titration curves.

a.Acid

o T T

b.L-Met

c.Urc
d.L-MetPb(ll)
e.UrcPb(ll)
f.Pb(ll)L-MetUrc
g. L-MetCu(ll)
h.L-MetCo(ll)
i.UrcCu(ll)
i.Co(l)L-MetUrc
k.UrcCo(ll)

| Cu)L-MetUrc

0.0 0.2 0.4

T T
0.6 0.8 1.0 1.2

Volume of added NaOH(mI)

Fig. 1. Potentiometric titration curves of binary (1. 1) and ternary (1 : 1 : 1) complexes (I =
0.02 moldm™ NaNOg at 27.0 + 0.1°C in ethanol-water 40:60 (v/v)).

Proton-ligand and Binary complexes stability
constants

The titration curves b and c representing ligands
curves are observed in Fig. 1 to deviate from
curve a (acid curve) to lower pH . The shifts of
the ligand curves from acid curve for the same
volume of added alkali indicate deprotonation
from the ligands *°. Met curve shows two inflec-
tion points at pH of 3.7 and 9.0 while only one
inflection point at pH of 9.00 is observed in Urc
curve. The inflection points are attributed to
deprotonation of two and one proton from the
ligands respectively 2021,

Also, upon the addition of the metal ions to the
solutions of the ligands, the curves are observd
shift to the right and the shifting suggests the for-
mation of the binary complexes through the dis-
placement of proton(s) on the ligands ?2. The in-
flection points at pH of 5.50,7.00,5.50 and 5.00,
6.30 and 5.60 are observed in
MetCo(ll),MetCu(ll), MetPb(ll) and UrcCo(ll),
UrcCu(ll) and UrcPb(ll) curves respectively.
From the inflection points, nA and were eval-
uated and from the evaluated values, the proton-
ligand stability constants and metal-ligand for-
mation constants were calculated and presented
in Table 1.

Table 1: Proton-ligand and Binary complexes stability constants in water and ethanol-water

with 1 = 0.02 M (NaNOs) at 27°C

Lig- Water Ethanol-water 40:60% (v/v)

and  [ogkY  LogKy LogK{, LogK®, LogKLh, LogK} LogKy LogKE, LogK&, LogKLy,
Met 27509 11.139 6.2508 8.0877 6.8370 3.3532 11.456 6.6134 81111 7.5361
Uc 3.0331 11.343 4.6520 65731 7.1852 - 11.665 6.6052 8.4881  7.2001
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The average number of ligand bound per metal
() was estimated to be in the range of 0.1-
0.5.The inflection points in the curves and the
range confirmed the formation of 1:1binary com-
plexes?324,

The mean Logk} value of 11.1329 at 27°C
and LogK{! value of 2.7509 obtained for Met as
shown in Table 1, are attributed to the deproto-
nation at amino group NH2 and COOH group of
the ligand respectively while LogK{ and
LogK} values of 3.0331 and 11.3430 at 27°C
of Urc are ascribed to deprotonation of protons

at N7H and NszH groups respectively in water
22,24,25_

The LogK} value of 11.4536 and LogK{ value
of 3.3532 ontained in ethanol-water as shown in
Table 1, are attributed to the deprotonation at
amino group NH> and COOH groups of the lig-
and respectively. While LogK} value of
11.6625 of Urc ligand is attributed to deproto-
nation at NsH group of the ligand. The proton-
ligand stability constants are higher in ethanol-
water than water medium and this is attributed to
difference in dielectric constant of the media 2°.

Met coordinated to Co(ll), Cu(ll) and Pb(ll) ions
in both media to form binary complexes with the
stability constants in the order of
LOgKEEMet > LogKggMet > LOgKEgMet . The order
could be attributed to effects of covalent index of
the metal ions on the stability. The extent of co-
ordination of Urc to the metal ions was observed
in the order of LogKbP,..> LogK&%;.. >
LogKE&%,,. in water while in ethanol-water me-
dium, the order of LogK&%. > LogKbP . >
LogKE&%,,. was observed. The order could be at-
tributed to effects of covalent index and polariza-
bility of the metal ions on stability 2627, The extra
stability exhibited by Cu(ll)-Met complex could
be ascribed to the unique electronic configura-
tion of Cu?* and the Jahn-Teller effect?®2%, The
extra stability of Cu(ll) ion in both media could
also be attributed to the presence of a single
electron outside the filled d electrons that partic-
ipate in metallic bonding which influences Cu(ll)

lon to form complexes with more covalent na-
ture thus greater stability®C.

All the ligands formed more stable binary com-
plexes in ethanol-water medium than water me-
dium. The ligands showed different degree of co-
ordination towards the metals in the media; in
agueous medium, both Met and Urc are selec-
tive towards Cu(ll) and Pb(ll) ions respectively
while in ethanol-aqueous medium, Urc is more
selective towards Cu(ll) ion than Met as shown
Table 1.

Stability constants of ternary complexes

The formation of the ternary complexes were
confirmed by the deviations of the ternary com-
plexes curves from binary curves®' as shown in
Fig. 1 and non superimposable nature of the ter-
nary complexes curves with either of the simple
binary curves suggests simultaneous complexa-
tion of the two ligands to the metal ions in the
ternary complexes®. The curves of ternary com-
plexes of CoMetUrc, CoMetUrc and PbMetUrc
show inflection points at pH of 8.30, 8.00 and
8.20 respectively. The inflection points are at-
tributed to the coordination of both ligands to the
metal ions in the formation of 1:1:1ternary com-
plexes %2, The calculated stability constants of
the ternary complexes are given in tables 2 and
3.

Alog K in the media was found to be positive in
all the complexes except CuMetUrc ternary com-
plex which has negative value in aqueous-or-
ganic medium. The positive value indicates
more stability of the ternary complexes than the
corresponding binary complexes and the stabil-
ity could be attributed to intramolecular hydro-
phobic stacking 3. The negative Alog K value is
ascribed to less stability of the ternary com-
plexes in comparison with the corresponding
binary complex of the primary ligand 3334, The
stability constants showed the order of Cu(Il) >
Pb(I) > Co(II) for all the complexes, and the
extra stability exhibited by Cu(ll) complexes
could be attributed to the unique electronic con-
figuration of Cu(ll) ion and distorted geometry of
the metal ion by Jahn Teller distortion 3°. The

AJSRE: https://escipub.com/american-journal-of-scientific-research-and-essays/ 5



Ishola, K.T et al., AJSRE, 2020; 5:30
percentage Relative Stabilization (%RS)con- stable in comparison with binary complex of sec-
firmed the more stability of ternary complexes ondary ligand in aqueous medium. The ligands
than the corresponding binary complexes except formed more stable ternary complexes with the
the ternary complex of CuMetUrc which is less metal ions in ethanol-water medium than water.

Table 2: Stability constants of ternary complexes in water at 27°C (I =0.02 M NaNO3, M=Co(ll),
Cu(ll) & Pb(ll) A=Met & B=Urc)

Complex LogKM . LogKﬂA LogKMA_ LogKM, AlogK RS%
CoMetUrc 14.9305 6.2508 8.6797 4.6520 +4.0277 38.9
CuMetUrc 15.9364 8.0877 7.8487 6.5131 +1.3356 -2.96
PbMetUrc 15.3744 6.8370 8.5374 7.1852 +1.3520 1.70

Table 3: Stability constants of ternary complexes in ethanol-water at 27°C (1 = 0.02 M NaNOs,
M=Co(ll), Cu(ll) & Pb(ll) A=Met & B=Urc)

Complex LogKW,5 Logkl,  Logki,  Logkl, Alogk RS%
CoMetUrc 15.0476 6.6134 8.4246 6.6052 +1.8194 27.0
CuMetUrc 16.2169 8.1111 8.1292 8.4881 -0.3589 0.22
PbMetUrc 15.7119 7.5361 8.1758 7.2001 +0.9757 8.50
100
] Co(lDMetUrc
= 80 co(l)
O _
=]
2 60
=
o _
S 40 -
<
= _
K=
R 20
i Co(IhHMet
- S
O — T T T T T T T T T T
2 4 6 8 10 12
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Fig. 2: Distribution diagram of the species in the (1 : 1 : 1)Co(ll):Met:Urcternary system at
27°C in water
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Figure 3: Distribution diagram of the species in the (1 : 1: 1)Cu(ll):Met(A):Urc(B) ternary sys-
temat 27°Cin water
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Figure 4: Distribution diagram of the species in the (1: 1: 1)Pb(ll):Met:Urc ternary system at
27°C in water
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Figure 5: Distribution diagram of the species in the (1: 1: 1)Co(ll):Met:Urc ternary system at
27°C in ethanol-water 40-60%(v/v)
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Figure 6: Distribution diagram of the species in the (1 : 1 : 1)Cu(ll):L-Met(A):Urc(B) ternary

system at 27°C in ethanol-water 40-60%(v/v)
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Figure 7: Distribution diagram of the species in the (1: 1: 1)Pb(ll):Met:Urc ternary system at

27°C in ethanol-water 40-60%(v/v).

Speciation Diagrams

The distribution of species of the metal ions, bi-
nary and ternary complexes in the solutions as a
function of pH are presented in Figures 2,3,4,5,6
and 7.

The percentage concentrations of Co(ll), Cu(ll)
and Pb(ll) ions are observed in all the distribution
diagrams above to decrease with increase in the
concentrations of their binary and ternary com-
plexes to a certain level as pH increases. The
decrease and increase in the concentrations
suggest the involvement of the metal ions in the
formation of the complexes 3637,
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The distribution of binary and ternary complexes
of Co(Il) with Met and Urc in aqueous medium is
shown in Fig. 1. There are appearances of
Co(I)Met and Co(ll) curves atp of 4.2 and 4.5
respectively. The curves reach the maximum
levels at pH of 6.7 with 8% and 6% respectively.
The complexes begin to dissociate with an in-
crease in pH and varnish totally at pH of 8.7 and
8.4 respectively. The formation of Co(ll)MetUrc
ternary species comes into existence at pH of
4.8 and reaches a maximum level of 99% at pH
of 8. The curves of Cu(ll)Met and Cu(ll)Urc
begin at pH of 2.8 and 4.5 as shown in Fig. 2.
The concentrations of the binary complexes
reach maximum levels at pH of 6.0 with 39% and

8
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6% respectively. The concentrations of the com-
plexes begin to decrease with an increase in pH
and disappear totally at pH of 9.0 and 7.5 re-
spectively. The formation of Cu(ll)MetUrc ter-
nary species comes into existence at pH of 5.0
and reaches the maximum level of 95% at pH
of 8.0.

The formation curves of the binary complexes of
Pb(Il)Met and Pb(ll)Urc start at pH of 3.3 and
3.8 respectively in Fig.3. The concentrations of
the complexes increase and reach maximum
level at pH of 7.0 with 28% and 10% respec-
tively. The binary complexes begin to dissociate
and disappear utterly at pH of 9.2 and 8.8 re-
spectively. The complexation curve of Pb(ll)Me-
tUrc ternary species begins at pH of 4.8 and
reaches a peak (99%) at pH of 8.0. In the for-
mation of binary and ternary complexes of Co(ll)
as depicted in Fig.4, the two ligands begin to co-
ordinate to the metal ion at pH of 4.5 and 4.6 to
form Co(ll)Met and Co(ll)Urc binary complexes
respectively. The concentrations of the binary
complexes reach the peaks at pH of 6.0 and 7.0
with 4% and 4% respectively. The complexes
begin to dissociate with a rise in pH and varnish
away at pH of 8.4 and 9.0 respectively. The lig-
ands begin to form Co(ll)MetUrc ternary com-
plex at pH of 4.6 and gets to the peak(97%) at
pH of 8.5.

The two ligands begin to coordinate to Cu(ll) ion
to form Cu(ll)Met and Cu(ll)Urc at pH of 3.2 and
3.0 respectively as shown in Fig. 4. The curves
get to the peaks at pH of 6.0 with 23% and 37%
respectively. The complexes begin to disinte-
grate with a rise in pH and disappear at pH of 9.0
and 9.5 respectively. The formation of ternary
complex of Cu(ll)MetUrc starts at pH of 4.6 and
gets to the peak (98%) at pH of 8.5. It is ob-
served in Fig. 7 that the formation curves of
Pb(Il)Met and Pb(ll)Urc start at pH of 3.5 and
4.0 respectively. The concentrations of the com-
plexes increase and reach maximum levels at
pH of 6.6 with 20% and 7% respectively. The
binary complexes begin to dissociate and disap-
pear utterly at pH of 9.2 and 8.78 respectively.
The curve of Pb(ll) MetUrc ternary species

begins at pH of 4.0 and gets to the peak (97%)
at pH of 8.6.

Conclusion

All the ternary complexes exhibited positive
AlogK except Cu(ll)MetUrc in agueous which
showed negative value. The positive AlogK and
%RS obtained for the complexes revealed more
stability of the ternary complexes than the corre-
sponding binary complexes due to the occur-
rence of ligand-ligand interaction in the ternary
complexes. The AlogK negative indicate less
stability of the ternary complex than the binary
complex of the primary ligand. The stability of the
ternary complexes was found in the order of
Cu(I> Pb(I)>Co(ll) and the order is attributed
to difference in the covalent index and polariza-
bility of the metal ions, and Jahn Teller distortion.
The ligands showed different degrees of coordi-
nation to the metal ion in the solvents. The lig-
ands strongly coordinated to the metal ions in
agueous-organic than agueous medium due to
variation in dielectric constant of media. The two
ligands formed stable binary complexes with the
metal ions within pH of 2.5-7.0 and they could be
for extraction/transportation of the metal ions
within the pH range and this range, the ligands
could be recovered for reuse. The mixed-ligand
formed stable ternary complexes with the metal
ions within pH of 4.0-8.2. The ligands demon-
strated strong binding ability and different selec-
tivity towards the metal ions in both aqueous and
agueous-organic media. Therefore, they can be
applied in chelation therapy for remediation and
detoxification of the metal ions. The mixture of
the ligands could be applied where high quantity
of metal is needed to be removed from or trans-
ported to vulnerable sites. The mixed-ligand can
be immobilized onto solid support for purification
purposes in extracting the metal ions.
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