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ABSTRACT

Magnetic nanosized sorbent material based on MnFe,O, (MnNPs) was
synthesized by co-precipitation. Silica coated nanoparticles (SMnNPs) were
obtained and both types coated and non-coated nanoparticles were tested
for solid phase exstraction of V, Co, Cr, Ni, Cu, Zn, Pb and Cd complexes
with ammonium pyrrolidine dithiocarbamate (APDC).

The analytes restoration into the final solution was achieved by treatment
with 7 mol L nitric acid at 25°C. The elution of elements for 10 min from
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both kinds of nanoparticles and complete digestion of the bare ones for 4h
were compared with respect to the recovery and the level of matrix effects
in ICP-OES.

The observed matrix suppression of emission signals in the range 12%
(Cu) to 37% (Cd, Pb) was caused by the high acid concentration. Dilution
of the final solution prior instrumental analysis to 2.8 mol L' nitric acid
gives matrix effect reduction by a factor of 3 to 5, but also decreases the
enrichment factor. There were no spectral interferences when SMnNPs
eluates were measured. Due to the presence of Fe and Mn the obtained
emission spectrum was significantly complicated in the case of bare MnNPs,
hence special attention should be paid to the emission line selection and
spectral interference corrections.

The elution of non-modified MnNPs was preferred instead of total
digestion to reduce the matrix effects.

Using SMnNPs quantitative recoveries were obtained for Co, Cu and
Ni, while for other elements R% were in range 60% — 85%. For all analytes
R%>90% were achieved with the exception of Cd (R=72%) applying bare
MnNPs.

At the optimized SPE conditions an enrichment factor of 10 was
obtained which allows detection limits decrease by factors 2—7 (SMnNPs)
and 3-8 (MnNPs), in comparison to direct ICP-OES determination.

Key words: magnetic nanoparticles, solid phase extraction, trace
elements, ICP-OES

INTRODUCTION

The utilization of nanoparticles in the solid phase extraction procedure
for separation and pre-concentration of target analytes is a topic of growing
interest'. The application of magnetic nanoparticles (MNPs) is promising
because they combine the general advantage of active surface of nanosized
materials having high area to volume ratio with superparamagnetic
properties which allows easy separation from the sample solution by means
of external magnet and can simplify the analytical procedure' 4.

Among different nanoparticles with magnetic properties® only the
surface modified magnetite (Fe,O,) have been exploited as a sorbent in

8



Application of bare and silica-coated MnFe,0,...

the solid phase extraction procedures (SPE) for trace elements®' and
speciation'®"'® analysis.

The mechanisms for elements retention on the surface of nanoparticles
could be summarized as follow: i) chemical bonding of the analytes with
active groups linked to the surface ™'> '8 or ii) sorption of the element
complexes, preliminary formed in sample solution® 3. To the best of our
knowledge the sorption of the hydrophobic complexes on the surface of
non-modified magnetic nanoparticles has not been studied yet.

Different approaches for surface modification of the sorbent could
be distinguished. A modification with active ligands as: polyacrilic acid
was used for group SPE of Mn, Co, Cu, Zn, and Pb¥; 1-(2-pyridylazo)-2-
naphthol (PAN) was used for SPE of Mn® and morin was used for Zn'® and
Cu®,

Surfactants anchored chemically or physically adsorbed on the
surface of nanoparticles may form single or double layer (hemimicelles,
mixed hemimicelles, and admicelles) which stabilizes the solid phase in
suspension and improves extraction efficiency® '*. The modification of
magnetic nanoparticles with decanoic acid and sodium dodecyl sulphate
have been developed from Faraji et al.> '* for SPE of Cd, Co, Cr, Ni, Pb,
Zn as hydrophobic PAN complexes and mercury-Michler’s thioketone
complexes respectively.

Most of the methods incorporate two modification steps: preliminary
covering ofthe nanoparticles with silicalayer and further surface modification
with complexing agent. The silica layer ensures sorbent protection in acidic
media, decreases the agglomeration propensity but at the expense of loss of
magnetic properties'. Silica coated nanoparticles additionally modified with
y-mercaptopropyltrimethoxysilane have been applied for fast and selective
SPE of trace amounts of Cd, Cu, Hg, and Pb'?; for speciation of inorganic
Te'” and for microextraction of Cd, Pb, and Hg from HepG2 cells’. The
same group used the silica covered Bismuthiol-1I — immobilized magnetite
nanoparticles for SPE oftrace amounts of Cr, Cuand Pb'* and amino-modified
silica-coated magnetic nanoparticles for speciation of inorganic As'®. Wu et
al. reported application of the silica-coated Fe,O, nanoparticles modified
with N-(2-aminoethyl)-3-aminopropyltrimethoxy-silane for speciation
of Cr'®. Magnetite nanoparticles modified with 3-(trimethoxysilyl)-1-
propantiol and subsequent immobilized with 2-amino-5-mercapto-1,3,4-
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thiadiazole have been employed for separation and preconcentration of
trace amounts of Ag, Cd, Cu, and Zn'!,

In most of the published papers MNPs-SPE methods were combined
with ICP-OES® °-!: 13- 14 or [CP-MS® 121718 a5 instrumental techniques for
detection. However the study of non-spectral and spectral matrix effect in
solutions obtained after SPE was not found.

Substituted iron oxides such as CoFe,0,"” or MnFe O, have been
recently applied for SPE of UV filters from cosmetic samples and bovine
serum albumin (BSA) respectively. Hu et al?! investigated the properties of
substituted ferrites with common formula MeFe O, (where Me =Mn, Mg,
Zn, Cu, Ni and Co) for removal of Cr(VI) from synthetic electroplating
wastewater. The authors reported that among all tested sorbents MnFe O,
nanoparticles have shown the strongest magnetic properties and the
highest surface area which makes them promising for SPE. In our previous
investigation?? sorption of the hydrophobic complexes of V, Co, Ni, Cu,
Zn, As, Se, Cd, Pb with ammonium pyrrolidine dithiocarbamate (APDC)
on non-modified Fe,O, and MnFe,O, nanoparticles was studied. Optimized
SPE method for group pre-concentration was applied for ICP-MS
determination of target analytes in urine samples. Both types of evaluated
MNPs were found to be effective as sorbents for Me-APDC complexes and
final solutions were compatible with ICP-MS.

The aim of present study was to compare the applicability of bare and
silica coated MnFe O, nanoparticles as sorbents for group SPE of V, Co,
Cr, Ni, Cu, Zn, Pb and Cd by means of sorption of their APDC complexes
preliminary formed into the sample solution combined with subsequent
ICP-OES determination.

EXPERIMENTAL

Instrumentation

An inductively coupled plasma optical emission spectrometer [CP-OES
Optima 4300 DV Perkin Elmer (Perkin Elmer Corporation, Shelton, CT)
equipped with flow focusing nebulizer OneNeb® (Ingeniatrics S. L. Seville,
Spain) was used in this study. The instrumental conditions are presented in
Table 1.

For size characterization of studied MnNPs and SMnNPs a JEM-2010
high resolution transmission electron microscopy (HR-TEM) coupled to an
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Inca Energy TEM100 energy dispersive X-ray spectrometer (EDS) from
Oxford Instruments (Marlow, United Kingdom) was used.

Table 1. The instrumental conditions of ICP-OES analysis

Plasma gas flow rate 15 L min™!

Auxiliary gas flow rate 1.5 mL min™!

Frequency of RF generator 40 MHz

RF generator power 1.55 kW

Observation mode Axial

Nebulizer OneNeb® (Ingeniatrics S. L. Seville, Spain)
Sample flow rate 0.5 mL min™!

Cd(T)* 228.802 (R); Cd(II) 214.440; Cd(II) 226.502;

Co(II) 228.616 (R); Co (II) 230.786; Cr(II)

267.716 (R); Cr(II) 205.560; Ni(I) 231.604 (R);
Element /Wavelength (nm)/ Ni(II) 221.648;

Ni(I) 232.003; Cu (I) 327.39 (R); Cu(II) 213.597;

Pb(1) 220.353 (R); Pb (1) 217.000; V (IT) 290.880 (R);

Zn(IT) 206.200 (R); Zn(T) 202.548

# in brackets: I is indication for atom emission line; II is indication for ion emission line

R is recommended by the manufacturer analytical line.

An 800 Series Digital hot plate stirrer from VWR (Darmstadt, Germany)
and an UP200S-Stand-Mounted ultrasonic processor from Dr. Hielscher (Teltow,
Germany) with 200W effective power/amplitude output and working frequency
of 24 kHz, and with a S7 titanium sonotrode (7mm diameter, 100mm length)
were used for MNPs synthesis and surface modification. A micro pH 2002 pH-
meter from Crison (Alella, Spain) was used for the pH measurements.

Reagent and samples

Sodium hydroxide and ammonium hydroxide solution (25% (W/v),
d=0.91g mL") reagent-grade used for nanoparticles synthesis and pH adjustment
were purchased from Scharlau (Barcelona, Spain). Manganese dichloride
tetrahydrate (MnCl,-4H,0) from VWR BDH Prolabo (UK) and iron trichloride
hexahydrate (FeCl,-6H,0) from Sigma-—Aldrich (Steinheim, Germany) were used
as a precursor salt for synthesis. Tetraethyl orthosilicate (TEOS) Sigma—Aldrich,
ethanol and acetic acid LC-grade from Scharlau were used for nanoparticles
surface modification.

The complexing agent — ammonium pyrrolidine dithiocarbamate (APDC),
(Sigma Aldrich) was added as 2% solution in water (daily prepared). [CP multi-

11



D. Georgieva et al.

element standard solution IV Merck (Darmstadt, Germany) and single element
solutions of V 1000 mg L' High Purity Standards (Charleston, UK) after
appropriate dilution were used to prepare a model solution for SPE procedure
optimization as well as for the preparation of calibration standards.

Ultra-pure water (resistivity >18MQcm) obtained by a NANOpure II system
from Barnstead (Boston, MA, USA) was used for the preparation of all solutions.

Magnetic nanoparticles synthesis and surface modification

Magnetic nanoparticles were synthesized by co-precipitation of solution
containing Mn?* and Fe** ions in basic media. Before the synthesis, the precursor
solution (V=500 mL) with concentrations of metal ions 0.017 mol L' for Mn?*
and 0.033 mol L' Fe** (molar ratio Mn*": Fe** = 1:2) was heated to 30°C and then
0.25 mol L' NaOH was added at once until pH~11 was reached. The produced
suspension was additionally stirred keeping the temperature ~ 80°C for 3 hours.

The magnetic nanoparticles were separated from a supernatant solution by
means of external magnet and washed with double distilled water until pH=7 was
reached then once more with ethanol. Nanoparticles were stored as suspensions
in 50 mL double distilled water and were stable up to 6 months.

A part of the produced MnNPs was subjected to the surface modification
following the procedure described for CoFe,O, nanoparticles”. Briefly,
separated and washed MnNPs were dispersed in 450 mL of ethanol using the
ultrasound processor (the pulse and the amplitude was set for all the synthesis
process at 100% and 80%, respectively). The solution was purget with argon to
remove dissolved oxygen. Chilled (for 10 min at — 18°C) solution of 10.5 mL of
ammonia in 140 mL of ultrapure water was added to the suspension. The mixture
was sonicated for 15 min, and then chilled TEOS solution (22.5 g in 75 mL
ethanol) was added near to the sonotrode with a pipette. After 60 min, the argon
flow and the ultrasound energy were stopped and the particles were separated by
means of external magnet.

Magnetic nanoparticles based SPE procedure

Solid phase extraction procedure was performed in a batch mode presented on
Fig. 1. Parameters of procedure such as solution pH, sorbent and ligand amounts
as well as time for separation were previously optimized®. Approximately 10 mg
of the nanoparticles were transferred into a conical test tube (V =50 mL). Model
solutions and 25 mg APDC (as a 2% m/v solution) were added and then pH was
adjusted at five. The extraction of metal chelates was performed by continuous
shaking for 5 min. Magnetic nanoparticles with the adsorbed metal complexes
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were separated by means of permanent magnet for 5 min and then the supernatant
solution was completely decanted. The separated solid phase was washed with
10 mL ultra-pure water.

For the analyte restoration in final solution 7 mol L ~! nitric acid was used at
ambient temperature. Two approaches were tested: 1) elution with 2 mL acid for
10 min for both types of nanoparticles (in this case non modified MnNPs were
partially dissolved) and ii) prolonged treatment for 4 hours (for bare MnNPs
only), that led to complete dissolution of solid phase.

The three different final solutions namely eluates obtained from SMnNPs
and MnNPs and completely dissolved MnNPs were diluted with ultrapure water
to final volume 5 mL and subjected to ICP — OES analysis.

ICP-OES determination of solutions obtained after SPE

The plasma axial observation mode was used for detection of analyte
emission lines. The concentration of analytes into the final solutions obtained
after SPE was calculated using matrix match calibration approach, where the
calibrations standards (in interval 0—Img L') were prepared by addition of
spikes from multi-element aqua standards into the procedural blank.

model continuous i phase > o
solution mlxmé oY separation  §,__ggfS=*"  redispersion
—_—> i —> o —_—>
n -
APDC 5 min E&RY 5 min 7mol L
25 ™
me contact £ HNO,

waste

10 mg
SMnNPS
or MnNPs

1 dissolution elution
" (4h) (10 min)
= J.J final volume 5 ml \]/
I 1] 21 i
u—L—Eh-n“-LLn..‘._ ICP-OES
phase

separation
-—

5 min

| o

Figure 1. Principal scheme of the magnetic nanoparticles based solid
phase extraction procedure.
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RESULTS AND DISCUSSION
Magnetic nanoparticles characterization

Both synthesized magnetic nanoparticles (bare and silica coated)
were characterized by TEM (Fig. 2A, B). Two fractions with mean diameters
~2 nm and ~20 nm could be distinguished for bare particles (Fig. 2C). The
modification by silica layer led to the increased size and the finest fraction cannot
be distinguished. Probably the smallest particles are agglomerated during the
modification, but the mean size of the silica-coated manganoferrite nanoparticles
is still below 50 nm. Finally it was proven by EDS analysis that manganoferrite
particles were with desired molar ratio Mn:Fe = 1:2 which corresponds to the
formula MnFe,O,

Optimization of ICP-OES determination

Three different final solutions obtained after SPE were subjected to ICP-OES
analysis, namely final solutions obtained after SPE and: i) elution of analytes
from SMnNPS, ii) elution of analytes from MnNPS for 10 min and iii) complete
dissolution of solid phase (for MnNPS) for 4h. The matrix effects (spectral and
non-spectral) were examined in all mentioned cases and correction approaches
were proposed.

number NT's
-
r

25 1

20

Al ‘

< ANt s

-l R - -
e B

Mow

NFssize (nin)

Figure 2. TEM images of MnNPs (4) and SMnNPs (B) with size
distribution diagram for MnFe,O,NPs.(C)

For estimation of the non-spectral matrix effect (Eq.1) sensitivities of
analytes obtained in every sample fraction were compared to the common
external calibration using aqua standard solutions containing only 1% (v/v)
HNO, (0.14 mol L") needed for stabilization.
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. Sens Matrix Sens AquaStd
MatrixEffet % = 2 %100 )
SenSAquaStd
where: Sens,  is the slope of calibration line in the presence of

studied matrix; Sens, ., is the slope of calibration line obtained using aqua
standards containing 0.14 mol L'' HNO.,.

Both borderline cases without dissolved solid phase (SMnNPs eluted
with 7 mol L' HNO,) and with completely dissolved solid phase (4h
treatment of MnNPs) were compared. (Fig. 3) For all monitored emission
lines the non-spectral matrix effect was comparable when eluats from
SMnNPs and completely dissolved MnNPs were directly measured.
Observed matrix suppression was within the interval 12% (Cu) to 37%
(Cd, Pb) and it was caused mainly by the high acid concentration.
Further dilution up to 2.8 mol L' led to the reduction of matrix effect by
factor 3—5, but enrichment factors were lowered in this case. All further
measurements were performed after dilution of the final solution prior
instrumental analysis up to 5 mL. Even in this case matrix suppression up
to 15% for Cd, Cr and Ni was detected. In order to solve the problem with
matrix effects we choose to work with calibration standards prepared in
procedural blank (Matrix matched calibration).

= SMnNPs (7mol/L) /AquaStd MnNPs (7 mol/L Y AquaStd
= MnNPs (2.8 mol/L Y AquaStd

S THTHTE TN TG
10 — L= 1 — s — | -
15 — I - - | | | | ] — ‘

_20 - ! ! |

25 |k —— ——.

30 — ! E | 11 — | -

Ccd Co Cr Ni Pb v Zn Cu
226.502 228.616 205.560 231.604 220.353 290.880 202.548 327.393

Matrix effect %o

Figure 3. Non spectral matrix effect on the analytes sensitivity in
solutions after SPE procedure, compared to external calibration using
aqueous standards.
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Spectral matrix effect was not observed when SMnNPs were used as
a sorbent. Completely different behavior was detected in the case of non-
modified MnNPs because of the presence of matrix elements (Fe and Mn)
in the final solution. Elevation of the background signal was recorded in the
both cases when non modified MnNPs were used for SPE (Fig. 4).

Aqua Std SMnNPs MuNPseluted — ——MNMnNPs dissolved
12000

10000
8000

6000

Intensity

4000

2000

S e
L B B ot IO ot Nt O o B B S

= S o
L B I I B B I I B N

P R W It B Rt B et

Wavelenght (nm)

Figure 4. Emission signals of the analytes in blank solutions obtained
after SPE using three approaches for analytes restoration: elution from
SMnNPs, MuNPs and dissolution of MnNPs.

The mean enhancement of background (in comparison to aqua standard)
was by factor of 3 for eluted MnNPs, and by factor of 6 when solid phase
was completely dissolved. Probably this behavior is due to the band
emission spectra of molecules or radicals formed by matrix components
(i.e. Fe and Mn) in cooler regions of the plasma tail. As could be seen from
figure 4 the obtained emission spectrum was significantly complicated
due to the presence of Fe and Mn especially in the case of bare MnNPs.
With increasing the concentration of matrix components even less sensitive
emission lines of Fe and Mn could be detected.

For estimation of the spectral interferences at least two emission lines
per analyte were monitored. Free from spectral interferences were the
emission lines of Co 228.616 nm; Pb 220.353 nm; Zn 202.548 nm and
V 290.880 nm. Spectral lines caused by matrix elements were observed
near to the emission lines of Cd 214.440 nm and 226.502 nm; Cr 205.560
nm; Cu 327.390 nm and 213.597 nm; Ni 232.003 nm (Fig. 5).
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Figure 5. The emission lines for analytes measured in solutions after SPE
with SMnNPs and MnNPs compared to the corresponding aqua standard.
Concentration of the elements in all solutions is 0.5 mg L
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Nevertheless these lines could be used for analysis. To avoid any overlap
of adjacent peaks of the analyte and interfering component it is recommended
to measure the intensity at the analyte peak maximum, instead of the spectral
peak area. The recommended by the instrument manufacturer emission line Cr
267.716 nm was overlapped by Mn 267.725 nm. The similar case was found
for the line of Pb 217.000 nm interfered by Fe 216.995 nm. The last two lines
are not suitable for analysis in the presence of manganoferrite matrix (Fig. 6).

Pb (I) 217.000 Cr(II) 267.716 (R)
— SMuNPs MnNPs eluted ——— SMnNPs ——— MnNPs eluted
MnNPs dissolved ;’;‘ - Aqua standard —— MnNPs dissolved - - - - Aqua standart
1500
Fe 20000 M
Fe
21000 2 15000
z z 10000
g 5 A / 2
£ 300 X E 5000
0 ]
216.93216,96216,99217,02217.05217.08 267.6 267.65 2677 267,75 2678
Wevelength (nm) Wavelength (nm)

Figure 6. The emission lines of analytes directly overlapped by the matrix
components in solutions after SPE with SMnNPs and MnNPs compared
to the corresponding aqua standard. Concentration of the elements in all
solutions is 0.5 mg L~/

Analytical figures of merit

The recoveries (Table 2) obtained for model solutions of target analytes
subjected to SPE-ICP-OES were calculated by equation (2).

RY% = Do 100 @

initial

where: R% —recovery; Q, .. is the initial analyte quantity in the model
solution; Qg — is the analyte quantity, measured after SPE procedure

When the MnNPS were used for SPE (for both restoration protocols)
recoveries above 90% were observed for all tested elements with exception
of Cd (R% = 78), while in the case of SMnNPs the recoveries above 90%
were obtained only for Co, Cu, Ni and Pb, which proves that the surface
of bare manganoferrite particles shows better adsorption properties towards
Me-APDC complexes than siliconated ones.
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For assessment of the method limits of detection MLOD (Table 3) in
SPE the signals corresponding to 3 times standard deviation of blank solution
were calculated as concentrations, using the calibration equations obtained by
the method of matrix-matched calibration (standards prepared in procedural
blank). Obtained values were lowered by the achieved pre-concentration
factor. With the proposed SPE-ICP-OES procedure detection limits were
decreased by factors in the range 2—7 (SMnNPs) and 3-8 for MnNPs. In
respect to the MLOD the siliconated SMnNPs give better result, which is
mainly due to the less pronounced matrix effect, but in this case incomplete
recovery must be corrected by adequate calibration procedure. While for bare
manganoferritte NPs, the sorption process is not problematic, but elution
protocol should be kept as soft as possible in order to decrease the spectral
interferences inherent for the matrix reach with Fe and Mn.

Table 2. Recoveries (R%) of the studied elements, with corresponding
standard deviations (n=35), obtained for both types of MNPs
and different restoration protocols.

Cd Co Cr Cu Ni Pb \% Zn

o,
R%£SD 214.440/230.786|205.560(327.393|231.604|220.353|290.880(202.548

SMnNPs | 72+3 | 92+4 | 602 | 93+4 | 95+4 | 93+£3 | 71£2 | 693

MnNPs | 2g 2 9744 | 9323 | 9123 | 99+3 [100+£2(100+1| 913
Eluted
MnNPs | o0 1 1 9743 | 9722 | 903 | 98+2 | 9941 [99+2 | 902
Dissolved

Table 3. Method limits of detection (MLOD) in ug L obtained
by SPE procedure using bare and silica coated MnNPs compared
to the instrumental limits of detection in aqua standards.

Cd Co Cr Cu Ni Pb \'% Zn
214.440/230.786205.560|327.393 (231.604 | 220.353290.880(202.548

Aqua 1 o35 | 089 | 171 | 067 | 074 | 697 | 773 | 0.80
standards
SMnNPs | 0.19 | 0.16 | 036 | 025 | 029 | 097 | 143 | 023
MnNPs | g 18 | 033 | 046 | 027 | 029 | 115 | 095 | 0.25
Eluted
MnNPs | 20 | 039 | 041 | 024 | 064 | 278 | 132 | 042
dissolved
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CONCLUSIONS

SPE with bare and silica covered MnFe O, magnetic nanoparticles
proved to be effective for the group pre-concentration of APDC complexes
of V, Co, Cr, Ni, Cu, Zn, Cd and Pb. Silica modified MnFe O, NPs applied
as a sorbent allows free from spectral interferences ICP-OES analysis, but
with lower recoveries. Bare MnNPs are more effective sorbent for Me-
APDC complexes, but the dissolved matrix during elution, causes a number
of spectral interferences in ICP-OES. Hence, keeping the soft conditions
during elution of analytes is strongly recommended in order to reduce the
matrix effect. For analytical data handling, the maximum of spectral peak is
suggested as more appropriate.

The optimized SPE method combines a simple synthesis, small amount
of sorbent phase (10 mg), easy performance and good compatibility with
ICP-OES.
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APPLICATION OF CLASSICAL METHODS
TO ISOLATION OF RUTIN FROM
ORIENTAL TOBACCOS
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Plovdiv 4000, Bulgaria, dagnon@uni-plovdiv.bg

ABSTRACT

Major commercial sources of rutin include Sophora japonica, Eu-
calyptus spp., Fagopyrum sculentum and Ruta graveolens. However, the
necessity of identifying a better cheaper commercial source of rutin is still
valid. Tobacco is a rich source of this medicinally important flavonoid.
Especially the Oriental tobaccos grown in Bulgaria contain large amount
of rutin, approximately 1% and potentially can be used commercially to
obtain a product rich of this natural antioxidant. In this study the classical
methods of extraction and isolation of rutin from Oriental tobaccos were
investigated. By using analytical HPLC, the amounts of rutin present in
the tobacco leaves and extracts were determined. The largest amount of
rutin was obtained by water extraction with heat reflux and liquid-liquid
extraction with ethyl acetate. The results of the quantitative determinations
by HPLC of rutin show the amounts of 0.93% or 9.3 mg/g rutin in tobacco
leaves and 0.7 mg/g in the obtained extract.

Key words: polyphenols, HPLC, rutin, tobacco
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BbBEJIEHUE

OpUHEeHTaJICKUTE TIOTIOHW €A OCHOBEH THIl TIOTIOHH, OTIVIEXIaHH B bbi-
rapus. Te ca ApeOHONMCTHH U U3CYIIEHHUTE JIUCTA Ca ChABPKATEIHH C HEXHA
CTPYKTYpa U THHBK IJIABEH HEPB, LIBST JKbJITO-OPAHKEB, OPAH)KEB, OPAHKEBO-
4epBEH JI0 YEPBEH ChC C1a0 3€JCHUKAB OTTEHBK. JIMCcTaTa UMaT BUCOK L{UrapeH
paHIeMaH, OTIMYHA TOPSIEMOCT, MHOTO (DHH, IPUSATEH W YHUKAJICH TI0 CBOSITA CH
CBIIHOCT apoMart. bacMuTe ce oTIMyaBar 1 ¢ BUCOKOTO CH ChIbP)KaHHE Ha MOJH-
¢denomu [3].

[MomeHonmMTE Ca N3BECTHH CHC CBOSITa OMONOTHYHA aKTHBHOCT. Te mpuTe-
’KaBaT MPOTHBOBB3IANUTEIHH, aHTHAJICPTHIHHN, AHTHBHPYCHH, MPOTHBOTHOMY-
HH, aHTHOKCUJAHTHHU, KapAUONPOTEKTUBHH, NPOTHBOTYMOPHH CBOMCTBA, KaKTO
U CHIIOpa3IIUpABAIL eeKT. J{eaT ce Ha 4YeTUPHU OCHOBHHU IpynH: (PeHOTHH KUCe-
TMHY, (IAaBOHOMAH, TAHUHH, CTHJIOCHHU U TMrHaHH. DIaBOHOMIHUTE ca Hall-roms-
Mara rpyna nonudenonu — BkitouBat Hag 4000 mpeacTaBuTens, Kato OpoAT UM
HemnpeKkbcHaro pacte [1].

OCHOBHHTE KOMIIOHEHTH Ha TOMI(EHONHUST KoMIUIeKe Tipu bacmute ca de-
HOJIHUTE KUCEIMHU — XJIOPOT€HOBA KUCEIMHA 1 HEHHUTE N30MEPU — HEOXJIOPO-
reHoBa KucennHa U 4-O-Ka(eonIXuHoBa KUCENNHA, U (IABOHOUINUTE PYTHH U
kemndepon-3-pyruHosun [2, 5].

PytunbpT mpuHamnexu KbpM Tpymara Ha ¢raBoHommute. OCHOBHOTO MY
JeCTBHE € 3a3ApaBsiBaHETO Ha CTEHWTE Ha Kamunspute. MMa uspazeHu aHTu-
OKCUJIAHTHH, TIPOTHBOBB3MATIUTEIHH, TIPOTUBOATIEPTMYHH 1 aHTUBUPYCHH CBOM-
crBa. PyTuHbT ycunsa aeiictsuero Ha Buramu C. MIma unaukanuu, 4e Toi no-
THCKa TYMOPHHTE KIJICTKH Ha Jiebenoto uepso [1]. B anreunara mpexa ce mpen-
JlaraT XpaHAUTEITHN J00ABKH OT PYTHH HPEIBU] CBOMCTBATA, KOUTO IPUTEKABA.

OCHOBHHTE NPUPOTHU W3TOUHUIM HA PYTHH ca SmoHcka akamus (Sophora
japonica), Ekammnt (Eucalyptus spp.), Oo6ukHoBeHa emma (Fagopyrum
esculentum) u Cenedue (Ruta graveolens). TroTionuTe 0T copToBa rpyma bacmu
oTmiexaaHu B bearapust ca 6orat n3rouHuK Ha 031 (riaBoHou . ChIBPIKaHUETO
My e npubnuzurenso 1% (10 mg/g) [2, 3]. Te3u TIOTIOHHU ce OTIIEKAAT HA TLIUT-
KU [TOYBH C HUCKO XYMYCHO ChAbpkaHue (0 1 —2%) 1 He e He0OX0AUMO TOpEHE,
Y TIOJIMBaHE KaTO MOCTOSHHU MPAKTUKU. [IpenBu He ClIoKHATA ¥ HKOHOMHYHA
arpotexHuka, bacMure npencrasisBaT €BTUH W3TOYHUK HA PYTUH, KOMTO MOXeE
Jia ObJie M3MOJI3BaH 3a IPOMHMIIICHO My TMoy4yaBaHe [4].

LlenTa Ha M3CNEABAHETO € J1a CE U3BJIeYe MAKCUMAIIHO KOIMYECTBO PYTHH OT
TIOTIOHA ¥ TOH 112 ObJIe U30JIMPaH H IPEUUCTEH OT (HEHONHUTE KUCETIMHH — XJI0-
poreHoBara KUCeNMHa U HEHHHUTE M30MEpH HEOXJIOpOreHoBa kucenuHa u 4-O-
KaeonnxuHOBa KUCEIHHA.
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MATEPUAJ U METOJIN

U3cnensanero ce n3BbpIM ¢ PepMEHTHPAH, CMIISH HA TIPaxX TIOTIOH OT
coproBa rpymna bacmu, exotun [[xe6en bacma, pexonta 2010 . AnexBarHa
mpo6a oT TIOTIOHA Oellle aHaTU3upaHa 3a ChIbpKaHUE Ha MOTU(PEHOIU IO
onucanus Meton ¢ BETX ot Dagnon, Edreva, 2003 [2]. 3a nenra Gere
W3M0M3BaH TeueH xpomarorpad Knauer ¢ xBarepHepHa moMIia, JeTeKTOPH:
DAD u ¢ayopecuentern RF 10Ax] u ananutnuna xosmona Purosper Rstar
RP-18e 25 cm x 4.6 mm i.d., 5 pm particle size (Merck, Germany).

Memoou 3a usgnuuare u U30OIUPaHe HA PYMUH O MIOMIOHA

OmnucaHueTro Ha METOAUTE, KOUTO M3MOI3BAXME 3a M3BIMYAHE U U30-
JMpaHe Ha PyTUH OT TIOTIOHA, KAKTO M ChOTBETHUTE JOOUBU Ha PYyTUH ca
naneny B Taommma 1.

[IpucecTBHETO HA PYTHH B MONYYCHHUTE EKCTPAKTH M (Ppakuum Oerre
HPOCIEICHO C TIOMOIITA HAa THHKOCIOHHA XpoMaTorpadus, a KOINIECTBOTO
My Oellie onpeneneHo no meroaa 3a noiudenonu ¢ BETX.

Tabauua 1. Memoou na uzenuuane u u301Upane Ha pymuH
om miomion om exomun [[iceben bacma

MeToan Metoan Pyrun
32 eKCTpPaKuus 32 M30JMpaHe mg/g

TeuHO-TeYHA EKCTPAKIMS C eTHIaleTaT
Kosonna xpomarorpadus cbC CHIMKarei 0.08
Etnnanerar: meraHon: Boja

Bopna npu kunene
30 min

Bopna npu kumnene

. TeuHO-TeYHA EKCTPaKLUS C eTUIIALIETaT 0.70
120 min

KononHa xpomarorpadus ¢b¢ CHIMKarels

60% meTaHON 0.62
Erunanerar: meranomn
70% meTaHoI TeyHo-TeyHa eKCTPaKLMsA C eTujalerar 0.34
Ermmanerar: Mmetanon
- 9.05
(1:1 v/v)

Erunanerar: metaHon Kononna xpomarorpaus cbC CHIUKaren 202
(1:1 v/v) Etunanerar: MmeTanon '
MeraHoun - Cnenu

Erunanerar - Cnemu
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PE3VIITATU U JTUCKYCUS

XpomarorpadcekusT npod w1 Ha MOIH(EHONHIS KOMIUIEKC B TIOTIOH OT
coptoBa rpymna bacmu, exorur J[>keb6en bacma e npencrasen Ha @urypa 1.

[mAu]

‘Absorbance

)
[min.)

T

®urypa 1. BETX ananuz Ha nonugphenonu Ha miomion.
Iuxose c t,=12.7, t,=18.5 ut,=19.5 (2, 3, 4) ca udenmupuyupanu
Kamo heHOoNHU KUCETUNU, XT0PO2eHO08A KUCETUHA U U30MEDU.
Iuxa c t,=33.5 (9) e udenmugpuyupan xamo pymur,
a nuka ¢ t,=37.0 (10) kamo xemneghepon-3-pymuno3uo.

Tabnmuia 2 cbbprka MONyYEeHUTE PE3YNITATH OT KOJTMUSCTBEHHUS aHAIIN3
Ha MoIH(EHOIUTE B TIOTIOHA.

Taoauua 2. Cvovporcanue Ha noaugeronu (mg/g) npu mwmioH
om exomun J{oceben Bacma

oaundenonu mg/g
Heoxnoporenosa kucennna 2,07
XJIOporeHoBa KUCEINHA 11,1
4-0-ka(heOMITXMHOBA KUCEITHHA 4,14
PyTtun 9,37
Kemdepon-3-pyrunosun 1,62
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CpaBusBaiiku naHHUTE 32 pyTUH B Tabnuma 1 u Tabmuua 2 ce BikAa,
Yye MBJIHO M3BIMYaHe Ha pyTHH (9,05 mg/g) ce mocTura cbc cMec OT eTH-
nanetat: Metano’ (1:1 v/v). JlanHuUTE 32 ChABPKAHUETO HA TTOMU(DEHONU B
MOJYYEHHUs eKCTPAKT ca JajaeHu B Tabmuma 3.

Tab6auua 3. Cvovporcanie Ha NOAUGEHONU 8 eKCMPAKm Om MIOMIOH, U3-
eneyenu cvc cmec om emunayemam:memarnon (V/V =1:1)

Honndenonn mg/g

Heoxiioporenoa kucenuna, XjoporeHoBa KUCEJIMHa,

6,28
4-0-xaeoMIXMHOBA KHCEIMHA
Pytun 9,05
Kemdepon-3-pyrunosun cienu

ITpu TO31 METOM Ha EKCTPAKIHS CEJIEKTHBHO CE M3BIMYA PyTHHA, JOKa-
TO KOJMYECTBOTO Ha (PEHOJHUTE KUCETHHH € OKOJIO €Ha TPETa OT TAXHOTO
chabpkanue B TioTioHa (Tabmuna 1 u Tabnuna 3). B Tabnuna 4 ca npen-
CTaBEHH PE3YJITATUTE 33 ChIBPIKAHUETO HAa PYTHH M (DEHOIHH KHMCEIUHH
BBB (h)paKIMsITa IMOJIy9IeHa PH KOJOHHATa XpoMarorpadus Ha CHIMKAre 1
eNIyeHTH €THJIALETaT: METaHOL.

Taonuua 4. Cvovporcanue na nonughenonu 6v8 pakyuama
NONYYEeHA ¢ KOTOHHA XPOMAMOZPAPUsL CbC CUNUKAZEN
U eyeHmu emunayemam.: MemaHon

Moaundenonu mg/g
Heoxnoporenosa kucenuna, XJI0poreHoBa KUCENNHA, 0.74
4-0-ka()eOMITXMHOBA KUCEITNHA ’
Pytun 2,02
Kemdepon-3-pyrunosua cnenu

ChbabpKaHHETO HA PYTHH BBB (pakmusaTa ¢ 2,02mg/g, T0KaTto KOJH-
9YeCTBOTO Ha (DEHONHHUTE KUCETMHU U KeMI(epol-3-pyTHHO3N HaMalsiBa
3HaYnTEIHO 110 cienu (Tabmuia 4). Xpomarorpamara nonydena npu BETX
aHaJM3 Ha (ppakmusATa OT KOJOHHATa XpoMarorpadus mokassa, e Ts € 000-
rareHa Ha pyTuH (Purypa 2). Ha Hes scHO ce BukJa HAMAJIEHOTO KOJIHYe-
CTBO Ha (DEHOIHHUTE KHUCEIMHH.
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®urypa 2. BETX ananus na ¢paxyusma oboeamena Ha pymuH.

3AKIIOYEHUE

H3BBpILICHO € U3CIIeABaHE IPH KOSTO € yCTAHOBCHA aHATMTHYHA TEXHH-
Ka 3a CEICKTHBHO U3BJINYAHE HA PYyTHH OT TIOTIOH ChC CMEC OT €THIIALETAT:
Mmetanon (1:1 v/v). Onpenenenn ca mapaMeTpuTe 3a H30JIHPaHEe HA PYyTHH
OT TIOTIOH 4Ype3 KOJIOHHA XpoMaTtorpadus cbC CHIMKArell U eIyeHTH eTHIa-
LeTaT: METaHOI.

W3cnenBanusTa ca ¢uHaHCHpaHH 1O HpoekT oT Poux ,Hayunm us-
cienBanus keM IInosauscku ynusepcuter MY 11 XD 003.
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EKCTPAKIIUA HA JIMIITUTHHU
KOMIIOHEHTHU OT BUOMACA
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ABSTRACT

A method for the extraction of B-carotene, coenzyme Q,  and ergosterol
from biomass of psychrophilic yeast strains was described. The investiga-
tion substances were derived from the Sporobolomyces salmonicolor AL,
and Cryptococcus laurentii AS , biomass with n-hexan:acetone at a ratio of
1:1 at room temperature after two repeated extraction. This combination of
solvents was better for simultaneously extraction of mentioned substances
than each of n-hexan, acetone, CH,OH, i-PrOH, EtOH and CH,Cl,.

Key words: Sp. salmonicolor AL, Cr. laurentii AS

.o Coenzime Q,,
[S-carotene, ergosterol

YBOJ

JlunuaHn KOMITOHEHTH ca nunopa3tBopumute Butamuan A, D, E, K,
koensum Q, (CoQ, ) u creponurte. Te yuacTar B ChCTaBa Ha MEMOpAHHHUTE
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JUMNUAN 33€[HO C BHCIINTE MACTHU KHCEIHHHU, TPUALWINIUIEPONIUTE,
dbochomunmuanTe ¥ COUHTOIUTTHIUTE.

PacTeHus 1 MUKpOOPraHU3MHU CHHTE3UPAT MPETUMHO KapOTEHOUAU OT
TETPaTEPIICHOB THUII, HAH-IIIHPOKO PA3MPOCTPAHEH OT KOHUTO € [3-KapOTEeHBT-
npekypcop Ha BUTaMUH A. ChIbpika c€ B XXBITO U OPAHKEBO OLIBETCHU
wionose W 3enenuyim (1, 2). [Ipoxyumpa ce ¥ oT rbOU, OaKTEpUH, aJTH,
npoxau (3, 4). Tolt e n3BeCTEH aHTUOKCUIAHT, KOMTO HaMalsiBa KIEThYHU
WIN THKAaHHU YBPEKAAHWSA, NPEIU3BHKAHH OT CBOOOAHU pagukaimu (6,
7, 8). Uzmonsea ce B XpaHUTETHATa M (pypakHaTa MPOMHUIUICHOCT Karo
OLIBETUTEN HA XPAHUTEIHHU MPOIYKTH U aKBaKyITypH (5).

B doBemkust opraHm3BM M B KICTKHUTE HAa HIKOM MHKPOOPTaHU3MH
(6axrepun-Agrobacterium, Rhodobacter, Paracoccus n npoxnau-Candida,
Rhodotorula, Saitoella) ce cunresupa CoQ,; (9). Toii ydacTBa B MUTOXOH-
JpuanHara nuxarenHa sepura. OcHoBeH koMIOHEHT € B AT®-renepupa-
M CTAAWH Ha Mpolieca Ha OKUCIUTEITHOTO (POCHOPIINpaHe U aHTHOKCHU-
JaHT, IPEIOTBPATSBAI JUIHUAHOTO nepokcuaupane (10).

Creponure mo mpousxon OHBaT 300-, (UTO — U MHKOCTEPOIHU.
[pencrapmisiBaT eqHOBAJIEHTHN MONUIMKIMYHA aJKOXOIH OT KJIaC CTEPOU-
1. B apoxxaute npeobnagasa IMaBHO €procTepoll, KOUTO ce U3IO0JI3Ba KaTo
M3TOYHHK 3a MOJTy4aBAHETO HA BUTaMMH D, M CypOBHHA 3a CHHTE3 Ha CTe-
pouaHN XopMOHaNHU mpenapatu (11, 12).

Hpoxaou ot pomoBere Sporobolomyces, Sporidiobolus, Rhodotorula,
Cryptococcus nMat CIIOCOOHOCTTA J1a IPOAYINPAT TE3U OMOIOTHIHOAKTHB-
Hu Bemectsa (11, 13, 16), cTpykTypuTe Ha KOMTO ca Moka3zaHu Ha ¢ur. 1.

CH,;0

CH, S
0

H
CoQyg €procrepost

®urypa 1. Cmpyxmypu na f-kapomen, CoQ,, u epeocmepon
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B nuteparypara ca HOCOYEHH peluIla METOIH 32 EKCTPAKLUS Ha Te3U
BEILECTBA OT PA3IMYHU OOEKTH, HAIpUMEP KapOTEHOUAM OT PACTHTENIHH
(14) nmm 6uonornynu (15) mpobu, kaporenouau u CoQ ot Guomaca Ha
MHUKpOOpranu3Mu (16) uiam KapoTeHOHIH U €procTepoi OT MPOMUIIICHH
apoxu (11). Karo excTpareHTu ca MUTHPaHU aleTOH, N-XEKCaH, METaHoJ,
1-TIPOTaHOMN, €TaHOJM, AUXJIOPMETaH, TUMETHICYI()OKCHUA NIn KOMOHHAIHS
ot 1ax (17). MetonuTe 3a eKCTpakiys Ha OMOJIOTMYHOAKTUBHU BEIIECTBA
oT OuoMaca Ha MUKPOOPTaHU3MHU C€ OCBIIECCTBSIBA CJEJ 3aBbpIIBaHE HA
(hepMEHTALMOHHUS [TPOLIEC U OTCISHETO i OT CylepHaTaHTa, U3CYyIIaBaHEe
U cle[[Balla eKCTPAKIUS C Pa3INUHH Pa3TBOPUTENN B 3aBHCUMOCT OT TOBA
KOE OT BEIIECTBaTa ce Lenu a ObJie N3BIeUCHO MakcuMaiHo. Morar aa ce
Bapupar U YCIOBUATA HA €KCTPAKIIUSA: BpeMe, TEMIIEPaTypa, IPEeABAPUTETHO
TpeTupaHe Ha epMeHTalloHHaTa cpena u ap. (18).

Lenta Ha HacTosmaTa pabora e Jga ce m3ciensa KoMOWHANUs OT
Pa3sTBOPHUTENHN, KOSATO IO3BOJIABA HA-BIHO, OBP30 U E€THOBPEMEHHO
ekctpaxupane Ha [B-xaporen, CoQ u eprocrepon or Ouomacara Ha
MCUXPOGUITHU TPOXKIH.

MATEPHUAJIM U METOHU

1. Muxpoopeanusmu, xpanumenna cpeoa u YCiogus Ha KymueupaHe

[llamosete Sp. salmonicolor AL, n Cr. laurentii AS  can3onipanu ot
MMOYBEHHU MPOOU OT TEpUTOPHATA Ha ObJTapckara 6a3a Ha ocTpoB JIMBHHT-
CTOH — AHTapKTH/IA.

depMeHTalMOHHATA CpeJia ChIbpiKa, (g/L) — 3axaposa — 40, (NH,),SO,
- 2.5, KH,PO, - 1.0, MgSO,.7H,0 - 0.5, NaCl - 0.1, CaCl,.2H,0 - 0.01,
npoxeB ekctpakT — 1.0. Hauannara croitnocT Ha pH e 5.3 u cpenara e cte-
pwmsupana mpu 112°C 3a 30 min. J[51009MHHOTO KYJITHBHPAHE CE MPOBE-
kJ1a B 7 IMTPOB JabopaTopeH Ouopeaktop (Sartorius) ¢ paboreH obem ot
5L u nmpotrya nipu aeparnmoneH notok ot 0.5 v/v/m u pa3ospkBane 400 rpm
nipu 22°C B npoabiokerue Ha 120 gaca. Ciies; 3aBbpIBaHe Ha (pepMEHTAITH-
sta ObroMacara ce meHTpopyTupa, ABYKPaTHO ce MPOMHUBA C JCCTHIMPAaHA
BOJIa ¥ C€ M3CYIIaBa Upe3 JTNODIITH3ALIIL.

2. Exempaxyus u HPLC — ananuz na epeocmepon, f-xapomen u CoQ,,
KbMm 20mg mHOro nobpe crputa nuodunusupaHa 6uomaca ce npuoda-
BAT 2 ml OT BCEKH OT Pa3TBOPUTENUTE N-XEKCaH, allETOH, AUXJIOPMETaH,
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1-IpoTaHoI, eTaHOJ, METAaHONI U KOMOMHAIUS OT N-XEKCaH/alleTOH B ChOT-
Homenue 1:1 u ce pa3dbpkBa Ha Vortex 2 min, cliea KOeTo ce HeHTPOdyTH-
pa 5 min npu 3000 g. Teunara ¢aza ce OTaeNsA U ce U3MapsBa MO BaKyyM.
Temneparypara e cborBeTHO 50°C 3a XeKCaHOBUS, allETOHOBUS, METAHOJIO-
Bus U auxsopmeranosus U 70°C 3a €TaHOIOBUS U U30IPONAHOIOBUS EKC-
TpakTy. 1o TO3M HAUMH ce MPOBEXIAT TPU MOCIECAOBATEIHN €KCTPAKIIUHL.
INomyueHusT Cyx OCTaThK ce pa3TBaps B Iml moxsikHa (asa u ce aHanu3u-
pa mo HPLC-meTton, onucan B npeauinHa myonukanus (19).

3. Cmamucmuyecku ananus

Craructiyeckata o0paboTKa Ha pe3yararuTe ¢ HampaBeHa ¢ SPSS
(ver.11), nmpu HuBOo Ha 3HaunMocT 0<0.05. M3non3BaH € BapualMOHEH
aHanu3 (ANOVA) kaTo cpaBHEHHETO MEX/1y IPyNUTe € HallpaBeHO C TecTa
Ha Tukey-Kramer. Pesynrarure ca mpeacTaBeHH KaTo cpelqHa CTOHHOCT +
CTaH/IapTHO OTKJIOHEHHUE.

PE3VIITATH U OBCBXJIAHE

Usnonseanu ca Guomacu Ha Sp. salmonicolor AL, cenexunonnpan
KaTo aKTHUBCH MPOIYICHT Ha €K30IOMU3aXapH]] ChC 3HAYMMO MPHIOKCHUE
B Ko3MeTH4HaTa poMuIieHocT (20) u na Cr. laurentii AS ,— poy4BaH 3a
CHHTE3 Ha OMOJIOTMYHOAKTHBHU BemecTsa (19).

Ha ¢ur. 2 ca mokazaHm KoJHYecTBaTa EKCTPaXUpPaHU EpProcTEpPOI,
B-xaporen 1 CoQ,, ¢ MOMOLITA HA PA3IMYHHU PA3TBOPUTEIU OT OMOMACHTE.
YcTaHOBH ce, 4e BCEKH OT TSAX CKCTpaxupa B pa3iNyHa CTEIIeH W3CIIeIBaHN-
TE BEIIECTBA B 3aBUCHMOCT OT TAXHATA IPHPOJIA.

MaxkcuManHO U3BIMYaHE Ha (-KapOTeH ce MOCTHra ¢ KOMOMHAIMITA
n-xeKcaH/areToH B choTHOIIeHue 1:1 chorBeTHO 129.2+7.3 Ng/g cyxa o6mo-
maca 3a Sp. salmonicolor AL, n 26.2+0.9 ug/g 3a Cr. laurentii AS . Tlono6-
HU CTOWHOCTH C€ MONTy4yaBaT Mmpu excTpakius ¢ Metanon (123.0+6.9 pg/g
n 18.3+0.7 pg/g) n Hait-Hucku ¢ eraHoi. KoMOWHAIMATA n-XeKCcaH/alleToH
eKcTpaxupa B Haii-ronsMa crenel u CoQ, cvotBeTHO 236.1+12.1 pg/g n
198.649.3 ng/g. Eproctepoi ce ekcTpaxupa eJHaKBO C METaHOJ M N-XeKcaH/
aretoH — 5.4+0.2 mg/g u 5.2+ 0.2mg/g ot 6uomacara Ha Sp. salmonicolor
AL, u 89.0+5.1 ng/g u 88.0+4.9 ug/g or 6uomacara na Cr. laurentii AS.,.
Bceku oT pa3TBOpUTENUTE N-XEKCaH M alleTOH NPHOIM3UTENHO B €IHAKBA
CTEICH eKCTpaxupar 1 TPUTE BEIIECTBA, HO 3aeTHO B ChoTHOIeHKe 1:1 ma-
BaT MHOTO MMO-100Bp pe3yAarar. He3aqoBoNMnUTEeTHA pe3ynTaTh ce MoTydaBaT
NP eKCTPAKIUS C TUXIOPMETaH, i-IPONaHoi U eTaHoII.
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®urypa 2. Komuecmsa f-kapomen, CoQ, u ep2ocmepon, nonyuenu
npu eKCMpaKyus ¢ paziudHu pasmeopumenu

[MpoBemenn Osixa TpHU MOCIEAOBATCTHH CEKCTPAKIUH 33 MO-IIBJIHO
n3BNIUYaHe Ha BemecTBara. Ha ¢ur. 3 e mameHa cremeHTa Ha €KCTPAKIH
Ha B-xaporen, CoQ,, u eprocrepon ot 6uomaca Ha Sp. salmonicolor AL,
¢ n-xekcan/aneroH 1:1. Ilpu mwpBara ce moctura excrpakuus oT 85%
na B-xaporen mmm 109.7 ug/g, 79% na CoQ,, nim 186.4 ug/g n 75% Ha
eproctepoin wiu 3.9 mg/g. [lpu Bropara ce momy4aBaT chOTBETHO 129.2
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pg/g, 236.1 pg/g u 5.2 mg/g, KOUTO CTOMHOCTU C€ TOTBBPXKAABAT U MPH
Tperara ekcTpakuus. Clie[oBaTeHO ABYKpaTHA EKCTPaKIMs € J0CTaTbuHa
3a MAaKCUMAJIHOTO M3BJIMYaHE HA U3CIIe/IBAHUTE BELIECTBA.
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Z 80t
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2 —s— b-xaporen
2 60 ———— CoQ10

1 2 3
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®urypa 3. Cmenen na excmpaxyus na f-kapomen, CoQ, u epeocmepon
om buomaca na Sp. salmonicolor AL, ¢ n-xexcan/ayemon 1:1

[IpoyuBanero e punancupano no npoekt ATK 02/46, Goun, ,,Hayunu
n3cinensanua MOHT.
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ABSTRACT

Cherries fresh fruit were tested for residues of herbicide flumioxazine.
High-performance liquid chromatography (HPLC) with photodiode array
detector was used. The signal of flumioxazine is linear at 220 nm in the range
of 0.1pg/ml to 10 pg/ml with 0.999 correlation coefficient. The method is
selective for detection limit of flumioxazine in cherries 0.02 mg/kg. Recovery
of added amounts of 0.1 mg/kg flumioxazine in fruit reaches 60%. After three
years treatment of the cherry trees with herbicide Pledge 50 HR were not
found any quantities of flumioxazine, higher than the M.R.Ls of 0,05 mg/kg.

Key words: HPLC, herbicides, flumioxazine, cherries.
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BbBEJIEHUE

®aymuokcazu N-(7-pmyopo-3,4-nuxuapo-3-okco-4-mpon-2-uHui-
2H-1,4-06en30Kca3uH-6-1)ukiIoxekc- 1 -eH- 1,2-qukapookcumua (IUPAC)
€ aKTUBHOTO BeniecTBo Ha npenapara [Inemk 50 BIT (50%). Toit e cenek-
THUBEH XEpOUIHII ¢ IIUPOK CHEKTHhP Ha NEHCTBUE Cpelly pa3InyHH €THO-
TOAWIIHU U MHOTOTOAWIIHU IUICBCJIU U TPEBU. (DJ'IyMI/IOKcaSI/IH € peruc-
tpupan ot United States Environmental Protection Agency u e BbBelIcH 3a
ynotpeba npe3 Anpui 2001 roguHa.

/

flumioxazin

OryMHOKCa3HH MPUHAUICKH KbM rpynara Ha N-penmwidramumuaure,
KOUTO Ca MHXHOUTOPH Ha MPOTOMOP(PUPHHOISH OKcHaas3a. Te3u cheauHe-
HUS ca cpell Haii-4ecTo MaTCeHTOBAHUTE KJIACOBE XePOUITUIN TIpe3 MOCIIe-
HOTO necetuierue. [IporonopduprHoreH okcuaa3ara € eH3uM, KOWTOo Ka-
TaJu3upa MPeBPHIIAHETO Ha IpoToniopdupuHoreH 1X g0 nporonophupux
IX xaro yact ot mbTA 3a O6MocuHTe3 Ha TeTpanupona [1, 2]. Ex3umHOTO
WHXHOUpaHe BOMH JI0 3ary0a Ha XJIopo(HI U KapOTCHOUIN U YBPEXK/1a He-
00paruMo QyHKIHUATA ¥ CTPYKTYpaTa Ha KIIeThYHaTa MeMOpana. UyBCTBU-
TEJIHUTE PACTEHUsI Pa3BUBAIIY CE HA IMOYBH, TPETUPAHU ¢ (PIyMUOKCA3HH
CTaBaT HEKPOTUYHU U YMHUPAT CKOPO CJIe]] U3JlaraHe Ha CITbHYEBa CBETIIMHA
[3]. YcranoBeno e, ye ycroiunBocrra Ha [Inemx 50BII B mousara e ot 4
1o 6 mecena [4].

3a 0e30MacHOCTTa Ha XpaHWUTE, YOBEIIKOTO 3/IpaBe M OMAa3BaHETO Ha
OKOJTHaTa cpefa, AMCTPUOYLUATa Ha XPAaHUTEIHU CTOKU TPETUPAHU C Iec-
TUIUIK TPsIOBa 12 ObJie CTPOro KOHTpOoupana. HopMaTuBHUTE IOKYMEHTH
peryaupaiy KOHTpOja Ha OCTaThlM OT NECTULUAN B XPAHUTE ONPENEIIAT
MakcuManHuTe nomyctumu konudectsa (MJIK). Arennusra 3a KOHTPOI Ha
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XpaHUTE U JIeKapcTBaTa 3a0paHsBa npojaxx0dara Ha XpaHH, ChIbPIKAIIH OC-
TaTbYHU KOJIMYECTBA MeCTUITUAN, Haasumapamu MJIK. MakcumaaHo 10-
MyCTHUMH KOJMYECTBA HA OCTATHIM OT (hIIYMHOKCA3HH B YSPEIIIH 32 HAIIATa
ctpana ca 0,05 mg/kg (u3m. u gom. — JIB, 6p. 29 ot 2008 1.).

MertonuTe 3a KOHTPOJ Ha 3aMBbPCEHOCTTA Ha IJIOAOBETE C NECTHLIUIHH
OCTaThIIM MOCTOSHHO CE pa3BUBAT M YCHBBPIIECHCTBAT. MHOTO KOHTPOJI-
HU OpraHu pa3padoTBaT aHANUTHYHH TEXHUKH 3a ONpeAessTHe Ha MHOTO-
KOMIIOHEHTHH TIECTUIIMIHU OCTaThIM, KOUTO C& OCHOBABaT Ha PaziIMYHU
xpomatorpadcku metoau-TCX, I'X, BETX [5—-10]. Enun edextuBeH Myi-
TUCIIEZOBU MeTON TpsiOBa fa Oble crenuduyer u 4yBCTBUTENEH, C MAJIKO
WM HAKAKBO MAaTPUYHO BIWSHHE MPH Pa3IHNIHA KyaTypH. [loaroroBkara
Ha mpobaTa € OT ChUIECTBEHO 3HAYEHHE MPH aHajK3a Ha OCTAThYHU KO-
JUYECTBA OT MECTUIHIN. TeUHO-TeuHaTa eKCTPAKIHS € YeCTO M3IO0I3BaH
METO/, M3MOJ3BAlll Pa3TBOPUTENIM Karo aleTOH, aleTOHUTPHII, XEKCaH,
eTUJIANeTaT M CMeC OT meTposieB erep:auxiopmerad [12]. CrBpemenHa
e(peKTUBHA TEXHHMKA 3a IPEUYNCTBaHE Ha mpobara ¢ TBbpaodazHara ek-
CTpaKIWs, IUPOKO M3MOJI3BaHA TPU aHAJIN3a Ha OCTAaThYHU KOJIUYECTBA
oT ectuuuaH [5, 7]. UneHTudukamusta Ha CIIein OT IIUPOK CIIEKTHP I10-
JISPHU ¥ HETIOJISIPHU TIECTULIUAM B KOMIUIEKCHU MaTpPHUIU € TPYJHA 3aja4a.
B nocnenauTe romuam ce pa3paboTuxa MHOTO METOIOJIOTHH, H3ITOI3BAIIH
GC-MS u LC-MS/MS TexHHKH 3a TOI00psSBaHE HAAEKIHOCTTA U UyBCT-
BHTEJIHOCTTA 32 HISHTH()UKAIINSA U KOJIMIECTBEHO onpenesiae [5, 7, 8, 10,
11].

MeTtoast Ha Shu-Jen Tuan et al., 2009 [12] e moaxoasii 3a U3MOI3Ba-
HE MpU PyTUHHA MPOBEpKa Ha OCTATHLUU OT 176 MEeCTULMIN B IUIOAOBE U
3eNIeHYYIH NIpean MpUONpaHe Ha pekonTara. Toi He BKIIIOYBA ONPEEIsTHE
Ha OCTaThYHU KOJIMYeCTBa OT (UIyMHOKCA3WH B depemn. B nuteparypara
HE ce HaMepHxa JaHHH 32 MUTpaIus Ha (UIyMHOKCa3WH OT TPETHPAHH C
XepOuIH TOYBH B IUIOAOBETE HA YepelIaTa.

Len Ha HameTo M3CIEABaHE € JIa ce Pa3pabdoTH METO] 3a OmpeaesHe
Ha OCTAaTHYHU KOJIMYECTBA OT (IyMHOKCA3UH B USPEIH, H3MON3BAI BUCO-
koe(exTrBHa TeuHa xpomarorpadusa (BETX) u nerextupaHe ¢ JeTEKTOPp C
¢doronnoxna Marpuna. Jla ce n3cienBaT IIONOBE OT YEpPEIId, PacTsIIN Ha
oYyBH, TpeTupanu ¢ xepouuuaa [Tnemx 50 BIT (50%).
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MATEPUAJ U METOJN

B nepuoga 2009 — 2011 r. B 4epelIoBOTO HacaXI€HUE Ha TEPUTOPUSITA
Ha MHCTUTYTa 10 OBOIAPCTBO € 3aJI0KEH MOJICKU OIMUT 32 IPOY4BaHE BIIU-
STHUETO Ha CEJIEKTHBHUS KOHTAKTCH XCPOWIUI C MOYBEHO M JINCTHO Jei-
ctBue IInemx 50 BII Bbpxy 3aruieBensiBaHETO, BETETaTUBHUTE U NIPOAYK-
TUBHUTE MPOSIBU HA PA3IUIHU COPTO-TIOJIOKKOBY KOMOMHAIINY YEPEIIH U
pHUCKa OT 3aMbpCSBaHEe C OCTaThb4YHU KOJMYECTBA OT aKTUBHOTO BEILECTBO
Ha IUI0J0BaTa MPOAYKLUS.

Tpetupanero ¢ IInemx 50 BII B no3a 40g/dxa e n3BbpIiBaHO B Haua-
JIOTO Ha Mecel] apuil, NPy HaJUYue HA MOHMKHAIM IJIeBETHU PACTEHUS.
[IpoabKUTETHOCTTA HA TIOYBEHOTO XepOHUIMIHO JeiicTBre Ha [Tnemk 50
BII e 5 mecena. BeHIIHM cUMNITOMHM Ha (PUTOTOKCUYHOCT U ACHPECHs B
pacTexxa Ha AbpBeTara He 0sixa HaONIoAaBaHU.

3a menuTe Ha U3CIIENBAHETO Ca U3IOI3BAHN CPETHH IPOOH OT YepEeIIn
OT CJICTHUTE COPTOBE:

1. Copt Karanun/I'uzena 5 (kOHTpoIa) — 4yepeln oT IbpBETa pacTAIIn
Ha HeTpetupanu ¢ [Inemx 50 BIT mousn.

2. Copr Karanun/I'uzena 5 (Tpetupana) — 4epemu Ot IbpBeTa pacTsi-
iy Ha Tpetupanu ¢ [Tnemx 50 BIT nousn.

Xumuxanu u koncymamueu

Omymuoxcasud (94.3%, HPLC) ot ¢pupma; Sigma-Aldrich

Oprannynn pastBoputenu: auetoH (Merck), auxmnopmeran (Merck),
aneronutpus (HPLC; Sigma-Aldrich),

NaCl (30%); NaHCO, (12%) u 6e3B. Na,SO;

Mewmb6panen ¢untsp 0.45 pm.

Cmanoapmmuu pazmeopu

W3xomHUAT cTaHAApTeH pa3TBOP Ha (UIYMHOKCAa3WH € IPHUTOTBEH C
xoHnentparust 100pg/ml B aneronntpun (HPLC grade). Pabotnute cran-
JIapTHH Pa3TBOPH ca IOJYYEHH 4pe3 CEepHHHO pa3pekaaHe Ha W3XOIHHA
CTaHIapTeH Pa3TBOP ¢ KoHIeHTpamuu 10pg/ml, Spg/ml, 2.5ug/ml, 1pug/ml,
0.5pg/ml u 0.1pug/ml. Benuku pa3tBopu ca cbxpansBanu mpu 4°C.

Tloozomosxa na npoboume

3a moAroToBKa Ha MPOOWTE € ajanTUpaH MeToJa onmucan oT Shu-Jen
Tuan et al., 2009 [12]. Cpennu npobu OT IPECHU YEpEIIH ca HaMaJICHU
4pe3 KBapTyBaHe u ca Haps3aHu. [lopiust ot 20g ce xomorenusupa ¢ 80ml
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areroH 3a 1min. XoMoreHara ce ¢untpysa moj BakyyM (11pum). Pa3reo-
PBT ce KoHIEeHTpupa A0 3—5ml B 001ombHHA KOJI0A HA POTAIMOHEH W3-
napuren u ciexn nodassiHe Ha 1.5g NaCl ce mpexBbpiisi BBB (QyHHUS 32 TPH
TEYHO-TEYHH eKCTpakimu. Pa3TBOpbT Ha mpobara ce excrpaxupa ¢ 10ml
quxjopMerad 3a 1 Muayta. OpranudHara ¢asza ce croupa, a BOJHHAT CIION
ce eKcTpaxupa Kakto mo-rope. Ciex ToBa KbM BOJHMS CIIOH Hpenu MOB-
TOpPEHHE Ha TpeTara pa3feisiila cThIKa ce nobasst 1ml 12% pa3tBop Ha
NaHCO, u Sml 30% pastBop Ha NaCl. Kbm koMOuHMpaHUTe OpraHuyHu
cioese ce nobass 20g 6essonen Na,SO,, cie KoeTo pasTBOpHT ce (pui-
TpyBa. @uinTparsT ce usnapssa 1o cyxo npu 40°C. OctarbKbT ce pa3TBaps
B 2.5ml aneToHUTpUI U ce GUITpyBa mpe3 MeMmopaneH Guatep 0.45um.
Amnanusupa ce upe3 BETX.

BETX ananus

Nsnomsana e HPLC cucrema Knauer B o0spHata (haza (RP) ¢ komona
Purospher C18 (250 x 4.6mm, Sum), kBaTepHEepeH cMmecuten Smartline
Manager 5000, momma Smartline 1000 u PDA 2800 merexrtop. [Tomsux-
Hara (aza A e Boja: ametoHuUTpui, (60:40) u 3a 20 MHH B TpaJHeHT ce
npomens 10 100% anerorutpumi, ¢aza B. Ckopocrra ¢ 1ml/min. Jbmku-
HaTa Ha BBJIHATa Ha (OTOAMOMHUS NETEKTOp € (uKcrupaHa Ha 220nm u
xXpomarorpadusra e IpoBecHa P cTaliHa TeMueparypa. MHKeKIIMoOHHN-
st 00em e 10l 3a Bcuuku mpoou.

PE3VIITATHU

Uszenuuane na rymuoxcazun om uepewiume

[Ipu ekcTpakiusaTa Ha PIYMHOKCA3MH OT YEpelInuTe € U30paH alleToH
TopaIy HeToBaTa €(PEKTUBHOCT KbM ITOJISIPHH M HETIOJISIPHU MECTHIUAN OT
paznuaan Marpuri [12, 13]. AueToHBT € pa3TBOPUTEN ¢ HUCKA TOKCHY-
HOCT ¥ CPaBHUTEIHO HUCKA II€HA, HAITBJIHO € CMECHM C BOIara M JICCHO
ce m3napsBa. OIyMHOKCa3WHBT HAITBIHO CE Pa3TBaps B AUXIOPOMETaH,
KOWTO TO M3BIMYA OT BOAHATA (paza mpu TEYHO-TeyHaTa eKcTpakuus. [Ipu
rxomuuectBa 0.05mg/kg — 0.1mg/kg GmyMHOKCa3sHH B YepelnTe, aHaM-
TUYHUAT J00uB Bapupa oT 30% mo 60%. Te3u pesynraru mokas3BaT He-
JocTaTbyHaTa €(PEeKTUBHOCT HA TEUHO-TEUHATa eKCTPaKIUs 3a aJeKBaTHO
W3BIMYaHE Ha OCTaThYHU KOJMYECTBA OT (PIIYMHUOKCA3HH.
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Paszoensne u demexmupane

Bpemeto Ha 3aabpikane Ha GpayMuokcasuH € 12.5 min ¥ MONTBIIAHETO
My € MpU MaKCUMYM Ha JbJDKHHA Ha BhiIHATa 216 nm (Dur. 1).
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®urypa 1. Xpomamoepama Ha cmanoapm Ha GAyMUOKCa3uH

CurHanbpT Ha (QuyMHOKca3wH mpu 220nm e JHWHeeH B o0iactra oT
0.1pg/ml mo 10 pg/ml u ce xapakrepusupa ¢ KOePUIHUEHT HA KOpeIalus
0.999 (®ur. 2).
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®durypa 2. Jluneiinocm Ha CueHAIA HA AYMUOKCAZUH
68 3a8UCUMOCH O KOHYEHMPAYUAMd
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['panunara Ha perexTupane e npu koHeHtpauus 0.1pg/ml hmymuox-
Ca3uH, KOATO OTroBaps Ha octarbuHM konmuuecTBa oT 0.02mg/kg B uepe-
mute. [lomydeHute pe3ynraru Mokas3Bar, 4e YyBCTBUTEITHOCTTa Ha METO/a
yaoBieTBopsiBa m3rcksaneto 3a MJIK (0.05 mg/kg) npu ycnosue, de noa-
TOTOBKAaTa Ha mpo0ara rapaHTupa aJIeKBaTHO U3BIMYAaHE HA (HTyMHOKCA3HU-
Ha OT YepeluTe.

Ha ®urypa 3 e npencraBeHa xpoMaTorpaMara Ha po0a depemiu ¢ J0-
6aBeno konmuyectBo 0.1 mg/kg dhmymuoxcasus.

[

L=

®urypa 3. Xpomamozepama na npoba uepeuiu
¢ 0obaserno konuuecmeo om 0.1 mg/kg nymuoxcasun.

He e uaeHTHUIMPAH MUK ChC CHITOTO BPEME Ha 3aIbpKaHe ITPH J1BaTa
BapuaHTa MpoOu (KOHTPOJIa ¥ TPETUPAHA).

3AK/IIOYEHUE

[Mpu HanpaBeHUTE M3CICIBAHUS CE YCTAHOBH, Y€ U3MOI3BAHUAT METON
3a MOATOTOBKa Ha mpobara Ha Shu-Jen Tuan et al., 2009 He naBa noctaThy-
HO CTaOWJIHU ¥ aJICKBaTHU PE3yJITaTH 3a ONpEIessHE Ha OCTAThYHU KOJU-
4yecTBa OT (IIyMHOKCa3uH B depenin. [IpencToaT ekcriepuMeHTH 3a pa3pa-
0OTBaHe Ha METO] C U3IOJ3BaHe Ha TBHPAO(a3Ha EKCTPAKIIHUSL.
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CHEKTPO®OTOMETPHUYEH METO/
3A OIIPEJAEJIAAHE HA ®PYKTAHHU
B XPAHU

H. Ilemkosa, M. Casamunoea, b. Bumanoea, I1. /|enes

Kameopa ,,Opzanuuna xumus u Mukpoouonozusn‘
Yuueepcumem no xpanumennu mexnonozuu,
oyn. Mapuua 26, zp. Ilnoeous 4002;
E-mail: petkovanadejda@abv.bg, denev57@abv.bg

ABSTRACT

A simple, rapid and sensitive spectrophotometric method was developed for
determination of fructans in food products (chewing candies with inulin). The
proposed method is based on the familiar Seliwanoff test for ketoses. The pres-
ence of monosaccharides glucose and galactose did not show any interference in
the analysis. The best operating conditions for development and measurement
of a colored compound formed by interaction of fructans with resorcinol and
thiourea in the hydrochloric acid medium was heating the samples for 8 min at
80°C. The producing red colored product is measured spectrophotometrically at
480 nm and the color is stable more than 60 min. Beer's law was obeyed in con-
centration range of fructose 0,5+20 pg.cm™ (R=0,997). The proposed method
was tested and validated for various parameters according to the ICH (Interna-
tional Conference on Harmonization) guidelines. The results demonstrated that
the method is accurate, reproducible, cheap and less time consuming.

Kio40Bu qymMu: unyiun, onuecoppykmosu, ppykmosa, cnekmpogomo-
mempust, peaxyust Ha Cenusanos.
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BbBEJIEHUE

OpykTaHUTE ca MIMPOKO Pa3MpPOCTPAHEHH PE3EPBHU BBIVIEXUIPATH B
pacteHusiTa. TsIXHaTa MOJICKyJa ChIAbpXKa €IHA HIH MOBeue (PYKTO3UI-
(pPYKTO3HU BPB3KH. B 3aBUCHMOCT OT THIIA HA CBBP3BaHE MEKAY PPYKTO3-
HUTE OCTATBIU (PPYKTAHUTE MOTar Jia ObJaT Kiacu(UIMPaHH B TIET OTIE-
HU TPyNU: UHYIHH, JieBaH (Pur. 1), cmecenu ieBanu (TpaMHUHaH), HHYJIUH
Heocepust 1 Heocepus neBanu (Tabnuna. 1). UHYTUHBT € moJduauciepcexH
MoJM3axapu, YUSATO BEpUra € ChcTaBeHa OCHOBHO OT fS-(2—1) dpykro3mi-
¢pyxrosnu ocrarbuy (F ), KoATO 0OMKHOBEHO, HO HE BUHAIH, 3aBbPIIBA C
€IMH DIIFOKOIIMPAHO3€H OCTaThK B peayuupamms cu kpai (GF ) (®ur. 1)
[6]. CrenenTa Ha monuMepuzaus (DP) Ha ¢pykro3ata B MHYTHHA BapHpa
mexay 2 u 70. Onurodpykro3ure ca GpykTaHH OT MHYAHHOB T ¢ DP
Mexay 2 u 12. UHynuHBT B onuropykro3urte cmajgar KbM Ipymara Ha
IUETHYHATE BIAKHUHU U HAMUPAT ITUPOKO MPHIIOKCHUE B XPAHUTEIHHUTE
MPOAYKTHU KaTo MOJICIAIUTENN, CT'CTUTENH WIM TEKCTYpHUpAIIX areHTH [ 8].

OH

" T
H,OH H CH,OH O,
© o
1
HaC N OH
H HO T p

CH,0H °

o

° I
° Q GH,0H
HO
CH,0H CH,OH

HO HO

(cm) (Fm)

a) 0)

®urypa 1. Opyxmanu: a) unyrun u 6) 1esan

Tadomuua 1. Tunose ¢opykmanu cpewjawu ce 8 pacmenusma

B - H
Tun ¢ppykran W Ha PYKTO3HA Pasnpocrpanenne A AeH
(pyKkTO3HaTa BpB3Ka TpH3axapusj
T
Wnynun 2—1 onuHaMOyp (rymis), 1 — kecTo3a
LUKOPHS, TaJIHsI
JleBan 2—6 Dactylis glomerata 6-kecTo3a
Pazkionen 21 1 26 JKiTo, ek 1 — xecto3a 1
(rpamuHaH) 6 — KecTo3a
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Hnysin 2—1 Acrniepixu U JIyK 6G -
HeocepHs KeCTOTpHo3a
Jlesan 26 Osec u Lolium 6G -
Heocepus KECTOTpUO3a

B mpaxtukara 3a onpenesssHeTO Ha MHYJIMH CE U3II03BaT KOJIOpHMe-
TpuyHH (cnekrpodoromerpuynn) [1-5, 9], ensumuu [8] u HPLC [10] me-
TOAM 3a aHanu3. [loBeyeTo OT chlecTBYBAILUTE KOJIOPUMETPUYHU METOAU
ce mpuJjiarar 3a onpeAesiHe Ha MHYJIMH B KPbB M YPHHA KaTo MHIUKAINA 32
mioMepynHara puiarpanus Ha 6p0perute [4, 9]. JIpyru oT TAX ce u3mon3Bar
3a CTaHJApTHU3ALMs Ha U30JIUpaH UHYIHH [3, 4] niu 3a onpeaessiHeTo My B
pacTuUTeNTHH eKcTpakTH [1, 2, 5]. 3a aHanu3a HAa UHYJIUH B OJIMTOPPYKTO3H
B XPAHUTENHU NMPOAYKTH ce u3non3sar ensuMuu 1 HPLC metonu. U nBara
MeTona obade M3MCKBAT HAMYUE Ha CHENUATU3NPAHO W CKBIIOCTPYBAIIO
o0opy/BaHe, U3MOI3BAHE HA IPEUUCTEHH €H3UMH, a ITOHAKOTa € He0OX0Iu-
Ma MPOIBIDKUTENHA TPOOOIOATOTOBKA.

MATEPUAJIM U METOIHU

Benuku XuMuKam U peakTHBH M3MOM3BAHM 33 METONA Ca YHCTH 32 aHa-
mm3. Te BkmouBar: D-hpykrosa, miroko3a u ranakrosa (anhydrous, Fluka, 99%
puriss); D-nakro3a (monohydrate, Fluka, puriss), onmuroppykrosu Frutafit CLR
n waymae Frutafit TEX (Roosendaal, the Netherlands), pesopumnon (Fluka,
puriss >99%), Tnokapbamug (VEB YENAPHARM pro Analysi — Laborchemie
APOLDA) n rbBuariiy 60HOOHU 32 oTcinabBaHe (0e3 3axap, ChC 3aXapHH aJIKOXO-
M, OMUTO(PYKTO3H M EKCTPAKT OT CEeHa), 3aKyIEHH! OT ThproBcKaTa Mpexa. 13-
TMOJI3BaHUTE MHCTPYMEHTH U alaparypa BKJIIOYBAT aBTOMATHYHH TTHIIETH AXypet
(Axygen), ananmutraHa BesHa Kern ABJ, criekrpodoromersp Camspec M107,
uentpodyra — MLW T23 u marautHa 6bprasika MSH 300 (BOECO, Germany).

Onpedensine Ha AOCOPOYUOHHUSL MAKCUMYM

3a ompenensHe Ha aOCOPOLMOHHUS MAaKCUMyM C€ HPUTOTBAT CTaHIAPTHU
Pa3TBOPH Ha TTIOK032, (PPYKTO3a, TATIAKTO3a, JIAKT03a, OJIMTO(PPYKTO3a, HHYIIH
— Benuku ¢ koHuenTpamst 1,00 mg.cm?. B mepurenna konba or 100 cm?® ce
npubasst nocienosareano 1,00 cm® npo6a, 1,00 cm?® pesopuunon (1 mg.cm?),
1,00 cm?® toxap6amuz (0,1 %), 8,00 cm® eramoi, 9,00 cm® k. HCI. Kosnbara ce
HarpsBa Ha BofiHa 0aHs B Ipoab/bkeHue Ha 8 min pu 80°C. CrezBa oxiaxiase,
JIOJIMBaHE IO MapKara C JIeCT. BOJa U M3MepBaHe Ha abCopOIiATa Ha ChOTBET-
HaTa 1npo0a Mpy pasiinyHa JbJDKHHA Ha BhJIHATA B Tuana3oH ot 340 1o 660 nm,
crpsimo nect. H,O.
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THocmpossane na cmanoapmua npasa
3a mocTposiBaHe Ha KaIHOpaIlMOHHA IIpaBa ca M3IOJI3BaHH CTAaHIAPTHH
pas3tBopH Ha PpyKTO3a ¢ KoHIeHTpauu ot 0,5 pg.cm™ o 20 pug.cm™.

Iloozomosxa na npobama 3a anaiu3z

Ipererns ce 2,50 g apBuain 60HO0H, KbM HETO ce mpuOaBsaT 25 cm?
JeCTUIIMpaHa BoJa U mpobdara ce pa30bpKkBa Ha MarHUTHA ObpKaJKa IPH
temnepatypa 50°C. PazrBopeHara npoba ce NpexBbpis B MEpUTEIHA KOJI-
6a ot 50 cm’, monmuBa ce 10 MapKara ¢ ASCTHIIHpaHa Bojia u ce QIITpysa
npe3 XapTUeH QUITHP ¢ AuameTsp Ha mopure 0,45 pm. [omyuenust Ouc-
TBpP QIITPAT ce MPEeXBbPIs B IEHTpodyKHa enpyBeTka oT 50 cm® ¢ BUHT
M CE eKCTpaxupa ABYKPATHO C MO 5 ¢cm’ meTpoJieeB eTep 3a U3BJIHYaHE Ha
munuaute. [Ipobdata ce nmeHTpodyrupa IBYKpaTHO B IPOJIBIDKCHUE Ha 15
min mpu 2000 min™! ¢ mocaeaBamo OTACIAHE Ha eTepHuUs citoit. OT BOXHUS
cioii ce B3ema 1 cm® u ce pa3paboTBa 10 OMMCAHMS TTO-TOpe HauuH. M3-
MepBa ce abcopOrmsTa mpu 480 nm ¢ Tpu moBropeHus. V3pbpiiBa ce u
CHEMaHe Ha CIICKTHPa Ha MMOTTBIIAHE IIPH Pa3lIndHa IbJDKAHA HA BBIHATA
B aquanas3oHa ot 340 nm go 660 nm.

[pouenypara mo BalIUAMPAHETO HA CIEKTPO(GOTOMETPUUHUS METOI
3a BBETPEIIHO-T1a00paTOpPHH aHAIM3H € U3BbPILISHA CIIOpe]] YKa3aHHUsATa Ha
Mexaynaponnara koHpeperuus 3a xapmonusanus (ICH) [7], karo ca omn-
pelesieHu: IMHEHHOCT, MPELH3HOCT M TOYHOCT Ha METOAa.

IMpeuu3HOCTTa HAa METOIA € U3Pa3eHa Ype3 MOBTOPSIEMOCTTA U MEKINH-
Hara npenm3HocT (intermediate precision). Te ce u3passBar 4pe3 OTHOCH-
TEITHOTO cTaHmapTHO oTkiIoHeHHe (RSD) u ce nzuncnsasar o gopmyna (1):

RSDz%lOO% (1)

KBJIETO. S — CTAaHJapTHO OTKIIOHEHUE OT U3MEPBaHUATA HA 6 OTIEITHO
MIPETErICHH, TapajieTHo pa3pabOTeHN W aHATU3UPaHH MPOOU OT eIuH U
CBHII aHAJIUTHK B CIUH U CHIIU JeH (3a IOBTOPSEMOCT); S — CTaHAapTHO
OTKJIIOHEHHUE OT U3MEPBAHUATA Ha 6 OTHEIHO MPETENICHH, pa3paboTeHH U
aHAJIM3UPAHU IPOOH B PA3IHIHU JHU U OT PA3INIHU aHATUTHIN (32 MEX-

JIMHHATA [PELH3HOCT); X — CPEHO APUTMETHYHO ChIbPKAHME HA BpPyK-
TaHu B npodara, g/100 g.
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3a OlleHKa Ha TOYHOCTTa Ha METO/Ia € U3II0JI3BaHa OTHOCHUTEIHATA FPell-
Ka, u3urcieHa o ¢popmyina (2). OOMKHOBEHO TOYHOCTTA CE MPEJCTaBs U ce
OTIpEZIeTIs Upe3 METO/Ia Ha aHAMTHUYHHA JOOUB (recovery), 3a KOHTo ce u3-
TIOJI3BAT TPH MOIXO/IA, SIMH OT KOUTO € METOOBT Ha CTaHAapTHATa T00aBKa.
Ome B HA4aNOTO Ha pa3paboTBaHe Ha MpobaTa KeM 1,5 g 60HOOH pa3TBOpeH
B 50 cm® mecTunupana Boaa ce mo6aBaT chorBeTHO 4; 8 1 10 pg.cm? dpy-
kto3a. [Ipobure ce pazpaboTBar 1o onvcaHara METOANKA U PE3yNTaTUTE Ce
n34ucIsBaii no popmymmre (2) u (3):

Vy=V,

OrnocwurenHa rperika (%) = %XIOO ()

s

KbJeTO: Vo — ONpenesieHoTo ChIbpKaHue Ha (QpyKTaHH B mpobara;
g/100 g;

Vs — peaHOTO (MCTHHCKOTO) ChABp)KaHUE Ha (pyKTaHU B mpobara.
CroifHOCTTa MM Ce W3YHMCIIsiBa OT IIpaBaTa MOCTPOEHa M0 METOo/la Ha CTaH-
napTtHara jo6aBka, g/100 g

Tounoct (%) = 100 — [OTHOCHUTENHA IpeliKa] 3)

PE3VJIITATH

Ot npecTaBeHuTe Ha purypa 2 aOCOPOIMOHHY CIIEKTPH Ha opMupa-
HOTO [BETHO ChEIMHEHHE, IOTyYCHO TP B3aNMOJICHCTBUETO Ha (PPYKTO3a,
IJIIOKO03a, TAJJAKTO3a ¥ JJAKTO3a C PE30PIIMHOI B KHCENa cpefa, sSICHO IPOH-
9YaBa BHCOKAaTa CIEMU(PUIHOCT Ha U3MOJI3BAaHHS PEaKTHB KbM keto3u. Ciie-
JIOBATEITHO MIPUCHCTBUETO HA TOPEH30POCHUTE 1031 B H3CIIEABAHATA IIPO-
0a HAMAa Ja OKaXKaT MPEYeIno BIMSHUE TPH CIEKTPO(GOTOMETPHIHOTO ON-
penensue Ha dpykrann. OT cHeTata abcopOumonna kpupa Abs = f
Ha (pyKTo3a ce 3abelsi3Ba, Ue MOTYUICHHUAT XPOMOT€H MMa MaKCHMAITHA
abcopOuus Ipy IbIDKMHA Ha BbiIHATa 480 nm.

U3cnenBanu ca n abCOpOIIMOHHUTE CIICKTPH Ha THBYAINN OOHOOHH, Ch-
IbpIKal OJTUTO(PPYKTO3H, KAKTO U HA pa3TBOPH Ha THPTOBCKA MapKa HHY-
JUH U onuropykTo3u. [lomydeHuTte pesynTati npeacTaBeHd B Tabnuia 2
MIOKA3BaT, Y€ U TPUTE MPOAYKTa B NMPHUCHCTBHE HA PE30PLUHON B KHCENa
cpena aBaT XpOMOTEH, KOWTO Ce XapaKTepu3HMpa ¢ MakcUMaiHa abcopO-
st ipu 480 nm, xakto mpu Qpykroszara. CienoBarenHo (QppyKTaHUTE B
TE3U MPOLYKTH MOTaT Ja ObJIaT aHAIN3UPAHH IIPU TOYHO Ta3H ABIDKHHA HA
BBJIHATA, KaTO ONPEACISTHETO UM CE CBEIC /0 OIpEAeNsHe Ha (pyKTO3a B
rpo0ara.
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AGCOpPAUIMOREN KPUER
—— Abs Gal

—m— Abs Lac

—=— Abs Gl

=— Abs Fru

Aficopinum

JLTEAHA HA BhAHATA, DM

®durypa 2. A6copOyuoHHU CheKmpu HA KOMIIEKCHUME CbeOUHEHUs.
HONYYeHU NPU 83aUMO0elicmeue Ha PPyKmosd, enKo3d, aiaKmosa
u 1axkmo3sa, scuuxu ¢ konyenmpayus 10 ug.cm? ¢ pezopyunon

Taoauua 2. Abcopbyus na xpanumenHu nPOOYKmu
U CobCMABKU NPU PAZIUHHA OBINCUHA HA BbIAHAMA

AGcopOuusa Ha AGCcopouMs HA
Jowmmana | Abcopbunnia | pruageCLR, | FraftTEX.
, 10 pg.cm? 10 pg.cm
340 0,184 0,062 0,076
360 0,237 0,089 0,099
380 0,302 0,127 0,129
400 0,301 0,125 0,127
420 0,229 0,098 0,098
440 0,182 0,101 0,084
460 0,225 0,205 0,108
480 0,327 0,213 0,154
500 0,288 0,201 0,140
520 0,241 0,115 0,121
540 0,181 0,089 0,095
560 0,117 0,059 0,066
580 0,034 0,037 0,029
600 0,009 0,023 0,029
620 0,005 0,017 0,022
640 0,002 0,014 0,019
660 0,001 0,013 0,018
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CranpapTHaTa paBa € IOCTPOCHA C LeJ ONpe/eNsIHe IMHEIHOCTTa Ha CIie-
kTpooromerprynus MeTox (Pur. 3) INonydena e crpora NUHEHHA 3aBUCUMOCT
Mexy abcopOuusaTa Ha hopmupanus xpomoreH mpu 480 nm 1 KOHIEHTpaLUATa
Ha (pykTo3a, pg.cm?. [ToMydeHHST KopenaluoHeH KOS(QHUIMEHT € T0-BUCOK OT
0,995 B KOHIICHTPAIMOHHYS HHTEPBAN Ha (pykro3a ot 0,5 pg.cm 10 20 pug.cm.

CraHfjapTHa nNpaBa 3a onpegensaHe Ha GpyKTaHu

A6copbumsa npu 480 nm
o
v

0.2
& y = 0.0174x + 0.0087
a4 2 _
ool R®=0.9969
0 T T T 1
0 5 10 15 20 25

KoHueHTpauusa Ha ¢pykTo3a, pg.cm

®urypa 3. Cmanoapmua npasa Ha 3a8UCUMOCIIIA MENCOY
abcopbyusma Ha GopMupanHomo KOMNIEKCHO CbeOUHeHUe
U KOHYeHmpayuama na gpykmosama

[IpeunsHocTTa Ha CIEKTPOGOTOMETPUYHUS METOJ] 32 OIpeesisiHe Ha
¢dpykTaHu Oelie OllEHEHA Ype3 IMOBTOPAEMOCTTa M MEXKIAMHHATA MPELn3-
HOCT, U3pa3eHH 4pe3 CTAaHAAPTHOTO OTKJIOHEHHE W OTHOCHUTEIHOTO CTaH-
naptHo otkioHeHue (RSD) Ha dpykrozata, onpeneneHa B 6 OTIEIHO mpe-
TEIICHH, Pa3pabOTEeHN U aHATH3UPAaHU MPoOH. OTYETCHO € BIUSHHUETO HA
YOBEIIKUs (PaKTOp MPU M3BBPIIBaHE HA aHAMH3a. OT MpeacTaBeHUuTe B Ta0-
nuna 3 pe3ynTar ce BIDK/A, Y€ METOIBT c€ OTIMNYaBa ¢ MHOTO J0Opa MoB-
TOPSEMOCT U MEXIUHHA IPEIU3HOCT.

Taoauua 3. Oyensigane Ha npeyusHOCMMA HA NPEONOHCEHU MEMOO

Chbabp:kaHue HA UHYJIMH H 0JIATO(PYKTO3H
Homep Ha B IbBYall 60HO0H, g/100g
npodara Tosropsemoct MekauHHA . Memnnna* .
NPEeU3HOCT NPEeU3HOCT

1 3,6 4,0 3,3
2 4.6 4.4 43
3 3,8 4.6 4,1
4 4.4 3,6 43
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5 4,2 4,0 4,4

6 34 3,8 4,7
Cpenno, g/100g 4,0 4,0 4,2
SD 0,5 0,4 0,5
RSD, % 11,6 8,9 11,9

*aHaIN3 Ha Pa3IMIHO pa3paboTeH: IPOOH B pa3INIHY JHH OT €/IMH U CHIIM aHAJUTHK
**aHaN3 Ha Pa3IMIHO Pa3pabOTEeH IPOOH B Pa3IUYHU THU OT PA3IMIHH aHATUTULI

B Tabnuia 4 ca npeactaBeHH pe3ylTaTd OT OLCHKAra 3a TOYHOCTTa Ha
CHIEKTPO(POTOMETPUYHUST METOJI, U3pa3eHa Ype3 OTHOCHTEIHATA IPellKa.
IpencraBeHu ca u JaHHUTE OT CTAHAAPTHATA [TPaBa MIOCTPOCHA B pe3yJITar
Ha IpHUJIaraHe Ha MeTo/la Ha CTaHJapTHaTa [00aBKa. Pa3paboTeHHIT MeTOx
ce OTIMYaBa ¢ e[iHa 100pa TOYHOCT, KaTo Ce B3eMe IPE/BU/I U3IIOI3BAHETO
Ha peajHa npoba ¢ [sIarta CH CIOKHOCT Ha MaTpUIlaTa U HaJIMYUe HA MH-
Tepdepupaiy KOMIOHEHTH.

Tabauna 4. Oyensgane Ha MOYHOCMMA HA CNEKMPOPOMOMEMPUUHUS
MemoO UpaseHa upe3 OMHOCUMETHAMA SPeuKa
3a onpedenane Ha PPyKManu

Vs, g/100 g Vo, g/100 g | OTHOCHTe/IHA IpemKka, %o Tounoct,%

4,8 5,0 53 94,7

3AK/IIOYEHUE

PazpaboreHusar crnekrpoOTOMETpUYEeH METOJ] 3a OINpeleNsHe Ha
¢dpykTanu, 6a3upaH Ha peakiuaTa Ha CelMBaHOB, € ObP3, ONPOCTEH U MO/~
XOIISI 32 PyTHHHU aHAJM3U B eKeTHEBHATa JlabopaTopHa MMpaKTHKa. Xa-
pakrepusupa ce ¢ n106pa nuneiHocT R?=0,997 u e cnenuduueH camo 3a
keto3u ((hpykTanu). MeToABT ce OTIINYaBa ChC CPAaBHUTEIHO BHUCOKA Ipe-
nu3HocT RSD okono 8-12% u ce xapakTepusupa ¢ OTHOCHUTENIHA IPeIIKa
5,3 %. IIpoGonoaroroBkara 1 BpeMeTO 3a aHAJIU3 Ca CPABHUTEIHO KPaTKHu,
a cebecToMHOCTTa Ha METO/IA € CPAaBHUTEITHO HUCKA.

BJIAT'OJAPHOCTH

ABtopure n3kaspar 6marogapHoct Ha @oun ,,Hayka* (mpoexr no HUC,
noroeop 10/11-H), YHHBepcHTET 10 XpaHUTEITHH TEXHOIOTHU — Ip. [1noB-
JIMB 32 OKa3aHaTa (PMHAHCOBA IIOMOIII.
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ABSTRACT

The influence of leaf fertilizer Fitona, Hortigrow and Humustim upon
the content of molybdenum in the fruit of marrows has been investigated.
The researches show that in soil and leaf fertilization the highest molybde-
num content responds to the highest amount of nitrate nitrogen, which is
being assimilated by plants. The influence of the incorporated in different
fertilizers nitrogen upon the content of molybdenum in the fruit has been
investigated as well. A relationship between the content of molybdenum in
the fruit and the obtained yield in leaf and mixed fertilization has been traced
out. The experimental data show that in leaf fertilization the yield decreases
with the increase of the amount of molybdenum. A positive influence of mo-
lybdenum upon the yield has been determined in soil and leaf fertilization.

Key words: molybdenum, triphenyltetrazolium chloride, plants, fertilization

INTRODUCTION

Molybdenum is a micronutrient required by plants in very small amounts.
Molybdenum complex is part of both nitrate reductase, whereby nitrate is re-
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duced to nitrite, and nitrogenase whereby nitrogen-fixing bacteria convert nitro-
gen gas into ammonia.

The transition element molybdenum is essential for most organisms and oc-
curs in more than 60 enzymes catalyzing diverse oxidation-reduction reactions.
Several molybdoenzymes including nitrogenase, nitrate reductase, aldehyde ox-
idase are of significance to plants. Because of its involvement in the processes of
N, fixation, nitrate reduction, and the transport of nitrogen compounds in plants,
molybdenum plays a crucial role in nitrogen metabolism of plants [1-3].

The essential nature of molybdenum as a plant nutrient is based solely on
its role in the NO, ~reduction process via nitrate reductase. This enzyme occurs
in most plant species as well as in fungi and bacteria, and is the principal molyb-
denum protein of vegetative plant tissues. However, the requirement of molyb-
denum for nitrogenase activity in root nodules is greater than the requirement
of molybdenum for the activity of nitrate reductase in the vegetative tissues.
Because nitrate is the major form of soil nitrogen absorbed by plant roots, the
role of molybdenum as a functional component of nitrate reductase is of greater
importance in plant nutrition than its role in N, fixation [4,5].

Molybdenum and nitrate are both required for the induction of nitrate re-
ductase in plants, and the enzyme is either absent [6], or its activity is reduced
[7], if either nutrient is deficient.

The objective of this study is to explore the influence of molybdenum upon
the nutritious value of fruit of marrows and to clarify the opportunity of using
2,3,5-triphenyltetrazolium chloride (TTC) [8—15] as a reagent for determination
of microquantities of molybdenum in plant samples.

MATERIAL AND METHODS

The experiment was carried out in eight variants: non fertilized, leaf fertil-
ization and mixed fertilization (soil with leaf).

Variants of the experiment:

1. Control — non fertilized

2. Leaf fertilization 0.3 % Fitona

3. Leaf fertilization 0.3 % Hortigrow
4. Leaf fertilization 0.3 % Humustim
5. Soil fertilization N, P K

167 16

6.N, P K,  +Fitona 0.3 %

16 16

7N, P K, + Hortigrow 0.3 %

167 16

8.N, P K, + Humustim 0.3 %

16 16
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Apparatus
Spectrophotometer UV-VSU with 1-cm light path quartz cells; Flame
Atomic Absorption Spectrophotometer ,,Perkin Elmer* (Germany)

Determination of molybdenum(V1) in plant samples

1g from the plant material was reduced to ashes in an oven in 450 — 500° C.
The dry residuum was dissolved in a dilute hydrochloric acid (1:1). Obtained
solution was transferred into a volumetric flask of 50 mL and diluted to the
mark with distilled water. Aliquot parts of this solution were taken for analysis.

The following solutions were introduced into a separatory funnel of
100 mL: 0.5 mL of phosphoric acid, 2x102M; 0.5 mL of TTC, 1x10~ M; and
an aliquote of the prepared plant sample solution. The mixture was diluted up
to 10 mL with distilled water. Then 3 mL of 1,2-dichloroethane were added
and the funnel was shaken for 30 sec. The organic phase was filtered through a
dry paper into a 1 cm cuvette and the absorbance was measured at 250 nm [8].
A blank was run in parallel. A calibration graph was constructed with similarly
treated standards.

RESULTS AND DISCUSSION

The influence of leaf fertilizer Fitona, Hortigrow and Humustim upon
the content of molybdenum in the fruit of marrows has been investigated
(Table 1). Molybdenum in plant samples was determined with an extraction-
spectrophotometric method with TTC [8]. The accuracy of the method was
checked up using atomic-absorption spectrometry (AAS). The experimental
data (Table 1) show a good agreement between the results obtained by the
two methods.

The leaf feeding up was done with 0.3% solutions of these fertilizers. The
experimental data (Fig. 1) show that the highest amount of Mo 3.99 mg/kg
can be accumulated in the fruit of marrows in leaf feeding-up with Fitona.
The content of molybdenum is lowest 3.42 mg/kg in fertilization with Humus-
tim, as in the control (non fertilized) the content of molybdenum is almost the
same.

In mixed fertilization (soil and leaf) the content of molybdenum increases
in the same variants of fertilization with the leaf fertilizers Fitona, Hortigrow,
Humustim. All this indicates that soil fertilization commonly helps accumula-
tion of higher amount molybdenum in the fruit of plants in leaf fertilization.
In the control sample it was fertilized only with N. P, K and the content of

molybdenum was low 3.37 mg/kg. This value walg éi)p}i)ximately like that
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in variant 6 (N, P, K

16

+ Fitona). In the variants of fertilization 7 (N, P, K

16

+ Hortigrow) and 8 (N, P, K + Humustim) the molybdenum content in the

fruit increased.

Table 1. Content of molybdenum in the fruit of marrows in leaf
fertilization and mixed fertilization

. Mo, mg kg! | RSD* | Mo, mg kg!' | Nitrate

Ne | Variants TTC method | % AAS mg/kg
1 | Control — non fertilized 3.46 1.1 3.55 120
2 0.3 % Fitona 3.99 1.7 3.80 90
3 0.3 % Hortigrow 3.94 1.5 4.00 250
4 0.3 % Humustim 342 1.8 3.60 175
5 |INP K, 3.37 1.2 3.50 115
6 |N, P K, +0.3% Fitona 3.28 1.9 3.15 135
7 |N, P K, +0.3 % Hortigrow 432 1.2 445 100
8 |N P K +0.3 % Humustim 4.35 1.4 4.40 250

*Relative Standard Deviation for TTC method (bazed on 5 determination)

Indices:

N, — introduced as NH,NO, (34 % N)
P — introduced as Ca(H,PO,), (46 % P,0,)
K ,— introduced as K,SO, (50 % K,0)

45 -

4
35
3 4
25 1
2

Mo malkg

15

13 Leaf fertilization

B Mixed fertilization

o
Control
D.

2

i a4 s
Variants

Figure 1. Content of Mo in the fruit of marrows in leaf and mixed
fertilization (soil and leaf) fertilization. Variants: 1 — Control; 2 — Fitona;
3 — Hortigrow, 4 — Humustim; 5 — Control (NumKm); 6— NumKm +
Fitona; 7 _anPme + Hortigrow; 8§ _NumKm + Humustim
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Molybdenum is of great significance for the circum rotation of nitrogen
and its assimilation by plants. Being incorporated in the composition of the
enzyme nitrate_reductase, molybdenum itself ensures the assimilation of the
nitrate nitrogen sources by plants. In this respect a subordination was traced
out between the content of molybdenum and nitrate nitrogen in the fruit of
marrows in leaf fertilization and mixed (soil and leaf) fertilization. The experi-
mental data (Fig. 2) show that in leaf fertilization the nitrate nitrogen can be
assimilated to the highest extent, 250 mg/kg, in the content of Mo, 3.94 mg/
kg, in the fruit of marrows. In soil and leaf fertilization the highest content of
Mo, 4.35 mg/kg, responds to the highest amount of nitrate nitrogen, 250 mg/kg,
which is being assimilated by plants.

302

252
2 202 V\ \
2 - \
o 152
g —_— )
2 102 .

52

2 T T T T T T T 1
3 32 34 36 38 4 42 44 46

Mo mg/kg

Figure 2. A subordination between the content of Mo a
nd nitrate nitrogen (NO, — N) in the fruit of marrows:
1 — leaf fertilization; 2 — soil and leaf fertilization

In order to trace out what is the influence of the different fertilization leaf
and mixed one, we have investigated the influence of nitrogen that is being in-
corporated in different fertilizers upon the content of molybdenum in the fruit
of marrows. A certain subordination is traced between the content of nitrogen
in the leaf fertilizers Humustim, Fitona and Hortigrow and the assimilation of
molybdenum by plants. The subordination between Mo in fruit and nitrogen
in fertilizer is represented in Fig. 3. The experimental data (Fig.3, curve 1)
show that at the lowest content of nitrogen in leaf fertilizer (3%) the content
of Mo in fruit is also lowest (3.42 mg/kg). With the increase of the percentage
of nitrogen in fertilizer, the content of Mo increased to 3.99 mg/kg for 7.2 %
nitrogen, and respectively 3.94 mg/kg Mo for 20 % nitrogen in leaf fertilizer.
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Consequently the higher content of nitrogen in fertilizer helps the accumula-
tion of higher amount of molybdenum in the fruit of plants.

The subordination between molybdenum in the fruit of marrows and ni-
trogen in leaf fertilizer in mixed fertilization is represented in Fig. 3, curve 2.
It cannot be seen a definite subordination between the two parameters if leaf
fertilization is done together with soil one (N, P, K ).

5

45

4 .\ 1 _—
i, X
N

25

2

Mo mg/kg

15

1

05

0

0 5 10 15 20 25

Nitrogen %

Figure 3. 4 subordination between the content of Mo in the fruit
of marrows and nitrogen in leaf fertilizer in 1 — leaf fertilization
and 2 — soil and leaf fertilization

Nitrates

mghkg 250

200

150

100

50

Variants

Figure 4. Content of nitrate nitrogen (NO, — N) in the fruit
of marrows. Variants: 1 — non fertilized, 2 — Fitona,
3 — Hortigrow, 4-Humustim, 5 — NumKm
6—N, P K + Fitona, 7_N16P16KI6 + Hortigrow,

16© 167716

8’N15PmK15 + Humustim
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The influence of the different kind of fertilization is investigated upon
the content of nitrates in the fruit of marrows. In leaf fertilization the high-
est amount of nitrates, 250 mg/kg, is accumulated in the fruit in fertilization
with Hortigrow, which comprises 20% nitrogen (Fig. 4, variants 1-4). It should
be mentioned that leaf fertilizer Hortigrow has highest nitrogen amount in
comparison with Fitona and Humustim. This fact explains the high content
of nitrates in the fruit. The content of nitrates in the fruit in mixed fertilization
(soil N P K, and leaf fertilization) is presented in Fig. 4, variants 5-8. The
experimental data show that plants accumulate the biggest amount of nitrates,
250 mg/kg, in fertilization with N, P, K+ Humustim.

Molybdenum is one of the main nutritious elements for vegetable crops.
That is the reason for which molybdenum is a factor that has an influence on
yield and its quality. In this respect a certain subordination is traced out be-
tween the content of Mo in the fruit of marrows and the obtained yield in leaf
and mixed fertilization.

The experimental data (Fig. 5) show that in leaf fertilization the yield de-
creases with the increase of the amount of Mo accumulated by plants. In soil
and leaf fertilization there has been determined a positive influence of molyb-
denum upon the yield of marrows (Fig. 6). As distinct from leaf fertilization,
mixed fertilization has a positive influence not only upon the content of mo-
lybdenum in the fruit of marrows, but upon the yield. With the increase of the
content of molybdenum in the fruit of marrows the yield increases. This could
be explained with the additional introduction of the main nutritious elements
N, P and K in soil.

4500
4000 <
3500 + -
3000 + v
5 2500 + *
5 2000 +
1500 + y =-307,13x + 4353,4
1000
500 -
0 t t t t {
3,2 3,4 3,6 3,8 4 4,2
Mo mg/kg

Figure 5. 4 subordination between yield and the content of Mo in
the fruit of marrows in leaf fertilization,; Correlation coefficient: r=—0.17
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6000 T
5000 Ty =636,63x + 1757,5 2
3
$ 3000 f
>
2000 +
1000 +
0 } } } } } } } {
3 32 34 36 38 4 42 44 46
Mo mg/kg

Figure 6. A subordination between yield and the content of Mo
in the fruit of marrows in mixed fertilization (soil and leaf);
Correlation coefficient: r= 0,73
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ABSTRACT

A software module for automatic generation of tautomers is introduced.
The software is implemented on top of Chemistry Development Kit (CDK)
Library. The program enumerates all possible tautomeric forms of a given
molecule. All places for double bond/hydrogen atom shift are identified and
combined via exhaustive combinatorial algorithm. Different tautomerism
cases are described as rules represented in the form: H-X-Y=Z < X=Y-Z-
H, where the states are coded as SMILES strings and the H atom positions
are denoted as well. For a particular target molecule, each rule is applied
by means of exhaustive substructure searching of the rule fragments against
given target structure. As a result all possible locations for a shift are
recognized. The tautomeric forms in this sense could be described as binary
numbers where each digit represents the ,,shift” state of each recognized
location.

Key words: tautomer, automatic generation, SMILES, substructure,
isomorphism
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INTRODUCTION

Tautomerism is a process of dynamic isomerization of one tautomer
converting itself into another. The [UPAC definition [1] generalizes the
Tautomerism in the form:

H-X-Y=Z <~ X=Y-Z-H

where X, Y and Z are typically C, O, N or S atoms and H is the moving
group. When the moving group is H' the tautomerism is called ,,prototropic®.
Computer-based applications often handle tautomers as different structures
because of their different topological representation (i.e. double bond
positions are changed). Tautomerism can influence the calculations of pKa,
LogP and solubility and also can change the stereochemistry of a compound.
Different tautomers have different ligand-receptor interactions. Also
structure similarity searching is affected because of the differentiations of
tautomeric fingerprints [2]. Software for automatic generation of tautomers
is a valuable tool for scientists working in the areas of structure-based
drug discovery, design and optimization, structure elucidation and spectra
prediction. The latter is the basic motivation for developing yet another
software tool for automatic tautomer generation.

SOFTWARE IMPLEMENTATION

The program was implemented using object oriented language Java on
top of the open source library CDK [3]. Our software uses the CDK model
for structure representation. Figure 1 shows the flow chart of tautomer
generation algorithm.

First the molecular structure is inputted into the system as a SMILES
string. All possible fragment states for each rule are searched against the
target structure thus all rule positions are identified using the AMBIT
isomorphism algorithm [4].

Each rule has typically two states coded as 0 and 1. The found locations
match one of the states (0 or 1) for each rule. The other state is generated
by the software. Then all possible combinations of fragments’ states are
iterated to generate all possible tautomers (see figure 1).

Currently the software uses eleven rules described by means of SMILES
line notation. They cover the range of 1,3 shifting of the moving group. For
example the first rule describes the most common type of Tautomerism,
keto-enol one, and has two possible states of the molecule. All other rules
are listed in table 1.
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Structure Input: Internal representation
N=CC1CCC2CCICCCC2C=0 | —= CDK/CT (AtomContainer)

l

Substructure searching / Indentification of double bonds rules:

Rule list [—»

A: 0=CC ——

B: N=CC

Molecule fragments: Result
tRule 2 marches fragment B

Rule 1 matches fragment A J

g

Rule 1, state 0: O=CC —>  generate state 1: OC=C

Rule 2, state 0: N=CC —> genarate state 1: NC=C

0

Combinati f all ible stat
Possible states of matched rules: On:) fl::; ;?:l:cuale z, ‘;sgs:nei tssa e
—> AB
A CHs |CH2 B NH NH, 00
01
JUI
"  on CHs cH? }‘1’
0 1 0 1
0=CC  oc=C N=CC NC=C ﬂ

[ Output all possible tautomeric forms ]

Figure 1. Flow chart of the tautomer generation algorithm.
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Table 1. Tautomer rule list

NAME STATES H-position
1 | keto/enol 0=CC 0oC=C 3,1
2 | amin/imin N=CC NC=C 3,1
3 | amide/imid 0O=CN 0OC=N 3,1
4 | nitroso/oxime O=NC ON=C 3,1
5 | azo/hydrazone N=NC NN=C 3,1
6 | thioketo/thioenol S=CC SC=C 3,1
7 |thionitroso/ S=NC SN=C 3.1
thiooxime
8 | amidine/imidine N=CN NC=N 3,1
g |diazoamino/ N=NN NN=N 3,1
diazoamino
1o | thoamide/ S=CN SC=N 3.1
aminothiol
nitrosamine/ _ _
1 diazohydroxide 0= ON=N 31

EXAMPLE OF SOFTWARE APPLICATION

For illustration purposes we use the molecule of 6-(iminomethyl)
decahydronaphthalene-1-carbaldehyde shown in Figure 2. It contains two
fragments A and B which correspond accordingly to the rules: 1 —keto/enol

rule and 2 — amino/imino rule.

decahydronaphthalene- I-carbaldehyde. Fragments A and B are identified.
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Automatic generation of tautomers

Fragment A (keto/enol rule) is found in state 0 — ,,keto*. Fargment B
(amino/imino rule) is found in state 1 — ,,imino*.

A ‘ B NH NH,
y ) )
O HO
0

0 1 1
0=CC OC=C N=CC NC=C

Figure 3. Rule states of fragments A and B and their codes.

To get all possible tautomeric forms for the molecule all combinations
of states of fragments A and B are generated: 00 — keto, imino; 01 — keto,
amino, 10— enol, imino; 11 — enol, amino.

[/ I ]/ “XINH
o 10
(}O/\NHZ
HO R

Figure 4. Result (generated) tautomeric forms.

@A\W
O/ 00
O/ 01
CONCLUSIONS

Described software module handles well the basic forms of tautomerism
and can be used for handling small organic structures. This is the first version
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of a bigger project for automatic generation of tautomers. The software
module is part of AMBIT software platform for Chemoinformatics. Current
version of the software handles well molecules for which the described
rules from table 1 are not overlapped. Also 1,5 shifts or higher distances

shifts are not regarded.
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EXCITED-STATE REACTION PATHS
OF CYTOSINE AND ISOCYTOSINE:
C=0 ELONGATION
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ABSTRACT

We investigated the excited-state reaction paths for the C=0 elongation
in the most stable oxo-amino tautomers of cytosine and isocytosine. They
were studied at the B3LYP (TD) level of theory and aug-cc-pVDZ basis
functions. As expected for this kind of reactions no conical intersections
S,-S, were found for both compounds. We explained the ps-relaxation of cy-
tosine with the population of the 'n_n" excited state via conical intersection
'n n*/'nn” and subsequent fluorescence to the S, state at C=0 = 1.443 A. For
isocytosine we found a channel for the population of the 'nc” excited state,
which would contribute to the photochemical dissociation of this compound.

This is the first step for the formation of the hydroxo tautomer of isocytosine.

KarwuoBu aymu: Bv36yoenu cocmosanus, DFT uzuucnenus, Hzoyumo-
3un, L{umosun.

BBBEJIEHHUE

[{uTO3MHBT € OCHOBHA IpaJiMBHA €IMHMIIA HA MAKpPOMOJIEKYIUTE Ha
nyxienHoBute kucenunu (JJHK u PHK). Toii ce cBbp3Ba KOMILIIEMEHTapHO,
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4ype3 BOAOPOJHH BPB3KH, C TYaHHHA U 110 TO3M HAYMH y4acTBa B MIPOLIECUTE
Ha KOJIMpaHe U MpeJaBaHe Ha reHeThyHata uHpopmanus [1]. Ekcnepumen-
TaJIHUTE HM3CIIC/IBAaHUS TOKa3BaT, Y€ aMUHO-OKCO (opmara Ha IUTO3WHA €
Hali-ctabmiHa [2—5]. Bepekn HamuaueTo Ha rolisiM Opoi TEOpETHYHH H3-
CJIeIBAHUS HA PEAKIMOHHUTE MEXaHW3MHU [6—8], B KOUTO y4acTBa IIUTO3HU-
HBT, BCE OLIE JIMIICBA SICHOTA 3a BAMAHUETO Ha KapOOHUIIHATA IpyTa BbPXY
(hoToxuMUYHNTE TPaHC(HOPMALIMU HA ChEAUHEHHUETO.

U3zcnensaneTo Ha KpHCTaIHATa CTPYKTYpa Ha M30LIMTO3MHA J1aBa CBeJle-
HUE 32 ChIECTBYBAHETO HA JIBA CTA0MIHN aMHHO-0Kco TaBToMepa: 1H u 3H
[9]. To3u daxT mokas3Ba, 4Ye W3OMHUTO3HMHBT MHOTO JIECHO TAaBTOMEPH3HpA.
Hanumuuero u Ha npyru TaBToMepHU (HOPMH (XHIPOKCO) € JIOKa3aHO ChI0
OT aHaJM3a Ha BUOPAIIMOHHUTE CIICKTPH Ha CHhEeIMHEHHETO B Ta30Ba (asa
[10]. M301MTO3MHBT U MEXaHU3MUTE HA PEAKIIUUTE, B KOUTO TOH ydacTBa
ca 3HaYMUTENHO M0-cJIad0 U3yueHH, OTKOJIKOTO TE€3H Ha LUTO3MHA. Jlumncear
JaHHU CBINO Taka 3a BnusHHeTo Ha C=0 rpymnata BbpXy (POTOXUMHYHHUTE
TpaHc(hOopMalluu Ha TOBA CheJUHEHUE.

Ilenta Ha HACTOSAMIOTO H3CJIEABAHE € Ja C€ HM3ydYaT PEaKIMOHHHUTE
IIBTHUINA Ha BH30YJCHUTE CHCTOSHUS HA IIUTO3MHA M H30IIUTO3MHA [IPH Vb~
mxaBane Ha C=0 Bpw3kara. To3u peakMOHEH MEXaHU3bM € Ba)KEH 32 Ha-
CEJIBAHETO HA TPUIIETHUTE ChCTOSHUS HAa MUPUMHUIMHOBUTE ITPOU3BOIHH.
[pennonoxeno e, 4e HocHopeCUEHTHUTE UBULU B CIEKTPHUTE HA HIKOH
NUPUMHJIMHK CE b/DKAT Ha npexoau S —T , KOUTO YeCTO Ce U3BhPIIBAT
npu yaemxasaHe Ha C=0 Bpb3ku [11].

METOJIH

CTpyKTypuTe Ha OKCO-aMHHO TaBTOMEPHUTE HA IIUTO3MHA U M30I[UTO3H-
Ha Ca ONITUMHU3HPAHU C IOMOIITAa Ha TCOpUATA 3a q)yHKIII/IOHaJ'Ia Ha IIIBT-
Hoctra (B3LYP) u Gasucau ¢ynkumu aug-cc-pVDZ. Usnon3sana e npo-
rpamata GAUSSIAN 03 [12]. PenakcanmonauTe (peakOHHUTE) MHTHINA
Ha BBE30yICHUTE CHCTOSHHUS ca H3y4eHH Ipu yabmkaBane Ha C=0 Bpb3Kara
B JIBETE ChEeIMHEHNS: OT HelfHaTa paBHOBECHA CTOMHOCT 110 oKono 1.45 A.

PE3YJITATHU U JTUCKYCHUA

OHTI/IMI/ISI/IpaHI/ITe CTPYKTYPH Ha OCHOBHOTO CbCTOAHHUE Ha IUTO3MHA U
M30IIUTO3UHA Ca MPEACTABCHU Ha (1)I/IF. 1. Kakro ce BHWXKOA, TC UMAT paBHUH-
HU T€OMCETPUHU, KOCTO IMOKa3Ba, Y€ aMHUHO I'pynara € Clipe€ruara ¢ apoOMaTHUsA
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npbereH. Bpp3kure C=0 B ABeTEe CheIUHEHMS Ca MPHOIH3UTEIHO PaBHHU,
BBIIPEKH, Y€ B UTO3MHA KapOOHMIIHATA TPyTa € CBbp3aHa 3a JBa a30THH
aTroMa OT NIPBCTEHA.

1.009 1.006
1.360

/1.012

uumosun U30UUMO3UH

®@urypa 1. Onmumusupanu cmpykmypu Ha Yyumosuha u Usoyumo3unda.

Beprukanaute eHepruu Ha Bb30yKIaHE Ha HUCKO JISKAIIUTe Bb3OY-
JICHU CBHCTOSHHS M CKCIICpUMEHTATHHUTE YB-a0copOIMOHHN MaKCHMYyMH
Ha JIBeTe CheNWHEHHUs ca mpeiacTaBeHu B Tabmuia 1. [lopaan paBHUHHMS
CTPOEXK Ha MOJIEKYJIUTE Ha ChEJMHEHUITAa € B3MOXKHO Kiacu(uirpaHe-
TO Ha MOJICKYJHHTE OpOWTAIM U Bh30OYICHUTE CHhCTOSHHS 10 CUMETPHS, B
pamkuTe Ha Toykosara rpyna C.. Taka Hanpumep, opouTanure n, 6, 1 G-
HMaT CUMETpHs a’, a OpOUTaInTe T U T° ca ChC cumerpus a“ (dur. 2). Pe-
CIIEKTHBHO, OCHOBHOTO ChCTOSHHE S| M BB30YI€HOTO ChCTOSHHE "M MMAT
cumeTpus A’, a Bb30yIeHUTE ChCTOAHMS 'n 1", 'on", 1 '6” ca Che cuMeTpus
A*“. CpIiacHO MpaBHJjiaTa 3a 3ala3BaHe Ha CHMETPUSATA MPH eJICKTPOHHHUTE
MIPEXONH, CTICKTPOHHUTE CBHCTOSHUS ChC CUMETpUsl A“ ce Kiacupummpar
Karo ,,TbMHH* ¥ a0COPOIIMOHHM WBUIM 3a TSIX HE O TpsAOBaJo Na ce Ha-
OmronaBat B Y B-criekTbpa (MiTH ako ce HaOlronaBar ca HUICKO HHTCH3UBHH).
CumetpusTa Ha '’ BE30YICHOTO CHCTOSHHUE TO KIacH(pHIMpa Karo ,,CBET-
JI0® eJIEKTPOHHO ChCTOSIHHE, ChC 3HAYMTENIHA CHJIa Ha ocuuiatopa. Cremno-
BaTeIHO, a0COPOITMOHHNUTE UBHIIM HA IIUTO3MHA U M30I[UTO3UHA CE JbJDKAT
MPEIUMHO Ha T—T SICKTPOHHHU [TPEXO/IH B MOJIEKYJIUTE HA ChEMHEHHSATA.
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Ta6auua 1. Bepmukaninu enepeuu Ha 8b30yxicoane
HA YUMo3uHa u U30YUMo3UuHda.

HUTO3HH HM30IMTO3MH
BL30y1eHO eV nm eV nm
CbCTOSIHHE
Inn* 4.58 271 4.64 267
'n,n* 4.72 263 4.77 260
lon® 5.09 244 4.85 256
Ine” 5.15 241 5.42 229
Inn* 5.26 236 5.66 219

a JTut. [13,14], ® Boxen pasrsop [15,16], ® aneronutpui [15].
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v

7 (a%) HOMO 7 (a%) HOMO

3

no () HOMO-1  nO (2) HOMO-1

6 (@) HOMO-2 o (") HOMO-2
UUMO3UH uzouumo3un

®durypa 2. Onmumusupanu opoumany Ha YumosuHa U U30YUmo3uHda, Ko-
Umo yuacmeam 8 eneKmpoHHUme npexoou.
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Kakto ce Bmwkza oT TabnMIaTa M3YHCICHUTE BEPTHKAIHU €HEPIUM Ha
BB30y)KIaHe Ha T BB3OYICHHTE CHCTOSHHSA ca HocTa Omimsku 10 YB-ab-
COpOIIMOHHNTE MAaKCUMYMH Ha JiBeTe chequHenust [ 13—16]. Tlpu monekyiaauTe
opbuTanmi T ¥ T OT (ur. 2 BEIHOBaTa QYHKIMSA CE aHYJIHPa B MOJIEKy/IHATA
PaBHMHA U MTOKa3Ba MaKCUMYMH TIOJ M HAJl Hesl, HO ¢ pa3iideH 3Hak. Broporo
0 €Heprus eJIEKTPOHHO ChCTOSHUE B IBETE ChEMHEHHS € ,,TbMHO", KaTo MpH
LIATO3UHA TO € 1noﬂz", a IpH M30IUTO3MHA € 't — mpu okomno 4.7 eV. Hanu-
YHETO HA HUCKO JIEKAIO ‘6" BB30YIEHO ChCTOSHHE B M30IMTO3MHA € TPE]-
noctaBka 3a N-H nucormanus Ha monekynara. Kakto e usBectHo 0asure Ha
HYKJICHHOBUTE KHMCEIIMHH y4acTBar B mporiecu Ha NH-muconmanust mpes 'no”
BB30y/IeHN cheTosHuA 110 T. Hap. PIDA (photo-induced dissociation-associa-
tion) mexanu3pM [17-19].

Bb30yIeHOTO 'MG" €NeKTPOHHO CHCTOSHHE HA IUTO3MHA € C TO-HHCKa
SHEpTrHs OT BTOPOTO ,,CBETIIO™ 17" BBE30YICHO CHCTOSHIE, KOSTO MOKA3Ba, Ue ¢
BB3MOXKHO HACENBAHE HA 'TG" ENEKTPOHHOTO CHCTOSHUE MPE3 KOHUYHO Cede-
HUe 'n’/'nG” IpY TTOXOJISII PEaKIIHOHEH BT Ha TE3H JIBE ChCTOSHHS.

Ha ¢ur. 3 ca nmpencraBeHn peakIMOHHATE ITHTHINA HA YETHPH BH30yICHH
CBCTOSIHHS Ha IIUTO3MHA M U30LUTO3MHA MPH yIbkaBaHe Ha C=0 BpB3KUTE.
Ot ¢ur. 3a ce BixIa, 4e PeaKUMOHHUTE IBTUILA Ha Bb30YIEHUTE ChCTOSHUSA
Ha IMTO3WHA MPH yabbkaBaHeTo Ha C=0 Bpb3KaTa HE BOAAT 10 KOHMYHH Ceye-
Hust oT Thna S-S . O6aue, npu pascrosnue C=0 = 1.366 A ce nabmonasa xo-
HUYHO ceuenne 'n n’/'nn’. ToBa KOHUYHO CedeHHE & MHIMKAIMA 32 HACENBAHE
Ha ,,TBMHOTO" ‘non* BB30YIEHOTO CHCTOSHUE HA [IUTO3MHA OT ,,CBETIIOTO 77’
BB30YJIEHO CHCTOSIHHE UPEe3 BETPEITHA KOHBEPCHSL.

Tosu mponec Moxe 1@ yCKOpH TOCIENBaIOTO Hacensane Ha T, Bb30ye-
HOTO CBHCTOSIHUE (MHTEPKOMOMHALIMS), KOETO Aa JA0Beae A0 GochopecleHIms
Ha nuro3uHa. [TogobeH MexaHn3bM € MmpeIokeH oT Marian 3a 6-azaypaiiiia
[11]. [To-BeposiTHO € na ce HabmoaaBa GIyopeceHTEH MPEXOJ OT HaceIeHO-
10 'n " BB30YIEHOTO CHCTOSHME Ha IIMTO3MHA 10 OCHOBHO CheTosHHME. Kakto
€ M3BECTHO OT EKCIIEPHMEHTa IINTO3MHA TTOKa3Ba J[BE PENIAKCAIlOHHN BpeMeHa
Ha BB30YICHUTE CHhCTOSHMSA: B ps-ckana (1.86 ps) u B fs-ckana (160 fs) [20].
Cnopen Hac, O-ABITOTO pelakcalloHHO Bpeme 1.86 ps ce abmku Ha uyo-
pecIeHIHs 1n0n*—>SO. Ipu oxono C=0 = 1.3 A peakuuoHHUAT OBT Ha 1non*
BB30yACHOTO CHCTOSIHIE NTOKa3Ba INIUTEK MUHUMYM. Obade, (iryopeceHTHH-
AT Tpexof ce ochiecTssiBa mpu C=0 = 1.443 A, kpaero eHepreTuyHara pas-
muka 'nn’-S; e 3.383 eV. ExcriepuMeHTBT € Tokasal, ge (IyopeceHTHUAT
MakcUMyM Ha 1uro3uHa € mpu 325 nm (3.818 eV) [21,22]. OnyopecueHtms
npe3 'nn” Bp30yAEHOTO ChCTOSHUE HE e HAOMI0IaBa, Thil KATO TOBA ChCTOSHUE
Ce JIE3aKTUBUPA YPE3 BhTPENIHA Kousepeust 10 S, [19,23-25].
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1.2 1.3 14 1.2 1.3 14
C=0 (Angstrom) C=0 (Angstrom)

(@) (6)
®urypa 3. Peakyuonnu nvmuwa Ha 8b30y0eHume CoCmoanus Ha (a) yu-
mosuna u (6) uzoyumosuna npu yovixcagare na C=0 gpvskama. [lnvm-
HUme mMouKu Ha dgeme uaypu nocoueam OnMUMUUPAHAmMa CMyKmypd,
00KAmMoO KOHMYPHUME MOYKU CobOMEEMCMEAM HA 2e0MempUsl Ha CbeOuHe-
Huemo npu oadeno C=0 pazcmosiHue Ha ONMUMUIUPAHAMA CIPYKMYpPA.

PeaknMOHHUTE MBTUIIA HA 'O U 6" BB3OYICHUTE CHCTOSHHUS Ha IIU-
To3uHa ((ur. 3a) MOKa3BaT MOBUIIIABAHE HA CHEPrUsTa KbM Kpas Ha peaKiu-
OHHATa KOOpJMHATA M IpecHdyaHe B KOHMYHO cedeHue 'on’/'mo”. Tesu mBa
PEKIMOHHU ITBTA HSIMAaT HAKAKbB OCOOCH MPHHOC KbM ()IYOPECHECHTHUTE U
(ochopecieHTHUTE MPOIIECH Ha IIUTO3WHA OT IieHa Touka Ha C=0 peakim-
OHHara KOOpP/IMHATA.

Ha ¢ur. 36 ca npencTaBeHH peakIOHHUTE IBTHIIA Ha BB30yACHUTE ChC-
TOSIHUS Ha m3orurTo3nHa. [IpaBu BnewamieHue, ye BB Opank-KoHaoHOBaTA
0051acT MbPBUTE TPH BH30YIEHHU CHCTOSHUS Ca K8A3UN3POJCHHU, KaTo BCE MaK
'n, " Bb30yIEHOTO CHCTOSIHHE € C Hali-BHcOKa eHeprus. Olle B HAYaI0TO Ha
pCaKHI/IOHHI/I}I meT (C=0 mexmy 1.237 — 1.248 A) ce Ha6nI0/:1aBa KOHHUYHO
ceyeHue 'nm’/'nG", KOETo € NPenoCTaBka 3a HACEIBAHETO Ha 'TG™ Bh30Y/ICHO
cberosiHue. Kakro e uzsectHo [17,19], mpe3 ToBa ChCTOSIHUE CE OCHILECTBSABA
NH-nuconuanusaTa Ha 6a3uTe Ha HYKIEUHOBHTE KucenuHu. ClieoBaTeiHo,
ripu uzonuto3nHa NH-aucornmanmsta Ha Mmosnekynara no PIDA mexannsma 6u
CJIC/IBAJIO JIa € OChIECTBUMA.
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HacenBaneto Ha 'n " BE30yI€HOTO CHCTOSHUE HA M30IMTO3MHA CE OCh-
H.ICCTBHB& OT ,,CBETIIOTO 'm” BB30YNEHO CHCTOSIHUE TPE3 KOHMYHO CEUCHIE
'n,n’/ 'nn” (dpur. 36). Kakro ce Bukma ot Q)HrypaTa TOBa KOHUYHO CEYEHHE
e an C=0 = 1.281 A. PeakuuoHHuAT BT Ha 'n, " Bb30YIEHOTO ChCTOSHHE
Ha M30IMTO3MHA ITOKa3Ba MO-IkJI00K MUHIMYM (0.218 eV u3uucieH cnpsamo
BEpTUKAITHATA EHEPrusl Ha B30YKIaHe ), OTKOIKOTO B 1iuTo3uHa (0.084 eV m3-
YHCIICH CHPSIMO BEpTUKAIHATA €HEprusi Ha Bb30yxaHe). ToBa mokasma, ue
dmyopecuenTHEAT pexon 'n ' —S  IpH H30LUTO3MHA O MOT'BII JIa Ce OYa-
KBA OT MUHUMyMa Ha PEaKLMOHHMS BT Ha 'n " Bb30YIICHOTO ChCTosHME. 32
CH)XaJICHHE JIUTICBAT JaHHHU 32 eKCIIEPUMEHTAJICH (hITyOpPECIICHTEH CIIEKThP Ha
M30IMTO3MHA, 32 1]a C€ MOTBBPIN WM OTXBBPIIH TOBA HAIIIE TBHPIICHUE.

PeaknuoHHMSIT MBT HA 'On° BB30YJAEHOTO CHCTOSIHHE HA W30LHTO3HMHA
HSIMa TIPUHOC KbM AUCKYTHPAHUTE MO-TOPE MEXaHU3MHU Ha Bh30yHEHUTE Chb-
CTOsIHMSA TIpHU ynbibkaBaHe Ha C=0 Bpb3kata. [IpaBu Brieyatienue obave, de
TO3H PEAKIMOHEH BT € HE3aBHCHM OT PEaKIIMOHHHUS T Ha 'TG" BB30YIEHOTO
CBCTOSIHUE.

3AK/IIOYEHUE

Uzcnenpannte Mmexann3Mu Ha yabikaBane Ha C=0 BpB3KUTE B IIUTO3H-
Ha ¥ M30LIMTO3MHA TTOKAa3axa, Y€ JIMICBAT KOHMYHU CEYeHHs OT Thma S-S, 3a
JBeTe cheauHeHus. [Ipu MUTO3MHA MOCOYMXME KaHAIT 38 HAaceJIBaHe Ha ,,ThM-
HOTO™ 'n 1" BB30YNIEHOTO CHCTOAHHE TPE3 KOHUYHO Cedenne 'n /' nm’, KoeTo
BEPOATHO € TPUYMHA 3a HAOJF0aBaHe Ha peJ‘IaKcaL{I/IOHCH MpoLieC B ps-HaTa
BpemeBa ckana. Tasu ¢yopecieHiys npes 'n n° Bb30yIEHOTO ChCTOSHUE CE
mspbpimBa ipu C=0 = 1.443 A. 3a I/I3OL[I/IT03I/IHa YCTaHOBHUXME BH3MOKHOCT
3a HaceJIBaHe Ha 'mc” Bb30yaeHOTO cheTosiHue BbB Ppank-Kongonosara 06-
JIACT, KOETO € TPE/NoCcTaBKa 3a (JOTOXMMHUYHA AUCOIMANUs Ha MoJiekyaaTa. C
JpYTH TyMH, O4aKBame IUTO3MHA Ja ObJe POTOXUMHYHO CTAOWIICH, IOKATO
H30IIUTO3UHBT OM MOT'BJI JIa TABTOMEPU3MPA 10 XHIPOKCO HIIM HMHHO TaBTO-
MepH.
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Enmununsat ot aBropurte (BB/l) Onaromapu Ha momenenne HITJ mpu [TV
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ABSRACT

Arylsulfonylnitromethanes were obtained by nucleophilic substitution
reaction. The suggested method of obtaining arylsulfonylnitromethanes has
some important advantages over the methods know so far: it is a relatively
short, one stage process; no by-products are obtained, so there is no need of
further procedures to separate the main products from the reaction mixture,
the final compounds possess a good degree of purity. The structure of the
new products were confirmed by '"H NMR, IR and elemental analysis.

Key words: arylsulfonylnitromethanes, synthesis, structure.

INTRODUCTION

a — Nitrosulfones were obtained by the oxidation of o — nitrosulphides!,
an interaction between sulfonylcarbanion and organic nitrate, or a reac-
tion of metal sulfides and sulfinic acids with o — chloro-, oo — bromo-, a
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— iodonitroalkanes®. In one particular case alone, a direct nitration of aryl-
sulfone was made resulting in o — nitrosulfone. Zeilstra et a/ suggested a
method of obtaining o — nitrosulfones based on the reaction between potas-
sium nitronate and p-toluene sulfonylbromide®. Publications describing a
method of obtaining o — nitrosulfones by nitration in the presence of bases
are also available. Studies on the chemical behaviour of o — nitrosulfones
show that they readily take part in reactions of nucleophilic addition. As
a result, a — nitroesters, nitroacetonitriles, bis(phenylsulfonyl)methane and
bis(alkylsulfonyl)methanes are obtained. They react readily with aldehydes,
and alcohols, alkenes or bisaducts are obtained. Arylnitromethylethylsul-
fones can also be used to obtained bis(arylsulfonyl)furans’. Wade et a/
found out that phenylsulfonylnitromethane takes part in C-alkylation reac-
ton resulting in a series of a — nitrosulfones. Studies on the conformation of
aromatic o — nitrosulfones were also made®.

The present work proposes a original method of obtaining arylsulfonyl-
nitromethanes.

Structure of the new compounds were eluci dated on the basis of elemen-
tal analysis and spectral data.

RESULTS AND DISCUSSION

Arylsulfonylnitromethanes were obtained by a nucleophilic substitution
reaction.

0 0
1l 1l

CICH,NO, + z—<C:)>—s@—Na+ — Z—@—S—CHZ—NOZ
1l 1l
0 0

Z=H(1);Z= 4-Me (2); Z = 4-MeO (3);
Z =4-Cl (4); Z=4-Br (5); Z = 4-1 (6).

Scheme 1.

The suggested method of obtaining arylsulfonylnitromethanes has
some important advantages over the methods known so far: it is a relatively
short, one stage process; no by-products are obtained, so there is no need of
further procedures to separate the main products from the reaction mixture,
the final compounds possess a good degree of purity.
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Arylsulfonylnitromethanes 1-6 were synthesized by mixing equimolar quanti-
ties of the corresponding reagents in ethanol at 18-20 °C from 12 to 72 hours. These
compounds are colourless, crystalline substances, very soluble in chloroform, ac-
etone and dioxane. They are stable for long storage periods and melt without de-

composing. The compounds obtained were identified by TLC.

All the products 1-6 were purified by recrystalization or flash column chroma-
tography on silica gel with a benzene as the eluent. The structure of compounds 1-6
confirmed by 'H — and *C-NMR, IR spectra, and elemental analysis (Table 1, 2).

Table 1. Characterization Data of the New Synthesized Compounds

Comp. Mp.,°C  Color Mol. formula Calcd. / found %
Ne (solvent) Yield % mol.wt C H N S

| 76-77 White C.HNO,S 43.60 3.71 7.06 15.60

(EtOH) 81 (201.14) 43.54 3.68 6.98 15.53

’ 73-74 White CHNO,S 44.20 3.95 6.72 14.58

(EtOH) 78 (215.16) 44.15 3.89 6.66 14.49

3 79-80 White CH,NO.S 41.57 3.65 5.80 13.95

(EtOH) 75 (231.13) 41.53 3.59 5.73 13.90

4 15;61&/9 White  CHCINO,S  35.55 2.40 5.76 13.45

. 82 (235.58) 35.49 2.35 5.70 13.39
Dioxane)

5 (Eltf)gH/ White C.HBrNO,S  29.75 2.45 5.38 11.65

. 74 (280.12) 29.73 2.40 5.32 11.61
Dioxane)

6 1(21;56t611—£l;/7 White CHJINOS 2550 1.56 438 9.70

. 86 (327.03) 25.43 1.50 433 9.67
Dioxane)

Table 2. Spectral Data of Some New Synthesized Compounds

Comp. Ne

Spectral Data

"H NMR (3, ppm): 5.52 (d, J = 5.8 Hz, 2H), 7.24 — 7.80 (m, 5H);
13C (8, ppm): 32 ( methylene), 131 (Ar-C);
IR(v, cm™): 1550, 1340 (NO,), 1310, 1150 (SO,),

2930, 2850, 1450 (CH,).
'H NMR (3, ppm): 2.42 (s, CH,), 5.50 (d, J = 5.6 Hz, 2H),
7.20 — 7.85 (m, 4H); '3C (3, ppm): 33.2 ( methylene), 130 (Ar-C);
IR(v, cm): 1545, 1345 (NO,), 1305, 1140 (SO,),
2920, 2845, 1450 (CH,).
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'H NMR (8, ppm): 2.40 (s, CH,), 5.51 (d, J = 5.6 Hz, 2H),

7.25 —17.75 (m, 4H); 3C (3, ppm): 32.4 ( methylene), 131 (Ar-C);
IR( v, em™): 1550, 1340 (NO,), 1310, 1145 (SO,)

2920, 2845, 1470 (CH,).

'HNMR (3, ppm): 5.53 (d, J = 5.8 Hz, 2H), 7.20 — 7.85 (m, 4H);
13C (8, ppm): 32.6 ( methylene), 130 (Ar-C);

IR (v, cm-"): 1560, 1345 (NO,), 1305, 1150 (SO,),

2925, 2855, 1455 (CH,).

'H NMR (8, ppm) 5.51 (d, J = 5.8 Hz, 2H), 7.23 — 7.84 (m, 4H);
BC (3, ppm): 31.8 ( methylene), 130 (Ar-C);

IR(v, cm™) 1555, 1340 (NO,), 1300, 1140 (SO,),

2930, 2860, 1460 (CH,).

"H NMR(3, ppm): 5.52 (d, J = 5.8 Hz, 2H), 7.20 — 7.78 (m, 4H);
BC (8, ppm): 32.2 ( methylene), 131 (Ar-C);

IR(v, cm™): 1550, 1335 (NO,), 1305, 1145 (SO,),

2920, 2850, 1460 (CH,).

The 'H(C) -NMR spectra of arylsulfonylnitromethanes contain an
aromatic multiplet at 7.24 — 7.85 (130-131) ppm. The shifts of methylene
protons can be seen at 5.50 — 5.53 (31.4-33.2) ppm. The chemical shift of
the methyl group in the benzene nucleus is at 2.40 ppm. The presence of
a methyl group does not effect substantially the position of the aromatic
multiplet.

The IR spectra of the compounds obtained contain intensive absorption
bands of nitro — and sulfonyl groups. Asymmetric and symmetric valence
vibrations of nitro groups can be seen at 1560—1545 and 1345-1335 cm’!,
while the asymmetric and symmetric vibrations of sulfonyl group are at
1310-1300 and 1150-1140 cm'. These bands are highly intensive since
the sulfonyl group are not situated on the same plane as the other substi-
tutes. The absorption bands at 3100-3000 cm™' are assigned to valence C-H
aryl vibration. A triplet characterized by a decreasing intensity of the high-
frequency bands can be seen in this interval because the molecules of the
compounds under study contain monosubstituted benzene nuclei. The skel-
eton vibrations of the arene nucleus at 1640-1600 and 14801450 cm™.
There is an absorption band of a monosubstituted benzene nucleus at 700
cm’!, and an absorption band of a p-disubstituted nucleus at 810-800 cm.
A characteristic band of valence C-N vibration can be seen at 850840 cm™.
The methylene group is identified by the absorption maximums of valence
asymmetric and symmetric vibrations at 2930-2845 cm’! and deformation
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vibrations at 1470-1450 cm™'. The absorbtion band of asymmetric and sym-
metric valence vibrations at 2950-2850 cm™ is due to the methyl group in
p-position in the arene nucleus. The presence of a methoxy group in the
benzene nucleus is proved by the absorption bands of valence vibrations
of the methyl group at 2840 cm and the valence asymmetric and sym-
metric vibrations of C-O-C bond at 1270 and 1030 cm™. The presence of
a halogen atom in the phenylsulfonyl group result in characteristic band at
800-580 cm!'. An absorption band of medium intensity corresponding to
valence S-aryl vibrations is characteristic of all arylsulfonylnitromethanes
at 1090-1080 cm''.

CONCLUSIONS

There new compounds (3, 5, 6) were synthesized by means of SN2
reaction. The obtained series of arylsulfonylnitromethanes are very important
from preparative point of view since these compounds are active methylene
components. Part of these compounds was tested antifungal activity and
found that they are potential growth inhibitors causal fungal.

EXPERIMENTAL

Melting points were determined on a Kofler hot stage and are uncorrected.
The elemental analysis were carried out in the Microanalytical Center at
University Prof. A. Zlatarov. The infrared spectra were recorded on a Specord
spectrometer using KBr discs in the range 4000 to 400 cm!. 'H-NMR
(chemical shifts measured in deuterated solvent are given in ppm from TMS)
spectra were recorded with a Bruker 250 MHz spectrometer, using CDCI,
solution.

PREPARATION OF 1 -6

An equimolar quantity of chloronitromethane dissolved in ethanol
(25 ml) was added to the sodium salt of sulfinic acid (0,01 mol). The reaction
mixture was rapidly stirred and then allowed to stay from 12 to 72 hours at
a room temperature. The crystals obtained were separed from the reaction
mixture and were recrystallized from ethanol and ethanol/dioxane.
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ABSTRACT

Selectine palladium-catalyzed aerobic oxidation of cyclododecene with
the aid of a metal macrocycle-quinone system was conducted. This involves
a multistep electron transfer with three catalysts (Palladium(Il) acetate,
hydroquinone and iron(II) phtalocyanine). The triple catalytic system was
applied to acetoxylation of cyclododecene to cyclododec-2-en-1-yl acetates
in high selectivity (93.4%) and a convertion of cyclododecene up to 93—
98%.

Key words: acetoxylation, cyclododec-2-en-1yl acetate
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BbBEJIEHUE

AJTMITOBHTE alleTaTd ca OCHOBHH MEXIWHHU CHEIHHEHHS B OpTaHHY-
HUS CHUHTE3, 0COOEHO cje] KaTo Oelle yCTaHOBEHO, Ye METaJHHU COJIU U
KOMIUIEKCH KaTaJIU3UpPaT JIECHO U C BUCOKA M30UPaeMOCT 3aMECTBaHETO Ha
alleToKcUrpymnara ¢ pazHooopasau Hykieoduiu. ITo To3u HaYMH HA OCHO-
Ba LIMKJIOAOEI-2-€H- | -1 areTar Morar Jia ce mojy4ar [MUKJION0Ae-2-eH-
1-om, mmkmomoaen-2-eH-1-oH, 1-adKOKCHUIMKIO-TOACI-2-eH. Beuukm Te,
KakKTO M CaMHUTE alleTaTH Ce M3IION3yBar B mapdoMepuiiHaTa MpOMHIILIEe-
Hoct [1 — 6].

B pabGotute Ha HsKOM aBTOopH Oelle MoKazaHO [7], ue LHUKIOAOACUEH
MOTar Jia ce aleTOKCUIINPAT CeNIEKTHBHO J0 alWIOBH MOHOAaleTaTu. Peak-
UsTa € MPOBEJICHa B Pa3TBOP Ha JICJICHA OIICTHA KUCEINHA B MPUCHCTBHE
Ha 5% Pd(OAc), kato karanu3arop, B KOMOMHAIHUS C OKUCITMTENHA CHCTEMA
II, cecrosma ce ot 20% OenzoxunoH u 110-200% MaHTaHOB JUOKCH 11O
OTHoOIIIeHUe Ha cyOcTpara. J[oouBsT Ha nukinonoaen-(E)-2-en-1-nn anerara
IIpU CTeleH Ha npespbiuane 77% (43h peakunoHHO Bpeme U TeMIepaTrypa
60°C) e 72%.

Ot npyra cTpaHa MpecTaBisABaIlle MHTEPEC Jla c€ MPOYyYH BB3MOXK-
HOCTTa 3a IMOJy4YaBaHe Ha IUKIOAOJEI-2-eH-1-H1i amerar ¢ BUCOK JI0OUB
IIPY 3HAYMTETTHO HaMaJsiBaHEe Ha BPEMETO Ha peakIusATa. 3a Ta3H el Ipo-
BEIOXME OKHCIUTEIHO alleTOKCIIINPaHe Ha MUKIONONCIEH C HU3IMOI3BaHEe
Ha Karanurtudna cucreMa I PA(OAc) -xunpoxunon-FePc-monexynen xuc-
JIOPOA TIpU BapHUpaHe Ha TeMIieparypara Ha peakuusta ot 313 go 353K u
Hangrase Ha kuciopona ot 0.1 mo 1.0 MPa [9].

Lenrta Ha HacTosmaTa paboTa € Aa ce OMpPEeAeIH, KOsl OT U3IOJI3BAHUTE
KaTaJIMTHYHYU CUCTEMH B TIPEIHU Hamy padotu [9, 13] uma Hal-TOISIM 110-
TEHIMAI 32 MTOTyJaBaHe MUKIIONOEI-2-eH- | -1 amerara.

MATEPUAJIM 1 METOIU

Memoouxka 3a oxucnenue Ha yuki0000eyeH

¢ kamanumuuna cucmema Pd(OAc)2 — 1,4-6enzoxunon —

Fe(Pc) — O2 6 nedena oyemna Kucemuna.

Peakumsita ce mpoBexa B Temneparypuus uaTepsai 313-353 K u Ha-
nsirane Ha Be3ayxa 0.1 1.0 MPa. Kem peakropa e ocurypeHo 3axpaHBaHe
C MHEPTEH Ta3 U BaKyyM JIMHUs. BB3MyXbT 32 OKHCICHUE 0] BUCOKO Ha-
JISITaHE TIOCTHIIBA TUPEKTHO OT MeTaiHa OyTuika. CBbP3aHHUAT KbM peakx-
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TOpa TEPMOCTAT CIY)XH 3a MOJIAbpPKAaHE Ha peaklHOHHA Temieparypa. B
peakTopa ce 3apexa cMec ot 0.1167-0.3368 g (0.52-1.5 mmol) Pd(0Ac),,
0.2333-0.6603 g (2.12-6.0 mmol) xuapoxunoH, 0.2944+0.8492 g (0.52+1.5
mmol) Fe(Pc) u 0.5304-+1.5304 g (5.2+15.0 mmol) Li(0Ac).2H,0 B 70 ml
neneHa oueTHa kucenuHa. C numneta ce 106ass 2.87-5.74 ml (15-30 mmol)
ot cybcrpara. Ciie[Ba BHUMATEIIHO IPUCTATaHE HAa Kalaka Ha pPeakropa u
nyckaHe Ha Tepmoctara. Ciie] JoCTHraHe Ha JKeJlaHaTa TeMIiepaTrypa ce Io-
JlaBa Bb3IyX OT OyTHIIKATA, TOKATO HAJIATAHETO B PeaKTopa JOCTUTHE XKeJa-
Hara croifHocT. Hayanoro Ha peakiusTa ce oT4uTa Clel MycKaHe Ha Obp-
kankara. Ha cbOTBETHHTE HHTEPBAIM OT BpEMe CE B3eMaT MpoOH 3a aHAIIH3.

Memoouka 3a oxucienue Ha Yukio000eyeH

unu 1,5,9-yuxnodooekampuen ¢ KamanumuiHa cucmema

Pd(OAc)2 — 1,4-6enzoxunon — MnO?2 6 nedena oyemua Kuceiuta.

B 500 ml tepmoctaTipaH CTBKIEH ABYTBPJIEH PEakTop CHAOICH C
o0paTeH XJIaJJHUK ¥ MarHuTHa Obpkajika ce moctaest 1.122 g (5 mmol)
Pd(OAc),, 2.162 g (20 mmol) p-6ensoxunon, 17.4 g (200 mmol) MnO,
B 250 ml nenena onerHa kucemmHa. CMecTa ce HarpsBa IpH TeMIEpary-
pa Ha peakuusta 40°C mpu pa3ObpkBaHe B Mpoab/bkeHHe Ha 30 MUHYTH.
100 mmol uuknogonenen wim 1,5,9-nMknogonekaTpueH ce MpudaBsT U ce
pa30BpKBa IMpH IocoYeHaTa TEMIIepaTypa B poabDKeHUE Ha 72 daca. Crex
oXJIaKJaHe J10 cTaiiHa Temriepatypa ce npubassaT 250 ml nenran-erep (1:1)
u ce pa3dbpkBa omme 30 munyTa. CMecTa ce QuITpyBa Npe3 MIoToB (GUITHP,
Cllell TOBa OpraHMYHaTa (as3a ce eKcTpaxupa Tpu IbTH ¢ 250 ml menran-
erep (1:1). Cnen gecTunamus Ha pa3TBOPUTEIIS C€ TIOTydaBa MPOAYKT, KOH-
TO Ce IPEYHCTBA Ype3 KOJIOHHA XpoMmarorpadus.

Memoouxa 3a oxucienue Ha Yyuk10000eyen

wiu 1,5,9-yuxnooodexkampuer ¢ KAaMaIumu4Ha cucmema

Pd(OAc)2 — Cu(OAc)2 — 6b30yx 6 nedena oyemua Kuceruua.

€aKIuiATa ce MpoBeXxIa B TeMmeparypHus uHTepBan 358-383 K u
HajsiraHe Ha Bb3ayxa 2.5 MPa. KeMm peakropa e ocurypeHo 3axpaHBaHe
C MHEPTEH Ta3 M BaKyyM JIMHHA. BB3IyXbT 3a OKHCICHHE 110]] BUCOKO Ha-
JSITaHe MOCTBIIBA JUPEKTHO OT MeTanHa OyTiiika. CBBP3aHUAT KBM peak-
TOpa TEPMOCTAT CIY)KU 3a MOMAbPXKAHE HAa PeakiMOHHA Temmeparypa. B
peakTtopa ce 3apexknaa cmec ot 0.2245-0.3368 g (1.0-1.5 mmol) Pd(OAc),,
0.4991-1.4974 g (2.5-7.5 mmol) Cu(OAc),.H,O n 70 ml nenena ouerna
kucenuHa. C nunera ce nodass 2.87-5.74 ml (15-30 mmol) ot cyOcTpara.
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CrnenBa BHUMATEITHO MPHUCTATAaHE HAa Kallaka Ha peaKTopa U MycKaHe Ha Tep-
Mocrara. Ciell JOCTUraHe Ha XeJlaHaTa TeMIleparypa ce IoaBa Bb3IyX OT
OyTuiKaTa, JOKaTo HalsiraHeTo B peakTopa gocturHe 2.5 MPa. Hauanoto
Ha peaknusATa ce OTYMTA CIeH ITyckaHe Ha Obpkaikara. Ha choTBeTHHTE
HWHTEpBAJIM OT BpEME C€ B3eMaT MPoOH 3a aHaJIH3.

PE3YJITATU U OBCBKJTAHE

[NpakTiyecky MHTEpEC 3a HAC MPEACTABIsIBA HAMHPAHETO W U3IOI3BaHe-
TO Ha KaTaJIMTUYHA CUCTEMA 3a [I0JIy4aBaHe Ha LIUKIIOAOAEL-2-eH-1-ui anerar,
9pe3 OKHMCIUTENHO alleTOKCHITNPaHe Ha UKIIooeleH. Br3MoskaoCTTA 32 OBp-
30 PEOKHUCIIEHHE Ha 00pa3yBallys c€ XHUIPOXHHOH 110 OEH30XHHOH C KHCIOPOJ
TIPY MEKH YCIIOBHUS, BOJIM JI0 TIOBUIIIABAHE HA KOHIIEHTPALIUATA Ha KaTATUTHYHO
aKTUBHUS KOMIUIEKC. [IpsSKoTO OKHCIIeHNe Ha XUIPOXWHOHA C MOJICKYJCH KH-
CIIOPOJI IIPH CTaliHa TeMIIepaTypa € MHOTO OaBHA peakiys 1 TOBa Ce OTpa3siBa
Ha JPyTUTe CTaJuH Ha KaTaIUTUYHUS rpolec. B HayyHara nuTeparypa ce mo-
s;BUXa ChOOIIeHNs [§], 4e MAKPOIMKINYHN KOMILUICKCH Ha TIPEXOJHUTE METaIH
(ML) morar ta akTHBHpAT KUCIOPOZa  OKHCICHHUETO IIPOTHYA KaTO MHOTOCTE-
NIEHHO IMpeHacsHe Ha eJEKTPOHU B MPUCHCTBHE HA TPOWHA OKUCIUTEIHO-pe-
nykuuonna cucrema-Pd(11)/Pd(0)-6ensoxunon/ xunpo xunon-ML /ML:

OH
O ) @ M-Loy H,0
OH
OAc o
@ Pd(0) ¢ M-L 120,
0
ToBa ¢ eTHa U3KIIOYUTEITHO YMEPEHA CUCTEMA, KOATO YCIICITHO CE M3~
T0J13BA 32 AJIMJI0BO OKUCIICHUE Ha IUKJINYHH aJIKCHH, TIOPaIHd Bb3MOKHOCT-
Ta 32 ObP30 PEOKUCIICHUE Ha 00pa3yBaIHs C€ XUIPOXUHOH 10 OCH30XHHOH
C KHCJIOPOJI IPH MEKH yCcIOBUL. B uTeparypara ce cpeniar u ChboOeH s 3a
W3ION3BaHE Ha BB3YX BMECTO MosekyieH kuciopon [10, 11]. Haii-go6bp
pe3yJiTar e mojdy4eH ¢ xxeneseH granonuanud Fe(Pc). Benpeku HuckaTa cu

PAa3TBOPHUMOCT B IIOBEYECTO OPraHUYHU PA3TBOPUTCIIH, TOM € MHOTO e(l)eKTI/I-
BCH IIPpU aKTUBUPAHE HA KUCIIOpOAa 0e3 cjIeaa OT pasrpaxaaHe. Peakiuute
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MPOTHYAT MO-0bP30 U MO e(PeKTUBHO, KaTO Ce MOJy4aBaT BUCOKH HOOHUBU
NPU YMEPEHH YCIIOBHS.

[MocoueHuTte Mo-rope PEOKUCIUTENU OKHCISABAT MaNaus JOCTaThy-
HO OBP30 IpPH MEKH YCJIOBHS, HO TPsOBa J1a ce B3eMaT B CTEXHOMETpPHY-
HU KonmuaecTBa (I karanmuTryHa cucteMa). M3moa3BaHeTo Ha KaTaTUTHIHA
cucrema II, a taka cpmo Cu(OAc), u Bb31yX (B Karanutuuna cuctema I1I)
MpEBpBINA TPOLECHTE HAa CTEXHOMETPHYHO OKHCICHHE B KAaTAIUTHIHH,
KOETO OW ITO3BOJIIIO MIPEMHHABAHE OT JIAOOPATOPHU WITH TIOJTYIIPOMHUIILIE-
HU KbM MHOTOTOHQ)KHU MHCTaJallMK. B mpeauiiHy u3cienBaHus B MOCIe-
HuTe roaunu [12, 13], ce chobiaBa 3a mpoBexk1aHe Ha alleTOKCUIMPaHe Ha
nukmononeneH u 1,5,9-nuknononexkarpuen B npucherBreto Ha Pd(OAc),-
Cu(OAc), mpu 353+373 K u 2.5 MPa armocepen Bb3yX.

Haii-noOpute pe3yarat oT MPOBEACHUTE PEAKIIUH C TPUTE KaTaIUTHY-
HU CHUCTEMH Ca IIOCOYEHH B Tabima 1.

Tabanua 1. Peakyuonnu yciogus, KOHGEpCUs U CELeKMUBHOCTN NPU
Peaxyus OKUCTUMENHO AYemMOKCUTUPAHE HA YUKTI0000eyeH 00 YUKL000-
Oey-2-en-1-un-ayemam 6 pazmeop Ha iedeHa OYemHa KUceiund, 8 npu-

cvemeue na kamanumuunu cucmemu: Pd(OAc) -6enzoxunon-Fe(Pc) — O,
Pd(OAc) -6enzoxunon — MnO,; Pd(OAc),-Cu(OAc), — 6b30yx

s, | g ) «E |g5 | &

Ne | “ATAmTHIHA | 5 Bd| Ey | 2Eo|fcisldgw|Ex

cucrema = E=| 2 gz S SR 9 5 £
g2 5 @g R Eg B2 |5
= = -

L] oA g | 333 12 87.6 | 938 | 93.4
Fe(Pc) - O, 0.1 333 12 37.0 39 95
Pd(OAc),-

1I. OCH30XHMHOH — - 333 43 72 77 93.5

MnO,
Pd(OAC),-
I1I. Cu(OAc)2 - 2.5 373 12 44 63 71
BB3IYX

Ot tabnuua 1 ce BkAa ce, 4e peakiusiTa Ha alleTOKCUIIUPaHe TPH 13-
MOJI3BaHe Ha KaTaJlMTUYHA cucTteMa | ce monydaBa Hail-ronsiM JOOHB IO
LUUKJIONO0/el-2-eH- | -nin-atieTaT npu cenekTuBHOCT Hal 93.4%. Makcuma-
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Ha aKTUBHOCT Ha KaTaJlUTHUYHATa cucTeMa ce Habmonasa npu 333 K B nipo-
nbikeHne Ha 13 yaca. KoakoTo e mo-Bucoka Temreparypara Ha peakiusira,
TOJIKOBA MO-MAJIKO € BPEMETO Ha peaklusITa, IPU KOETO 3all04YBa HENUHEH-
HO yBEJIMYaBaHE Ha cTeneHTa Ha mnpeBpbliane. [lpu temneparypa 353 K
KaTaIMTHYHHUTE YacTUIM OT cucteMa | Obp30 U mouTH HeoOpaTUMoO ce Je-
3aKTUBUpAT. 3HaYEHHUE 3a JOCTUTaHE Ha JOCTaThYHO BHCOKA U MKOHOMHYE-
cKku e(heKTUBHA CTETIEH Ha MpeBpPhIIaHe Ha CyOCcTpaTa MMa U HaJIATaHEeTo Ha
kuciopona (tabnuna 1). HamuuueTo Ha 1Ba M30Mepa Ha LUKIIOAOEICHA B
M3XOJIHATa PEAKIIMOHHA CMEC U Pa3iiMuyHaTa peakiMOHHa CIIOCOOHOCT Ha
TPaHC — U IMC-ABOMHM BPB3KH Ca MPUYKHA 32 MMOJyYaBaHe HA TPH aJHIJIOBU
MOHOAIIETaTH.

IIpu npoBeneHus npeaBapUTENeH €KCIEPUMEHT C KaTaaUuTU4HA CUCTe-
Ma II, ycrmoBusaTa Ha peakiusaTa ca MHOTO OJMM3KU JI0 T€3M MOCOYEHH B [7],
pu KoeTo Oellie ompeAesIeHo MPOLEHTHOTO BIMAHUE Ha MPEBPbBIAHE HA 11~
KIIOIOZIelieHa BbPXY ChCcTaBa Ha NpoaykTute. [Ipu cTeneH Ha mpeBpbIilaHe
Ha IMKJIOA0/eNeHa (Chabpkal: TpaHe — 62.9%, uuc — 25.9% uzomepu) ot
68.2 10 97.0% ceneKTUBHOCTTA MO ATUJIOBUS alleTaT ce MoHMXkaBa oT 88.0
10 83.4%. 3sMeHeHneTo € He3HAYNTETHO, KOETO MO3BOJISiBA IPOBEXKIaHE Ha
mpolieca MpH CTENEH Ha MpeBpbliaHe Ha cyocTpara Hag 80%. [ToTBbpkaaBa
ce MM0-BUCOKaTa peaKkIMOHHA CIIOCOOHOCT Ha TPpaHC-U30Mepa.

CenexTuBHOCTTA IIpu KaranutuyHa cucreMa Il Ha mporeca okucie-
HUE 3aBUCH CHIIECTBEHO OT MPOTHYAHETO HA MOCIIEAOBATEIHU U Mapane-
HU TIPEBPBIIAHNS HA CyOCTpaTa 10 LEeIeBUs U CTPAaHUYHU NpoayKTu. Ilpu
BCHYKH OIHTH C Ta3W KaTaJUTUYHA CHCTEMA CEJIEKTUBHOCTTA IO AJIUIOBH-
T€ MOHOAIIETaTH € T0-BHCOKa OT Ta3W Ha MOHOKETOHUTE U CE€ MPOMEHS B
uHTepBana 56=71%

U3BOIU

Ot pasmienaHuTe TPU KAaTAIUTHYHU CUCTEMH Hai-TONSAM MOTEHLMAI
3a MMOJy4aBaHEe HA alleTaTd Ha IUKIOAOJCICHA B IPOMHUILICHA Cpeaa uMa
karanuTudHara cucrema I Pd(OAc),-xunpoxunon-FePc-mMonekynen kucio-
pox. MaTerprpaneTo Ha Ta3u cucTeMa 3a paboTa ¢ Bb3/IyX, ChIIO OU CIIOMO-
THAJIO 33 pealn3alrITa Ha CHCTeMaTa B IPOMUILICHOCTTA.
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ABSTRACT

N-Acyliminium reagents derived from benzimidazole have been
successfully used in reactions with active methylene nucleophiles. A series
of cyclic enaminoketones or dimedone were selectively amidoalkylated at
the a-carbon atom of the enaminone. The new 2-substituted derivatives of
2,3-dihydrobenzimidazole are interesting both from synthetic point of view
and as potential bioactive compounds.

All the synthesized benzimidazole derivatives were assayed for
antimicrobial activity using standardized tests (DM and DDM) against
seven strains microorganisms. Eight compounds displayed antimicrobial
activity against Staphylococcus aureus, Enterobacter aerogenes, Candida
albicans.

Key words: N-acyliminium ions,; enaminones, antimicrobial activity
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INTRODUCTION

The o-amidoalkylation of carbon nucleophiles with N-acyliminium
compounds is a long-established method for C—C bond formation [1-2]. This
reaction can be used for the synthesis of various heterocyclic derivatives.

Benzimidazole ring is an important heterocyclic pharmacophore in drug
discovery. Benzimidazoles are regarded as a promising class of bioactive
heterocyclic compounds that exhibit a range of biological activities —
antiviral [3—4], antitumor [5-6], anticancer [7], antimicrobial activity
against Staphylococcus aureus, Bacillus subtilis, Escherichia coli and
Candida albicans [8], antibacterial activity against Staphylococcus aureus,
Escherichia coli, Enterococcus faecalis and fundicidal activity against
Candida albicans and Asperigillus [9-11]. Benzimidazoles are potential
enterovirus inhibitors [12].

The last several years we used successfully adducts of cyclic
imines and acyl chlorides as electrophilic reagents in an intermolecular
a-amidoalkylation reaction toward aromatics and methylene active carbon-
yl compounds [13-16].

RESULTS AND DISSCUSSION

A series of cyclic enamino ketones or dimedone 4 were selectively
amidoalkylated with N-acyliminium compounds 3 derived from
benzimidazole 1. Enaminones, as defined by Greenhill, are monoenamines
of 1,3-dicarbonyl compounds [17] and they combine the ambident
electrophilicity of enones with the ambident nucleophilicity of enamines.

Ox X
COOR COOR
C[ \> 2 ROCOCl2 C[ > HaC CH3 >_%:><
Yoor COOR
R =Me, Et
X =OH, NHR,

R, = Me, Et, Pr, Ph, Bz, C,H.CH,CH,, 4-CIC,H,CH,, 3,4-(MeO),C,H,CH,CH,

Scheme 1.
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To determine the influence of the acyl component, we initially studied
the reactions of two different N-acyliminium compounds 3 with enaminones
4. The reactions were carried out for 1 h at r.t. in 1,2-dichloroethane. The
substituents R, were varied in a series of enaminones. The yields were from
11% (R = C,H,, X = CH,NH) to 87% (R = CH,, X = C.H,NH) and all
of the studied examples proceeded regioselectively at the a-carbon of the
enaminone as indicated by the disappearance of the characteristic vinyl
signal in the '"H-NMR spectra.

All the synthesized benzimidazole derivatives were evaluated for
antimicrobial activity. Antimicrobial effects were assessed in standard disk
diffusion method according to recommendations of CLSI [18] and agar well
diffusion method [19]. For second test a wells were prepared in the agar
plates with the help of sterile borer (¢ 6 mm). The effect of compound to
be tested was determined by measuring the diameter of zone of inhibition.
All experiments were done three times and mean value was presented.
All newly synthesized compounds to be tested were dissolved in DMSO
to 0.4% and DMSO was used as negative control. In resent investigation
effects were estimated for two Gram positive strains (Enterococcus faecalis;
Staphylococcus aureus), four Gram negative strains (Escherichia coli; En-
terobacter aerogenes; Salmonella abony; Pseudomonas aeruginosa) and
one yeast strain (Candida albicans).

The following strains were used in this study: Escherichia coli ATCC
25922; Enterobacter aerogenes ATCC 25029; Salmonella abony ATCC
6017; Pseudomonas aeruginosa ATCC 27853; Enterococcus faecalis
ATCC 29212; Staphylococcus aureus ATCC 33592 (MRSA); Candida
albicans ATCC 10231.

The following agar media were used for the antimicrobial test: Mueller-
Hinton agar (S. aureus, P. aeruginosa, E. coli, E. aerogenes, S. abony, E.
faecalis) and Saboraud-dextrose (C. albicans). All the culture media were
prepared and treated according to the manufacturer guidelines.

There was no inhibition observed for used strains except for E. aerogenes,
S. aureus and C. albicans. Tested compounds have more bacteriostatic than
bactericidal effect on E. aerogenes. Clear bactericidal effect on S. aureus
has 5¢. Data of antimicrobial effects of tested compounds are presented in
table 1.
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Table 1. Antimicrobial effects of synthesized benzimidazole derivatives

Strain Zone of inhibition, 8 mm
Compound E. aerogenes S. aureus C. albicans
5 R X DDM | DM |DDM | DM | DDM | DM
a | CH, |[NHCHCHCH,| NI 12 | NI | NI | NI | NI
b | CH, |[NHCHCH, NI I NI NI NI 10
¢ | CH, |NHCH, NI 13 NI 13 NI NI
d | CH, |[NHCH NI 12 NI NI NI NI
e | CH, |NHCH, NI 12 NI NI NI NI
f CH, |NHCH,CH, NI NI NI NI NI 12
g | CH, |OH NI 13 NI NI NI NI
h CH, |OH NI 11 NI NI NI NI

DDM — disc diffusion method, 80 ug; DM — agar well diffussion method, 200 ug;
NI — no inhibition; I (intermediate sensitivity) — slight growth inhibition

We didn’t find observable prevalence in the effects of tested compounds neither
for Gram negative nor for Gram positive microorganisms included in this study.

Results which we obtained from two methods were different. Some of possible
reasons for this may be the different amount of the compounds which applied in
test or particular characteristics of the compounds or solvent. It seems that agar well
diffusion test will be more appropriate to use for further investigation of antimicrobial
activity of benzimidazole derivatives with suitable for bioassay solvents.

In conclusion, the scope of application of the intermolecular reaction of a-
amidoalkilation has been successfully expanded. A series of cyclic enamino ketones
were selectively amidoalkylated at the a-carbon atom in reactions with acyliminium
reagents derived from benzimidazole.

Eight of synthesized benzimidazole derivatives displayed antimicrobial activity
against three strains microorganisms. For some of the compounds was registered
clear bactericidal effect on Staphylococcus aureus, bacteriostatic effect against
Enterobacter aerogenes and antimicotyc activity against Candida albicans.

ACKNOWLEDGMENTS

We acknowledge financial support from the fund for scientific research
of Plovdiv University — MU11 HF 003.

98



Synthesis and antimicrobial evaluations of some novel...

10.
11.

12.
13.

14.

15.

16.

17.

REFERENCES

. Speckamp, W. N., Moolenaar, M. J. Tetrahedron, 2000, 56, 3817—

3856

. Hiemstra, H., Speckamp, W. N. Incomprehensive Organic

Synthesis, Pergamon: Oxford, 1991, 2, 1047-1082

. Garuti, L., Roberti, M., Gentilomi, G. I/ Farmaco, 2000, 55, 35-39
. Goda, F. E. et al. Saudi Pharmaceutical Journal, 2008, 16(2), 103—

111

. Kamal, A., Praveen Kumar, P., Sreekanth, K., Seshadri, B. N. and

Ramulu, P. Bioorganic & Medicinal Chemistry Letters, 2008, 18,
2594-2598

. Abdel-Mohsen T. H., Ragab F., Ramla M. M., El Diwani H.

European Journal of Medicinal Chemistry, 2010, 45, 2336-2344

. Gowda, Th., Kavitha, C. V., Chiruvella, K. K., Joy, O., Rangappa,

S. K., Raghavan, C. S. Bioorganic & Medicinal Chemistry Letters,
2009, 19, 4594-4600

. Tulug, T. M. K., Nurten, A. European Journal of Medicinal

Chemistry, 2009, 44, 1024-1033

. Shingalapur, R. V. et al. European Journal of Medicinal Chemistry,

2009, 44, 42444248

Jafar, A. A. et al. Orbital, 2009, 1(4), 306-309

Al-Tel, Taleb H. European Journal of Medicinal Chemistry, 2010,
45, 5848-5855

Xue, F. et al. Bioorg. Med. Chem., 2011, 19, 2641-2649
Statkova-Abeghe, S., Angelov, P., Ivanov, 1., Nikolova, St. Tetrahe-
dron letters, 2007, 48, 6674—6676

Venkov, A. P., Statkova-Abeghe, S. M., Donova, A. K. Cent. Eur. J.
Chem., 2004, 2 (1), 234-246

Donova, A. K., Statkova-Abeghe, S. M., Venkov, A. P., Ivanov, 1.
Synth. Commun., 2004, 34 (15), 2813-2821

Statkova-Abeghe, S., Gueorgiev, D., Ivanov, I., Nikolova, St.
University of Plovdiv ,, Paisii Hilendarski*, Scientific papers —
Chemistry, 2006, 34 (5), 95-98

Greenhill, J.V. Chem. Soc. Rev., 1977, 6, 277-294

99



M. Staykova, S. Statkova-Abeghe, S. Kostadinova, M. Marhova, V. Stoyanova

18. Performance standards for antimicrobial disk susceptibility tests;
Approved standard —9th ed.; CLSI document M2-A9. 26:1; Clinical
Laboratory Standards Institute, 2006, Wayne, PA.

19. Perez, C., Pauli, M., Bazevque, P. Acta Biologiae et Medicine Ex-
perimentalis, 1990, 15:113—-115

100



IJIOBAMBCKH YHUBEPCUTET ,,IAUCHI XUJIEHJAPCKH“ — BbJITAPHUS
HAYYHHU TPYJOBE, TOM 38, KH. 5§, 2011 - XUMMUA
UNIVERSITY OF PLOVDIV ,,PAISII HILENDARSKI“ - BULGARIA
SCIENTIFIC PAPERS, VOL. 38, BOOK §, 2011 - CHEMISTRY

MULTIFUNCTIONAL
MECHANOCHEMICALLY-SYNTHESIZED
Fe,O,-ZnO MIXED OXIDE

N. Kostova', Al. Eliyas', M. Fabian’,
B. Kunev', N. Velinov', P. Balaz’

Institute of Catalysis, Bulgarian Academy of Sciences,
1113 Sofia, Bulgaria

Institute of Geotechnics, Slovakian Academy of Sciences,
043 53, Kosice, Slovakia

ABSTRACT

Fe,0,-ZnO mixed oxide with 1% wt. Fe has been synthesized using
the mechanochemical activation method. The catalytic properties of Fe,O,-
ZnO mixed oxide as catalyst has been investigated using the decomposition
of isopropanol as model reaction. The photocatalytic activity of the Fe,O,-
ZnO mixed oxide, using ethylene as a model air pollutant, has been carried
out in a gas-phase flat-bed continuous flow photocatalytic reactor. Ethylene
conversion degree was taken as a measure of the photocatalytic activity
of the sample. The performance of the Fe,0,-ZnO photocatalytic material
is compared with the standard reference photocatalyst Degussa P25 (75%
anatase TiO, + 25% rutile TiO,).

Key words: mixed oxides, mechanochemical synthesis, photocatalytic
activity
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INTRODUCTION

Mixed oxides, which contain more than one kind of metal atom
are important class of catalysts that are widely used in several fields of
investigation releated to catalysis [1-4]. ZnO and TiO, have been widely
used as photocatalyst owing to their high activities, low costs and
environment-friendly properties [5]. However, the photocatalytic activities
of ZnO and TiO, are limited to irradiation wavelengths in the UV-region
because of their wide band-gaps and they can absorb only UV light. Some
problems still remain to be solved in their application, such as the fast
recombination of photogenerated electron-hole pairs. Therefore, improving
the photocatalytic activity by modification of the material has become
a topic among researchers in recent years. One approach is to dope transition
metals into ZnO [6—8]. Some of the recent publications on Fe-doped ZnO
systems using different methods of sol—gel techniques have examined the
influence of Fe doping on the nanostructures and optical properties [9, 10].
The mechanochemical method for preparation of mixed oxides becomes
more widely used at present due to its relative simplicity and availability
[11,12].

The contamination of air with various volatile organic compounds,
originating from the petrochemical industry, presents a serious
environmental problem due to the intrinsic toxicity and stability of some
of these compounds. The photocatalytic degradation of organic compounds
using semiconductor particles, most often nanometer-sized transition metal
oxides, represents a promising solution to this environmental problem.
Ethylene or its chlorinated derivatives have often been selected as target
pollutants in air by many researchers in view of the large-scale production
in the petrochemical plants (ethylene is the most widely produced
petrochemical) causing air pollution in such industrial sites. Ethylene
emissions are of concern because its release can lead to the formation of
extremely toxic oxides.

The purpose of this work was to investigate the multifunctional
properties of the mechanochemically prepared Fe,O,-ZnO (1%wt. Fe)
mixed oxide. Its acid-base properties were studied using isopropanol
decomposition as catalytic test reaction. In the second case of air purification
the the mechanochemically prepared mixed oxide is applied as film coating
on a support to oxidize photocatalytically ethylene as model pollutant in air.
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EXPERIMENTAL

Mechanochemical synthesis of Fe,0,-ZnO mixed oxides was performed
in a laboratory planetary mill Pulverisette 6 (Fritsch, Germany) by high-
energy milling of hematite and ZnO. The following experimental conditions
were applied for the mechanochemical synthesis: loading of the mill, 50
balls of 10 mm in diameter; material of milling chamber and balls was
tungsten carbide; volume of milling chamber, 250 mL; room temperature;
rotational speed of the mill planet carrier, 400 min™'; milling time, 20 min.

X-ray powder diffraction patterns (XRD) of the samples were registered
at room temperature with a TUR M62 apparatus with PC management and
data accumulation, using HZG-4 goniometer with CoK  radiation. The
XRD lines were identified by comparing the measured patterns to the JCP-
DS data cards.

Catalytic performance of the samples was performed on a flow reactor-
gas chromatography system under atmospheric pressure by using isopro-
panol decomposition as reaction probe. 0.2 g of catalyst was charged into
the reactor. Argon was used carrier gas. Isopropanol was put in saturator.
The temperature of saturator was kept at 273 K. The reactor was directly
connected to a 2 m GC column filled with Chromosorb W (60—-80 mesh)
with 20 % Carbowax 400 at 313 K [13]. Isopropanol conversion to propene
was used as a measure of acidity and that to acetone is a mesure of basicity
of the sample.

The measurement of the photocatalytic activity of material Fe,0,-ZnO
has been carried out in a gas-phase flat-bed continuous flow POLITEF
photocatalytic reactor, using ethylene as a model air pollutant. The course of
the photocatalytic reaction of complete oxidation of ethylene was monitored
by means of a gas-analyzer (LANCOM III, Land Instruments Co., England),
equipped with a sensor for total hydrocarbon content in a gaseous mixture
(ppm CXHy). The inlet mixture is fed into the reactor by a 4-channel mass
flow regulator (Matheson Model 8249), having the following composition:
10000 ppm C,H,, 10% O,, 90% N,. The nitrogen was fed into the reactor
via two channels — the first channel feed N, directly into the reactor (dry
N,), while the second channel feeds the nitrogen flow to the water vapor
saturator (distilled H,O) to saturate the stream (moist N,) and then further
to the reactor. The use of two independently regulated channels for feeding
nitrogen to the reactor enables the variation of the humidity of the inlet
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gaseous mixture, which is a very important parameter of a photocatalytic
process of oxidation.

During our previous experimental runs with other photocatalyst samples
it was established that the optimal relative humidity RH is 30% [15].

Feeding ethylene and oxygen through two other independently regulated
channels allows varying the ratio C,H,: O, — in all our experimental runs
the oxygen concentration is in large excess with respect to the amount of
oxygen needed stoichiometrically to achieve 100% conversion degree of
ethylene. So we can accept that at moderate conversion degrees the oxygen
concentration C, is practically unchanged comparing the inlet and the
outlet compositions. In this specific case C,, is incorporated into the value
of the effective kinetic constant k . in the kinetic equation:

Ry, =ker-Com, /(14 Ko, -Co, + Ky, Co,) (1)

In the equation (1) R, is the rate of consumption of ethylene (mol/
h.g-cat), C. ,, is the concentration of ethylene at the outlet of the reactor
(mol/eM?), while K, and K, are the adsorption-desorption equilibrium
constants of oxygen and ethylene respectively. The equation (1) corresponds
to a mechanism of the type of Langmuir-Hinshelwood, which means that
both the reactants react on the surface of the photocatalyst in adsorbed
state and there is no inhibiting effect by the reaction products — CO, and
H,O. This is often applied in the so called ,,formal kinetic approach®. The
maximum contact time of ethylene t, under our experimental conditions is
4 min (such is the capacity of the experimental set-up i.e. the possibilities
of the four-channel mass flow controller) — at this value of t, we achieve the
maximum possible conversion degree of ethylene (if the relative humidity
is also optimal and oxygen is in large excess). For avoiding under-pressure
in the reactor and improving the precision of the analyses a GC flow splitter
was used. It was placed between the reactor outlet and the gas-analyzer and
the coefficient of dilution was measured to be 53.47 using CO, standard.
The standard concentration of CO, in the cylinder was 19.25% and the
gas-analyzer measured concentration 0.36% CO,, on the basis of which
the dilution coefficient was evaluated to be 53.47. Therefore the reading
of the gas-analyzer for total hydrocarbons CxHy has to be multiplied by
the coefficient to obtain the real concentration at the reactor inlet (the value
measured in the dark) and at the reactor outlet (the value measured under
irradiation).
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1. Types of illumination and illumination intensity

a. UV-A light

The width of the flat rectangular quartz glass illumination window (the
dimensions are: 5 cm X 15 cm x 0.5 cm) of the reactor enables the use of two
linear lamps simultaneously (4-Watt UV-A lamps Philips model TL4W/08
F4T5/ BLB with total power of illumination 8 Watts, placed lying directly
upon the window (distance 0 cm) — the intensity of illumination is 0.014
W/cm?. This is polychromatic kind of illumination with wavelength range
320400 nm and a maximum at 365 nm.

b. UV-C light

Two lamps Philips TUV 4W/G4 T5 (monochromatic light A = 254 nm)
of light power 4 Watts (making a total of 8 Watts), placed lying directly
upon the window (distance 0 cm) — the intensity of illumination is the same
—0.014 W/cm?, however this kind of illumination is a high frequency one
i.e. the photons have much higher energy.

c. Visible light

This irradiation was accomplished using a linear halogen lamp
Tungsram 500 Watts K1R7s giving intensity of illumination 8.9 mW/cm?
(9700 Lm) at 50 cm from the surface of the illumination window. This kind
of lamp causes considerable heating of the quartz window and reducing
the distance of illumination could be risky in view of the inflammability of
ethylene air mixtures. The other experimental conditions (the flow rates and
the contact time) are the same as in the experiments with UV-light.

2. Deposition of thin film photocatalytic coating on TLC sheet

Merck aluminum foil, pre-coated with silica gel (0.2 mm) was used as
support for the photocatalytic coating of the powder nano-sized material.
It is available commercially and used for the purposes of thin layer
chromatography (TLC Merck Art.5554 Kieselgel 60 F,,). The commercial
sheet has dimensions 25 cm x 25 cm. A rectangular piece is easily cut
out (4.2 cm x 13.4 cm) to fit with the dimensions of the accommodation
nest drilled in the bed of the POLITEF photocatalytic reactor. The total
geometric illuminated surface area amounts to 56 cm?. An amount of 56
mg of the powder nanosized photocatalytic material is weighed exactly, in
order to obtain a coating of 1mg/cm?, in a weighing funnel. The amount was
transferred quantitatively by rinsing it with de-ionized water in a volumetric
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flask of 5 ml and filled up to the mark. The flask, containing the suspension
(56 mg of Fe,0,-ZnO in 5 ml H,0), is immersed in a large beaker with
water and fixed firmly in it, without touching the walls of the beaker. The
sonotrode of an ultrasonic processor Hielscher UP 200S is also immersed
in the water beaker. The ultra-sonnic bath treatment (24 kHz) is carried
out at maximal amplitude in continuous mode (cycle 1) to disintegrate the
agglomerates for 1 hour. After the sonication the suspension is deposited on
the TLC sheet uniformly using a directing air stream all over the surface.
Then the film is dried with until a constant weight is obtained. The sample
is ready for measuring the photocatalytic activity.

RESULTS AND DISCUSSION

Figure 1 showns XRD patterns of undoped ZnO as well as 1 % wt. Fe
doped ZnO, respectively.

| MJ [ Y e,

6, degree

Figure 1. X-ray diffraction pattern of the initial ZnO and Fe,O,
and Fe,0,— ZnO mechanochemically synthesized mixed oxide.

It had been found that all samples exhibit the hexagonal wurtzite
structure in correspondance with the JCPDS database of card number 36—
1451. Apart from a small decrease in peak intensity, the Fe-doping does not
affect the ZnO wurtzite structure. The relative decrease in intensity of all
XRD peaks in Fe-doped mixed oxide can be attributed to incorporation of
Fe ions into the ZnO lattice and the resultant decrease of crystallite size.
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This is also evidenced by the increase in the full width at half maxima
(FWHM) of the XRD peaks in Fe-doping in the ZnO sample. This effect
is due to the fact that Fe* ion has smaller radius (0.055 nm) than Zn** ion
(0.074 nm) and doping results in contraction of the lattice parameters [6—8].
The spectra show only diffraction peaks of ZnO without any addition of
other diffraction peaks. This might be due to a small quantity of iron, which
can substitute the position of Zn ions in the ZnO structure. Therefore there
is not change of peak positions, when doping ZnO with iron in this study.

Isopropanol is probe for selectivity in catalysts, because it can undergo
both dehydrogenation to acetone and dehydration reaction to propene [14].
The results of catalytic test are summarized in Table 1. At it is seen in
Table 1 the initial ZnO was not selective for propene formation. Fe O, is
selective towards both acetone and propene formation. The selectivity to
propene increased after introduction of small amount of iron into catalyst
Fe,0,-ZnO (sample 2) in comparison to pure ZnO.

Table 1. Catalytic performance in isopropanol conversion (wt.%)

No Sample T, °C propene acetone  isopropanol
1 ZnO 280 - 60 40
350 1 96 3
2 Fe,0,-ZnO 280 2 63 35
350 8 82 10
3 FeO, 280 5 12 83
350 18 56 16

The potential catalytic activity of the samples was evaluated in gas
phase by using isopropanol as a probe molecule. Gas chromatographic
analysis of the reaction products indicates the production of expected
organic products, acetone and propene, with all catalysts. The conversion of
isopropanol proceeds through dehydration to propene and dehydrogenation
to acetone with the selectivity depending on the type of materials. Pure
zinc oxide exhibited dehydrogenation of isopropanol at 280-320°C. Its
dehydrating efficiency to propene was less than dehydrogenating activity of
initial ZnO and started only at 300°C. Acetone was the main product with
the pure hematite. The selectivity to propene for hematite was 22% at 430°C
at 100 5 isopropanol conversion.

The results from the photocatalytic activity testing using different kind
of light for the illumination are represented in Table 2.
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Table 2. Degrees of photocatalytic conversion of ethylene (10 000 ppm
CH feed concentration) under illumination with different kinds of light,
contact time T, = 4 min, 30% RH and O2 excess over Fi 6203—Zn0 and
Degussa 25 TiO, for comparison

Photocatalyst f:oating Conversion ' Type of of illlfizlisri;}t]ion of ill)lilsr?iﬁ(;ion
Img cm™ of CH,, % | illumination W om? om
Fe,0,-ZnO 4 UV-A 0.014 0
Fe 0,-ZnO 9 UV-C 0.014 0
Fe,0,-ZnO 12 Visible 8.9 50
Degussa 25 TiO, 26.5 UV-A 0.014 0
Degussa 25 TiO, 40 UV-C 0.014 0
Degussa 25 TiO 0 Visible 8.9 50

All the data in the table refer to maximal contact time of ethylene
(4 min), optimal humidity (30% RH) and large excess of oxygen in the feed
mixture. The degree of conversion of ethylene was taken as a measure of
the photocatalytic activity of the sample. For the sake of comparison the
performance of the Fe O,-ZnO photocatalytic material is juxtaposed with
previous results, obtained with the standard reference photocatalyst Degussa
P25 (75% anatase TiO, + 25% rutile TiO,) [15]. It can be seen that Degussa
P25 is superior in case of using UV light, while the composite Fe,0,-ZnO
material has also some activity with visible light, where Degussa displays
Zero activity.

The obtained results can be explained with the fact that the band gap
of the Fe,O, component is narrow (2.2 €V, corresponding to A=564 nm i.e.
activation by visible light), while the wide band gap of anatase TiO, (3.2 €V,
corresponding to A=388 nm) shows that it can be excited only by UV light.
For this reason anatase TiO, displays zero activity with visible light, while
the Fe O,-ZnO has some moderate activity with visible light. To the contrary
—under UV light irradiation the TiO, has higher photonic efficiency than the
Fe,0,-ZnO composite material. At one and the same illumination intensity
the UV-C lamps are more efficient that the black light blue lamps (UV-A
light) probably because of the higher photon energy.

The mechanochemical technique can ensure obtaining the designed
phases and structures by single step processing of materials in a closed
activation chamber at room temperature. The multi-step character of
mechanochemical activation involves the accumulation of energy due to
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the formation of new surfaces, structural disorder in the bulk phase and
even the change in the chemical composition of a solid.

CONCLUSIONS

Fe-doped ZnO mixed oxides were prepared by high energy ball mill-
ing and analyzed for structural, catalytic and photocatalytic properties.The
XRD spectrum shows samples that exhibit wurtzite crystal structure which
is not affected by Fe doping.

The reactivity of Fe,0,-ZnO mixed oxide as catalysts was investigated
using the decomposition of isopropanol as model reaction. Pure ZnO is
highly selective towards acetone formation. Dehydration and dehydrogena-
tion of isopropanol are performed over Fe,0,-ZnO mixed oxide. The de-
hydrogenation of isopropanol to acetone was found to be dependent on the
chemical composition of the samples.

The effect of the illumination on the photocatalytic activity of mecha-
nochemically activated Fe,0,-ZnO mixed oxide (1% wt. Fe) was studied.
The mechanochemically prepared Fe,0,-ZnO mixed oxide, shows absorp-
tion capacity in the visible region as well as in UV-region of solar spectrum
that make this composite a promising heterojunction-type photocatalyst for
solar light applications both for air purification from organics due to hole
transfer from Fe,O, valence band to ZnO valence band. The Fe,O,-ZnO
mixed oxide is an effective photocatalyst for treatment of organic pollutant
in air.
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ABSTRACT

Spectroscopic and optical properties of highly luminescent II-VI semicon-
ductor CdSe nanocrystals have been extensively studied due to their application in
electrical and opto-electrical devices. CdSe nanocrystals are prepared by chemi-
cal wet process mainly. However, mechanochemical synthesis in planetary ball
mill produces surface clean semiconductor nanoparticles without the influence of
organic ligands coming from chemical process and such nanoparticles can be in-
vestigated as photocatalyst.

The aim of the present investigation was to test the photocatalytic activity of
mechanochemically synthesized CdSe semiconductor with UV-C (monochromatic
A=254 nm) light and to compare this activity with the activity of the standard refer-
ence photocatalyst TiO, Degussa P25 (75% anatase + 25% rutile, average anatase
particle size 25 nm). The second aim of the study was to test the photocatalytic
activity of CdSe with visible light. The photocatalytic activity of the samples was
tested in a batch reactor with Chromium Acidic Black Diazo Dye (Colour Index
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Acid Black 194), which is used for colouring textiles. It appears in waste waters
from textile factories and the new environmental regulations have forbidden dis-
charging it into the waterways strictly.

The relatively low conversion degrees over CdSe, compared to the TiO,
Degussa P25, can be explained by the low specific surface area of the CdSe
sample. In order to increase the conversion degree sonication pretreatment of the
CdSe is required as it falls at the bottom of the reactor as sediment, probably due to
formation of agglomerates of large size. The sonication, prior to the photocatalytic
activity test improves considerably the performance of the CdSe semiconductor.
The result with model waste water is encouraging and the investigation could be
extended to monitor the performance of CdSe for contaminated air purification in
a gas-phase flat-sheet continuous flow steady state photocatalytic reactor. In view
of the band gap of CdSe (AE = 1.7 eV corresponding to band gap absorption edge
wavelength of 730 nm) the investigation can be extended also in the direction
of photocatalytic performance of CdSe with visible light to test the photonic
efficiency (quantum yield) of this nanosized semiconductor material.

Key words: Photocatalysis, mechanochemistry, Cadmium selenide

INTRODUCTION

Cadmium selenide belongs to the group of metal chalcogenides A"™BY". CdSe is
an n-type semiconductor and due to its band gap energy from 1.65 to 1.8 eV it can
be used for various optoelectronic applications. According to Frame and Osterloh
metal chalcogenides are promising as catalysts for photocatalytic water reduction
because their bandgaps allow absorption in the visible region of the spectrum [1].
Many other metal chalcogenides can be used as photocatalysts for hydrogen evolu-
tion from water or water solutions by using solar light or UV-Vis irradiation [2-5].
CdSe nanocrystals are prepared by chemical wet process mainly [6-9]. However,
recently Tan and co-authors synthesized CdSe nanocrystals by mechanical alloy-
ing process that is a safe, low cost and easy way to fabricate semiconductor nano-
crystals, and can be easily extended to mass production [10]. Mechanochemical
synthesis in planetary ball mill also produces surface clean semiconductor nano-
particles without the influence of organic ligands coming from chemical process
and such nanoparticles can be investigated as photocatalyst.

Verifying of photocatalytic activity of selenide semiconductor is possible
by testing with the various dyes and the pollutants that are appearing in waste
waters especially from textile factories. Song and co-authors [11] have tested
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photocatalytic activity of S-doped BiSe photocatalyst by photocatalytic oxidation
of methylene blue under visible-light irradiation (4 > 400 nm). Photocatalysis is so
called Advanced Oxidation Process (AOP) whose a main feature is the generation
of reactive hydroxyl radicals (OH¢), which are the precursors of degradation of any
organic or inorganic compound. These hydroxyl species possess a higher oxida-
tion potential (2.80V) compared to the other common oxidants like atomic oxygen
(242V),0,(2.07 V), H,0, (1.78 V), hydroperoxy radicals (1.70 V) and chlorine
dioxide (1.57 V) [12]. TiO, with wide band gap energy 3.2 eV is generally used
for photocatalytic degradation reactions in UV light range because of non-toxic
nature, simple synthesis, low costs, and can be used for comparative study.

In this paper we report the photocatalytic activity testing of mechanochemical-
ly synthesized CdSe with UV-light and visible light. The results are compared with
photocatalytic activity of the standard reference photocatalyts TiO, (Degussa P25).

EXPERIMENTAL

Mechanochemical synthesis of cadmium selenide was performed in a
laboratory planetary mill Pulverisette 6 (Fritsch, Germany) by high-energy
milling of cadmium powder (99 %, Aldrich, Germany) and selenium powder
(99.5 %, Aldrich, Germany) in argon atmosphere according to the reaction

Cd + Se — CdSe s =—144.7kJ .mol™ (1)

298

which is thermodynamically possible due to the negative values of
enthalpy change, A H;% . The following experimental conditions were used
for the mechanochemical synthesis: loading of the mill, 50 balls of 10 mm in
diameter; material of milling chamber and balls, tungsten carbide; volume of
milling chamber, 250 mL; mass of Cd and Se for reaction (1), 2.94 g and 2.06 g,
respectively; ball-to-powder ratio, 73:1; room temperature; rotational speed of
the mill planet carrier, 500 min™' (8 Hz); milling time, 30 min.

X-ray diffraction measurements were carried out using a D8 Advance
diffractometer (Bruker, Germany) equipped with a ©/© goniometer, Cu K
radiation (40 kV,40 mA), a secondary graphite monochromator, and a scintillation
detector. The diffraction data were collected over an angular range 20<20<70°
with steps 0,03° and a counting time of 5 s/step.

The XRD lines were identified by comparing the measured patterns to the
JCPDS data cards.

Specific surface area was determined by the low temperature nitrogen ad-
sorption method in a Gemini 2360 sorption apparatus (Micromeritics, USA).
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The photocatalytic aktivity of TiO, (Degussa P25) and mechanochemically
synthesized CdSe was tested with Chromium Acidic Black Diazo Dye (Colour
Index Acid Black 194) which is known to be especially stable to UV-light and
with 4-chlorophenol that is also common pollutant of waste waters. The UV-
-light source was Phillips lamp TUV 4W/G4 T5 (UV-C light monochromatic,
A=254 nm) and the intensity of illumination of the water surface was 0.05 Watts/
cm?, The distance of illumination (between the lamp and the water surface of the
reactor was 1.5 cm. The batch reactor contains 200 ml of the aqueous solution
of Acid Black 194 — 20 ml of the stock standard solution (0.001 M) were diluted
to obtain 0.0001M solution. The batch reactor was equipped with a magnetic
stirrer (400 rpm). The diameter of the reactor is 10 cm and the water surface
area is 78.5 cm?. The air flow was bubbled through the solution passing through
2 frits to scatter the air in tiny bubbles to saturate the solution in oxygen. At
the same time the stirrer and the tiny air bubbles prevented agglomeration of
the nanosized semiconductor particles resulting in ideal mixing slurry reactor
without any need of ultrasonic treatment in advance. Prior to the photocatalytic
activity measurement the photocatalyst sample was stirred for 30 min in the dark
in air flow in order to reach the adsorption-desorption equilibrium of the dye on
the photocatalyst sample surface before switching on the illumination. Ultrasonic
pretreatment of the selenide suspension was carried out for 5 min with Ultrasonic
Processor UP200S (Hielscher, Germany) immersing the sonotrode directly in the
photocatalytic reactor.

The conversion degree (degree of decoloration) is calculated on the basis of
the formula:

X, =(C,-C,).100/C, @)

where C; corresponds to initial concentration based on the calibration curve,
initial extinction (absorbance) atA_ =570 nm corresponds to E , C, correspond
to concentration after 3 hours of illumination (extintion (absorbance) after 3
hours of illumination = E..

The concentration of the working solution is checked spectrophotometrically
by a single beam CamSpec M501 spectrophotometer at wavelength of the
maximum A__ =570 nm — the extinction (absorbance) should be E =1.091 Abs
corresponding to initial concentration C =0.0001M.

The analysis was carried out by a Total Organic Analyzer (TOC Shimadzu
VCSH), based on total combustion of organics in a quartz reactor at 680°C and
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detection of CO, by non-dispersive infrared gas analyzers. The result is given
in mg of carbon per liter of water.

RESULTS AND DISSCUSSION

The X-ray diffraction pattern of mechanochemically synthesized CdSe
is shown in Fig. 1. The XRD peaks were identified based on the JCPDS card
19-191 and correspond to cubic cadmium selenide — CdSe phase. The large
broadening of X-ray diffraction reflections also confirms the nanocrystalline
nature of the cadmium selenide prepared by mechanochemical synthesis. The
value of specific surface area, S, of mechanochemically synthesized CdSe is
also displayed in Fig. 1. The specific surface area value of TiO, is 50 m’g™.
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Figure 1. X-ray diffraction pattern of CdSe mechanochemically
synthesized for 30 min.

TiO, and CdSe samples were tested with Chromium Acidic Black Diazo
Dye (Colour Index Acid Black 194), which is used for colouring textiles and
4-Chlorophenol that was chosen as a model pollutant of waste waters as it is
used for the synthesis of azodyes and it always appears in wastewaters from
azodyes production. They appear in waste waters from textile factories and
the new environmental regulations have forbidden them strictly. The dye
is manufactured by the BULCOLOR Co. in the town Kostenetz, which is
known to be especially stable to UV-light. The chemical structures of the
dye and chlorophenol are shown in Fig. 2.
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Figure 2. Structural formulae of Chromium Acidic Black Diazodye
(Colour Index C.I. Acid Black 194) and 4-Chlorophenol.

Table 1. Comparison of conversion degrees of wastewater model
pollutants Acid Black 194 (4) and 4-Chlorophenol (C) in aqueous
solutions over nanosized TiO, Degussa P25 and mechano-chemically
prepared CdSe in a batch photocatalytic reactor under UV-C irradiation
(A=254 nm) at illumination intensity 0.05 W/cm’.

Type of photocatalyst TiO, CdSe

Photocatalyst amount [mg]| 200 400
Initial absorbance — E, [Abs] 1.200 1.833
Initial concentration — C (4) [M] 0.0001083 | 0.0001679
Initial concentration — C (C) [mgC/L] 1285 1333
Absorbance after 3 h of illumination — E, [Abs] 0.533 1.245
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Concentration after 3 h of illumination — C,(4) [M] 0.0000488 | 0.000114
Concentration after 3 h of illumination — C (C)[mgC/L] 470 745
Conversion degree X, of (4) [%] 55.0 32.1
Conversion degree X, of (C) [%] 63.4 44.1

The conditions and the results of photocatalytic activity testing of TiO,
Degussa P25 and mechanochemically synthesized CdSe are shown in Table
1. The relatively low conversion degrees over CdSe, compared to the TiO,
Degussa P25, can be explained by the low specific surface area of the CdSe
sample. In order to increase the conversion degree sonication of the CdSe
is required as it falls at the bottom of the reactor as sediment, probably
due to formation of agglomerates of large size. The sonication, prior to the
photocatalytic activity test improves considerably the performance of the
CdSe semiconductor.

The experimental runs with visible light (8.9 Watts/cm? illumination
intensity) showed zero activity of TiO,, which should be expected in
advance in view of the wide band gap of TiO, (3.2 V). However the CdSe
semiconductor sample gave some moderate activities — 9% conversion of
Acid Black 194 and 13.5% conversion of 4-chlorophenol preserving the
rest of the experimental conditions the same as those shown in Table 1.

CONCLUSIONS

The result with model waste water is encouraging and the investigation
could be extended to monitor the performance of CdSe for contaminated
air purification in a gas-phase flat-sheet continuous flow steady state
photocatalytic reactor. The nanosized CdSe semiconductor photocatalytic
material displays some moderate activities in regard to Acid Black 194 and
4-Chlorophenol decontanation in model wastewaters, being superior in this
respect to the TiO, photocatalyst. Future research work should be focused
on composite CdSe-TiO, photocatalytic materials to utilize both the UV and
the visible light components of the solar spectrum.
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ABSTRACT

The catalytic activity of Ag/ceria catalysts for oxidation of CO, CH,OH
and (CH,),0 has been studied. Two different techniques were used for prep-
aration of the catalysts — deposition-precipitation and modified version of
deposition — precipitation. HRTEM combined with EDS, X-ray diffraction,
FTIR of CO at 90 and 300 K and XPS measurements were employed to
obtain information about the effect of different synthesis procedures on the
surface and on the bulk structure of the catalysts and to explain the differ-
ences observed in their catalytic performance.

Key words: Silver catalysts, complete oxidation, CO, VOCs, ceria

INTRODUCTION

The removal of volatile organic compounds (VOCs) emitted from in-
dustrial and domestic processes have drawn a lot of attention due to in-
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creasing social and political concern in environment. A cheap and efficient
way of VOCs removing is their complete catalytic oxidation to harmless
products such as H,O and CO,. Supported Pt and Pd are well established as
efficient catalysts for VOCs combustion. However, due to the high cost and
limited reserve of such noble metals, the quest for cheaper and more envi-
ronmentally friendly catalytic materials are of an ever-increasing impor-
tance for tomorrow’s applications. Recently, the promotion effect of Ag on
the performance of NiO_and CoO_ in reaction of total oxidation of CH,OH
as well as of mixture of CH,OH, (CH,),0 and CO — main components of
waste gases from production of formaldehyde has been reported [1]. It was
found that catalytic behaviour depends on the selection of support and NiO_
is more suitable support than CoO_. CeO, is known as a very attractive
support material, because of its ability to maintain a high dispersion of the
active components and to change the oxidation state of the cation between
+3 and +4 depending on the redox conditions [2].

The aim of present study was to examine the catalytic activity of Ag/
CeO, catalysts for abatement of air pollutants — CH,OH, (CH,),0 and CO
in waste gases from formaldehyde production. HRTEM, X-ray diffraction,
FTIR of CO at 90 and 300 K and XPS measurements were employed to
obtain information about the effect of different synthesis procedures on the
surface and on the bulk structure of the catalysts and to explain the differ-
ences observed in their catalytic activity.

EXPERIMENTAL

1. Catalyst preparation

Two different techniques were used for preparation of Ag/ceria cata-
lysts: deposition-precipitation (DP) and modified version of deposition-
precipitation (MDP). Deposition-precipitation took place by precipitation
of a desired amount of AgNO, (at pH 9.0) with K,CO, at 333 K on ceria
suspended in water by ultrasound. Ceria, used as a support and also as refer-
ence was laboratory-made by precipitation of Ce(NO,),.6H,0 with K ,CO,
at 333 K (pH 9.0), ageing in a course of 1 h at the same temperature, drying
and calcination in air at 673 K for 2 hours. The MDP involved precipita-
tion of AgNO, at the pH value indicated above on cerium (III) hydroxide
freshly precipitated and aged 1 hour at 333 K. In both cases, the resulting
precipitates were aged 1 h at 333 K, then filtered and washed until no NO,
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— could be detected. Further, the precipitates were dried in vacuum at 353 K
and calcined in air at 673 K for 2 hours. All the samples were synthesized
in a ,,Contalab* laboratory reactor enabling complete control of the reaction
parameters (pH, temperature, stirrer speed, reactant feed flow, ect). The Ag
loading for each catalyst was 3wt. %. ,,Analytical grade” chemicals were
used for catalysts preparation.

Depending on the preparation method, the samples were labelled as
AgCeDP and AgCeMDP.

2. Characterization techniques

The BET surface areas of the catalysts were determined on a ,,Flow
Sorb 1I-2300% device.

HRTEM analysis was performed using a Jeol JEM 2010 (200 kV) mi-
croscope equipped with an EDS analytical system Oxford Link. The pow-
dered samples were ultrasonically dispersed in isopropyl alcohol and the
obtained suspensions were deposited on a copper grid, coated with a porous
carbon film.

X-ray diffraction patterns were obtained on a DRON-3 automatic pow-
der diffractometer using Cu Ko radiation.

X-ray photoelectron data were recorded on a VG Scientific ESCAL-
AB-210 spectrometer using unmonochromatized Mg Ko radiation (1253.6
eV) from an X-ray source operating at 15 kV and 20 mA. The binding
energy scale of the spectrometer was calibrated by setting the Ag 3d,,, peak
of a sputtered Ag foil to 368.27 eV. The working pressure was below 8.10~°
mbar. The hemispherical analyzer works at a constant pass energy of 20 eV
for Ce 3d, Ag 3d, O 1s, C 1s regions and VB. All spectra were recorded at
a photoelectron take-off angle of 90°. Charging effects were corrected by
using the Ce 3d ,, U” line at 917.00 eV as reference [3]. Quantitative cal-
culations were made using MULTILINE program [4].

The FTIR spectra were taken on a Perkin-Elmer 1760 spectrometer
(equipped with a MCT detector) with the samples in self-supporting pellets
introduced in a cell allowing thermal treatments in controlled atmospheres
and spectrum scanning at controlled temperatures (from 90 to 300 K). The
experiments were performed on sample preliminarily heated up to 673 K in
dry oxygen and cooled down in the same atmosphere (oxidised sample) or
reduced in hydrogen at 373 K and outgassed at RT (reduced sample). Band
integration and curve fitting were carried out by ,,Curvefit”, in Spectra Calc

121



T Tabakova, D. Dimitrov, K. Ivanov, V. Idakiev

(Galactic Industries Co.) by means of Lorentzian curves. All the spectra
were normalised on the weight of the pellets.

3. Catalytic activity measurements

The catalytic activity of the samples in CO and CH,OH oxidation was
measured using continuous flow equipment with fixed bed stainless steel re-
actor at atmospheric pressure. The following conditions were chosen: cata-
lyst bed volume — 0.5 cm’ (particle size 0,6 — 1.0 mm), inlet CO and CH,OH
concentrations — 2.0 % balanced with air and space velocity 20000 h'.

Two types of equipments for DME oxidation measurements were used:
(i) flow-line equipment with an isothermal reactor, allowing precise control
of the methanol dehydration to (CH,),0 on AL O, and (ii) flow-line equip-
ment with stainless steel reactor for deep oxidation of the preliminarily pu-
rified DME. The feed gas was 1.0 % DME balanced with air and the space
velocity was 20000 h!.

The reactant and product gases were analyzed for methanol, DME, CO,
CO,, O, and N, by HP 5890 Series II gas-chromatograph, equipped with
flame ionization and thermal conductivity detectors and Porapak Q and MS-
SA columns.

RESULTS AND DISCUSSION

1. Physicochemical characterization of the catalysts

The XRD patterns of the catalysts prepared by different methods are
shown in Fig. 1. They showed the presence of CeO, in the cubic crystal
structure of fluorite-type. The average size of ceria particles calculated from
the peak at 20 = 28.6 is 4.5 nm, according to Scherrer’s equation. This size
remains almost unchanged after the deposition of Ag — 4.3 nm. AgMDP
catalyst also contains ceria crystallites with similar size. No peaks related to
the presence of Ag were discernible in the diffraction patterns. The absence
of a signal for Ag could be attributed to the fact that the particles size is
too small and also that the measurement is under the detection limit of the
instrument.

HRTEM measurements confirm that in both samples ceria is highly
crystalline after calcination at 673 K (Fig. 2). The analysis of the fringes
observed in the micrographs revealed that the support has a cubic structure
and that it mainly exposes the (111) face. The surface of AgCeDP is covered
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by an AgOx layer, according to FTIR data (see below). Since silver is un-
stable under the electronic beam of the microscope, an agglomeration into
metallic silver particles occurs during the first few minutes of exposure,
thus producing a lot of small silver particles that coalesce to form big parti-
cles by increasing the time under the electronic beam. However, the results
agree well with XRD data for presence of very small silver particles.

intensity (a.u.)

30 40 50 60 70
20 degrees

Figure 1. XRD patterns of studied samples

Figure 2. HRTEM image of AgCeDP( magnification of 8§00,000).

123



T Tabakova, D. Dimitrov, K. Ivanov, V. Idakiev

The absorption spectra of CO adsorbed at 90 K (fine curve) and at RT
(bold curve) on AgCeDP oxidized sample are reported in Fig. 3. An in-
tense band at 2149 cm™' and a weaker one at 2168 cm™ are observed in
the spectrum in carbonylic region (Fig. 3a). On the basis of data already
reported, the band at 2149 cm™! can be assigned to CO on Ce*" cations and
on OH groups, while that at 2168 cm™! is due to CO adsorbed on Ce* sites
with a different coordinative unsaturation [5]. A very weak band at 2100
cm! could be seen in the spectrum, too. The low intensity of this band is
in agreement with the reduction of Ag by the inlet of CO. This band could
be tentatively assigned to Ag° sites stabilized by the support. However, a
contribution of CO adsorbed on Ag®" sites to the band at 2168 cm™ could
also be suggested and supported by XPS measurements (see below). The
formation of different carbonate and bicarbonate structures was observed in
the carbonate region 1800-800 cm™ (Fig. 3b). The appearance of bands at
1560, 1480, 1357, 1285, 1216 and 854 cm™" after CO adsorption could be
an indication for the reduction of Ag O.

2149

SA

2200 2100 2000 1750 1500 1250 1000
Wavenumbers (cm") Wavenumbers (cm)

Figure 3. FTIR spectra of 5.0 mbar CO adsorbed at 90 K (fine curve)
and at RT (bold curve) on oxidized AgCeDP in the carbonylic region (a)
and in the carbonate region (b).

The inlet of CO at 90 K on AgCeDP catalyst reduced at 523 K (bold
curve) produces in the carbonylic region a strong band at 2155 cm™! that can
be assigned to CO adsorbed on Ce®** sites; another one at 2139 cm™ due to
liquid-like CO and a broadening from the low frequency side (Fig. 4). The
reduction of the CO pressure causes a simultaneous decrease of the inten-
sity of all the components and at RT only a very weak band at 2121 cm™ is
present (fine curve). The broad and weak adsorption at lower frequencies

124



Ag/CeO, catalysts for CO, MEOH and DME oxidation...

can be tentatively related to Ag® sites, possibly stabilised by ceria and able
to adsorb small amounts of CO.

Very similar spectroscopic feature were observed in the correspond-
ing spectra of oxidized and reduced AgCeMDP, however bands were with
lower intensity. These observations implied lower numbers surface sites,
able to activate CO.

The admission of oxygen at RT on preadsorbed CO on the reduced
samples produces a band at 2162 cm™ (not shown). According to previous
results on Ag/titania, the band at 2162 cm™! can be assigned to CO on Ag®
sites exposed at the surface of the Ag O layer [6].

2155

2ZA

2300 2200 2100 2000 1900
Wavenumbers [cm']}
Figure 4. FTIR absorbance spectra of 5.5 mbar CO adsorbed
on reduced AgCeDP during a gradual increase of the temperature
from 90 up to 300 K (between fine and bold curves) in carbonilyc region.

XPS technique was used to characterise the nature of the surface of the
Ag/ceria catalysts. The analysis of Ce 3d XPS spectra of fresh (as-prepared)
catalysts indicates the presence of stoichiometric CeO, on the surface. The
binding energies of six peaks, corresponding to the three pairs of spin-orbit
doublets obtained by curve fitting are in good agreement with the data for
stoichiometric CeO, [7,8]. Upon reduction, two new peaks appear at 885.23
and 904.04 eV. Moreover, in combination with the appearance of these
peaks, the relative areas of the peaks at 889.16 and 907.68 eV, as well as
that at 917 eV, decrease. These changes are caused by the reduction of Ce**
and the appearance of Ce*'. The XPS spectra of Ce 3d core electron levels
of fresh and reduced silver-containing catalyst prepared by deposition-pre-
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cipitation are illustrated in Fig. 5. The spectrum of pure ceria is also shown
for comparison.

There are 8 peaks assignments in the spectra, labeled according to the
convention established by Burroughs [9]. The peaks U, U”, U and V, V”,
V*” refer to 3d,, and 3d,,, respectively. These peaks are characteristic of
the Ce(IV) 3d final state. At the same time, the peaks U’ and V’ (at about
903 and 885 €V) refer to 3d,, and 3d, ,, respectively. They are present for
the Ce(III) 3d final state [10]. The increased intensity of the peaks at 884.93
and 903.53 eV in the XPS spectrum of reduced AgCeDP in comparison with
those observed on the fresh catalyst is clearly seen. The decreased intensity
of the peak at 917 eV is observed, too. The reduction of MDP-prepared
silver-promoted catalyst causes similar changes on the surface, but Ce*
content is lower than that on the surface of DP-prepared ones (not shown).

AgCeDP
reduced

AgCeDP
fresh

Intensity (a.u.)

930 920 910 900 890 880
Binding Energy (eV)

Figure 5. Ce 3d XSP spectra of fresh CeO, and AgCeDP —
fresh and reduced.

The calculation of the Ce** concentration, according to equations in [10]
evidences that the atomic content of Ce* on the catalysts surface increas-
es after reduction (Table 1). The presence of Ce*" on the surface of fresh
samples may be caused by X-ray induced reduction of CeO,, in agreement
with the data from the literature [10]. The promotion by silver enhances the
oxygen mobility and facilitates the creation of surface oxygen vacancies.
Moreover, the data reveal that the preparation method influences the surface
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reduction of ceria and this effect is stronger on the catalysts prepared by
deposition-precipitation.

Table 1. Surface concentration of Ag and Ce*", calculated by XPS data

Catalysts Surface concentration of Ag, Surface concentration
(at. %) of Ce*, (at. %)
fresh reduced fresh reduced
AgCeDP 2.19 2.16 0.19 0.44
AgCeMDP 0.60 0.60 0.18 0.31

The Ag 3d XPS peaks of fresh and reduced Ag/ceria catalysts are pre-
sented in Fig. 6. The BE of the 3d,,, and 3d,, peaks (368.6 and 374.6 €V, re-
spectively) of fresh and reduced samples are in agreement with those report-
ed in the literature for metallic silver [11]. No shift of the peaks is observed
after reduction. The only difference is that the peaks of fresh AgCeDP are
broader (FHWM = 2.4) compared to that of the reduced sample (FHWM
= 1.7). The decrease in the width of the peaks after reduction may be at-
tributed to the presence of partially oxidized Ag cations or adsorbed oxygen
species, as suggest our FTIR data. Moreover, structures due to chemisorbed
and subsurface O species are observable in O 1s spectra of fresh silver/ceria
catalysts (not shown). XPS measurements evidence also that the atomic
concentration of Ag on the surface of the DP-prepared catalysts is high-
er than that observed on the catalyst
prepared by MDP (Table 1). These
results, as well as the higher Ce** sur-
face concentration over reduced DP-
prepared catalyst support the sugges-
tion that nanosized metallic particles
in close contact with oxygen defects
on ceria are responsible for the higher
catalytic activity of this catalyst.

AgCeDP

reduced

fresh

Intensity (a.u.)

AgCeMDP

reduced
fresh Figure 6. Ag 3d XPS spectra of fresh
and reduced Ag/ceria catalysts pre-
/0 375 370 363 pared by DP and MDP methods.

Binding energy (eV)
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2. Catalytic activity

Figs. 7-9 show the conversion curves vs. temperature over Ag/ceria
catalysts. The figures demonstrate the role of two different synthesis proce-
dures on the CO, CH,OH and (CH,),0 oxidation activity of these catalysts.
Ag/CeO, sample prepared by DP shows higher CO and CH,OH oxidation
activity than that of MDP — prepared. The most pronounced effect of dif-
ferent preparation methods was registered in the CO oxidation reaction
(Fig. 7). The activity increased with increasing temperature and reached
50 % CO conversion at 373 K over DP-prepared sample and at 433 K over
MDP-prepared. Almost 100 % CO oxidation was achieved over AgCeDP
sample at 423 K and at 493 K over AgCeMDP.

100

co
(=]

[+2]
[=]

Conversion, %

u AgCeDP
4 AgCeMDP

A

280 320 360 400 440 480 520
Temperature, K

Figure 7. Temperature dependence of CO conversion over Ag/ceria
catalysts prepared by DP and MDP methods.

The comparison of CH,OH oxidation activity data for both investigated
samples confirmed better behavior of AgCeDP. The results have shown that
at 373 K were attained 90 and 15 % conversion over DP — and MDP-pre-
pared Ag/CeO,, respectively (Fig. 8).

The catalytic performance for (CH,),0O oxidation of the samples is dem-
onstrated in Fig. 9. Both catalysts reached maximum conversion at about
413 K, 11 % and 6 % over MDP — and DP-prepared Ag/CeO,, respectively.
The increase of the reaction temperature to 540 K slightly improves the
catalytic activity of AgCeDP.
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Figure 8. Temperature dependence of CH,OH conversion over Ag/ceria
catalysts prepared by DP and MDP methods.
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Figure 9. Temperature dependence of (CH,),O conversion over Ag/ceria
catalysts prepared by DP and MDP methods.
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The catalytic data analysis reveals that deposition-precipitation is more
suitable methods for synthesis of active ceria-based catalysts. Deposition-
precipitation has the advantage over coprecipitation to allow preparation of
catalysts with metallic particles localized mainly on the surface of the sup-
ports, avoiding encapsulation of active sites within the support. Recently,
catalytic combustion of VOCs and preferential oxidation of CO (PROX)
was studied over IB metal/ceria catalysts [12]. It was proposed that the pres-
ence of smaller crystallites of both IB metal and ceria result in a larger en-
hancement of mobility/reactivity of surface ceria oxygens, involved in both
reactions through a Mars—van Krevelen mechanism.

The impact of the preparation method on the performance of Ag/ceria
catalysts can be reasonably rationalized on the basis of different surface
concentration of both silver nanoparticles and reactive ceria oxygens sites.
It could be suggested that differences in perimeter interface around silver
particles, acting as the site for oxidation reaction, affect the activity of the
studied catalysts.

CONCLUSION

The application of two different preparation methods of Ag/CeO, cata-
lysts leads to significant differences in their catalytic activity for oxidation
of CO, CH,OH and (CH,),0. The experimental results revealed that depo-
sition-precipitation is more suitable method for synthesis of Ag/ceria cata-
lysts because it allowed significant part of metal promoter to be exposed at
the catalyst surface. FTIR spectra of CO adsorbed on oxidized and reduced
catalysts and XPS measurements evidenced higher concentration of Ag on
the surface of the catalyst prepared by DP than that on the catalyst prepared
by MDP. The higher surface concentration of silver nanoparticles and Ce*
over reduced DP-prepared catalyst supports suggestion that nanosized me-
tallic particles in close contact with oxygen defects on ceria are responsible
for better catalytic performance of this catalyst.
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ABSTRACT

Thin photocatalytically active TiO, films are successfully deposited
on glass and alumina foil substrates by spray pyrolysis method. The films
are characterized by means of X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM), X-ray Photoelectron Spectroscopy (XPS), Thermal
Analyses (TG-DTA). The XRD spectra of TiO, thin films, treated at 400-C
showed formation of nanosize anatase phase. The films were studied with
respect to the photo-initiated bleaching of azo dye Reactive Black 5 (RB5)
under UV illumination. The influence of the substrate, treatment conditions
and pH of'the dye solution on the decoloration were investigated. It was found
that the films, deposited on alumina foil revealed a better photocatalytic
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activity than those on glass substrates, due to the furrowed surface of the
alumina substrate. The highest rate of decoloration was obtained at low pH
value of the dye solution for films treated at 400°C.

Key words: TiO, films, photocatalysis, spray pyrolysis, azo dye

INTRODUCTION

In the last decade the interest in photocatalysts applications has greatly
grown, especially in the field of water purification. In this case, different
wide band gap semiconductors have been studied as photocatalysts such
ZnO [1], TiO, [2], BiVO, [3], Bi,0, [4] etc. Among them, TiO, is the most
suitable for degradation of organic pollutants in waste water due to its non
toxicity, low cost, low water solubility and photochemical stability. The
photocatalytic activity of TiO, has been found to vary with its structural
form and is reportedly higher in the anatase form compared to the rutile
form [5].

Up to today, several papers about photocatalytic properties of TiO,
powders and thin films have been published [6]. The coatings overcome the
disadvantage of the powders namely: the need of post-treatment separation
in the photocatalytic reactor. Various methods are available for the
preparation of TiO,— based photocatalytic films, such as electrochemical
methods [7-9], vacuum arc plasma evaporation [10], chemical vapour
deposition (CVD) [11-13], as well as classical [14,15] and modified sol gel
[16,17] methods.

Spray pyrolysisis is an economical and fast chemical method, which
is widely applied for formation of thin layers and particles of different
compounds. Seabra et. al. prepared TiO, films from mixture of titania
powder and polyesther ink and studied the degradation of the azo dye
Orange II [18]. Spray pyrolysis method have been successfully applied to
obtain TiO, films, which exhibit good photocatalytic activity [19,20,21].
However, the studies about the technological and operational parameters
affecting the photocatalytic performance of sprayed TiO, films are quite
scarce [21,22].

Azo dyes are the most important class of synthetic organic dyes used
in the textile industry. The photodegradation of aqueous solutions of
different azo dyes have been reported by Soutsas et.al. [23]. Reactive Black
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5 (RB5) dye is often used to colour cellulose fibbers, which cause serious
environmental problems [24]. This requires the development of effective
photocatalysts for the degradation of this dye.

The aim of the present study is to investigate the influence of various
parameters of TiO, sprayed films on the decoloration of Reactive Black 5
dye.

EXPERIMENTAL PROCEDURES

The alumina foil plates and glass substrates (75 x 25mm) were cleaned
successively in hot ethanol and acetone. They were further used for the
deposition of thin TiO, films. An alcoholic solution (EtOH-98% purity)
of titanium tetraisopropoxide (TTIP) (98% purity, Acros) was hydrolized
by a water-ethanol mixture in molar ratio TTIP:H,0:C H,OH=1:1:30.
Acetyl acetone was added as a complexing agent (solution A4). The
solution 4 was dissolved in a mixture of isopropanol and butyl carbitol
(C,H,OC,H,0CH,OH) and then stirred intensively for 24 h at room
temperature. The as prepared mixture were used for the spray procedure
onto the heated substrates. After the spray coating procedure, one part of the
deposits was progressively treated in air from 20 to 400°C for 1 or 2 hours
with heating velocity 5°C/min in order to investigate the effect of thermal
treatment temperature on the films properties.

The crystalline phase composition and size of the crystallites of the
samples was studied by X-ray diffraction (XRD) using X-ray diffractometer
Philips PW 1050 with CuK -radiation. The composition and electronic
properties of the films were investigated by X-ray photoelectron
spectroscopy (XPS) by VG ESCALAB 1II electron spectrometer using
AIK  radiation (1486.6.eV). The binding energies were determined with an
accuracy of +0.1 eV. A scanning electron microscope (SEM) JSM-5510 of
JEOL was used for morphology observations of the films.

To study the photocatalytic activity of the films, experiments were
conducted using an ultraviolet lamp with light intensity 5.10° W/cm?
located in the centre of a vessel. The latter contained water solution of dye
Reactive Black 5 with concentrations 10 ppm — 80ppm. The photocatalytic
degradation is evaluated by taking aliquote of the solution and measuring
the residual concentration by spectrophotometer type Boeco S26 in the
wavelength range from 200 to 1100 nm at regular time intervals.
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RESULTS AND DISCUSSION

Applied experimental way of preparation leads to formation of well
crystallized anatase phase according to the X-ray analysis. X-ray diffracton
line broadening (XRD-LB) measurements were carried out in order to
estimate the TiO, crystallite size. Calculation was performed using the
Scherrer’s equation:

D= kA (1)
cosé

where D is the crystallite size (nm), A is the wavelength of CuKa radiation
(nm), 0 is the Bragg angle (°), K is a constant (0.89) and B is the calibrated
width of a diffraction peak at half-maximum intensity (rad).

The average crystallite size of the thin films as determined from half
wide of full maximum (HWFM) intensity of the (101) peak of the films.
The average crystallite size, determined by the Scherrer’s equation is about
20 nm. The size of the crystallites is typical for the films obtained by spray
pyrolysis technique.

All film samples are characterized by X-ray photoelectron spectroscopy
and the corresponding spectra are shown in Fig. 1. In the range of the Ols
state, the X-ray photoelectron spectrum (Fig. 1a) contains two peaks: the
peak at 529.8 eV corresponds to the state of the oxygen atom O* in the TiO,
oxide, and the low intensity peak at 531.9 eV characterizes the chemical
bond of oxygen ion O* in the water molecule adsorbed on the surface of
the TiO, film.

O1s Tizp
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! \5319 _DH
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Figure 1. XPS spectra of sprayed TiO, film for Ols lines(a) and Ti2p (b).
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For the Ti2p state, the spectrum (Fig. 1b) contains two peaks that reflect
binding energies for electrons in the states Ti 2p, ,and Ti 2p,, respectively.
These energies correspond to the Ti*" state. The absence of other chemical
shifts in the X-ray photoelectron spectrum makes it possible to believe that
the synthesized TiO, films possess stoichiometric composition.

The XPS results proved that the films on glass substrate contain also Na
and Si ions. This could be explained by interaction of the substrate with the
films after thermal treatment similarly to the previously obtained by us ZrO,
[25] and TiO,-SnO, films [26].

Table 1. Chemical composition of TiO, films, deposited on glass substrate

Sample O [at%] Ti [at%)] Na [at%)] Si [at%]
TiO,/glass 77.1 17.0 1.9 4.0

SEM photographs of the sprayed films on alumina foils, thermally
treated at 400°C are shown on Fig. 2. The films morphology follows the
uneven furrowed metallic plate surface. It consists of pores, which are prob-
ably formed by coalescence of several small pores. The structure of the
TiO, films deposited on glass substrate is almost compact and very smooth
(Fig. 3). The difference in the morphology of the films deposited on the
glass and alumina foil could be explained with the surface nature of the
substrates.

The photocatalytic studies showed that pH of the dye solution is very
important parameter for the effective decoloration of the RB5 (Fig. 4). In
our case the most suitable value of pH is 2. The catalyst also reveals rela-
tively fast decoloration at pH=4. The reaction rate is very slow at pH 6.
Similar dependence of degradation rates vs pH of azo dye by TiO, powders
is proved by Augugliaro et.al. [27]. In the heterogeneous photocatalysis pH
is very important operating parameter affecting the charge of the surface of
the films and the positions of conductance and valence bands. The variation
in the operating pH is known to influence the isoelectric point (PZC) and
the surface charge of the photocatalyst used. The surface charge of TiO,
is zero or neutral at pHpzc in the range of pH 4.5-7.0, depending on the
catalysts used, according to [28] At PZC of TiO,, the interaction between
the photocatalyst particles and water contaminants is minimal due to the
absence of any electrostatic force. At low pH (pH < pHpzc), TiO, particles
possess positive charge, while a negative charge is expected at higher pH
(pH >pHpzc).
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The majority of the reactive dyes (anionic dyes) found in the wastewater
have water solubilizing sulfonic (—SO,") groups, which are negatively
charged. Therefore, acidic conditions would favor the electrostatic attraction
between the positively charged TiO, surface and the reactive dyes, which
would results in increased absorption and consequently in increased
degradation of dyes.

1@k i1 | JSM-5518@

Figure 2. SEM photograph of TiO, film, deposited on alumina foil.

ol

Figure 3. SEM photograph of TiO, film, deposited on glass substrate.

Fig. 5 shows the relationship between the decoloration rate and the vol-
ume of the sprayed solution. As can be seen the decrease in the sprayed volume
leads to enhancement of the photocatalyst efficiency in the chosen interval.
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Figure 4. Kinetic curves of RB5 decoloration in coordinates (C/Co) =f (1)
at different pH of the dye solution: pH=2 (1), 4 (2) and 6 (3). Films are
deposited by spray of 25 ml solution, treated at 400°C.
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Figure 5. Kinetic curves of RBS5 decoloration in coordinates — In( C/Co)
=f (1) for films obtained by spraying of: 35 ml solution (1), 25 ml (2)
u 15 ml(3),r is rate constant.

Deposition of the larger spray volume probably covers even deep
grooves of the metallic surface leads to a formation of smoother film with
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less number of active centers. For this reason the thin films (spray of 15 and
25 ml) are better catalysts than the thicker films, deposited by spraying of
35 ml, regardless of their lower TiO, content.
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Figure 6. Kinetic curves of RB5 decoloration in coordinates C/Co =f (t)
The TiO, films are treated at 400°C/1 h(1), 400°C/2 h (2) not treated (3),
RB5 concentration — 50 ppm
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Figure7. Kinetic curves of RBS5 decoloration in coordinates C/Co =f (1)
Jor TiO, films deposited on glass and Al foil.

The post deposition thermal treatment of the films has pronounced ef-
fect on the dye decoloration process (Fig 6). The films which are no treated
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thermally after spray deposition have weaker efficiency than the treated
films. The best results were obtained for the films treated at 400°C for 1 h,
probably due to the better crystallization of the films. The prolongation of
the isothermal heating up to 2 hours is not so effective due to the sintering
effects.

The effect of the substrate used is shown on Fig. 7. The TiO, films on
alumina foil are more effective photocatalysts than the films, deposited on
glass substrate. This effect can be explained with the surface of the foil,
which is not so smooth as the glass surface (Fig. 3 and Fig. 4). The uneven
furrowed metallic surface causes better adsorption and adhesion of the dye.
Another reason could be the temperature treatment of the glass substrate.
It leads to a presence of Na and Si ions in the film, as was proved by XPS
analysis (Table 1). According to the literature data [29] this element has
detrimental effect on the photocatalytic efficiency.

CONCLUSIONS

Thin TiO, nanosize anatase films are prepared by spray pyrolysis of
Ti(i-OPr), solution. The films revealed high photocatalytic activity for de-
coloration of Reactive Black 5 azo dye and are effective at relatively high
concentrations (up to 80 ppm). It was proved that the studied technological
and operating parameters affect the photocatalytic properties. The pH of
the dye solution influences considerably the photocatalytic activity. It was
established that the films were most effective for the dye degradation in
acidic medium (pH=2-4). The alumina foil seems to be more suitable than
the glass substrate.
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ABSTRACT

Photocatalytically active TiO, films were successfully prepared by sol
gel method. The solutions as well as suspensions enriched with Degussa
P25 powder were spin coated on glass substrates. The phase composition
and crystallite size of the films were characterized by means of X-ray dif-
fraction (XRD). The morphology and chemical composition were studied
by Scanning Electron Microscopy (SEM) and X-ray Photoelectron Spec-
troscopy (XPS). The XRD spectra of TiO, thin films annealed at 400° C
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showed a formation of nanosize anatase phase. The decoloration of Reac-
tive Black 5 (RBS5) dye, used in the textile industry was investigated at
different pH range. The pH of the dye solution influences significantly the
photocatalytic properties of TiO, films. The films, obtained from suspen-
sions by microwave-assisted drying and/or conventional heating have a rate
of the RB5 degradation compatible with those of conventionally treated
TiO, films.

Key words: TiO, films, photocatalysis, sol gel, hybrid films, azo dye

INTRODUCTION

Nanosized TiO, thin films have many different applications as
photocatalysts [1-3], gas sensors [4—6], ceramic membranes [7], optical
filters [8] etc. Sol gel method, spray pyrolysis and chemical vapor deposition
are widely applied for the preparation of TiO, thin films. The sol gel
method has many advantages over the other methods due to the possibility
of producing materials with controlled porosity, phase and chemical
composition on different substrates at relatively low temperatures [9-11].
However, it is difficult to prepare films without cracking. Prominently, the
sol gel polymer/inorganic hybrid route is attractive and capable of producing
homogeneous crack free films with variety of microstructures.

Only several authors reported about the deposition of composite TiO,
films using a polymeric matrix which implies hydrolysis and condensa-
tion of titanium tetracthoxyde in the presence of hydroxypropylcellulose
(HPC) or methylcellulose [4,12,13,14]. Recently our team has proposed a
new modified sol-gel processing using TiCl, and dyethylaminoethylcellu-
lose (DEAE) for the preparation of an oriented pure brookite film [15]. The
ethylcellulose, (EC) used in the present study as a polymer modifier, is a
long chain and abundant in R-OH and R-O-R bonds. So it can be useful for
the enhancement of homogeneity of metal ions in the precursor and thus for
preventing the aggregation of particles during the heating.

The hybrid thin films prepared from suspensions of titanium precursor
solutions with Degussa P25 powder seem also very promising photocata-
lysts probably due to the high photocatalytic activity of P25.
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We present in this paper the results concerning the preparation of TiO,
thin films by sol-gel method using solutions and suspensions, deposited
onto glass substrates and study the photocatalytic properties of the films.

EXPERIMENTAL

The glass substrates (26 mm x 76 mm) were cleaned 10 min with
ethanol in the ultrasonic bath. Finally they were dried in the furnace at
200°C for 10 min. Two titanium precursor solutions were applied: (i) Ti-
tanium tetrachloride TiCl,, (Merck, 98%) dissolved in ethanol (so/ 4) and
(ii) alcoholic solution (EtOH-98% purity) of titanium tetraisopropoxide
(TTIP) (98% purity, Acros) hydrolized with water-ethanol mixture in a
molar ratio TTIP:H,0:C,H,OH=1:1:30. Acetyl acetone was added as a
complexing agent. The as prepared solution was titled so/ B. Ethylcellulose
[C,H,O,(OC,H,),], solution (1 wt%) dissolved in ethanol and was stirred
24h (sol C). This solution was added to sol 4 or sol B under vigorous 3 h
stirring,

In order to obtain titania hybrid films powder TiO, Degussa P25 (75%
anatase and 25% rutile) was used. This powder was added under vigorous
stirring to Ti(OBuy), dissolved in butanol to obtain suspension.

The solutions/suspensions were deposited by spin coating at 1500 rpm.
Each coating was treated by different manners. The films deposited from
titanium precursor solutions were treated according to path A, while the
hybrid films, obtained from suspensions with P25 were treated according to
path A, B and B-C. (Fig. 1)

The phase composition and crystallites size of the samples were studied
by X-ray diffraction (XRD) using X-ray diffractometer Philips PW 1050
with CuK -radiation. The composition and electronic properties of the
films were investigated by X-ray photoelectron spectroscopy (XPS). The
measurements were performed in VG ESCALAB II electron spectrometer
using AIK  radiation. A scanning electron microscope (SEM) JSM-5510 of
JEOL was used for morphology observations of the films.

The photocatalytic experiments were conducted using an ultraviolet
source (UV lamp) with light intensity 5.10-° W/cm? located in the centre of
a photocatalytic reactor. The latter contained 10 ppm water solution of the
RBS5. The photocatalytic degradation is evaluated with spectrophotometer
type Boeco S26 (the wavelength range from 200 to 1100 nm). The pH of
the solutions was adjusted using concentrated HCI before the experiments.
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Ethylcellulose
OR
Degussa P25

Drying stepwise
25,120 and
200°C

Thermal treatment Thermal treatment
at 400°C at 500°C

Figure 1. Scheme of the experimental procedures

RESULTS AND DISCUSSION
Fig. 2 illustrates XRD patterns of the TiO, thin films. The peaks clearly

indicate the presence of anatase (crystalline) phase of TiO,. X-ray diffracton
line broadening (XRD-LB) measurements were carried out in order to
estimate the TiO, crystallite size. Calculation was performed using the
Scherrer equation:
kA
D —

= (1)
cos@

where D is the crystallite size (nm), A is the wavelength of CuKoa radiation
(nm), 0 is the Bragg angle (°), K is a constant (0.89) and B is the calibrated

width of a diffraction peak at half-maximum intensity (rad).
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Figure 2. XRD of TiO, films obtained from: Ti(OPr) ,/EC (1)
and TiCl JEC (2) solutions

The average crystallite size of the thin films as determined from half
width of full maximum (HWFM) intensity of the (101) peak of the films,
obtained from Ti(OPr),/EC and TiCl/EC solutions are: t, =16.1 nm and
t,,,=22.8 nm, respectively.

The typical XPS spectrum of the TiO, films contains two peaks corre-
sponding to states Ti 2p, ,and Ti 2p, , (Fig. 3a). These energies correspond to
the Ti** state. In the range of the O s state the peak at 529.8 eV corresponds
to the state of the oxygen atom O* in the TiO, oxide. The low intensity peak
at 531.9 eV characterizes the chemical bond of oxygen ion O* in the water
molecule adsorbed on the surface of the TiO, film. The presence of OH—
group is characteristic of the TiO, catalysis with developed specific area.
The chemical composition of the films obtained from both titanium precur-
sor solutions as well as corresponding O/Ti relations (in atomic percent) are
shown in Table 1.

Table 1 Chemical composition of the TiO, films,
according to XPS analyses

Solution Clat.%] | O[at.%] | Ti[at.%] | Si[at%]. | O/Ti
composition

TiCI,/EC 279 50.8 18.0 33 2.82
Ti(OPr) /EC 20.9 56.9 22 - 2.56
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Figure 3. XPS spectra of Ti2p line (a) and Ols line (b)
of TiO, sol gel layers
The SEM micrographs of the films form TiCl, treated at 400°C is
shown in Fig. 4. The films posses flake like structure, which consists of fine
particles agglomerates

Figure 4. Morphology of TiO, films with 9 successive coatings from TiCl,
and ethylcelulose, treated at 400°C, magnification 15000 (a) and 1000 (b)
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The films have slightly different chemical composition. The samples
prepared from TiCl/EC solution contain also small quantity of Si ions.
Probably in the analyzed spot of the monochromatic X-rays the films are
thinner. Consequently in the final composition we were observed ions from
the substrate. This could be explained by interaction of the substrate with
the films after thermal treatment, similarly to the previously obtained by us
ZrO, [16] and TiO,-SnO, films [17].

18

N1 ON2 AN3

15 |

In(CICo)

0 20 40 60 8 100 120
Time, min

Figure 5. Kinetic curves of RB5 decolorization in coordinates — In( C/Co)
=f(t) for films, deposited from Ti(OPr) /EC at different pH: pH=2 (N1),
pH=4(N2) and pH=6(N3)

The kinetic curves of RB5 decoloration on the TiO, films (where C is
initial concentration of RBS), deposited from Ti(OPr), and TiCl, solutions
at different pH of the dye solution under UV radiation are shown in Fig. 5
and Fig. 6. The degradation of the dye enhances with decreasing of the pH.
This tendency is valid for the films obtained from both titanium precursor
solutions. Similar dependence of degradation rates vs pH of the azo dye by
TiO, powders is proved by Augugliaro et.al. [18]. In the heterogeneous pho-
tocatalysis pH is very important operating parameter affecting the charge of
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the surface of the films and the positions of conductance and valence bands.
The variation in the operating pH is known to influence the isoelectric point
(PZC) or the surface charge of the photocatalyst used. The surface charge
of TiO, is zero or neutral in the pH range of 4.5-7.0 according to [19]. At
PZC of TiO,, the interaction between the photocatalyst particles and wa-
ter contaminants is minimal due to the absence of any electrostatic force.
At low pH (pH < pHpzc), TiO, particles possess positive charge, while
a negative charge is expected at higher pH (pH > pHpzc). The majority
of the reactive dyes possess water solubilizing sulphonic (=SO,") groups
which are negatively charged. Therefore, acidic conditions would favor the
electrostatic attraction between the positively charged TiO, surface and the
sulphonic groups of the dyes, which would results in increased absorption
and degradation of dyes.

1,8

&N4 [ON5 AN6

15 [

-
M

In(C/Co)

Time, min

Figure 6. Kinetic curves of RB5 decolorization in coordinates
—In( C/Co) =f (¥) for films, deposited from TiCl /EC at different
pH=2(N4);pH=4(N5);pH=06 (N6)

The photocatalytic properties of hybrid TiO, films are presented on Fig
7. It was established that the drying/heating way of the films influences sig-
nificantly their characteristics. When the microwave oven is used in drying
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and heating stage the films relatively slow degrade the dye, may be due to
the incomplete incineration of the organics and low degree of crystalliza-
tion. The films, dried in microwave oven and treated conventionally showed
photocatalytic behaviour similar to those, obtained by conventional treat-
ment. Application of microwave heating in sol gel method seems promising
way to obtain photocatalytic active films at reduced temperatures and time,
giving possibility to use substrates with low thermal stability (plastic etc.).
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/.'
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0 20 40 60 80 100 120
Time, min

Figure 7. Kinetic curves of RB5 decolorization in coordinates
C/Co =f (1) for hybrid films, deposited from suspensions Ti(OPr),—
Degussa P25 by: conventional drying and treatment at 500° (1),
microwave drying and conventional treatment at 500°C ( 2)
and microwave drying and treatment (3).

CONCLUSIONS

Thin TiO, photocatalytic active films were obtained from polymer
modified solutions and suspensions. The films treated at 400°C possess
nanosize anatase phase.

It was established that the acidity of the dye solution influences signifi-
cantly the photocatalytic activity towards degradation of the azo dye Reac-
tive Black 5. The catalysts degrade faster the dye in acidic than in neutral

153



V. Blaskov, 1. Stambolova, M. Shipochka, S.Vassilev, N. Kaneva, A. Loukanov

medium. The films deposited from TiCl, showed better activity than the
films, obtained from titanium iso-propoxide solutions.

The TiO, hybrid films, obtained from suspensions and treated under
microwaves, following by conventional treatment revealed degradation rate
compatible with those of conventionally treated films. The TiO, thin films
prepared by us are promising as efficient photocatalyst for degradation of
Reactive Black 5 azo dye.
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ABSTRACT

Thermodynamic description of the Cu-Mg-Sn system at its Cu-Mg side
is presented. The thermodynamic parameters of the binary sub-systems,
Cu-Mg, Cu-Sn and Mg-Sn, are taken from the earlier CALPHAD-type
assessments. The treatment of the Mg-Sn phases was somewhat changed.
The adjustable parameters of the Cu-Mg-Sn system are optimized in this
work. For this purpose experimental thermodynamic and phase equilibrium
data were used and compared to calculated quantities.

Key words: Thermodynamic description, Cu—Mg—Sn system, Phase
diagrams

INTRODUCTION

This study continues the recently started work for the development of
a thermodynamic database for technically important copper alloys [1, 2].
Namely, thermodynamic description is presented for the ternary Cu-Mg-
Sn system at its Cu-Mg side. Thermodynamic data are optimized for the
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ternary system using the earlier assessed data of Cu-Mg [3], Cu-Sn [4] and
Mg-Sn [5] (partially reassessed in this study), and applying the experimental
thermodynamic and phase equilibrium data from the literature.

PHASES AND MODELS

In this work the optimizations of Coughanowr et al. [3], Miettinen [4],
and Morioka and Hasebe [5] were retained for the Cu-Mg, Cu-Sn and Mg-
Sn systems, respectively. The phase diagram Mg-Sn, however, was not
represented so well, as the hcp solubility was somewhat too high and the
melting point of Mg,Sn was somewhat too low in regard to the measured
values. Therefore, both the hep and the Mg,Sn parameters were modified
slightly in this work, whereas the liquid state parameters were adopted from
[5] as such. In the newly optimized Mg-Sn diagram, the liquid+Mg,Sn region
is worse established than by [5] but the improved agreement with the higher
melting point value of Mg,Sn [6] was preferred as it is so clearly supported by
the experimental study on the ternary Cu-Mg-Sn system of Tesluk [7].

The phase equilibria of the Cu-Mg-Sn system have been reviewed by
Chang et al. [8]. In the present Cu-Mg-Sn description, the following phases
are considered: liquid, fec, bee, hep (A3), gamma (y), Cu,Mg (Laves C15),
CuMg,, Cu, Sn (3), Cu,Sn (g), Mg,Sn, Cu,MgSn (T)) and CuMgSn (T)).
The disordered solution phases, i.e., liquid, fcc, bec and hep, and the ordered
gamma phase (treated as a disordered solution phase by Miettinen [4, 9]),
are described with the substitutional solution model. The fcc and hcp (A3)
solid solutions contain mainly copper and magnesium, respectively. The bec
and gamma phases (y) are copper-rich and originate from the binary Cu-Sn
system. The first one (bcc) contains around 15 at. % Sn, while in the second
the tin content varies from around 17 to approximately 27 at. % Sn.

The Cu,Mg phase extending to the ternary system is described with the
sublattice model and the rest of the phases, CuMg,, Cu, Sn |, Cu,Sn, Mg Sn,
Cu,MgSn and CuMgSn, are treated as stoichiometric phases.

The substitutional solutlon model was applied for the description of the
molar Gibbs energy (G ) of the solution phases of the Cu-Mg-Sn system
(i.e. liquid, fcc, bec, hcp) The gamma phase (y) was treated with this model
as well.

The Gibbs energy ("Gl_q)) of'the pure component i in a phase ¢ is expressed
relative to the enthalpy of the component in its stable phase at 298.15 K [10].
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L“’l_‘/_ is a binary parameter describing the interaction between components i
and j in phase ¢, and L¢, ,,, s, is a ternary interaction parameter of phase ¢.
For these parameters, "GfZS is a function of temperature, and L¢w. and L*
can be functions of temperature and composition.

The Cu,Mg having ternary solubility is described as a semi-stoichio-
metric phase as (Cu, Sn),Mg using the sublattice model. The Gibbs energy
(per mol of formula unit) of that phase becomes

¢_,0 o050 ¢ 050
Gm yCu Cu:Mg ySn Sn: Mg

Cu,Mg,Sn

O 10 20 0y 0 00
+2RT(yCM1nyC +yS In ySn) yCuySn Cu,Sn: Mg (1)
where °G,, .. is the Gibbs energy of pure Me,Mg (Me=Cu,Sn), #,, is

the site fraction of Me atoms occupying the first sublattice, and L, Snilte
is a parameter describing the interaction between Cu and Sn atoms in that
sublattice. For copper and tin, the site fractions are expressed with mole
fractions x, as y*=x®/(x*_ +x° ), whereas for magnesium, y* g—3x =1.

The bmary CuMg,, Cu Snn, Cu,Sn, Mg Sn phases and the ternary
Cu,MgSn and CuMgSn phases are treated as stoichiometric phases. The
Gibbs energy of formation of the binary compounds is expressed as

00 _, 0.0 o~ 2
GY g =a"GY +b Gy + A+ BT 2

where a and b are stoichiometric coefficients and °G® is the Gibbs energy of
the pure component i in its stable phase at 298.15K [10]. Similarly, for the
ternary compounds, Cu,MgSn and CuMgSn, the Gibbs energy of formation
becomes.

0,9 e fee Lo th 0 ~bct
GCu Mg - e GC +b G +c GS + A+ BT 3)
RESULTS AND DISCUSSION

Chang et al. [8] have reviewed the experimental studies on the Cu-
Mg-Sn systems before 1979. Later studies seem not be available. Table 1
shows the experimental information [7, 8, 11-14] selected in the present
optimization.
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The thermodynamic description of the Cu-Mg-Sn system is presented in
Table 2. The parameters marked with a reference code [2 -5, 15— 17] were
adopted from the earlier SGTE assessments and those marked with *O or
*E were optimized or estimated in the present study. By *O, the parameter
was optimized using the experimental data of literature (Table 2) and by *E,
the parameter was estimated arbitrarily, by applying no experimental data
(since not available).The thermodynamic data for the pure components are
given by [10] except for the gamma phase (see Table 2).

Table 1. Experimental information applied in the optimization process

Experimental information type Ref.
Primary surfaces
Three isopleths, at sections Cu-MgSn, Cu,Mg-Mg Sn and [8]
CuMg,-Mg,Sn [6]
Three isopleths, at Mg:Sn= 3.70, Mg:Sn= 0.41, 4% Sn [11,12]
(composition in weight pct) [13,14]

Two isotherms, at 670 and 400°C

In the following, calculated results are compared with the original
experimental data to demonstrate the successfulness of the optimization.
All calculations were carried out with the ThermoCalc software [18].

Calculated monovariant curves of primary solidification are presented
in Fig. 1. They agree reasonably well with the curves assessed tentatively
by Chang et al. [8].

Figure 1. Calculated

primary (i.e. liquidus)

surfaces (solid lines)

at the Cu-Mg side

of the Cu-Mg-Sn

system, together

with experimentally ; ;
determined regions [8] A . 0.4 0.6

(dashed) Maole Fraction Mg

Mole Fraction Sn
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Fig. 2 shows a calculated isopleth, at a sections Cu-MgSn with ratio
Mg:Sn=3.70 and Mg:Sn=0.41, and at a constant tin content of 4 wt%. The
agreement with the experimental data [11, 12, 7] can be considered very
satisfying. Finally, Fig. 3 shows a calculated isothermal section of the
system, at temperatures of 670 °C. The results agree reasonably well with
the observations of [14]. At 670 °C, the calculated fcc solubility at low tin
contents was higher than indicated by the experimental data (see the three
black triangles located in the fcc region in Fig. 3). When treating Cu MgSn
(T)) as a stoichiometric phase, one can improve the agreement only by in-
troducing a strong composition dependent ternary interaction parameter for
the fcc phase. Such a treatment, however, is not justified with the present
tiny amount of experimental data.

1100 1 1 1 | | | 1 ]

Cu-Mgsn
1000 r
3 900 L r
]
8 800 - L+fce [ L
o
= [goc
© 700 -
@ =] L+Ty
E_ E o0 00
@ 600 7 =
& T Ty +fec
o
5004 = [T, T+ i
=
A
400 T T T T T T T
03 04 05 06 07 08 0% 10

A

Figure 2. Calculated isopleth at the Cu-MgSn section together with
experimental data [7]. The compounds Cu MgSn and CuMgSn are
denoted as T1 and T2, respectively.The symbol (O) stays for an experi-
mental liquidus point and the symbol (o) — for a thermal arrest.

Male Fraction Cu

No experimental thermodynamic data were available for the ternary
system except for the enthalpy of formation of two ternary samples
containing 33.33 at% Mg with 8.4 and 12.1 at% Sn. For these alloys, Predel
and Ruge [19] gave values — 10.3 and — 13.5 kJ/mol, which are lower (less
negative) than the calculated values, — 14.2 and — 15.2 kJ/mol.
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Figure 3. Calculated
isothermal section in the
copper-rich part of the Cu-
Mg-Sn system at 67(0° C,
together with experimental

Meole Fraction Sn

: CugMaSn
(T1)

data from Phillips and

Ainsworth [14]. '& ' Mole Fraction Mg

Table 2. Thermodynamic adjustable parameters for the Cu-Mg-Sn sys-
tem obtained from the literature (reference code) and optimized (*O) or
estimated (*E) in this study. All values are in J/mol. T is the absolute tem-
perature (K). The thermodynamic data of the pure components are taken
from Dinsdale [10] unless a parameter expression is shown in the Table.

Phase Reference
liquid
(1 sublattice, sites: 1, constituents: Cu,Mg,Sn)
LE e = (-35430+4.227T) + (-7454)(x ., X,;,) [3]
LY sn = (-8124-6.553T) + (-23970+7.037T)(X(,Xs;,)
+ (-25124+13.566T)(x X, )* + (-10213+10.042T)(x X, )* 4]
LtMg’Sn =(-49353+14.835T) + (-17571+7.906 T)(x,, X, [5]
LY omgsn = (-10000+20T)x,, + (-10000+20T)x,,,
+ (-50000+20T)x *Q
fece
(1 sublattice, sites: 1, constituents: Cu,Mg,Sn)
LR g = — 23487+8.26T [3]
L:CCCu,Sn = (-:0672—1 A84T) + (-15331.+6.954T)(xc“-xs“) [i 5]
L o =L" . (fcc not stable in binary Mg-Sn) E
bee
(1 sublattice, sites: 1, constituents: Cu,Mg,Sn)
L"“Cthg =—6500 (bce not stable in binary Cu-Mg) [16]
Lo, o = (-44822+51.216T) + (-6877-56.427T)(X X, [15]
Lbee o =L"  (bcenot stable in binary Mg-Sn) *E
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hep (A3)
(1 sublattice, sites: 1, constituents: Cu,Mg,Sn)

LhcpCu,Mg =10000 [2]

LMoo = (-26799-0.732T) + (-28065-0.029T)(X . -Xg,) [15]

L*‘“"MgSn = (-24000) + (-20000)(x,,,-X,) *O

Cu,Sn (¢)

(2 sublattices, sites: 0.75:0.25, constituents: Cu:Sn)

°G ¢ = 0.75°G" +0.25°G* + (-8218-0.18T) [17]

gamma ()

(1 sublattice, sites: 1, constituents: Cu, Mg, Sn)

°G'., =G +10 [4]

"Gy g = °G“°P .10 2]

°Gy =G + 10 [4]

L’ Ve 50000 [2]
LY s = (40039-32.912T) + (-232532+135.367)(x -

+(210180-129. 043T)(x X)) [4]

LY\ psn = 50000 (gamma not stable in binary Mg-Sn) *E

LY mgsn = — 60000 *O

Cu,Mg (C15)

(2 sublattices, sites: 0.6667:0.3333, constituents: Cu,Sn:Mg)

°GC, e = 0.6667°Ge, +0. 3333"G“CP

+(- 9270412 588T+6. 6537TlnT 0. 005732T2) [2]

"GC‘SSH:Mg =0.6667°G"_ + 0. 3333“G*‘“PMg +(0) *O

LC]SCu,Sn;Mg =—43500+18T *O

CuMg,

(2 sublattices, sites: 0.3333:0.6667, constituents: Cu:Mg)

°GC“MI=’2CU:Mg =0.3333°G"_ + 0.6667°G‘“°I’Mg + (-9540+0.862T) [3]

Cu,,Sn, (3)

(2 sublattices, sites: 0.788:0.212, constituents: Cu:Sn)

°G® ¢, = 0.788°G" +0.212°G™ + (-6323.5-1.2808T) [15]

Mg,Sn

(2 sublattices, sites: 0.6667:0.3333, constituents: Mg:Sn)

oGMesn = 0.6667°G"™ | +0.3333°G™_ + (-26200+9T) *O

Cu,MgSn (T))

(3 sublattices, sites: 0.666:0.167:0.167, constituents: Cu:Mg:Sn)

°G" sy = 0.666°G™ + 0. 167°Gh°1’Mg +0.167°G> 0

+ (-19600+5T)

CuMgSn (T,)

(3 sublattices, sites: 0.334:0.333:0.333, constituents: Cu:Mg:Sn)

°GT2C“:Mg:Sn =0.334°G"_ + O.333°G“°1’Mg +0.333°G

+(-26400+10T) *O
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On the other hand, the enthalpy of formation value of [19] for the binary
Cu,Mg is also quite low, i.e., — 8.1 kJ/mol, whereas two other studies [20,
21] suggest values between — 11 and — 12 kJ/mol, which agree better with
the calculated value of — 10.8 kJ/mol. Consequently, the measurements of
[19] may suffer from a systematic error. Shifting the dataset of [19] with the
measurements of [20, 21] would improve the agreement clearly.

CONCLUSIONS

A thermodynamic description was optimized for the ternary Cu-Mg-Sn
system applying the experimental phase equilibrium data of the literature.
In this description, twelve phases, i.e., liquid, fcc, bee, hep, gamma, Cu,Mg
(Laves C15), CuMg,, Cu, Sn, (3), Cu,Sn (g), Mg,Sn, CuMgSn (T)) and
CuMgSn (T,), were considered. The disordered solution phases, i.e., liquid,
fec, bee and hep, and the ordered gamma phase were described with the
substitutional solution model, while the semi-stoichiometric Cu,Mg phase
was described with the sublattice model. The rest of the phases, the near-
stoichiometric compounds, were treated as stoichiometric phases. In the
optimization, the unary and binary thermodynamic data of the systems
were taken from previous binary descriptions. Good or at least reasonable
correlation was obtained between the calculated and the experimental
thermodynamic and phase equilibrium data.
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ABSTRACT

Redox protein myoglobin was immobilized on gold-plated graphite
through self-assembly process. Its redox behavior was probed with cyclic
voltammetry. The experimental results suggest irreversible binding of the
protein to the gold layer due to the interaction of sulfur-containing amino-
acid cysteine from the protein shelf with gold: 2HS-R + 2Au — 2Au-S-R
+ H,. In addition to that, two separate peaks appear on the cathodic part of
the cyclic voltammetric curve one of which being assigned to the redox
transformation of heme-prosthetic group. The efficiency of the electron
exchange between the chemisorbed myoglobin was found to be much
bigger as compared to the one of physically adsorbed myoglobin. It was
hypothesized that upon chemisorption, most of the myoglobin molecules
bind to the gold layer in an orientation superior for direct electron
communication with the underlying electrode surface.
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The immobilized protein was found capable to electrocatalytically re-
duce H,0, and C1,CCOOH in neutral aqueous solutions at room tempera-
ture. The electroreduction of CLLCCOOH was found to occur at much lower
overpotentials compared to bare graphite electrode.

KarouoBu aymu: muoznobum, xemucopbyus, oupexmeH eieKmpoHeH
npeHoc, no3namen epagumos erekmpoo

BbBEJEHHE

llenenacoueHOTO M3rpakaaHe Ha CJIOXKHA IEKTPOIHA apXUTEKTypa 4dpes3
CTPYKTYPHPAHETO Ha €JEeKTPOIHU MOBBPXHOCTH MPECTABISABA TPHUHIUITHO
HOB TIOIXOM IPH MMOOIIN3UpaHe Ha OMOKOMIIOHEHTH, eI MOCTHraHe Ha
IMPEKTHA eJIEKTPUUeCKa KOMYHHKALMS MEXIy OMOKATallM3aTop W eNEKTPOI
HOCPEACTBOM: 1) CKbCSIBaHE HA JUCTAHIMATA MEXKIY EIEKTPOJHATa MOBbPX-
HOCT ¥ aKTHBHUS IIEHTHD HA IBPBUS; U 2) OPHEHTHPAHE HA OHOKATaIu3aTopa
B OyaronpusTHa 3a AUpeKTeH enekTporeH npeHoc-DET konpopmanms. B tazu
BPB3Ka, MOTM(HUIIMPAHETO HA EJEKTPOHA MATEPUAITH ¢ HaHO-4acTuIK OT Z O,
[1], cbc Au Hanowactuiu [2—4], Berieponan HaHOTpBOMUKK (CNT) [5-8] u
TUuTaHoBU HaHOTPBOMUKH (TINT) [9], mpenxoxkaanio UMOOHIH3ANKUITa HA MHU-
OINI00HMHA, BB BCHYKH CITyJaH € JIOBEJIO JI0 HAIMIHE Ha TUPEKTHA OHOENEeKTPO-
karamiza [10,11]. Bp3aMoxxHOCTHTE Ha T€3W OMOENEKTPOKATATUTHYHN CHCTEMH
Ce OMpeNeNsT OT YHUKAIHHUTE CBOMCTBA HA HAHOYAcTHIMTE. Te ce OTMIaBar ¢
TOJSIMO CHOTHOLICHHE TIOBEPXHOCT/00eM, TIPeNOCTaBAT CTAOMITHA TIOBBPXHOCT
3a OpUEHTHpaHa aJIcCOpOIMs Ha OMOMOJICKYIIUTE TIPY 3ara3BaHe Ha OHMOIOTHY-
HaTa UM aKTHBHOCT. B MHOTO OT clyyauTe, cCaMUTe HAHOYACTHIIN MPEICTABIS-
BAT CBOCOOpa3HU HAHO-NPOBOAHHUII, YICCHSIBAIIN ENEKTPOHHUS OOMEH MEXITY
eNeKTPO/Ia U TIPOTEHHA, KOUTO MPEAOCTABAT BB3MOXKHOCT PasMephbT U MOBBPX-
HOCTHaTa UM MOP(OJIOrHA Aa ObJaT KOHTPOJIUPAHHU Upe3 BapHpaHe YCIOBHATA
Ha TOTy4YaBaHETO UM. TOBa MOTHBHpA H3CJIEABAHUATA HH BBPXY CICKTPOXH-
MHYHOTO TIOBEICHUE Ha MUOTIOOH, IMOOWIIU3HPAH BbPXY MO3JATeH rpadur.

EKCHHEPUMEHTAJIHA YACT

B nacrosimara pabota Geriie U3MoI3BaH MHOTIIOOMH OT KOHCKH ChpJie-
geH myckya (horse heartmyoglobine: Fluka Biochemika). Beraeponen ma-
TepHaJ — CHEKTPATHO-YHCT TPadHT BbB B HA NPBUKHK ¢ aAuaMeTsp 0,5 cM
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u aexuHa 8—10 cM ¢ HajurkkHA TedoHOBa H3onalys, Oelle U3MoNI3BaH
KaTo OCHOBA 32 €H3MUMHHS EIIEKTPOI.

H,O, u xumukanure 3a TpUIOTBIHE Ha OydepHuTE pa3TBOPH
(K,HPO,.12H,0, mumonena kucenuna, kouu. H,PO, u Tris (hydroxymetyl
— aminomettane), 0sixa 3akynenu ot Fluka. Pa3tBopu Ha TpuxiiopoleTHa
kucenuna C1L,CCOOH cbe cnenmdukanuu 9ucT 3a aHanus3 (43a) ¥ U3XO0HA
koHIeHTpanus 0,56 M 0sixa M3MONI3BaHU KaTO MOJICITHA HETUITUYHU CyOCT-
partu Ha MHOTIIOOMHA, O3 MOMBIHUTETHA 00paboTka. OcTaHAINTE peakTH-
BHU Osixa ¢ uncToTa Haj 98 % UM cbe crnenuHKaIys ,,cCieKTpaJHO YUCTH
(Fluka) u He Gsixa mojyIaraHy Ha JOIBIHHUTEIIHA 00paboTKa Ipenu yrnoTpe-
6a. [Ipu moxy4aBaneTo Ha BOAHU U OydepHHU pa3TBOpH Ocle U3MON3BaHA
JBOWHO aectwiupana Bopa. PocdarHo-uurparen Oydep ¢ HeyrpamHo pH
(7,0) u xonnenTpanus 0,1 M Gemie n3mon3BaH KaTo paboOTHA cpena, TOKaTo
0,1 M tpuc-oydep, pH= 7,0 ce uznosn3paiie 3a NPUTOTBIHETO HA €H3UMHU-
Te pa3TBopH. Knucenmuanocrra nm Geme koHTponupana ¢ pH-mersp Hanna
Instuments, pH 211.

CrangapTHa, TPUENEKTPOAHA CTBHKJIEHA KIJICTKA C HEpPa3/esIeHH eJeK-
TPOIHHU MPOCTPaHCTBA U paboTeH obem 10-20 cm?, cpaBHUTENIEH €IEKTPO
— Ag / AgCl, 3 M KCI criomarareneH enekTpoi — IUIATHHOB MPOBOIHIK
U pabOTeH eJEeKTPOJ OT CIEKTPAIHO-UYUCT Irpadurt, Oelie U3MoI3BaHa IPH
BCHYKH €JIEKTPOXUMUYHH H3cienaBaHus. 3MepBanusTa Osxa IPOBEICHU C
€JIEKTPOXUMHYHA paboTHa cTaHuus Palm Sens ¢ KOMIIOTBPEH KOHTPONI U
coryep PS Trace 2.13 (Palm InstrumentsBYV, Xomanaus). Otnaranero Ha
THHKM (HIMH OT 37aro (nebenmuHa g0 1-2 pum) Oelie H3BHPIIBAHO Ype3
KpaTkoBpeMeHHa ernekrposusa (=10 s) ot 2%-en pastBop Ha HAuCl, 8 0.1
M HCI npu norernman — 155 mV (vs. Ag/AgCl, 3M KCl).

PE3YJITATU U OBCBHKJAHE

1. Enexmpoxumuuna akmusHocm Ha MUo2ioouH,
XeMucopoupau vpxy nosiamer spagum

Bwpxy Mukpockonckute nzodpaxenus (pur. 1) ce BIkAa, e IpH eeK-
TPOXMUMHUYHOTO MOIU(HITIpaHe Ha TpadUTa HAa HOBEPXHOCTTA MY C€ OTIara
TBHBK, HO IUTBTEH CJIOH OT 3J1aTO, KOMTO IMOBTaps peseda Ha HOCUTENS C
BCHYKHUTE MY CTPYKTYPHH JI€(EKTH. ATOMHO-CHIIOBOTO MUKPOCKOIICKO H3-
oOpaxkeHHe Ha MOIU(PHUIUPAHUS TpaQUT CBUACTENCTBA, Ye MpHU MoAupH-
upanero ce ¢popmupar 3D cTpykTypH OT 31aT0 ¢ BUCOYHMHa 10 okoio 100
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nm. OTaaraHeTo Ha ThHBK 371aTeH (UM BBPXY TpaduTa MPOMEHs U BUJa Ha
UMKIMYHUTE BOJITaMIEPOTpaMH Ha €JIEKTPOJla, 3aCHETH BbB (JOHOB €JEK-
tponut ®LB, pH 7,0 (pur. 2). LlukauyauTe BoNTaMIIEPHU KPHBH HA TO-
37aTeHus rpauToB enekTpoxn ((ur. 2, IIB0) CBHIETENCTBAT 32 II0-Pa3BUTa
EIIEKTPO/IHA TIOBBPXHOCT OT Ta3W Ha CHIIUS €IEKTPOI, HO IPpeau MOTU(PH-
KarusTa. Te3u pe3ylaTaTH ca B YHHCOH C HaOJIOICHHUATa OT MHUKPOCKOII-
CKHTE M3CICIBAHIS — 00pa3yBaHETO HA MUKPO M HAHO-CTPYKTYPH BOIH 110
yBEIMYaBaHE HA TIOBBPXHOCTTA Ha CIEKTPOANTE.

§§$ﬁ§

E

[aa
0 100 20 300 &0 500 600 ll3a

[z

®urypa 1. JIneo: Mukpockoncko uzobpasicenue Ha guima
oM 31aMo OMIL0JICeH NOMEHYUOCMAMUYHO 8bPXY epagum
npu nomenyuan — 155 mV (vs. Ag/AgCI) 3a 10 s (memanoepagcku
murpockon, x 250); acuo: 3D — mononocus Ha mMbHbK QUM 31aMO
omJodicer 8vpxy epagum uzciedsana ¢ AFM.

®du3nyHaTa ¥ XUMHYHATa COPOIUs (XeMUCOPOITUS, P KOSITO CHEPTH-
sTa Ha BPB3KUTE MEXIy copOeHTa u copbara € OT HOpsSabKa Ha CHEPrH-
sTa HA XMMHYHA BPB3Ka), ca JBaTa METOAA 3a MMOOMIN3AIMs, IPU KOUTO
Ce 3ama3Ba HAMBJIHO WM B 3HAYUTEIHA CTCICH KaTaJUTHYHATA aKTUBHOCT
Ha OMoKaranu3aropa KaTo MpH TIX B HAW-TOJsIMa CTEIEH Ce 3aa3Ba KakTo
KaTaJUTHYHATA UM aKTHBHOCT, TaKa M MPOCTPAHCTBEHA KOH(UTypaIus Ha
MoJIeKyaTa Haii-0mm3ka 1o HatuBHaTa. OCBEH TOBa, XeMHCOPOIHATA Ipe-
Jara U JOIBIHUTEIHO TPEINMCTBO — BE3MOXKHOCTTa 00EMHUCTHUTE TIPOTE-
WHOBM TIIOOY/H /1a ¢ CBBP3BAaT BHHATH UPe3 TOYHO ONpENeNicH (pparMeHT
OT MaKpOMOJIEKYJaTa CH, KaTo [0 TO3M Ha4YMH Ce ITOCTUTa TOYHO OIperierne-
Ha eTHOTHIIHA TPOCTPAHCTBEHA OpPHUEHTAIMS Ha OMOKaTanm3aTopa. B Tasm
BpB3Ka, XeMUCOPOUPAHETO HA MUOTIIOOMHA BHPXY MO3JaTeH rpadur mpea-
CTaBJIsIBA €IUH OT Hal-yJAauHWTE U MPOCTH B MPEMApPaTHBHO OTHOIICHHE
MOAXO/IH, ITPU KOHTO CE OYaKBa 3alia3BaHe HA KaTaTUTHYHATA My aKTUBHOCT
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B 3HAUUTEJHA CTENEH U 3a IbIBI EepUo OT Bpeme. IIpu mpensapurennu
EKCIIePUMEHTH Oellle yCTaHOBEHO, Y€ XEMHCOPOIUATA My BHPXY MO3JaTeH
rpadUTOB EIEKTPO/ 3aBbPIIBA HAITBIHO 32 OKOJIO 20 4, U Ye MPOLEeCHT MPo-
THYa CaMO BBPXY MPEABAPUTEIHO MOYUCTEH SICKTPOXUMUYHO M MPOMHT
C JIECTUIIMPAHa BOJA ENEKTPOJ, KOUTO HE € BIM3aN B JOCET C BB3AYX HIH
OybepHu pasztBopu. B ciyyanTe, Koraro eneKTpomHara MOBBPXHOCT € 3a-
MBpCEHa OT aJCOPOMPAHU Ta30BE WK Pa3TBOPH HA COJIH, XEMHUCOPOIHATA
Ha NPOTEUHA WK MPOTHYA B HE3HAYUTEINIHA CTEIeH, MM 300110 He ce Ha-
OmronaBa. Jlurcara Witk MposiBaTa Ha KaTaluTHYHATA aKTHBHOCT TIpH 100a-
BSHE Ha BOAOPOJACH MEPOKCHI (T. €. OTKIMKA HA €H3UMHUS CICKTPOA TPH
Jno0aBsiHE Ha IOPLMU cyOcTpar) Oelle mprueT KaTo MHIAUKATOP 3a CTENeHTa
Ha MPOTHYaHEe Ha copOuusTa.

P
v = 20 m\is; phosphate-cilrate bulfer, pH = 7.0 Aulgraphite in 2M H_S0,

Auwgraphite
graghite

Curment, ma

Cuarant, A

1204

& = = P
Potential, W [va. Ag/Agll, 3M KCI) Potental, V (vs.AgiAgCl, 3M KCI)
®@urypa 2. JI160: [Jukiuunu 601MAaMREPHU KPUGU HA CREKMPATHO YUCT
epagum (vepHo) u Ha epaghum ¢ OMAOHCEH MHHBK 3aMeH UM (Cugo,
nyHkmup) ghonos erekmponum gocghamuo-yumpamen oygep, pH 7,0;
ckopocm na ckanupane 20 mV-s' Ag/AgCl, 3M KCI; acno: erexmpoxu-
MUYHO ROYUCMBAHE: NbPEUME MPU YUKIULHU 60OIMAMAEPHU KPUGU
Ha epagpum ¢ omaodicern mvvk snamen puim 6 2M H,SO ;
ckopocm Ha ckanupane 100 mV-s' Ag/AgCl, 3M KCI.

Ha ¢wur. 3 ca cpaBHEeHH IMKIMYHA BOATAMIICPHU KPHBH Ha MUOTJIOOWH,
ajzicopOupaH BbpXY HEMOAU(MUIMPAH U BbPXY MOAU(DUIMPAH ChC 3JIaTHU
OTJIOKEHHS TPADUT CIE eNCKTPOXUMHYIHO MTOYNCTBAHE HA 3JIATHHS CIOH
IIpY MHOTO HUCKH CKOPOCTHU Ha U3MEHEHUE Ha noTeHuana. Ha nokazanure
KpHBH ce HaOIomaBaT qo0pe n3pa3eHn MaKCUMyMH KakTO BbPXY aHOIHUS,
Taka ¥ BbPXY KaTOAHUS XOJ Ha KPUBHTE, YUUTO MOTEHIHAIN HA IHKa Ce
U3MEHAT C U3MEHEHHE CKOPOCTTa Ha CKaHMpaHe. Bonrammeporpamure Ha
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azicopObupaHusl BbpXy MoIuHUIUpaH rpaduT MUOIIIOOUH CE OTIAMYaBaT C
[0-OCTPH, SCHO U3pa3eHU MakcUMyMHU ((ur. 3), B cpaBHEHHE C KPUBUTE Ha
MHOIIIOOHH, aJicopOupan BepXy HeMonuduipan rpapur. C yBemmdaBaHe
CKOpPOCTTa Ha CKaHMpaHE KaTOTHHUTE MHKOBE Ha peXyKIHs Ha aacopOmpa-
HUSI BBPXY MOIU(MUIMpPaH TpaduT MUOIIOONH ce H3MECTBAT B OTPHIIATEI-
Ha MOCOKa, KaKTo € U BbpXy Hemonudunmpan rpadut. Bugbt Ha kpuBuTe
MoJicka3Ba, o0ade, 4ye MpOoLEeCcUTe B cliyyas ca HeoOpaTUMH. AHAJIU3bT Ha
JaHHHUTE MOKa3Ba, Y¢ OKUCIUTEIHO-PEAYyKIIMOHHOTO IPEBPhIIaHe HA XeMU-
copOupaHus BbpXy MOTUGUIMPAHUS TpaQHUT MUODIOOWH MPOTHYA C Tpe-
HOC Ha eIIMH eJEKTPOH U € B PE3yNTaT OT IPOTHYAHETO Ha PEAKIUITA:

0, +2H' +2¢ — H,0,.

MbvAuigraghite; scan rabe 1 miyis
a0 myegh&in adsarbed on graphite, v = 1 myis

d 04 e

1,

Curment, p&

T T T T T T T T T
.8 oz an [+ 04 0.8 0.6 0.4 02 .0 02 -E} 13

Potentisl, V (va AgiagCl, 3 M KCI) Potential, V (vs. AgibgCl, 3 MKCI)
®urypa 3. Jla60.: Luxauunu onmamnepru Kpusu Ha epagumos
enexmpoo ¢ aocopoupan Muo2nobun (15160) u Ha MUO210OUH
Xemucopobupar 6vpxy noziamen epagum (05cHo) 6b6 PoHos
enexmpoaum gocamno-yumpamen 6yghep, pH 7,0, ckopocm
na ckanupane 1 mV-s';Ag/AgCl, 3M KCL

BB3MOKHOCTTa 12 ce PerHCTpUpaT MPOIBIDKUTENHO Bh3IPOU3BOIUMHE
LUKJINYHA BOJNTAMICPHUA KPHUBU CBHIETENCTBA, Y€ MUODIOOMHBT Ce al-
copbupa HeoOpaTUMO BbPXYy MoAMDHUIIUpaH CbC 37aTo rpaduT. 3maTHUTE
YaCTHIHM, OTINYABAIIN CE C BUCOKA OMOCHBMECTHMOCT, HE CAMO YJIECHSBAT
SNIEKTPOHHMS TpaHC]ep MEXKIY IIPOTCHHOBUTE MOJICKYJIH U €IEKTPOJHATA
MOBBPXHOCT, HO U TIPEIoarat o0pasyBaHEeTO Ha 3paBa XeMHCOPOIIMOHHA
BPB3Ka MEXKAY Cspa-ChIbPKANIUTE aMUHOKHUCEIHHU OT OeNThYHATa IJIO-
Oyiia Ha MHOTIOOMHA ¥ MOTU(UIPaHUs TPaduUT, ChINIACHO YPAaBHEHUETO:
2HS-R +2Au — 2Au-S-R + H,,. [Ipu ckopoctu Ha ckanupane najg 10 mV/s
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Enexmpoxumus na muoenobun xemucopoupau 6vbpxy...

BbpPXy KaTOAHHS XOJ] Ha BOJTaMIIEpOrpaMHTe ce HaOrogaBa MosBaTa Ha
BTOPH MaKCUMYM, KOWTO uMa opmaiieH penokc-oTeHman E =—350 £+ 10
mV u He ce HabmoaaBa BEpXy Hemomuduiupan rpadut. [loTeHIansT My
MPAKTUYECKH HE Ce BIMsIe OT CKOPOCTTA HA CKAaHUPAHE U 1O BCSIKA BEPOSIT-
HOCT HE C€ OTHACS JI0 XeMUCOPOUPaHUS MUOTIIOOHH.

2. Enekxmpokamanumuyna akmueHocm
Ha XeMUucopoupanus Muo2nooun

KaranutuyHara akTHBHOCT Ha aJcOpOMpaHUsi MHUOIIIOOWH BBPXY MO-
JUQULIMPaH ChC 3IaTHU HAHOYACTUIM IpaduT Oelle n3cieaBaHa MpH enek-
tpopenykuus Ha H,O, u na tpuxnopouerna kucenuna (¢purd). Cpasue-
HUETO Ha UUKIMYHUTE BOJITAMIEPHH KPUBU Ha €JEKTPOAA C XeMHCOpPOH-
pan MuornobuH (¢ur. 4) B oTchcTBHE (TIIBTHA) U B MPUCHCTBUE HA BUCOKA
KOHLIEHTpallUsA Ha BOAOPOJECH MEPOKCUJ (IyHKTUP) OKA3BaT, Y€ eNEKTPO-
XMMUYHATa PeayKLUs Ha MEPOKCHIa 3alo4Ba Olle MPHU MOTEHLUAI OKOJIO
0V, xaro (hopmara Ha KpUBUTE € XapaKTEPHA 3a MPAKTUYECKH HEOOpATUMHU
€JIEKTPOXUMHUYHH peakiuuu. Bb3 oCHOBa Ha Te3u KpuBHU Oellle 3aKIIOueHO,
4e NoTeHIManyu B quanasona ot 0 10 — 0,350 V ca mogxopsiim 3a amnepo-
METPUYHO ONpeeisiHe Ha EPOKCHa B HEyTpaiHa BogHa cpeaa. [Ipu te3u
EKCIIEPUMEHTAIIHU YCIIOBHUS €NIEKTPOPEAYKIHITa My TPOTHYA ChC 3HAYM-
TEJIHA CKOPOCT M HE MPOTUYAT CTPAHUYHU PEaKLUH, KOUTO Ja BIUSAAT BbPXY
€JIEKTPOIIHUS CUTHAIL.

MoiAuigraghing in absance and presance of H O PCB pH = 7.0
MbdAuslgraphite in absence and gresence of 0 CCOOH, PCB, g =7.0
404

——

a0

w7 = i

ETR

Cumant, u4
uent, uh

40

0|
B R

100+

08 06 Qa4 -0z [0} 02 1] an 03 a8 a4 42 oo sz us 06

Patental, V (vs. AQMAGCL, 28 KCI) Patential, ' {vs. AgitgCl, 3k Kl

®@urypa 4. L{uxnuynu eonmamnepru Kpusu Ha enekmpoo om no3iameH
epagum ¢ xemucopbupan muoenodbun: Jneo — 6 omcovcmeaue (Mivmua)
U 8 npucvcmeue (NYHKmup) Ha 6000po0eH nepoxcuo, Jacno — 6 omcovcm-
sue (n1bmua) U 6 NpUCvLCMeue (NYHKMUpP) Ha Mpuxiopoyemua K-Ha,
gonos erexkmponum gocghamuo-yumpamen oygep, pH 7,0;
ckopocm na cxanupane 50 mV-s™; Ag/AgCl, 3M KCI.
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CaliecTBYBAT JTUTEPATypHU JaHHHU, Y€ UMOOMIM3UPAHUIT BBPXY Pa3-
JIMYHU €JIEKTPOAHU MaTepHUanu MHOITIOOMH € e(heKTHBEH peOKC-KaTaau-
3aTOp Ha EJIEKTPOXMMUYHATA PEAYKIUs Ha TPUXIOPOOIETHA KUCEIHHA
[12,13]. Ilpu TOBa PERYKIMOHHUST MPOIEC MPOTHYA IIPU CBPBXHAMpPEKE-
HUe, KoeTo e noHe ¢ 0,8 V 1o-HUCKO, OTKOJIKOTO BbpPXY €JIEKTPOAHUS MaTe-
puan 6e3 UMOOMIN3UPaH MPOTEHH.

B Ta3u BpB3Ka, ¢ MOMOIITA HA METOJA IIUKIMYHA BOJITAMIICPOMETPHS
Oerlie M3CIeBaHO MOBEICHUETO HA MHOIJIOONHA, XeMUCOPOUPAH BBPXY I10-
371aTeH TpaduT B OTCHCTBUE U B IPUCHCTBHE HAa TPUXIIOPOLIETHA KUCEINHA
(¢ur. 4). Ot npencraBenara Gurypa € BUJHO, Y€ BbPXY LUKJINYHATA BOJ-
TaMIIeporpama, 3aCHEeTa B IPUCHCTBUE HA TPUXJIOPHOTO OPTAaHUIHO ChEAU-
HEHHUe, IPU MOTEHIMAIN Mo-0Tpuuarentu oT — 0,5 V ce HabmonaBa ps3Ko
HapacTBaHE Ha TOKA B OTPUIIATENHA MOCOKA, XapaKTEPHO 3a MPOTHYAHE Ha
PeayKIUOHHN IponecH. IIpu ToBa, 13MEHEHHETO Ha TOKa CIPSIMO (DOHOBUS
CHUTHAJ € IPONOPIMOHATHO Ha KOHIIEHTpALUsITa Ha 100aBeHaTa TPUXIIOPO-
[IETHA KUCENIMHA (HE € TIOKa3aHo).

W3cnenBaneTo Ha cTaOMITHOCTTA HA €H3UMHUS €IEKTPOJ, TIOMyUIEH MPpU
XEeMHCOpOIHS Ha PeJOKC-NIPOTEHHA MUOITIOONH BbPXY ThHBK 371aTeH (DHIIM,
OTJIOXKEH BBPXY IpaduT mokasza, ue eleKTpOoABT MOXe Aa ObJe M3MOI3BaH
1o 14 nHu cnen NpUroTBSHETO My, KaTo 3amas3pa Haja 40 % OT mbpBOHAYA-
HaTa CH aKTMBHOCT, IIPH yCJIOBHE, Y€ CE ChXpaHsIBa B Oy(hepeH pa3TBOp U
IIPU HUCKU TeMIepaTypH. JJUCKyTHpaHUTE TOTYK €KCIIEPUMEHTAIHH Pe3yil-
TaTU TO0Ka3BaT, 4Ye M30paHUSAT METO] 3a 3aKpENBaHE Ha PEIOKC-IPOTEHHA
KBM EJICKTPO/IHATa MOBbPXHOCT I03BOJISIBA MHOT'OKPATHOTO MYy U3IOI3BaHE
U TIpeJyIara MHOTO MO-JIBIBI XHUBOT Ha IMOOMIH3HPAHUS] OMOKOMIIOHEHT B
CpaBHEHHE C (PU3MUHATA aICOPOIMS IPU 3HAYUTEITHO ChbXpaHEHHE Ha KaTa-
JIUTUYHA aKTUBHOCT.

BJIATOIAPHOCT

ABTOpUTE M3Ka3BaT OIarogapHOCT 3a (uHaHCOBaTa Momkpena Ha Ha-
muoHanaus Goux ,,Hayunu mzcnenBanus™ (morosop JABY — 02/38) u Ha
¢onn ,,Hayunu uzcnensanusa™ koM [1Y (tema HU11-XD-007).

174



Enexmpoxumus na muoenobun xemucopoupau 6vbpxy...

10.
11.

12.

13.

JIMTEPATYPA

. G. Zhao, F. J].-Ju, X.J.—Juan, C. H—Yuan: Electrochem. Commun.,

7, 724-729 (2005).

S. Liu, H. Ju: Electroanalysis, 15, 1488—1493 (2003).

. L. S Duan, Q. Xu, F. Xil, S. F.Wang:Int. J. Electrochem. Sci, 3,
118-124 (2008).

. S. Zhao, K. Zhang,Y. Bai,W. Yang, Sun C.: Bioelectrochem., 69,
158-163, (2006).

. S. Zhang, W. Yang, Y. Niu, Y. Li, M. Zhang, Sun C.:4nal. Bioanal.
Chem.,384, 736-741, (20006).

. P. Yanez—Sedeno, J. M. Pingarron: Anal.Bioanal. Chem.382, 884—

886 (2005).

W. Sun, X. Li, Y.Wang, X. Li, C. Zhao, K. Jiao: Bioelectrochem.,

75, 170-175 (2009).

. M. G. Esplandiu, M. Pacios, L. Cydanek, J. Bartroli, M. del Valle:
Nanotechnology, 20 (35), paper 355502 (2009).

. A. Liu, M. Wei, 1. Honma, H. Zhou, Anal. Chem.77, 80688074

(2005).

G. K. Ahirwal, C. K. Mitra: Sensors,9, 881 — 894 (2009).

A. Christenson, N. Dimcheva, E. Ferapontova, Lo Gorton, T.

Ruzgas, L. Stoica, S. Shleev, A. Yaropolov, D. Haltrich, R.

Thorneley, S. Aust: Electroanalysis, 16, 1074 (2004).

Y. Wang, J. Wu, T. R. Zhan, W. Sun, K. Jiao: Sensor LettersT (6),

11061112 (2009).

Yancai Li., Weiwei Yang, Yu Bai, Changqing Sun: Electroanalysis18

(5) 499-506 (2006).

175



/. Teopeuesa, T. Jlooescka, En. Xoposzosa, H. /lumuesa

176



IJIOBAMBCKH YHUBEPCUTET ,,IAUCHI XUJIEHJAPCKH“ — BbJITAPHUS
HAYYHHU TPYJOBE, TOM 38, KH. 5§, 2011 - XUMMUA
UNIVERSITY OF PLOVDIV ,,PAISII HILENDARSKI“ - BULGARIA
SCIENTIFIC PAPERS, VOL. 38, BOOK §, 2011 - CHEMISTRY

CHUHTE3 HA ®EPUTU OT CUCTEMATA
MeO-Fe,0, (Me=Zn, Cd) U U3CJIEJIBAHE
HA TSIXHATA PA3TBOPUMOCT B H,SO,

A. IHlenmexos, b. boanos

Kameopa ,, Xumuuna mexnonozun®, I1y , Ilaucuit Xunenoapcxu*
yn. ,Lap Acen* 24, Ilnosous, bvazapus

ABSTRACT

Ferrites from the MeO-Fe O, system, where Me = Zn, Cd, were synthe-
sized using a ceramic technology. Their composition, structure and prop-
erties were studied by chemical, X-ray diffraction analysis, DTA-TGA,
Mossbauer spectroscopy. The solubility of the ferrites in diluted sulfuric
acid solutions (7—14 vol.%) was studied using microwave treating. The ex-
perimental results show that the solubility degree of Zn and Cd using micro-
wave heating is higher than the one obtained by heating and leaching. On
the basis of the data obtained a conclusion can be made that CdFe, O, is less
stable than ZnFe, O, using the both ways of leaching.

The solubility of the mix ferrite Zn .Cd, Fe O,as well as of samples of
zinc cake where the zinc is mainly as ZnFe O, is investigated after mechani-
cal activation and followed by high-temperature acid leaching. The results
obtained show that the degree of Zn and Cd solubility from ferrites and zinc
cake increase significantly after mechanical treatment comparing to the ini-
tial non-treated samples.

Key words: ferrites, zinc cake, microwave heating, leaching, mechani-
cal activation
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BbBBEJIEHHUE

JoOuBaHUTEe IMHKOBH PYAH Ca MOJMMETAIHH U TMOMYyYEHHUTE OT TAX
LIMHKOBU KOHIIEHTPATH, OCBEH Zn, ChABPXKAT pa3nuuHu npumecu [1,2].
BbB BHCOKOTEMIEpaTypHUTE HaXOJHIAa OCHOBHHMAT LIMHKOB MHHEpasl —
caneputsbt chabpxa npenumao Fe, Co, Cu, In, Sn u Se. [Ipumecure B
HHUCKOTeMIIepaTypHuTe Haxoauiia ca npeaumuo Cd, Ga, Ge, Hg, Tl u ap.
[3]. OcBeH ToBa OT pyauTe NpH (IOTANMATA B KOHIIGHTPATUTE IpEeMUHA-
Bar onpenenenn komuuectsa Pb, Fe, SiO,, AL O,, CaO, MgO, Ni, As, Sb,
Cl, F. B pesynrar Ha ToBa IPpU OKUCIUTEITHOTO IIBPIKEHE B TSI C KHUIISII]
CIION IPOTHYAT TBEPAO(A3HH B3aNMOACHCTBUS MEXKy OKCHIUTE HA INHKA
u apyrute netHu metanu ¢ Fe O, (momyven npu okucnennero Ha FeS,,
(Zn,Fe)S, CuFeS,), Bcnencteue Ha xoeto ce momydasar gepuru [4-6]. Te
ca MHOTO CTaOIJIHH U TPYAHO pa3TBOPUMH cheauHeHus. [lomydaBaneTo oc-
HOBHO Ha ZnFe O, Bo/M /10 HAMANIABaHE CTENIEHTA HA U3BJIMYAHE HA LIMHKA
1 HEOOXOAUMOCT OT JIOITBITHUTEITHA MMPEPad0TKA Ha IIMHK ChIBPIKAIINS KEK.

[Ipu crangapTHaTa XUAPOMETAIyprUyHa TEXHOIOTUS MOXE Ja ce IOo-
CTUTHE BUCOKO M3BJIMYaHE Ha IIMHKA CaMO IpU KOHLEHTPATh ¢ MHOIO HHU-
CKO ChIbpxkaHue Ha xensa30 (nox 2—-3%). Haii-uecto B mpou3BoacTBeHaTa
MpaKTUKa Ce M3MOJ3BaT KoHLeHTpatu ¢ 6—7% Fe, mpu koero 10-15% ot
LMHKa OCTaBa B HEPAa3TBOPEHHUS OCTAaThK OT CSAPHOKHCEJIOTO W3BIMYAHE
(UMHKOBUTE WIIM OJIOBHO-LIMHKOBH KeKOBe). B pesynTar Ha nzdeprnBaHe Ha
OoraTuTe IMHKOBU CYpPOBHHHU C HHCKO ChIbp)KaHHE Ha KeJs30 TOHACTOs-
ieM ce Hajiara mpepadoTKaTa Ha IMHKOBU KOHIIEHTPATH ChC ChAbPIKAHHE
Ha XeJs130 fgocruraio nonskora 12—-14% [1,2]. KonudectBoTo Ha momy-
YaBaHUTE KEKOBE PSI3KO HapacTBa U Te cbabpakar 10 20% Zn u oxoino 25%
Fe. ToBa Hanara TsixHara npepabOTKa, KAKTO MOPaJId HKOHOMUYECKH ChO-
OpakeHUs, Taka W MOpajH €KOJIOTUYHU M3UCKBaHus [7,8]. HamansBaneTo
Ha IPSAKOTO W3BIMYAHE HA UHKA U YBEJINYEHOTO KOJMUYECTBO HA KEKOBETE
BOJIAT JO HapacTBaHE Ha IPOU3BOJICTBEHUTE Pa3XOAU U BIIOLIABAaHE HA TEX-
HUKO-MKOHOMHUYECKHUTE [IOKa3aTeNy Ha U3BIMYAHETO, a OTTaM U Ha ISUI0TO
[IMHKOBO TIPOU3BOICTBO [9].

KonBeH1MOHaMHaTa XUAPOMETATypriyHa TEXHOJIOTUS 3a H3BIMYaHE
Ha IIMHKA OT CYI(UIHH KOHICHTPATH UMa CHIIECTBCHN HEIOCTATHIH II0
OTHOLICHUE CTENEHTa Ha M3BJIMYaHE Ha IIUHKA, MOJY4YaBaHETO Ha 3HAYM-
TEJIHU KOJINYeCTBa IIMHKOB KeK, OTHaablM U Ap. [Ipe3 nocienqHure roquHu
3a ONTUMH3MpAHE Ha CXeMara ca MPOBEeIeHH TEOPETUYHU M MPAKTHYECKU
W3CJIEBaHUA, KOUTO B Pa3jIniyHa CTENEH ca HaMEPWJIM MPOMHIIUIEHA pea-
TU3a1MA.
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ITpoBexaHeTo Ha BUCOKOTEMIIEPATYPHO U BUCOKOKHCENUHHO ,,MOKPO
W3BIMYaHE" TTOBUINIABA Pa3TBOPHMOCTTA HA IIMHKOBUS (EpUT, HO CE MOBHU-
IIaBa ¥ KOHLEHTPALUATA Ha KN30 B Pa3TBOPUTE U CBBP3AHUTE C TOBA
CEpHO3HH 3aTPyIHEHUS B CIIe/IBaIlaTa OYMCTKA U GUITPYBaHE Ha IIyJIaTa
[10]. B Ta3u BpBb3Ka ca pa3paboTeHH U MPAKTHUECKU PEeaTU3UPaHU TPU Ba-
pHaHTa Ha TEXHOJOTUYHO PEIICHHE 3a yTasBaHE Ha KEI30TO — SIPO3UTEH,
I'BOTUTEH U XeMaTUTeH npouec [7, 11,12]. B HIKOM OTHOILIEHUS SIPO3UTHUST
METOJ] IMa IT0-TOJIEMH IIPEANMCTBA U Ce MpHIara B IOBeYe 3aBOAM 32 IIPO-
U3BOZCTBO Ha LIMHK B cBeTa. Bee olme B IMpakTukara Ha IIUHKOBATa XUAPO-
MeTaxyprus obave HsIMa €IHO3HAUYCH OTTOBOP 3a IPEIIIOYNTaH H300p Ha
€llHa OT CbBPEMEHHUTE CXEMU.

ChIIecTBEH TEXHOIOTHYCH MPOOIeM Ha 3aBOAWTE € MOBUIICHOTO Ch-
IbpKaHHe Ha XKeNA30 B NPepadOTBaHUTE IUHKOBH KOHLIEHTPATH U IIOJY-
YaBaHETO B IIpoIleca Ha Ibp)KeHEe HAa HEPa3TBOPHM IIPU CTaHAAPTHH yCIIO-
BUs MHKOB (eput (ZnFe,0,), U HUCKATA CTENEH HA U3BIMYAHE HA [MHKA
[13,14]. ®eputshT, KOHTO CBBP3Ba 0KOJIO 15% OT 0OIIOTO KOJMYECTBO ITUHK,
0CTaBa MPAKTUYECKH HHEPTEH IPH HUCKOKHUCEIMHHH YCIOBHS HA W3BJIMYa-
He [15]. Toa Hamara pa3paboTBaHe Ha Pa3IUYHU U ThPCEHE HA HOBH Me-
TOJIM, C IIeJ1 MAaKCHMAJIHO TPHBEXK/AaHe HA (EepUTHHS LMHK B pa3TBOpUMA
¢dhopma.

B Ta3u Bpb3Ka 1iedTa Ha HacTosAIaTa pa3paboTka e Ja IpoBepu B 1abo-
PaTOPHU yCIIOBUS BIMSHHUETO HA J[BA HEIOCTAaTHUHO M3CICABAHN METO/A 32
MOBHIIaBaHe Pa3TBOPUMOCTTA HA IIMHKOBUS (epuT (CHHTE3UpaH U IOIy4ueH
B IPOMUIIUICHH YCIIOBHS) — MHKPOBBIHOBO HArpsiBaHE U MEXaHWYHA aKTHU-
BaIys.

MATEPUAJIM U METOU

C nen u3yuyaBaHe NOBEJCHUETO M CBOMCTBaTa Ha (pepuUTHTE, B Ja-
Ooparopuu ycnous ca cunresupanu (epurure ZnFe O,, CdFeO,,
Zn, Cd, Fe O, mpu 1000° C 3a 10 h ¢ n3non3sane Ha KepaMU4Ha TEXHONO-
rust. Kepamuunata texnonorus [16,17], npunoxxeHa KbM IPOU3BOACTBOTO
Ha (epuTH, ce ABSABA IOJIE3HA 32 CHHTE3NPAHETO HA (PEPUTH CHC CHCTaB U
CBOMCTBA OJIM3KU [0 MOJyYaBaHUTE B IPOMUIUIEHH YCIOBUs. TsxHara xa-
paKkTepUCTHKA € U3BbpPIICHA C U3MOI3BAHETO Ha PA3IUYHU METOAN.

PentrenogaszoBust aHanu3 e mposesneH ¢ anapar ,, TUR-M62“ ¢ bper-
Bpenrtano reomerpus U ¢ KOMIIOTBPHO ylpapieHue Ha ronuomersp HZG-
3, Co-Ka nmpueHue, cThiika Ha ckaHupaHe Ha criekTbpa 0.05° u ¢ moBHIIeHO

179



A. Ilenmexos, b. bosinos

BpeMe 3a ChOMpaHe Ha UMITYJICHTE Ha BCEKH KaHal — 5 s. da3oBara ujeHTu-
(ukanus e HarpaBeHa ¢ momonira Ha 6azara ot ganHu JCPDS (International
Center for Diffraction Data, Alphabetical Indexes, Pennsylvania 19073—
3273, sets 1-86, 1997).

MrocbayepoBUTe CIIEKTPH ca CHETH Ha EIEKTPOMEXaHUUYCH CIEKTPO-
meTsp (Wissenschaftliche Elektronik GMBN, Germany), paborenr B pe-
»KMM Ha TOCTOSIHHO YCKOpPEHHUE IPH CTaliHa Temmeparypa. Karto n3rouHuk
e u3nomBad >’Co/Cr (Axrusroct = 10 mCi), cranmapt — Fe. Excriepumen-
TaJHO MIOYYEHUST CIIEKTHP € 00padoTeH Ha mporpama, paboTela no MeTo-
Ila Ha Hali-MaJIKUTE KBaJIPATH.

JuepeHnnamTHo-TepMUIHUAT aHAIU3 Ha TPOOUTE € U3BBPIICH C TIOMO-
ura Ha fepuBarorpad Ha yHrapckara gupma ,,MOM™ (Derivatograph Q),
paboTent B AMHAMUYEH PEXKUM IPH CISTHUTE YCIOBHS: TyYBCTBUTEITHOCT Ha
DTA - 0,5 mV, DTG - 1,0 mV, TG — 100 mg, ckopocT Ha HarpsiBare 10 °/
min., TeMieparypa Ha HarpsiBane — 70 1000° C. Macara Ha BCUYKH Tpodu e
100 mg. PaboTu ce BBB Bb31ylTHa aTMOC(epa U KepaMUICH TUTEI.

[MpoBeneHo e W3cieaBaHe BbPXY Pa3TBOPUMOCTTA HA (PEPUTHTE U HA
IUHKOB KK C M3IOJI3BaHE HA MUKPOBBIHOBO HarpsiBaHe (MH) u koHBEH-
nuoHanHo HarpsiBane (KH), m mocnensamo W3BIMYaHe C Pa3TBOpU Ha
H,SO,. B ToBa uscnensane MH e ocbliecTBeHO B MHKPOBBIHOBA (ypHa
»SANG-E20 mpu momrHOcT 800 W 1 pabotHa vectota 2.45 GHz, kato
n3cieaBaHusATa ca mposexaany npu 100% mourHocT Ha anapata. Enekrpo-
MarHUTHHUTE BBIIHH CE TEHEPHPAT OT MarHETPOH U II0 BHITHOBOJ IOCTHIIBAT
B KaMeparta, B KOSITO ce TpeTHupa mpoobara.

JlaHHu OT Hay4YHaTa JIMUTEpaTypa MOKa3Bat, 4e pastBopumoctTa Ha ZnFe O,
Ce BIHsIE CBHIECTBEHO OT KOHIIEHTparwaTa Ha kucenuHara [10,18]. B ToBa u3-
crenane ca u3nonssanu pasteopu Ha H SO, (7, 10,5 n 14 06.%), koeTo € Cb-
00pa3eHo ¢ MpakTHKaTa Ha U3BIMYAHETO B XMAPOMETANYPIrUiTa HA [IMHKA. 32
CpaBHEHIE Ha MOIYICHHUTE PE3YATaTH ca IPOBEKIAHH OITUTH U IPH OOMKHOBE-
HO HarpsiBaHe.

U npu nBata Buia HarpsBaHe ce IIEJIH JOCTUTaHe Ha Temieparypa 90—
95° C [7,18,19], kosito mpu MH ce moctura MHOTO TI0-0BP30, CIIET KOETO
HarpsBaHETO Ce MPEKpaTsBa.

Uscnensano e nedekroodpasysanero npu MA ¢ metona Ha MpocoOay-
€poBaTa CIeKTPOCKOIHS U € MIPOCIIEICHO H3MEHEHUETO Ha Pa3TBOPHMOCTTA
Ha MEXaHWYHO aKTHBUPAH IIUHKOB epHT B csapHA KucenuHa [20]. YcraHo-
BEHO e, ue npu MA Ha ZnFe O, omie B Ha4aj0To ce o0pasysat aedopMupa-

24
HU MarHUuTHOMMOAPECACHU O6J'IaCTI/I. Ha6n}ouaBa C€ IUIaBCH MPEX0/ Ha U3X0O-

180



Cunmes na gepumu om cucmemama MeO-Fe,O....

HOTO BEIIECTBO B Ae(hOPMUPAHO CheTosiHME. IMEHHO ¢ Te3u aedopmMupaHu
001aCTH € CBBP3aHO YBEJINYaBAaHETO Ha pa3TBOpuMocTTa Ha ZnFe O,

HapymaBaneTo Ha mopsigpka B KpUCTaHAaTa pelleTKa B XoAa Ha Me-
XaHWYHATa aKTUBALUs BOAM A0 MAarHUTHO NOAPEKIAaHE. KaTo Ta3d 4acT
€ eHepruifHo Oorara W TS ce M3BIMYA NPHU 0OpPabOTBaHETO Ha (epUTUTE
¢ xkucenunu [21]. MexaHoxumuuHaTa 00pabOTKa Ha (EPUTHTE € SAUH OT
METOIWTE 3a CTHMYNHUpaHe Ha XMMHUYHHUTE MPOIECH, BE3MOKHOCTHTE Ha
KOUTO B MOCJIEAHO BpEeME ChLIECTBEHO CE€ Pa3LIMPsBAT C MOSBSIBAHETO Ha
BHCOKOE(EKTHBHA CMMJIalIa TeXHUKa [22]. B ToBa u3cienBane MUHKOBHST
KEK U CMECEHHAT (epuT OT BUA ZnO,5Cd0,5FezO4 ca MEXaHOAKTUBHUPAHH B
npoxbinkeHue Ha 60, 120 u 600 min ¢ U3MOJI3BaHE HA IUTAHETapHA MEITHHUIIA
(FRITSCH, I'epmanusi) OKOMILIEKTOBaHA ¢ TPHOOPEAKTOP U BB3MOXKHOCT 32
paboTa c¢be CyXu poOH UIH 3a paboTa ChC CyCHEH3UH.

[IpuBexnaHeTo Ha TPYAHO PA3TBOPUMH BEIIECTBA B PA3TBOPUMO ChC-
TOSTHHE, KO€TO OOMKHOBEHO C€ OCBIICCTBIBA Upe3 HarpsBaHe ¢ KOHIICHTPHU-
PaHU KHCEIUHU, MOXKeE Ja ObJIe YCKOPEHO Upe3 MEXaHOXHMMHUIHA 00padoTka
Ha HEpa3TBOPUMHTE KOMIOHEHTH [23]. Bcuuku Te3u MpeArnocTaBKy J1aBar
OCHOBAaHHME Ja C€ NIPOBEPH BH3MOXKHOCTTA 32 M3IMOI3BAHE HA MEXaHOAKTH-
BaIMATA B XUIPOMETAIYPTHATA HA INHKA.

LIMHKBT, pa3TBOPHM B CsIpHA KHCEIMHA U BBB BOJA CE Ompe/els Ha Oa-
3ata MpeMHUHAJ [IUHK B pa3TBOP NpH U3BIMYaHe Ha 2 g oT keka B 100 ml 7 %
Pa3TBOp HA CAPHA KHCENNHA WU BOJA.

XVUMAYHUAT ChCTaB Ha KEKa € OIPEIeNeH 1o aBa MeToaa. OOmusT, csap-
HOPA3TBOPHMUSAT W BOJOPa3TBOPUMHUAT IIMHK Ca ONPEICICHU MO 00eMeH
MeTOJ upe3 TUTpyBaHe ¢ komruiekcoH III, cranmapTuszupaH crpsMo LUHK, a
OCTaHaJINTE KOMIIOHEHTH OT KeKa ca aHanu3upanu upe3 AAC.

Cremnenra Ha H3BIMYaHe (1)) HA METAINTE MIPH U3CIIEABAHETO € U3UHC-
neHa no ¢popmynara:

G
n=100,%

Me

KBJIETO:
G,, — Macara Ha MeTalla, IPEMMHAJ B Pa3TBOPa ONpE/IENIEH CIIe/l TUT-

pyBaHe, g

G°,, — Macara Ha MeTaja B U3XOJHATA npoba B g, OnpesesieH Ccliel
ITBJIHOTO M3BJIMYAHE MPOBEJIEHO MO cTaHAapTHa Metonrka Ha KIIM — A/,

IImoBOuB.
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PE3YJIITATHU U JTUCKYCUSA

Pentrenodasosust anamus (POA) nokasa, ye usxoauure ZnO u Fe O,
ca pearmpany Tpu eKcliepuMeHTanHuTe ycnosus (temmeparypa 1000° C
1 npoab/kuTenHocT 10 h) u ususio ce e nonyunn Znke,O,. [uakoBusT
(depuT KpUcTaIM3npa B KyOMYHA CHHTOHHS M U3YMCIICHUST TapaMeThbp Ha
KpHUCTaJHaTa My pelleTka Ha 6azaTa Ha peHTreHoda3oBus aHanu3 e 8,442
A, KOSITO CTOMHOCT € MHOTO OJIM3Ka JI0 MPE/ICTABEHUTE TaHHU B JIUTEPaTy-
para [24,25,26]. Bzaumoneticteuero mexay CdO u Fe,O, cbmo nporuya
usnsno u nonyyenust CdFe,0, e xomorenen ennodasen odpaser.

MpeocbayeposusT cniekrbp Ha ZnFe O, (kakto u Ha CdFe,0,) npencra-
BisiBa AyoOneT. L{uHKOBUAT (hepUT uMa cIeJHUTE MapaMeTpu Ha CBPBX(H-
HUTE B3aUMOZCHCTBHS: N30MepHO oTMecTBaHe IS cipsmo a-Fe — 0,34+0,01
mm/s U KBaJpynoiaHoTo paszuensane QS — 0,36+0,02 mm/s. He ce nabumo-
JlaBaT OCTaThb4YHM JIMHUM Ha cekcreTa oT Fe,O,, KOETo € ChIIo NOTBhpK/IE-
HUE 32 ITBJTHOTO MIPOTUYAHE Ha TBBPAO(A3HATA PEAKIINST MEXKIY H3XOTHHUTE
OKCHIH.

LIMHKBT B IMHKOBHA KEK € CBBP3aH OCHOBHO IT0J] (JopMaTa Ha IIIHKOB
¢eput. B Tabn. 1 e mpeacTaBeH XUMUYHUSAT CHCTaB Ha KeKa 32 OCHOBHHTE
KOMITOHEHTH, KaTo pa3iiKaTa OT OO HUHK U CSIPHOPA3TBOPUMHUS IUHK
ce Majia MaBHO Ha (PEPUTHUS LIMHK, a UMEHHO 9,35%.

Ta6mmnua 1. Xumuuen cocmas Ha u3cied8anus YUHKO8 KeK

Znnﬁm Zn H,50, an 1,0 So6. Znsm SS Pb

16,15 4,80 4,25 6,78 5,77 1,1 6,2

LIMHKOBHAT KEK € 0XapaKTePU3MPAH C U3MOI3BAHETO HA PEHTIeHO(a30B
a"Ham3 (¢ue. 1) n upe3 AnepeHINATHO-TEPMUIECH H TEPMOTPAaBIMETPH-
4eH aHanmu3 (Que. 2).

LIMHKOBHAT KeK € CPaBHHUTEIHO KPHUCTaJeH o0pasell, YHATO CIEKThp
BKJII04Ba uHuuTe Ha ZnFe O,, PbSO,, ZnSO,.xH,0 u SiO,. Jludppakunon-
HUTE MaKCHMYMH, IPHHAICKAIIA Ha OCHOBHATAa ()a3a B IIMHKOBHS KEK
(ZnFe,0,) ca (8 A): 4,862;2,975; 2,536; 2,429; 2,105; 1,719; 1,621; 1,488;
1,333; 1,284.
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5000 —
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1488

1.621

Intensity, imp/s

d A
®durypa 1. Jugppaxmozepama na yunkosus Kex

OnpeneneHusT $pa3oB ChCTaB HA KPUCTATHUTE (a3 Ha 6azaTa Ha peHT-
reHo(a3oBus aHaIu3 € CIeHuAT (B Mac.%): ZnFe,O, — 58,7, ZnSO,.xH,0
- 14,8, PbSO,~- 17,7, SiO, - 6,3; CaSO, - 6,1; npyru — 6,4.

XUMHYIHUSAT ChCTAB Ha IMHKOBHS KEK OKa3Ba, 4e €IHA YaCT OT IUHKA B
HETO € BbB BogopasTBopuMa popma. O6Imoro ceabpkanue Ha Zn (16,15%)
€ HICKO 3a TUPEKTHOTO MoAaBaHe Ha Zn KeK 3a BeliyBaHe. Hanuunero Ha
5,77% cyndarna cspa (Sso,) OKa3Ba, Ye €1HA 4aCT OT IIMHKA OU MOT'BJI /1
npeMuHe B ZnS npu peaykuusta Ha ZnSO, Ipy M3II0JI3BaHE Ha BEJIyBaHe-
TO KaTo METOJ Ha mpepabdoTka.

Ot nepuBarorpamara Ha Zn kek (¢ue. 2) e BUIHO, Ue MPH TEMIIEpPaTypa
1o 140°C ce otnens Biarara ot keka. HabnronaBanara n3BectHa 3ary0a Ha
Macara B TemneparypHus uHTepBai 245-390° C BepoATHO ce IBbJIKH Ha
OT/IeTIsIHE Ha KpucTanu3anuoHHa Boja. Hanx 700° C macara Ha npobara Ha-
mansiBa. OCHOBHATa MpUYMHA 32 TOBA € Juconuanusata Ha ZnSO "

ITpu u3Bnnyanero Ha cuntesupanute ZnkFe O,, CdFe O, u mpomuie-
HUSI IUHKOB KEK UYpe3 OOMKHOBEHO HarpsBaHe ce 3a0eisi3Bar IIOYTH eIHa-
KBU CTOMHOCTH npu u3nonssanero Ha 7 u 10,5% H,SO,, nokaro npu 14%
H,SO, crenenta Ha u3BIMYaHe C€ yBENIMYABA 3HAYUTEIHO (mabn. 2). Beuy-
KU OMTUTHU Ca MPOBEJICHH TPU MPOABIKUTEIHOCT | h, KOeTo chOTBETCTBA Ha
METOJIMKATa, KOSITO Ce Tpuiara B 3aBOJICKaTa MPaKTHKa, 32 ONpEICIsiHE Ha
IIMHKa, pa3TBopuM B 7% pasrsop Ha H,SO,.
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®urypa 2. [lepusamozpama Ha YUHKOBUSL KEK

HpI/I KOHBCHIOHNOHAJIHOTO HarpsABaHE CC MOCTHUI'a IOBBPXHOCTHO 3ar-
psiBaHEe Ha MPOOUTE U TeHEepUpaHaTa TOIUIMHA HE IPOHMUKBA B LEIHS 00eM
Ha Mat€puaia, a OT TaM U CTCIICHTA Ha U3BJIMYAaHC HAa IMHKA U KaIMHA OT
mpoOuTe € HHUCKA.

MHUKpOBBIHOBOTO HArpsiBaHe NMPH M3BIMYAHETO € MO-e(heKTHBHO, 3a-
IIOTO CHEeprusTa reHeprpaHa OT MarHeTPOHa ce TPaHC(HOPMHUPA B TOIIHH-
Ha SHeprus, a TS MPOHUKBA B IIETHs 00eM Ha W3CcieBaHus Marepuan. Mu-
KPOBBJIHUTE NPUUYMHABAT 3arpsiBaHe, caMo Korato ce abcopbupat. Ilomsp-
HHUTE MOJICKYJIM Ha MaTepraia abcopOrpaT MUKPOBBJIHHUTE U CE TIPUBEK/IAT
B JIBM)KEHHE, KaTO CIIeNBAT MUKPOBBIHUTE, BUOPHUPAIIU CIIOPE] YECTOTA.
ToBa Bozu 10 MOJICKYIISIPHO TPUCHE M 10 HarpsiBaHe Ha nmpobara. Berpem-
HOTO 00EMHO I'eHepHpaHe Ha TOIUIMHA Ch3[aBa yCJIOBHS 32 Bb3HHKBAaHE Ha
HOJIOKHUTENCH TeMIIepaTypeH rpagueHT. Ch3naBa ce TOIUIMHHO IIOJIE, Xa-
paKTepHU3Upallo ce ¢ 0-BUCOKA TeMIIeparypa Ha BbTPEIIHNUTE, [IEHTPAIHH
CIIOEBE B CPAaBHCHYUE C IOBEPXHOCTTA HA MaTepuanure. [Ipu kinacuueckure
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Ha4YWHU Ha ONpE€JaBaHC HA TOIUIMHATA KbM U3CJICABAHUA MaT€pual, TEMIIC-
parypara Ha IOBBPXHOCTTA € IMO-BHUCOKaA OT Ta3u B HECHTHPA U CHUICCTBYBa
OTpHIIATEJICH TeMIeparypeH rpaaueHt. O0paboTBaHe Ha (epUTHTE U KeKa
gpe3 MH e chIpoBOIeHO ¢ paBHOMEPHO BBTPEIIHO 3arpsiBaHe W HE3HAYH-
TEJTHU BBTPEIIHY HallPeXXeHUs U Ae(eKTH.

Bcenuku ToBa JOKa3Ba I1O-BHCOKaTa e(beKTI/IBHOCT Ha TO3W BUJ HaArps-
BaHe, Karo MMPU MPOBEICHUTE M3CIICBAHKS CE MOIyYaBa U TEXHOIOTHYCH
edekt. [Ipn MEKPOBBIHOBOTO HArpsBaHe MMOCOYECHATA TEMIEpaTypa ce Io-
CTHTa 32 MHOTO [IO-MaJIKO BpeMe, B CPABHEHUE C OOMKHOBEHOTO HArpsBaHe
U CTCIICHTA HAa U3BJIMYAHC HA IIMHKA U KaJMHUA CC ITOBHUIIIABA.

Tabauua 2. Pesyrmamu om usénuuanemo na Znke,0, CdFe,0,

U YuHKo8 Kek npu oobuxuoseno (KH) u muxposvinoso nacpsisane(MH)

CreneH Ha u3BanYaHe 1n,%
06“.2:/: ZnFe, O, M, CdFe,0,, 0, Znxek, m,
KH MH KH MH KH MH
7 4.4 7,5 12,0 24,0 9,6 14,6
10,5 4,9 7,6 21,0 25,0 11,5 16,3
14 8,4 12,7 23,8 44,0 12,5 17,6

[omy4enure pe3ynTary 3a CTETICHTa Ha U3BIMYaHE HA IIMHKA U KaJIMUS OT
(epuTHUTE Ca CpeTHH CTOMHOCTH OT MO 3—5 MapaJiesTHH OMuUTa 3a BCKa mpooa.

PesynraruTe 3a M3BIMYAHETO HA KaJMUsI Ca 3HAYUTEITHO ITO-BUCOKH CIIPsI-
MO MONy4YeHUTE 32 IuHKa T ZnFe,O, n nuHKoBuUs Kek. ToBa jaBa OCHOBaHUe
Jia ce Hanpasy u3BoxbT, ye CdF eZO , € MO-HECTAOUJICH B CPaBHEHHUE C ZnFe2O A
[Tpu u3non3BaHe Ha MUKPOBBIHOBO W3BIMYAHE CE MOJTyYaBa MO-BUCOKA CTe-
TIeH Ha M3BJIMYaHe Ha TOJIE3HUTE METAIN U 3a JBaTa ()epuTa BCpaBHEHHE C
KOHBEHIIMOHAITHOTO HArpsiBaHe. BbIipeky, ye Ta3u pasiuka He € 0COOSHO To-
nsiMa, TO TPpAOBa J1a ce MMa NpeBH/L, ue Aaxe 1% mo-BrCOKa CTENCH Ha MPSIKO
HM3BJIMYaHE HA IIMHKA MOXKE J1a IOBEAC 0 3HAYUTCITHA TEXHOJIOTHYHU U MKO-
HOMHUYECKH TTOJI3H.

[pe3 mocnenHAUTE TOMVMHY B PA3IMYHHA TEXHOIOTUH PA3TBOPHUMOCTTA Ha I10-
JIE3HUTE KOMIIOHEHTH C€ yBENMYaBa Ype3 M3MOI3BaHEe HA METO/IA Ha MEXaHMY-
Hara aktuaius (MA) [27]. ima ceenenns, ye pasrBopuMoctTa Ha ZnFe O, ce
MIOBHIIIABA Ype3 MEXaHOXUMUYHO TpeTupane [28].

YcraHoBeHo € [29], 4e 4acT OT MeXaHWYHATa €HEpPrus, OTBEXJaHa OT
TBBPIIOTO TSJIO 1O BPEME HA aKTHBALMATA CE YCBOSIBA OT HETO BbB BUJ HA
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HOBU TOBBPXHOCTHH, JJUHEWHH W TOYKOBU A€(DEKTH, & XUMUYHHUTE CBOHCTBA
Ha KPUCTAJIUTE CE ONPEETIAT OT HATMYHUTE B TSIX AeekTu. MA He ce cBexIa
MIPOCTO JI0 CMIJIAHE Ha TBBPIIOTO TSJIO, @ CE CHIPOBOXKIA OT KPUCTATIOXUMHY-
HU U CTYKTYypHHU IpeBpbiuanus B Hero [20,29], mpu koeTo rosisiMa 4acT ot
OTBE)XIaHaTa CHEPTHS Ce 0Ka3Ba HATPyIaHa B HETOBUS 00eM, a TOBA C€ IBIDKH
Ha IIPEMHUHABAHETO Ha BEIIECTBOTO YACTHYHO B aMOP(HO CHCTOSHHE.

B Ta3u Bpb3Ka upes npuiiaraHe MeToa Ha MEXaHOAKTUBHUPAHE € IIpoBepe-
Ha PAa3TBOPUMOCTTA HA LMHKA U Kajmus 0T emecennst gepur Zn, Cd, Fe,O,
KaKTO U Ha MPOOM OT LUHKOBHS KEK C MOCOYCHHS XUMUYEH CHhCTaB CIEH OT-
CTpaHsBaHE Ha BOJIO — U CSIPHOPA3TBOPUMHUSAT LIUHK.

AHanu3bT Ha pesyntaturte (madn. 3) MOKa3Ba, ye CTENEHTa Ha M3BIMYaHE
(n) Ha Zn u Cd ot MexannuHo 06padorenute podu B 7% pasteop Ha H,SO, 3Ha-
YUTEJTHO HAJIBUIIIABA CTETIEHTa Ha u3BNKMYane Ha Zn 1 Cd oT u3XogHuTe mpodu.

Ta6anua 3. Pesyimamu om u361u4anemo cieo
mexanoaxkmusayusi (MA) na Zn, Cd, Fe,O,u Zn kex

Ne Bun Bpewme Ha Crenen Ha u3Binuuyade | CrerneH Ha U3BIUYaHE
Ha rpobata MA, min Ha Zn,% Ha Cd,%

1 | Zn, ,Cd, FeO, 0 1,8 1,9

2 | Zn,Cd, Fe,O, 60 3,6 6,2

3 | Zn,,Cd, FeO, 120 7,0 11,1

4 | Zn, Cd, Fe,O, 600 40,3 49,7

5 IlnHKOB KEK 0 0,9 -

6 [{uHKOB Kek 60 7,1 -

7 IIuHKOB Kek 120 7,6 -

8 I{uHkoB Kek 600 13,6 -

Bpemero Ha MA oka3Ba ChILIECTBEHO BIMSAHUE BHPXY Pa3TBOPHUMOCTTA
Ha IuHKA ¥ Kaamus. C yBelnn4yaBaHe MPOIBIKUTEITHOCTTa HA MEXaHUYHOTO
TpeTHpaHe ce yBeNnJaBa M KommdecTBoTo Ha Zn u Cd, mpeMuHam B pas-
tBOpa. [1pu nponbmkuTenHoct Ha MA ot 600 min chabp)KaHHETO HA Zn U
Cd B pa3TBOpa mpu U3BIMYAHE Ha cMeceHHus (heputT HapacTBa NpUOIHU3U-
TEJTHO 25 MBTH, a TP U3BJIMYAHETO Ha IUHKOBUS K€K ChJIbPKAaHUETO Ha Zn
u Cd B pa3tBopa HapacTBa okoyio 20 IbTH.

ExcriepumeHTanHuTE pe3yATaTH MOKA3BarT, ue CIle]] MEXaHHIHa oOpa-
00TKa B MJaHETapHa MEJHMLA, PA3TBOPUMOCTTA Ha (EpUTHUTE Ce M3MEHS
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3HAUYUTEITHO W 3aTOBA TO3M MPOLIEC MOXKE Jia ce MPOBee MPU OTHOCUTEITHO
mo-Meku ycnosus. [Ipeanonara ce, 4e eqHa OT IPUYUHUTE 3a TOBA MTOBEIE-
Hue Ha (epuTuTe € MexaHoakTuBaluiaTa. ChbueTaBaHEeTO Ha MEXaHOAKTH-
BHUpaHE 1/UIH €IHOBPEMEHHO MEXaHOAKTUBHPAHE U M3BIMYAHE B KJlacHye-
CKUS XHJIPOMETATYPriueH Mpolec MOXKe J1a yBEITMYH U3BIIMYaHETO Ha IIHH-
Ka ¥ Jia ce Ja/ie IbBKaBOCT MPH TPETUPaHe Ha PA3IMYHU [IMHKOBU YTapKHU U
MONYIIPOIYKTH C BUCOKO ChABPKAHNE HA XKEJSI30.

JlecHO OChIECTBUMA MPETIOPHKA 3a MPAKTHKATa € HaMalsiBaHe pa3Me-
pa Ha OTBOpPUTE HA CHTaTa 3a MpecsBaHe Ha yrapkata. [lo To3u Ha4uH 11e
Ce YBEeJIMYM HaJIcuTOBara (pakius U MO-rojisiMa 4yacT OT yrapkara Iie mpe-
MUHE [Tpe3 METHUIUTE. YBEINYaBaHETO Ha TIOBBPXHOCTTA M HATPYIIBAHETO
Ha CHeprus B MOJYYCHHUTE HOBHM YACTHUIIM 1€ CIIOMOTHAT 33 yBEJIHYaBaHE
CTEMEeHTa Ha MPSKOTO MU3BIMYaHE HA IMHKA C BCHYKH OJarONpUsATHH IOCIe-
JIAIIM OT TOBA: HaMaJIsIBaHE Ha KOJIMYECTBOTO HA IIMHKOBUS KEK; HaMaJIsgBa-
HE pa3xOJUTe 32 HErOBOTO MpepaboTBaHe; BKIIIOYBAHE HA TMOBEYE KEISI30
B HEYTpPaJHUA IUKBI, KOETO ONArompuaTCTBa YTasBaHETO HA MPUMECHTE;
HaMaJIABaHE WJIM HAIbIHO u30srBaHe BHacsHeTo Ha FeSO,; mamanssane
00IIOTO KOJIMYECTBO HA TBBPAUTE OTMAABIM ChC CHOTBETHHS EKOJIOTHYEH
edexT u ap.

U3BOIU

1. Upes peHTreHo(ha3oB aHAIN3 € MOKa3aHO, Y€ CHHTEe3UPAHHTE B J1a00-
paropuu ycnosus ZnFe O,, CdFe,O, u Zn,Cd, Fe,0, mo kmacude-
cKaTa KepaMHyYHa TEXHOJIOTHS ca eAHO(pa3HU 00pa3IIH.

2. Pe3ynTatuTe OT MHUKPOBBIHOBOTO M KOHBEHIIMOHAJTHOTO HarpsBa-
HE I0Ka3Bar, Y€ CTENEHTa Ha U3BIMYaHe Ha Meranute or Znke O,,
CdFe,0, 1 IMHKOB KeK C€ IOBHILIABA B 110132 HA MUKPOBBJIHOBOTO
HarpsiBaHe.

3. MexaHHYHOTO aKTHMBHpaHE 4Ype3 CMUJIAHE B IJIAHETApHA MEJTHHIIA
Ha uHKOB kek u Zn (Cd | Fe O, Bonu 10 MHOrOKpaTHO MOBHIaBaHE
cTeneHTa Ha u3Bnuyane Ha Zn u Cd gocruraiiku 20-25 nbTH B cpas-
HEHHE C HETPETUPAHUTE TIPOOH.

BJIATOJAPHOCT

ToBa m3cnenBane € N3BBPIICHO C IOMOIITa Ha ((UHAHCHPAHETO O MPO-
ext HU11-X®-007 na [TnoBauBcku yauBepcutet ,, I lancnii Xunenmapcku®.
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ABSTRACT

The present investigation involves determining the ash content and
calorific effect of waste toners and cartridges. Non-magnetic, magnetic
and mixed waste toners, waste cartridges and printer bodies were analysed.

Values obtained for the ash content varied between 1,6% and 45,5%,
and values obtained for calorific effects varied between 35,44 MJ/kg and
22,33 MJ/kg for waste cartridges and magnetic toner, respectively. Results
of the analysis were compared with those for conventional fossil fuels and
biomass. Odours and harmful gases, emitted during combustion, reduce the
possibilities for utilization of these waste products. Eventual combustion of
the wastes should be carried out under appropriate conditions in convenient
reactors and should be accompanied by purification of exhaust gases. The
emitted heat could be used to produce process steam or electricity.

Key words: waste toner, ash content, calorific effect, waste cartridges

INTRODUCTION

The increasing consumption of electrical devices and electronics
as a result of technological innovation and market expansion led to the
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generation of significant quantities of electronic waste worldwide (mainly
in Europe, USA and Australia). Their volume increased by 3—5% annually
for the last few years is estimated at 20-30 mil t per year [1, 2]. A large
proportion of them refer to the waste toners and cartridges. The U. S. only
amount of waste toners ranges from 9 000 to 25 000 t per year [3, 4].
Complicated chemical composition, development of new technologies and
pressure from environmental organizations lead to search for alternatives
for processing and recycling of these waste materials with minimal
environmental impact. Waste toner can be incorporated into asphalt binder
for example [4]. Waste cartridges may include the following components:
steels — 40%, plastics — 35%, Fe,O, — 5%, Al — 12% and toner — 8% [5]. A
model composition of the waste toner is presented in Figure 1 [6].

Surfactant
1% V;];X Cellulose
¢ Kaolin
1%
Additives ’
5% Carbon black
20%

Polymers Fe304
45% 25%

Figure 1. 4 model composition of the waste toner.

This study aims at determining the ash content and calorific effect of
waste toners, waste cartridges and printer bodies with a view to eventual
utilization by incineration.

EXPERIMENTAL

Samples of non-magnetic, magnetic and mixed waste toners, as well
as plastic parts of the waste cartridges and printer bodies were analyzed.
Samples of the waste toners were selected randomly at different times
from different locations. Mixtures of non-magnetic and magnetic toners in
different weight proportions are prepared and tested for better comparability
of results.

Analyses were carried out under the current state standards. Lack of
moisture is characteristic for these materials.
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The ash content was determined by ignition at 850 °C to constant weight.
Calorific effects were determined using an automated isoperibolic
calorimeter KL — 10 (type Berthelot). The analysis consists of samples
combustion in oxygen atmosphere in the calorimetric bomb, submerged in
water and measuring the increase of the water temperature. The calorific
effect Q is automatically calculated by the formula:

K(at—k)—c
OQ=———"7"—,J/2g (D
m
where,
K is the heat capacity of the calorimeter, J/°C;
At — temperature change during the main period °C;
k — correction for heat exchange between calorimeter and environment °C;
¢ — corrections for additional heat effects, J;
m — mass of the sample, g.
The bombe calorimeter was calibrated against benzoic acid [7].

RESULTS AND DISCUSSION

Results of the analysis (samples 1-9) are presented in Table 1 and
Figures 2, 3. These results are compared with those for conventional fossil
fuels (coal, briquettes) and biomass obtained from our further research
(samples 10—14).

The results for samples 15 and 16 are literature data [7].

Numbers 3-5 of samples in Table 1 were artificially made by mixing
non-magnetic and magnetic toners in a certain ratio to better comparability
of results and more accurate analysis of the possibilities for utilization
of waste toner incineration. Values obtained for ash content are ranging
between 1,6% and 45,5%, and calorific effect between 35,44 MJ / kg and
22,33 MJ / kg for waste cartridge and magnetic toner respectively. As seen,
the results for waste toners, cartridges and printer bodies are similar and
higher than these values for conventional fossil fuels (coal, briquettes)
and biomass. Odours and harmful gases emitted during combustion are
limiting the possibilities for utilization of these waste products as a fuel. In
addition, as shown by the results, some waste toners were characterized by
high ash content.
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Table 1. Moisture content, ash and calorific effect of different samples

Ne Sample Moisture, % | Ash, % | Calorific effect, MJ/kg
1. | Non-magnetic toner (nm) - 3.4 30,70
2. | Magnetic toner (m) - 45,5 22,33
3. | Jiived toner : 13,6 20,13
4. | Mixed toner . 25,1 26,35
5. | Mixed toner . 35,1 23,92
6. | Waste toner I - 12,8 29,65
7. | Waste toner 11 - 28,4 24,65
8. | Waste cartridge - 1,6 35,44
9. | Waste printer body - 6,7 31,76
10. | Coal briquette (c) 12,3 14,6 19,78
11. | Biomass briquette (b) 8,9 11,1 16,60
12. | Mixed briquette (c+b) 12,1 14,3 17,93
13. | Wood pellets 7,3 0,6 19,51
14. | Black coal 15,9 12,7 22,96
15. | Anthracite 32,5-34,0
16. | Coke 28,0 —31,0
a) Calorific effect of different types of toners
Sample 1
35 Sample 3
Sample 4 Sample 6
30 Sample 5 Sample 7
25 Sample 2
Q. MJ/kg 5
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50+
45
40
354
30
Ash, % 25
20
15

| Sample 1

b) Ash content of different types of toners

Sample 2

Sample 5

Sample 4

Sample 3 Sample 6

Sample 7

Figure 2. Visual comparison of the results of calorific effect (a) and ash
content (b) of different types of toners: sample 1 — non-magnetic toner,

sample 2 — magnetic toner, sample 3 — mixed toner nm:m=3:1,

sample 4 — mixed toner nm:m=1:1, sample 5 — mixed toner nm:m=1:3,
sample 6 — waste toner I, sample 7 — waste toner 1.

Q, MJ/kg
35

30 ~

25 4

20

Sample 1
Sample 3

Sample 4

Sample 5

Sample 2

15

10 20 30 40
Ash, %

50

Figure 3. Calorific effect versus the ash content of non-magnetic,

magnetic and mixed toners.
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CONCLUSION

Waste toners, waste cartridges and printer bodies reveal high calorific
effects. This energy is enough to be utilized as a fuel. Combustion of these
wastes should be carried out under appropriate conditions in the reactors
and accompanied by purification of exhaust gases. The released heat could
be used to produce process steam or electricity.
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ABSTRACT

Environmental pollutants are continuously being emitted from
anthropogenic activities in large amounts. They move throughout the ecosystem
by avariety of processes and are eventually degraded or accumulated somewhere
in the environment. The chemical diversity of pollutants and the variations
in behaviour, both with respect to transport, degradation, accumulation (fate)
and toxicity (effects) has introduced the field of risk assessment. It needs to
be based on an interdisciplinary approach involving monitoring of exposure
concentrations in the natural environment, laboratory scale fate and effect
studies and predictive models designed to establish a quantitative link between
sources, exposure levels, and risk of effects of potential hazardous pollutants.
The aim of this work is to predict risk assessment of some new synthesized
chemicals (cyclododec-2-en-1-yl ethers) in the environment.

Key words: Risk assessment, persistence, bioaccumulation, toxicity,
cyclododec-2-en-1-yl ethers
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INTRODUCTION

New chemicals are continuously being introduced to the environment either
directly (primary emission) or indirectly as an unintended result of the use. The
pollution caused by synthetic organic chemicals has brought about severe lessons to
human beings. Persistent toxic substances (PTS) in the environment have become
an important issue affecting the survival and development of human in the 21st
century [1].

Environmental risk assessment (ERA) involves evaluating the potential for
persistence, accumulation and toxicity of chemicals in the environment in order
to manage these risks to protect the environment and the organisms living in it
[2]. One major group of organic substances of concern is called PBTs (Persistent,
Bioaccumulative, Toxic substances). PBTs are persistent because they remain
unchanged for a relatively long time in the environment. Moreover, these chemicals
are not easily metabolized or excreted and therefore tend to accumulate in organisms
[3]. These chemicals also hold toxic properties and hence are harmful to wildlife
and the ecosystem [4].

Scientific and regulatory activity in environmental (ecological) risk assessment
continues to progress globally. In Europe, the REACH programme, together with
new requirements for the ERA of human pharmaceuticals, represent significant
developments in regulatory ERA procedures for industry. The Organisation
for Economic Co-operation and Development (OECD), for example, has been
developing in vitro and in vivo mammalian and wildlife test guidelines for assessing
the developmental and reproductive effects of chemicals in the environment [5, 6].

It is evident that ecological risk assessment (ERA) for the synthetic organic
compounds can provide a precaution against the pollution [1]. ERA includes three
primary phases as defined by U.S. Environmental Protection Agency (US EPA):
problem formulation, analysis, and risk characterization [7]. It is obvious that data
on physicochemical properties, environmental behavior and ecotoxicology of
organic compounds, are indispensable for the ERA. However, the data have three
aspects of problems: 1) Lack of the data [8]; 2) Large expense of testing [9]; 3)
Uncertainty in data [10].

Molecular structures are internal factors governing the physicochemical
properties, environmental behaviour and ecotoxicology of organic compounds.
Compounds with similar molecular structures should have similar physicochemical
properties, environmental fate and ecotoxicological effects, i.e., there are inherent
relations between molecular structures and their physicochemical properties,
environmental behavioral and ecotoxicological parameters [11]. Thus, (Q)
SARs can fill the data gap for physicochemical, environmental behavioral and
ecotoxicological parameters of organic compounds; they also can decrease
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experimental expenses and reduce the extent of experimental testing (especially
animal testing). Furthermore, (Q)SARSs can be used as supporting tools to evaluate
the adequacy of the available empirical data of organic compounds, which is
also one of the four specific functions of (Q)SARs for ERA [12]. Thus (Q)SAR
technology is of great importance to ERA of organic compounds [13].

Among the numerous compounds used in perfume industry nowadays,
methoxy — and ethoxycyclododecanes as well as (2-methoxyethoxy) — and
(2-ethoxyethoxy) cyclododecanes hold an important position. The commonly
accepted procedures for the preparation of these compounds are multi-stage,
and some of the reaction steps are associated with the formation of highly-toxic,
explosive, or expensive chemicals. The cyclododec-2-en-1-yl ethers are derived
by the catalytic substitution reaction between isomeric cyclododec-2-en-1-yl ac-
ctates [14] and primary aliphatic alcohols in the presence of Pd°[PPh.], [15] The
new synthesized chemicals as the cyclododec-2-en-1-yl ethers can be introduced to
the environment which need to be explored the environmental risk assessment of
these compounds.

The aim of this work is to predict the potential for persistence, bioaccumulation
and toxicity of some new synthesized chemicals (cyclododec-2-en-1-yl ethers) in
the environment.

MATERIALS AND METHODS

Compound Data. Some new synthesized chemicals (cyclododec-2-en-
1-yl ethers) are presented in Tables 1 [15].

OR

R represents: CH,, C,H,, C,H,OCH, or C,H,OC H,

Criteria used by the PBT Profiler. The PBT Profiler is a screening-level tool
that provides estimates of the persistence, bioaccumulation, and chronic fish
toxicity potential of chemical compounds. It is designed to be used when data
are not available. In order to help interested parties make informed decision on a
chemical’s PBT characteristics, the PBT profiler automatically identifies chemicals
that may persistent in the environment and bioaccumulate in the food chain.
These chemicals are identified using thresholds published by the Environmental
Protection Agency (EPA) [16].
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Persistence criteria. The PBT Profiler combines the persistence criteria for
water, soil, and sediment and highlights chemicals with an estimated half-life > 2
months and < 6 months as persistent and those with an estimated half-life > 6
months as very persistent. The half-life in air is not used in the PBT Profiler’s
Persistence summary (chemicals with an estimated half-life >2 days are considered
as persistent). The PBT Profiler uses 30 days in a month for its comparisons.

Bioaccumulation criteria. The PBT Profiler combines the bioaccumulation
criteria and highlights chemicals with a BCF (bioconcentration factor) > 1000 and
<5000 as bioaccumulative and those with a BCF > 5000 as very bioaccumulative.

Toxicity criteria. To highlight a chemical that may be chronically toxic to
fish, the PBT profiler uses the following criteria: Fish ChV (Chronic Value) > 10
mg/1 (low concern), Fish ChV = 0.1 — 10 mg/l (moderate concern) and Fish ChV
< 0.1 mg/l (high concern).

RESULTS AND DISCUSSION

The results of the estimation of cyclododec-2-en-1-yl ethers for
persistence, bioaccumulation and toxicity are presented in Table 1.

Table 1. PBT Profiler Estimate of Cyclododec-2-en-1-yl Ethers

Cyclododec-2-en-1-yl Bi
ethers Persistence 10aCCU™ 1 Toicity
mulation
No OR Media
(water, soil, . .
sediment, air) Ei%rﬁgtﬁnm BCF Fl(srlrll (/JII;V
Half-life 4 &
(days)
_ 15; 30; 140; 13%; 70%;
1 R=-CH, 0.046 17%: 0% 1,000 0.003
_ 38; 75; 340; 5%; 58%;
2 R=-C,H; 0.042 37%: 0% 2,200 0.0017
_ 38; 75; 340; 11%; 74%;
3 =-C,H,OCH, 0.042 15%: 0% 680 0.005
_ 38; 75; 340; 8%; 61%;
4 R=-C,H,0CH, 0.042 32%: 0% 1,400 0.003

The PBT profiler uses a well-defined set of procedures to predict the
persistence, bioaccumulation, and toxicity of chemical compounds when
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experimental data are not available. The persistence, bioaccumulation, and fish
chronic toxicity values estimated by the PBT profiler are automatically compared
to criteria published by EPA.

Persistence is the ability of a chemical substance to remain in an environment
in an unchanged form. The longer a chemical persists, the higher the potential for
human or environmental exposure to it. The individual environmental media for
which a chemical’s persistence is usually measured or estimated are air, water,
soil, and sediment.

The PBT Profiler expresses persistence in individual medium half-lives in
air, water, soil, and sediment measured in days. These half-lives are for reactivity-
based persistence only. The EPA has established a series of proposed thresholds
for persistence based on the efforts of scientists, regulators, and other interested
parties worldwide in helping to identify and regulate chemicals that may present
the greatest health and environmental risks [16].

Cyclododec-2-en-1-yl ethers from Table 1 are expected to be found
predominantly in soil and their persistence estimate is based on their transformation
in this medium. Half-life of compound 1 in soil, 30 days, does not exceed the EPA
criteria. Therefore, ether 1 is estimated not to be persistent in the environment.
While half-life of compounds 2—4 in soil, 75 days, exceeds the EPA criteria of
> or = 2 months (and < or = 6 months). Therefore, these ethers are estimated to be
persistent in the environment.

Humans, domestic animals, and wildlife are more likely to be exposed to a
chemical if it does not easily degrade or is dispersed widely in the environment.
The structural characteristics that enable a chemical to persist in the environment
can also help it to resist metabolic breakdown in people or wildlife.

Bioaccumulation is the process by which the chemical concentration in an
aquatic organism achieves a level that exceeds that in the water, as a result of
chemical uptake through all possible routes of exposure. Biomagnification refers
to the concentration of a chemical to a level that exceeds that resulting from its
diet. Bioaccumulation includes both biomagnification and bioconcentration. In
general, chemicals that have the potential to bioconcentrate also have the potential
to bioaccumulate [16].

Bioconcentration in fish can be readily measured in the laboratory and is
frequently used to predict the importance of bioaccumulation, which is much
more complicated to determine. The potential for bioconcentration in fish is
expressed as its bioconcentration factor, or BCF. The prediction of BCF is based
on a chemical’s octanol/water partition coefficient and one or more chemical
structure-based correction factors, if applicable [16].
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The estimated bioconcentration factor (BCF) for compounds 1, 2 and 4
from Table 1, exceeds the EPA bioconcentration criteria (> or = 1,000). The
PBT Profiler estimates that ethers have the potential to bioconcentrate in fish and
aquatic organisms and are expected to bioaccumulate in the food chain because it
exceeds the BCF criteria. While the estimated bioconcentration factor (BCF) for
compound 3,680, does not exceed the EPA bioconcentration criteria. Therefore,
the PBT Profiler estimates that ether 3 is not expected to bioaccumulate in the
food chain because it does not exceed the BCF criteria.

PBT chemicals are those that persist in the environment, bioconcentrate in
aquatic organisms, and may bioaccumulate in humans, birds, and wild mammals.
Exposure to PBT chemicals will result in chronic exposures which, in turn, leads
to chronic toxicity [16].

The PBT Profiler estimates that cyclododec-2-en-1-yl ethers are chronically
toxic to fish (Table 1). It is important to note that ethers may also be toxic to
other aquatic organisms. Some aquatic organisms, such as daphnids, may be more
sensitive to both acute and chronic exposures to ethers. The four ether compounds
are with high toxicity (Fish ChV <0.1 mg/l), which can be explained by metabolic
transformation. A possible mechanism of cyclododec-2-en-1-yl ethers is to
act as proelectrophiles by monooxygenase activation, which can be converted
to acceptors of Michael-type [17]. Michael-type addition provides a means of
covalent adduct formation at an electrophilic center, without any leaving group.

Chemicals can have a variety of toxic properties, resulting in a diverse
array of adverse health effects. According to the EPA, the toxicity rating of a
potential PBT chemical is based on repeated exposures which result in human or
environmental toxicity. Adverse impacts can include mutagenic damage to DNA,
cancer, neurological toxicity, reproductive toxicity, developmental toxicity, or
immune system damage, among others [18].

CONCLUSION

For the environmental risk assessment of toxic organic chemicals,
(Q)SARs play an important role in filling the data gap of environmental
endpoints, decreasing experimental expense, reducing and replacing testing
(especially animal testing), and assessing the uncertainty of experimental data.
The analyses of results of this work have been shown that the cyclododec-2-
en-1-yl ethers are persistent for some media (one exception is compound 1),
bioaccumulative (without compound 3) and they are high toxic to fish. The
high toxicity of the four ether compounds can be explained by their metabolic
transformation (monooxygenase activation).
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AHTUOKCUIAHTEH KATAIIUTET
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ABSTRACT

Methanol extracts from the fruits of black bilberry (Vaccinium
myrtillus L.) with different regions (Troyan, Velingrad) of plant material,
were analysed for their content of total polyphenols and anthocyanins and
antioxidant capacity (DPPH-and FRAP-assay). The correlations between
the content of total polyphenols and antioxidant capacity of the analysed
samples were good (R = 0.98-0.99). The results show that the content of
anthocyanins in the extracts contributes significantly to their antioxidant
capacity, which is higher in the fruits from the region of Velingrad.

Key words: Vaccinium myrtillus L., poliphenols, anthocyanins, DPPH, FRAP

BbBBEJEHHE

MHOXECTBO in Vvitro W3cieBaHus TIOKa3BaT, Y€ Moau(eHoNInTe Ha Sro-
JIOTUIOHUTE Ca MOIIHU XPaHUTEITHH aHTHOKCHAAHTH [ 1-3]. Bempeku, ue Bce
OlIe MPEACTON HAyYHOTO JIOKa3BaHE Ha BEPOSTHUTE MEXaHU3MH, CBHIECTBY-
BaT YOEIMTEIHHU JIOKA3aTeliCTBA 3a BPh3KATa MEKAYy aHTHOKCHAHTHATA aK-
TUBHOCT Ha NONMU()EHOINTE HA ATOAOIUIOTHUTE M YOBEIIIKOTO 3/1pase [4].
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AHTHOKCHAHTHATA aKTHMBHOCT 3aBUCH B TOJIsSIMa CTEIEH OT BUIA HA
SATONOTIJIONHUTE, KaTo OOMKHOBEHO JWUBOPACTAIIATE BHUIOBE MMAT TO-BH-
COK 001l aHTHOKCHAHTEH MOTEHIMAJ OT KylTuBUpanute [5]. B mocneano
Bpeme, odade, uMa ChOOIEHHS 33 3HAYNTEITHN BapHALlUl B ChABPIKAHHETO
Ha aHTOITMAHU MPH MOMYTAMUTE Ha JUBOPACTAIIH STOJOTUIONHY BUIOBE, B
YacTHOCT YepHa OopoBHHKa [0, 7].

Lenrta Ha HacTosIIaTa pa3paboOTKa € J1a ce OLEHSAT MOIU(EHOTHOTO Ch-
Ibp)KaHUE U aHTUOKCHIAHTHHS KallalluTeT Ha TUIOJI0BE Ha YepHa OOPOBUH-
Ka B 3aBUCHMOCT OT IPOM3X0/1a Ha PACTHUTEIHUS MaTepHall.

MATEPUAJIN 1 METOIN

3a aHANMTHYHY TENH ca W3NoN3BaHu chennute peaktusu: DPPH [2,2-mu-
¢denwt-1-muxpunxuapaswi], TPTZ [2,4,6-tpu(2-mpuamn)2-tpuasus] u Trolox
[(£)-6-xunpokcu-2,5,7,8-TerpameTniixpomMaH-2-kapOoKciiaHa  kucenuna) (Sig-
ma-Aldrich, Steinheim, I'epmanus); peaktuB Ha Folin-Ciocalteau (FC-peaktus)
(Merck, Darmstadt,['epmanust); ramosa kucenmuna MoHoxuapar (Fluka, Buchs,
IBetinapust). Bendku ocTaHany peakTHBH M Pa3TBOPHUTENH Ca C aHAIUTHIHA
YUCTOTA.

W3non3eanu ca 110710Be Ha yepHa OopoBuHKa (Vaccinium myrtillus L.) ot
Haxonuia B paionnte Ha Bemmarpan u Tposs. [Tnonosere ca Habpanu (pekonTa
2009 r.) OT IpeABApPUTETHO MapKUPAHH PACTEHUS B cpeliaTa Ha XapaKTepHHs 3a
CBOTBETHHS paiioH OepHTOCH EPHOJ U ca TPAHCIIOPTUPAHH JI0 JIAO0paTopHsTa B
pamkute Ha 24 h. Crien copTrpaHe 3a OTCTpaHSBaHE HA HEY3PENH, IPE3peNy I
HapaHeHHu IUIofoBe, pasdacoBkure (~200 g) ca MOCTaBEHH B MOIHETUIICHOBH
IUTMKOBE, 3ampa3eHH (—25°C) u cpxpaHsaBaHu B 3aMpaseHo cberosiHue (—18°C).

IMoxroroBkara Ha MPOOWTE € OCHIIECTBEHA B CHOTBETCTBUE CHC CXEMATa OT
@urypa 1. [TpubnusutenHo 100 g nonoBe ca pa3Mpa3eHu MpH CTaiiHa TeMIepa-
Typa u ca cmiend ¢ macatop MR 300 Minipimer compact (Braun, Kronberg, Ger-
many). 25 g oT miogoBara Kamnia ca xomoreHusupanu ¢ 40 mL moakuceneH me-
tanon (2300 pL 37% HCI B 1L meraHomn) B taboparopeH aesunterpatop MPW-
309 (Mechanika precyzyjna, Warsaw, Poland) 3a 2 min. Cmecra ¢ npexBbpIieHa
B epiieHMaiipoBa konbda ot 250 mL ¢ 06mo 210 mL noxkuceneH Meranon. Cre
NpeCTOsIBaHE B MPOABIDKEHUE HA €IHO JICHOHOMTHE B Xiaauinu ycnosus (10°C)
CBHIBPKAHKUETO Ha Kojtbara e (QruITprpano mpe3 HarbHaT Guntep. Cren u3naps-
Bane 1oz BakyyM (40°C), KOHIIEHTpaTHT € TPEXBBPIIEH B MEPHUTENHA KOIIOa OT
100 mL 1 chIbpkaHUETO € IOBEICHO JI0 MapKaTa ¢ oakucenena Boa (pH 1.5).
[onmyuenusar 6a3oB exctpakT (40 mL) € NOMBIHUTENHO E€KCTpaxupaH C eTUI
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anerar (40 mL) Tpuxparao. KoMOuHIpaHUTE EKCTPAKTH ca M3MapeHH MOJ Ba-
KyyM. CyXUsIT OCTaTbK € pa3TBopeH B 4 mL MeTaHoN — (pakiys 1. AHaIOrHYHO
€ IIpUroTBeHa (pakuus 2, kato ca usnonssanu 40 mL ot 6a30BUs EKCTPAKT pU

pH 7.0. Excrpakuusra u GppakiMOHUpaHETO ca OCHIECTBEHH TPUKPATHO.
YEPHU BOPOBUHKHA

PA3SMPA3SBAHE

CMWIAHE

EKCTPAKIIUA

BA30B EKCTPAKT
(arTonranu, GEHOTHU KUCEIUHU M HEAaHTOIMAHOBH (DIIaBOHOMIN)

Ananuzu: TMA; TPP; DPPH; FRAP

DOPAKIIMOHUPAHE
OPAKI U 1 DOPAKII U 2
((eHOTHM KHCENHHN) (HeaHTOIaHOBH (DITABOHOMIN)
Ananuszu: TPP; DPPH; FRAP Ananuszu: TPP; DPPH; FRAP

®urypa 1. Cxema na onumnama nocmaHno8xa

Anamsute Ha o0y nomudenonn (TPP), obmu MOHOMEpPHU aHTOIMAHU
(TMA), pagukanoynassia criocoonoct (DPPH-tect) u mertanopenyuuparua
criocobrocT (FRAP-TECT) ca ochIIecTBEHN B CHOTBETCTBHE C METOIUTE OIH-
canu B [8]. [IpeacraBenute pe3ynTaTy ca CpeAHOAPUTMETUYHHN CTOMHOCTH OT
Hal-MaJKo TpU MapajeiHu onpeeneHus, Karo KoeHLIHEeHTUTe Ha Bapualus
ca 1o-maiku ot 5%.

PE3VIITATH U OBCBHXJAHE

JlaHHUTE 3a CHIBPKAHUETO Ha OOIIM MOJU(PESHOIU U OO MOHOMEp-
HU QHTOLIMAHH W AHTHOKCHJAHTHUS KalaluTeT Ha U3CIICIBAHUTE IPOOH ca
npencraBenu B Tabmuna 1.
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Kato 010, aHTHOKCHIAQHTHUST KamaluTeT U MOJU(EHOTHOTO Ch-
JIbpiKaHHe Ha 0A30BUTE SKCTPAKTH Ca 3HAYMTEIIHO TO-BUCOKU OT TE3H HA
¢pakunTe. Hammanero Ha CHHEPTU3bM IIPH aHTHOKCHIAHTHOTO ACHCTBHE,
BEpOSITHO, CBILECTBEHO JIONPHUHACS 32 YCTaHOBeHHTe pe3yirard. Chiect-
ByBaT J100pu KopenanuonHu 3aBucuMocTd (R = 0.98—0.99) Mexny chabp-
KaHHETO Ha 001X NONM(EHOMHN U AHTHOKCHIAHTHUSL KAIlAl[UTET Ha U3CIIe/I-
BaHUTE TIPOOH.

Tabauua 1. Cvovporcanue Ha oduu monomepru anmoyuaru (TMA)
u 0w nonugenonu (TPP) u cmoiinocmu Ha AHMUOKCUOAHMHUSL
xkanayumem (DPPH u FRAP) na excmpaxmume om nio0ose Ha 4epHa
OOPOBUHKA 8 3ABUCUMOCT OM PATIOHA HA NPOU3X0O

Paiion Ha mpou3xo Ha MJI0A0BeTe

Anaausupan Tposin Beaunrpan

noxasareJt basop  ®pakuusa Opaxuus bazop  @paxuus Dpakuus
EKCTPaKT 1 2 EKCTPaKT 1 2

TMA

(mg CGE'/100 g) 628.4 - - 853.2 - -

TpP 1075.4 168.8 146.2 1087.5 121.7 74.4

(mg GAEY/100 g) ' ' ' ' ' '

DPPH

(umol TE¥/100 g) 6725.0 846.3 813.8 7750.0 850.0 631.3

FRAP

(umol TEY/100 g) 7644.4 1295.6 1060.0 10652.8  970.6 5553

/PesyaTaTuTe ca U3pa3eHH KaToO CKBHUBAJICHTH Ha LIHAHUINH 3-TTFOKO3U.
“Pe3ynTaTuTte ca M3pa3eHU KaTo CKBUBAICHTH Ha TajloBa KUCEIIHHA.
SPesynrarure ca U3pa3eHu Kato eKBUBAICHTH Ha Trolox
(Bomopa3TBOpPHM aHAOT Ha BUTaMuH E).

WuTepecHo e nma ce orbenexxu HamuaueTo Ha 15.2—39.4% mo-BuCOKH
CTOMHOCTHM Ha aHTHOKCHUIAHTHHSI KallallUTET NMPU 0a30BUTE EKCTPAKTH Ha
IJIOJOBETE OT pailoHa Ha BenuHrpana B cpaBHEHHE C Te3H OT parioHa Ha Tpo-
stH. To3u (akT Moxe na ce 00scHU ¢ 35.8% MO-BUCOKOTO ChABPKAHHUE HA
OOIIIM aHTOI[MAHH MTPH ITbpBaTa Mpo0a, Thi KaTo HAMa ChIECTBEHA Pa3JInKa
B 00m10TO MMONMM(EHOTHO ChAbpKaHue. Hamuumero Ha MoOp0OHA 3aBHCH-
MOCT Ha aHTOIIMAHOBOTO ChIBPIKAHKUE OT IPOU3X0/Ia € YCTAHOBEHO HACKOPO
pu yepHuTe 0opoBuHKH B JlarBus [7] u @unnannus [6].
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A
DPPH, umol TE/g
8000
—8—b5a30B eKCTpaKT
6000 6725 —i—Opakums 1
—+—Opakuna 2
TPP N
L 7644.4
GAE/100g FRAP, umol TE/g
B

DPPH, pmol TE/g
12000

—e—bas30B excTpakT
—=—Qpakuma 1
—+—dpakuma 2

7750

TPP, mg 10652,8

GAE/100g FRAP, umol TE/g

®urypa 2. Padapna ouazpama na aHmuokcuoanmuus Kanayumem
Ha ekcmpakmume om ni0006e Ha YepHa 6OPOBUHKA 8 3A8UCUMOCT
om paiiona Ha npousx00: A — Tpoan; B — Beaunepao.

3a KOMILIEKCHOTO XapaKTCPpU3UpaHE Ha O6HII/I$I AHTUOKCHUIAHTCH Ka-

MAIUTET € TPWIoKeH moaxoasT Ha Terashima et al. [9], karto pamapHara
muarpaMa (durypa 2) e moctpoeHa Ha 06a3a CTOHHOCTUTE 3a ChIbPXKaHUE
Ha oOmu nonudenonu (TPP), meranopenyuupama (FRAP) u panukaino-
yaassma (DPPH) cnioco6HoCT. ChlllecTBEHO 3HaYEHHUE 32 AKTHBHOCTTA HA
EKCTPAKTHTE OT IIONOBE HA YepHa OOPOBUHKA MMAT MOMM(DEHONHN aHTH-

209



P. [lunkoea, M. I'eopeuesa, K. Bacunes, K. Muxanes, H. Honuesa, X. JJunxos

OKCHJIaHTH, JIEMCTBAIM €THOBPEMEHHO KaTo IOHOPH Ha BOJOPOAHU aTOMHU
(DPPH-tect) u enexrponu (FRAP-tecr).

U3BOAU

HOJ'Iy'-ICHI/ITe PE3YITATU MMOKa3BaT, Y€ aHTOLMAHOBOTO CHABPKAHUEC U

AHTUOKCHJAHTHHA KallalUTET Ha CKCTPAKTHUTE OT IJIOAOBE Ha UCPHA 60p0-
BHHKa CBIIECTBCHO 3aBUCAT OT IMPOU3X0Aa, KOETO BEPOATHO CE€ ABJDKU Ha
pasianiursd B IOYBCHUTE U KIMMAaTUYHU YCJIIOBUA.

BJATOJAPHOCT
[IpencraBeHOTO U3CNIEABaHE ¢ PHUHAHCOBO MOAIOMOTHATO OT (o ,,Ha-

yunn u3cnensanus kbM MOMH (IIpoext Ne /1002-334/20.12.2008 1.).
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JIMITMJIAEH CbCTAB HA CEMEHA
OT KUITAPUC
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ABSTRACT

The lipid composition of cypress (Cupressus) seeds was investigated.
The seeds contain 27.3% glyceride oil. The total quantity of phospholipids
was 0.9%. Sterols general amounts 2.2% were found to be. In the tocopherol
fraction (328 mg/kg) y-tocopherol predominated (91.3%). Fatty acid
composition of triacylglycerols was identified. In the triacylglycerols the
main component were oleic, linoleic, linolenic and palmitic acids. The oxi-
dation stability of cypress seeds oil was 3.5 h.

Key words: Cypress seeds, glyceride oil, fatty acids, phospholipids,
sterols, tocopherols.

BbBBE/IEHHUE

KunapucsT npencrapisBa BEUHO 3e€JIEHO IbPBO, KOETO € IIHPOKO pas-
MIPOCTPAaHEHO KaKTO B CEBEPHOTO, TAKA U B FOXKHOTO MONTYKBI00. Y HAC pac-
TaT 1iecT BUAa OT pona Juniperus (XBOiiHa), 1Ba OT KOUTO Ca 3alIUTEHH.
Uznon3Ba ce 0CHOBHO KaTO IEKOPAaTUBEH BUJ B IAPKOBETE U rpaAuHuTe [4].
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Jlucrara Ha KuMapuca ce U3MON3BaT 32 U3BIUYAHE HA EKCTPAKTH C MPO-
THBOBB3MAIUTEIHO JICHCTBHAE, KOUTO HAMHPAT NPIIOKEHAE B PEIENTYPH
Ha MAacTH 3a 3601 U HIKOU ApYTHu npoxyktu [14,17]. [muuepuaHoTo Macio
OT CeMCHAaTa Ha KUITapHca ChII0 UMa IIPOTUBOBB3IAIHUTEIHO U IIPOTUBOIIA-
pa3suTHO JeicTBUE, IOPAaIU KOETO TO HAMUpa MPUIIOKECHUE BHB (apmalie-
Brukara [ 14,17]. CpappikaHrueTo Ha IIIUIIEPUIHO MACIIO B CEMEHATa TOCTH-
ra 710 40.0%, Ho uHdopManmaTa 3a chcTaBa My € ockbaHa [15,17]. Ciopen
Aitzetmiiller [5] OCHOBHHUTE KOMIIOHEHTH B MAaCTHOKHCEIMHHHUS ChCTaB
Ha KHTMIAPUCOBOTO TIUIIEPUIHO Macio ca: JInHomoBa (24.0%), TuHONIEHO-
Ba (33.6%), oneunosa (15.4%), nanmMutunoBa (6.7%), creapunosa (4.1%)
U cuuanoHoBa kucenuHa (7.9%). Criopen Ipyru aBTOpH KOJUYECTBOTO Ha
PAZIKO cpelanara ciuuaionosa kucenuna (C, ), KosATo uMa KayecTsa, aHa-
JIOTWYHU Ha apaxunoHonara kucenuna (C, ) e B kommdectso 3.0 — 3.5%.
[15,17].

Llen Ha HacTOsIIIaTa paboTa € J1a ce M3CieqBa INIUIHNS ChCTaB Ha ce-
MeHa OT KUIIapHC, OTIIEKIAaH Y Hac, 10 OTHOLICHNE Ha HETOBUS MAaCTHOKH-
CEIIHEH ChCTAB M ChIBP)KaHUETO Ha OMOIOTHYHOAKTHBHHY BEIIECTBA B TSX.

20:4

MATEPUAJIN 1 METOIN

3a mpoBexkJaHe Ha U3CICIBAHUATA Ca U3IOI3BAHN CEMEHA OT KHAIApHC
(pon Juniperus) ot perrona Ha FOxxna benrapus, pexonra 2010 roguna.

OO0MmIOTO KOMMYECTBO HA JIMIHINUTE € ONPEICIICHO TEIIOBHO, CIE K-
cTpakmus ¢ n-xekcan B amapar Ha Cokcne [1]. 3a oxapakrepuszupaHe Ha
DIANEPUIHOTO MACIIO Ca W3MOJI3BaHH CTAHJAPTHU METONUKH 32 aHAIN3 Ha
JTUTTHTA.

OO0moTo KOMMIecTBO Ha (HOCHOIHUITUIN € ONMPEAEICHO CIeKTPpodoTo-
MeTpuyHo npu 700 nm, cien MuUHEepanu3upane Ha Macinoto [2]. Ceabpxa-
HHUETO Ha CTEPOJIUTE € ONPEAETICHO CIEKTPO(HOTOMETPUYHO, CIIe]l OCaIyH-
BaHE Ha MAcJOTO U MOCJIEIBANIO UM HU30JIHMpaHe Ype3 THHKOCIIOHHA XpoMa-
torpadus [13].

KommaecTBOTO M MHANBUIYATHUAT CHCTaB Ha TOKOdepomoBara (pak-
LU ca YCTAaHOBEHU JUPEKTHO B MACJOTO Ype3 BUCOKOE(PEKTHBHA TEUHO-
TeyHa XxpoMatorpadus ¢ GpiayopeciieHTHa JeTeKius [8], a MACTHOKUCEITUH-
HUSAT ChCTaB — upe3 ra3zoBa xpomarorpadus [9,10].
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OxcugaHTHaTa CTAaOMITHOCT € oTpe/esieHa KOHIYKTOMETPUYHO Ha 0a3a
WHIYKIIMOHHUS TIEpUOJl ¢ amapar ,,Rancimat® npu temneparypa 100°C u
CKOPOCT Ha MpoxyxBaHe ¢ Bp3ayx 20 dm’/h [7].

PE3VIITATH U JTUCKYCUSA

C’b}l’bp)KaHI/IeTO Ha FJ'II/IHepI/IJIHO MacJIO B cEMEHAra OT KI/IHapI/IC U Ha
OCHOBHHTE OHOJOTMYHOAKTHBHU KOMIIOHEHTH B Hero — (hocqoiumuim,
CTEPOIH U TOKO(EPOIH, KOUTO OMPENEIAT XpaHUTEIHATa My CTOWHOCT W
OHMOJIOTMYHA [IEHHOCT ca npeacTaBeHu B Tadmuma 1.

Ta6mnua 1. Cvovporcanue nHa enuyepudHo Macio u Ha
OUONO2UUHOAKMUBHU KOMHOHEHMU 8 MACTIOMO OM KUNAPUCO8U CEMEHA.

KomnonenTu Cobabpikanue
Macno B cemenara, % Ter. 27.3
dochonaunuan B Macioto, % Ter. 0.9
Creponu B MacioTo, % TerL. 2.2
Toxodeponu B macioTo, mg/kg 328

W3cnenBannTe ceMeHa ca CPaBHUTENHO OOTaTH Ha TIHIEPUIHO Mac-
10 (27.3%), xoeto e OnM3KO OO TOBA B APYI'M BUAOBE PACTUTEJIHU Macia
— CIIbHUOIJIEIOBO, COEBO, PAIIMYHO, KBAETO KOJHMYECTBOTO MY CHOTBETHO
e —35.0 -45.0%, 18.0 — 20.0% n 40.0 — 45.0% [16].

CorppkanreTo Ha (OChOIUITNIN B MAclIo OT CeMEHaTa Ha KUIIapHC
(0.9%) cpoTBeTCTBa Ha TOBA B APYT'H BUIOBE PACTUTEIHU Maciia, KbIETO TO
e B pamkure Ha 0.8 —2.0% [6,11].

KonmuecTBoTO Ha cTeponuTe B M3cieaBaHoTo Macio (2.2%) e 3Hauu-
TEJTHO TO-BUCOKO OT TOBa B ApyrH pactutennu macia (0.3 — 1.0%) [11,12].

TokodeponuTe B aHATU3UPAHOTO MACIIO Ca CPABHUTEITHO MaJIko — 328
mg/kg, mokaTo B CIPHYOMIEAOBOTO Macio ca okoio 600 — 1000 mg/kg, a B
coeBoto 650 — 1300 mg/kg [11,16].

MacCTHOKHCETTMHHUAT ChCTaB Ha IIMIIEPUIHO Macio OT CEMEHa Ha KH-
mapuc IoKa3Ba, e ojenHoBara (25.7%), nuronosara (20.1%), muHONEHO-
Bata (20.2%) u nanmutunoBata (19.7%) KkucenuHu ca OCHOBHM KOMIIOHEH-
TH B TpHaLnwiIruueponosata ¢paxuus (durypa 1).
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®urypa 1. Macmuokucenuner cbcmag Ha euyepuoHo MAcio
om ceMeHa Ha KUnapuc

a0
25

20

Cuabpxanue, %

jp— ﬁnﬂ e

C12:0 C14:0 C16:0 C16:4 CA17:0 C18:0 C181 C18:2 C183 C20:0 C20:3

MacTHM KMCenuHm

3a pa3nuka OoT APYTM PacTUTEIHH Maclia, KbJETO eIHa MacTHa Kuce-
JIMHA € TpeodanaBaia, B ChcTaBa Ha U3CIIEABAHOTO MAC)IO KOJIMYeCTBaTa
na naamutunosa (C ), onennosa (C , ), muHonosa (C ) U IMHONEHOBA
(C\4;) KHCENMHH €2 OT €HAKBB NOPAIBK, 0K01I0 20.0%. B MacTHOKUCEHH-
HUAT ChCTAB € yCTAHOBEHO HAIMYMETO Ha cuuanoHosa kucemuna (C, ) —
2.8%, K0€To € MO-HUCKO OT TOBA MPH MPEAUIITHH U3CIEABAHNS HA TO3H BUJT
macna — 3.0 — 7.9% [5,15,17].

B u3cnenBaHOTO MIMLEPUIHO MAciO ChABPKAHUETO HA HEHACUTEHH-
Te MAacTHH KHCENWHH npeodnanasa (71.5%), kato B HaH-TOJSM TIPOICHT
ca monuHeHacuTeHuTe kucenuuu (43.1%). KoianuecTBOoTO Ha HAaCUTEHHUTE
(28.5%), TaBHO MaJIMUTHHOBA U CTEAPUHOBA KUCEIMHA U1 MOHOHEHACHUTE-
Hute (28.4%), OCHOBHO OJIEMHOBA KHUCEJIMHA Ca OT €JHAKbB MOPAIbK. YCTa-
HOBEHO € HAJIMYUETO Ha 3HAYHUTENICH MPOIICHT MaJIMHUTOJICHHOBA KUCEITMHA
(C\.) —2.7% 1pu 0.1 — 1.2% B npyru pacturennu mMacia [11,16].

CobcraBpT Ha TOKO(deponmoBara (pakuus Ha H3CICIBAHOTO MAcio €
npeacraBeH B TaOmuna 2. MneHTHGUIIMPaHA ca OCHOBHUTE KJIACOBE TO-
koeponu, karo npeobnanasail e y-rokodepon — 91.3%. Tosa ompenens
KHMIIAPUCOBOTO MAcCJIO KaTo raMa-THII, TOA00HO Ha cycaMOBOTO Macio [11].
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Tabauua 2. Huousudyanen cocmag Ha moxogeponosama
@pakyus Ha KURAPUCOBO MACIO.

Toxodgeponu Coabpaxanue, %
o. — Toxodepon 5.8
0-3 — ToxoTpueHon 0.2
B — Toxodepon CIL.
Y — Toxodepon 91.3
& — Tokodepoin 2.7

OxcugaHTHATa CTA0MITHOCT Ha KUIMapucoBoTo Maciio € 3 h 50 min, koe-
TO ITOKa3Ba, 4€ TA € IBa — TPU II'bTU IMO-HNUCKA, B CPABHCHUC C Ta31 HAa APYT'HU
CYPOBH PAaCTUTEIHHU Macia, KaTo CIIbHYOIIEN0BO, coeBO U Ap. (12 — 24 h)
[3]. Huckara ctaOuiHOCT € pe3yiTaT OT HAJIMYMETO Ha BHCOK TMPOIEHT
IIOJIMHCHACUTCHU MAaCTHH KHCCIIMHU (FﬂaBHO JIMHOJIOBA H HI/IHOHCHOBa) B
TPHALWITIHLIEPOJIOBaTa (PPAKIMS M CPABHUTEITHO HUCKOTO ChABPKAHHUE Ha
TOKO(hepoNnu B MacioTo.

3AK/IIOYEHUE

W3cnenBanuTe KUIAPUCOBU CEMEHA ca OOraTH Ha DIHIEPHIHO MACIo
(27.3%), kaTo CHCTaBBT MY € Pa3JIUUEH OT TO3U Ha APYTH PACTUTEIHU Mac-
na. To e crenM(UYHO IO OTHOIICHHWE HA CBOS MaCTHOKHCEINHCH ChCTaB,
OT €[JHa CTpaHa Mopagd ChOTHOLIEHHUETO MEXIY HEHACUTEHH U HaCUTEHHU
MacTHU kucenunu (71.5% : 28.5%) u oT mpyra cTpaHa mopaad eIHaKBOTO
CHOTHOILIEHHE MEXY MOHO-, 11 — U TPUHEHACUTEHUTE MACTHU KUCETUHH.
B MacTHOKHMCENMHHUS ChCTaB Ha U3CIEBAHUTE CEMEHA OT KUIapucC € yc-
TAHOBEHO W HAJIMUMETO HA €CEHIMaJHaTa MacTHAa KHCEIHHA — CIIHaJOHOBA
(Czo:z) B konmmuectBo 2.8%. OxcumaHTHaTa CTAOWITHOCT Ha TIHMIIEPUIHOTO
MacJIo € CPaBHUTEIHO HUCKA, TOPaId HEHACUTEHUS MYy XapaKTep U HUCKOTO
CBIBpXKAHUE HA TOKO(PEPOIH.

BJIATOJAPHOCTH

U3scnensanusTa ca npoBeneHn ¢ puHaHCOBara noakpena Ha ®oun ,,Ha-
yunan nzcnensanus’ kbM MOH (morosop [IBY 02-38) u upekums ,,Hayd-
HO pon3BojcTBeHa AeitHocT kbM [1Y , Ilancuit Xunenmapcku®.
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ABSTRACT

In the present study fatty acid composition and fat soluble vitamins
content were analyzed in two season’s samples (spring and autumn)
freshwater bighead carp (Aristichthys nobilis).

Analysis of fatty acid methyl esters was performed by gas
chromatography system with MS detection. Vitamins A, D, and E were
analyzed simultaneously using RP-HPLC system. The sample preparation
procedure includes saponification and liquid-liquid extraction of the
unsaponifiable matter.

The fatty acid and vitamins contents of the investigated fish species
showed significant seasonal changes. The spring bighead carp characterized
with saturated fatty acid (SFA) (37.5%) and mono unsaturated fatty acids
(MUFA) (22.1%), and poly unsaturated fatty acids (PUFA) (40.4%),
including essential omega 3 fatty acids (23.0%). The autumn samples
showed higher SFA (40.5%) and MUFA (34.8%), and lower PUFA (24.6%),
due to reduced omega 3 fatty acids (9.7%).
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Similar amounts of alpha-tocopherol were found in two season’s fish
samples —1097.0 ug.100g'ww for spring and 1051.8 ug.100 g''ww for autumn
bighead carp. The higher amounts of all-trans retinol (15.7 pg.100 g'ww) and
cholecalciferol (8.0 pg.100 g'ww) were found in spring fish samples, while
in autumn bighead carp were found — 9.0 pg.100 g'ww and 5.4 ug.100g'ww,
respectively.

Key words: Aristichthys nobilis, fatty acids, retinol, alpha-tocopherol,
cholecalciferol

INTRODUCTION

Fish tissue is considered as a valuable source of proteins, fats, vitamins
and minerals, which are very important for human health and might be
obtained from the diet. Many studies suggest that fish is one of the most
important dietary sources of vitamin A (all-trans-retinol), vitamin D,
(cholecalciferol) and vitamin E (alpha-tocopherol) and also essential fatty
acids (FA), but their contents depend on the fish species and season of
catch. Therefore we need to determine their contents in the edible parts of
fishes [1, 2].

Aquaculture in Bulgaria is mainly fresh water. One of the most
farming warm-water fishes in our country are carps family (about 50%
of total aquaculture production). After common carp, the bighead carp
(Aristichthys nobilis) is another highly breaded member of this family — in
freshwater farms and dam lakes [3].

There is limited information in the scientific literature about the nutritive
composition, especially about vitamins, on bighead carp edible tissue.

The aim of this study was to determine and compare fat soluble
vitamins content and fatty acids composition in bighead carp raw fillets in
two seasons — spring and autumn.

MATERIALS AND METHODS

Collection of samples
Samples of Bighead carp fish species were caught from Pyasachnik
Dam Lake (Plovdiv region), Spring and Autumn 2010. Three specimens of
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each fish sample were used as a material for FA and vitamin analysis. The
fishes were filleted with the skin and the samples were homogenized using
kitchen homogenizer. The raw material was used for the determination of
fat soluble vitamins content and FA composition.

Lipid extraction and fatty acid analysis

The samples of freshly prepared homogenate (5.000 + 0.001g) were ex-
tracted in triplicate with chloroform:methanol (1:2 v/v) according to Bligh
and Dyer procedure [4]. The chloroform layers were evaporated until dry-
ness and quantified gravimetrically. Total lipid content of edible tissue was
determined for each group (n = 3) and the results were presented as g per
100 g wet weight (g.100g'ww).

The dry residue of the chloroform fraction was methylated by base-
catalyzed transmethylation using 2M KOH in methanol and n-hexane [5].
The hexane layer was separated and analyzed by GC-MS. All chemicals
used in the experiments were analytical grade (Merck, Germany; Sigma-
Aldrich, Germany).

Gas chromatography was performed by a model FOCUS Gas
Chromatograph with auto sampler A3000, equipped with Polaris Q MS
detector (Thermo Scientific, USA). The capillary column used was a TR-5
MS, 30 m length, 0.25 mm i.d. Helium was used as a carrier gas at a flow
rate 1 ml/min. Peaks were identified according to two parameters: Retention
Time (RT) based on available FAME mix standard (SUPELCO F.A.M.E.
Mix C4 — C24) and mass spectra (ratio m/z) — compared to internal Data Base
(Thermo Sciences Mass Library, USA). The recovery rates were calculated
utilizing the external standard method. The results were expressed as FA %
of total FA.

Extraction of fat soluble vitamins and HPLC analysis

The sample preparation includes several steps: an aliquot of the
homogenized sample (1,000 £ 0.005 g) was weighed into a glass tube with
a screw cap and 1% of methanolic L-ascorbic acid and 1M methanolic
potassium hydroxide were added. Six parallel samples of fish edible tissue
were prepared and saponified at 80°C for 20 min. The interested components
were extracted with n-hexane and the extract was evaporated under nitrogen
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[6]. The dry residue was dissolved in methanol and injected (20pl) into the
liquid chromatography system.

Three fat soluble vitamins were analyzed simultaneously using reversed
phase high performance liquid chromatography (RP-HPLC) system
(Thermo Scientific Spectra SYSTEM) equipped with analytical column
ODS2 Hypersil™ 250x4, 6 mm, 5Su. All-trans retinol and cholecalciferol
were detected by UV, alpha-tocopherol by fluorescence detection. The
mobile phase was composed 97:3 = MeOH:H,O, flow rate Iml.min"'. The
qualitative analysis was performed by comparing the retention times of pure
substances: at A= 325 nm for retinol; A = 265 nm for cholecalciferol
and alpha-tocopherol fluorescence at A = 288 nm and A= 332 nm. The
quantitation was done by the method of external calibration comparing
the chromatographic peak areas of the corresponding standards (Retinol,
Supelco; DL-alpha Tocopherol, Supelco; Cholecalciferol, Supelco). The
results were expressed as ug per 100g wet weight (ug.100g'ww). All
chemicals used in the experiments were for liquid chromatography (Sigma-
Aldrich, Germany).

Statistical analysis

The data were analyzed using Graph Pad Prism 5 software. Two-way
ANOVA (nonparametric test) and student t-test statistical analysis was
employed for the calculations. The differences were considered significant
at p<0.05.

RESULTS AND DISCUSSION

Total lipid content and FA composition

The lowest total lipid amount was found in spring bighead carp
(3.80+0.09g.100'g ww), whereas the autumn’s samples presented the
highest content (7.33+0.25g.100'g ww). Our results are higher for both
season than presented by Vujkovic ef al. (1999) and Hadjinikolova et al.,
2008 [7, 8].

The typical FA composition of freshwater fish species is a result from
the FA composition of their food — phytoplankton and other aquatics plants
[2, 7, 9]. Vujkovic et al. were found a relative pattern MUFA>SFA>PUFA
in bighead carp from local fish farm for both seasons — spring and autumn
[2]. A deflection of this pattern was observed for spring bighead carp in our
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investigation, in which PUFA content was significantly higher than SFA
(p<0.001) and MUFA (p<0.001) (PUFA > SFA> MUFA). Significantly higher
quantities in SFA compared to MUFA (p<0.001) and PUFA (p<0.001) were
found for the autumn bighead carp (p<0.05) (SFA> MUFA> PUFA) (Fig. 1).

50-
v 1 Spring samples
40- I - 1 Autumn samples
- ﬁ*
E 30
= 7 *X%
) -
S 204
X
'D-
C T ] J
SFA MUFA PUFA

Figure 1. Fatty acid composition in both season's bighead carp raw fillets
*#% p<0.001 and ** p<0.05

Many authors found out a great variation in FA content with
predomination of palmitic (C16:0) and stearic (C18:0) SFA among the fish
species [2, 7]. Our results also revealed that in all studied fish species the
dominating SFAs were palmityc, stearic and myristic acid (Table 1). The
highest level of palmitic acid was measured for autumn sample (28.10%),
which is in agreement with the results of Vujkovic et al. who found highest
levels of palmitic and stearic acid in autumn bighead carp and silver carp
species. Similar results were obtained by other authors [7, 10, 11].

Among MUFAs the highest levels were found for oleic acid followed
by palmitoleic acid in two seasons studied fish species. The highest levels of
erucic acid were measured in the spring carp. It may be supposed that the low
MUFA levels in spring bighead carp are related to the lower concentrations
of palmitoleic and oleic acids (Table 1). Few studies reported that the oleic
acid is the main MUFA in freshwater fish species. According to Mieth and
Vujkovic the highest levels of oleic acid were measured in autumn bighead
carp fillets (up to 34.6%) compared to spring samples [7, 11]. Our results
showed the same trends for this FA (Table 1).
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Table 1 Fatty Acid profile in bighead carp species
(spring and autumn (mean = SD) *

Fatty acid Bighead carp Bighead carp
% of total FA Spring 2010 Autumn 2010
Saturated Fatty Acid

C12:0 2.10+0.50 1.00+0.05

C 14:0 2.96+0.70 2.30+0.45

C 16:0 14.70+£1.20 28.10+1.65%**
C17:0 0.79+0.05 0.60+0.08

C 18:0 9.11£1.05 5.5040.80%**
C 20:0 2.09+0.72 0.55+0.05
C21:0 0.00 0.09+0.01
C22:0 2.56+0.70 0.55+0.04
C23:0 0.46+0.02 0.15+0.01
C24:0 2.04+0.90 1.50+0.30

Monounsaturated Fatty Acid

C 14:1 1.65+0.50 0.75+0.10
C 16:1 5.25+0.90 10.504£1.05%**
C17:1 0.76+0.06 0.15+0.01
C 18:1 omega9 10.21£1.18 22.35+1.60***
C 20:1 1.30+0.35 0.50+0.03
C 22:1 omega9 1.91+0.60 0.30+0.02
C24:1 1.04+0.25 0.25+0.02

Polyunsaturated Fatty Acid

C 18:3 omegab 0.00 0.20+0.01
C 18:2 omegab 4.55+1.05 9.58£1.15%**
C 18:3 omega3 2.21+0.54 0.80+0.10
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C 20:5 omega3 5.81+0.80 2.5540.75%**
C 20:4 omega6 7.99+1.00 3.75+0.85%**
C 20:3 omegab 1.55+0.45 0.65+0.10
C20:2 1.60+0.40 0.60+0.05
C 20:3 omega3 1.85+0.50 0.58+0.02
C 22:6 omega3 13.15+1.05 5.71£0.70%***
C22:2 2.14+0.81 0.35+0.05

**% p<0.001; * all samples analyzed in triplicate

Four major PUFAs were identified as dominant: C22:6 omega3, linoleic
(LA, C18:2 omega 6), C20:5 omega3 and arachidonic acid (ARA, C20:4
omega 6) (Table 1). Significant amounts of the biologically important PUFAs
such as C22:6 omega3, C18:2 omega6, C20:5 omega3 and C20:4 omega6
were found in all studied fish samples. The highest levels of C22:6 omega3
and EPA were measured in the spring fish fillets (33.00% and 22.80% of total
PUFAs) whereas in autumn its level significantly decreased (23.00% and
10.20% of total PUFAs) (Table 1). A possible explanation is that nutrition
spectrum of this fish species, which consumes only natural food, strongly
depends on the availability of phyto — and zoo-plankton, which is rich on
omega3 PUFA (DHA and EPA) [8, 9]. DHA and EPA metabolism strongly
influenced by water temperature, which is higher in autumn, and this leads
to decrease in their values [2]. For both season the C20:4 omega6 levels in
studied fish species were lower than those of C22:6 omega3 (Table 1). The
bighead carp feed predominantly with pelagic phytoplankton, which contains
low levels of C20:4 omega6. This freshwater food chain from phytoplankton
via zooplankton to fish is one of the main reasons for accumulation of
significant amounts of omega6 PUFAs.

The studied spring bighead carp is characterized with relatively high
levels of omega3 FA and low levels of omega6 FA (Table 2). This ratio
changed in autumn’s samples — omega6 PUFAs increases at the expense of
reduction on omega3 PUFAs. These results are in agreement with Vujkovic et
al., who observed similar changes in autumn silver carp and bighead carp [7].
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Table 2. PUFA/SFA and omega6/omega3 ratios,
total sum of omega3 and omega6 FA content

Fatty acid % of total FA ]Sslljilf;g g %p iiﬁiﬁg (Z:?)rl%
Omega 6 14.10 14.13
Omega 3 23.02 9.65%**
Omega 6/omega3 0.61 1.46
PUFA/SFA 1.08 0.61

% p<().001

The omega6/omega3 FA ratio has been suggested to be an useful indicator
for comparing the relative nutritional value of a given fish. According to
the UK Department of Health, a ratio within 0.20-1.50 would constitute
a healthy human diet and values higher than 1.50 would be harmful and
may promote cardiovascular diseases [13]. For studied freshwater fish the
omega6/omega3 FA ratio (Table 2) was within the recommended range.
Values for PUFA/SFA ratio greater than 0.45 are recommended [13]. Our
results are in agreement with this requirement and highest and most balanced
PUFA/SFA ratio was observed in spring fish samples whereas the lowest
value was found for autumn’s (Table 2).

Vitamins content

The results from the determination of vitamins A, D, and E content in
both seasons’ fish samples are given in table 3 as pg per 100g wet weight
(ng.100g" ww).

Table 3. Fat soluble vitamins content in bighead carp fillets,
ug. 100g" ww (mean £ SD) *

L. Season
Vitamin -
Spring Autumn
Vitamin A 15.66£1.91 8.97+1.40™
Vitamin D, 8.00+0.99 5.40+0.30™"
Vitamin E 1097.03+44.06 1051.80+£37.11

*** p<0.001 and ** p<0.05; + all samples analyzed in triplicate
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The amounts of vitamin A (p<0.005) and vitamin D, (p<0.001) were
higher in the spring sample of bighead carp fillets (table 3). Their contents
correlated with PUFAs values. For vitamin E were observed the same
relations but the differences in contents in two seasons are not significant.
The three fat soluble vitamin contents did no correspond to the total lipid’s
amounts.

There is no information in the scientific literature about the content
of vitamins in bighead carp edible tissue. The data for common carp (fish
on the same family) about retinol, cholecalciferol and alpha-tocopherol
contents in fish fillets given by others were of the same order of magnitude
as ours [14, 15, 16, 17].

Karatas et al were measured 125 pug.100 g'ww retinol and 1200 pg.100 g'ww
alpha-tocopherol in the edible tissue of common carp [14]; in the Czech food
composition database for the same fish were given values of 44 ug.100g'ww
for retinol and 630 pg.100g'ww for alpha-tocopherol in raw carp fish fillets
[15]. Almost the same data was presented in the Slovak Food Composition
Data Bank — 44 ng.100g'ww for vitamin A and 630 pg.100g'ww for Vita-
min E in raw carp fish tissue [16].

The Whole Food Catalog database was given a value of 4 pg.100g'ww for
retinol, 14 pg.100g'ww for cholecalciferol, which is in a good agreement with our
findings, whilst a much higher value for alpha-tocopherol (2000 pug.100 g'ww)
compared to our results was indicated [17].

CONCLUSION

Our study presented fatty acids composition and fat soluble vitamin
contents on two season’s bighead carp. The fatty acid and vitamins contents
showed seasonal changes.

Spring bighead carp have lower SFA (37.5%) and MUFA (22.1%), and
highest PUFA (40.4%), especially omega 3 fatty acids (23.0%). In contrast
autumn samples showed higher SFA (40.5%) and MUFA (34.8%), and
lower PUFA (24.6%), due to reduced omega 3 fatty acids (9.7%). Omega6/
omega 3 ratio increased in autumn samples (up to 1.46) due to reduction
of omega 3 PUFA during this period. More balanced PUFA/SFA ratio was
obtained for the spring bighead carp (1.08).

All-trans retinol (15.7 pg.100g'ww) and cholecalciferol (8.0 nug.100g 'ww)
were found in higher amounts in spring fish samples. Similar differences were
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not observed of alpha-tocopherol contents — 1097.0 ug.100 g'ww for spring
samples and 1051.8 pg.100g'ww for autumn bighead carp.

Spring catches species are better sources of omega 3 FA and vitamin

A and vitamin D,. Bighead carp edible tissue in two seasons is rich on fat
soluble vitamins and unsaturated fatty acids, which makes it a desirable
item in the human diet.
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ABSTRACT

Organochlorine pesticides (OCPs) and polychlorinated biphenyls
(PCBs) were determined in muscle tissue of three freshwater fish species:
common carp (Cyprinus carpio), grass carp (Ctenopharyngodon idella) and
bighead carp (Hypophthalmichthys nobilis). Fish samples were collected in
2010 from the Pyasachnik Dam Lake. The OCPs and PCBs were analysed
in order to evaluate the status and potential sources of pollution in area of
the lake. The species were selected because of their importance to local hu-
man fish consumption.

The fifteen congeners of PCBs, p,p’-DDT and its two main metabolites
p,p’-DDE and p,p’-DDD were determined by capillary gas chromatography
system with MS detection. DDTs were the predominant organohalogenated
contaminants in all species, with the p,p’ — DDE contributing to more than
67% to the total DDTs. All samples of muscle tissue examined contained
detectable levels of p,p’-DDE and p,p’ — DDD. The residues of p,p’ — DDT
were not detected in all samples. The sum of the individual PCB congeners
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was determined lower than those found in similar fish species from other
aquatic ecosystems.

Key words: organochlorine pesticides; polychlorinated biphenyls;
fish; Bulgaria

INTRODUCTION

Organochlorine pesticides (such as DDT and its metabolites DDE and
DDD) and polychlorinated biphenyls (PCBs) are widely distributed envi-
ronmental pollutants. They characterised by a high bioaccumulation poten-
tial in food chains and therefore may pose a serious threat to upper trophic
levels of aquatic communities [1]. Chlorinated pesticides such as DDT are
effective pest control chemicals, wich were used in agriculture worldwide
in the past and are still in use in many developing countries (malaria eradi-
cation, etc.). Polychlorinated biphenyls are group of chemicals primarily
used in transformers, capacitors, paints and printing inks, and also in many
other industrial applications. DDTs and PCBs are readily accumulated by
aquatic organisms [2], and although banned decades ago, remain a concern
in many aquatic systems [3].

Data on the presence and distribution of organohalogenated contami-
nants in fish and especially edible fish species are therefore important not
only from ecological, but also human health perspective. In biological sys-
tems, several of these chemicals are potentially carcinogenic and may cause
alternations in endocrine, reproductive and nervous systems [4]. Once re-
leased into the aquatic environment, these chemicals biomagnify in the food
web, and consequently high trophic level organisms may accumulate high
concentration in their fatty tissues [5, 6].

The Pyasachnik Dam Lake is located 50 km from Plovdiv, Bulgaria. It
is the largest dam lake in this region. Its water are used for water-supply and
irrigation. Potential sources of pollution are agricultural activity along the
dam and long-range atmospheric transport. To our knowledge, no studies
carried out on levels of organohalogenated pollutants in fish in this aquatic
ecosystem.

The aim of the present study was to investigate the presence of organo-
chlorine pesticides (DDT and its metabolites DDE and DDD) and poly-
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chlorinated biphenyls (PCBs) in several fish species from Pyasachnik Dam
Lake.

MATERIALS AND METHODS

Sampling

Three freshwater fish species: common carp (Cyprinus carpio), grass carp
(Ctenopharyngodon idella) and bighead carp (Hypophthalmichthys nobilis)
were obtained from fishermen along the Pyasachnik Dam Lake between May
and June 2010. The samples were transferred immediately to the laboratory in
foam boxes filled with ice and were stored in a freezer (-18°C) until analysis.

The species were selected for their importance to local human fish con-
sumption. Common carp is omnivorous — can eat water plants, but prefer to
scavenge the bottom for insects, crustaceans, crayfish and benthic worms. The
grass carp is herbivorous — adults of the species feed primarily on aquatic
plants. Bighead carp is primarily filter feeder and preferentially consume zoo-
plankton but also phytoplankton and detritus.

DDTs and PCBs analysis

The analytical method for determination of residues of OCP and PCB was
based on BDS EN 1528:2001. Briefly, the edible tissues of fish were homog-
enized and sub-samples of 20 g were taken for extraction. Each sample was
spiked with internal standards PCB 30 and PCB 204. These standards were
used to quantify the overall recovery of the procedures. The OCs were extract-
ed with hexane / dichloromethane (3/1, v/v) in Soxhlet apparatus. After lipid
determination, the extract was cleaned-up on a glass column packed with neu-
tral and acid silica. PCBs and OCPs were eluted with 80 ml n-hexane followed
by 50 ml n-hexan/dichloromethane (80:20). The eluates were concentrated to
near dryness and reconstituted in 0.5 ml in hexane.

Gas chromatographic analysis of the DDTs and PCBs were carried out
by GC FOCUS (Thermo Electron Corporation, USA) using POLARIS Q Ion
Trap mass spectrometer and equipped with an Al 3000 autosampler. Exper-
imental MS parameters are the following: the Ion source and Transfer line
temperatures were 220°C and 250°C, respectively. The splitless Injector tem-
perature was 250°C. For DDTs determination the oven was programmed as
follows: 60°C (1 min), 30°C/min to 180°C, 5°C/min to 260°C, 30°C/min to
290°C with a final hold for 3.0 min. The PCBs experimental temperature pro-
gram — 90°C for 1 min, then programmed 30°C/min to 180°C, 2°C/min to
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270°C, 30°C/min to 290°C with a final hold for 3.0 min. Splitless injections
of 1 pl were performed using a TR-5ms capillary column coated with cross-
linked 5% phenyl methyl siloxane with a length of 30 m, 0.25 mm ID and a
film thickness of 0.25 um. Helium was applied as carrier gas at a flow of 1 ml/
min. The selectivity of the IT-MS/MS method was based on the appropriate
selection of parent ions for the detection of each analyte by mass spectrometry
extracted ion mode.

Pure reference standard solutions (EPA 625/CLP Pesticides Mix 2000 pg/
ml — Supelco and PCB Mix 20 — Dr. Ehrenstorfer Laboratory), were used
for instrument calibration, recovery determination and quantification of com-
pounds. Measured compounds were p,p’-DDT, p,p’-DDD and p,p’-DDE,
PCB congeners: IUPAC Ne 28, 31, 52, 77, 101, 105, 118, 126, 128, 138, 153,
156, 169, 170, 180).

The detection limit of the method (LOD) varied from 2 to 5 ng/g lipid
weight for PCBs and from 1 to 5 ng/g for the DDT and its metabolites. The
recoveries were within 73—-108 %. Recoveries were determined by adding
known amounts of PCBs and DDTs standards (at three levels of concentra-
tions) to empty samples before extraction. The RSD values with five times
repeatedly determined was less than 16%.

The quality control was performed by regular analyses of procedural
blanks and certified reference materials: BCR — 598 (DDTs in Cod liver oil)
and BB350 (PCBs in Fish oil) — Institute for Reference Materials and Meas-
urements, European commission.

RESULTS AND DISCUSIONS

DDT and its metabolites

Lipid contents and concentrations of p,p’-DDE, p,p’-DDD and p,p’-
DDT found in muscle of selected fish species, average of duplicate measure-
ments, are present in Table 1. In the environment DDT metabolised slowly
and the metabolite DDE is particularly persistent compound [7]. The me-
tabolite p,p’-DDE constituted more than 67% of the ZDDTs for each spe-
cies, followed by p,p’-DDD (12 — 32%). The concentrations of p,p’-DDE
in common carp, grass carp and bighead carp muscle samples were 18.81,
7.45, 20.42 ng/g ww (wet weight), respectively. DDE concentration found
in common carp of the present study is lower then concentration levels of
carp from the Kahramanmaras, Turkey (4-156 ng/g ww) [8].
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Table 1. Lipids (%) and concentrations of DDTs (ng/g wet weight)

in freshwater fish
fish | common carp grass carp bighead carp
(Cyprinus (Ctenopharyngodon | (Hypophthalmichthys
compound carpio) idella ) nobilis)
Lipids, % 8.39 3.24 0.66
p,p’—DDE 18.81 7.45 20.42
p,p’—DDD 9.15 3.27 295
p,p’—DDT 0.00" 0.00 0.00
X DDTs (ng/g ww) 27.06 10.72 23.37

*Values below LOD were set to zero.

In our study the p,p’-DDE / p,p’-DDT ratio in the muscle of the inves-
tigated species correlated with exposure to DDT in the past (high p,p’-DDE
concentrations and low p,p’-DDT content). Another metabolite of DDT,
p,p’-DDD, was also found, but in lower amounts than p,p’-DDE. The p,p-
DDT in all analyzed fish species were found under limit of detection of the
method.

¥DDTs (sum of p,p-DDE, p,p-DDD and p,p-DDT) in common carp,
grass carp and bighead-carp muscle samples were measured 27.06, 10.72,
and 23.37 ng/g ww, respectively (Table 1). The concentrations of DDTs in
common carp samples from Pyasachnik Dam Lake were found lower than
those reported by Erdogrul, O., 2005 for carp and nose carp from the Kahra-
manmaras, Turkey (4.5 — 170 and 8.4 — 246 ng/g ww, respectively) [8], and
those reported by Covaci, A. et al., 2006 from Danub Delta (2 847 ng/g lipid
weight) [9]. Grass carp and bighead carp sampled from Pearl River Delta,
China (Kong et al., 2005) [10] were found to contain 7.4 — 20.57 ng/g ww
and 1.5 —25.33 ng/g ww DDTs, respectively.

PCBs contamination

The concentrations of individual PCBs congeners found in different fish
species are summarized in Table 2. The most persistent PCB congeners (PCB
138, 153 and 180) were found only in fish tissues of common carp and big-
head carp, but with a lower contribution to PCBs than reported for similar
species from other rivers and lakes in Europe [8, 11]. They are defined by
WHO as important for evaluating the risk to human health and are called in-
dicator PCBs, such as PCBs 28, 52, 101, 118 (noted with * in Table 2).
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YPCBs (sum of 15 congeners) were found in detectable levels in muscle
tissues of common carp (7.52 ng/g ww), grass carp (0.98 ng/g ww) and of
bighead carp (1.65 ng/g ww). The contamination degree with PCBs of the
freshwater fish samples from the Pyasachnik Dam Lake were lower than

PCB levels found in other countries. The average PCB levels in common
carp from Lake Zemplinska Sirava (Slovak Republic) were identified 33.41
mg/kg fresh weight [11]. ZPCB concentrations found by Erdogrul et al.,
2005 [8] in carp and wels muscle from the Kahramanmaras, Turkey ranged
between nd — 4.8 and 0.39 — 42.3 ng/g ww, respectively.

Table 2. Concentrations of individual PCBs congeners

(ng/g wet weight) in freshwater fish

fish common carp grass carp bighead carp
(Cyprinus (Ctenopharyngodon | (Hypophthalmichthys
compound carpio) idella) nobilis)
PCB 28*+31 1.29 0.98 0.69
PCB 52* nd nd 0.08
PCB 77 nd nd nd
PCB 101* nd nd nd
PCB 105 nd nd nd
PCB 118* nd nd nd
PCB 126 nd nd nd
PCB 128 nd nd nd
PCB 138* 1.12 nd 0.02
PCB 153* 0.94 nd 0.19
PCB 156 nd nd nd
PCB 169 nd nd nd
PCB 170 1.96 nd nd
PCB 180* 221 nd 0.67
X PCBs (ng/g ww) 7.52 0.98 1.65

nd — not detection, * Indicator PCBs
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Other freshwater fish species — barbel and chub from rivers of the North
of Luxembourg contained £ PCBs ranging from 29.6 to 158.2 ng/g ww and
from 21.7 to 195.3 ng/g ww, respectively — reported by Boscher, A. et al.,
2010 [12].

CONCLUSIONS

In present study the analysis of fish tissues of carp, grass carp and big-
head carp showed a mean total load of DDT pollutants 27.06, 10.72, and
23.37 ng/g ww, respectively. DDTs were the predominant organohalogen-
ated contaminants in all species, with the p,p — DDE contributing to more
than 67% to the total DDTs. In all samples DDT was present only in the
form of its metabolites p,p’ — DDE and p,p’ — DDD, suggesting previous
contamination.

The highest residue concentrations of PCBs quantified in our study
were found in muscle tissue of common carp 7.52 ng/g ww. The residues of
PCBs in bighead carp and grass carp were found lower. The very low levels
of PCBs observed in fish tissues correspond with the fact that no industrial
activities that lead to the spread of persistent organic pollutants in the area
of Pyasachnik Dam Lake.

In general, concentrations of DDTs and PCBs in fish species: carp,
grass carp and bighead carp from the Dam Lake Pyasachnik were found
lower than levels measured in the same fish species from rivers and lakes
in Europe and Asia.
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