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ABSTRACT

The stability constants of ternary complexes ofllzaNi(ll) and Cu(ll) with L-Ornithine as primaryigand and
Ethylenediamine as a secondary ligand were detaxthipH-metrically. The study was conducted in vayyin
concentrations (0-60% v/v) of DMSO-water mixturdsaa ionic strength of 0.16 mol™Lusing NaCl as an
electrolyte at 303.0 K. The Value #flog K which is responsible for the extra stabili ternary complexes was
discussed on the basis of statistical parameters e nature of the species formed. The formatiomacious
ternary species was established by modeling studing) the computer program MINIQUAD75. The formatand
distribution of different species with relative centrations of metal and ligands (M:L:X = 1.0:2.%21.0:2.5:5.0,
1.0:5.0:2.5) with varying pH were represented ire tiiorm of distribution diagrams drawn using HYSS
HYPERQUAD. Influence of the solvent on the spewiatias discussed based on the dielectric consthtiieo
medium. The stability of the mixed ligand complexes discussed in terms of the molecular structofe —
Orinthine and Ethylenediamine as well as the nabfrthe metal ion.

Keywords: Ternary complexes, Speciation, pH-metric studprinthine, Ethylenediamine.

INTRODUCTION

The specificity and selectivity of enzyme-substragactions can be achieved by manipulating the vatpnt

solution dielectric constants (ESDC) at the acsite [1]. The ESDC at the active sites in bovindoaic anhydrase
and carboxy peptidase were estimated to be 35 @ndegpectively. In carbonic anhydrase the bindihgvater

(substrate) to the zinc ion simply holds it in twerect stereochemical position suitable for attaglCG,, where as
in carboxy peptidase the binding of the substrasailts in polarization, thus, facilitating hydrdkysThis variation is
brought out by the changes in the interactionsds shains of the protein moiety among themselweswith those
of the solvent molecules. Hence, modeling studfetemary complexes have gained popularity in défeé aqua-
organic mixtures with different dielectric constafi2-6].

L-Ornithine (Orn) is a tridentate amino acid contag nitrogen donor group in the side chain initidd to
the nitrogen donor group found on tiee&arbon. The nitrogen donor atoms can associate lwjitirogen ions in
the physiological pH range. Hence, there is oftgmificant competition between hydrogen and metalsi for
these donor sites which leads to the existence onfimber of equilibria. This phenomenon may resalt i
successively protonated complexes.

1, 2-Diaminoethane is more commonly known as ettedéamine (en) which is a colorless to yellowish
hygroscopic liquid with an ammonia-like odor. Enused as monodentate, bidentate or bridging ligrid. also
used in the manufacture of EDTA, carbamate funggidurfactants and dyes. It is involved in thetissgis of
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seven membered ring components Witketoesters resulting secondary amines [giethaminoesters [7En plays
an important role in the synthesis of Schiff basspounds [8].

Dimethylsulfoxide (DMSO) is a dipolar aprotic sohtehat dissolves both polar and non-polar compswardt is
miscible in a wide range of organic solvents [2]isl used as a cryoprotectant, added to cell miediarder to
prevent the cells from dying as they are beingdrofd0]. In the present study, the protonation/depration of Orn
and en is reported in the presence of DMSO assol@nt.

Cobalt is an essential trace element for all melitar organisms at the active center of coenzymeted

cobalamins. These include vitamin,Bvhich is essential for mammals [11]. Nickel is asential nutrient. It is a
component of the enzyme, urease, present in a rginge of plant species [12, 13]. Copper is an ¢isdatement
for life and one of the transition elements fredlyeffound at the active sites of proteins. Metaltiopper has
antibacterial properties [14]. Copper deficiencgules anemia. Moreover, a congenital inabilityetacrete copper
can result in toxic levels of copper accumulatwhijch leads to a metabolic disease known as Witsdisease [15,
16].

Hence, speciation studies of the title systems Hasen undertaken based on their involvement inouari
physiological reactions.

MATERIALS AND METHODS

2.1 Chemicals

DMSO (Qualigens, India) was used as received. Agsisolutions of L-Ornithine and Ethylenediamindd5 mol

L™ (GR Grade Merck, India) and Hydrochloric acid a2 @nol L* (AR, E-Merck) were prepared in triple-distilled
deionized water. Sodium chloride (Qualigens, IndiB? mol L* was prepared to maintain the ionic strength in the
titrand. 0.1 mol [* Solutions of Co(ll), Ni(ll) and Cu(ll) chloridesawe prepared. To increase the solubility of
ligands and to suppress the hydrolysis of metak,stite mineral acid concentration in the aboveitsmis was
maintained at 0.05 mol't. Sodium hydroxide (Qualigens, India) of 0.4 mdiwas prepared. To assess the errors
that might have crept into the determination of ¢bacentrations, the data were subjected to aisabfsiariance of
one way classification (ANOVA) [17]. The strengtbfsalkali and mineral acid were determined usirg @ran plot
method [18, 19].

2.2 Apparatus

The titrimetric data were obtained using ELICO (Mbtl-120) pH meter (readability 0.01), which wesadibrated
with 0.05 mol ! potassium hydrogen phthalate in acidic region@fd mol L* borax solution in basic region. The
glass electrode was equilibrated in a well-stirddSO-water mixture containing the inert electrolytdl the
titrations were carried out in the medium contagnuarying concentrations of DMSO-water mixtures6(@6 v/v)
by maintaining an ionic strength of 0.16 mof with sodium chloride at 303+0.1 K. The effect afriation in
asymmetry potential, liquid junction potential,igity coefficient, sodium ion error and dissolvearison dioxide on
the response of glass electrode was accounted theiform of correction factor [5, 20].

2.3 Procedure
Initially strong acid was titrated against alkaliragular intervals to check the complete equitibraof the glass
electrode. Then the calomel electrode was refilith DMSO-water mixture of equivalent compositios that of
the titrand. In each of the titrations, the titrazwhsisted of approximately 1 m mol mineral aci@itotal volume of
50 ml. Titrations with different ratios (1:2.5, 173 and 1:5) of metal-to-ligand were carried withh ol L* sodium
hydroxide [21].

2.4 Modeling Strategy

The computer program SCPHD [22] was used to cékeulee correction factor. By using pH metric tiivat data,
the ternary stability constants were calculatechwiite computer program MINIQUAD75 [23] which exldohe
advantage of constrained least-squares methodeirinitial refinement and reliable convergence ofrélerdt
algorithm. During the refinement of ternary systethe correction factor and protonation constaft®m and en
and their binary complexes with Co(ll), Ni(ll) au(ll) in DMSO-water mixtures were fixed.

RESULTS AND DISCUSSION
The results of the best fit moddlsat contairthe stoichiometry of the complex species and thearall formation

constants along with some of the important staiftparameters are given in Table 1. Very low statidieviation
in overall stability constants (log) signifies the precision of these constants. Tialsvalues of U, (sum of

148
www.scholarsresearchlibrary.com



Gollapalli Nageswara Raoet al Der Pharma Chemica, 2015, 7 (5):147-156

squares of deviations in concentrations of ligamdl laydrogen ion at all experimental points corrédte degrees of
freedom), small values of mean, standard deviaithmean deviation for the systems are validatetthéyesidual
analysis [24].

3.1 Residual Analysis

In data analysis with least squares methods, #iduals (the differences between the experimersita dnd the data
simulated based on model parameters) are assunfieibte Gaussian or normal distribution. When tregadare fit
into the models, the residuals should ideally beaktp zero. If statistical measures of the redslaad the errors
are assumed in the models are not significantfeint from each other, the model is said to bejaate. Further, a
model is considered adequate only if the residdalsot show any trend. Respecting the hypotheaisthie errors
are random following normal distribution in the déasquares analysis, the residuals are tested donah
distribution. Such tests aé, skewness, kurtosis and R factor. These statigt@memeters show that the best fit
models portray the metal-ligand species in DMSOewatixtures, as discussed below.

2
x Test
x? is a special case of gamma distribution whose ahsitiby density function is an asymmetrical funetioThis
distribution measures the probability of residudalsning a part of standard normal distribution wittro mean and
unit standard deviation. If the calculatgds less than the table value, the model is accepted

Crystallographic R-test

Hamilton’s R factor ratio test is applied in complequilibria to decide whether inclusion of moresgigs in the
model is necessary or not. In pH-metric method,réaslability of pH meter is taken as thg,Rwhich represents
the upper boundary of R beyond which the modelsearsignificance. When there are different numbéspecies
the models with values greater than R-table aextefl. The low crystallographic R-values given @&blE 1 indicate
the sufficiency of the model.

Skewness

It is a dimensionless quantity indicating the shapé¢he error distribution profile. A value of zefor skewness
indicates that the underlying distribution is syntincal. If the skewness is greater than zero, thakpof the error
distribution curve is to the left of the mean ahd peak is to the right of the mean if skewnes$sss than zero. The
values of skewness recorded in Table 1 are betwié and 1.11 for Co(ll), -0.26 and 1.96 for Nj@#nd -0.28
and 1.13 for Cu(ll). These data evince that tbsiduals form a part of normdistribution; hence, least-squares
method can be applied to the present data.

Table 1 Best fit chemical models of ternary complees of Co(ll), Ni(ll) and Cu(ll) with Orn and en in DMSO-water mixtures.
Temperature= 303.0 K, pu= 0.16 mol !

%viv l0g Bmixn(SD)

SMSO 1111 1110 710 \P Uorx10® x>  Skewness Kurtosis R- factor
Co(ll) (pH=5.0-10.0)
0 19.30(02) 11.85(03) 14.60(15) 43 0.44 12.55 -0.3 3.05 0.0033
10 19.81(07) 12.14(14) 15.99(06) 33 1.13 11.51 0.36 4.02 0.0112
20 19.89(15) 12.82(19) 15.84(23) 40 1.76 16.41 0.45 3.17 0.0054
30 19.98(10) 13.00(10) 16.33(11) 42 1.45 12.08 21.1 4.05 0.0173
40 20.23(11) 13.81(07) 17.00(17) 33 0.55 20.59 1.11 3.12 0.0195
50 20.48(09) 13.83(13) 18.15(10) 30 1.17 11.32 0.59 2.63 0.0022
60 20.93(08) 15.09(15) 18.80(12) 29 1.09 10.32 0.61 274 0.0036
Ni(ll) (pH=4.0-10.0)
0 21.10(08) 15.08(25) 19.62(09) 50 4.56 13.76 1.1 483 0.0055
10 21.99(23) 16.35(04) 20.98(31) 55 6.32 11.77 042 197 0.0162
20 22.45(29) 16.63(27) 21.11(23) 43 5.22 13.4 -0.14 3.01 0.0066
30 22.58(11) 16.80(20) 22.35(16) 30 4.33 9.75 1.37 341 0.0039
40 22.73(13) 17.13(15) 22.53(10) 29 1.34 8.63 -0.26 3.02 0.0046
50 22.97(02) 17.42(13) 22.84(14) 35 2.78 11.94 1.96 3.19 0.0026
60 23.42(21) 18.10(30) 23.00(31) 27 6.48 12.32 0.95 4.09 0.0047
Cu(ll) (pH=2.0-8.0)
0 28.14(10) 25.55(29) 30.69(11) 33 1.95 4.38 0.48 .283 0.0033
10 30.65(13) 26.52(08) 33.94(10) 35 3.34 7.29 -0.28 3.12 0.0048
20 30.23(20) 26.89(13) 34.43(08) 30 2.13 13.4 0.67 3.33 0.0061
30 30.98(14) 27.34(19) 34.52(33) 40 5.39 15.96 0.71 3.49 0.0372
40 31.57(20) 27.55(12) 34.96(20) 28 3.9 20.52 2.13 4.06 0.0029
50 31.92(11) 27.93(17) 35.23(11) 37 0.52 15.95 7-0.1 411 0.0036
60 32.43(07) 28.45(07) 36.01(14) 33 0.22 12.33 0.57 3.03 0.0044
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Kurtosis

It is a measure of the peakedness of the errorilditbn near a model value. For an ideal normatridiution
kurtosis value should be three (mesokurtic). If taculated kurtosis is less than three, the pdathe error
distribution curve is flat (platykurtic) and if tHeurtosis is greater than three, the distributiballshave sharp peak
(leptokurtic). The kurtosis values in the presentlyg indicate that the residuals form leptokurtédtprn.

3.2 Effect of systematic errors on best fit model

In order to rely upon the best fit chemical mod# éritical evaluation and application under varedgerimental
conditions with different accuracies of data acijois, an investigation was made by introducingspmsstic errors
in the influential parameters like concentratiohgl&ali, mineral acid, ligand and metal (Table Bhe order of the
ingredients that influence the magnitudes of sitgbdonstants due to incorporation of errors isallk acid >

primary ligand > secondary ligand > metal. Somecigsewere even rejected and the standard devigibigh in

few cases when errors are introduced in the coraténts. The rejection of some species and incceatandard
deviations in the stability constants on introdoctiof errors conform the appropriateness of thesehdest fit
models. This study also indicates the relative isigities of model parameters.

Table 2 Effect of errors in influential parameters on the $ability constants of Orn-Co(ll)-en ternary complexes in 10% v/v of DMSO-
water mixtures

l0g Brixn(SD)
Ingredient % error
1111 1110 1210
0 20.48(09) 13.83(13) 18.15(10)
Alkali -5 Rejected 12.99(89) Rejected)
-2 19.52(27) 13.66(25) 18.27(14)
+2 Rejected  14.61(27) Rejected
+5 Rejected Rejected 20.93(30)
Acid -5 24.44(63) 15.25(90) 20.83(40)
-2 22.41(35) Rejected 19.69(30)
+2 21.19(15) 14.52(19) 14.03(17) Rejected
+5 17.15(84) Rejected Rejected
orn -5 20.44(15) 13.33(18) 19.34(07)
-2 20.09(09) 13.61(13) 19.80(25)
+2 20.19(15) 14.27(18) Rejected)
+5 Rejected  14.49(23) 19.55(17)
en -5 21.21(10) 14.30(13)  19.75(15)
-2 21.22(09) 14.19(15) 19.38(10)
+2 Rejected  13.44(14) Rejected
+5 20.29(11) 13.80(14)  19.21(03)
Metal -5 21.00(11) 14.09(11) 19.19(05)
-2 20.41(11) 14.67(14) 19.10(15)
+2 20.41(10) 13.80(14) 19.12(05)
+5 20.25(09) 13.55(14) 19.10(03)

3.3 Effect of dielectric constant on stability of érnary complexes

DMSO is a dipolar aprotic solvent. It is a struetdormer and it enhances the water structures irSDNvater

mixtures; it removes water from coordination sphafrenetal ions, making them more reactive towahasligands.

As a result the stability of the complexes is expeédo increase. At the same time being a cooridipaolvent, it

competes with the ligands for coordinating the hsetehich decreases the stability of the complextemnce the
stability of the complex is expected either to @age or decrease. The variation of overall stghilihstant values
with co-solvent content depends upon two factoia,, electrostatic and non-electrostatic. Born's][2lassical

treatment holds good in accounting for the eletatas contribution to the free energy change. Adawg to this

treatment, the energy of electrostatic interacigorelated to dielectric constants.

The trends of stability constants (I8 values of ternary complexes with 1/D (D is theléctric constant of the
medium) of DMSO-water mixtures are shown in Fig.Iil.all cases the trend is almost linear, implieat tthe

dielectric constant or long range interactionsrasponsible for the stability trend. Linear incee#s Fig. 1A, B, C

indicates the dominance of the structure-forminimeaof the solvent over its complexing ability.tBlie deviations
from linearity are assumed due to some contributiom non- electrostatic forces.
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Fig. 1: Variation of stability constant values of netal-Orn-metal-en ternary complexes in DMSO-water rixtures. (A) Co(ll); (B) Ni(ll);
(C) Cu(ll); (m) log p MLX, ( ¢) logp ML X and (A) log p MLXH.

3.4 Stability of Ternary Complexes

The change in the stability of the ternary compteas compared to their binary analogues was qieah{i26-29]
based on the disproportion constant (log X) giverElquation 1 which corresponds to the equilibrissyrshown Eq.
2.

log X =2logK i, —logKu —logKpyy, —=—===-==-———————- Q

ML, + MX,

Under the equilibrium conditions one can expect fivenation of 50% ternary complexes and 25% eackhef
binary complexes statistically and the value of Yoghall be 0.6 [19]. A value greater than thiscamts for the
extra stability of MLX.
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Another approach [27-31] to quantify the stabilitfy ternary complexes was based on the differencgtability
(Alog K) for the reactions ML with X and M, with L and X, where L is the primary ligand (Orahd X is the
secondary ligand (en). It is compared with thatwlalted purely on the statistical grounds as gineleq. 3.

AlogK =logK , — logK " —logKy,

The Alog K values are calculated from binary and terramplexes using the equations given in Chart Xiova
possible log K values obtained from these equataresgiven in Table 3. In the present study, the Kovalues
range from -0.06 to 1.84 for Co(ll), -0.74 to 184 Ni(ll) and 2.18 to 7.23 for Cu(ll) and all vas are found to be
higher than those expected on statistical basé¥. (Dhese higher values account for the extra lgabf the ternary
complexes. The reasdar the extra stability of these ternary complexasy be due to interactions outside the
coordination sphere such as the formation of hyelnodponds between the coordinated ligands, charge
neutralization, chelate effect and stacking intéoas [32, 33]. The log X values could not be chdted for the
system due to the absence of relevant binary specie

Table 3A log K and log X values of ternary complexes of Cd§, Ni(ll) and Cu(ll)-Orn and en in
DMSO-water mixtures

% viv DOX A log K log X
Co(ll)
1110 1210 1110 1111
0.0 0.12 0.01 4.13 0.22
10.0 0.60 1.84 5.16 1.48
20.0 0.55 0.68 5.58 1.56
30.0 0.25 0.07 4.54 1.14
40.0 0.78 1.03 6.43 1.36
50.0 -0.06 1.39 5.83 1.94
60.0 1.05 1.18 7.46 2.63
Ni(11)
0.0 0.13 -0.74 3.79 -0.39
10.0 0.96 0.24 6.00 1.30
20.0 0.85 0.68 6.65 2.48
30.0 0.88 0.54 5.61 2.01
40.0 0.82 0.06 5.75 2.30
50.0 1.34 0.59 6.37 2.33
60.0 1.34 0.01 7.00 3.00
Cu(ll)
0.0 2.18 4.24 15.62 2.17
10.0 3.02 6.15 16.35 6.99
20.0 3.30 7.23 18.56 7.44
30.0 3.04 6.64 17.58 6.51
40.0 2.60 6.42 17.30 8.29
50.0 3.13 6.75 18.16 9.40
60.0 3.37 7.22 18.68 9.22

Chart 1 Equations for the calculation ofA log K and log X

Alog Kiio =log B1110 -log B1100 -log B1o10
Alog Kizio =log 1210 -log B1200 -log B1o10
Alog Kign =log B1111 -log P11z -109 Bio10
log X110 =2log P11 -log B1zoc -log B1oxc
log Xi210 =2log B121c -log B1aoc -log Boac
log X111 =2log 1111 -logBiz2  -10g B1ozo

3.5. Distribution diagrams

Some typical distribution diagrams in 10% DMSO-wataxture are drawn using the formation constarftthe
best fit model are shown in Fig. 2 which containtpnated and unprotonated species like MLXH, MLX &fiL,X
for Co(Il), Ni(ll) and Cu(ll). The active forms dhese ligands are L&, LH,", LH and L for Orn and XH**, XH*
and X for en. The binary complex species of OrnMke ML ,, MLH and MLyH, and those of en are MX, Myand
MX 3 for Co(ll), Ni(ll) and Cu(ll). The distribution dgrams indicate the relative abundance of various$oof
metal (chemical speciation) at different pH andedigic conditions. A stable ternary complex shmlresponsible
for metal ion transportation in biological systearsd the weak binary metal complexes make the eéakemttals
bioavailable. The increased concentrations of cexipgy agents make the essential metal ions unéitiue to
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the formation of stable binary metal complexes. fdieation of the ternary complex species can peasented by
the following equilibria. The charges of the speaee omitted for clarity.

MLoHz + XH,
M(l)  + LH
M(Il) + LH
ML+ XH
MLXH

MLoH, + XHs
ML  + LH
MLX  + LH

+ XH
+ XH,

MLXH
MLXH
MLX
MLX
MLX
ML X
ML X
ML X

+ 3H
+ 2H
+ 3H
+ 2H
+ H

+ 4H
+ 3H
+ H

4)
®)
(6)
)
®)
(©)
(10)
(11)

The protonated ligands interact with metal ion (tia 5 and 6) to form MLXH and MLX. MLX is alséormed
by the dissociation of MLXH (Equilibrium 7) whicls formed by the interaction of MH, with XH, (Equilibrium
4). Similarly ML,X is formed by the interaction of MH, with XH, (Equilibrium 9), ML and LH with XH
(Equilibrium 10) and MLX with LH (Equilibrium 11)pecause the concentrations of both MLX and LH
decreasing with increasing concentration of,;ML
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Fig. 2: Species distribution diagrams of ternary cmplexes of Orn and en in 10% v/v Dox-water mixture(A) Co(ll), (B) Ni(ll), and (C)

cu(ln)
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3.6 Structures of complexes

Based on the protonation and deprotonation eqiulibof Orn and en, depending on the coordinatitgssin the
ligands and the nature of the metal ions, basiadination chemistry principles, the possible stoues of the
ternary complexes are proposed as given in Fig®@®ahedral structures are proposed for all the Imbéi@sed on
literature reports, [34-3Aith Cu(ll) normally being Jahn-Teller distorted3(39). Orn form strong tridentate and
en bidentate complexes with transition metals. &rhigher pH favors the (N, N) coordination angfaysiological
pH it is bound througlm-amino group to form (O, N) coordination.

A

B C
S
Hy
HoNz=--| === N
,? \M/l' or
[N
o----7° ‘ H,
HoN
S
(0]
MLX
MLX
D
O
e}

ML ,X

Fig. 3: Speculative structures of Orn-M(ll)-en conplexes, where S is either solvent or water molecuéd M is Co(ll), Ni(ll) or Cu(ll)
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CONCLUSION

1. The predominanspecies detected akLXH, MLX, and ML,X for Co(ll), Ni(ll), and Cu(ll) where L = Orn and
X = en. The active forms of these ligands areTH.H,", LH and L for Orn and XH**, XH" and X for en.

2. TheA log K values indicate that the ternary specieslextra stability compared to their binary specieay be
due to the interactions outside the coordinationesp, such as the formation of hydrogen bonds letvibe
coordinated ligands, charge neutralization, cheé&ffect, stacking interactions and the electrostaiieraction
between non-coordinated charge groups of the ligand

3. The linear increase in the stabilities of teynaomplexes with decreasing dielectric constantglus to the
dominance of electrostatic forces.

4. The order of the ingredients that influence riregnitudes of stability constants due to incorporabf errors is
alkali > acid > Asp > En > metal.

5. The study also gives an insight into the metallability/metal transport in biofluids and toxigiof these metals.
The ternary complexes are more amenable for ‘megsisport’ because of their extra stability and tieary
complexes make the ‘metal available’ in biologisgstems due to their decreased stability.
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