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ABSTRACT: The complexation reactions between diacetyl monooxime (Damo), imidazole
(Him), histamine (Hist) and histidine (His) with Co** , Ni?* and Cu** were studied
potentiometrically in aqueous solution ar 25°C and u= 0.5 M KNO; . The overall stability
constants log B's of species were obrained by computer refinement of pH-volume data using
BEST computer program. Several models were tested and , based on the lowest apry , the
best one is accepted. The main species in binary complexes are MAH, MA, , MA,H ,
MAH, , (in MA; and MA,; A= Him), and for ternary complexes are MAB, MA,B, MAB,
and MABH. The A log Ky 45 and log Xy g were calculated for MAB mixed complexes. The
order found for the resulting stability constants vary as Co*t < Ni**t < Cu?*
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INTRODUCTION

The chemistry of metalooximes has received con-
siderable attention for many years, mainly because of
the use of these complexes for separation and deter-
mination of some metal ions, and their usefulness as
a model for the elucidation of the mechanism that
control the activity of biologically important tole-
cules such as vitamin By, [I-4]. These compounds,
specially, e- oxooximes, act as bidentate ligands via
carbonyl and oximic nitrogen, forming chelating five-
membered rings. In spite of their analytical useful-
ness, very few studies on complexation equilibria of
the metal complexes of this class of reagents have

been carried out. The main drawback to this matter
is the extremely low solubility of these compounds in
aqueous solutions. There are many reports on the
composition and structure of the solid metal com-
plexes of different ¢-oxooximes |5-7].

A special attention has been paid to the com-
plexation reaction of the imidazole and its deri-
vatives, histamine and histidine mainly due to their
importance role in biological systems [8-10]. There
are several reports on complexaion of binary and
mixed complexes of imidazole, imidazole containing
molecules and amino acids, with various metal ions
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[11-14). The reported work on the interaction of
serum albumin with zinc and other metal ions has
demonstrated that the principal sites on the protein
molecules responsible for metal binding are the
imidazole group of histidine [14]. The effectiveness
of the imidazole group for acting as metal binding
site is attributed to its high flexibility, its presence at
physiological pH and its capacity to form ¢ and #
bonds with metal ions. The neutral imidazole coordi-
nates via the tertiary nitgoen atom rather than the
imino nitrogen of the heterocyclic ring [15,16].

In this investigation, we report on the potentio-
metric results of the complexation of binary and ter-
nary systems of Him, Hist, His and Damo and Co®",
Ni** and Cu®* and the overall formation constants of
the ternary complexes are being reported.

EXPERIMENTAL
Reagents

The nitrate salts of copper, nickel and cobalt (all
from Merck) were used as supplied and the stock
solutions were standardized by EDTA in the pre-
sence of suitable indicator. HC1, KOH, KCl, Damo,
Hist, His and Him (all from Merck) were used with-
out any further purification. Carbonate free KOH
solution was standardized with potassium hydrogen
phthalate. The HCI solution was standardized with
standard KOH. All solutions were prepared in triply
distilled deionized water.

Apparatus
Potentiometric titrations were performed by

means of a Metrohm 686 Titroprocessor equipped
with a 665 Dosimat y(with a 5.0 mL exchange unit),
which was connected to a 386 Personal computer for
data transfer and calculations. The Titroprocessor
was calibrated to read hydrogen ion concentration by
titration of hydrochloric acid solution at 25+0.5°C
and u=0.5 M KNO, with KCH solution according to
Gran’s method [18]. Sample solutions were titrated
in a double-walled glass cell maintained at 25+0.5°C
by circulating water and stirred magnetically under a
continuous flow of purified nitrogen. Titrations were
carried out over the pH range 2.0-10.0, using 50.0 +
0.01 cm’ samples. In some cases the titration was
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stopped in the beginning of precipitation.

Procedure and calculation

The protonation constants of the ligands in the
acidic form were determined by titrating 50 mL of
aqueous sclution of ligand (-—1.4)(10‘2 - 6.0x10'3)
in 0.5 M KNO,; with KOH 0.015 M solution. The
conditions of measurements for the evaluation of the
stability constants of binary mixtures were the same
as for acidity constants, but in addition t0 the above
mentioned materials, a fraction of KNO; was replaced
by metal ion solution, so that the desired concentra-
tion ratio of ligand to metal ion was obtained. The
conditions for the titration of ternary systems were
the same as those of the binary systems, except that
in this case there are two ligands simultaneously in
the presence of metal ion.

The protonation constants of the ligands and for-
mation constants of the resulting complexes were
computed from titration data using the  Forfran
programs PKAS and BEST that are loaded on a Pen-
tium 200 MHz computer [19]. The stoichiometries
and formation constants of the resulting complexes
were obtained by testing several possible composition
models for the system under study. The model selec-
ted was that giving the best statistical fit and which
was chemically consistent with the titration data. The
estimated error for each constant was less than 0.1
log units. The concentration distribution diagram
were obtained with the program SPEPLOT [19].

RESULTS AND DISCUSSION
Protonation constants

The protonation constants of Damo, Him, Hist and
His were obtained under the same conditions of ionic
strength and temperature which were applied for the
study of binary and mixed systems. The titration data
for ligands were obtained and a sample of pH-volume
plotis shown in Fig. 1. The maximum number of pro-
tons attached t0 Damo, Him, Hist and His were 1,1,2,
and 3, respectively. The overall protonation constants
of ligands studied were calculated from computer ref-
inement of the pH-volume data. The obtained values
are shown in Table 1 and are in good agreement with
previously reported data [13, 21]. The small differen-
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Table 1: Stability constants of proton, Co**, Ni** and Cu”* with Damo, Him, Hist and His in M= 0.5 M KNOy at 25°C.
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a) m, L and h are stoichiometric coefficients of M°*, Ligand and H respectively.
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Fig. I: Equilibrium pH titration curves of ligands: 1(Dams); 2
{Him); 3(His) and 4(Hist).

ces are within the limits of experimental errors or
due to difference in experimental conditions (i.e.
difference in ionic strength and temperature).

Binary complex formation equilibria

The formation constants of Co®*, Ni** and Cu®*
with Damo, Him, Hist and His binary complexes
were determined under conditions identical to those
of ternary systems, values are given in Table 1 which
show good agreement with the reported values [13,
21], after allowing for changes in experimental
conditions as well as in methods of calculations.

M 4 binary systems (4= Damo)

In the Co**-Damo system the computer refine-
ment of the titration data showed the presence of
CoA, CoA; and CoA, species. The detectable species
in Ni** and Cu®* Damo are MA, MA, and MA, spe-
cies. Since Damo is a bidentate (carbonyl and oximic
nitrogen [3]) ligand, it is expected to from a five-
membered chelate ring with metal ions. The lob 8, of
M?*-Damo were found to be 2.83, 3.76 and 6.09 for
Co®*, Ni** and Cu®', respectively, which is con-
firmed by the above conclusion. Lquierdo et al. [2]
reported the polynuclear complexes berween some
a-oxooximes with Ni** and Cu®*, but in the present
work no polynuclear species was observed.

2+ 3 . * .
Co - B binary systems (B= Him, Hist and His)
In the Co®*-Him binary system in addition to BH,
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the CoB, CoB, , CoB; and CoB, species were also
detected. The types of species in Co®*-His system are
CoB, CoB, and CoBH, in addition to BH, BH, and
BH, . For Co?*-Hist system the CoB, CoB, , CoB,H,
and CoBH species, in addition to protonated ligand
were obtained. The resulting formation constants of
Co?*-B’s systems are shown in Table 1.

Ni”*- B binary systems (B= Him, Hist and His)
In the Ni**-Him system the species NiB, NiB, ,
NiB, and NiB, together with BH are remained in the
final refined model. As reported by Nair et al. [12]
the stepwise stability constants of Ni’*-Him com-
plexes decrease from NiB to NiB, . This is due to the
fact that the first Him is strongly bonded to Ni** and
thus decreases the tendency of the remained metal
sites to bind the other three ligands. In the Ni%*-His
system the species of the types NiB, NiB, , NiBH and
NiB,H, and also BH, BH, and BH,; were detected.
These species were also reported by Nair et al. [12].
The Ni**-Hist system formed NiB, NiB, and NiBH,
in addition to BH and BH, . The resulting formation
constants of these species are listed in Table 2.

Cu""-Bbinary systems (B= Him, Hist and His)

The copper formed the most stable complexes
amongst the metal ions with the titled ligands. The
species CuB, CuB, , CuB; and CuB, are formed bet-
ween Him and Cu®*. His formed the CuB, CuB, and
CuB,H species. The CuBH was introduced in the in-
itial input model but was rejected in the final refine-
ment. For His, the CuB, CuB, , CuBH, CuB,H and
CuB,H, species are observed. The species detected in
this study, more or less (depending on experimental
conditions) resemble those of previously observed
ones [11, 21]. The overall stability constants for all of
the above species are also included in Table 1.

Ternary complex formation equilibria

In constrast with the stability of the binary com-
plexes, the relative stability of the ternary ones, can
be expressed in several ways. The most common
method is the calculation of Alog K, that is the
difference in stabilities for the addition of ligand B to
the 1:1 MA complex and to the solvated metal ion as
shown by Eq. (1).
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Table 2: Stability constants of ternary systems M>*-Damo (A)-Him, Hist and His(B)
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a)ym, 1y, L and h are stoichiometric coefficients of M™¥, Ligand (4), Ligand (B) and H" respectively.

Alog K = log Kias— log KM = log KMB — log KMp

)

Another parameter generally used for indicating

the stabilization of the ternary complexes relative to

the binary ones, is the disproportionation constant,
tog X, that is shown by Eq. (2).

MA, + MB, +—= 2MAB X5 =

2

[MA,|[MB,]
log Xmap = 2108 Bmap (108 Bma, + 108 Buzs,) (2)

On the statistical calculations [22], the positive
log X values indicate the remarkable stability of the
mixed complexes over the binary complexes.

Co”"- Damo (4)-Him, Hist and His(B) ternary
systems

Various types of ternary species were observed for
these systems. The MAB, MA,B and MA,B, species
were detected for Co®*-Damo-Him system. Itis impor-
tant to pay a special attention to MA,B, species that
have an octahedral structure. Two Damo ligands have
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a square planar configuration around metal ion [1],
and two Him ligands approached the metal ion from
axial position. The species MAB, MAB, and MABH
were detected for Co’"-Damo(A)-Hist(B) and Co”*-
Damo(A)- His(B), respectively.

The Alog Kvalues obtained for MAB species in the
Co**.Damo(A)-Him, Hist and His(B) systems; are
more positive than their corresponding statistical
values [22,23]. This is indicative of the preferential
formation of ternary complexes relative to binary
parent complexes. The values of log X for mixed
systems of Co?*-Damo(A)-Him, Hist and His(B)
show this trend as illustrated in Table 2.

Ni™"- Damo(A)-Him, Hist and His(B) ternary
systems

The Ni**-Damo(A)-Him(B) showed the presence
of three ternary species MAB, MAB, and MA,B, .
The species formed for NiZ*-Damo(A)-Hist(B) are
MAB, MAB, and MA,B and for Ni**-Damo(A)-
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His{B) they are MAB, MA,B and MABH. The overall
stabjlity constants obtained from refinement of
potentiometric data and Alog K and log X are shown
in Table 2. The species MA,B, are also observed for
this system. As it is expected, from I[rving-Williams
order [24], the overall stability constants of Ni®*-
A-B’s systems are greater than Co**-A-B’s system.

Cu""- Damo(A)-Him, Hist and His(B) ternary
systems

The species detected for Cu”*-Damo(A)-Him, Hist
and His(B)’s systems are MAB, MAB, , MA,B, ;
MAB, MAB, MA,;B; and MAB, MABH respectively.
The stability constants and statistical information of
the above species are listed in Table 2. The only
detectable protonated complex of ternary system is
M?**-Damo(A)-His(B), which could be predicted from
structure of His ligand (His is a terbasic ligand with
-NH, , =N- and COOH group). The extra proton in
CuABH resides on the primary amino group of His.
This can be inferred from comparison of the parent
metal and proton stability constants of involved
species in CuABH system. In order to characierize this,
log P and log P’ were calculated by Eqs. (3) and (4).

log P = log feypn — 108 By (3)
log P" = log Beyapn — (10g Bpy — 108 fcua) (4)

The obtained values for log P and log P’, 5.56 and
5.0, are comparable and indicate that in both com-
plexes the extra proton reside on the same position
of the His ligand. The same arguments were also
given by Nair et al. on the protonated complexes of
copper-histidine systems [21].

The stability of Cu®*-A-B’s species in some cases
are 2-3 log units greater than the same species in
Co®" and Ni** ternary systems. This complies well
with the Irving-William’s [24] order for stability of
transition metal complexes.

Distribution diagram plots

The concentration distribution diagrams of all
binary and mixed systems were obtained in terms of
percent metal icns as a pH function. The sample
concentration distribution diagram plots of M**-A-
B’s systems in which M**= Cu?*, A= Damo and B=
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Him, Hist and His are shown in Figs. 2-4, respec-
tively. In some cases, the concentration of mixed
species rise up 60%. Among the mixed species, the
MAB in Histand His has more concentration than the
other mixed species and as far as Him is concerned,
the MA,B, has marked priority over other mixed spe-
cies. As can be seen from distribution plots, the for-
mation of most species are condensed within the 6-9
pH range, which corresponds to physiological pH.

[tisinteresting to note that, the percent of species
obtained for mixed components is by far higher than
those expected from statistical inferences. This also
shows the higher stability of the mixed species over
parent binary ones.

Fig. 2: The species diagrams of Cu2+-Da.mo(A)-Him(B) at
concentration ratio of d4.4:1:1; 1(M); 2(MAB,); 3(MAy);
4MB); 5 (MAB); 6(MA,B,); 7(MA); 8(MB,); 9(MA;).

60 -
40 -
=
B
20 h
04 == '. i =
2 4 6 8 10 12
pH

Fig. 3: The species diagrams of Cu’*-Damo(A)-Hist(B} at
concentration ratip of 4.5:1:1; 1(M); 2(MB); 3(MAB);
HMAy); 5 (MByH); 6(MB.); 7(MABy); 8(MAy); 9(MA,B);
10(M4).
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Fig. 4: The species diagrams of Cu**-Damo(A)-His(B) at con-
centration ratio of 4.4:1:1; 1(M); 2(MB); 3(MAB); 4(MB,H.,);
S(MB,H); 6(MABH); 7(MA); 8(MA,); 9(MB,); 10(MA).

From the comparison of Figs. 2 and 3, it can be con-
cluded that the percent of MAB species in Cu®*- Damo
(A)-Hist(B) system is higher than Cu®*- Damo (A)-
His(B). From Table 2, it may be deduced that an in-
crease in stability of binary systems causes a decrease
in the stability of ternaty systems and vice versa.

Received: 11" March 2000 ; Accepted: 20" January 2001

REFERENCES

[1] Singh, R. B, Garg, B. S. and Singh, R. P,
Talanta, 26, 425(1979).

[2] Izquierdo, A., Companom, R., Granados, M. and
Duarri, X., Polyhedron, 8, 1957(1989).

[3] Izquierdo, A., Compano, R. and Granados, M,
Pobyhedron, 10, 919(1991).

{4] Ngameni, E., Ngoune, J., Nassi, A, Megnamisi
Belombe, M. and Roux, R., Electrochimica Acta.,
41, 2571(1996).

[5]1 Danilewcz, 1. C,, Gillard, R. D. and Wootten, R,
Inorg. Chim. Acta, 15, L5(1975).

[6] Thakkar, N. ¥. and Holdar, B. C., J. Inorg. Nucl
Chem., 42, 843(1980).

[7] Natarajan, C. and Hussain, A. N., Transition Met
Chem., 7, 252(1982).

28

Ghasemi, J. & Shokrollahi, A.

Vol 20, No. 1, 2001

[8] Sigel, H., Ed., "Metal Ions in Biological Systems",
Marcel Dekker, New York, Vol. 2 (1975).

[9] Schayer, R, W., Histamine and its Role in Biolo-
gical Systems; in "Biogenic Amines and Physio-
logical Membrane in Drug Therapy”, Eds. Bell, J.
H. and Abood, L. G., Marcel Dekker, New York
(1971).

[10] Eicbhorn, G. L., Ed,, "Inorganic Biochemistry”,
Elsevier, Amsterdam, Vols. 1 and 2(1973).

[11] Nair, M. S., Arasu, P. T., Pilai, M. 5. and
Natarajan, C., J. Chem. Soc. Dalton Trans., 917
(1993). ’

[12] Nair, M. 8., Arasu, P. T., Pilai, M. 5. and
Natarajan, C., Talanta, 40, 1411(1993).

[13] Nair, M. S, Venkatachalapalthi, K. and San-
tappa, M., J. Chem. Soc. Dalion Trans, 555

(1582).

[14] Khatoon, Z. and Ud-Din, K., Polyhedron, 9, 2437
(1990).

[15] Hunter, L. and Marriot, I. A., J. Chem. Soc., 777
(1941).

[16] Lane, T. J. and Quiralan, K. P., J. Am Chem.
Soc., 82, 2994(1960).

[17] Frank, J. V., "The Analytical Uses of EDTA",
Van Nostrand, New York (1965).

[18]) Gran, G., Analyst, 77, 661(1952).

[19] Martell, A. E. and Motekaitis, R. 1., "Determina-
tion and Use of Stability Constants", VCH, New-
York (1992).

[20] Izquierdo, A., Granados, M. and Beltran, J. L.,
Talanta, 39, 475(1992).

[21] Nair, M. S., Santappa, M. and Natarajan, P., J
Chem. Soc. Dalton Trans., 1312(1980).

[22] Sigel, H., Angew, Chem., Int. Ed Engl, 14, 394
(1975).

[23] Sigel, H., in "IUPAC Coordination Chemistry-
20", Ed., Banerjea, D., p. 27, Pergamon Press,
Oxoford (1980).

[24] Irving, H. and Williams, R. J. P, J. Chem. Soc,,
3192(1953).



