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a b s t r a c t

Ethane sulfonic acide hydrazide (esh: CH3CH2SO2NHNH2) derivatives as 5-methylsalicyl-aldehyde-
ethanesulfonylhydrazone (5msalesh), 5-methyl-2-hydroxyacetophenoneethane sulfonylhydrazone
(5mafesh) and their Ni(II), Co(II) complexes have been synthesized for the first time. The structure of
these compounds has been investigated by elemental analysis, FT-IR, 1H NMR, 13C NMR, LC/MS, UV–vis
spectrophotometric method, magnetic susceptibility, thermal studies and conductivity measurements.
The antibacterial activities of synthesized compounds were studied against Gram positive bacteria;
Staphylococcus aureus, Bacillus subtilis, Bacillus magaterium and Gram negative bacteria; Salmonella
enteritidis, Escherichia coli by using the microdilution broth method. The biological activity screening
Carbonic anhydrase
Enzyme inhibitory

showed that ligands have more activity than complexes against the tested bacteria. The inhibition
activities of these compounds on carbonic anhydrase II (CA II) have been investigated by comparing
IC50 and Ki values and it has been found that 5msalesh and its complexes have more enzyme inhibition
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. Introduction

Sulfonylhydrazones, derivatives of sulfonamide, exhibit several
edicinal applications. For example, benzaldehyde arylsul-

onylhydrazones possess antineoplastic activity against human
tomach cancer SGC 7901 [1], 4-substituted benzenesulfonyl-
ydrazone has been studied for antibacterial activities [2],
-arylsulfonylhydrazones have been identified as novel inhibitors
f IMP-1, a metallo-�-lactamase enzyme [3]. In addition, the
nsubstituted aromatic sulfonamides act as carbonic anhydrase

nhibitors CAIs [4,5], whereas other types of derivatives show
iuretic activity (high-ceiling diuretics or thiadiazine diuretics),
ypoglycemic activity, anticancer properties, [6] or may act as

nhibitors of the aspartic HIV protease, being used for the treat-
ent of AIDS and HIV infection among others. CA inhibitors can

erve as useful therapeutic agents for treating numerous diseases,
ncluding glaucoma, cancer and obesity [7–9].
The first sulfonamide metal complex used as drug was the
ilver(I) derivative of sulfanilamide [10]. Later on, many other
etal complexes of sulfanilamide analogues were subsequently

ynthesized and investigated for biological activity in detail [11].
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Transition metal complexes of hydrazides and sulfonamides also
find application in chemotherapy as well as their hydrazone deriva-
tives [12].

In our previous studies, we reported the antibacterial and cyto-
toxic effect of methanesulfonic acid hydrazide and its hydrazone
derivatives [13], as well as its metal carbonyl complexes [14].
Synthesis of metal carbonyl complexes of the sulfonylhydrazones
was also reported [15–17]. Furthermore, methane and propanesul-
fonylhydrazone derivatives and their transition metal complexes
were synthesized and screened for antimicrobial activity [18,19].

As part of our ongoing studies, new ethanesulfonylhydrazone
derivatives and their Ni(II) and Co(II) complexes were obtained
and characterized by spectroscopic method. The antibacterial
activities of our compounds were screened against several bac-
teria (Staphylococcus aureus, Bacillus subtilis, Bacillus magaterium,
Salmonella enteritidis, Escherichia coli) by using the microdilution
broth method. In addition, their inhibitory effects on carbonic anhy-
drase II (CA II) enzyme were investigated.

2. Experimental
2.1. Physical measurements

The solvents used were purified and distilled according to
routine procedures. Ethanesulfonyl chloride, hydrazine hydrate,
5-methylsalicylaldehyde, 5-methyl-2-hydroxyacetophenone and

http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:ummuhan@gazi.edu.tr
dx.doi.org/10.1016/j.saa.2009.09.052
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nhydrous nickel and cobalt chloride were commercial products
Purum). Elemental analyses were performed according to standard

icroanalytical procedures (TÜBİTAK Laboratories, Ankara). 1H
nd 13C NMR spectra of dimethylsulfoxide-d6 (DMSO-d6) solutions
f the compounds were registered on a Bruker WM-400 spec-
rometer (400 MHz) using tetramethyl silane as internal standard.
2O-exchange was applied to confirm the assignment of the NH-
nd OH-signals. The infrared spectra of the compounds as KBr-disks
ere recorded in the range of 4000–400 cm−1 with a Mattson 1000

T spectrometer. UV–vis spectra were recorded on T 80+ UV–vis
pectrometer. Melting points of sulfonylhydrazone derivative were
etermined with a Gallenkamp melting point apparatus. The molar
agnetic susceptibilities were measured on powdered samples

sing Gouy method. The molar conductance measurements were
arried out using a Siemens WPA CM 35 conductometer. A Du Pont
nstrument 951 thermal analyzer was used to record simultane-
usly TG and DTA curves. The experiments were carried out in
ynamic nitrogen atmosphere (20 mL min−1) with a heating rate
f 10 ◦C min−1 in the temperature range 30–400 ◦C using platinum
rucibles. The microdilution broth method was used to determine
he antibacterial activity of compounds against the bacteria; S.
ureus ATCC 25923, B. subtilis RSKK 244, B. magaterium RSKK 5117,
. enteritidis ATCC 13076, E. coli ATCC 11230. Carbonic anhydrase
ctivity was assayed by the hydrolysis of p-nitrophenylacetate. IC50
nd Ki values of compounds were determined on CA II.

.2. Synthesis of ligands

The solution of 1.10 g (10 mmol) ethanesulfonicacid hydrazide
n 5 mL of ethanol was mixed with hot solution of 12 mmol of the
orresponding aldehydes in 10 mL of ethanol and stirred for 1 h.
pon cooling, crystalline precipitates were filtered, washed with
thanol–ether, recrystallized from water and dried in vacuo over
2O5. They are colorless and light yellow crystalline solids, stable
t normal conditions and soluble in methanol, ethanol, acetoni-
rile, dimethylformamide, DMSO; and poorly soluble in benzene
nd water.

.3. Synthesis of Ni(II) and Co(II) complexes

All complexes are prepared by the following general method: a
ample of anhydrous 0.53 mmol MCl2, where M Ni(II) and Co(II),
ere dissolved in a mixture of methanol and acetonitrile (25 mL),

nd a solution of hydrazone derivatives (1.60 mmol) in a mixture
f acetonitrile (25 mL) and NaOH solution in methanol (1.60 mmol)
as added. The reaction mixture was heated at 40 ◦C for 30 min and

eft in ice bath for 3 h. The solid complexes formed were collected
y filtration, washed with a small volume of methanol and ether,
nd then, dried in a desiccator over CaCl2.
.4. Procedure for antibacterial activity

The in vitro antibacterial activity of the free ligands and their
omplexes was tested against the Gram positive bacteria; S. aureus

able 1
nalytical and physical data for arylsulfonylhydrazones and their complexes.

Compound Empirical formula (formula weight) Color m.p. (◦C

5msalesh C10H14N2SO3 242.07 Yellow 119–12
5mafesh C11H16N2SO3 256.09 Yellow 108–11
Ni(5msalesh)2 C20H26N4O6S2Ni 540.06 Green 250>
Ni(5mafesh)2 C22H30N4O6S2Ni 569.32 Green 215>
[Co(5msalesh)2(H2O)2]3H2O C20H36N4O11S2Co 631.50 Orange 240>
[Co(5mafesh)2(H2O)2]H2O C22H36N4O9S2Co 622.90 Brown 240>
cta Part A 75 (2010) 121–126

ATCC 25923, B. subtilis RSKK 244, B. magaterium RSKK 5117 and
Gram negative bacteria, S. enteritidis ATCC 13076, E. coli ATCC
11230. Minimum Inhibitory Concentrations (MIC’s) were deter-
mined by the microdilution broth method following the procedures
recommended by the National Committee for Clinical Laboratory
Standards [20,21]. MIC’s were defined as the lowest concentra-
tions of compounds which inhibit the growth of microorganisms.
All tests were performed in Nutrient Broth (NB) dissolved in DMSO
which lacked antibacterial activity against any of the test bacteria.
The microplates were incubated at 37 ◦C and read visually after 24 h
for MIC’s [22]. The results were recorded according to the presence
and absence of growth.

2.5. Procedure for CA II enzyme inhibitor activity

Carbonic anhydrase activity was assayed by the hydrolysis of
p-nitrophenylacetate [23]. IC50 and Ki values of compounds were
determined on CA II. In order to determine IC50 values, 1.2 mL of
3 mM p-nitrophenylacetate was used as substrate and three dif-
ferent concentrations (0.3, 0.6 and 1.2 mM) of inhibitors (5mafesh
and its Ni(II), Co(II) complexes) were used. For 5msalesh and its
Ni(II), Co(II) complexes, 0.05, 0.025, 0.01 mM inhibitor concentra-
tions were used. Reaction was started by adding 0.05 M Tris–SO4
(pH 7.4) and 0.1 mL enzyme solution (0.17 mg/mL) for total volume
of 3 mL. The absorbance was determined at 400 nm after 1 min. This
study was repeated three times for each inhibitor. The inhibitor
concentrations causing up to 50% inhibition were determined from
the graphs. This method was applied to determine Ki values. In the
media with or without inhibitor, the substrate concentrations were
0.3, 0.6 and 1.2 mM. For this aim, inhibitor solutions (5mafesh and its
Ni(II), Co(II) complexes) were used for the reaction medium in three
different concentrations (0.05, 0.025 and 0.01 mM). For 5msalesh
and its Ni(II), Co(II) complexes, 0.05, 0.025, 0.01 mM inhibitor con-
centrations were used. The Linewear–Burk graphs were obtained
and Ki values were calculated.

3. Results and discussion

Analytical data and some physical properties of the sul-
fonylhydrazone derivatives and their Ni(II), Co(II) complexes are
summarized in Table 1. The elemental analysis results show 1:2
(metal:ligand) stoichiometry for all the complexes. The analytical
results are in good agreement with those required by the gen-
eral formula [(ML2)(H2O)x]·nH2O (x = 0, 2; n = 0, 1 or 3). The molar
conductivity (�m) of 10−3 M solutions of the complexes in MeOH
at 25 ◦C was measured and all the complexes were found non-
electrolytic nature in the range of 2.6–4.7 �−1 cm2 mol−1.

3.1. Characterization of compounds
3.1.1. IR spectra
The important diagnostic IR bands of sulfonylhydrazones and

their complexes are summarized in Table 2. Bands in the region of
3211 and 3215 cm−1 may be due to �(NH) stretching vibration for

) Yield (%) Found (calculated)

%C %H %N %S

0 50 9.48 (9.57) 5.66 (5.82) 11.34 (11.56) 13.00 (13.23)
0 55 51.23 (51.54) 6.02 (6.29) 10.58 (10.93) 12.20 (12.51)

40 44.04 (44.38) 3.99 (4.84) 10.19 (10.35) 11.05 (11.85)
45 45.49 (46.41) 5.01 (5.31) 9.04 (9.84) 11.05 (11.26)
35 37.68 (38.03) 4.80 (5.75) 8.20 (8.87) 10.06 (10.15)
42 41.05 (42.37) 5.01 (5.82) 8.34 (8.98) 9.93 (10.28)
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Table 2
Major IR absorption bands (cm−1) of arylsulfonylhydrazones and their complexes.

Assignment 5msalesh 5mafesh Ni-5msalesh Co-5msalesh Ni-5mafesh Co-5mafesh

�(NH) 3211s 3215s 3214w – 3217s 3200s
�(C N) 1625m 1613s 1596s 1600m 1585s 1590m
�as(SO2) 1318s 1324s 1312s 1321w 1313s 1315s
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�(CO) 1269s 1257s 1307s
�s(SO2) 1147s 1152s 1155s
ı(NH) 691m 712s 680m
ı(SO2) 528s 536s 529m

msalesh and 5mafesh. The strong bands at 1625 and 1613 cm−1 are
ssigned to �(C N) stretching mode of the imine group for ligands.
hese bands are shifted to lower wavenumber in all complexes. This
hifts support the participation of the imine group of these ligands
n binding to the metal ions [24,25]. Ligands also display bands
t 1269 and 1257 cm−1 which are assigned to �(C–O) stretching
ibrations for 5msalesh and 5mafesh, respectively. These bands are
trongly affected by chelation through the phenolic–CO groups of
he sulfonylhydrazone and the shift to higher wavenumbers indi-
ates the coordination of phenolic–O donor atoms [26,27].

.1.2. NMR spectra
1H NMR and 13C NMR data of DMSO-d6 solutions of the sul-

onylhydrazones are given in Table 3. The integration which is in
ccordance with 1:2 formulation proposed by elemental analy-
es, allowed the assignment of them. The comparison of spectra
f ketone derivatives facilitates the distinguishing of the signals
f the methyl protons from CH3–C6H5 (5msalesh and 5mafesh),
H3C N (5mafesh), and CH3CH2 (5msalesh and 5mafesh) fragments,
he assignment of the latter being accordance with the data from
efs. [18,19]. The position of the signal of the HC N protons in the
pectrum of 5msalesh is in agreement with the data for other Schiff
ases [19,28,29]. The signals of the HC N and CH3C N protons
how no splitting, and the positions of the signals of the ring protons
re typical. In general, the multiplates observed at 6.78–7.74 and
.67–7.23 ppm are assigned to 5msalesh and 5mafesh ring protons
espectively. Signals at 9.95 and 11.12 ppm; 10.24 and 11.34 ppm
re assigned to the NH and OH protons respectively for 5msalesh
nd 5mafesh. The highfield shift of NH protons may be due to
he involvement of this group with a hydrogen bond in DMSO-d6,
hich is well known for its interaction with an amide proton [30].

n the 1H NMR spectrum of the Ni(II) complexes, the –OH-signals
ave disappeared indicating the coordination of phenolic –OH to

he metal ion via deprotonation. The azomethine group has shifted
o the downfield (0.28 ppm) region indicating coordination of >C N
o the metal ion. The other chemical shift values of complexes are
ery close to that of ligand proton. The 1H NMR spectra of Co(II)
omplexes were not carried out due to paramagnetic.

able 3
H–13C NMR spectroscopic data for arylsulfonylhydrazones in DMSO-d6 (ppm).

Compound Assignment 1H NMR

5msalesh CH3–CH2 1.21(s, 3H)
CH3–C6H5 2.21(s, 3H)
CH2–SO2 3.20(s, 2H)
(CH)Ar 6.78–7.74(m, H)
HC N– 8.23(s, H)
NH 9.95(s, H)
OH 11.12(s, H)

5mafesh CH3–CH2 1.15(s, 3H)
CH3–C N 2.19(s, 3H)
CH3–C6H5 2.14(s, 3H)
CH2–SO2 3.12(s, 2H)
(CH)Ar 6.67–7.23(m, H)
NH 10.24(m, H)
OH 11.34(s, H)
1289m 1295m 1281s
1147m 1153s 1148s
692m 708m 698s
530m 534m 534m

The 13C NMR spectra of 5msalesh and 5mafesh, the imine car-
bon resonances are found at 145.17 and 155.68 ppm as well as
154.70 and 157.52 ppm for C–O (phenolic –OH bounded) signals
in aromatic field.

3.1.3. Mass spectra
Fragmentation steps of all complexes in LC–MS spectra are

exhibited in Fig. 1. LC–MS spectra show that [Ni(5msalesh)2],
[Ni(5mafesh)2], [Co(5msalesh)2] and [Co(5mafesh)2] give the molec-
ular ions, [ML2]+ at the desired positions: m/z (intensity, %) = 538.9
(14.0), 569.0 (16.7), 539.0 (100.0) and 569.9 (20.1), [ML]2+ frag-
ments are observed at 299.1 (9.0), 313.0 (13.0), 301.0 (3.7) and
314.3 (5.0). The fragmentation of –N–NH–SO2 C2H5 group in all
complexes is observed at 121.0 with a wide range of intensities
[19]. The fragmentation of C8H6 group is in accord with aldehyde
in complexes which are observed at 101.1 (100%) as main peak
except Ni5msalesh and Co5mafesh.

3.1.4. Electronic spectra and magnetic behavior
The significant electronic spectra of the complexes are recorded

in methanol. The important bands of the ligands and the com-
plexes are observed in the region of 295–265 and 340–300 nm. They
may be attributed, respectively, to � → �* type and charge–transfer
transitions. The spectra of the Ni2+ complexes show bands in the
range of 490–498 nm. Hence, square-planer structures may be
assigned to these complexes [31]. Cobalt (II) complexes exhibit two
bands between 572 and 751 nm suggesting an octahedral geome-
try.

The magnetic moments of complexes (as B.M.) were measured
at room temperature. Nickel(II) complexes have diamagnetic char-
acters, and therefore complexes have square-planer geometry. The
magnetic moment values of cobalt (II) complexes are 4.72 and
5.01 B.M. respectively.
3.1.5. Thermal studies
Thermal behavior of complexes was determined in nitrogen

atmosphere (20 mL min−1) with a heating rate of 10 ◦C min−1 in the
temperature range 30–400 ◦C. The thermogram of Ni(5msalesh)2

Assign. 13C NMR

CH3–CH2 8.24
CH3–C6H5 20.47
CH2–SO2 45.13
(CH)Ar 116.53, 119.56, 127.33, 128.39, 132.44
C N 145.17
C–0 154.70
– –

CH3–CH2 8.26
CH3–C N 15.08
CH3–C6H5 20.61
CH2–SO2 45.41
(CH)Ar 117.18, 120.31, 127.82, 129.07, 132.12
C N 155.68
C–0 157.52
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Fig. 1. Main fragmentation s

nd Ni(5mafesh)2 has no mass loss up to organic decomposition
ver 220 and 240 ◦C, this means that both complexes does not
ontain any coordinated or crystal water molecule [19]. In the
hermogram of [Co(5msalesh)2(H2O)2]3H2O the first decomposi-
ion step by losing of three crystal water molecules is observed
ithin a mass loss of 8.37% (calcd. 8.55%) at 90 ◦C and at second step
ithin a mass loss of 5.45% (calcd. 5.70%) at 135 ◦C corresponds to

he loss of two moles of coordinated water molecules. The ther-

ogram of [Co(5mafesh)2·2H2O]H2O shows decomposition at first

tep within a mass loss of 2.95% (calcd. 3.02%) at 88 ◦C and at second
tep within a mass loss of 5.44% (calcd. 5.78%) at 178 ◦C corresponds
o the loss of one mole crystal and two moles coordinated water

olecules [29,32].

able 4
he MIC’s values of arylsulfonylhydrazones and their complexes (�g/mL).

Compounds B subtilus RSKK 244 B magatrium RSKK 5117

5msalesh 286 260
5mafesh 291 266

Ni5msalesh 378 432
Co5msalesh 541 560
Ni5mafesh 472 433
Co5mafesh 627 570
f Ni(II) and Co(II) complexes.

3.2. Antibacterial activity results

The antibacterial activity of sulfonylhydrazone and their com-
plexes was tested against microorganisms. The microorganisms
used in the present investigations included bacteria; Gram positive
bacteria S. aureus ATCC 25923, B. subtilis RSKK 244, B. magaterium
RSKK 5117 and Gram negative bacteria, S. enteritidis ATCC 13076,
E. coli ATCC 11230. The microdilution broth method was used to

determine the antibacterial activity of the synthesized compounds
[20]. The antibacterial results are given in Table 4.

The antibacterial results evidently show that the sulfonyl-
hydrazones and their complexes posses a broad spectrum of
activity against the tested bacteria at MIC values between 182 and

S. aureus ATCC 25923 S. enteritidis ATCC 13076 E. coli ATCC 11230

182 242 208
260 266 266
324 399 370
338 648 432
325 472 392
374 649 456
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Fig. 2. Structures of arylsulfon

49 �g/mL. The ligands have more activity than complexes against
he tested bacteria. The presence of electron densities on –SO2NH–
roup in sulfonamide contributes positively to the increase of the
ctivity of compounds against bacteria [33–36]. But the decrease
f the electron densities by the coordination through the donor
toms causes a decrease of activities of complexes [19,37]. If lig-
nds are compared with each other, 5msalesh has more activity
han 5mafesh against the tested bacteria. A similar situation was
eported in previous papers [18,19]. If complexes are compared
ith each other, Ni(II) complexes have more activity than Co(II)

omplexes [18]. All compounds have the most activity against S.
ureus among all bacteria.

.3. Carbonic anhydrase II (CA II) activity results

In this study, our aim was to determine the inhibitory effects
f new ligands and their complexes. IC50 (IC50 represents the
olarity of inhibiting a 50% decrease of enzyme activity) and

i (inhibitor–enzyme dissociation constant) values were given in
able 5. As seen in Table 5, all the compounds behave as inhibitors
gainst CA II enzyme, in addition, 5msalesh and its complexes have
igher inhibitor effects than 5mafesh and its complexes on CA II.
his result may be explained that 5msalesh binds to enzyme active
ite through an additional hydrogen bond with imine C–H proton as
ell as van der Waals interaction. In recent years it has been estab-

ished that a C–H group can be a hydrogen bond donor. Although
onsidered weak in nature, the bond C–H. . .X (X: O, �) termed as

–H interaction is known to be distributed widely among protein
tructures [38]. Furthermore, our Ni(II) complexes have more inhi-
ition effect than Co(II) complexes against CA II. Similar results
ere also reported by Supuran and co-workers [39].

able 5
he result of inhibition studies for all compounds on carbonic anhydrase II.

Compounds IC50 (mM) Ki (mM)

5msalesh 0.05 0.06
5mafesh 1.10 1.60

Ni5msalesh 0.07 0.12
Co5msalesh 0.09 0.81
Ni5mafesh 1.25 1.75
Co5mafesh 1.6 0 2.00

[
[

[

razones and their complexes.

4. Conclusions

In this study we have reported the synthesis of sulfonylhy-
drazones and their complexes. The structural characterizations
of synthesized compounds were made by using the elemental
analyses, spectroscopic methods, magnetic susceptibility, thermal
studies and conductivity measurements. It is concluded that sul-
fonylhydrazones act as a bidentate ligands, coordinating through
>C N and phenolic–OH via deprotonation. Based on physicochemi-
cal evidence, the proposed structure of arylsulfonylhydrazones and
their complexes is exhibited in Fig. 2.

The biological activity screening shows that 5msalesh has high
inhibition effects against tested bacteria and CA II enzyme. Further-
more, our Ni(II) complexes have more inhibition effect than Co(II)
complexes against CA II and tested bacteria.
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time at the NMR, Mass Spectra and Elemental Analyses.

References

[1] X. He, L. Tang, L. He, P. Xu, Huaxi Yike Daxue Xuebao 19 (1988) 317–322.
[2] H. Zimmer, B.H. Benjamin, E.H. Gerlach, K. Fry, A.C. Pronay, H. Schmank, J. Org.

Chem. 24 (1959) 1667–1675.
[3] S. Stefan, D.P. Evanoff, L. Marrone, A.J. Clarke, T. Viswanatha, G.I. Dmitrienko,

Antimicrob. Agents Chemother. 46 (8) (2002) 2450–2457.
[4] G.T. Supuran, A. Scozzafava, Curr. Med. Chem. Imm. Endoc. Metab. Agents 1

(2001) 61–97.
[5] C.T. Supuran, A. Scozzafava, A. Casini, Med. Res. Rev. 23 (2003) 146–189.
[6] C.T. Supuran, A. Scozzafava, Expert Opin. Ther. Patents 12 (2002) 217–242.
[7] A. Scozzafaua, A. Mastrolorenzo, C.T. Spuran, Ther. Pat. 14 (2004) 667–702.
[8] T.H. Maren, Carbonic anhydrase inhibition in ophthalmology: aqueous humor

secretion and the development of sulfonamide inhibitors, in: W.R. Chegwidden,
N.D. Carter, Y.H. Edwards (Eds.), The Carbonic Anhydrases, Birkhauser Verlag:
Basel, New Horizons, 2000, pp. 425–436.

[9] S. Parkkila, A.K. Parkkila, J. Kivela, Role of carbonic anhydrase and its inhibitors
in biological science related to gastroenterology, neurology and nephrology, in:
C.T. Supuran, A. Scozzafava, J. Conway (Eds.), Carbonic Anhydrase:Its inhibitors
and Avtivators, CRC, Boca Raton, FL, 2004, pp. 283–301.
10] C.E. Braun, J.L. Towle, J. Am. Chem. Soc. 63 (1941) 3523–13523.
11] A. Bult, H. Sigel, A. Sigel, Metal Ions in Biological Systems, vol. 16, M. Dekker,

New York, 1983, pp. 261–268.
12] G.V. Tsintsadze, R.Sh. Kurtanidze, M.A. Mdivani, A.P. Narimanidze, L.N. Mazalov

(Eds.), Problemy Sovremennoy Bioneorganicheskoy Khimi, Nauka, Novasi-
birskiy, 1986, p. 211.



1 mica A

[

[

[

[

[

[

[
[

[
[

[

[

[
[

[
[
[

[

[

[
[
[

[

[

26 Ü.Ö. Özdemir et al. / Spectrochi

13] N.I. Dodoff, U. Özdemir, N. Karacan, M.Ch. Georgieva, S.M. Konstantinov, M.E.
Stefanova, Z. Naturforsch. 54B (1999) 1553–1562.
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