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B cmamuve nposeden 00630p oannvix no Komniexkcooopazosanuto uonoe nukensn (Il), xo-
oanvma (II) u meou (Il) ¢ anuonom AHMAPHOI KUCTOMBL 8 600HO-0P2AHUYECKUX PACHEOpUme-
aax. Cobcmeennvie OanHble CONOCMABIEHBL C PE3YIbMAMAMU, NPUCCOCHHBIMU 6 JIUmepamype
0111 Komniiekcoé QO-memannoe ¢ anuonamu Maneunosoii u saumapuou kuciom. Cocmaé u
YCHMOUYUEOCb KOOPOUHAUUOHHBIX COCOUHEHUII 8 600HO-IMAHOIbHBIX PACMEOPUMENAX ObliU
UCCe006AHbl MEMOOOM NOMEHYuoMempuueckozo mumposanusn. Hccnedosanue énuanua co-
cmaea 800HO-IMAHOIbHO20 PACMEOPUMEIA HA YCIOUYUBOCHb KOOPOUHAUUOHHBIX COCOUHEHUIL
M2 ¢ anuonom anmapnoii Kucnomol, a maxyce na 3nauenusn pK cmynenuamoii ouccoyuayuu
AHMAPHOI Kuciomsl npoeoounu npu uonnoi cune 0,1, komopasa co3oasanace nepxnopamom
Hampus npu memnepamype 298,15 = 0,10 K. Ycmanoenewno, umo ycmoiiuusocmv MOHO-
Nuzanonbix Komniekcos uonos NiZ*, Co?* u Cu** ¢ anuonom anmapmoii Kucnomet ysenuuueaem-
ca ¢ pocmom codeprcanus ymanona 6 pacmeopumene. B 6oonvix pacmeopax uon Cu** oopasyem
fo/1ee ycmoiiuugvle KOMNIEKCHL ¢ AHUOHAMU AHMAPHOIL U MANeuHo60ii Kuciom, ywem uonvt Niz*
u Co*. B pacmeopumene 600a->manon maxoe coomuouienue cOXpanAemcs Onsa KOMNIeKCos
IMUX UOHOB C AHMAPHOU KUC/I0MOI, 00HAKO 6 pacmeopumene 800a-u3onPORAHON YCMOUYU-
éocmb komnaexcos nukensn (1) u kooanvma (Il) ¢ aHmapHoll KUCI0MOIl NPUMEPHO O0UHAKOGA.
Yeenuuenue ycmoiiuueocmu Komniekcos d-wemannoe ¢ anuoHamu MaieuHo6ou u AHMAPHOU
Kuciom 00ycnoeneno decmadunuzayueil 1uzanoa npu nepexooe om 600bl K 600HO-IMAHOAbHHIM
pacmeopumenam. Himenenue 6 conv6amnom cOCMOAHUU TU2AHOA AGNACHICA OCHOGHBIM 8K/A-
00M 6 U3MeHeHue YCMOUYUBOCHU KOMNIEKCO8 d-memannoe ¢ au2anoamu AMuHHO20, 2IUWU-
HAMHO20 U AUEMAMHO20 MUNA 6 600HO-0P2AHUYUECKUX PACMEOPUMEIIAX.

Ki1roueBblie ¢j10Ba: peakInyi KOMIIEKCOOOPA30BaHMs, YCTOMYMBOCTD KOMIIJIEKCOB, HOHBI (-METaIIOB,
CMEIIIaHHbIC PACTBOPUTEIH, SHTAPHAS KUCIOTA
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The paper provides an overview of own data on complexation of nickel (I1), cobalt (1)
and cooper (I1) ions with succinic acid anion in water-organic mixed solvents. Proper data are
compared with data reported in literature for d-metal complexes with anions of maleic and suc-
cinic acids. The effect of aqueous ethanol solvent compositions on the stability of coordination
compounds of M?* with succinic acid anion as well as on pK values of stepwise succinic acid dis-
sociation was carried out by a potentiometric titration at ionic strength of 0.1 maintained with so-
dium perchlorate at 298.15 + 0.10 K. Mono ligand complexes of Ni?*, Co** and Cu?®* ions with
succinic acid anion become stronger when ethanol content rises. In aqueous solutions Cu?* jon
forms stronger complexes with succinic and maleic acid anions than Ni** and Co? ions. In the
studied water - ethanol solution this ratio is maintained for complexes with succinic acid anion,
but a water-isopropanol solvent exerts leveling effect on the stability of complexes of nickel (11)
and cobalt (I1). An increase in the stability of complexes of d-metal with anions of maleic and
succinic acids is due to the destabilization of the ligand with increasing ethanol concentration.
The principal contribution of the changes in the solvation state of ligand is a typical for the stabil-
ity changes of d-metal complexes with amine, glycinate, and acetate type ligands in water-organic
mixed solvents.
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INTRODUCTION

Quantitative account of the solvent composi-
tion influence on the complex formation reactions is
the scientific basis of the selection of the solvent to
obtain new complexes with prescribed thermodynam-
ic properties. The estimation of the influence of
mixed solvent composition on the thermodynamic

solvation parameters of reagents and products (AG,
AH, AS), and the derivation of proper relationships
between their solvation parameters and those of reac-
tion, allow to devise predictive models for complex
formation reactions. Studies of the complex formation
reaction of d-metal ions with amine, carboxylate and
crown-ethers [1-8] as well as molecular complexes of
crown-ether with amino acids and peptides [9, 10]
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have revealed several general rules governing ther-
modynamics of reactions and solvation of the rea-
gents in aqueous-organic solvents. These rules have
shown the possibility of predicting the thermodynam-
ic parameters of complex formations in different me-
dia according to a change in the solvation state of ligands.

The study of complex formations between d-
metal and bioligand in solvents is important to under-
stand an impact of different media on the interactions
in living systems. In particularly a wide practical ap-
plication of succinic acid (fig.1) requires comprehen-
sive study of its interactions in solutions [11].

O

Ho I
\I'(\/\OH

O
Fig. 1 Structural formula of succinic acid
Puc. 1. CrpykrypHas GpopMyna SsHTApHOU KHCIOTHI

Succinic acid anions are capable to forming
coordination compounds with ions of microelements,
which play an important role in the biological pro-
cesses. For this purpose, this paper provides an over-
view of own data on complex formation of Ni%*, Co?*
and Cu?* ions (M?*) with succinic acid anions in wa-
ter-organic mixed solvents [12-16]. Proper data are
compared with data reported in literature for akin
compounds [3, 4,7, 8, 17-22].

DISCUSSION

The effect of aqueous ethanol solvent compo-
sitions on the stability of coordination compounds of
M?2* with succinic acid anion as well as on pK values
of stepwise succinic acid dissociation was carried out
by a potentiometric titration at ionic strength of 0.1
maintained with sodium perchlorate at 298.15 = 0.10 K.
[12-16]. The content of ethanol in mixed solvent was
0.0, 0.1, 0.3, 0.5 and 0.7 mole fractions. Succinic acid
did not dissolve at larger ethanol concentrations. The
stability of coordination compounds was studied at
the ratio M?* : H,L = 1:1. Mathematical treatment of
experimental data was performed using PHMETR
universal software destined to calculate equilibria
with arbitrary number of chemical processes in
solution [23].

The following reactions for a system contain-
ing succinic acid (H:L), M(CIOs), and NaClO, are
supposed: acid-base equilibria of H,L (1, 2), reaction
of M?* with the products of dissociation of succinic
acid (3-5) and with hydroxide ion (6), as well as wa-
ter dissociation (7).

HoL < H* + HL- (1)
HL < H* + L% ()
M?* + HL" < [MHL]* (3)
M?* + L% < [ML] (4)
M?* + 2L < [MLJ? (5)
M?* + OH" < MOH* (6)
H.0 < H* + OH' (7

The pK values of stepwise succinic acid dissociation
reports the Table 1. The pK values for both steps in-
crease monotonically with the increase of EtOH con-
tent in solution.

Table 1
Values of pK for succinic acid dissociation at T =298.15K
and I =0.1 (NaClOs) in aqueous — ethanol solutions [16]
Taonuya 1. 3nayenns pK qucconuanmuu SHTApHON KHC-
gotel npu T = 298,15K u nonnoii cuiie 1 =0,1 (NaClOy)
B BOJIHO-ITAaHOJILHBIX pacTBopuTesx [16]

mol.fr. pK1 pK>
0.0 4.04 £0.02 5.48 £0.04
0.1 4.22+0.05 5.96 + 0.04
0.3 4.73 £0.04 6.02 £ 0.04
0.4 5.05+0.06 6.44 +0.02
0.5 5.17+£0.06 6.57 £0.04
0.7 5.63+0.06 7.00 +0.02

There are no literature data on the values of
hydrolysis constants for M?* (pKwon+) in agueous-
ethanol solutions (eq.6). The yield of MOH" particles
in water did not exceed 1%. Therefore the literature
data pKnion+ = 9.86, pKcoon+ = 8.96 and pKcuor+ = 9.86
[24] obtained in aqueous solutions were used in
PHMETR calculation in H,O-EtOH solvents. We re-
calculated the equilibrium constant for the reaction
(7) at zero ionic strength [25] by equation with one
individual parameter for ionic strength 0.1 and taking
into account the process of water ionization in aque-
ous - ethanol solvents [26]. The mathematical treat-
ment of experimental data showed that the process (4)
prevails at all range of ethanol concentrations. In-
creasing of pH lead to an increase the [ML] species
yield. The maximal yields of [MHL]* and [ML;]*
species were not exceed 3%, which no provides a
possibility to obtain reliable of IgBpmn* and 1gBpiz®
values under these conditions.

Values of 1gBmic), 1gBrcor; and 1gPicuyy at dif-
ferent content of ethanol are given in the Table 2. The
literature data on 1gBniy and 1gBicoy in Water are ra-
ther contradictory. The experimental conditions are
completely consistent with ours only in the paper
[17], but the IgBniy value is given without an error
and it is significantly different from our result. In the
papers [18-22] a nitrate background electrolyte is used.
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Table 2
Stability of mono-ligand complexes of Ni%*, Co?* and
Cu?* ions with succinic acid anion in aqueous — ethanol
solutions at T = 298.15K and | =0.1
Tabauya 2. Y cTOH4MBOCTh MOHO-JIUTAHAHBIX KOMILIEK-
coB nonoB Ni?*, Co?" n Cu?* ¢ aHHOHOM sTHTapHOIH
KHCJO0TBI B BOAHO-3TAHOJIbHBIX PACTBOPUTEIAX IIPU
T=298,15Kul=0,1

X 1
mgtl(.)lt:'. 1gBniL 19B[coLs 19B[cuL
1.96 + 0.06 (,\}6'160‘% ‘;'([)125] 2.9840.02
(NaClOy) [15] 4 (NaClOy) [16]
160 (NaCIO4)| | o5, .03
[17] 2.61[33]
3174002 | (KNOs)[20] 2.59 [34]
0.0 1.50 +0.02
(NaNOs) [18] 3.02+0.01
(KNO3) [21]
3.12 +0.09 (KNO3)
(NaNOs) [0] | 297 0.02 [20]
3 (NaNOs) [18]
1.71 +0.03 3.20 (NaNOs)
(KNO) [20] | 1:80%0.06 [19]
s (NaNO3) [22]
0.1 |2.53+0.04 [15]| 1.87 + 0.04 [15] |3.78 < 0.02[16]
0.3 [3.02+0.04 [15]] 2.67 + 0.04 [15] |5.20 + 0.04[16]
0.4 |3.33+0.04 [15]] 3.20 + 0.04 [15] |6.01 + 0.06[16]
0.5 [15]] 3.65:0.04 3.41+0.06 -
0.7 [15]] 4.23+0.06 3.60 £ 0.02 -

In aqueous solutions Cu?* ion forms stronger
complexes with succinic and maleic acid anions than
Ni?* and Co?* ions. This fact is in the agreement with
the Irving-Williams series (Zn?* < Cu?" > Ni?* > Co?").
In the studied water - ethanol solution this ratio is
maintained for complexes with succinic acid anion,
but a water-isopropanol solvent exerts leveling effect
on the stability of complexes of nickel (I1) and cobalt

(1) [14] (Fig. 2).

0 —r 1 - 1 1 1 1 - 1
o0l 02 03 04 053 056 07
A L i

Fig. 2. Dependenses of the logarithm of the stability constants of

coordination compounds of cooper (1), nickel (2), and cobalt (3)

ions with maleic acids anions [12,13] and cooper (4), nickel (5),

and cobalt (6) ions with succinic acids anions [15,16]

Puc. 2. 3aBrcUMOCTS Jiorapr(Ma KOHCTAHTBI YCTOMYMBOCTH KOOPAH-
HAITMOHHBIX coerHeHni HoHOB Me (1), Hukens (2) u kobasbta (3) ¢
AHMOHAMH MAJIEMHOBOI KUCIOTHI [12,13], noHoB Menu (4), Hukens (5)

1 KoOasibTa (6) ¢ aHHOHAMU SIHTapHOH KUCIOTHI [15,16]

Increase in the content of ethanol in solution
leads to the growth of [ML] complexes stability (Ta-
ble 2.). Aqueous-ethanol solvent has similar effect on
the stability of mono ligand Cu?*, Co?*, Ni?* complex-
es with ethylenediamine [7], as well as with anions of
maleic acid [13], aminoacetic acid [6, 3], acetic acid
[4, 27], and with ammonium ion [8, 5].

That solvent influences solvation and com-
plex formation equilibria of ions and individual mole-
cules is a well known fact. In this way, the reactivity
of each participant strongly depends on the chemical
nature and the composition of mixed solvents. When
the solution medium is a mixture of two or more sol-
vents, the phenomenon of preferential solvation may
take place, in which the solvation shell of the solute
has a composition different from that of the bulk sol-
vent mixture, and models for its calculation have been
proposed [28, 29].

It is noticed, that solvatecomplex of metals
make a basis of coordination chemistry as they are
present at all stages of transformation of complexes of
metals at solutions. The effects of mixed solvent
composition and of the preferential solvation on the
change in the solvation state of metal ions have been
studied in [29 - 32].

Universal interpretation of the coordination
compound stability changes in mixed solvents is the
application of a solvation approach which takes into
account all changes in reagent’s solvation states [28].
Thereby, the influence of the solvent composition
changes on the thermodynamic reaction parameters
and the reagent’s solvation (Z) can be quantitatively
described by the equations:

AtrYr = ArY(s) - AFY(HZO) (8)

AY (2) =Y(2) & - Y(D) Y (Z) (1, 0) (9)
where ArY() and Ay, o) are the thermodynamic pa-

rameters (AG, AH, TAS) of a complex formation reac-
tion, and Y and Y, 0y are the thermodynamic pa-
rameters of reagents solvation in mixed solvent and in
H:O, respectively.

The solvent influence on the reaction thermo-
dynamic parameters changes can be also expressed in
terms of the solvation contributions (A«Y) of all par-
ticipants by the equation:

AxYr= AdY([ML])-ArY (L?)-ArY (M%) (10)

To apply eg. (10), the solvation thermodynamic
parameters of reagents (A«Y(M%), A«Y(L%)) and
complex AyY([ML]) must be known.

The equation (9) and the data of the Table 2
were used to calculate the Gibbs energy transfer val-
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ues form water into water-ethanol mixtures (AxG%)
for the [CuL], [CoL] and [NiL] complex formation
reactions. A complete analysis of the reagents solva-
tion contributions into the AyG’% by the equation (10)
is not possible now due to the absence of A«G° values
for succinic acid anion (A«G°(L%)), and also those for
Co? (AeGP (Co?)). The AG%([NiL]) and A:G%([CoL])
values are close each other form 0.0 up to 0.5 mole
fractions of ethanol (Fig. 3). The value of AyG%([NiL])
is more exothermic than A¢G%([CoL]) at the 0.7 etha-
nol mole fraction.

% 061 02 03 04 05 06 07 08

-2 XEtOH’ mol. fr.

-4

A
-6 1
-8
L)

g 0 )
2

- 3
%L 12
“ 4

Fig. 3. Dependence of Gibbs energy changes for the transfer of
formation reactions of coordination compounds of Ni* (1, 4) and
Co?* (2, 3) ions with maleic acid anion (1 [13], 2 [12]) and with
succinic acid anion (3, 4) [15] from water into aqueous ethanol
solutions
Fig. 3. 3aBucumocTs n3MeHenus sHepruu [ mo60ca mpu mepeHoce
pCakuu 06pa3OBaHHH KOOpAWHAIMOHHBIX COGZ[PIHeHI/Iﬁ HOHOB
Ni%* (1, 4) u Co?* (2, 3) ¢ anuoHOM MasienHoBOH KucioThl (1 [13],
2 [12]) u c aHMOHOM SHTapHOM KUCIOTHI (3, 4) [15] U3 Bozbl B
BOJHO-3TAHOJIbHBIC PACTBOPUTEIN

The Gibbs energy changes for the [NiL] and
[CuL] complex formation reaction and for the Ni?*
and Cu?* ions solvation in H,O-EtOH mixtures are
presented in Fig. 4 and Fig.5. The solvation-
thermodynamic analysis of the cooper acetate (1)
complex formation reaction in aqueous ethanol
showed that the contribution from the acetate ion
desolvation AyG°(Acet) into AxG’% is about 10 kd/mol at
the transfer from water to H,O-EtOH solvent with
0.3 mole fraction of EtOH [27].

In accordance with an additive method it can
be estimate a solvation contribution of the succinic
acid anion as a double contribution from acetate ion
solvation (2A«G° (Acet)). The contributions from the
Ni?* and Cu?* solvation state are not favor to increas-
ing the stability of their complexes with maleic and
succinic acid anions.

n
o
1

, kJ/mol
L 1

0
AG
tr
L
o
1
.
_

-10

2154

-20 T T T T T T T 1
00 0ot 02 03 04 05 06 07 08
X, o MOLT.

Fig. 4. Thermodynamic characteristics of Cu?* complexation with
succinic (L%) and maleic (Y#) acid anions in water-ethanol sol-

vents:1 — AxG® (Cu?*) [29]; 2 — double contribution from acetate

ion solvation (2A+G° (Acet)) assumed as succinic acid anion
contribution;3 — AxG? for [CuY] complex formation [16]; 4 —
AuwG? for [CuL] complex formation [16]

Puc. 4. TepMonuHaMUUECKHIE XapaKTEPUCTUKU KOMILIEKCOOOpa-
3oBanus Cu®* ¢ anuoHamu staTapHol (L2) u ManenHosoit (Y?)
KHCJIOT B BOJHO-3TAaHONBHBIX pacTBopuTessx: 1 — AxGP (Cu?*)

[29]; 2 — ynBoeHHBI CONBBATAIIMOHHBINA BKJI41 alleTaT-noHa
(2AuGP (Acet’)), IPUHATHINA PaBHBIM CONBBATAIMOHHOMY BKJIAJTy
aHWMOHA STHTAPHOMN KUCIIOTHI; 3 — AuGr 11s1 peaximm 06pasoBanHus
komriekca [CuY] [16]; 4 — AyGY% st peakimm 06pa3oBanmst KoM-
wiekca [Cul] [16]

-154
Fig. 5. Thermodynamic characteristics of Ni?* complexation with
succinic (L%) and maleic (Y#) acid anions in water-ethanol sol-
vents:1 — double contribution from acetate ion solvation (2A«G°
(Acet)) assumed as succinic acid anion contribution; 2 — AvG for
[NiY] complex formation [13]; 3 — AvG® (Ni?*) [29]; 4 — AvG® for
[NiL] complex formation [15]

Puc. 5. TepMoarHaMHUECKUE XapaKTEPUCTUKH KOMIIEKCOO0Opa3o-
pauus Ni®* ¢ annonamu aarapHoii (L?°) u ManenHoBoii (Y?) kuc-
JIOT B BOJHO-3TaHOJIbHBIX paCTBOpI/ITCJISIXZI - yZ[BOCHHBIﬁ CoJibBarTa-
IMOHHBIH BKJIaj anetaT-HoHa (2A¢GP (Acet’)) MpUHATHIH paBHBIM
CONbBATALMOHHOMY BKJI/ly aHMOHA THTAPHOMN KUCIOTHI; 2 — AvGr
U1 peakiyu oOpa3oBanys komruiekca [NiY] [13]; 3 — AxG® (Ni?)
[29]; 4 — AuG® st peaktum o6pazoBanus komriekca [NiL] [15]

CONCLUSIONS

It can be assumed that an increase in the sta-
bility of complexes of cooper, cobalt and nickel with
anions of maleic and succinic acids with increasing
ethanol concentration is due to the destabilization of
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