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1. Introduction

Complexing	 fibers	 (complexites)	 are	 widely	 used	 in	
practice	 [1].	 These	 polymeric	 materials	 have	 good	 kinetic,	
sorption,	 technical-operational	 characteristics.	 It	 is	 easy	
to	 produce	 filters,	 tapes,	 non-woven	 materials	 out	 of	 them,	
which	are	 suitable	 for	hardware	 implementation	of	 techno-
logical	processes.

Complexites	 selectively	 sorb	 metal	 ions	 from	 solutions	
and	 form	 with	 them	 high-molecular	 complex	 compounds	
(HMCC)	 of	 various	 stability	 [2].	 Due	 to	 these	 properties,	
HMCC	 are	 used	 in	 catalysis,	 ionometry,	 for	 sorption-spec-
troscopic	 and	 test	 methods	 of	 analysis	 of	 the	 solid	 phase	
of	 ion	 exchange	 materials,	 and	 analytical	 chromatography.	
Thus,	 when	 designing	 technological	 modes	 of	 wastewater	
purification	from	heavy	metal	ions	with	the	help	of	complex-

ing	fibers-complexites,	it	is	necessary	to	establish	in	advance	
optimal	variants	for	fixing	metal	ions	with	polymers.

Special	 features	 of	 complexing	 processes	 involving	 poly-
meric	ligands	of	the	crosslinked	structures	are	related	to	their	
cooperative	 nature	 [3].	 Cooperative	 nature	 of	 complexites	
manifests	 itself	 in	 various	 interactions	 of	 functional	 groups	
in	 the	 polymer	 chain,	 its	 configuration	 and	 supramolecular	
changes,	determining	the	conformation	of	matrix	of	a	polymer	
and	groups.	In	other	words,	in	such	systems,	the	primary	bal-
ance,	a	heterogeneous	chemical	reaction	of	formation	of	supra-
molecular	complex	compounds	between	polymer	groups	and	
metal	ions,	is	accompanied	by	the	above-mentioned	so-called	
“polymeric	effects”	[3].	The	latter	influence	physical-	chem-
ical	characteristics	of	HMCC	and	are	the	reason	why	their	
properties	differ	from	analogous	properties	of	low	molecular	
complex	compounds	(LMCC)	[2].
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Such complexing reactions occur under complex hetero-
geneous conditions and are accompanied by mass transfer 
phenomena, protolytic, ion-exchange processes, different 
intra- and intermolecular interactions. When using poly-
functional complexites in non-aqueous or aqueous-organic 
mixtures, the range of related phenomena is expanding 
[2, 4]. That is why, when choosing optimal complexing con-
ditions of complexite with metal ions, it is necessary to know 
thermodynamic, solvation, acid-basic properties of groups 
and reagents. Development of research in this direction is 
relevant, because by choosing a suitable solvent, it is possible 
to purposefully develop fiber-based materials with a pre-set 
complex of properties [4].

2. Literature review and problem statement

The problem of influence of a solvent on chemical equi-
libria of complexation is being intensively developed for 
low-molecular complex compounds [2, 5]. In the context 
of issues considered above, similar problems arise for poly-
mers [3, 4]. In this case, participants of complexing reactions 
are polymeric ligands – fibers-complexites. 

When studying the indicated processes in aqueous-organ-
ic solvents, in particular, in the mixtures of water-1,4-dioxane 
(water-DO), properties of a solvent significantly affect the 
equilibrium of complexation [2]. Authors of [6, 7], exploring 
sorption processes in the binary aqueous and non-aqueous 
solutions, drew a conclusion about essential impact of solva-
tion by components of ion mixtures in the solution. Much to 
our regret, the scientific literature data on the solvating ca-
pability of individual ions in the mixtures water-1.4-dioxane 
are limited [5, 6, 8]. It is known that dioxane solvates cations 
better and has low solvating capability to anions [2, 8, 9].

HMCC are formed between metal ions and functional 
groups of a polymer in aqueous-organic mixtures. Thus, au-
thors [10–12] studied processes of adsorption of copper(II)
on the modified polyacrylonitrile nano-fiber by the method 
of atomic adsorption. Polyacrylonitrile modified fibers were 
investigated with a view to their practical application for 
selective sorption of ions of Cr(III) [13], Pd(II), Pt(IV) 
[14, 15]. In this case, the authors of [10–15] resolve issues 
related only to quantitative characteristics of sorption pro-
cesses, without identifying mechanisms of the process, stoi-
chiometry of resulting complexes.

Stability constants are quantitative characteristic of the 
resulting HMCC [5], similar to LMCC [2, 16]. Studies into 
stability of polymeric ligands of fibrous nature with metal 
ions in aqueous-organic solvents are rather limited [5, 17]. 
This is probably connected with experimental difficulties 
and interpretation of the data obtained.

The composition of macromolecular complexes [5] differs 
significantly from the composition of complexes of low-mo-
lecular analogues [2, 16]. According to authors of [5, 6], the 
structure and stability of HMCC, which fibrous complexites 
form with metal ions, are determined by many factors. These 
include the nature of functional groups, structure of polymer 
frame, the nature of metal of a complexing agent, effects of 
solvation – desolvation of reaction components. Formation 
of HMCC also significantly depends on flexibility of the 
polymer matrix and can alter with the change in the ratio 
of concentration of metal ions, ligand and pH values of the 
medium [4, 5, 16].

An analysis of the scientific literature [10–17] indicates 
the fact that the systems with polymer ligands in aque-
ous-organic solvents in the presence of transition metal ions 
are not studied sufficiently. It is expedient to examine the 
complexation processes in such complex systems based on 
the exploration of influence of a solvating factor on the reac-
tivity of groups in polymers, and on their matrix.

3. The aim and objectives of the study

The aim of present research is to establish quantitatively 
characteristics of the complexation process and the composi-
tion of HMCC of copper(II) with the polyacrylonitrile com-
plexite NAG considering solvation parameters of polymeric 
ligands in the mixed solvent water-1.4-dioxane.

To achieve the set aim, the following tasks had to be solved:
– to explore the equilibria of complexation of HMCC of 

copper(II) with the complexite NAG; 
– to establish the influence of solvating parameters on 

the process of complexite with copper(II) ions in the mixed 
solvent water-1.4-dioxane.

4. Materials and methods of research into complexation 
process of the complexite NAG with copper(II) ions 

4. 1. Materials for research into complexing proper-
ties of fiber

The fibrous complexite NAG was received by chemical 
modification of the industrial fiber nitron [8]; its matrix 
contains functional groups of hydroxamic acid, amidoxime, 
and a small percentage of carboxyl groups. The polymer 
belongs to polyampholytes. The starting form of a polymer 
used in the experiments is mixed (hydrogen-hydrate-salt, 
Н/ОН, Сl): hydrogen by carboxylic, hydroxamic, oxyimi-
no groups of amidoxime, and hydrogen-hydrate-salt – by 
amidoxime. Total exchange capacity (TEC, mmol/g) of the 
complexite was calculated from solutions of 0.1 М NaOH и 
0.1 М HCl in water and mixtures. This magnitude charac-
terizes the content of all types of functional groups in the 
fiber, the working exchange capacity (аm, mmol/g) – the 
content of groups of specific type. Physical-chemical prop-
erties, ion exchange, solvation, protolithic, of the complex-
ite NAG are described in [5].

The process of complexation of the complexite NAG with 
copper(II) ions was studied in a water-organic solvent. We used 
mixtures of water-DO at x=0.049, 0.17, and 0.32. The mixtures 
were prepared by a gravimetric method, which provided accu-
racy of the compositions of mixed solvent at 0.02 %. 

Quantitative characteristics of the complexing process 
include structure, stereochemistry, stability constants of 
NAG HMCC with ions of copper(II) (HMCC- Сu2+), con-
stants of acid dissociation of NAG, calculated with and 
without taking into account solvation parameters. These 
data were compared with similar data for HMCC of cop-
per(II) with a cellulose complexing fiber (the complexite 
CG [4, 18]) that contains the same functional groups.

The complexites NAG and CG vary by the nature of 
polymeric chains. The matrix of the former is a polyacrylo-
nitrile fiber, the matrix of the latter is the grafted copolymer 
of cellulose and polyacrylonitrile. Properties of the objects, 
used in the present research, are described in [4, 5, 8, 18].
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4. 2. Methods of research into equilibrium of com-
plexation

To solve the task of present study, we applied methods of 
potentiometric titration, infrared spectroscopy, spectrosco-
py of diffuse reflection, and swelling. 

Given the polyfunctionality of the complexite NAG, it 
is rather difficult to establish the structure of coordination 
centers of HMCC and places of localization of coordination 
bond in them. We shall solve this problem using the meth-
od of IR spectroscopy [19], comparing the spectra of the 
complexite and its complexes under the same conditions of 
experiment (solvent, pH of medium, temperature).

The IR spectra of samples of fibers, obtained in the con-
tact of samples of complexite with aqueous and aqueous-di-
oxane solutions of copper(II) salts in the form of pills, were 
examined in the spectrophotometer Specord M80. Time of 
contact between batches of the complexite NAG, pH of the 
solutions, concentration of copper(II) salts met conditions 
for the potentiometric titration of fiber [8].

Potentiometric titration of the complexite, the complex-
ite in the presence of copper(II) chloride, solution of cop-
per(II) chloride, as well as the solution without all specified 
substances (idle experiment) was conducted in the mixtures 
water-DO in a pH range of 2.0–6.0 at I=0.1 mol/l (NaCl), 
T=298.15 K using the method described in [5]. A Solution 
of 0.1 M HCl was used as a titrant. To determine the time of 
establishing an equilibrium of the complexation reactions, 
we controlled pH values and the concentration of copper(II) 
ions in solutions after their contact with the complexite NAG. 
In these experiments, a change in the concentration of cop-
per(II) ions in solutions was determined by a complexomet-
ric method [10] at regular intervals (24 hours, two, three, or 
more days). The time of establishing an equilibrium in the 
system depended on composition of the mixtures water-DO 
and increased with an increase in the dioxane concentration 
in water. These results coincide with similar data in the 
study into protolytic equilibria of the complexite NAG in 
the mixtures water-DO with a corresponding composition 
[8]. After the equilibrium was set, at each point of the curve 
of potentiometric titration, by complexometric method, we 
determined the equilibrium concentration of copper(II) ions 
in the solutions. Accuracy of measurement was ±1 %. 

All the obtained samples of NAG HMCC were colored, 
which allowed us to explore them using the spectra of diffuse 
reflection. The spectra were recorded by the spectrophotom-
eter SP-46 in line with procedure described in [5, 20], taking 
into account the influence of particle dimensions, humidity 
and thickness of the layer of polymeric sample on spectral 
curves [5, 20]. Construction of diffuse reflection spectra was 
reduced to determining relative coefficients of diffuse re-
flection Rd at different wavelengths λ. The data were derived 
from the spectrophotometer with subsequent calculation of 
function F(Rd) at each λ by the Kubelka-Munch equation 
[21]. Thus, dependence F(Rd)=f(λ) is a diffuse reflection 
spectrum of the substance, close to the spectrum of its ab-
sorption in solution [5].

Solvation parameters in water and mixtures – swelling 
(m1, m2), specific volume (Vsp, ml/g) of a swollen polymer, 
were determined in the region of dissociation of groups in 
line with techniques described in [18]. The values of mag-
nitudes m1 and m2 correspond to the content of DO and 
water in g/g of the air-dry sample of a polymer. Solvation 
parameters of NAG and HMCC-Cu2+ (рН 2.0–6.0), spec-
tral measurements (IR-spectra, diffuse reflection spectra), 

as well as processing of experimental data, were carried out 
using techniques described in paper [5]. 

Complexation process is quantitatively described by 
constants (Bn, Kn,st), most often exploring the equilibria of 
reaction of substitution of proton of ligand groups with ion of 
metal (Bn). Calculation of complexation constants (Вn) and 
stability (Kn,st) of HMCC was performed for the equilibria 
of type:

+ - ++ ↔ +2 2 ,  ,n
n nnHL M L M nH B

 
(1)

- + -+ ↔2 2
, .,n

n n stnL M L M K , (2)

where + - ++ ↔ +2 2 ,  ,n
n nnHL M L M nH B and ��L-  are the protonated and deprotonated 

forms of ligand groups. 
Next, the magnitude of stability constant was deter-

mined taking into account magnitudes of constants of their 
dissociation K0: Kn,st.=Вn/K0.

Calculation of acid dissociation constants of groups tak-
ing into consideration solvation parameters was performed 
using the procedure described in [5]. The magnitudes of log-
arithms of stability constants of HMCC-Cu2+ (lgKst1) were 
calculated without taking into account solvation param-
eters. Values lgK*

st1 were computed considering solvation 
parameters of the complexation process.

5. Results of research into equilibria of complexation and 
properties of polymeric complexes

The original experimental data are the curves of poten-
tiometric titration, or isotherms of metal ions sorption by a 
polymer [5, 18]. In both cases, it is necessary to have primary 
information on the concentrations of metal ion absorbed by 
the complexite, ligand groups associated with it, as well as 
pH values in the system at equilibrium.

Example of the curves of potentiometric titration of the 
complexite NAG in a mixture of x=0.32 mol. d. DO is shown 
in Fig. 1. 

 Fig.	1.	Curves	of	potentiometric	titration	of		
the	complexite	NAG	in	the	presence	of	copper(II)	chloride	

solution	in	the	mixture	water-DO	at	x=0.32:	1	–	complexite,	
2	–	complexite	in	the	presence	of	solution	of	copper(II)	salts,	

3	–	solution	of	copper(II)	salt,	4	–	“idle”	experiment

Absorption bands in the spectra of diffuse reflection 
indicate the complexation of copper(II) ions with the com-
plexite NAG (Fig. 3).

Obtained spectra of the diffuse reflection of the com-
plexite NAG in mixtures (Fig. 3) are caused by d–d– tran-
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sitions, by the magnitude of exchange capacity of polymers 
for copper ions (gm) (Fig. 1). The latter is maximal in water, 
decreases in a mixture of x=0.049, changes little with an 
increase in the content of DO, but differs for metals similar 
by ions for HMCC CG [5] and HMCC-Сu2+.

Fig. 2 shows an example of the obtained IR-spectra, in-
dicating the process of complexation of the complexite NAG 
with copper(II) ions.

 
Fig.	2.	IR-spectra	of	HMCC-Сu2+	in	water	(рН	2.5–6.2)	–	(1),	

and	in	the	mixture	water-DO	(рН	3.8–5.7)	at	х=0.32	–	(2)

 
Fig.	3.	Spectra	of	diffusion	reflection	of		

the	complexite	NAG	–	(1),	CuCl2×2H2O	–	(2),	complexes	of	
HMCC-Сu2+	–	(3–6)	at	х:	0.0	–	(3),	0.049	–	(4),		

0.17	–	(5),	0.32	–	(6)	

For a quantitative description of equilibria in complex-
ation and properties of the resulting polymer complexes, it is 
necessary to have information about stoichiometric compo-
sition, the structure of complexes, constants of reactions of 
their formation. The same data are also important for similar 
processes involving ligands of the low-molecular type [2, 16].

Information on the composition of coordination nodes 
of HMCC with copper(II) ions was also received from the 
values of n (Fig. 4). In mixtures for the complexes NAG, 
the magnitudes of n  are smaller than the values of n. In the 
range of pH 2.0–3.5, the values of n and n  are stabilized 
and testify to the formation of coordination centers in the 
complexites of stoichiometric composition М:L=1:1. Calcu-
lation of values for В1 in the equilibrium (1) in the specified 
systems (pH 2.0–3.5) was performed by employing, in 
accordance with the law of acting masses, experimentally 

measured magnitudes of pH, gm, [М2+], as well as calculated 
values [HL] [5].

 
 

Fig.	4.	Formation	curves	of n=f (lg[HL]/[H])	of	complexes	of	
copper(II)	with	the	complexite	NAG,	obtained	without	taking	

into	consideration	solvation	parameters,	in	the	mixtures	
water-dioxane	at	x :	0,0	–	(1),	0.049	–	(2),	0.17	–	(3)	

The calculation of constants was performed by the meth-
od of Bjerrum, modified by Gregor [5]. Obtained results are 
given in Table 1.

Тable	1

Values	of	logarithms	of	stability	constants	of	HMCC-Cu2+	
(lgKst1,	lgK*

st1)	and	solvation	parameters	of	the	complexite	
NAG	and	HMCC-Cu2+	–	swelling	(m1,	m2),	specific	volume	

(Vsp,	ml/g)	in	the	mixtures	water-1.4-dioxan	at	х=0.0–0.32	
depending	on	dielectric	permittivity	ε	of	the	solution	medium

х 100/ε рН
Complexite 

NAG 
HMCC-Сu2+

lgKst1 lgK*
st1

m1 m2 Vsp. m1 m2 Vsp

0.00 1.27
6.51–4.26 
3.83–2.11

– 
–

1.25 
1.75

20.8 
22.1

– 
–

1.15 
1.32

16.8 
18.7

7.7 7.6

0.049 1.62
6.23–4.18 
4.00–2.14

0.54 
0.62

1.15 
1.25

17.5 
19.4

0.47 
0.43

0.85 
0.75

14.8 
16.5

9.7 7.8

0.17 2.78
5.84–3.87 
3.76–2.10

0.75 
0.92

0.55 
0.42

12.4 
18.6

0.55 
0.62

0.38 
0.26

11.6 
14.3

8.4 7.7

0.32 5.24
5.64–3.93 
3.61–2.00

0.95 
1.55

0.72 
0.54

13.5 
27.8

0.66 
0.79

0.27 
0.22

12.4 
21.5

11.1 10.5

Data given in Table 1 indicate that solvation character-
istics of the complexite NAG and HMCC-Cu2+, the values 
of logarithms of stability constants, calculated without 
considering (lgKst1) and with consideration of solvation pa-
rameters (lgK*

st1), depend on the nature of the mixed solvent 
water-DO, in which a complexation reaction occurs.

6. Discussion of results of research into complexing 
properties of the complexite NAG

When samples of the complexite NAG interact with cop-
per(II) ions, the curves of potentiometric titration change 
as compared to the curves of titration of the complexite 
NAG itself. Example of the titration curves (Fig. 1) is given 
for a composition of the mixture water-DO at x=0.32. For 
the complexite NAG, the curves are located at lower pH 
(Curve 1), and during formation of NAG HMCC in the 
range of pH 3.8–6.2 (x=0.17 and 0.32) their pH values be-
come considerably higher (Curve 2). In this case, the swell-
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ing of the complexite NAG in the presence of copper(II) ions 
depending on pH of the solution is significantly less com-
pared to the swelling of samples of the complexite NAG [8]. 

In the spectra of HMCC-Сu2+, compared to the starting 
polymer NAG, new absorption bands appear, or there is a 
change in the position and contour of bands, responsible 
for valence and deformation oscillations of electron-donor 
groups (Fig. 2).

When copper(II) ions are introduced to the complexite 
NAG, in water and in composition of the mixture water-DO 
0.049 m.d. DO, the IR-spectra of the samples demonstrate 
convergence and the blending of frequencies (1700–1600 and 
1550 cm-1) occurs. In this case, an expanded band is formed 
(with a subsequent bathochromic shift) and the absorption 
intensity decreases until it disappears at 900–890 cm-1. 

In the mixtures water-DO at x=0.17, 0.32, m.d., in the 
range of pH values 3.8–6.2, a new broad band appears 
at 900–850 cm-1 due to the convergence of frequencies of 
930 and 900–890 cm-1 (amidoxime and hydroxamic groups).

A feature of the IR spectra of samples of HMCC-Сu2+ 
in the mixtures water-DO is the existence of an absorption 
band of 1150–1130 cm-1, which is typical for the 1.4-dioxane 
cycle. This absorption band occurs due to the solvation of hy-
droxamic and protonated amidoxime groups of the complexite 
NAG by molecules of DO. Probably, as is the case for HMCC 
of the complexite CG [5], a specific solvation of the complexite 
matrix takes place here. The cause of specific solvation of the 
polymer matrix is formation of hydrogen bonds between mole-
cules of DO and the fiber matrix, its functional groups. In this 
case, participation of DO molecules [5, 8] in the formation of 
coordination nodes of NAG HMCC is very likely.

Thus, the obtained results in a combination with simi-
lar data on model low molecular compounds [16] allow us to 
make an assumption about the mechanism of a complexation 
reaction. During interaction between the complexite NAG and 
copper(II) ions in the aqueous-dioxane mixtures, complexation 
proceeds with the participation of hydroxamic groups of the 
complexite in water and mixture at x=0.049, and in the mix-
tures at x=0.17 and 0.32 – in the pH range of 2.2–3.8. 

In the range of pH 3.8–6.2, along with hydroxamic groups, 
at x=0.17 and 0.32, amidoxime groups of the complexite are 
likely to take part in the formation of NAG HMCC. The fea-
tures of spectra of the samples of HMCC-Сu2+ (pH 3.8–6.2) 
do not allow us to draw a conclusion about stereochemistry of 
complexes in fiber.

Thus, spectral studies make it possible to assume that the 
absorption of copper(II) ions by a fibrous complexite occurs 
in line with the complexation mechanism. In this case, a 
nitrogen atom coordinates deprotonated amidoxime groups, 
oxygen coordinates C=O groups of hydroxamic acid, and the 
proton is split off. 

Influence of solvation parameters on the complexation 
process in the examined system manifests itself when ana-
lyzing the magnitudes of swelling (m1, m2), specific volumes 
(Vsp, ml/g) of the complexite NAG and HMCC-Cu2+ in the 
mixtures of water-1.4 dioxane at x=0.0‒0.32 (Table 1). 
During transition from an aqueous system to the mixtures 
at x=0.049, the swelling of the complexite and HMCC-Cu2+ 
decreases. For HMCC-Cu2+, values of Vsp are always lower 
than those of the complexite NAG. These data correlate with 
the values of magnitudes m1 and m2, which correspond to the 
content of DO and water in polymer samples (Table 1).

The formation curves n=f(lg[HL]/[H]) of copper com-
plexes (Fig. 4) are similar to the formation curves of HMCC 

with polymeric ligands of the granular type [3]. The curves 
have a steep slope, which is typically associated with the 
cooperative nature of the process [3, 22]. For the complex-
ite NAG, HMCC in the composition of 1:1 are formed in 
aqueous medium. In this case, attachment of metal ions 
takes place gradually and the shape of curves (they have a 
degree) is identical to that commonly observed for LMCC 
[2, 5, 15]. In other words, for NAG HMCC, coordination 
nodes M:L=1:1 are formed in water. Under these conditions, 
the values of constants В1 were determined at n =0.5. The 
formation curves of HMCC in the mixtures lack gradation, 
the curves have a steep slope, increasing with an increase 
in the content of DO, which indicates cooperativeness of 
the process. In this case, according to data from pH-metric 
titration in the pH range of 3.8–6.2, there forms a mixture 
of complexes of dominant composition ~1:1.5 or ~1:2.5 
(х=0.17 and 0.32, amidoxime and hydroxamic groups), and 
at рН£3.5 – complexes that have a composition of М:L=1:1 
(hydroxamic groups). Considering the above data, the values 
Kst.=В1/K0 (the magnitudes K0 of hydroxamic groups of NAG 
[8]) were obtained for HMCC of the composition М:L=1:1.

Cooperativeness of the complexing process involving 
NAG manifests itself in the presence of DO (x=0.049; 
M:L=1:1). In the mixtures at x=0.17 and 0.32, the shape 
of the curves (Fig. 4) changes and the composition of 
complexes depends on the value of pH. Thus, in the range 
of pH 3.8‒5.8, the magnitude of n increases, reaching the 
values of 2.0‒2.5, then, at рН<3.5, it sharply drops to unity, 
indicating stabilization of the HMCC composition at 1:1.

The changes observed seem to be linked to the transfor-
mation of the structure of coordination nodes that form at 
(pH 3.8‒5.8) (type II) into coordination nodes created at 
pH 2.5‒3.8 (type I). In this case, the former coordination 
nodes (type II), due to a larger content of metal ions in 
the polymer within the specified range of pH, will have a 
high positive charge. The charge is weakly shielded under 
conditions of predominant coordination of metal ion by the 
uncharged amidoxime groups. Then the resulting coordi-
nation nodes will be better solvated by the molecules of a 
non-aqueous solvent component. Probably for this reason, 
the swelling of NAG HMCC is large enough in the mixtures 
at x=0.17 and 0.32 (Table 1).

The values of n and n for NAG HMCC are significantly 
different. These facts are known and were discussed in a 
number of papers using chelation reactions with granular 
and fibrous complexites as an example [3, 22]. It was not-
ed in [22] that a more reliable information is provided by 
magnitude n as a function of n reflects stoichiometry of 
the complex only at low concentrations of metal salt in a 
solution. Under these conditions, there are some excessive 
ligand groups relative to the metal bound to the complex. 
An acceptable concentration of salt was thought to be such 
at which the values of n and n are close. However, authors 
of [22], in spite of the significant differences in the values of 
magnitudes n and n , reported in the paper, applied a Bjer-
rum function of n to calculate the constants of complexation.

Influence of the solvent manifests itself in a change, due 
to its introduction to the internal coordination sphere of the 
complex, in the composition of a complex compound. Thus, 
when participating in the reaction, the solvent is the same 
fully-fledged ligand as acids or bases [2]. Following this pat-
tern, a change in the magnitudes of Kst of the complexes, in a 
transition from one solvent to another, or when changing a 
composition of the mixed solvent, should be determined by 
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the action of chemical and physical characteristics of the me-
dium [2, 5]. In the case of research into protolytic equilibria 
of the complexite NAG, the same tendency is observed [18].

The effect of physical characteristic of the medium in 
a transition from one to another composition of the mixed 
water-aqueous solvent implies that the chemical process in 
the first approximation is reduced to electrostatic interac-
tions. These interactions vary depending on the magnitude 
of dielectric permittivity of the solvent ε (Turyan equation) 
[2, 5]). In the case of solvents, similar in chemical nature, 
there is a linear dependence of the type of magnitudes lgKst 
on 1/ε: = + εlg / .stK a b

It follows from the Irving and Rossotti equation [2] that 
lgKst is linearly dependent on the magnitude x, if the ratio of 
metal ion activity coefficients, ligand and a complex ion in 
water and mixed solvent is close to 1 or proportional to x. If 
a linear relationship = + εlg /stK a b  is satisfied for any arbi-
trary system, then a straightness in the lgKst – х coordinates 
will hold if dependence 1/ε=f(х) is linear.

It follows from Table 1 that the magnitudes of stability 
constants of complexes lgKst1, calculated without taking into 
consideration solvation parameters, will grow in a transition 
from water to mixture at x=0.049, then their values decrease 
in the mixture at x=0.049 and increase again at x=0.32. 
Such dramatic deviations from linearity prove a significant 
influence of the chemical factor on complexes’ stability, 
which is determined by the effects of solvation by compo-
nents of the mixed solvent. Solvation effects are associated 
with solvating capability of components of the mixed solvent 
water-DO relative to metal ions, ligand and complex com-
pound [2]. Then, in the conditionally-universal, universal 
media, dependence lgKst.=f(1/ε) is linear and deviates from 
such in the systems dominated by specific solvation effects.

According to [2], extreme character of change in lgKst 

with an increase in the content of DO (Table 1) is caused by 
the structural features of mixtures (x=0.049), over-solvation 
of particles (x=0.17), restructuring of the coordination cen-
ters of HMCC by introducing to their coordination sphere 
of DO molecules (0.049, 0.32). In this case, a change in the 
magnitude e of the solvent does not noticeably affect the 
lgKst values, although the influence of the latter should not 
be entirely neglected (x= 0.32).

Authors of [2, 5, 8] argue that ions of transient metals, 
in the transition from water to the mixtures water-DO at 
x=0.049, are stabilized with their stability improved. The 
nature of change in the values of lgKst (Table 1) is likely due 
to the increased energy of solvation of metal ions and its 
differences from the complexite with increasing x. The com-

plexes, in which coordination of metal ions occurs through 
an oxygen atom, are typically characterized, following a 
decrease in the magnitude of e, by a sharp growth in the val-
ues of lgKst, which is actually observed in the water-organic 
solvent water=DO at x=0.32.

The obtained values of lgK*
st1 for the resultant complexes 

HMCC-Сu2+ differ from the values of lgKst (Table 1) and the 
character of dependence on 1/ε. Non-linearity of dependence 
lgK*

st1 on 1/ε confirms significant influence of the solvation 
factor, which leads to the effects of particle over-solvation in 
mixtures. Solvation effects in the mixture water-1.4-dioxane 
with a molar fraction of DO at 0.00‒0.17 reduce stability 
of the resulting complexes HMCC-Сu2+. The biggest effect 
of solvation parameters of the complexite is achieved in the 
composition of mixture at 0.32.

In such complex systems, by changing the composition of 
solvent in the mixtures with a wide range of dielectric per-
mittivity (ε) of the medium, it is possible to control proper-
ties of a fibrous complexite. This information is particularly 
useful in the design of techniques for obtaining high-molec-
ular complex compounds with the preset properties. 

A higher stability of HMCC, compared to the aqueous 
medium, in the mixtures makes it possible to predict the 
possibility of applying complexites for purification of DO 
solutions from the impurities of d-transition elements.

7. Conclusions 

1. When the complexite NAG interacts with copper(II) 
ions in the mixture water-1.4-dioxane, complexation occurs 
involving the hydroxamic groups of the polymer. In the 
range of pH 3.8‒6.2, along with hydroxamic groups, in the 
mixtures with a molar share of dioxane at 0.17 and 0.32, the 
formation of HMCC-Сu2+ involves amidoxime groups. The 
character of change in the stability constants of HMCC-
Сu2+ with an increase in the content of dioxane is due to the 
structural characteristics of mixtures, particle over-solva-
tion, restructuring of the coordination centers of HMCC by 
introducing to their coordination sphere the DO molecules.

2. We established the effect of a solvation parameter on 
the composition and stability of the examined complexes 
with copper(II) ions. It was found that solvation effects 
in the mixture of water-1.4-dioxane with a molar share 
of dioxane at 0.00‒0.17 reduce stability of the resulting 
complexes HMCC-Сu2+. The biggest impact of solvation 
parameters of the complexite is achieved in the composition 
of mixture at 0.32.
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