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Abstract—Equilibria in binary and ternary systems containing cobalt(I) and nickel(II) salts, nitrilotriacetic
acid, and dicarboxylates were studied by spectrophotometry with NaClO, as a supporting electrolyte (/= 0.1)
at T=20 = 2°C. The molar and proton compositions of the complexes and the pH ranges of their existence were
determined. The stability constants of the homo- and heteroleptic complexes were calculated. The pH-distribu-
tion of the detected complexes was obtained. The experimental data were processed in terms of the mathemat-
ical models that predict the existence of a wide spectrum of complex species in solution and allow ignoring
those species that are negligible for accurate reproduction of the observed pattern.
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Dibasic carboxylic acids and their salts find wide
application in diverse industries: the production of lac-
quers and dyes, synthetic fibers, and food. Dicarboxa-
mides (dipeptides) coordinated by microelement met-
als are known to be biologically active drugs [1].
Nitrilotriacetic acid and its salts are used in textile, tan-
ning, and food industries and in photography. This acid
is a good eluent for chromatographic separation and
purification of cations with similar properties (e.g.,
rare-earth elements [2—4]).

To date, much progress has been achieved in the
investigations of coordination compounds of various
metals with organic acids and complexones. Complex-
ation often (especially in the presence of extra ligands)
substantially enhances the functional activity of an
organic compound, which can be associated with the
electron density redistribution, the higher reactivity, the
formation of new structures, etc. [4].

Cobalt(Il) and nickel(II) are biologically active met-
als. Excessive “man-caused” intake of their compounds
has been found to be toxic for an organism’s metabo-
lism. When present in excess, cobalt and nickel salts
produce a carcinogenic effect on the cell [5]. In connec-
tion with this, an investigation of the quantitative char-
acteristics of reactions of cobalt(II) and nickel(II) with
organic compounds is of current interest.

Here we studied homo- and heteroleptic cobalt(Il)
and nickel(Il) complexes with nitrilotriacetic acid
(H;Nta) and some saturated dicarboxylic acids: oxalic
(H,0x), malonic (H,Mal), and succinic acids (H,Suc).

Complexes of these metals with nitrilotriacetic acid
have been repeatedly examined by various methods.
Polarographic studies at / = 0.1 (KNO;) and T = 20°C

detected the complexes [CoNta]~ (logB = 10.4 [6] and

10.38 [7]), [NiNta]~ (log = 11.54 [6] and 11.53 [7]),
[CoNta,]* (logf = 14.31 [7]), and [NiNta,]* (logp =
16.42 [7, 8]). Chromatographic studies at / = 0.1
(KNO3) and T'=20°C detected the complexes [CoNta]~
(logB =10.0) and [CoNta,]* (logP =13.9) [9]. Elec-
trochemical studies at / = 0.1 (Cl") and T = 20°C
detected the complexes [CoNta]~ (logB = 10.6) and
[NiNta]~ (logB =11.26) [8]. According to spectropho-
tometric data, an aqueous solution with 7 = 0.1 (KCI)
contains neutral Co(I) and Ni(II) nitrilotriacetates:
[CoNta] (logB =10.05), [CoNta,]* (logp =14.32)[10],
[NiNta]~ (logp =10.95), and [NiNta,]* (logB = 15.62)
[11]. The stability constants of metal complexes with
H;Nta have been surveyed critically and quite compre-
hensively in the literature. The dissociation constants of
H;Nta obtained by different researchers using different
techniques have been analyzed in [2]. The most accept-
able values of the logarithms of the stability constants
of [CoNta]-, [CoNta,]*, [NiNta]-, and [NiNta,]* at I =
0.1 (KNOs) and T'=20°C are believed to be 10.4, 14.41,
11.54, and 16.42, respectively [2].

Cobalt(Il) and nickel(IT) complexes with dicarboxy-
lic acids have also been studied repeatedly. However,
the data obtained are contradictory with respect to both
the compositions and stability constants of the com-
plexes (Table 1).

Numerous heteroleptic cobalt(Il) and nickel(Il)
complexes M(Nta)X (where M = Co(Il) and Ni(Il) and
X = glycine, alanine, aspartic acid, glycylglycine, dim-
ethylglycine, histamine, histidine, pyridine, and the fol-
lowing anions: S,035”, SCN-, C,0; ", CI, Br, I, etc.)

were described in [2, 3]. No heteroleptic cobalt(Il) and
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Table 1. Compositions and stability constants of the cobalt(II) and nickel(II) complexes with the dicarboxylic acids

Ligand T,°C| I Medium Method logp References
[CoL] [NiL] [CoL,]>~ | [NiL,]*
Oxalic acid 25 | 0.5 |[NaCl Potentiometry 321 4.05 5.39 6.01 [12]
35 0.1 |KNO; Potentiometry 497 523 [13]
25 1.0 | NaClO, Distribution method 3.33 6.20 [14]
25 1.0 |NaClO, Potentiometry 3.20 5.60 [15]
25 0 Potentiometry 4.69 7.15 [16]
25 0 Ion exchange 4.75 6.91 [17]
25 0.16 | NaCl Ton exchange 372 6.03 [18]*
0 0 Potentiometry 477 5.18 [19]
15 478| 5.14 [19]
25 479 5.16 [19]
35 481 5.17 [19]
45 483 5.18 [19]
25 | 0.1 [KNOj; Potentiometry 443 [20]
25 0.1 |indefinite Potentiometry 5.30 [21]
25 1.0 |KNO; Potentiometry 7.64 [22]
20 0.1 |NaClO, Distribution method 7.88 [23]
25 0 Dissolution 6.51 [24]
25 0.1 |KNOj Voltammetry 4.16 7.52 [25]
25 1.0 |NaClO, Distribution method 3.70 6.60 [26]
20 0.1 |NaClO, Distribution method 3.83 7.06 [27]
Malonic acid| 25 0.5 |NaCl Potentiometry 237 274 [12]
25 0 Potentiometry 3.74 5.14 [16]
25 0 Ton exchange 3.77 5.12 [17]
25 | 0.1 |KNOj; Potentiometry 4.58 [20]
25 0.1 |NaClO, Potentiometry 297 [28]
7 | 0.1 [NaClO, Potentiometry 278 [29]
25 0.1 [KCl Potentiometry 2.92 4.6 [30]
23 0 Ton exchange 2.5 393 [31]
25 0.1 |KNO;s Potentiometry 295 3.27 443 4.94 [32]
25 | 0.1 [NaClO, Voltammetry 3.28 545 [33]
25 | 50% |Dioxane/H,O |Potentiometry 5.7 8.93 [34]
25 0.1 |NaClO4 Potentiometry 3.29 [35]
20 | 0.1 [NaClO, Potentiometry 3.30 [36]
Succinic acid| 25 0.5 |NaCl Potentiometry 1.26 1.47 [12]
25 0 Potentiometry 2.37 [16]
25 0 Ton exchange 241 [17]
25 | 0.1 |KNOj; Potentiometry 592 [20]
25 0.1 |NaClO, Voltammetry 1.84 [33]
25 | 05 1.18 [33]
20 0.1 |NaClO, Potentiometry 1.70 [36]*
25 0.1 |KNO; Potentiometry 1.71 1.62 [37]
* For [CoHL]" logB = 5.46 [18] and 6.27 [36], for [Co(HL),] logp = 10.51 [18].
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nickel(II) complexes with H;Nta and dicarboxylic acids
were documented.

Understanding of complexation in ternary systems
with H;Nta and dicarboxylic acids is impossible with-
out gathering information on processes in the corre-
sponding binary systems containing a bivalent metal
salt and H;Nta, H,Ox, H,Mal, or H,Suc. Because the lit-
erature data on homoleptic Co(Il) and Ni(II) complexes
with the ligands in question are contradictory, we had to
thoroughly study complexation in binary systems under
the same experimental conditions to refine the compo-
sitions and stability constants of the Co(Il) and Ni(Il)
complexes with the reagents under consideration.

EXPERIMENTAL

We investigated complexation processes by spectro-
photometry. The optical densities A of solutions were
measured on an SF-26 spectrophotometer in a specially
manufactured Teflon cell with quartz glasses (absorb-
ing layer thickness 5 cm). Such a cell allows simulta-
neous measurements of pH and A. The relative error in
the optical density determination was calculated by the
formula A = 0.4343/(A x 10%)%. The wavelengths were
set in the ranges from 500 to 540 nm for cobalt and
from 380 to 420 nm for nickel to within £0.1 nm. All
curves A =f(pH) were obtained by spectrophotometric
titration at 20 + 2°C. Twice-distilled water was used as
a reference solution. The activity of H* ions was mea-
sured on an I-160 ionometer with an ES-10601/7 work-
ing electrode and an ESR-10101 reference electrode.
The instrument was calibrated against standard buffers
(prepared from titrating solutions) and tested on a
UPKP-1 testing unit. To bring pH to a required value, a
solution of NaOH or HCIO, (analytical grade) was
added. The constancy of the ionic strength (/=0.1) was
maintained with a solution of NaClO, (analytical
grade). In the case of a great excess of dicarboxylic
acids, all equilibrium constants were calculated for a
basic ionic strength of 0.1. Solutions of cobalt(II) and
nickel(I) perchlorates were prepared by dissolving
CoO and NiO (reagent grade) in HCIO,. Solutions of
complexones and dicarboxylic acids were prepared by
dissolving their precisely weighed samples (reagent
grade) in distilled water. Mathematical processing of
the results obtained with our original programs and the
CPESSP program [38] gave comparable results.

RESULTS AND DISCUSSION

The electronic absorption spectrum of the cobalt(Il)
hexaaqua complex shows two absorption bands at 560
(T (F) —= *T(P)) and 550 nm (4 550 (*T'(F) —~
4A2g(F)). The electronic absorption spectrum of the
octahedral nickel(Il) aqua complex exhibits three absorp-
tion bands at 400 Ay, — T\ (P)), 714 (A, —=
T (F)), and 1111 nm Ay, — °T5,).
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We studied complexation in binary and ternary sys-
tems by observing changes in the absorption spectra
and optical densities of the solutions of Co(ClO,), and
Ni(CIO,), in the presence of the complexone and dicar-
boxylic acids. In addition, we constructed theoretical
complexation models for ternary systems with no
regard to mixed-ligand complexation. The discrepan-
cies between the model and experimental curves A =
f(pH) are probably due to the formation of heteroleptic
complexes. Measurements were performed at wave-
lengths of 520 (for Co(II) complexes) and 400 nm (for
Ni(I) complexes) because the ligands themselves only
slightly absorb at these wavelengths (regardless of pH),
while the resulting complexes show a considerable
hyperchromic effect. The curves A = fipH) plotted for
binary and ternary systems suggest that the complex-
ation in all the systems studied occurs over a wide pH
range.

Description of equilibria in binary and especially
ternary systems containing various hydroxo complexes
and various protonated forms of polydentate ligands is
a baffling problem. Since the estimated stability con-
stants of the complexes depend on the set of species
included in the description of the system, the choice of
the right set of complex species is critical. In the pro-
grams we used, the problem of considering or ignoring
a particular complex species of a metal or a ligand in
the description of the system is solved by minimizing
the Fisher test allowing for the discrepancies between
the experimental and calculated optical densities for
each component of the system. This approach allows
sufficiently reliable estimation of the parameters of the
system in equilibrium, their stoichiometry, and the ther-
modynamic characteristics of relevant processes. We
described chemical equilibria in binary and ternary sys-
tems in terms of the ion-pair model supposing that a
solution may contain a broad spectrum of complexes
and associates.

The molar ratio of the complexes in binary systems
(1:1and 1:2)was determined by the saturation and
isomolar series methods. Mathematical processing of
the curves A = fipH) (Fig. 1) revealed the presence of
several complexes in all the binary systems studied.
The pH ranges in which these complexes exist were
found from the distribution of their mole fractions at
different pH values. It should be noted that the initial
pH values for the existence of most complexes are dis-
tinct. However, the final pH value of a particular com-
plex may be too basic (pH > 12) to be determined accu-
rately (Table 2).

To identify the resulting complexes in binary and
ternary systems, we used three constants of monomeric
hydrolysis for cobalt(Il) and nickel(II) [39], two disso-
ciation constants of each dicarboxylic acid [40, 41], and
four dissociation constants of nitrilotriacetic acid [42,
43]. We failed to determine the character of equilibria
in the Co(II)-H,Ox system since precipitates formed at
all pH values, thus making the solutions turbid. The sta-
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Fig. 1. Plots of the optical density vs. pH for solutions of (a) cobalt(II) and (b) nickel(I) with (1, 2) HyMal, (3) H,Suc, (4, 5) H3Nta,
(6, 7) H3Nta + H,Mal, (8) H3Nta + H,Ox, and (9) H3Nta + H,Suc for the ratio of the reagents: (/) 1 : 20, (2) 1 : 10, (3) 1 : 40,

#H1:1,51:2,(6)1:2:80,(7)1:2:20,and (8 9)1:2:10;

bility constants of homoleptic complexes (Table 2)
were used to modify the equilibria in the formation of
heteroleptic complexes. Note that a great excess of
dicarboxylic acids is required to obtain homo- and het-
eroleptic complexes of both metals. However, the quan-
titative yields of the complexes cannot be achieved even
at very great excesses of these ligands. We found that
for the formation of heteroleptic complexes, the con-
centration of the ligand should be no lower than that in
its homoleptic complexes obtained in maximum yields.

Ceo=3 %1072 mol/l, cy; = 4 x 107> mol/l.

It can be seen in Fig. 1 that the formation of hetero-
leptic Co(II) and Ni(II) complexes occurs over a wide
pH range (0.1 < pH < 12.0). In all cases, H;Nta acts as
a primary ligand. In strongly acidic media, the curves
A = fipH) for heteroleptic complexes are similar to the
curves for Co(II) and Ni(II) mononitrilotriacetates.
With an increase in pH, the protonated species of the
secondary ligand (dicarboxylic acid H,Dik) adds
according to the equation

[MNta]~ + HDik- == [MNta(HDik)]*". (1)

Table 2. pH ranges of the existence of the homoleptic cobalt(Il) and nickel(I) complexes and their stability constants at

I=0.1 (NaClOy) and T =20 + 2°C

Complex of existence logB Complex of existence logB
CoNta~ >1.0 10.10 £0.76 NiNta~ >0.8 11.38 £0.76
Co(Nta);~ >5.1 13.50 £0.12 Ni(Nta); >4.3 16.34 +0.05
Co(OH)Nta>~ >9.8 12.50+£0.01 Ni(OH)Nta?~ >9.6 13.95+0.01
CoHMal* 0.4-5.5 5.18 +£0.06 NiHOx* 0.0-3.2 6.30 +0.08
CoMal >1.9 2.97 +0.08 NiOx >0.2 5.35+0.08
CoMal;~ >3.2 451+0.08 || NiOx; >1.0 9.25+0.10
CoHSuc* 2.0-7.0 6.29 +0.09 NiHMal* 0.3-5.5 6.70 +0.07
CoSuc >3.6 1.60 £ 0.10 NiMal >1.9 3.50 +0.09
NiHSuc* 1.9-7.1 6.39 +0.10 NiMal~ >3.2 530 +0.07
NiSuc >2.8 1.95 +0.08
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Fig. 2. Plots of the optical density A and mole fraction o of the complex vs. pH for (a) Co(II) and (b) Ni(Il): (/) experimental curve,
(2) Co?, (3) Ni?*, (4) [NiOx], (5) [NiHOx]*, (6) [NiOx,]>", (7) [CoNta]", (8) [NiNta], (9) [CoNta(HSuc)]>", (/0) [NiNta(HOx)]*",
(11) [CoNtaSuc]*, (I12) [NiNtaOx]*~, (I3) [CoNtay]*~, (I4) [NiNtay]*", (I15) [CoNta,Suc]®, (I16) [NiNta,0x]*,
(17) [Co(OH)NtaSuc]*", and (18) [Ni(OH)NtaOx]*~ for (a) Co**: H3Nta : HySuc = 1 : 2 : 40 and (b) Ni**: H3Nta: HyOx = 1: 22 10;

cco =3 % 107 mol/l, ey = 4 x 1072 mol/l.

A further increase in pH results in the deprotonation
of the acid complexes:

[MNta(HDik)]> == [MNtDik]*" + H.  (2)

In the pH range of the formation of Co(II) and Ni(II)
dicomplexonates, one more mole of nitrilotriacetate
adds according to the equations:

[MNtaDik]* + Nta*~ == [MNta,]* + Dik*-,  (3)
[MNtaDik]*~ + Nta*" === [MNta,Dik]%". 4)

The yields of the complexes in reactions (3) and (4)
vary with systems. At the same pH values, the dicom-
plexonate is dominant in some systems, while the het-
eroleptic complex is dominant in others. The latter
complex is hydrolyzed in strongly basic media:

[MNta,Dik]® + OH~ = [M(OH)NtaDik]* + Nta*~. (5)

To determine the pH range in which heteroleptic
complexes exist, we plotted species distribution dia-
grams for the systems Co(II)-H;Nta—H,Suc and Ni(I[)—
H;Nta—H,Ox (Fig. 2). The experimental curves A =
f(pH) subjected to mathematical modeling are shown in
the same diagrams (Fig. 2, curve /). Note that the max-
imum yields of the heteroleptic complexes obtained in
reactions (1), (2), (4), and (5) depend on not only the
acidity of the medium but also the concentration of a
secondary ligand (dicarboxylic acid) and noticeably
differ for Co(II) and Ni(II) complexes. Obviously, this
is associated with the stability of the metal complexes
with dicarboxylic acids. For instance, homoleptic
Co(II) complexes can hardly form in the presence of
H,Suc (Fig. 2a), while the system Ni(Il)-H;Nta—H,Ox
under acidic conditions produces the complexes

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

[NiHOx]* (35%), [NiOx] (55%), and [NiOx,]* (75%) at
pH 1, 1.5, and 3, respectively.

It should be emphasized that in almost all the sys-
tems studied, the increase in the concentration of the
secondary ligand (dicarboxylic acid) increases the
yields of the heteroleptic complexes, simultaneously
lowering the yields of the homoleptic complexes
(Fig. 3). Indeed, an increase in the concentration of
malonic acid from 0.06 to 0.24 mol/l in the system
Co(Il)-H;Nta—H,Mal increases the yields of the hetero-
leptic complexes by 30%.

However, in the system Ni(II)>H;Nta—H,Ox, the
opposite pattern is observed: a gradual increase in the
concentration of H,Ox lowers the yields of all hetero-
leptic complexes but increases the yields of nickel(I)
oxalates. The mole fractions of the heteroleptic com-
plexes at the optimal pH values and their stability con-
stants are given in Table 3.

The neutral Co(II) and Ni(Il) complexes with
nitrilotriacetate and dicarboxylate can be arranged in
the increasing order of their stability constants as fol-
lows:

[MNtaSuc]?*" < [MNtaMal]*~ < [MNtaOx]?*-,
[MNta,Suc]% < [MNta,Mal]® < [MNta,Ox]°".

The stabilities of neutral Co(II) and Ni(II) dicarbox-
ylates change in the same order. Obviously, the ligating
properties of the dicarboxylic acids depend on the num-
ber of methylene groups in their molecules, which
affects their dissociation constants.

Vol. 35
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Fig. 3. Plots of the optical density A and mole fraction o of the complex vs. pH for Co(II) : H3Nta : HyMal = (a) 1 : 2 : 40 and

(b) 1:2: 80: (1) experimental curve, (2) Co®*, (3) [CoHMal]*, (4) [CoMal], (5) [CoMal,]>", (6) [CoNta], (7) [CoNta(HMal)]>",
(8) [CoNtaMal]*~, (9) [CoNta,]*, (10) [CoNta,Mal]®", and (/1) [Co(OH)NtaMal]*"; ¢, = 3 x 107> mol/l.

When comparing the dissociation constants of the
dicarboxylic acids, one should consider the presence of
two acid centers in their nondissociated molecules (and

two basic centers in the corresponding anions).
Because of this, the first dissociation constants mono-

Table 3. Selected characteristics of the heteroleptic cobalt(I) and nickel(I) complexes with nitrilotriacetic and dicarboxylic
acids at / = 0.1 (NaClOy) and 7' =20 +2°C

. Maximum mole fraction
Complex pH range of existence PHopt log3 of the complex at pHoyy, %

CoNta(HOx)* 1.3-5.0 3.0 15.53 £0.31 6
CoNtaOx>~ >2.2 7.0 12.31+£0.22 80
Co(OH)NtaOx* >9.3 14.95 £0.01

CoNta(HMal)* 1.5-7.0 3.6 16.49 £ 0.34 62
CoNtaMal*~ >2.6 6.8 11.80+0.17 90
Co(Nta)ZMal‘F >6.2 10.3 15.25+£0.04 42
Co(OH)NtaMal* >8.6 14.95 +£0.01

CoNta(HSuc)> 1.8-7.5 4.3 16.84 £ 0.34 63
CoNtaSuc*~ >3.4 6.7 11.65+0.17 75
Co(Nta)QSuc6‘ >6.3 10.3 15.50+£0.10 43
Co(OH)NtaSuc* >9.2 15.05+0.03

NiNta(HOx)* 1.0-4.0 2.2 17.60 £0.56 15
NiNtaOx*~ >1.4 6.4 1475+ 0.24 90
Ni(Nta)20x6* >5.4 10.3 18.98 £ 0.05 82
Ni(OH)NtaOx* >9.6 17.70 £0.01

NiNta(HMal)?~ 1.3-6.0 3.6 16.93 £ 0.46 10
NiNtaMal*~ >2.8 5.1 13.20+0.45 78
Ni(Nta)QMaﬁF >5.7 10.5 17.50 £0.16 48
Ni(OH)NtaMal* >10.7 15.85+£0.01

NiNta(HSuc)*~ 2.0-7.0 4.5 17.79 £0.34 25
NiNtaSuc>~ 3.0-11.0 6.3 12.85 £0.18 46
Ni(Nta)QSucﬁ‘ >6.0 10.0 17.03 £0.06 15
Ni(OH)NtaSuc* >9.2 16.50+0.13

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 35 No. 7 2009
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tonically decrease, while the second dissociation con-
stants change “anomalously” [40, 41]:

Acid H,0x H,Mal H,Suc
pK; 1.54 2.73 4.00
pK, 4.10 5.34 5.24

The stabilities of the protonated heteroleptic com-
plexes change in a similar way; at least, this is true for
the nickel complexes:

[NiNta(HMal)]* < [NiNta(HOx)]*~ < [NiNta(HSuc)]*~.

The problem of ligand compatibility in a heterolep-
tic complex can be solved by determining the copropor-
tionation constant K, [3]. For instance, for the reaction

[MNta,]* + [MDik,]?> == 2[MNtaDik]*-

K, is much greater than unity for all neutral heteroleptic
Co(II) and Ni(IT) complexes and the stability constants
of the heteroleptic complexes are higher than the geo-
metric mean of the stability constants of the corre-
sponding homoleptic dicomplexes of these metals. This
suggests that H;Nta and H,Dik are compatible in octa-
hedral heteroleptic Co(Il) and Ni(II) complexes.

REFERENCES

1. Karrer, P., Kurs organicheskoi khimii (Course of Organic
Chemistry), Kolosov, M.N., Ed., Leningrad: Izd. khim.
lit-ry, 1960.

2. Anderegg, G., Pure Appl. Chem., 1982, vol. 54, no. 12,
p- 2693.

3. Fridman, Ya.D., Levina, M.G., Dolgashova, N.V,, et al.,
Ustoichivost’ smeshannykh kompleksnykh soedinenii v
rastvore (Stability of Mixed Complexes in Solutions),
Fridman, Ya.D., Ed., Frunze: Ilim, 1971.

4. Dyatlova, N.M., Temkina, V.Ya., and Popov, K.,
Kompleksony i kompleksonaty metallov (Complexones
and Metal Complexonates), Moscow: Khimiya, 1988.

5. Sadovnikova, L.K., Orlov, D.S., and Lozanovskaya, L.N.,
Ekologiya i okhrana okruzhayushchei sredy pri
khimicheskom zagryaznenii (Ecology and Environment
Protection on Chemical Pollution), Moscow: Vysshaya
Shkola, 2006.

6. Schwarzenbach, G. and Gut, R., Helv. Chim. Acta, 1956,
vol. 39, p. 1589.

7. Schwarzenbach, G., Andereg, G., Schneider, W., and
Senn, H., Helv. Chim. Acta, 1955, vol. 38, p. 1147.

8. Schwarzenbach, G. and Frietag, E., Helv. Chim. Acta,
1951, vol. 34, p. 1492.

9. Jokl, V., J. Chromatogr., 1964, vol. 14, p. 71.

10. Kornev, V.I., Valyaeva, V.A., and Mukanov, L.P., Zh. Fiz.
Khim., 1978, vol. 52, no. 5, p. 1132.

11. Kornev, V.I., Valyaeva, V.A., and Zobnin, S.N., Zh. Fiz.
Khim., 1978, vol. 52, no. 7, p. 1818.

12. Fuentes, J., Reboso, R., and Rodriguez, A., Polyhedron,
1989, vol. 8, no. 11, p. 1365.

13. Reddy, P. and Rao, V., Polyhedron, 1985, vol. 4, no. 9,

p. 1603.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

14

15

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.
30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43

Vol.

525

. Murai, R., Sekine, T., and Iguchi, M., Nippon Kagaku
Kaishi, 1971, vol. 92, p. 1019.

. Ciavatta, L., Grimaldi, M., and Paoletta, G., Gazetta,
1970, vol. 100, p. 100.
Monk, C., J. Chem. Soc., 1965, no. 4, p. 2456.
Seys, R. and Monk, C., J. Chem. Soc., 1965, no. 4,
p. 2452.
Shubert, J., Lind, E., Westtall, W., et al., J. Am. Chem.
Soc., 1958, vol. 80, no. 18, p. 4799.
McAuley, A. and Nancollas, G., J. Chem. Soc., 1961,
no. 5, p. 2215.
Azab, H. and Hassan, A., Monatsh. Chem., 1993,
vol. 124, no. 3, p. 267.
Gelles, E. and Hay, R., J. Chem. Soc., 1958, no. 10,
p- 3673.
Fridman, Ya.D. and Veresova, R.A., Zh. Neorg. Khim.,
1968, vol. 13, no. 3, p. 762.
Stary, J., Anal. Chem. Acta, 1963, vol. 28, p. 132.
Barney, J., Andersinger, W., and Reynolds, C., J. Am.
Chem. Soc., 1951, vol. 73, no. 8, p. 3785.
Crow, D., J. Chem. Soc., Faraday Trans., 1988, vol. 84,
no. 1, p. 4285.
Murai, R., Kurakane, K., and Sekine, T., Bull. Chem.
Soc. Jpn., 1976, vol. 49, no. 1, p. 335.
Manku, G., Bhat, A., and Jain, B., J. Inorg. Nucl. Chem.,
1969, vol. 31, p. 2533.
Ostacoli, G., Vanni, A., and Poletto, E., Gazetta, 1970,
vol. 100, p. 350.
Cavasino, F., Ricerca Sci., 1965, vol. 35, p. 1120.
Motekaitis, R. and Martell, A., Inorg. Chem., 1992,
vol. 31, no. 26, p. 5534.
Pushparaja, Sudarsanan, M. Indian J. Chem., Sect. A:
Inorg., Bio-inorg., Phys., Theor. Anal. Chem., 1980,
vol. 19, p. 149.
Powell, J. and Johnson, D., J. Chromatogr., 1969,
vol. 44, p. 212.
Urbanska, J., Anal. Chim. Acta, 1992, vol. 259, p. 311.
Poletto, E. and Zelano, V., Ann. Chim. (Rome), 1978,
vol. 68, p. 631.
Ostacoli, G., Vanni, A., Roletto, E., Ricerca Sci., 1968,
vol. 38, p. 318.
Campi, E., Ann. Chim (Italy), 1963, vol. 53, p. 96.
Vasil’ev, V.P., Zaitseva, G.A., et al., Zh. Neorg. Khim.,
1998, vol. 43, no. 11, p. 1859 [Russ. J. Inorg. Chem.
(Engl. Transl.), vol. 43, no. 11, p. 1730].
Sal’nikov, Yu.l., Devyatov, F.V., Zhuravleva, N.E., and
Golodnitskaya, D.V., Zh. Neorg. Khim., 1984, vol. 29,
no. 9, p. 2273.
Lur’e, Yu.Yu., Spravochnik po analiticheskoi khimii
(Handbook on Analytical Chemistry), Moscow:
Khimiya, 1979.
Martell, A.E. and Smith, R.M., Critical Stability, New
York: Plemum Press, 1974, vol. 3.
Tain, A.K., Charma, R.C., and Chaturvedi, G.K., Pol. J.
Chem., 1978, vol. 52, no. 2, p. 259.
Schvarzenbach, G., Ackermann, H., and Ruckstuhl, P.,
Helv. Chim. Acta, 1949, vol. 32, nos. 157-158, p. 1175.

. Prsibil, R., Komplexone in der chemischen Analyse, Ber-
lin: VEB, 1961.

35 No.7 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


