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Abstract: Thé electrochemical properties of eight mixed-ligand cobali(IIT) and co-
bal(II) complexes of the general formulas [Col™(Rac)cyclam)(ClO,), (1)-(4) and
[Co,'(Rac)tpmc}(CIO,); (5)-(8) were studied. The substances were investigated in
aqueous NaClO, solution and non-aqueous LiClO/CH;CN solution by cyclic voltam-
metry at a glassy carbon electrode. In aqueous solution. cyelam and Rac ligands being
soluble in water undergo anodic oxidation. Coordination to Co(11I} in complexes 1-4.
stabilizes these ligands but reversible peaks in catohodic region indicate the redox reac-
tion Coll/Col! jon. In the case of the binuclear Co(II) complexes 5-8, peaks recorded on
the C'Vs represent oxidation of the bridged Rac ligand. The complexes examined influ-
ence the cathodic reaction of hydrogen evolution in aqueous solutions by shifting its po-
tential to more negative values and its current is increased. In non-aqueous solution the
CVs of the ligands show irreversible anodic peaks for cyclam, jpme and for the Rac lig-
ands soluble in acetonitrile. The absence of any peaks in the case of the investigated
complexes 14 indicates that coordination to Co(III) stabilizes both the cvcfam and Rac
ligands. Cyclic voltammograms of the complexes 5-8 show oxidation processes of the
Rac ligand and Co(IT} ions but the absence of a highly anodic peak of the coordinated
macrocycle tpimc shows its stabilization. Contrary to in aqueous solution, the redox re-
action Co(IITyCo(II) does not occur in acetonitrate indicating a higher stability of the
complexes 1-4 in this media in comparison with the binuclear cobalt(Il)-ipmc com-
plexes 5-8.

Keywords: cobalt(TT) and cobalt(II} complexes, azamacrocycles and f-diketonato ligands.
cyelic voltammetry. glassy carbon.
INTRODUCTION

Complexes with macrocyclic polyamines might serve as convenient building
blocks for the construction of mixed-ligand mono- and polynuclear complexes.!
Tetraamine [14]and-Ny4 cyvclam (1,4,8,11-tetraazacyclotetradecane) as a macro-
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cyclic flexible ring can exist in the cis and trans configurations~ but only cis com-
plexes have been observed in the presence of additional bidentate co-ligands.3-7
The Ny-2-pyridylmethyl-substituted octaamine ligand tpmc (NN' N7 N -tetra-
kis(2-pyridyl methyl)-1.4.8,11-tetraazacyclotetradecane) through coordination pro-
vides interesting structural and chemical properties, i.e.. invariable formation of
binuclear molecules with strong affinity towards various anions to form bridged
complexes®10 and unusual stabilization of the divalent state of cobalt ion against
oxidation to the trivalent state. !0 Macrocyclic ligands such as cyvclam and tpmc are
very useful to form and stabilize mixed-ligand complexes with additional exo-
cyclic ligand(s).

In this context, B-diketones are suitable to combine with other ligands of com-
parable ligating ability, especially because of their ability to form keto-enolate
structures and a few different coordination modes.}! The chelating “pseudoaro-
matic” ring of B-diketones have found extensive application in the study of the for-
mation of various types of metal complexes,!? as well as giving the opportunity to
investigate them in terms of different B-diketones R-groups.”

Therefore, these types of complexes could be interesting not only from aspects
of molecular structures but from the electrochemical point of view as well, because
structural and electronic factors may simultaneously affect the multi-redox peak
potentials and catalytic features of the complexes.3-8-13 For example, cyclic voltame-
tric data for the cobalt(IIT)-cyclam oxalato complex3 suggest large electrochemical
stability, as well as its possible catalytic effect on the electrochemical reduction of
CO». In the case of the binuclear cobalt(Il)-zpmc oxalato complex® mulit-redox re-
actions of the metal centers and high electrochemical stability up to the potential of
cobalt reduction were observed. The fact that the potential of hydrogen evolution is
shifted to the anodic side in the presence of the complex indicates possible catalytic
properties as well.® Electrochemical examination of mixed-ligand cobalt(III)-cy-
clam complexes with heterocyclic dithiocarbamates (Rdtc)!3 show redox reactions
of the Co(I1I) ion at potentials the position of which are influenced by the presence
of different heterocyclic rings in the Rdtc ligand, while the preliminary results in
acidic media show their inhibition of iron corrosion and influence on hydrogen
evolution in acidic media.

For the above-mentioned reasons, eight new mixed-ligand cobalt complexes
were synthesized and characterized elsewhere,%7 i.e., cobalt(IIl) complexes with
macrocyclic ligand cyclam or tpmc in binuclear cobalt(II) complexes with R-sym-
metric bidentate B-diketones (Rac), i.e., acac (2,4-pentanedionato). dibzac (1,3-d1-
phenyl-1,3-propanedionato), /ifac (1.1,1.5.5,5-dexafluoro-2 4-pentanedionato) or mhd
(2.2,6.6-t¢tramethyl-3,5-heptanedionato) ions, of the general formulas [Col[(Rac)cy-
clam](C104), (1)—(4) and [Co,(Rac)tpmc](C1O4); (5)8). respectively. The aim
of this work was a comparative study of the electrochemical behavior of these
compounds and corresponding ligands in aqueous and non-aqueous solutions by
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cyclic voltammetry (CV) and their possible influence on hydrogen evolution and
oxygen reduction.

EXPERIMENTAL

A glassy carbon (GC) disc electrode (Sigardur-Sigri Electrographite. GmbH. Germany) was
used as the working electrode. The electrode was mechanically refreshed with emery paper of de-
creasing grain size. polished with alumina (0.5 p particle size) and cleaned in 18 MQ water inanul-
trasonic bath. For cach experiment, the prepared electrode was first examined in the basic electro-
lyte by CV before the substance was added to the solution. The counter electrode was a platinum
wire. A saturated calomel electrode (SCE) was used as the reference in aqueous solution and a
bridged SCE in CH;CN.

All the complexes 1-8, macrocyclic cyclam and fpmc as well as the corresponding Rac ligands
were examined in the concentration range of 10® to 10 M, in 0.1 M NaClO, agueous solution and
in 0.1 M LiClO, in CH;CN. The solutions were prepared from analytical grade reagents and were
maintained oxygen-free by purging with nitrogen.

TABLE L B-Diketonato ligands in the complexes 1-8

Coordinate d Rac in

Structure of Rac ion Abbreviations and name of Rac
complexes
H,C 3 CH, acac (D
\]/\,( 2 4-Pentanedionato ion (3
o O
dibzac (2)
1.3-Diphenyl-1,3-propanedionato ion (6)
\ . CF, hiac (3
AN, 1.1.1.3.5.5-Hexafluoro-2 4-pentanedionato ion (N
g O
C(CH,), A C(CH,), mhd 4
Y\‘\( 2.2 6 6-Tetramethyl-3,5-heptanedionato ion 8
.0 0

Cyclic voltammetry was performed at sweep rates of 23, 30 and 100 mV/s. The potential range
examined was between — 0.5V to 2.0 V in aqueous and —1.5 V to 1.5 V in non-aqueous solution. All
the potentials are given versus the SCE electrode.

The [Coll(hfacicyclam](C1O4), complex (at a concentration of | 0~ M) was examined in 0.1
M HCIO, solution by cyclic voltammetry (potential range from —1.2 V to 1.2 Vvs. SCE, sweep rate
25, 50, 100 mV/s) as well. Also, the possible influence of this complex on the reduction of oxygen
was tested in 0.1 M HCIOj solution saturated with O at a rotating GC electrode at a sweep rate of 5
mV/s in the potential range 0.2 Vto —1.1 Vvs. SCE.

All of the experiments were performed at roony temperature in a three clectrodes = three-com-
partment electrochemical cell. The electronic equipment in all of the experiments consisted of a
Pine Instrument. Model RDE4 Potentiostat and a Philips Model 8033 X-Y recorder.
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RESLITS AND DISCUSSION

The series of eight complexes. with general formulas [Coll(Rac)cyclam](ClOy)»
(1)+4) (Fig. 1A) and [Co'l(Rac)mpc}(ClO4); (5)+8) (Fig. 1B) and the corresponding

R ~ R
R ~_ R !
(i}; é) rR= CH; acac
/
T
H dibzac
N\< /N \//
e
N CF, Hfac
\ / T3
C(CH,), rmhd
1A iB

Fig. 1. Structures of the [Co™(Rac)evelam)(C1O,)~ complexes 14 (1A) and of the
[Co-T(Racipmc)(ClO,); complexes 5-8 (1B).

macrocyclic cvclam and tpmc as well as Rac (Table I) ligands were electrochemically
characterized both in aqueous and non-aqueous solutions. The peak potentials for all of
the ligands examined and for the complexes 1-8 are listed in Table If and the selected cy-
clic voltammeograms are presented in Figs. 2-4.

Agqueous solution

The cyclic voltammogram of the GC electrode in aqueous (NaClOy) solution
in the absence of any compound shows no electron exchange occurred. With the
addition of the macrocyclic ligands cvelam and fpmc one irreversible anodic peak
appears at 0.95 V vs. SCE for the tetraaza amine only (Table 11).13-8 The CVs for
the Rac ligands soluble in water (Hacac and Hiifac — Table 11 and Fig. 2A) indicate
the existence of an irreversible anodic peak at 1.05 V and 1.40 V vs. SCE, respec-
tively, which should correspond to oxidation processes of the organic species.

Two anodic peaks in the 0.65-0.90 V and 1.50-1.60 V vs. SCE regions for the
cobalt(Ill)-cyvclam complexes 1-3 can be identified only at the beginning of the
cyclization (Fig. 2A — insert). During continued scanning, these anodic peaks are
no longer observed. which might point to the low stability of the complex species.
The number of cycles before the stabilization depends on the Rac ligand in the or-
der of hifac > acac > dibzac in the complexes 1-3. In the case of complex 4 with a
coordinated rmhd ligand (Fig. 2B), the steady state was established already at the
first cycle. which can contribute to the higher stabilization of this complex ion.
However, the steady-state CVs of the complexes 1-4 exhibit a reverse peak in the
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Fig. 2. Cyclic voltammograms at GC electrode m 0.1 M NaClO, and: A} 107 M dibzac ligand, 167 M [Col(di-
brackyclam}(CIO;)- complex, 107 M [Co-T(dibzac)pmc](Cl0,); complex. B) 107+ M mhef ligand, 107+ M
[Coll(imhdicyclam(ClO,), complex. 107 M [Coyamhdipmc](CIO4); complex. (sweep rate 100 mVis).

cathodic region (Table I and Fig. 2) in the region — 0.25 V to — 0.4 V depending on
the Rac ligand. This pair of peaks probably indicates the redox reaction Colll/Coll
from the complexes 1-4 as other previously characterized Co(Ill)-cyclam com-
plexes (with dithiocarbamato and oxalato ligands) also display a similar redox pair
at potentials influenced by the additional ligand.?-13 In relation with these peaks,
the highly cathodic peak at —1.15 V probably represent reduction to metal cobalt.

Peaks recorded on the CVs of the cobalt(Il)-zpmc complex 58 between about
0.90 V to 1.40 V vs. SCE correspond to oxidation processes of the electroactive
Rac ligands. exhibiting almost the same potential values for the free and coordi-
nated B-diketonato ligands (Fig. 2A). The absence of any peak for the complex 6
with a coordinated dibzac ligand indicates its higher stability in aqueous media un-
der the given electrochemical conditions. Only in the case of the complexes 5 and
8, with coordinated acac and tmhd ligand, respectively, a poorly defined cathodic
peak at —1.15 V vs. SCE points to the reduction process to metal cobalt (Table II
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and Fig. 2B).# The dependence of the peak current on the sweep rate indicates that
all of the reactions are surface localized and not diffusion controlled, which should
mean that the complexes are adsorbed on the electrode surface.

TABLE 1. The peak potentials of the ligands and the corresponding complexes in agueous (NaClO,) and
non-aqueous (LiCI0/CHLCN) solutions v SCE

. Aqueous solution Non-agueous solution
Compound E,, ) £ - E,
wme - - 182
cvelam 0.95 - 1.75
acac 1.05 - -
dibzac - - 1.30
hfac 1.40 - 1,40
mhd - - -
[Cofacac)cyclam}™ (13 0.70% 1.50% ~1.13 -
-0.30 -0.40
[Cotdibzacicyclam}™™ (2)  0.65* 1.33* -1.15 -
—0.25 -0.30
[Cothfacicyclam] ™ (3) 0.50* 1.60* -1.15 -
-0.25 -0.30
[Co(tmhdcyelam}®™ (4 - 0.25 -030 -L.15 -
[Cos(acacitpme]™™ (5) 0.93 ~1.15 1.48
[Co(dibzac)tpmc} ™ (6) - 1.30
[Cos(hfacitpme} ™ (7) 1.4 1.30
[Cos{tmhditpme]*™ (8) 0.9 ~1.13 1.25

* Peaks recorded at the beginning of cyclization: Ey,, = anodic peak: Ep, = cathodic peak

In aqueouns NaClOy solutions, the CVs demonstrate that the presence of any of
the Co(II)-cyelam and Co(1l)-tpme complexes 1-8 examined influence the cathodic
reaction of hydrogen evolution by slightly shifting the potential to more negative
values in the order coordinated tmhd > acac > dibzac > hfac ligands, increasing its
current in the opposite order (Fig. 3a). The effect of the Co(Ill)-cyclam complexes
14, regarding this reaction, is more pronounced. especially in the increase of the
current, compared with the Co(Il)-impc compounds 5-8. Furthermore, the cathodic
shift of potential occurred only in the presence of the complexes 6 and 8 character-
ized with cathodic peak at—1.15 V (possible reduction to Co), in which the current of
the H» reduction slightly decreased. The other two Co(Il)-tmpc complexes 5 and 7
negligibly affect the current of H, evolution and have practically no influence on the
potential. Regarding the cathodic shift of hydrogen evolution, the Co(IIl)-cvclam
complexes 1-4 are similar to Co(I11)-cyclam oxalate complex3 which, however, has



COBALT COMPLENES 995

———0.1 M NaClO,
—--=--0.1 M NaCIO, + 10™ M [Co, (Hiac)tpme]™
r | ---- 0.1 MNaCIO, + 10" M {Co"(hfacicyclam]” - 200

i (wA cm’)

-5 -10 05 00 0.5 1.0 1.5 2.0

E (Vvs SCE)
0.0
0.5 -
1o F Fig. 3. A) Cyclic voltammograms at GC
-15 - electrode in 0.1 MNaClO,. 0.1 M NaClO,
o 2ol — 107 M [Col{hfackyclam¥CIO,), com-
5 be plex and 0.1 M NaClO, ~ 104 M
F 3B [Co lhfackpme}CIO,);. (sweep rate 100
= e mV’5). By Oxygen redoction curves for
a5k GC electrodes m 0.1 M HCIO, sarated
4ol / |——o1muco, with O and 0.1 M HCIO, ~ 107 M
S P it AL R '™ gca'(Mfcm§ml” [Cohfackeyelam}(ClO,), complex satu-
73 SSPURE SENPUEN wonr-m Suar S SIS S S S —— : ) s
14 42 10 08 -08 04 02 00 02 04 me‘i with O, (sweep rate 5 mVs, 900
pmi.

E (V vs SCE)

the opposite effect on the reaction current, namely increasing it. This difference
could be ascribed to the structural factor of the enlarged chelate rings of the
0.0 -B-diketone ligand in comparison with the oxalato one. On the other hand, the
binuclear Co(IT)-tpmc oxalato complex® when present in the solution leads to an an-
odic shift of hydrogen evolution and a remarkable increase of the reaction current,
which is completely contrary to the Co(IT)-zpmc f-diketone complexes 5-8.

Complexes of transition metals (like Co or Fe) of the MN, chromophore appear to
be a promising class of materials for the reduction of oxygen.!#1% According to Chang
et al.,'¢ cis and rrans configuration of the complex favor different paths of oxygen re-
duction. Complexes with cvelam, as a macrocycle that can exist in both of these con-
figurations, can be interesting from this point of view. Therefore, we were interested to
test the influence of the [Colll{/ifac)cyclam](ClO,)- complex on oxygen reduction in
acidic solution. The complex was first examined in 0.1 M HCIO4 by cyclic voltam-
metry and the recorded CV displayed only the Co(IlI)/Co(1I) redox peaks at the same
potentials as in 0.1 M NaClO,. The reduction of oxygen was exarained at a GC rotat-
ing electrode in O, saturated 0.1 M HCIOy in the potential range from 0.2 Vio-1.1 V
at a sweep rate of 3 mV/s and at 4 different rotation rates. As shown in Fig. 3B the pres-
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ence of the [Colll(/ifac)cyclam](C104), complex caused a shift in of the potential of
this reaction in the anodic direction and an increase of its current to some extent. Also,
it can be seen that both curves for O, reduction are without a limiting current density
plateau. Furthermore, the curve recorded for the GC electrode is similar to the one pre-
sented by Sundberg et al. 17 for the same material (GC Sigradur) in 0.1 M HCl and ac-
cording to the authors shows the reduction of O to H,O5 as the major final product.
The rather small difference in the current of this reaction in the presence of the com-
plex probably means that the same mechanism is operative as on a pure GC electrode.
As this complex is in the ¢is conformation these results are contrary to the conclusion
Chang er al.16 that the cis conformation rather than the frans one favors the 4-electron
path in the reduction of oxygen. However, more about the exact influence of the
[Coll(Rac)cyclam](ClOy4), complex on the reduction of O can be said after comple-
tion of the detailed examinations that are in progress.

Non-aqueous solution

Electrochemical characterization of the macrocyclic ligands cvelam and tmpc.
B-diketonato ligands and all of the complexes 1-8 was also performed in non-aqu-
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eous (LiClO,4 in CH3CN) solution. Selected cyclic voltammograms are presented
in Fig. 4 and the peak potentials are listed in Table I1.CVs of macrocyclic lig-
ands®13 show their irreversibly oxidation at potentials of 1.75 V for cyclam and
1.82V for tmpc vs. SCE. One irreversible anodic peak at 1.30 V and 1.40 V vs. SCE
(Table IT and Fig. 4) were recorded on each CVs of B-diketonato ligands soluble in
acetonitrile (Hdibzac and Bhfac).

The absence of any peaks of the investigated Co(IlI)-cyvclam 1-4 complexes
ruled out the redox reactions, indicating the stabilization both of cyvelam and Rac
ligands through the coordination to cobalt(III) (Fig. 4). Electrochemical mactivity
of acetylacetonate ligand being in coordination sphere of Co(Ill) was found in
other non-aqueous solutions too.!® The solvent polarities might have a strong in-
fluence on forming intermolecular hydrogen bonds, due to electronic properties of
both ligands, thus producing the corresponding diference in the bond stability be-
tween cobalt ion and nitrogen/oxygen atoms of the respecitve ligands. 19

The absence of highly anodic peak of coordinated macrocycle ipmc in the
Co(IT)-pmc 5-8 complexes means stabilization of this ligand in non-aqueous solu-
tion. It is probably due to the fact that the fpmc is very flexible ligand, adapting
itself to both cobalt(II) ions with the bridging ligand. Anodic peaks at high positive
potentials recorded on CVs of the binuclear 5-8 complexes (Table II and Fig. 4)
correspond to oxidation processes of bidentate Rac ligand as well as metal ions.
Actually. if the B-diketonato ligand is electrochemically non-acitve (as Hacac and
Hrmhd) the anodic peak in 1.25-1.48 V region origins only from Co(II) ions oxida-
tion (Fig. 4A), contrary to electroactive Rac ligands (as Hdibzac and Hifac) where
in the same range the process of oxidation both for the metal and Rac ligand proba-
bly proceeds simultaneously (Fig. 4B). Therefore, potential values are in correla-
tion with combined electronic and steric effects of coordinated B-diketones and
they are characteristic for the binuclear penta-coordinated cobalt(Il) complexes.20

Conrelation with IR and NMR/EPR data

All of the ligands as well as their 1-8 complexes were also examined by spec-
troscopy methods. According to the earlier results®-7 R-groups on the B-diketone
largely influence the frequencies shifting v(C--C) and v(C~-O) bands in IR spec-
tra of the all complexes, as a consequence of different resonance and inductive ef-
fects along conjugated double bonds through the Rac anion. Influence of R-groups
exhibits movement of important bands in 13C-NMR spectra of the 1-4 complexes
as well as g factor values in EPR spectra of the 5-8 complexes, following from
much positive to high negative inductive effect, in order of complexes with coordi-
nated tmhd > acac > dibzac > hfac ligands.

The powerful efficacy of six fluorine atoms, of the Afac ligand in the 3 and 7
complexes, is especially expressed in all spectral characteristics through move-
ment to higher wave numbers of important IR bands. In NMR7 and EPR spectra (at
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temperatures of 4 K and 11 K) the effect is quite opposite. In both series of com-
plexes, electrochemical examinations in aqueous and non-aqueous solutions, dis-
play the anodic peaks at higher potential values for the corresponding 3 and 7 com-
plexes with coordinated /ifac ligand. On the other side, opposite electronic effect of
—C(CHj;)3 groups of rmhd ligand in 4 and 8 complexes gave anodic peaks at lowest
potential values.

From available results for the 1-8 complexes, it is evident that the same effects
i.e., structural and electronic, affect on spectral and electrochemical behavior.
which were transmitted due to delocalised bands of coordinated Rac as a bidentate
ligand in the Co(Ill)-cvelam 1-4 (Fig. 1A) or bridged bidentate ligand in the
Co(Il)-1pmc 5-8 complexes (Fig. 1B).

CONCLUSION

Based on the data obtained, some conclusions and comparison can be made
about the influence of the structure of the 1-8 complexes and their electrochemical
characteristics. Furthermore, the ability to influence these behavior seems to be re-
lated closely to the electronic properties of the Rac ligand as a whole, not just the
oxygen atoms bonded to cobalt ions.

Consequently. Co(I1l) ions from the 1-4 and Co(1l) ions from the 5-8 com-
plexes undergo redox reactions in aqueous solution at the potentials, which are af-
fected by the presence of different Rac ligands. The peak potentials of the
mononuclear complexes 1-4 demonstrate reactions, which continuously proceed
from Colll/Co™ to Co? reduction while in the binuclear 5-8 complex species in
aqueous solution only reduction to metal Co occurs. Those behaviors could indi-
cate different influence of coordinated Rac ligand besides folded tetraamine
(cyclam) than in the presence of macrocyclic octamine (fpmc) in boat conforma-
tion. On the other side, in correlation to the former binuclear Co(I)-pmc oxalato
complex® where electronic exchange — antiferromagnetic coupling between the
two metal ions is presented, in the case of the complexes 5-8 particularly pro-
nounced electronic effect of the Rac bridging unit subsists to produce additional
stabilization.

Preliminary examinations of oxygen reduction in the presence of [Colll(Afac)cy-
clam}{ClO,), complex shows possible catalytic effect on the reaction in acidic media.

Contrary to the aqueous solution, in acetonitrile, Co(IlI} redox reaction does
not occur, indicating a higher stability of the complexes 1-4 in this media as well as
their greater electrochemical stability in comparison with the binuclear cobalt(IT)-tpmc
complexes 5-8. The influence of solvent polarities might be of importance on dif-
ferent redox behavior of the complexes in aqueous and non-aqueous solutions. !
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LIHK TIYHOM BOITAMETPIOM HCTITAHO j& ocan KoMmekca Kobara(lil) u xodanta(ll) ca me-
[HOBHTIN ATanmina. onre dopmyae [ColllRacieyclam|(Cl0;)s (1)+4) 1 [Col(Rac)pme}(ClO,);
(5)~(8). v Boxenoj (NaClO,) u meroxenoj (LiCIO/CH;CN) cpeansn. Y BOXEHO] CpemHit
cvelam 1 Rac AHragin HORIEKY aHOTHO] OKCHTAIH]H. Koopansanuja ca Co(lil} v xomz-
aexcuma (1)-(4) crabuansyje oBe Auranie aiy 103a31 J0 pEAOKe peaxugje Co(IH)Co(Il). Y
cavuajy Gunavkeaapunx Co(ll) xommuekca (5)~(8) noxa3m g0 oxcujauuje Rac auranaza.
VicHiTHBARH KOMIICKCH V BOZCHOM PacTBODY VTIYY HA PEaKkumjy H3ABajara BONOHHKA
KaTOIZHO moMepajvhi noTeHnmjan it nopehasajvhi cTpyjy. Y HEBOACHIHM PACTBOPIMa 2HORHO
ce OKcHAV]y 0ba MaxpomskiIHuHa {cvelam B ipmc) M Rac IMrangi pacTBOPHH Y aUeTOHH-
Tpuay. MebyTi. v oBiy pacteopisa Co{lll) KoMaaeKea HE A07a31 10 LT@RTPO\&\[Ii!CREi\
peaxiiija ITo 3Ha4y He caMo 1a it OBAE KOOpIMHAIN]A ca KOOAITOM CTabiau3yje IHranie
Beh HeMa HU PEAOKC peahuuje 33 koGaat. Ca apyre crpaue. v Co(Il) xommaecuma cTaduai-
30BaH je fpmc aau ce OKcHayjy Rac auravau u Co(Il) 1a ¢y TAKO ¥ HCBOJCHIIM PACTBOPHMA
kosrexcn Co(Ill) cradununuju o1 Sunykeaapuux Co(Il-pme RoMILIEKCA.

(TIpinubeno 16, maja. pesnmupans 21, asrycra 2003)
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