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Processes of Formation of Glycinate Complexes of Iron (I1)
and Iron (111) Under Various lonal Forces of Solution
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Abstract Complexation in the Fe(Il)-Fe(I11)-Glycine-Na(H)CIO,-H,O system at a temperature of 298.16 K, the ionic
strength of the solution 0.1 + 1.0 (NaC104), Cee iy = 0, was studied by the Clark-Nikolsky oxidation potential method
Crey=Crean=1 10% and Cey=1 102+310°%mol/l in the range of pH 0.5-8.0. Experimental curves for the dependence of the
emf of the system on the concentration parameters are obtained: pH, pCrequy, PCreqry, pCL. T calculate the formation
constants of the complexes, the method of successive approximation of the theoretical and experimental oxidative functions
using the Excel program was used. The dependence of the formation constant of the complexes on the ionic strength of the
solution was calculated on the basis of the Debye-Hiickel equation in the program "SigmaPlot-10.0". It is established that as
the ionic strength of the solution increases, the formation constants of the forming coordination compounds decrease.
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1. Introduction

It is known that glycine is a bidentate ligand, it can
coordinate over amino and carboxyl groups and form
homonuclear, binuclear and heteronuclear complexes in
solutions with metal ions. A study of the protolytic properties
of glycine under experimental conditions for the formation
of coordination compounds and the construction of a
diagram of the distribution of ionic forms of amino acids
show that the cation form of glycine (NH;CH,COOH)" is
present in the solution only in admixture with a bipolar ion
(NH3;CH,COO0) * for any pH <4.0, > 4.0 it exists in the form
of a bipolar ion, and at pH> 9.0 - as an anion (NH,CH,COO)
[1-3].

Potentiometric method, at an ionic strength of 0.01 mol/l,
the formation of complexes of the composition [FeL] * and
[FeL,]° (where L -glycinate ion) [4] is established. The
stepwise instability constants are calculated to be 5.0-10°
and 3.0-10™, respectively. In work [5] for the Fell-Felll-Gly
system at an ionic strength of 0.5 mol/l and in the pH range
1.4-10.6, Creqy=Crequy=1-10"; Cgiy=1-10* mol/l shows the
formation of glycinate complexes of iron (lI):
[FeHL(H,0)s]*, (Igp=-0.70+0.04), [FeL(H20).]",
(Igp=6.00+0.02), [Fey(L)s(OH):(H,0)e]* (Igp=3.98+0.02),
[Fe(OH)(H,0)s]" (IgB=-9.50+0.03).

In [6], when studying the role of complex formation and
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impulse current in the process of electrochemical doping of
zinc galvanic coatings with chromium in the zinc (Il)
-chromium (I11) -glycine-water system, it was noted that zinc
(I1) ions coordinate in the test solution glycinate lons not
only through the amino group, but also the carboxyl group,
forming chelate complexes.

It was shown in [7] that when glycinate complexes of
ferric iron are formed at an ionic strength of 1.0 mol/l and a
temperature of 250°C, the following composition is formed:
[Fe(HLY)I™  (IgB=147),  [Fe(HL"),*  (Igp=3.49),
[Fe(HLHAJ* (Igp=0.32).

The purpose of this work is to study the complexation
processes in the Fe (I1) -Fe (l11) -glycine-Na (H) ClIO4-H,0
system at a temperature of 298.16 K and ionic strengths of
the solution 0.1 + 1.0 mol/I. The regularity of the dependence
of the stability constants of complexes on ionic strength can
be established from the change in the activity coefficients of
coexisting ions in solution [8].

2. Experimental

During the experiments, iron (IlI) and iron (II)
perchlorates were used, the initial concentrations of which
were determined by trilonometric and bichromatometric
methods, respectively [9, 10]. The concentration of the
prepared equimolecular mixture of iron perchlorates in two
oxidation states was confirmed by a bichromatometric
method with preliminary reduction of iron (I11) to iron (1)
using a Johnson reducer [11]. The concentration of NaClO,
by the previously purified recrystallization was determined
by the weight method [12, 13]. Chloric acid HCIO, grade
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"hp" was used without pre-treatment. The concentration of
sodium hydroxide was determined by direct titration with a
0.1 M hydrochloric acid solution of HCI from ficsonal
[11, 14].

The method of oksredmetry [9, 15] allows the removal of
the experimental dependences of the electromotive force
(E,mv) on the following concentration variables: pH(-Igh),
PCren(-19Creqin), PCreany(-19Creqny) and pCy(-1gCuy),, where
h is the activity of hydrogen ions, and CHL is the
concentration of glycine. The experimental procedure
consists in measuring the EMF of two galvanic cells I and 1.

Pt/Fe**, Fe**, Gly, H,O//CI", AgCI /Ag(l)
Pt/Fe?*, Fe**, Gly, H,0/glass/0,1n HCl/ AgCl /Ag(Il)

Measurements of the EMF of the galvanic cells were
carried out on an EV-74 ionomer with an accuracy of £1 mV.
The pH value in the solutions under study was controlled by
a glass electrode from the calibration curve, compiled from
the pH values of standard buffer solutions with an accuracy
of £0.05 pH units. The potentials of the silver chloride
electrode and the value v = 2.303RT / F at 298.16 K were
taken from the reference book [10].

3. Results and Discussion

The complexation of iron (I1) and iron (I11) with all forms
of glycine, taking into account hydrolytic processes, can be
represented as:

pFe(H20)62+ +IL+ (I-U)H30++ (U -|-S)H20

= FepH,Li(OH), +(H,0),®" D
qu (H20)63++XL_ '|'(S'k)H3C)+ + (y'X-S)Hzo
=FeqHLx(OH),+(H,0), %Y )

where: p - nuclearity of the complex compound of iron (11); |
is the number of ligands; v is the number of coordinated OH
groups; s is the number of protonated groups in the complex,
q is the nuclearity of the iron (I11) complexes, and Kk is the
number of coordinated OH groups. These particles are basic,
since they all co-exist in the system under study and
influence each other.

According to the theory of the method of oksredmetry, the
experimental dependences of the EMF (E,mV) on the pH of
the solution in the range of ionic forces 0.1 were obtained to
determine the expected composition of the coordination
compounds formed in the system under study, as well as the
values of the basis particles (q, p, s, I, k) + 1.0 mol/l and
different concentrations of iron, which are presented in
Figures 1 and 2.

The shape of the obtained curves indicates that in the
acidic region to pH 3.0, the EMF does not change, hence, the
complexation of iron is absent, then, with an increase in pH,
it begins and goes to pH 8.5.

The concentration of complexing ions depends on the
ionic strength of the solution. The lower the ionic strength,
naturally, the concentration of complexing ions is lower.

Therefore, at lower ionic forces, the onset of complexation
shifts toward an increase in pH. For example, at ionic forces
of 0.1 and 0.25 mol/l (Creqy=Creqy=1-10" and Cgy=110"
mol/l), complexation is absent until pH 2.5, and at ionic
forces 0.5, 0.75 and 1.0 mol / 1 to pH 2.0. At Ceequy = Creqry =
110“and Cg)y=1-10"% and ionic forces 0.1 and 0.25 mol /1 -
up to pH 3.0, and at ionic forces 0.5; 0.75 and 1.0 mol/l to pH
2.0.
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Figure 1. Dependence of EMF on pH in the system:

Fe(I)-Fe(111)-Glycine-Na (H) ClIO4-H,0 at 298.16 K and various values of
the ionic strength of the solution. Cregy=Creqy=1-10"2 and Cgj,=1-10"° mol/l.
The curves refer to the ionic strength of the solution (mol / I): 1 -1.00; 2
-0.25; 3-0.75; 4 -0.10; 5 -0.50
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Figure 2. Dependence of EMF on pH in the system: Fe(ll)-Fe

(I)-Glycine-Na(H) ClO4-H,0 at 298.16 K and various values of the ionic
strength of the solution. Creqiy =Creqy=1-10" and Cg),=1-10* mol/l. The
curves refer to the ionic strength of the solution (mol/l): 1 -1.00; 2 -0.25;
3-0.75; 4-0.10; 5 -0.50

Experimental dependences of E on pH were obtained for
Cre(y=Creany =1-10%; Cgy=3-10" and an ionic strength of
0.25 mol/I (Figure 3). According to the theory of the method
of oksredmetry, the successive formation of linear sections
with tangents of the slope angles equal to 0,-v, -2v, -3v, -2v,
-v, 0 indicates the stepwise complexation of Fe (111) and Fe
(I1). The E-pH dependences allow one to determine the total
number of coordinated ligands around the central ion of the
complexing agent.

Experimental curves for the dependence of EMF on other
concentration parameters (pCox, pCreq, pCL), Which have a
rectilinear character with a definite slope, are obtained. As an
example, we give the dependence of EMF on pC,y (Fig. 4).
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E.mB compounds were determined (Tables 1, 2).
600 To calculate the equilibrium constants, Yusupov's
0 oxidizing function was used [17]. Based on the experimental
. values of the EMF on its dependence on pH, the values of the
500 . .y . .
experimental oxidizing function E were first calculated from
" -3y the equation:
400 (E—EO)
Cre
o f, = C—o‘iexp v ®)
oo N where: E is the experimentally measured value of EDS, E? is
\ the value of the standard EDS, and a = 2.303 RT/F. The
200 \\ theoretical value of f, was calculated taking into account the
established compositions of coordination compounds
100 ' . according to the following equations:
fOT:{he';BlelOflCalhs*'[3210111KlZCa1h4+Blollz|§lca21h3+[310221K
- + i + : : C gt 17Ca1 "1 +B10120K1 "KoCat "h+2-B11224K1 "Cay ['/:e(”')]p}//
P {h6+[501110K1Ca1h5+301220K12Ca12 h4"'2[3022241 ? Goozas™
Figure 3. Dependence of EMF (E, mV) on pH for the cha1h3+2.[311224 K,2 Cyy? [Fe(1)],} 4)
Fe(II)-Fe(III)-Glu-HZO system with C;:e(||)=C|:e(|||) =1'1073, CG|y=?>':|.Or3 and -
1=0.25mol / | E.my
As follows from Figure 4, the curve (2) of the dependence ~ 70¢ 1_ ¥
E-pC,y consists of two rectilinear sections with tangents of e e e
the slope angle -v and -v/2, and the others are characterized 500 1 ¥ . w7
by one linear section with an angular coefficient equal to -v. 1. -V el i — 2
According to the theory of the method, this indicates the 004 0 7 ——t—— 4
formation of mono- and binuclear coordination compounds 1—-04ot0 000000049 -
Fe(l11) in the solutions under study. 1oo
Analysis of the slopes of all the experimental curves 234 242 25 2,58 266 2,74 2,82 2,9 2,98 peoy

obtained made it pos_S|_bIe to constrl_Jct a matrix of vall_Jes Figure 4. Dependence of the EMF (E, mV) on pCFe (Ill) for the
of the angular coefficients [16], with the help of which  re(i1)-Fe(i11)-Glu-H,0 system at T = 298.16 K; 1 = 0.1 and Cgyy = 1 x 10°
the expected compositions of the resulting coordination  mol/l. The curves refer to pH: 1-3.0; 2-4.5; 3-6.0; 4-8.0

Table 1. The experimental values of the angular coefficients of the EMF dependences on the concentration variables of the Fe(I1)-Fe(lI1)-glycine-water
system for Fe(11) complexes at 298.16 K, 1=0.5; Cre(y=Crequy=1-10*and Cgi,=1-10"° mol/l

. The slope of the EMF dependence
The area of The area of formation of

No . . on the concentration parameters Presumptive composition of complexes
a linear section on the scale of pH

pH PCox | PCrea | PCL

1 0.5-2.0 0 - - 0 [Fe(H20)s]*
2 0.5-3.0 v v - v [FeHL(H,0)s]**
[Fe(HL)L(H.0)a]"
3 3.0-3.8 -2v -v \% v, 2v .
[Fe(HL)(OH)(H,0)4]

[Fe(HL): (OH)(H;0)a**
4 4.2-85 -2v, -v -v v v, 2v [Fe(HL) (OH)z(H.0)4]*"
[Fe""Fe"(HL),(OH)4(H,0)]*

Table 2. The experimental values of the angular coefficients of the EMF dependences on the concentration variables of the Fe(I1)-Fe(lI1)-glycine-water
system for Fe(111) complexes at 298.16 K, | =0.5; Creiy=Crequy =1-10*and Cg;,=1-10° mol/I

T £Th £ tion of The slope of the EMF dependence
No o area o] e area ot ormaion o on the concentration parameters Presumptive composition of complexes

a linear section on the scale of pH
pH PCox | PCres | pPCL
1 0.5-2.0 0 - - 0 [Fe(H,0)s]**
2 0.5-3.0 -v -v - v [FeHL(H;0)s**
3 3.0-3.8 -2v -v v v, 2v [Fe(HL),(H20).*
4 3.8-4.2 By | -vvi2 v 2v, 3v [Fea(HL)2(OH)4(H20)6 ]
5 4.2-4.8 -2v -v v v, 2v [Fe""Fe"(HL)2(OH)4(H.0)s]
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2 ={n’+B10110K1Carh*+B10111K1 Cash*™+B10112K1 Cosh®
+B10221K1*Car*1°+2-B11204Ky *Cn [ FE> 1}
{h®+Bo1110K1Cath ™+ Bo1111Ki Carh™+Bor220K1 *Cas*h*

+BorasoKs’® Car’h®+2-Brizes Ko Cat® [ Fe*' T} (5)

Using these equations, stability constants of coordination
compounds of the following composition were determined
for all studied concentrations of iron (lI), iron (111) and
glycine: [FeHL(H,0)s]**, [Fe(HL)L (H,0).]", [Fe(HL)
(OH)(H,0)4]", Fe(HL)(OH),(H,0)3]°, [Fe(HL),(OH)(H,
0),]" - for ferrous iron and [FeHL(H,0)s]*", [Fe(HL),(H,
0).]*", [Fex(HL)(OH)a(H,0)6*", [Fe(HL)(OH)(H,0)]"",
[Fe(HL)s(H,0)5]*, [Fe"'Fe" (HL),(OH)4(H,0)s]" - for ferric
iron. From these equations it follows that in the system
iron (I1) - iron (l) - Gly - H;0 at Crequy=Creqy=110~,
Ceiy=1-107+3-10"% binuclear complexes [Fe,""(HL),(OH)
4(H20)]*" and [Fe'(HL)L'(H,0),]" are formed, and for
Cgy = 1 - 10 mol/l instead of these Particles, coordination
compounds of the composition [Fe'"(HL)s(H,0)s]** and
[Fe'"(HL)(OH)(H,0),]*" are formed.

Further, by the method of iteration of the experimental
oxidizing function with the theoretical, deduced by us taking
into account the composition of the formed coordination
compounds, their formation constants are calculated (Tables
3and 4).

It is established that the ionic strength of a solution affects
the numerical values of the constants of the formation of
coordination particles. When the ionic strength is increased
from 0.1 to 1.0 mole/liter, the logarithms of the formation

constants (IgBgslk) of the complexes (Tables 3-4) gradually
decrease, which is associated with a change in the
activity coefficients, therefore, the concentration-dependent
formation constants also change [8].

In the Fe(ll)-Fe(lll)-Gly-H,O system for Fe(lll)
complexes at the concentration parameters Ceeqy=Creqny
=110 Cg,=1-107, 2:10°, 3-10° mol/l, 4 complexes of the
following composition are formed: [FeHL(H,0)s]*,
[Fe(HL)2(H20)41*", [Fea(HL)2(OH)a(H-0)s]*", [Fe'"'Fe"
(HL)2(OH)4(H,0)6]".With the increase in the ratio of the
ligand (Crey=Creqiy=110" and Cg,=1-10°, 2:10°, 3.10°
mol/l), two others are formed instead of the binuclear
complex: [Fe(HL)(OH)(H,0),J** and [Fe(HL)s;(H,0)s]**,
since the ligand concentration increases.

With increasing pH and glycine concentration, the
stability of the resulting mononuclear complexes increases,
for  example, [FeHL(H,0)s]**  (1gp=2.82+0.02);
[Fe(HL)2(H,0)4* (1gp=5.58+0.04) and [Fe(HL)s(H,0)s]**
(IgB=7.02+0.02). With a change in pH toward the alkaline
region, the concentration of ligands HL increases, which
leads to the formation of more saturated coordination
compounds. The same effect is manifested when the
concentration of glycine increases. The more ligands in the
inner sphere of the complex, the greater its stability.

It is known that the dependence of the concentration
equilibrium constant of coordination compounds on the ionic
strength of the solution is expressed by one of the equations
of the Debye-Hiickel theory [18]:

1gB.= 1gBo+AZ>-ANI/(1+BaN 1)+b | (6)

Table 3. Numerical value of the stability constants of Fe(ll) complexes in iron (I1)-iron (111)-Gly-H,O systems at 298.16 K and various ionic strengths of

the solution, Creqiy=Creqy=1-10"%; Ce1,=1-10" mol/I

The values of the stability constants of complexes (IgBgslk)
Complex The ionic strength of the solution, mol/I
0.10 0.25 0.50 0.75 1.00
[FeHL(H,0)s]* 3.48+0.06 3.42+0.05 3.30+0.06 3.08£0.05 2.88+0.04
[Fe(HL)(OH)(H.0)a]* 0.88+0.06 0.79+0.07 0.57+0.08 0.22+0.04 -0.10+0.04
[Fe(HL)L (H0).]* 9.32+0.07 10.62+0.08 10.59+0.07 10.49+0.08 8.32+0.08
[Fe(HL),(OH)(H,0)s]* 1.72+0.03 1.68+0.03 1.56+0.04 1.44+0.05 1.32+0.07
[Fe(HL) (OH),(H;0)s]° -2.40+0.02 -2.60+0.06 -3.20£0.02 -3.30+0.02 -3.36+0.07
[Fe"Fe"(HL),(OH)4(H,0)s]" | 7.93+0.04 7.86+0.02 7.76+0.03 7.66+0.03 7.56+0.04

Table 4. Numerical values of the stability constants of Fe (I11) complexes of iron(Il)-iron(111)-Gly-H,O system at 298.16 K, Creqiy= Creq=1-10;

Caiy=1-10" mol/l and various ionic strengths of the solution

The values of the stability constants of complexes (IgBqslk)
The ionic strength of the solution, mol/I
Complex
0.10 0.25 0.50 0.75 1.00
[FeHL(H,0)s]** 3.00£0.04 2.92+0.02 2.88+0.05 2.76+0.03 2.64+0.04
[Fe(HL),(H20)41*" 6.30+£0.04 6.24+0.03 6.12+0.10 5.98+0.02 5.86+0.02
[Fea(HL),(OH)4(H,0)6]* -0.92+0.05 -1.02+0.02 -1.20£0.02 -1.24+0.07 -1.32+0.07
[Fe""Fe'(HL),(OH)4(H,0)6]" 7.93+0.04 7.86+0.02 7.76+0.03 7.66+0.03 7.56+0.04
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Table 5. The thermodynamic (IgBo) and empirical (b) constants for Fe(Il) complexes formed in the Fe(ll)-Fe(lll)-glycine-Na(H)CIO,-H,0 system at

29816K, Cpe(|||):CFe(||):l '10-3 and C(3|y =1 103 mol/l

Calculated values
12Bo b
No Complex According to the by According to the
by graphic program. hi program.
«SigmaPlot-10.0» | 9"#PNC 1 SigmaPlot-10.0»
1 [FeHL(H,0)s]* 2.96 351 -1.20 -0.36
2 [Fe(HL)(OH)(H,0)4]* 0.70 0.95 -0.70 -0.52
3 [Fe(HL)L (H,0)4]" 10.05 8.55 -0.16 -9.57
4 [Fe(HL)(OH) (H,0)s] 1.32 1.76 0.58 -0.09
5 [Fe(HL) (OH)2(H,0)]° -2.50 -2.08 -1.28 1.58
6 [Fe"Fe"(HL),(OH)4(H-0)]* 7.48 7.97 -0.50 0.03
[ 'g _ .!xlah'f 12 IBE
g (- 141,647 n/)_,'—b—\n\.
124
8 2
—. . ) 4
- 1 '
| + - i b 4 -— 1
4+ :‘_ - - 4
_»—-.___,i._____‘_x_' 0 —— —— .
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Figure 5. Dependence of the formation constants of complex compounds Fe (I1) on the ionic strength of solution (I) mol | in the system: Fe (I1) -Fe (111)
-glycine-Na (H) ClO,H,0, 298.16 K, Creqy=Creqy=1-10° and Cg)y =1:10° mol/l. The curves refer to complex compounds: 1-[FeHL(H,0)s]*",

2-[Fe(HL)L'(H,0)]",  3-[Fe(HL)(OH)(Hz0)]", 4-[Fe(HL)2(OH)(H.0)T",
Debye-Hiickel equation; b) under the program "SigmaPlot-10.0"

AZ* AT
14L&

Igh. -

5-[Fe(HL)(OH)o(H;0)s]’, ~ 6-[Fe"Fe"'(HL),(OH)s(H;0)e]"; @) by the

Igp

a)

Dependence of the formation constants of Fe (IIl) complexes on the ionic strength of solution (I) mol/l in the system:

Figure 6.

L—_‘A———*———a—__a3

010, 02 050 075 10 g

b)

Fe(I1)-Fe(l11)-glycine-Na(H)CIO,-H,0, 298.16 K, Creqy=Creqy=1-102and Cgy=1-10" mol/l. The curves refer to complex compounds: 1-[FeHL(H,0)s]*,
2-[Fe(HL)2(H,0)4*", 3-[Fex(HL),(OH)4(H,0)6]*", 4-[Fe"'Fe"(HL),(OH)4(H20)s]*; a) by the Debye-Hiickel equation; b)under the program "SigmaPlot-10.0"

where: A and B are constants, for aqueous solutions at 25°C,
A = 0.509 and B = 0.328; Az’ is the algebraic sum of the
squares of the ion charges, | is the ionic strength of the
solution, b is the empirical constant characterizing the
change in the dielectric constant of the medium near the ion;
A-variable parameter equal to the average effective diameter

of the hydrated ion, expressed in angstroms (a = 0.49 nm =
4.9 Angstroms), o is the thermodynamic constant, B¢ is the
concentration constant of complex formation.

On the basis of equation (6), a dependence is constructed
on the ionic strength (1) of the solution (Figures 5, 6, a). The
resulting straight lines, when extrapolated to | = 0, give the



American Journal of Chemistry 2017, 7(2): 58-65 63

segments on the ordinate axis numerically equal to 1gB,. The
angular coefficient of the obtained curves made it possible to
determine the value of the empirical constant b of equation
(6), which are given in Table 5.

In the studied system, the calculated values of the
empirical constant (b) take negative values for all the
complexes formed (except for [Fe(HL),(OH)(H,0)s]"), so
equation (6) takes the following form:

lgBc=1gBotAZ* AN 1 /(1+1.6 1) -b1  (7)

Taking into account the calculated values of the constants,
the following equations correspond to the complex
compounds formed according to equation (6):

[Fe"HL(H,0)s]?": 19Bc=2.96+3.05 1 / (1+1.6 4 1)-1.2-1 (8)
[Fe'(HL)(OH)(H,0)4]": IgBc=0.70 + 1.527 I / (1+1.6

)-0.7-1 ©)
[Fe"(HL)L (H,0)4]": IgBc = 10.05 + 1.527~/ 1 / (1+1.6
1)-0.16-1 (10)

[Fe"(HL),(OH) (H,0)s]": IgBc=1.32 + 1.527 1 / (1+1.6
1)+0.58- | (11)

[Fe"(HL) (OH),(H,0)3]% IgBc = -2.5 + 1.018 V I / (1+1.6

)-1.28- (12)
[Fe"Fe"'(HL),(OH)4(H,0)6]" : 1gBc = 7.48 +1.527 1 /
(1+1.6 1)-0.50- | (13)

[Fe""HL(H,0)s]*": 1gBc=1.64+5.599 ~/ I / (1+1.6 I)-1.2-1
(14)

Table 6.

[Fe"(HL),(H20)4]*": 1gBc = 4.86 + 5.599 4 | / (1+1.6
1)-1.2-1 (15)
[Fe,"'(HL),(OH)4(H,0)6]*":1gBc=-1.50+ 3.05 I / (1+1.6 4
1)-1.4-1 (16)

It follows from Eqgs. (8-16) that the quantity representing
the interionic distance (A = 0.509) remains constant, Az’
varies depending on the charge of the complex particle, and
these equations differ in the values of the thermodynamic
constants (IgBo) of complex formation and the empirical
constant (b).

Calculations and statistical processing of constants were
carried out using the program "SigmaPlot-10.0" (Fig. 5b, 6b,
Table 5). The obtained dependences are described by the
equation:

f=y+ax+b-x? (17)

Values of the logarithm of the thermodynamic constants
(1gBo) of the resulting coordination compounds obtained by
the two methods (Table 5) are consistent. The values of the
constants of the third complex [Fe (HL)L™ (H,0),]" differ
from each other, which can be explained by the extreme
nature of the curve as a function of the ionic strength (1) of
the solution, i.e. First there is an increase in the curve, which
reaches a maximum to an ionic strength of 0.5 mol/l, then a
decrease to an ionic strength of 1.0 mol/l. The values of the
empirical constant (b) of equations (8-16) are consistent
among themselves within the error of the calculation
method.

The values of the concentration constants for the formation of Fe(ll) complexes are of the following composition: [FeHL(H;0)s]*,

[Fe(HL)(OH)(H20).]", [Fe(HL)L (H,0).]" of System: Fe(I1)-Fe(l11)-glycine-Na(H)Cl10,-H,O at 298.16 K, Creny =Crean=1-10" and Cg,,=110% mol/i (I -
(1) (1) y

calculated by the equation, II - found experimentally)

The values of the formation constants of 1gfc
No | The ionic strength of Complexes
the solution, mol/| [FeHL(H,0)s]** | [Fe(HL)(OH)(H.0)]" | [Fe(HL)L (H,O)]*
| 1 | 1 | 1
1 0.10 3.48 3.48 0.95 0.88 10.30 9.32
2 0.25 3.51 3.42 0.95 0.79 10.40 10.62
3 0.50 3.37 3.30 0.86 0.57 10.40 10.59
4 0.75 3.17 3.08 0.73 0.22 10.50 10.49
5 1.00 2.93 2.88 0.59 -0.10 10.40 8.32

Table 7.

The values of the concentration constants for the formation of Fe(ll) complexes are of the following composition: [FeHL(H,O)s]*,

[Fe(HL)(OH)(H,0)4]", [Fe(HL)L(H,0)]"* of System: Fe(I1)-Fe(l11)-glycine-Na(H)ClO,-H,O at 298.16 K, Creqiiy=Creqy=110" and Cgiy=1-10" mol/l (I -

calculated by the equation, Il - found experimentally)

The ionic The values of the formation constants of 1gfc

strength of Complexes

the solution, | [Fe(HL),(OH)(H;0)s]* | [Fe(HL)(OH)2(H.0)s]° | [Fe"Fe"(HL).(OH)4(H:0)]*
mol/l I I I | T
0.10 1.58 1.72 241 -2.40 7.75 7.93
0.25 1.60 1.68 -2.54 -2.60 7.78 7.86
0.50 1.54 1.56 -2.80 -3.20 7.74 7.76
0.75 1.44 1.44 -3.09 -3.30 7.66 7.66
1.00 1.33 1.32 -3.39 -3.36 7.57 7.56
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Table 8. The values of the concentration constants for the formation of Fe(lll) complexes of the composition: [FeHL(H,0)s]**, [Fe(HL)(H,0)4]*" of
System: Fe(ll) -Fe(lll)-glycine-Na(H)CIO,H,O at 298.16 K, Creuiy=Creqy=1103 and Cg,=1-10* mol/l (I-calculated from the equation, Ii-found

experimentally)

The values of the formation constants of 1gfc
No The ionig strength of the Complexes

solution, mol/l 1 [FeHL(H,0)s]*" [Fe(HL)(H0)s1*"

| 1 | 1
1 0.10 2.70 3.00 5.92 6.30
2 0.25 2.90 2.92 6.12 6.24
3 0.50 2.90 2.88 6.12 6.12
4 0.75 2.77 2.76 5.99 5.98
5 1.00 2.59 2.64 5.81 5.86

Table 9. The values of the concentration constants for the formation of Fe(l11) complexes are of the following composition: [Fe,(HL)2(OH)4(H,0)s]*,
[Fe"'Fe"(HL),(OH)4(H,0)s]* of System: Fe(ll )-Fe(l11)-glycine-Na(H)ClO4-H,0 at 298.16 K, Creqiy =Creqy=1-107 and Cgyy =1-10° mol/l (I-calculated

according to the equation, Il-found experimentally)

The values of the formation constants of IgBc
No The ionic strength of Complexes
the solution, mol/l [Fea(HL)2(OH)4(H20)6]** [Fe""Fe"(HL)(OH)4(H,0)e]*
I 1l I I
1 0.10 -0.99 -0.92 7.75 7.93
2 0.25 -1.00 -1.02 7.78 7.86
3 0.50 -1.19 -1.12 7.74 7.76
4 0.75 -1.44 -1.24 7.66 7.66
5 1.00 -1.73 -1.32 7.57 7.56
The constants of the formation of coordination
compounds, calculated from the experimental data obtained
by the iteration method and calculated with the help of the REFERENCES

corresponding equations (8-17), and also using the program
"SigmaPlot-10.0" are in good agreement (Tables 6, 7, 8, 9),
which indicates the reliability of the results obtained.

4. Conclusions

Thus, the complexation in the Fe(ll)-Fe(l11)-Glycine-Na
(H)CIO4-H,0 system at 298.16 K, the ionic strength of the
0.1 + 1.0 (NaC10,) solution in the pH range 0.5-8.0 was
studied by the oxidation potential method. By the method of
iteration of the experimental oxidizing function with the
theoretical according to the Excel program, the compounds
and regions of existence of complex compounds found by
the oxidation potential method were confirmed and the
formation of complex compounds not achieving dominance
was established. The regions of their existence are
determined by pH and concentration constants of formation
are calculated. The thermodynamic formation constants are
calculated using the corresponding Debye-Huickel equations
and using the program "SigmaPlot-10.0". The constants of
the formation of coordination compounds are in good
agreement with each other, which indicates the reliability of
the results obtained. From the data of the formation constant,
it follows that as the ionic strength of the solution increases,
the formation constants of the complex compounds formed
decrease.
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