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During investigation of the formation of Cu(II) complexes with D-sorbi-
tol in alkaline solutions (11.0 < pH < 14.0) by means of direct current
polarography and VIS-spectrophotometry (20 °C, I = 1.0), the possibility
of the formation of four complex compounds was shown. Under condi-
tions of ligand lack the dinuclear complex Cu,Sorb is formed (|Og[3CuZSOrb =
= 40.7 = 0.3). Under conditions of ligand excess (10 times and higher),
depending on pH and ligand concentration, three complex compounds
are formed, namely CuSorb(OH)Z, CuSorb,(OH)* and CuSorb,(OH);
with the logarithms of stability constants 17.9 = 0.3, 20.1 = 0.2 and
21.2 = 0.2, respectively. The diffusion coefficients and optical characteris-
tics of the Cu(II)-D-sorbitol complex species were obtained.
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INTRODUCTION

The acidic behaviour (deprotonation) of D-sor-
bitol was investigated only in a few works suggesting

The complexes of polyols with different cations ha-
ve a considerable biological, technological and ana-
Iytical importance [1]. D-sorbitol (D-glucitol) repre-
sents an important stereoisomer of hexytol having
the general formula of CH O, (Scheme).

It is generally agreed that D-sorbitol adopts a
bent chain (sickle-shaped) conformation resulting in
disruption of hydrogen bonding of the solvent in
aqueous solutions [2].

* Corresponding author.
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deprotonation of one OH-group of polyol [3, 4].
The pK,, values obtained (pK, = 13.14 [3] and
pK,, = 13.00 = 0.13 [4]) show the deprotonation pro-
cess occurring at rather high alkali concentration,
but in the same pH range characteristic of stereoi-
somer of D-sorbitol, e. g D-mannitol [5-8].
Complex formation equilibria between polyols and
boric acid are used for separation and determina-
tion of polyols, e. g D-sorbitol and xylitol, in mul-
ticomponent mixtures by isotachoelectrophoresis [9].
It was previously found that B(OH),” forms 1 : 2
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Scheme 1. Fischer formula for D-sorbitol.

complexes with the double-deprotonated anion of D-
sorbitol, the stability constant logarithm value being
4.5 [10].

Most of the not numerous data on the forma-
tion of D-sorbitol complexes with transition and he-
avy metal ions are qualitative, i. e. except the com-
position of the complexes formed, no information is
presented about the stability constant values of the
complexes and the complexation level of metal ions
in D-sorbitol solutions.

The d.c.-polarographic behaviour of transition and
heavy metal ions in alkaline solutions (1 mol/l KOH)
of D-sorbitol (0.5 mol/l) is described in [11]. From
the values of the half-wave potentials and the pola-
rographic curves, authors found that many metal
ions, such as TI(I), Cu(Il), Co(1I), Mn(II), Pb(II),
Zn(1I), Cd(II), Fe(II), Sb(IIl), Fe(II), Bi(IlI),
U(VI), V(V) and Cr(VI), yield well expressed, repro-
ducible and well developed reduction waves which
could be utilized for their polarographic determina-
tion. The anodic waves were observed for multiva-
lent cations such as Mn(Il), Fe(II), As(III) and
Sb(III). The discussion about possible formation of
metal ions hydroxy-complexes is absent in the pre-
sent study, whereas hydroxy-complexes of Pb(II),
Zn(1I), Cu(Il), etc. are well known [12-15]. Thus,
no clear evidence of metal ions—D-sorbitol complex
formation, except manganese(Il)-D-sorbitol system
(see below), is given in the study [11] mentioned.

In the same work, complex formation between
manganese(Il) and D-sorbitol was studied polaro-
graphically in detail, using the ligand displacement
reaction between Mn(II)-EDTA complex and D-
sorbitol in deaerated 1M KOH solutions. The
Mn(II) : D-sorbitol ratio was found to be 1 : 2, the
calculated stability constant being 1.94 x 10'¢ [11].

Other studies have also shown that the presence
of D-sorbitol significantly increases the stability and
solubility of the +2, +3 and +4 oxidation states of
manganese in aqueous alkaline solution [16, 17].
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Addition of D-sorbitol was shown to enhance the
catalytic activity of manganese for the oxygen-alkali
pulping process of paper manufacture due to an ef-
fective increase in the solubilization and activation
of molecular oxygen by the manganese—D-sorbitol
complexes [16].

Investigation of Pb(Il) interaction with D-sorbi-
tol in 1M NaOH solutions was carried out with the
aid of Pb amalgam electrode [18]. The logarithm of
the equilibrium constant of the reaction (where L is
D-sorbitol):

Pb(OH); + L - PbL(OH); (1)

was determined. The value of logk = 2.88 shows a
rather weak interaction of Pb(II) hydroxy-complex
with D-sorbitol, but stronger than with D-mannitol
(logk = 2.25) [18].

Thin-layer ligand exchange chromatography [19]
and microcalorimetry [20] were used for systematic
studies of the stabilities of the complexes formed
between alditols and lanthanide cations. Reactions
of a series of trivalent lanthanide cations (La to
Tb) with xylitol and D-sorbitol were studied, sho-
wing that the stability constants of the alditol com-
plexes were the largest with Nd** and Sm?*, all the
stability constants calculated being smaller than 10°
[20].

Complex formation of iron(III) with D-sorbitol
was investigated in several studies. Complexes of
Fe(III) with D-sorbitol in alkaline solutions have be-
en investigated by EXAFS spectroscopy [21]. In the
authors’ opinion, the results obtained strongly sup-
port the formation of a mononuclear complex at
pH 14, a dinuclear complex at pH 13 and oligo-
nuclear species at pH 10-13 [21]. Polymeric Fe(III)-
D-sorbitol complexes are also documented [22, 23].

When investigating the oxidation of D-sorbitol
by Cr(VI), the EPR measurements showed that fi-
ve- and six-coordinate oxo-Cr(V) intermediates with
D-sorbitol were formed, with the alditols acting as
bidentate ligands [24]. Cr(V) complexes were found
to be stable enough to remain in solution for seve-
ral days to months.

In a polarimetric study of the WY-D-sorbitol
complexes, a mononuclear hydroxy-complex,
[WO(OH)(CH,,0,),]I, was found at a higher pH
(up to 11.5) and two dinuclear complexes at pH <
< 9.5 [25]. The values of the formation constants of
the Mo"! and WY! complexes of various alditols ob-
tained by potentiometry are summarized in [1]. From
the data presented we can see that D-sorbitol com-
plex is stronger with WY than with Mo"', the values
of the formation constant logarithms being 19.26 and
16.90, respectively [26].
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Although the ability of polyols to dissolve Cu(II)
hydroxide in alkaline solutions has been known for
many years, data on Cu(Il) interaction with D-sor-
bitol are not numerous.

Hexadecanuclear Cu(II) complex with multidepro-
tonated D-sorbitol was synthesized on concentrating
aqueous solutions of the composition LiOH :
: Cu(OH), : D-sorbitol in the molar ratio 1 : 2 : 1
in the form of monoclinic, blue crystals of the same
stoichiometry [27]. In the compound obtained -
Li[Cu, (D-SorbH ,),(D-Sorb1,2,3,4H ), — half of the
D-sorbitol ligands are completely deprotonated, and
the other half of the D-sorbitol ligands are present
as tetraanions, in which four neighbouring hydroxy-
groups have been deprotonated [27]. The structure
of the complex mentioned is discussed in the same
work.

The possible structure of Cu(Il) complex with
D-sorbitol was discussed in [28]. With reference to
BC NMR signals broadening of C-1,2,3,4, author
suggested dinuclear Cu(II) complex formation with
one alditol molecule, D-sorbitol acting as a tetra-
dentate ligand. On the grounds of chemical analysis
data and EPR measurements, formation of similar
dinuclear Cu(II) hydroxy-complex with deprotona-
ted D-sorbitol of the formula Cu,L(OH)Na - 6H,O
was suggested [29]. Light absorption maximum of
the solutions of the latter compound at pH 11.7
was found to be at 642 nm. The EPR parameters
of the Cu(Il) complexes studied are presented [29].

Additionally, it should be mentioned that hexy-
tols can be oxidized by molecular oxygen in aque-
ous alkaline solutions containing Cu(lI) ions, the
products formed at 50 °C in 0.5 mol/l NaOH being
sodium formiate and glycolate [30]. Therefore, to
exclude possibility such kind oxidation, the experi-
ments in our work were carried out in ten minutes
after mixing reactants, e. g Cu(Ill) and D-sorbitol.

Data on the composition and stability of cop-
per(I) complexes with D-sorbitol (especially under
conditions of D-sorbitol excess) are not numerous,
if any. Therefore the aims of the present study were
a detailed investigation of Cu(Il) complex forma-
tion with D-sorbitol in a wide pH range in solutions
containing different concentrations of D-sorbitol and
determination of the complexation level of copper(II)
ions in alkaline solutions of D-sorbitol, as well as
comparison of the results with those obtained for
Cu(II)-D-mannitol system.

EXPERIMENTAL

Investigations were carried out by means of d.c.-
polarography, vis-spectrophotometry, “C NMR at
20 °C. The main experiments were performed at a
constant ionic strength (/ = 1.0; NaNO,). Analytical

grade chemicals were used. The apparatus and
methods are described in Part 1 [31] and elsewhere
[32-35].

RESULTS AND DISCUSSION

Deprotonation of D-sorbitol in alkaline solutions. The
BC spectrum obtained in 0.3 mol/l D-sorbitol aque-
ous solution exhibits six signals at 63.0, 63.5, 70.2,
71.6, 71.8 and 73.6 ppm (Fig. 1, 0.005 mol/l NaOH,
solution pH 11.33), which are readily assigned to
C6, C1, C4, C2, C3 and C5 carbon atoms, respec-
tively [36]. An increase of solution pH results in a
downfield shift for all peaks, indicating deprotona-
tion of all hydroxyl groups adjacent to carbon at-
oms. A significantly higher shift for C3 (2.8 ppm,
when the total NaOH concentration increases from
0.005 M to 9.2 M), C2 (2.2 ppm), C4 (1.4 ppm)
and C4 (1.1 ppm) carbon atoms than that for C5
(0.9 ppm) and C6 (0.6 ppm) carbons suggest that in
9.2 M NaOH solution hydroxyl groups adjacent to
C2-C4 are deprotonated completely, while other hyd-
roxyl groups are still protonated.

The method of calculations of pK, values from
NMR results is described in Part 1 [31]. A rough
estimate shows that the pK, value of OH-groups
adjacent to C2-C3 carbons is equal approximately
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Fig. 1. ®C NMR spectra of D-sorbitol (0.3 mol/l) in
aqueous NaOH solutions. The total NaOH concentra-
tion (mol/l) is shown for each spectrum. The pH va-
lues presented were measured experimentally. 20 °C
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to 13.5 = 0.3, i. e. higher than the earlier determi-
ned values of pK, (13.1 [3] and 13.0 [4]). The dif-
ference between our results and the data presented
in [3, 4] could be assigned to differences in tempe-
rature — our results were obtained for a temperatu-
re of 20 °C, whereas the values of 13.1 and 13.0
were obtained for solutions at 50 °C. It could be
mentioned that according to NMR results, the pK,
values of OH-groups adjacent to C1 and C4 car-
bons are in the same order as for OH-groups adja-
cent to C2-C3 carbons of D-sorbitol, i. e. ca. 13.5.

Cu(ll) complex formation with D-sorbitol under
conditions of ligand lack. Copper(Il) forms no com-
plexes with D-sorbitol at pH < 12 in alkaline solu-
tions, when the molar ratio of Cu(Il) : D-sorbitol is
2:1. Formation of the Cu(OH), precipitate is visual-
ly observed in the solution. At higher pH no preci-
pitate is formed and the solution becomes blue in
color, which is indicative of Cu(Il) complex forma-
tion. Since copper(Il) complexation begins at pH
over 12.0 and Cu(OH), precipitate is formed when
Cu(Il) : D-mannitol ratio exceeds 2:1, the results
obtained can be accounted for by dinuclear Cu(II)-
D-sorbitol complex formation with the deprotona-
ted form of D-sorbitol (pK, = 13.5, see above).

Light absorption spectra of dinuclear Cu(II)-D-
sorbitol complex almost coincide in pH range (from
12.2 to 13.1), showing of formation a one-kind comp-
lex, e. g, presumably a dinuclear Cu(II)-D-sorbitol
complex Cu,Sorb (Sorb* is the anion of fourfold
deprotonated D-sorbitol, presumably with deproto-
nated C1-C4 OH-groups). We presumed that D-sor-
bitol acts as a fourdentate ligand and the fourfold
deprotonated D-sorbitol is involved in complex for-
mation, since only deprotonated OH-groups can form
sufficiently strong complexes in alkaline solutions [1,
37, 38]. Thus, the pK |, ,, value highly approximate-
ly equals to 13.5 was used for calculations of equi-
librium concentration of deprotonated anion of D-
sorbitol.

Curve 1 in Fig. 2 represents the spectrum of
Cu,Sorb at pH 13.0, showing the light absorption

05

04

0.3

02

Absorbance

0.1

0.0
400

800

700 Q00

A nm

Fig. 2. Cu(Il) light absorption spectra in alkaline solu-
tions of D-sorbitol (7), EDTA (6) and their mixture (2-
5). Solution composition (mol/l): [Cu(Il], - 0.010; [D-
sorbitol], — 0.005; [EDTA]: I - 0, 2 - 0.005, 3 - 0.010,
4 - 0.020, 5 — 0.050, 6 — 0.020. Solution pH 13.00; 20 °C;
I =1

maximum at A = 655 nm, the molar extinction co-
efficient (¢) being 97 mol! 1 cm™.

Addition of EDTA into alkaline Cu(II)-D-sorbi-
tol solution changes light absorption spectra, i. e.
light absorbance decreases and light absorption ma-
ximum shifts to longer wavelengths with an increase
in EDTA concentration up to 0.02 mol/l (Fig. 2).
The resulting spectra demonstrate a conversion of
Cu(II)-D-sorbitol complex into complex of
CuY(OH)* (Y* is the fourfold deprotonated anion
of EDTA, pK , value being ca. 10.3 [12, 14]). Curve
6 in Fig. 2 represents the spectrum of CuY(OH)*
complex at pH 13.0.

When two complex compounds (in our case di-
nuclear Cu,Sorb and CuY(OH)*) exist in equilib-
rium in the solution and their spectra differ, the
concentrations of individual complexes can be calcu-

Table 1. Data on equilibria in the system Cu(II)-D-sorbitol(Sorb)-EDTA calculated from the spectrophotometric
data of Fig. 1. [Cu(II], — 0.010 mol/l, [Sorb], — 0.005 mol/l, pH 13.00

EDTA (H , | *[CuY(OH)*], | *[Cu,Sorb], Y*], | [Sorb], — [Cu,Sorb], Sorb],

[ mog/l Ao | 1 m(ol/l 7 moll ] I[nol]/l [Sorol, mo[l/l 2Sor0] [mol/l] log{Cu(I)] | 109Bc,,som
0.005 0.0022 00039  0.0028 0.0011 0.00055  —20.13 411
0.010 0.0038 0.0031  0.0062 0.0019 0.00095  -20.24 41.0
0.020 0.0069 0.0016  0.0131 0.0034 00017  -2031 40.6
0.050 0.0098 0.0001  0.0401 0.0049 0.00245  —-20.63 39.9

Mean:
407 + 03

*Averages of the values calculated at 750, 800, 850 and 900 nm wavelengths.
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lated from the experimental data obtained at diffe-
rent wavelengths according to [31].

The results obtained (Table 1) show that the qu-
antities of Cu,Sorb and CuY(OH)> complexes are
comparable only at low concentrations of EDTA (up
to 0.01 mol/l). With a further increase in EDTA
concentration the amount of CuY(OH)?* complex ri-
ses, and this complex predominates.

Knowing the concentrations of Cu(Il) complexes
existing in the solution under investigation, the equi-
librium concentrations of deprotonated ligand forms
and the concentration of free copper(Il) ions can
be calculated. Further the stability constant of
Cu,Sorb complex,

B = [Cu,Sorb] / [Cu(I)]* - [Sorb*] 2)
was calculated using the spectrophotometric data on
Cu(Il) distribution among the complexes (Table 1).
The details of the calculation method are given in
Part 1 [31].

The results obtained at different EDTA con-
centrations correlate well, the mean value of
10gB ¢y, being 40.7 = 0.3 (Table 1). It can be
noted that the stability constants of dinuclear Cu(II)
complexes with D-sorbitol and D-mannitol are al-
most the same and coincide in margins of error (cf.
109 By man = 40.5 = 0.2 [31]).

Cu(ll) complex formation with D-sorbitol under
conditions of ligand excess. No Cu(II)-D-sorbitol
complex formation is observed at pH < 10, even if
there is a considerable excess (1000 times) of D-
sorbitol in the solution. Formation of the Cu(OH),
precipitate is visually observed in the solution at pH
8-10, and there is actually no polarographic wave
of Cu(Il) reduction.

Single-stage quasi-reversible Cu(II) reduction wa-
ves are observed at higher pH (pH > 11.0). It was
found that the limiting currents of Cu(Il) reduction
in alkaline solutions of D-sorbitol are diffusion-con-
trolled — the limiting current dependence on the
square root of the mercury column height is linear
and the temperature coefficient of the limiting cur-
rent is rather small and equals to ca. 1% per 1 °C
(temperatures from 20 to 50 °C). It should be men-
tioned that at lower pH (from 11 to 12.5-13.2) and
lower D-sorbitol concentrations (0.005 and 0.05 mol/
1), the polarographic waves of Cu(II) reduction we-
re two-stage (probably due the adsorption effects),
therefore the values of the reversible half-wave po-
tentials were not calculated and were not included
in Fig. 3.

In the pH range from 11 to ca. 14 the polarog-
raphic waves of Cu(Il) reduction in alkaline D-sor-
bitol solutions shift to more negative potentials (Fig.
3). This fact can be attributed to deprotonation of

600 , . . .
500
s
&
L8 00
[11]
-]
-300 F
1 I | L

10 1 12 13 14
pH

Fig. 3. Dependence of AE", of Cu(II) reduction on so-
lution pH. Solution composition (mol/l): [Cu(II)], — 0.0005;
[D-sorbitol] : @ — 0.005, A — 0.05, ¥ — 0.2, B - 0.5,
O0-0,20°C I =1

D-sorbitol in alkaline solutions and complex forma-
tion with Cu(Il) ions. Thus, it is shown that undis-
sociated D-sorbitol does not interact with Cu(II)
ions, but the deprotonated D-sorbitol participates in
complex formation with Cu(II) ions. The same ten-
dency was observed when investigating Cu(II) com-
plex formation with D-mannitol, another stereoiso-
mer of D-sorbitol [31].

The slope of the half-wave potential shift de-
pends on solution pH and D-sorbitol concentration
(Fig. 3). At constant D-sorbitol concentrations (0.05-
0.5 mol/l) the slope of the AE;, dependences is equal
to ca. 80-100 mV per pH unit, which for the sin-
gle-stage two electron reduction of Cu(ll) indicates
coordination of Cu(II) with 3-4 ligand particles (pre-
sumably with D-sorbitol anion and OH- ions). Since
with increase in solution pH the activity of OH-
ions as well as the equilibrium concentration of the
deprotonated form of D-sorbitol rise, the number
of deprotonated D-sorbitol particles involved in com-
plex formation can be determined from the slope of
AE], on D-sorbitol concentration at constant pH va-
lues. The slopes equal to 35-70 mV were obtained
with a tenfold increase in D-sorbitol concentration
showing 1-2 anions of D-sorbitol taking part in com-
plex formation.

Thus, the results showed the possible existence
of Cu(II) complexes with two ligands — anions of
D-sorbitol (analogous to D-mannitol [31], we sug-
gest doubly deprotonated anion Sorb*, the pK, va-
lue being 13.5) and OH- groups — with the general
formula CuSorb (OH)>*"™, where n = 1, 2; m = 1,
2,3;and n + m = 3, 4.
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Calculations showed that all experimental data
could be accounted for by presence in solution with
pH 11-14 in appreciable concentrations of three
kinds of complexes: CuSorb(OH);, CuSorb,(OH)*
and CuSorb,(OH)}~ with the logarithms of stability
constants 17.9 = 0.3, 20.1 £ 0.2 and 21.2 = 0.2,
respectively. It should be noted that formation of
tetrahydroxycuprate(Il) — Cu(OH);- (IOchu(omf( =
= 15.5 [15]) — was also considered in the calcula-
tions, and that the calculations showed no evidence
of dinuclear Cu,Sorb complex under conditions of a
tenfold and higher excess of D-sorbitol in the solu-
tion. When comparing the results with these obtained
for Cu(I)-D-mannitol system [31], we can conclude
that the stability constant values of Cu(II) hydroxy-
complexes containing two anions of D-sorbitol or
D-mannitol are practically identical, i. e. coincide in
margins of error. This fact is in agreement with da-
ta documented on the complexation of Cu(II) ions
in alkaline solutions of L-tartrate and DL-tartrate,
which showed practically no differences in Cu(II)
complexation level in solutions of different tartrate
stereoisomers whereas the spectral characteristics dif-
fered significantly [39].

The calculated distribution of Cu(Il) among the
complexes in alkaline solutions of D-sorbitol shows
a complicated character of the complex equilibrium
depending on solution pH and D-sorbitol concen-
tration (Fig. 4 a—c). The results show that there is
no region where the complex CuSorb(OH);.
CuSorb (OH)* complex predominate at pH 11-12
in solutions containing thousandfold excess of D-
sorbitol (Fig. 4c). The CuSorb,(OH)}" complex pre-
dominates in solutions at higher pH values (over
13.0) (Fig. 4a-c). It can be noted that calculations
showed formation of appreciable amounts of
Cu(OH); at the highest pH studied and the lowest
D-sorbitol concentrations used (Fig. 4a). This fact
is in accordance with the data of Fig. 3, showing a
possible transformation of Cu(Il)-D-sorbitol com-
plexes into Cu(OH):~ under mentioned conditions
(cf. curves 1 and 5 in Fig. 3).

Knowing Cu(Il) distribution among the comple-
xes with D-sorbitol and conditions of predominating
of individual Cu(II)-D-sorbitol complexes, the dif-
fusion coefficients of Cu(Il) complex species were
calculated from limiting current values of Cu(Il) re-
duction (Table 2). The results, as in the case of

100 . .
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GuSorb,(OH)," 1
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20 .
CuSorb(OH),™ Cu(OH).*
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Fig. 4. Distribution of Cu(II) among the complexes in
solutions containing (mol/l): [Cu(II)], — 0.0005; [D-sor-
bitol],: a) 0.005, b) 0.05, c¢) 0.5; 20 °C; I = 1
( IOgBCusOrb(OH)g’ = 17.9, IOg BCuSorbz(OH)a' 20.1,
lOchUSorbz(OH);’ = 21.2, IOgBCu(OH)g( = 15.5).

20 °C)

Table 2. Diffusion coefficient values of Cu(II) species with D—sorbitol calculated from polarographic data (I = 1.0;

Solution composition, mol/l

Predominating complex compound

D x 109, cm? s

[Cu(IT)], = 0.0005, [Sorb], = 0.5; pH 11.0
[Cu(IT)], = 0.0005, [Sorb], = 0.2; pH 14.0

CuSorb (OH)* 1.9
CuSorb,(OH),* 1.6
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Fig. 5. Dependence of pCu on solution pH. Solution
composition (mol/l): [Cu(IT)], — 0.0005; [D-sorbitol] : @ —
0.005, A —0.05, ¥V - 02, B -050-0,20°C I =1

Cu(II)-D-mannitol complexes, show a decrease in
the diffusion coefficient value with an increase in
the number of particles involved in complex compo-
sition. The values obtained are of the same order
as those determined for Cu(II) complexes with D-
mannitol [31].

The concentration of free (uncomplexed) Cu(II)
ions calculated from AE], values decreases with in-
crease in D-sorbitol concentration and in solution
pH, and ranges from ca. 107 to ca. 10 in the
solutions investigated (Fig. 5), and is comparable
with that obtained for Cu(ll) in alkaline solutions
of D-mannitol [31], glycerol or saccharose [40]. It
can be noted that a comparison of complexation of
Cu(Il) ions in alkaline solutions of D-sorbitol with
that in D-mannitol solutions in the same conditions
shows Cu(II) complexation level being of the same
order of magnitude.

A series of Cu(II) light absorption spectra were
recorded in alkaline solutions of different pH con-
taining 0.01 mol/l Cu(ll) and different concentra-
tions of D-sorbitol. The spectra obtained are com-
plicated due to the presence in equilibrium of at
least three kinds of Cu(II) complex species. The
representative spectra are shown in Fig. 6.

On the grounds of the stability constants of
Cu(Il) complexes with D-sorbitol determined, the
distribution of Cu(ll) among the complexes for the
spectrophotometric experiments was calculated and
the conditions of predominating of individual Cu(II)-
D-sorbitol complexes were found. The spectra of
the solutions with predominating individual Cu(II)-
D-sorbitol complexes are shown in Fig. 7. The va-
lues of the molar extinction coefficients of Cu(Il)

Absorbance

Fig. 6. Light absorption spectra of Cu(II)-D-sorbitol so-
lutions containing (mol/l): [Cu(II)], —0.01; [D-sorbitol];
2-13 - 0.1, I and 14 — 0.0. Solution pH: I - 4.00, 2 -
11.00, 3 - 11.25, 4 - 11.5; 5 - 11.75, 6 — 12.00, 7-10 -
12.25-13.00, 11 — 13.25, 12 — 13.50, 13 and 14 — 14.00;
20°C I =1

0.5

0.4

0.3

0.2

Absorbance

0.1

0.0
400

800

500 600 700 200

Ainm

Fig. 7. Light absorption spectra of Cu(II)-D-sorbitol so-
lutions with the dominating complexes: 1 — Cu,Sorb (0.005
mol/l D-sorbitol; pH 13.00); 2 — CuSorb(OH),* (0.01 mol/
1 D-sorbitol; pH 12.00); 3 — CuSorb,(OH)* (0.1 mol/l D-
sorbitol; pH 11.00); 4 — CuSorb,(OH),* (0.1 mol/l D-
sorbitol; pH 14.00). [Cu(IT)], — 0.01 mol/l; 20 °C; [ = 1

complexes with D-sorbitol were calculated and are
presented in Table 3.

The spectral characteristics of Cu(II)-D-sorbitol
complexes differ to some extent from those of
Cu(II)-D-mannitol complexes presented in [31]. The
values of the molar extinction coefficient of Cu(Il)-
D-sorbitol complexes are fractionally lover and the
A, values are shifted to longer wavelengths by 5-

ma:
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Table 3. Optical characteristics of Cu(II) complexes with D-sorbitol (I = 1.0; 20 °C)

[Sorb], — 0.5; pH 13.75

Solution composition, mol/l Predominating complex compound A, nm g, mol! 1 cm™
[Cu(D)], — 0.01, Cu,Sorb 655 97
[Sorb], — 0.005; pH 13.00

[Cu(D)], — 0.01, CuSorb(OH),* 655 49
[Sorb], - 0.01; pH 11.97

[Cu(D)], — 0.01, CuSorb,(OH)* 655 40
[Sorb], — 0.5; pH 11.25

[Cu(D)], — 0.01, CuSorb,(OH),* 625 28

10 nm as compared to the values obtained for
Cu(II)-D-mannitol complexes of the same composi-
tion. The results obtained are in accordance with
earlier documented data on Cu(Il) complex forma-
tion with a natural isomer of L-tartrate and racemic
mixture of isomers, i. e. DL-tartrate, which showed
a difference in the spectra of Cu(II) complexes with
different tartrate stereoisomers [39].

CONCLUSIONS

1. Under conditions of ligand lack, copper(Il) reacts
with the anion of D-sorbitol in alkaline solutions
(12.2 < pH < 13.1), forming a dinuclear 2:1 com-
plex Cu,Sorb with the stability constant logarithm
value equal to 40.7 = 0.3 and the molar extinction
coefficient (g¢)equal to 97 (A = 655 nm).

2. Under conditions of a tenfold or higher ex-
cess of D-sorbitol, in alkaline solutions (11.0 < pH <
< 14.0) the complex compounds CuSorb(OH)Z,
CuSorb (OH)> and CuSorb,(OH);” are formed,
the logarithms of stability constants being 17.9 = 0.3,
20.1 = 0.2 and 21.2 = 0.2, respectively.

3. The calculated diffusion coefficient values of
CuSorb (OH)* and CuSorb,(OH)} are 1.9 x 10
cm? s and 1.6 x 10° cm? s™!, respectively.

4. Comparison of complexation of Cu(II) ions in
alkaline solutions of D-sorbitol with that in D-man-
nitol solutions in the same conditions shows the
Cu(II) complexation level to be of the same order
of magnitude.

5. The spectral characteristics determined show
that the values of the molar extinction coefficient of
Cu(II)-D-sorbitol complexes are fractionally lover
and A__ values are shifted to longer wavelengths by
5-10 nm as compared to the values obtained for
Cu(II)-D-mannitol complexes of the same composi-
tion.
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PEREINAMUJU METALU JONU KOMPLEKSINIU
FORMU NUSTATYMAS SARMINIUOSE ALDITOLIU
TIRPALUOSE

2. CU(II) KOMPLEKSAI SU D-SORBITOLIU

Santrauka

Nuolatinés srovés poliarografijos ir matomosios Sviesos
spektro dalies spektrofotometrijos metodais tiriant Cu(II)
kompleksy susidaryma su D-sorbitoliu Sarminéje terpéje
(11,0 < pH < 14,0; 20 °C, I = = 1,0), nustatyta, kad
tirpaluose gali susidaryti keturiy rasiy kompleksinés dale-
lés. Esant ligando trukumui, susidaro dibranduolinis kom-
pleksas Cu,Sorb (10gBc, s, = 40,7 % 0,3). Kai tirpa-
luose yra deSimtgubas ar didesnis ligando perteklius, pri-
klausomai nuo tirpalo pH vertés ir ligando koncentracijos
susidaro trys kompleksiniai junginiai — CuSorb(OH)Z,
CuSorb (OH)* ir CuSorb,(OH)?, kuriy patvarumo kon-
stanty logaritmai lygiis atitinkamai 17,9 = 0,3, 20,1 = 0,2
ir 21,2 = 0,2. Nustatyti kompleksiniy daleliy difuzijos koe-
ficientai bei optinés charakteristikos.
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