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Abstract: Speciation of mixed ligand complexes of Co(II), Ni(II) and Cu(II) with 
L-glutamine and succinic acid was studied in varying amounts (0.0–2.5 %, w/v) 
of sodium dodecyl sulfate (SDS) in aqueous solutions while maintaining an ionic 
strength of 0.16 mol L-1 (NaCl) at 303.0 K. Titrations were performed in the 
presence of different relative concentrations (M:L:X = 1:2:2, 1:4:2 and 1:2:4) of 
metal (M) to L-glutamine (L) to succinic acid (X) using sodium hydroxide. The 
stability constants of the ternary complexes were refined with MINIQUAD75. 
The best-fit chemical models were selected based on statistical parameters and 
residual analysis. The species detected were ML2X, MLX, MLXH and MLXH2 
for Co(II), Ni(II) and Cu(II). The increased stability of the ternary complexes 
compared to their binary complexes was believed to be due to electrostatic 
interactions of the side chains of the ligands, charge neutralization, chelate effect, 
stacking interactions and hydrogen bonding. The species distribution with pH at 
different compositions of SDS and plausible equilibria for the formation of the 
species are also presented.  
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INTRODUCTION 

The specificity and selectivity of enzyme–substrate reactions are achieved by 
manipulating the equivalent solution dielectric constants at the active site. Know-
ledge of the equivalent solution dielectric constant can throw light on the mecha-
nism of the reaction. Furthermore, intramolecular and ligand–ligand stacking in-
teractions in mixed ligand complexes are favored in water–organic media, which 
reduce the dielectric constant of the solution. Hence, modeling studies involving 
ternary complexes have gained popularity in different aqua–organic mixtures 
with varying dielectric constants.1–4 L-Glutamine (Gln) serves as a vehicle for 
transporting ammonia in a nontoxic form from peripheral tissues to visceral or-

                                                                                                                    

* Corresponding author. E-mail: gollapallinr@yahoo.com 
doi: 10.2298/JSC110201177B 

__________________________________________________________________________________________________________________________________Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



454 BINDU and RAO 

gans where the ammonia can be excreted as ammonium ions (kidneys) or 
converted to urea (liver).5 Gln is utilized in the brain for respiration and biosyn-
thesis of substances related to neuronal functions, such as γ-aminobutyric acid, 
GABA. It is also utilized for the growth and differentiation of the neural cells.6 It 
is often depleted in stress states, such as malignancy.7 Gln has a possible thera-
peutic role in the prevention of damage to normal tissues, including peripheral 
nerves, during chemotherapy.8  

Succinic acid (Suc) is involved in the citric acid or tricarboxylic acid (TCA) 
cycle and the glyoxalate cycle. It is synthesized in almost all microbial, plant, and 
animal cells.9 The concentration of Suc in human blood plasma is 1.0–6.0 mg L–1. 
Suc can be used for the manufacture of medicaments or nutritional supplements 
effective for the treatment of insulin resistance in mammals, preferably in non-
insulin dependent diabetic humans.10 On the other hand, recent analysis showed 
that the fermentative production of Suc from renewable resources could be more 
cost-effective than the petroleum-based processes.11 Suc is a bidentate ligand. In 
coordination chemistry, it forms strong complexes with many metal ions. The 
mixed ligand complexes of Gln and Suc with calcium and magnesium in 
acetonitrile–water and ethylene glycol–water and of cobalt and nickel in urea– 
–water and DMF–water media were reported earlier.1,12–14 In this study, spe-
ciation of ternary complexes of Co(II), Ni(II) and Cu(II) with Gln and Suc in 
SDS–water mixtures was investigated. 

EXPERIMENTAL 

Solutions of Co(II), Ni(II) and Cu(II) chlorides (0.1 mol L-1 were prepared by dissolving 
GR Grade (Merck, India) salts in triple distilled water. Aqueous solutions of Gln and Suc 
(Merck, India) were also prepared. To increase the solubility of Gln and Suc and to suppress 
hydrolysis of the metal salts, the mineral acid concentration in the above solutions was main-
tained at 0.05 mol L-1. SDS (Merck, India) was used as received. A 0.2 mol L-1 hydrochloric 
acid (Qualigens, India) solution and a 0.4 mol L-1 sodium hydroxide (Qualigens, India) were 
prepared. A 2 mol L-1 sodium chloride (Qualigens, India) solution was prepared to maintain 
the ionic strength in the titrand. To assess the errors that might have crept into the determi-
nation of the concentrations, the data were subjected to analysis of variance of one-way clas-
sification (ANOVA). The strength of the alkali was determined using the Gran plot method.15 

Apparatus 

The titrations were performed in media containing varying concentrations of SDS main-
taining an ionic strength of 0.16 mol L-1 with sodium chloride at 303.0±0.1 K. A systronics μ 
pH system (model 362) (readability 0.001) was used. The glass electrode was equilibrated in a 
well-stirred SDS–water mixture containing inert electrolyte. The effect of variations in asym-
metry, liquid junction potential, activity coefficient, sodium ion error and dissolved carbon 
dioxide on the response of glass electrode were accounted for in the form of a correction 
factor, which was computed from simulated acid–base titration data calculated by the SCPHD 
program.16,17 A correction was applied to the pH meter dial reading by using a correction fac-
tor. Titrations of a strong acid with alkali were performed at regular intervals to check the 
complete equilibration of the electrode. The calomel electrode was refilled with an SDS–water 
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mixture of equivalent composition to that of the titrand. In each of the titrations, the titrand 
consisted of 1–3 mmol of mineral acid in a total volume of 50 cm3. The titrations were 
performed in the presence of different relative concentrations (1:2:2, 1:4:2 and 1:2:4) of metal 
(M) to Gln (L) and Suc (X) with 0.4 mol L-1 NaOH.  

Modeling strategy 

The best-fit chemical models consisting of stoichiometric coefficients and logarithm of 
stability constants (log β) were arrived at using the computer program Miniquad 75.18 Some 
heuristics were followed in refining stability constants and validating models.19,20 The for-
mation constants for acid–base equilibria and those for binary metal complexes of Gln and 
Suc were fixed in the refinement of the mixed ligand stability constants using MINIQUAD75.  

RESULTS AND DISCUSSION 

Complex equilibria 

A preliminary investigation of alkalimetric titrations of mixtures containing 
different mole ratios of Gln and Suc in the presence of a mineral acid and an inert 
electrolyte inferred that MLXH, MLX, ML2X and MLXH2 species are formed 
for Co(II), Ni(II) and Cu(II). The parameters of the best-fit models and statistical 
parameters are given in Table I.21 The very low standard deviation in the log β 
values indicates the precision of these parameters. The small values of Ucorr indi-

TABLE I. Best fit chemical models of Co(II), Ni(II) and Cu(II)–L-glutamine–succinic acid 
complexes in SDS–water mixtures. Temperature: 303 K; ionic strength: 0.16 mol L-1 

SDS 
% w/v 

log βmlxh (SD) 
NP

Ucorr 
×108 

Skew-
ness 

Kurto-
sis 

χ2 
R 

Factor 1110 1111 1112 1210 
Co(II) (pH range 2.0–9.0) 

0.0 8.12(13) 14.13(30) 18.99(21) 11.88(10) 152 14.27 1.40 15.43 169.24 0.013 
0.5 7.94(23) 14.85(15) 18.85(39) 11.90(13) 177 25.05 4.50 43.64 416.27 0.016 
1.0 7.69(25) 14.23(30) 18.54(47) 11.65(13) 177 28.64 3.62 35.50 333.20 0.018 
1.5 7.78(29) 14.47(29) 19.17(21) 11.85(11) 182 18.93 7.15 76.51 744.57 0.014 
2.0 7.78(26) 14.05(52) 19.26(17) 11.81(11) 177 28.14 3.82 37.05 236.59 0.017 
2.5 7.15(25) 14.15(14) 18.82(12) 11.06(12) 182 14.13 6.28 64.73 593.91 0.012 

Ni(II) (pH range 2.0–9.0) 
0.0 9.09(19) 14.71(20) 19.79(10) 13.40(13) 168 18.03 –0.71 6.06 136.79 0.014 
0.5 8.80(16) 14.17(24) 18.66(20) 13.00(11) 168 11.15 –0.09 12.45 313.38 0.011 
1.0 8.79(13) 13.99(34) 18.68(19) 13.02(12) 167 16.09 –0.81 10.55 323.43 0.013 
1.5 8.06(14) 13.83(23) 18.80(11) 11.95(20) 176 17.95 –1.01 8.50 289.27 0.013 
2.0 8.14(15) 13.73(26) 18.69(12) 12.27(16) 173 20.39 –0.37 8.17 173.85 0.015 
2.5 7.99(13) 13.51(24) 18.46(9) 11.66(44) 181 10.92 0.38 8.30 40.02 0.010 

Cu(II) (pH range 2.0–6.0) 
0.0 11.73(7) 16.33(8) 20.13(10) 17.79(7) 153 2.73 –0.60 3.80 23.08 0.005 
0.5 11.69(6) 15.99(6) 19.67(8) 17.58(6) 149 4.68 –1.69 9.91 138.36 0.007 
1.0 11.18(8) 15.78(4) 19.23(7) 17.97(4) 161 4.21 –0.55 7.71 74.41 0.006 
1.5 12.40(9) 16.39(14) 20.59(7) 18.07(13) 150 15.08 0.03 4.75 53.41 0.012 
2.0 11.03(16) 15.29(19) 19.52(7) 17.31(7) 157 6.38 –0.91 5.67 29.30 0.008 
2.5 12.30(8) 15.75(28) 19.98(8) 18.31(11) 156 11.48 –0.24 3.20 1.69 0.010 
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cate that the model is consistent with the experimental data.22 For most of the 
systems, the kurtosis values were around 3 and, hence, the residuals form a meso-
kurtic pattern. For very few systems are the kurtosis values more than 3 (lepto-
kurtic pattern). The values of skewness between –1.69 and 7.15 show that the re-
siduals form a part of a normal distribution and hence the least squares method 
can be applied to the present data. The sufficiency of the model is further evident 
from the low crystallographic R-factor values, which indicate the need for inclu-
sion of additional species in the model. χ2 is a special case of a γ-distribution that 
measures the probability of residuals forming a part of standard normal distri-
bution. 

The linear variation (Fig. 1) of the stability constants of the Gln and Suc 
complexes of Co(II), Ni(II) and Cu(II) in SDS–water mixtures with mole fraction 
indicates that electrostatic forces dominate the equilibrium process under the em-
ployed experimental conditions. The stability of a complex depends on the char-
ge of the Stern layer,23 polarity of the medium and the electrostatic attraction or 

 

Fig. 1. Variation of the magnitude of the sta-
bility constants (log β) of ternary complexes 
of Gln–Suc with mole fraction in SDS–water 
mixtures: A) Co(II), B) Ni(II) and C) Cu(II); 
(□) log β1110, (○) log β1111, (Δ) log β1112 and 
(☆) log β1210. 
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repulsive forces operating between the complex species and the micellar surface. 
This linear decrease24 is due to the decreasing dielectric constant of the medium 
with increasing surfactant content.25 The charged species will be destabilized due 
to the decreased dielectric constant of the medium with increasing surfactant con-
centration. The stability of the neutral mixed complexes (Fig. 1) is not influenced 
by SDS. SDS acts as a denaturant of macromolecules by interacting with the pep-
tide groups. Hence, the stability of the species decreases with increasing SDS 
content. Another reason for the decreased stability of the ternary complexes is the 
ligation power of SDS. 

Stability of the ternary complexes 

The change in the stability of the ternary complexes as compared to their bi-
nary analogues was quantified.26,27 In one of the approaches, the difference in 
stability (Δ log K) for the two reactions ML with X and M(aq) with X is com-
pared with that calculated purely on statistical grounds. Eq. (1) can be formulated 
based on the properties of the cyclic systems reported earlier, from which it is 
clear that both the ligands in the ternary complex mutually influence to the same 
extent.28,29 

 ML M MX M
MLX MX MLX ML log log log log log Δ = − = − =K K K K K  

 M M M
MLX ML MXlog log logK K K= − −  (1) 

Both the electrostatic theory of binary complex formation and statistical ar-
guments clearly indicate that, in the case of a given multivalent hydrated metal 
ion, more coordination positions will be available for the first ligand than for the 
second one. Hence, the order of stability >

M ML
ML ML2

K K holds well. This leads to the 
natural expectation for Δ log K to be negative, although several exceptions have 
been found.26,30 The statistical values of Δ log K for bidentate L and X are –0.4 
and –0.6 for octahedral and square planar complexes, respectively, whereas for 
distorted octahedral complexes, the values vary between –0.9 and –0.3. Negative 
values of Δ log K can be understood as the secondary ligand forms a more stable 
complex with the hydrated metal ion than with ML, which does not mean that the 
ternary complex is absent. 

Whenever the experimental value of Δ log K exceeds the statistical value, it 
can be inferred that the ternary complex is formed as a result of interaction of 
ML with X or MX with L. Sigel postulated that Δ log K values of ternary com-
plexes containing bipyridyl as the primary ligand were positive for O-donors 
(malonic acid, pyrocatechol, etc.), negative for N-donors (ethylene diamine) and 
intermediate or many times a small negative values for amino acids with both N 
and O coordination sites.26,31,32 However, a very high negative value (–2.3) for 
Cu(en)(iminodiacetic acid) and a positive value (0.82) in the case of Cu(ophen)- 
(6,7-dihydroxynaphthalene-2-sulfonate) were also observed.26 
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The formulae for the calculation of Δ log K values are given in Table II. The 
Δ log K values calculated for the binary and ternary complexes are incorporated 
in Table II. Co(II), Ni(II) and Cu(II) ions form octahedral complexes with Gln 
and Suc. For most of the systems given in Table II, the values of Δ log K are 
found to be higher than those expected on statistical grounds (–0.4). The in-
creased stability of the ternary complexes might be due to the interactions outside 
the coordination sphere, such as the formation of hydrogen bonds between the 
coordinated ligands. In addition, a similar stabilizing effect may likewise be 
exerted by electrostatic interactions between non-coordinated, charged groups of 
the ligands, such as the –NH3+ of Gln and the –COO– of Suc.2 

TABLE II. Variation of stability of ternary complexes of Gln–Suc in SDS–water mixtures. 
Δ log K1110 = log β1110 – log β1100 – log β1010; Δ log K1111 = log β1111 – log β1100 – log β1011; 
Δ log K1112 = log β1112 – log β1101 – log β1011; Δ log K1210 = log β1210 – log β1200 – log β1010; 
log X1110 = 2 log β1110 – log β1200 – log β1020 
SDS, % w/v Δ log K1110 Δ log K1111 Δ log K1112 Δ log K1210 log X1110 

Co(II) 
0.0 1.1 1.87 0.06 1.36 2.72 
0.5 0.72 2.7 –0.42 0.68 1.93 
1.0 2.38 3.77 1.72 2.56 3.33 
1.5 –0.54 1.78 –0.34 –0.04 1.02 
2.0 1.17 3.33 1.87 1.32 2.57 
2.5 0.47 3.22 1.19 0.29 0.49 

Ni(II) 
0.0 0.84 1.56 1.0 0.37 2.52 
0.5 1.89 1.93 0.41 1.12 2.88 
1.0 0.83 1.06 0.19 0.48 1.93 
1.5 0.49 1.56 1.93 –0.38 1.47 
2.0 – 1.74 0.73 – 1.42 
2.5 1.26 2.06 0.99 –0.43 0.82 

Cu(II) 
0.0 –0.47 –0.58 –0.15 –1.16 1.85 
0.5 – 0.38 0.39 – 2.97 
1.0 – 1.42 1.4 – 3.5 
1.5 1.78 1.44 2.07 0.78 4.48 
2.0 –0.77 –0.55 0.07 –1.1 0.34 
2.5 1.8 0.72 1.61 0.57 3.56 

Effect of influential parameters on stability constants 

Any variation in the parameters (the concentrations of the chemicals) affects 
the magnitudes of the equilibrium constants. Such parameters are called influ-
ential parameters. In order to rely on the best-fit chemical model for critical eva-
luation and application under varied experimental conditions with different accu-
racies of data acquisition, an investigation was undertaken by introducing pessi-
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mistic errors in the concentrations of alkali, acid, ligands, metal ions and correc-
tion factor. The results in Table III emphasize that the errors in the concentrations 
of alkali and acid affect the stability constant more than the errors of the ligands 
and the metal ion. 

TABLE III. Effect of errors in the influential parameters on stability constants of ternary 
complexes of Ni(II) with Gln–Suc in a 1.5 % w/v SDS–water mixture 

Component Error, % 
log β (SD) 

1110 1111 1112 1210 
Alkali 0 

–5 
–2 
+2 
+5 

8.06 (14) 
Rejected 
7.15 (41) 
9.54 (12) 

10.99 (18) 

13.83 (23) 
Rejected 
Rejected 

15.25 (12) 
16.14 (18) 

18.80 (11) 
19.55 (12) 
18.92 (08) 
19.71 (9) 

20.30 (13) 

11.95 (20) 
Rejected 
Rejected 

13.99 (16) 
16.06 (24) 

Acid –5 
–2 
+2 
+5 

10.79 (13) 
9.46 (12) 
7.33 (24) 
Rejected 

16.34 (12) 
15.32 (11) 
Rejected 
Rejected 

20.59 (9) 
19.88 (8) 
18.63 (9) 

18.84 (12) 

15.39 (16) 
13.68 (15) 
Rejected 
Rejected 

Gln –5 
–2 
+2 
+5 

7.90 (15) 
7.99 (14) 
8.14 (13) 
8.33 (13) 

13.50 (36) 
13.69 (27) 
13.97 (20) 
14.23 (16) 

18.57 (13) 
18.70 (12) 
18.91 (10) 
19.13 (9) 

11.98 (17) 
11.95 (19) 
11.96 (21) 
12.07 (21) 

Suc –5 
–2 
+2 
+5 

8.80 (13) 
8.36 (13) 
7.71 (17) 
7.68 (19) 

14.38 (15) 
14.09 (17) 
13.41 (45) 
13.86 (23) 

18.87 (14) 
18.80 (12) 
18.84 (10) 
19.24 (8) 

13.23 (16) 
12.53 (16) 
Rejected 
Rejected 

Metal –5 
–2 
+2 
+5 

8.18 (14) 
8.10 (14) 
8.02 (14) 
7.96 (14) 

14.02 (19) 
13.90 (21) 
13.75 (25) 
13.65 (28) 

18.90 (11) 
18.84 (11) 
18.77 (11) 
18.73 (11) 

12.24 (17) 
12.06 (19) 
11.82 (22) 
11.62 (26) 

Distribution diagrams 

A perusal of the distribution diagrams (Fig. 2) reveals that at very low pH 
values, the concentrations of the mixed ligand complexes are lower than those of 
protonated ligands. The concentrations of the ternary species increased with in-
creasing pH. The protonated ternary species, MLXH and MLXH2 are distributed 
at lower pH values and the unprotonated ternary species, MLX and ML2X at 
higher pH values. Higher concentrations of the ternary species than those of 
binary species indicate the higher stability of the former. The ternary species 
exist in the pH range 2.0–9.0 for Co(II), Ni(II) and 2.0–6.0 for Cu(II), respecti-
vely. The formation of the complex species can be represented by the following 
equilibria. The charges of the species are omitted for clarity. 

 M(II) + LH2 + XH2  MLXH2 + 2H+ (2) 

 MLXH2  MLXH +H+ (3) 
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 M(II) + LH2 + XH2  MLXH + 3H+ (4) 

 MLXH  MLX + H+ (5) 
 M(II) +LH + XH  MLX + 2H+ (6) 
 M(II) + 2LH + XH  ML2X + 3H+ (7) 

 MXH + LH2  MLXH2 + H+ (8) 

 MLH + XH2  MLXH2 + H+ (9) 

 MXH + LH  MLXH + H+ (10) 

The protonated ligands LH2 and XH2 interact with the metal ion to form 
MLXH2 (Eq. (2)), which successively loses protons to form MLXH (Eq. (3)) and 
MLX (Eq. (5)). MLXH species may also be formed due to (Eq. (4)). LH and XH 
interact with the metal ion to form MLX (Eq. (7)). ML2X is formed by (Eq. (6)). 
MLXH2 may be formed by the interaction of MXH and LH2 (Eq. (8)) and/or 
MLH and XH2 (Eq. (9)). MXH and LH interact to form MLXH (Eq. (10)). The 
possible structures of these ternary complexes are proposed in Fig. 3. The exis-

 

Fig. 2. Species distribution diagrams of ter-
nary complexes of Gln and Suc with A) 
Co(II) in 1.0 %, B) Ni(II) in 1.5 %, and C) 
Cu(II) in 1.0 % w/v SDS–water mixture. 
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tence of ML2X and the absence of MLX2 are due to the higher affinity of LH 
than XH towards the metal ion. 

 
Fig. 3. Structures of ternary complexes of Co(II), Ni(II), Cu(II) with Gln and Suc. 

Biological relevance of the present study 

The presence of SDS considerably decreases the dielectric constant of the 
aqueous solution and creates compartmentalization due to the formation of micel-
les. Thus, the surfactant solution is expected to mimic the physiological condi-
tions of the active site cavities with low dielectric constants and the concept of 
equivalent solution dielectric constant in the active site cavities is invoked. The 
stability constants determined and the species predicted under these mimicked 
conditions can be extrapolated to those expected to be present in the active site 
cavities of biomolecules. Such studies are useful to understand: i) the role played 
by the active site cavities in biological molecules, ii) the type of complex formed 
by the metal ion, iii) the bonding behavior of protein residues with a metal ion, 
and iv) the greater significance of the concentrations of complex chemical spe-
cies than the total concentrations of essential metals in soils and water in pre-
dicting their bioavailability. The species refined and their relative concentrations 
under the present experimental conditions represent the possible forms of Co(II), 
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Ni(II) and Cu(II) ions in biological fluids and the speciation represents the biolo-
gical activity of these metals in the presence of glutamine and succinate residues. 

CONCLUSIONS 

The following conclusions have been drawn from the modeling studies of 
the speciation of ternary complexes of Co(II), Ni(II) and Cu(II) with Gln and Suc 
in SDS–water media. 

The species detected were MLX, MLXH, MLXH2 and ML2X for Co(II), 
Ni(II) and Cu(II). 

The linear variation of the log β values with mole fraction of the medium 
indicates the dominance of electrostatic forces over non-electrostatic forces. 

The change in the stability of the ternary complexes as compared to their bi-
nary analogues shows that the ternary complexes are more stable than the binary 
complexes due to the interactions outside the coordination sphere. 

The existence of ML2X and the absence of MLX2 are due to the higher affi-
nity of LH than XH towards the metal ion. 

This study also gives an insight into the bioavailability/bioaccumulation of 
these metals. The ternary complexes are more amenable for metal transport be-
cause of their extra stability while the binary complexes make the metal bioavail-
able due to their decreased stability. 

И З В О Д  

ФОРМИРАЊЕ КОМПЛЕКСА ЕСЕНЦИЈАЛНИХ ЈОНА МЕТАЛА СА МЕШОВИТИМ 
ЛИГАНДИМА L-ГЛУТАМИНОМ И ЋИЛИБАРНОМ КИСЕЛИНОМ У СМЕШИ 

НАТРИЈУМ-ДОДЕЦИЛ-СУЛФАТА (SDS) И ВОДЕ КАО РАСТВАРАЧА 

GANDHAM HIMA BINDU1 и GOLLAPALLI NAGESWARA RAO2 

1Department of Engineering Chemistry, Andhra University и 2Department of Inorganic & Analytical 
Chemistry, Andhra University, Visakhapatnam-530 003, India 

У различитим односима натријум-додецил-сулфата и воде као растварача (0,0–2,5%, 
m/v) и јонској јачини од 0,16 mol L-1 (NaCl), на температури од 303,0 K, изучавано је форми-
рање комплекса Co(II), Ni(II) и Cu(II) са мешовитим лигандима L-глутамином и ћилибарном 
киселином. Титрације су вршене раствором натријум-хидроксида при различитим односима 
концентрација метала (M), L-глутамина (L) и ћилибарне киселине (X) (М:L:X = 1:2:2, 1:4:2 и 
1:2:4). Константе стабилности су израчунате помоћу Miniquad 75 програма, док је најбоље 
слагање хемијских модела добијено на основу статистичких параметара и методом резидуал-
них анализа. Нађено је да у раствору постоје комплекси са следећим општим формулама: 
ML2X, MLX, MLXH и MLXH2 за Co(II), Ni(II) и Cu(II). Већа стабилност тернарних у односу 
на одговарајуће бинарне комплексе се објашњава електростатичким интеракцијама бочних 
ланаца лиганада, хелатним ефектом, неутрализацијом наелектрисања, као и постојањем од-
ређених интеракција налегања и водоничних веза. 

(Примљено 1. фебруара, ревидирано 25. јула 2011) 

__________________________________________________________________________________________________________________________________Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



 COMPLEXES OF ESSENTIAL METAL IONS WITH L-GLUTAMINE AND SUCCINIC ACID 463 

REFERENCES 

1. S. B. Ronald, G. N. Rao, Proc. Natl. Acad. Sci. India, A 72 (2002) 301 
2. M. S. Babu, G. N. Rao, K. V. Ramana, M. S. P. Rao, Proc. Natl. Acad. Sci. India, A 73 

(2003) 173 
3. B. B. V. Sailaja, T. Kebede, G. N. Rao, M. S. P. Rao, Proc. Natl. Acad. Sci. India, A 74 

(2004) 399 
4. G. N. Rao, K. G. Sudarsan, Chem. Speciation Bioavailability 18 (2006) 71 
5. W. Wiley, M. D. Souba, Ann. Surgery 218 (1993) 715 
6. M. Tetsuya, M. Nobuhiko, Med. Sci. Res. 17 (1989) 425 
7. J. M. Lacey, D. W. Wilmore, Nutr. Rev. 48 (1990) 297 
8. W. S. Wang, J. K. Lin, T. C. Lin, W. S. Chen, J. K. Jiang, H. S. Wang, T. J. Chiou, J. H. 

Liu, C. C. Yen, P. M. Chen, Oncologist 12 (2007) 312  
9. H. Song, S. Y. Lee, Enzyme Microb. Technol. 39 (2006) 352 

10. I. A. Pomytkin, O. E. Kolesova, T. J. Ukhanova, PCT Int. Appl. Wo 28 (2000) 944 
11. T. Willke, K. D. Vorlop, Appl. Microbiol. Biotechnol. 66 (2004) 131 
12. S. B. Ronald, G. N. Rao, J. Indian Chem. Soc. 79 (2002) 799 
13. G. N. Rao, A. Ramakrishna, J. Indian Chem. Soc. 83 (2006) 332 
14. A. Ramakrishna, G. N. Rao, Proc. Natl. Acad. Sci. India, A 77 (2007) 21  
15. G. Gran, Anal. Chim. Acta 206 (1988) 111 
16. M. S. Babu, G. N. Rao, K. V. Ramana, M. S. P. Rao, Indian J. Chem., A 40 (2001) 1334 
17. G. N. Rao, PhD Thesis, Andhra University, Visakhapatnam, India, 1989 
18. P. Gans, A. Sabatini, A. Vacca, Inorg. Chim. Acta 18 (1976) 237 
19. G. N. Rao, R. S. Rao, J. Indian Council Chem. 8 (1992) 12 
20. B. B. V. Sailaja, T. Kebede, G. N. Rao, M. S. P. Rao, J. Indian Chem. Soc. 79 (2002) 155 
21. R. S. Rao, G. N. Rao, Computer Applications in Chemistry, Himalaya Publishing House, 

Mumbai, India, 2005, p. 302 
22. G. N. Rao, V. L. S. N. Murthy, J. Indian Chem. Soc. 81 (2004) 424 
23. C. A. Bunton, G. Cerichelli, Y. Ihara, L. Supulveda, J. Am. Chem. Soc. 101 (1979) 2429  
24. A. K. Singh, D. Manjula, J. Indian Chem. Soc. 71 (2001) 635  
25. E. H. Cordes, Pure Appl. Chem. 50 (1978) 617  
26. R. Griesser, H. Sigel, Inorg. Chem. 9 (1970) 1238 
27. R. B. Martin, R. Prados, J. Inorg. Nucl. Chem. 36 (1974) 1665 
28. H. Sigel, Chimia 21 (1967) 489 
29. H. Sigel, K. Becker, D. B. McCormick, Biochim. Biophys. Acta 148 (1967) 655 
30. H. Sigel, Angew. Chem. Int. Ed. Engl. 14 (1975) 394 
31. H. Sigel, R. Griesser, Helv. Chim. Acta 50 (1967) 1842 
32. H. Sigel, Angew. Chem. Int. Ed. Engl. 7 (1968) 137. 

__________________________________________________________________________________________________________________________________Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




