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THE STUDY OF THE COMPLEX FORMATION OF THE COPPER(II)
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SPECTROSCOPY METHODS WITHIN WIDE RANGE
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The complex formation of the copper(II) ion with salicylic acid by means of
the EPR and UV-Vis spectroscopy methods has been studied under standard
conditions within pH 4.0–10.2 values. It has been shown that in the pH 4.0–5.5
acidic media the I type complex is formed, in which the Cu2+ ion is connected with
two salicylic acid ligands H2Sal and two water molecules, when in the pH 7.5–10
alkaline media the type II complex is formed, in which the Cu2+ ion is connected
only with two salicylic acid anions Sal2–. By means of the EPR and UV-Vis
spectroscopy methods it has been also estimated that the ligand field of the type I
complexes is strengthener than that of the type I complexes.
Keywords: copper(II) ion, salicylic acid, complex formation.

Introduction. In the present article the complex formation of the copper(II)
ion with salicylic (2-hydroxybenzoic) acid by means of the EPR and UV-Vis
spectroscopy methods has been studied in an aqueous medium within wide range
of the pH values. The copper(II) ion as well as salicylic acid C6H4(OH)COOH
(H2Sal) are essential compounds for the human organism, fulfilling numerous
biochemical roles [1–3]. Salicylic acid itself and substituted salicylic acids –
compounds with mixed function, cause great interest owing to their ability to form
various complexes with metal ions (especially d-elements ions), which retrieve
wide application in different fields of industry and medicine [4–7]. Issuing from
this aspect the modeling of these two substances for the synthesis of complexes in
aqueous medium within wide range of the pH values as well as the determination
of their structures were the goal of our study.
The salicylic acid, being dibasic acid, in the acidic and neutral aqueous
solutions is present in the molecular state H2Sal. In alkaline medium the hydrogen
atoms of carboxyl and phenolic groups segregate and double charged anion
[C6H4OCOO]2–(Sal2–) is formed. Metal salicylates of the М(HSal–)n coordination
types will be formed in neutral and weak acidic media, and correspondingly
М(Sal2–)n will be formed in alkaline solutions [5].
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Note that the studies on complex formation of different “vital metal” ions,
including also copper(II), especially with organic and biological ligands (including
salicylic acid and its derivatives) were carried out for a long time [3–5, 8, 9]. The
appearance of various spectroscopic methods of investigation in chemistry fostered
rapid and accurate revealing of the composition and structure of intermediate and
complex compounds of different donor-acceptor systems. We had also carried and
carry now the studies of the complex formation in aqueous and mixed aqueousorganic media between metal(II) ions of first transition row (Cu2+, Co2+, Ni2+ et al.)
and ligands of the different composition and structure (amines, aminoalcohols,
aminoacids, aromatic oxyacids) [10–12]. Aiming to receive new comparative data
we have performed the study of the complex formation of the Cu2+ with salicylic
acid in an aqueous medium within pH range 4.0–10.2 by means of EPR and
UV-Vis spectroscopy methods.
Experimental Part. “Pure for analysis” grade СuCl2·2H2O and “chemically
pure” salicylic acid were used to prepare aqueous solutions. The studies were
carried out at standard temperature and within рН 4.0–10.2 range. The acidity of
the solutions has been regulated by adding required quantities of potassium
hydroxide. The pH values of aqueous solutions have been measured using
JENWAY 4330 instrument.
EPR-spectra have been registered by РЭ-1301 (Russia) instrument within 3 cm
wavelength range using 100 KHz high frequency modulation. Relative concentrations of copper(II) ions have been determined by means of double integration of
EPR spectra.
UV-Vis spectra have been registered by SPECORD M40 and Analytic Jena
SPECORD 50 spectrometers. Quartz cuvettes (1 cm in thickness) were used for
measurements, twice-distilled water was used as reference solution. The cuvette
temperature was maintained stable – temperature deviations did not exceed ±0.1ºС.
Results and Discussion. EPR spectra of Сu2+–salicylic acid complexes in
the aqueous media pH 4.0–10.2 range are presented in Figs. 1 and 2.
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Fig. 1. EPR spectra of Cu2+–salicylic acid
complexes at different pH values:
a – 4; b – 4.5; c –5.5; d – 6.0; e – 6.5.
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Fig. 2. EPR spectra of Cu2+–salicylic acid
complexes at different pH values:
a – 7.5; b – 8.5; c – 9.5; d – 10.2.
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Fig. 1,a is control EPR signal of the hydrated Cu2+ without salicylic acid at
pH 4.0, the rest spectra (b–e) are with ligands. Fig. 1,а presents by itself mainly the
singlet, arising from unpaired electron 3d9 configuration. At pH 4.5 (Fig. 1,b) ultrathin structure (UTS) arises, due to the interaction of an unpaired electron with its
nucleus, which spin (I) equals 3/2. And since the number of ultra-thin interactions
equals 2n I + 1 (in our case n = 1), so their number must equal 4. Really just four
UTS components were observed in EPR spectrum (Fig 1, b–e), which is connected
with formation of the Cu2+–salicylic acid complexes. A detailed analysis of the data
obtained, carried by means of double integration method shows that with increase
of pH values from 4.0 to 5.5 the relative concentration of copper(II) ions as well as
complexes formed in the system increases almost linearly (Fig. 3), and further
increase in pH higher that 5.5 leads to decrease in their relative concentrations and
causes the changes of EPR spectra shape (Figs. 1 and 2). At pH 7.5–10.2 the shape
of EPR spectra does not change, as well as do not change the relative
concentrations of Cu2+ ions (Fig. 3).
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Fig 3. The dependence of relative concentration of
Cu2+–salicylic acid complexes on the pH values
according to the EPR spectroscopy data.

Issuing from the experimental results obtained by us and accounting also
literary data [8, 9], it has been stated the formation of the two types of complexes:
type I within pH 4.0–5.5 range and type II within pH 7.5–10.2 (Fig. 4).
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Fig. 4. The structures of Cu2+–salicylic acid complexes of types I and II.
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The values of UTS constants in EPR spectra in the studied pH range also
indicate the formation of the two types – I and II, at the given pH 4.0–5.5 and pH
7.5–10.2 ranges, i.e. in the acidic and alkaline media (Fig. 5).
As it is evident from the Fig. 6, at 4.0–5.5 the value of UTS constant is
approximately 56 G, and at pH  7.5 it is correspondingly 68 G. Such changes in
the values of UTS constant depending on the medium pH values, which are in
correlation with the relative concentrations of the studied complexes, approve the
formation of I and II type complexes. In the type I complex Cu2+ ion coordinates
with two HSal– anions and two Н2О molecules (Fig. 4). In the alkaline medium
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(pH 7.5–10.2), owing to lack of free orbitals in the Сu2+ ion, water molecules do not
enter into the first coordination sphere of the complex, though the removal of the
water molecule proton increases together with increase of pH values. Connected
with the stated, the structure of the type II complex may be presented as a result of
coordination
of Cu2+ ions with two anion ligands of salicylic acid Sal2– (Fig. 4).
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Fig. 5. The dependence of UTS constant of EPR
spectra of Cu2+–salicylic complexes on
the pH values of the aqueous medium.

The circumstance that ligand field in the type II complex is more powerful
than that in the type I complex serves as additional proof which witnesses for benefit
of suggested interpretation of the structures of obtained I and II type complexes. It
has been estimated by EPR and UV-Vis spectral data, presented in Fig. 6, a and b.
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Fig. 6. EPR (а) and UV-Vis (b) spectra of the Cu –salicylic acid complexes
at pH 5.5 (1) and 7.5 (2).

The imposed EPR spectra of the complexes investigated under pH 5.5 (1)
and pH 7.5 (2) are presented in Fig. 6,a. One can see that the EPR signal of the type II
complex (pH 7.5) is shifted to the right, to the higher values of magnetic field
compared with the type I complex (pH 5.5). Besides, it is evident that the value of
UTS constant for the type II complex is higher than that for the type I complex.
A special investigation has been carried out by means of UV-Vis
spectroscopy method aiming to obtain additional approval witnessing about
the increasing of ligand field in the type II complexes. The UV-Vis spectra of
Cu2+–salicylic acid complexes of both types are presented in Fig. 6,b. One can
mark that for the type II complex (pH 7.5) compared with the type I (pH 5.5)
a short-wavelength shift of the absorption maximum exists. If for the sample with
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pH value 5.5 the main adsorption maximum corresponds to the =401.1 nm, the
same maximum for the pH 7.5 sample is shifted to the left by 5.1 nm and equals
=396.0 nm. In the visible part of the spectrum the short-wavelength shift can be
observed more legible: for the sample under pH 5.5 absorption maximum is
observed at =743.5 nm, while for the sample under pH 7.5 it is shifted to the left
by 27.7 nm (=715.8 nm).
Thus, the results obtained by means of EPR and UV-Vis spectroscopy
methods witness that the ligand field in the type II complexes is more powerful
compared with the type I complexes. At the same time these results approve the
correctness of our interpretation about the composition and structure of the
obtained type I and type II complexes between copper(II) ions and salicylic acid in
aqueous medium under various pH values.
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