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ONE-POT SYNTHESIS OF PYRANO[2,3-cC]PYRAZOLES USING
LEMON PEEL POWDER AS A GREEN AND NATURAL CATALYST
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A simple one-pot four-component synthesis of pyrano[2,3-c]pyrazoles has been achieved by the condensation of aldehydes, malononitrile,
ethyl acetoacetate and hydrazine hydrate using lemon peel powder as a natural catalyst in ethanol under reflux condition. The advantages of
this reaction are less reaction time, high yield, easy availability of the catalyst and green nature of the protocol.
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INTRODUCTION

Pyranopyrazole derivatives are an interesting class of
nitrogen and oxygen-containing heterocyclic compounds.?
Multi-component reactions are known to be selective,
effective, atom-economical, time-saving and easy to
perform.?2 Pyranopyrazole based heterocyclic compounds
have attracted a significant attention due to their
pharmaceutical and biological activities.* Pyranopyrazoles
are the fused heterocyclic compounds which show various
biological activities such as fungicidal,* anti-inflammatory, °
anticancer, 8 antimicrobial,” antioxidant® and bactericidal.’
Considering the importance of pyranopyrazoles, researchers
have reported several methods for their synthesis by using
different catalysts such as nano-ZnO,'° triethanolamine,
sodium benzoate,*? L-tyrosine,®* NMPyTs,'* phenylboronic
acid,™s etc.

In continuation of our efforts to the clean synthetic protocol
for the synthesis of heterocyclic compounds; herein we wish
to report one-pot four-component synthesis  of
pyranopyrazoles by the reaction of aromatic aldehydes,
malononitrile, hydrazine hydrate and ethyl acetoacetate using
lemon peel powder as a catalyst under reflux condition.

EXPERIMENTAL

All the reagents and chemicals were used without further
purification. Melting points were recorded in open capillaries
and were uncorrected. Progress of the reaction was monitored
by TLC plates using ethyl acetate:n-hexane (7:3). FTIR
spectra were recorded on a Shimadzu IR Affinity-1S
spectrophotometer. *H NMR spectra were recorded on a 400
MHz spectrophotometer and chemical shifts were expressed
in & ppm relative to Me4Si as the internal standard.
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General procedure for the synthesis of substituted
pyranopyrazoles

In a 25 mL round bottom flask aldehyde (1 mmol),
malononitrile (1 mmol), hydrazine hydrate (1 mmol), ethyl
acetoacetate (1 mmol) and lemon peel powder (10 wt%) was
taken in 5 mL ethanol solvent. The resulting reaction mixture
was refluxed for a period as indicated in Table 1. The progress
of reaction was monitored by using TLC plates in ethyl
acetate / n-hexane (7:3). After completion of reaction, the
reaction mass was diluted with hot ethanol and filtered off to
separate lemon peel powder catalyst as the residue. The
residue was washed with hot ethanol (3 x 5 mL), the
combined filtrates were concentrated and recrystallized from
ethanol to afford the corresponding pure product. All the
products were confirmed by comparison of their melting
points with the literature values and analysis of IR, *H NMR
and mass spectral data.

6-Amino-3-methyl-4-(4-nitro-phenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (1)

IH NMR (400 MHz, CDCls): & ppm 2.74 (s, 3H, CHs), 4.75
(s, 1H, CH), 7.30 (d, 1H, Ar-H), 7.31 (d, 1H, Ar-H), 7.65 (s,
2H, NH,), 7.79 (d, 2H, Ar-H), 11.04 (s, 1H, NH); ESI-MS:
298.06 (M+1) *.

6-Amino-3-methyl-4-(4-hydroxyphenyl)-1,4-dihydropyra-
no[2,3-c]pyrazole-5-carbonitrile (2)

!H NMR (400 MHz, CDCls): & ppm 2.75 (s, 3H, CH3), 4.45
(s, 1H, CH), 6.52 (d, 1H, Ar-H), 6.53 (dd, 1H, Ar-H), 6.54
(dd, 1H, Ar-H), 6.62 (d, 1H, Ar-H), 7.50 (s, 2H, NHy), 13.4
(s, 1H, NH); ESI-MS: 269 (M+1) *.

6-Amino-3-methyl-4-(4-chlorophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (3)

IH NMR (400 MHz, CDCls): & ppm 2.31 (s, 2H, NH,) 2.89
(s, 3H, CHs), 4.76 (s, 1H, CH), 7.01 (d, 2H, Ar-H), 7.15 (d,
2H, Ar-H), 12.03 (s, 1H, NH); ESI-MS: 287 (M+1) *.
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6-Amino-3-methyl-4-(4-flurophenyl)-1, 4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (4)

H NMR (400 MHz, CDCls): § ppm 2.10 (s, 2H, NH2), 2.73
(s, 3H, CHs), 4.74 (s, 1H, CH), 6.75 (d, 2H, Ar-H), 7.01 (d,
2H, Ar-H), 11.07 (s, 1H, NH); ESI-MS: 271.09 (M+1)* .

6-Amino-3-methyl-4-(4-bromophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (5)

IH NMR (400 MHz, CDCls): § ppm 2.50 (s, 2H, NH), 2.69
(s, 3H, CHs), 4.71 (s, 1H, CH), 6.92 (d, 2H, Ar-H), 7.21 (d,
2H, Ar-H), 10.21 (s, 1H, NH); ESI-MS: 331.02 (M+1)* .

6-Amino-4-(3,4-dimethoxyphenyl)-3-methyl-1,4-dihydro-
pyrano[2, 3-c] pyrazole-5-carbonitrile (6)

H NMR (400 MHz, CDCls): § ppm 1.80 (s, 3H, CH), 3.85
(s, 6H, CHa), 4.55 (s, 1H, CH), 6.56 (s, 1H, CH), 6.61 (d, 1H,
CH), 6.65 (d, 1H, CH), 7.60 (s, 2H, NH,), 13.2(s, 1H, NH);
ESI-MS: 313 (M+1)* .

6-Amino-4-(2-chlorophenyl)-3-methyl-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (7)

'H NMR (400 MHz, CDCls): 8 ppm 2.00 (s, 2H, NHy), 2.70
(s, 3H, CHs), 4.54 (s, 1H, CH), 6.65 (d, 1H, Ar-H), 6.66 (dd,
1H, Ar-H), 6.67(dd, 1H, Ar-H), 6.75 (d, 1H, Ar-H), 13.7 (s,
1H, NH); ESI-MS: 287 (M+1) *.

6-Amino-4-(2-hydroxyphenyl)-3-methyl-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (8)

IH NMR (400 MHz, CDCls): & ppm 2.75 (s, 3H, CHs), 4.45
(s, 1H, CH), 6.52 (d, 1H, Ar-H), 6.53 (dd, 1H, Ar-H), 6.54
(dd, 1H, Ar-H), 6.62(d, 1H, Ar-H), 7.50 (s, 2H, NH,), 12.04
(s, 1H, NH); ESI-MS: 269 (M+1) *.

6-Amino-4-furan-2-yl-3-methyl-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (9)

'H NMR (400 MHz, CDCls): & ppm 2.40 (s, 2H, NHy), 2.67
(s, 3H, CHs), 4.94 (s, 1H, CH), 5.77 (d, 1H, Ar-H), 6.01 (dd,
1H, CH), 7.10 (d, 1H, Ar-H), 13.01 (s, 1H, NH); ESI-MS:
243.05 (M+1) *.

6-Amino-3-methyl-4-(3-nitrophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-5-carbonitrile (10)

'H NMR (400 MHz, CDCls): & ppm 0.97 (s, 3H, CHa),
4.05 (s, 1H, NH), 6.23 (s, 2H, NHy), 6.67-6.87 (m, 2H, Ar-
H), 7.19 (t, 1H, CH), 7.30 (d, 1H, Ar-H), 11.38 (s, 1H, NH);
ESI-MS: 299.23 (M+2) *.

6-Amino-4-(4-dimethylaminophenyl)-3-methyl-1,4-dihydro-
pyrano[2,3-c]pyrazole-5-carbonitrile (11)

'H NMR (400 MHz, CDCls): 8 ppm 2.50 (s, 2H, NHy), 2.74
(s, 3H, Ar-H), 2.89 (s, 6H, CHs3), 4.45 (s, 1H, CH), 6.43 (d,

Eur. Chem. Bull. 2020, 9(2), 38-42

Section A-Research paper

2H, Ar-H), 6.84 (d, 2H, Ar-H), 12.40 (s, 1H, NH); ESI-MS:
296.12 (M+1)*.

RESULT AND DISCUSSION

In the present work, we have synthesized pyranopyrazole
derivatives using variously substituted aromatic aldehydes. A
model four component condensation reaction was performed
on 4-hydroxybenzaldehyde, malononitrile, ethyl acetoacetate
and hydrazine hydrate using lemon peel powder as a catalyst
in water solvent or without water or ethanol solvents at room
temperature, reflux condition and by using ultrasound
irradiation.

To follow the principles of green chemistry, initially a
model reaction was carried on 4-hydroxybenzaldehyde in the
absence of solvent or without solvent at room temperature,
reflux condition and ultrasonic irradiation. But the
corresponding product was obtained in a less amount (52 %,
45 %). Then we carried out the same reaction in the presence
of water, ethanol solvent under room temperature, reflux
condition and ultrasonic irradiation. We observed that the
reaction required a long reaction time in water with lesser
yield as compared to ethanol. Excellent yield was obtained in
ethanol solvent under reflux conditions as compared to room
temperature and ultrasonic irradiation. The results obtained
are presented in Table 2.

Next, we optimized the amount of catalyst concentration on
the same reaction by using 5, 10, 20 and 30 wt.% of the
catalyst and observed 50, 90, 90, and 91 % of the product,
respectively, in case of the model condensation reaction.

We also carried out the same reaction under solvent-free
condition, but the product was obtained in a very less amount
(10%). In conclusion, the best result was obtained with 10 wt
% of lemon peel powder in ethanol under reflux condition
(Table 3). Further increasing the amount of catalyst does not
affect yield of the product to a greater extent.

NH,NH,.H,0

CHO
R_,(j/ <CN M +
| + +
Z CN o
Lemon peel powder (10 wt%)
EtOH, reflux

Scheme 1. General reaction for the synthesis of pyranopyrazoles

After completion of reaction, the reaction mass was diluted
with hot ethanol and filtered off to separate lemon peel
powder catalyst as the residue. The residue catalyst was
washed with hot ethanol (3 x 5 mL), combined filtrates were
concentrated and recrystallized from ethanol to afford the
corresponding pure pyranopyrazole product.
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Table 1. Synthesis of pyranopyrazols derivative

Entry Benzaldehyde Product Time, min Yield, % M.P., °C M.P. °C (lit.)
(Found)
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Table 2. Effect of various solvent on the model reaction
Entry Solvent Temperature Time, min Yield, %
1 H.O Reflux 180 52
2 Solvent-free Reflux 300 45
3 Ethanol Reflux 120 91

Table 3. Effect of catalyst on the synthesis of pyranopyrazoles
under reflux condition

Entry Amount of catalyst, wt% Yield, %

1 No catalyst 10

2 5 50

3 10 90

4 20 90
CONCLUSION

In conclusion, we report the synthesis of pyranopyrazoles
by using one pot four-component procedure with excellent
yield. Easy handling, clean method and atom economical
transformation are some of the important advantages of the
present method.
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DETERMINATION OF HEAVY METAL CONTENTS IN WATER
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OF LLAPI RIVER (KOSOVO). A CASE STUDY OF
CORRELATIONS COEFFICIENTS

Fatbardh Gashi,[d Elida Dreshaj,[? Naser Troni,®] Albert Maxhuni®land Fisnik
Lahall

Keywords: Water; heavy metals; atomic absorption spectroscopy; correlation coefficients; Llapi river.

Atomic absorption spectroscopy has been used to analyses and assesses the heavy metal content in water of the Llapi river, Kosovo. In this
study, the assessment of heavy metals in water was realized in the summer period. Statistical studies have been carried out by calculating
basic statistical parameters, anomalies (extremes and outliers) and correlation coefficients between different pairs of variables. The
concentration of Cr, Ni, Zn, Cu and Fe in all sample stations were found to be under WHO recommended norms. But the concentration of
Cd and Pb in all sample stations and concentrations of Mn at several stations were found to be above WHO recommended norms originated
from mineral sources (ores) in this area. The statistical regression analysis has been found a highly significant positive relationship of Cd
with Ni, Mn, Fe and Pb originated mainly of sulphide ores in this area.
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INTRODUCTION

The quality of water is an issue of significant interest for
the residents of the EU. In peat bogs, water flows freely in
the active layer of water or acrotelm. Water storage is
critical to the balance of water in peat swamps and in
surrounding areas. Logging activity, agriculture, peat
extraction and destruction of peat swamp drainage activity
also have an adverse effect and has an unfavorable
implication on the hydrology.?

The sources of physico-chemical contamination are
numerous and include the land disposal of sewage effluents,
sludge and solid waste, septic tank effluent, urban runoff
and agricultural, mining and industrial practices.®* Chemical
contamination of drinking water is often considered a lower
priority than microbial contamination by regulators because
adverse health effects from chemical impurities are
generally associated with long-term exposures. In contrast,
the results from microbial contamination are usually
immediate practices.> The decomposition of organic matter
and pollution due to anthropogenic activity are the primary
sources of pollution of water.® As reported by Brils,’
adequate water quality in Europe is one of the most critical
concerns for the future.

Proper management of natural and environmental waters
will give results if leading institutions continuously monitor
information about the ecological situation. Therefore, seeing
it as a challenge for environmental chemists, our goal is to
determine the amount and nature of pollutants in the
environment. One could claim that the most polluted areas

Eur. Chem. Bull., 2020, 9(2), 43-47

in the world are those with the densest population. It should,
therefore, be the foremost goal of environmentalists to
prevent such pollution, and to educate the community
towards proper management of ecosystems.® Heavy metal
ions can exist in several different forms.® The factors which
determine the form of the metal ion are the extent of
complexation and the oxidation state. In many samples,
metal ions are present in their hydrated forms. Hydrated
metal ions are usually written without the water ligands
included in the chemical formula.

Determination of the concentrations of trace heavy
elements in aqua systems is difficult and the results obtained
often vary according to the chosen analytical technique.
Atomic absorption spectroscopy (AAS) is a frequently used
instrumental technique for the determination of trace heavy
metal ions because of its low cost and short analysis time.°

Waters of Kosovo have been poorly investigated. Gashi et
al. 1! performed the first step with the investigation of the
rivers Drini i Bardhé, Morava e Bincés, Lepenc and Sitnica,
which was of supra-regional interest. They conducted
studies of mineralogical and geochemical composition and
contamination status of stream sediments of mentioned
rivers of Kosovo. By comparing the concentrations of toxic
elements with the existing criteria for sediment quality, in
that study was found that sample points in Fushé Kosova
and Mitrovica of Sitnica River are significantly polluted,
caused by Zn and Pb processing by flotation and Zn
electrolysis factory. In Morava e Bingés River, also two sites
were found to be contaminated with Cd. As Drenica River is
the most important tributary of Sitnica River,'? the next
paper presents the detailed investigation and monitoring of
the Sitnica river watershed, which is the most polluted river
in Kosovo. Gashi et al.*3*® performed research of ecotoxic
metals: copper, lead, cadmium, zinc and manganese in
waters of four main rivers (Drini i Bardhé, Morava e Bingés,
Lepenc and Sitnica) of Kosovo and suggested to authorities
concerned a monitoring network on main rivers of Kosovo.
Also, the authors highlighted two locations in Sitnica River
as very polluted with ecotoxic elements.
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Study area and sampling

The Llap is a river in the north-eastern part of Kosovo and
the 82.7 km long right tributary to the Sitnica river,'® which
runs through the middle of Podujevo. The source of Llapi
river is considered to be the Pollata village in the Albanik
Mt., where the rivers of Murgulla and Sllatina are joined.
This river is wide from 9 to 12 meters and deep up to 1.2
meters. The river brings an average of 4.9 m® s, however,
there are considerable variations with the maximum going
up to 25 m® s, The Llapi river originates from Albaniku
Mountain in the Prishtina region. Near the village of
Stanovci i Poshtém, the Llapi river splits and empties into
the Sitnica river. The sampling process of river water was
performed on August 12, 2015, to cover the river spatially,
taking into account anthropogenic pressures, the different

habitats, and the hydro morphological conditions of the river.

SERBIA

ana,

"+ e mPRISTNA BRISHUNE

]

Figure 1. Study area with sampling stations.

At each sampling location, water samples were collected
in polyethylene bottles. Before taking water samples, the
bottles were rinsed three times with the river's water to be
collected. Water samples were collected for analysis
according to the recommended procedures, near the river

bank at a depth of 15 cm, put into 1dm? bottles stored at 4°
C. 17,18

Table 1. Sampling stations (summer period) with a detailed
description

Sample Locality Possible pollution sources

S1 Marincé Low probability

S2 Sllatiné Low probability

S3 Pollaté Settlement, traffic and agriculture

S Bajqiné Settlement, traffic and agriculture

Ss Podujevé The settlement, wastewater from

(exit) Podujeva city, traffic and

agriculture

Se Gllamnikeé The settlement, agriculture
wastewater from "ABB" meat and
juice factory

S7 Llozhan Settlement, wastewater, traffic and
agriculture

Ss Milloshevé  Settlement, wastewater, traffic and
agriculture

So Lummadh Settlement, wastewater, traffic and
agriculture
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Preservation and experimental procedure for the water
samples are carried out according to the standard methods
for the examination of water Samples are preserved in
refrigerator after treatment.!®>* GPS device Extras measured
geographic coordinates, "GARMIN, 12 channel,” and
locations were well described. The levels of heavy metals in
water were compared with WHO standards for drinking
water.?? The study area with the sampling locations is shown
in Figure 1 and the details about all sampling sites were
presented in Table 1.

MATERIALS AND METHODS

Twice distilled water was used in all experiments. All
instruments are calibrated according to the manufacturer's
recommendations. All tests were performed at least three
times to calculate the average value. Determination of the
concentrations of trace heavy metals: Cr, Cd, Ni, Zn, Mn,
Cu, Fe and Pb in environmental samples is difficult and the
results obtained often vary according to the chosen
analytical technique. Atomic absorption spectroscopy
(AAS) is an important instrumental technique for the
determination of trace/heavy metal ions because of its low
cost and short analysis time. Determination of Zn (213.89
nm), Fe (371.99 nm), Mn (403.08 nm), Ni (341.48 nm), Cr
(425.44 nm), Cu (327.40 nm), Cd (326.11 nm) and Pb
(405.78 nm) were performed using atomic absorption
spectrometer model “PERKIN ELMER 400 ANALYST”.

The detection limit for analyzed heavy metals is presented
in Table 2. Program statistic 6.0% was used for the statistical
calculations in this work, such as descriptive statistics,
Pearson’s correlation factor and two-dimensional box plot
diagrams for determination of anomalies (extremes and
outliers) for solution data. Relationships between the
observed variables were tested using correlation analysis,
and the level of significance was set at p < 0.05 for all
statistical analyses.

RESULTS AND DISCUSSION

The concentration of 8 heavy metals was presented in
Table 2 and basic statistical parameters for 6 variables in 9
water samples are shown in Table 3. Using experimental
data and box plot approach of Tukey,?* extreme and outlier
values were determined for the whole region. Two
dimensional scatter box with plots diagrams are presented in
Figure 2. Anomalous values (outliers and extremes) of 6
variables are shown in Table 4. The matrix of correlation
coefficients (r) of the selected six variables was presented in
Table 5.

The concentration of Cr, Ni, Zn, Cu and Fe in all sample
stations were found to be under WHO recommended norms.
Cadmium concentrations in unpolluted natural waters are
usually below 1 pg dm=3.% It is chemically similar to zinc
and occurs naturally with zinc and lead in sulphide ores. The
concentration of Cd in all sample stations was found to be
above-recommended norms (WHO the highest desirable
limit 0.005 mg dm), as a possible sign of natural pollutions
originated from cadmium sulphide ores in this area.
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Figure 2. Scatter box plot diagrams of some selected heavy metals.
Table 2. The concentration of some metals in water sample stations
Heavy Detection WHO S1 S2 S3 S Ss Se S7 Ss So
metal limit, standard,
mg dm-3 mg dm-3
Cr 0.003 0.05 0.008 0.007 0.007 0.008 0.009 0.010 0.010 0.012 0.011
Cd 0.0008 0.005 0.022 0.019 0.019 0.021 0.024 0.022 0.017 0.016 0.017
Ni 0.006 0.07 0.009 0.008 0.008 0.012 0.018 0.011 0.011 0.009 0.007
Zn 0.0015 5 nd* nd nd nd nd nd nd nd nd
Mn 0.0015 0.1 0.099 0.105 0.095 0.124 0.259 0.231 0.089 0.076 0.069
Cu 0.0015 2 0.005 0.004 0.004 0.004 0.005 0.006 0.005 0.005 nd
Fe 0.005 0.3 0.205 0.178 0.178 0.188 0.227 0.230 0.088 0.085 0.086
Pb 0.010 0.01 0.011 0.010 0.010 0.021 0.040 0.042 0.016 0.014 0.013

*not detected
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Table 3. Descriptive statistics of 6 variables in 9 cases
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Variable, mg dm

Descriptive statistics

Mean Geometric  Median Minimum Maximum Variance Std. dev.
Cr 0.0091 0.0090 0.0090 0.0070 0.0120 0.00 0.0018
Cd 0.0197 0.0195 0.0190 0.0160 0.0240 0.00 0.0027
Ni 0.0103 0.0099 0.0090 0.0070 0.0180 0.00 0.0033
Mn 0.1274 0.1146 0.0990 0.0690 0.2590 0.00 0.0689
Fe 0.1628 0.1511 0.1780 0.0850 0.2300 0.00 0.0603
Pb 0.0197 0.0169 0.0140 0.0100 0.0420 0.00 0.0126

Table 4. Anomalous values (extremes and outliers) of 6 metals in 9
water samples

Sample  Extremes of Outliers of parameters
parameters (=) (0)

S1 No reg. No reg.

S2 No reg. No reg.

Ss No reg. No reg.

Sa No reg. No reg.

Ss Mn (0.259 mgdm3) Ni (0.018 mgdm),

Pb (0.04 mgdm-3)

Se Mn (0.231 mgdm3) Pb (0.042 mgdm3)
Sz No reg. No reg.

Ss No reg. No reg.

So No reg. No reg.

Table 5. Matrix of correlation coefficients (r) of selected six
variables

Correlations, marked correlations are significant at p
<0.05000

Cr Cd Ni Mn Fe Pb

Cr 1.00

Cd -0.46 1.00

Ni -0.01 0.67 1.00

Mn  -0.07 0.81 0.81 1.00

Fe  -0.61 0.94 0.48 0.74 1.00

Pb  0.19 0.66 0.77 0.95 0.56 1.00

Concentrations of Mn at stations Sy, Ss, Ss and Sg were
found to be above-recommended norms (WHO the highest
desirable limit 0.1 mg dm™) as a possible sign of natural
pollutions originated from manganese ores in this area and
uncontrolled use of fertilizers, varnish and fungicides in this
area. Pb in all sample stations were found to be above WHO
recommended norms from 0.01 mg dm3, originated
(possible) from lead sulphide ores in this area.?

Basic statistical parameters (Mean, Geometric mean,
Median, Minimum, Maximum, Variance and Standard
deviation) for six parameters analyzed in water samples are
presented in Table 3. Based on the two-dimensional scatter
box plot diagrams (Fig. 2) from 6 experimental data were
constructed and anomalous values (Table 4). In the sample
station, Ss and Sg extreme values of Mn (0.259 and 0.231

mgdm3, respectively) were registered. The sample Ss and S,

the outlier value of Pb (0.040 and 0.042 mgdm?,
respectively) was recorded.

Eur. Chem. Bull., 2020, 9(2), 43-47

Also, the outlier value of Ni at the sample station Ss was
registered. The statistical regression analysis has been found
a highly useful technique for the linear correlating between
various water parameters, and the correlation coefficient
(Table 5) indicates a positive and negative significant
correlation of variables with each other. A positive
correlation means one parameter increase with other
parameters and negative correlation means one parameter
increase with other parameters decreases. In this study
summer period (see Table 5). Cd showed a highly
significant positive relationship with Ni, Mn, Fe and Pb
originated mainly of sulphide ores in this area.?® Ni showed
a highly significant positive relationship with Mn and Pb.
Manganese showed a highly significant positive correlation
with Fe and Pb.

CONCLUSIONS

The concentration of heavy metals - Cr, Ni, Zn, Cu and Fe
- in all sample stations were found to be under WHO
recommended norms. The concentration of Cd in all sample
stations were found to be above-recommended standards as
a possible sign of natural pollutions originated from
cadmium sulphide ores in this area. Concentrations of Mn at
stations Sy, Ss4, Ss and Se were found to be above-
recommended norms as a possible sign of natural pollutions
originated from Manganese ores in this area and
uncontrolled use of fertilizers, varnish and fungicides in this
area. Pb in all sample stations was found to be above WHO
recommended norms originated (possible) from Lead
sulphide ores in this area.

Based on the two-dimensional scatter box plot diagrams
in sample stations, Ss and Sganomalies values of Mn and Pb
were registered. Also, the outlier value of Ni at the sample
station Ss was registered. The statistical regression analysis
has been found a highly significant positive relationship of
Cd with Ni, Mn, Fe and Pb originated mainly of sulphide
ores in this area. Ni showed a highly significant positive
correlation with Mn and Pb. Manganese showed a highly
significant positive relationship with Fe and Pb.

From the results, it was found out that river water quality
did not fulfill the criteria set by the WHO and the
distribution of pollutants (heavy metals) indicated natural
pollutions and anthropogenic sources as the influence of
wastewaters from the settlement, agriculture impact and
wastewater from meat and juice factory.
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IMPACT OF HEAVY METALS ON OREOCHROMIS NILOTICUS

E B FISH AND USING ELECTROPHORESIS AS BIO-INDICATOR

FOR ENVIRONMENTAL POLLUTION OF ROSETTA BRANCH,
RIVER NILE, EGYPT

Magda F. Mohamed I, Nasr M. Ahmed[], Yasmeen M. Fathyl®l and Ismail A. Abdelhamid!]

Keywords: use the Keywords style for the list of keywords, separating with a comma each items.

In the present work, samples of water and fish were collected from the river Nile at El- Qanater El- Khyria as non-polluted site and from
downstream of El-Rahawy drain (El-Qatta) as a polluted drain during different seasons of 2016. The concentration of metals (Fe, Zn, Cu,
Pb, Mn and Cd) in water and their accumulations in fish muscles were measured. Electrophoresis pattern of Oreochromis niloticus
including protein pattern, calcium pattern and p-esterase have been determined. In the present study, results revealed increased
concentrations of studied metals in water and fish samples mainly during the winter season. The values of Fe, Cu, Pb, Mn, Zn and Cd were
higher than the permissible limits in water, while Fe, Pb and Zn exceeded the permissible limits in fish muscles, especially those of EI-
Qatta station. Results of electrophoretic protein pattern showed similarities in arrangement of the bands in liver and muscles tissues in

fishes taken from both locations (A and B). The cumulative risk impacts have been discussed.
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INTRODUCTION

The river Nile is one of the longest rivers in the world (its
mainstream is about 6,740 km in length). The total area of
its basin is about 2.9 million km2. 22 % of the Nile’s course
runs through Egypt. At the north of Cairo, the Nile divides
into two branches, the Rosetta branch to the west and the
Damietta to the east.! Rosetta branch represents the area of
investigation and its length is about 225 km. The width of
the branch varies from 150 to 200 m and its average depth
varies from 2 to 3.5 m. Nowadays, Rosetta branch suffers
from several environmental problems. It receives pollutants
from three main sources, the first source is EI-Rahawy drain
which receives domestic and agriculture wastes from Giza
city and pours more than 1,900,000 m3day™ of its effluents
into Rosetta branch. The second source results from Kafr El-
Zayat industrial area and the third source of pollution is
several small agricultural drains that discharge their wastes
into the branch in addition to sewage discharged from
several cities. 2

Metals are non-biodegradable and once discharged into
water, they precipitated on sediment particles and
accumulated in the living aquatic organisms. So, fishes
absorb these metals from the surrounding water, sediment
and food, which may accumulate in their tissues in
significant amounts,® therefore, fish can be used as a

Eur. Chem. Bull., 2020, 9(2), 48-61

bioindicator for detecting metals
freshwater ecosystems.

contaminating the

The heavy metals contamination is a very serious threat
due to their toxicity, bioaccumulation and biomagnifications
in the food web.* Also, metals are regarded as dangerous
pollutants of the aquatic ecosystem due to their toxicity
impact on living organisms.>® While, the essential metals
such as Cu, Zn and Fe have normal physiological regulatory
functions.” They may accumulate and reach toxic levels in
living organisms. Furthermore, the non-essential metals are
usually strong toxic chemicals and their accumulation in
organism’s tissues may lead to intoxication, infertility, tissue
damage and dysfunction of a variety of organs.® Concern
about the impact of anthropogenic pollution on aquatic
ecosystems is growing, where metals from man-made
pollution sources are continuously released into both aquatic
and terrestrial ecosystems. Heavy metals may accumulate in
fish tissues from the surrounding water and/or food to be a
very serious threat for fish and human health.3%0

An electrophoretic method has been described for
distinguishing between fish slices according to their protein
constituent. Reproducible electrophoretic patterns were
obtained for different samples and sizes of the same fish
type, but small differences were shown for fish of widely
different origin.'* A comparative study of fish species
correspondence was accomplished using three different
electrophoretic methods. Sarcoplasmic proteins were
extracted from three related fish species and exposed to gel
isoelectrofocusing, two-dimensional polyacrylamide gel
electrophoresis and capillary zone electrophoresis.*2

The present work was conducted to explore the effect of
water pollutants of the river Nile (Rosetta branch) from EI-
Qanater El-Khyria to EI-Rahawy drain (El-Qatta) on fish
organs and estimate the amount of heavy metals in water
and fish muscles.
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Figure 1. Map of northern Egypt showing the area of study and sampling stations on the Rosetta branch.

Furthermore, the study was concerned with revealing the
adverse effect of these heavy metals on the
biomacromolecules (proteins and calcium pattern and
enzymes p-esterase) that were separated and identified
electrophoretically and use of electrophoresis as an effective
tool in revealing the adverse effect of heavy metals which
accumulate in different fish organs when exposed to toxic
concentrations.

EXPERIMENTAL

The studied area is located at the beginning of Rosetta
Branch, about 25 km downstream of Cairo. Seasonal
sampling of water and fish was performed from winter 2016
to autumn 2016. Two stations were chosen for this study.
The first was El-Qanater El-Khyria city, while the second
was El-Qatta (after El-Rahawy drain 7 Km). El-Rahawy
drain is a huge drain, which receives domestic and
agricultural wastes from Giza city and pours its effluents
into the Rosetta branch (Figure 1).

Heavy metals in water

20 mL of conc. nitric acid were added to 500 mL of water
sample in a beaker and boiled on a hotplate until complete
digestion of suspended material. The remaining volume was
made up to 100 mL with deionized distilled water. A portion
of this solution was used for the quantitative determination
of heavy metals (iron, copper, lead, manganese, zinc and
cadmium) using atomic absorption model (Perkin Elmer
3110, USA) with graphite atomizer HGA-600, according to
the reported method.*® The results are expressed in mg L™,

Heavy metals in fish

Fish samples were transferred to weighing beakers and
placed overnight in a drying oven thermostatically regulated
at 105 °C. Dried samples (1 g) were taken and digested,**

where 5 mL each of conc. perchloric and nitric acids were

Eur. Chem. Bull., 2020, 9(2), 48-61

used. The digested solutions were cooled and made up to 25
mL using deionized water, the concentration of trace
elements (Fe, Cu, Pb, Mn, Zn and Cd) in solution were
determined using atomic absorption model (Perkin Elmer
3110, USA) with graphite atomizer HGA-600, according to
the reported method.® The results are expressed in mg kg*
of dry weight and then converted to mg kg* of wet weight
basis.

Electrophoretic study
Preparation of the tissue homogenates

Liver and muscle tissues were excised from fishes (O.
niloticus) caught from the two different areas. The tissues
were washed with cold phosphate buffered saline, frozen
rapidly with liquid nitrogen, ground then homogenized in
0.05 M Tris-HCI buffer (pH 7.4). The homogenates were
left in refrigerator overnight and shaken using vortex for 15
sec and then centrifuged at 10,000 rpm at 4°C for 15 min.
The supernatants including water-soluble proteins were
transferred to Eppendorf tubes and stored at the deepfreezer
until electrophoretic analysis.

Electrophoretic protein and calcium patterns

The native electrophoretic patterns were carried out
through vertical slab polyacrylamide Gel Electrophoresis
using Mini-gel electrophoresis (Biorad, USA) according to a
reported method® and its recent modification’® The
resolving gel was prepared at the concentration 8 % from
stock solution consisting of acrylamide: bis-acrylamide
(30 % T, 2.67 % C) (acrylamide/bis = 29.2:0.8) and 10 %
glycerol.

After the electrophoretic run, the native bands were
stained by Commassie Brilliant Blue G-250 for visualization.
The relative mobility (RF) and band percent (B, %) of the
isolated proteins were determined in addition to the
molecular weights (MWs) that estimated in comparison to
marker of standard molecular weights (ranging from 6.458
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to 195.755 KDa). Moreover, lipid and calcium moieties of
the native proteins were stained by mean of
isoelectrophoresis using Sudan Black B and Alizarin Red S
respectively as suggested earlier.t”18

Electrophoretic localization of in-gel enzyme activity:

The electrophoretic p-esterase in the native gel was
stained using benzidine stain prepared as per a reported
method.’® After developing the colored bands of enzyme
activity, the gel was fixed in 7 % glacial acetic acid for 30
min, then it was preserved in 5 % acetic acid prepared in
10 % methanol.

RESULTS AND DISCUSSION

Heavy metals in water

Heavy metals concentrations in the water samples at the
two localities of the River Nile, at El- Qanater El- Khyria as
non-polluted site and from downstream of El-Rahawy drain
(El-Qatta) as a polluted site, during the period of study are
presented in Figures 2 to 7.

The concentration of iron in the water at the two stations
varied from the maximum value of 0.760 mg L at El-Qatta
during winter to a minimum value of 0.126 mg L* at El-
Qanater El-Khyria during spring. The concentration at El-
Qatta station is higher than the permissible level of 0.5 mg
L!, according to the Egyptian Organization for
Standardization,? (Figure 2). The low iron content in spring
is possibly due to the consumption of iron by
phytoplankton?* and oxidation of Fe?* to Fe3* and
subsequent precipitation as hydroxide at high dissolved
oxygen content,?? whereas, the high value of iron
concentration at station Il during winter may be ascribed to
the breakdown of organic matter and dead microorganisms
that releases the metal into water.?® Finally, the increasing of
iron may be due to the small water level during the drought
period and discharge of effluent from El-Rahawy drain
which is loaded with agriculture and domestic sewage.?

Copper values in the investigated area varied in the range
of 0.016 — 0.021, 0.010-0.017, 0.009-0.018 and 0.010 -0.020
mg L during winter season, spring season, summer season
and autumn season, respectively, (Figure 3), which are
higher than the permissible level (0.010 mg L) according to
Egyptian Standards of the Environmental Laws no. 48/1982
decree 92/2013.2° Winter recorded the highest values (0.021
mg L) of (Cu) at El-Qatta station may be due to decrease
water level in the River Nile and increase domestic sewage
at El-Rahawy drain. While summer recorded the lowest
values, the decrease (0.009 mg L) in Cu-concentration in
water is probably due to its tendency to form complex with
organic ligands and humic matter, which leads to lessening
the penetration of free ions into water, where 90 % of (Cu)
in water is complexed by dissolved organic and suspended
matters.2%27

The concentrations of lead in water are 0.017-0.059,

0.017-0.052, 0.015-0.038 and 0.020-0.055 mg L™ during
winter, spring, summer and autumn, respectively (Figure 4).
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The increase in lead during winter (0.059 mg L) at El-
Qatta station might be ascribed to the reduction in water
discharges during drought period, whereas the highest value
of Pb may be resulted from heavy metals in agricultural
waste runoff containing fertilizers, agrochemicals, or
pesticides at EI-Rahawy drain. Thus, EIl-Qatta station
showed a higher level of lead than the permissible value?
(0.050 mg L) except for summer season.

The present results showed that manganese values in the
investigated areas range between 0.048-0.135, 0.048-0.085,
0.030-0.055 and 0.045-0.123 mg L during winter, spring,
summer and autumn, respectively. The low concentration of
manganese may be attributed to oxidation of Mn?* to solid
MnO; which precipitates to the sediment layer.?® El-Qatta
station showed higher value than the permissible?® level
(0.050 mg L) as observed in Figure 5. The seasonal
average values of zinc concentrations in water vary between
the maximum value of 0.155 mg L* at El-Qatta during
winter and a minimum value of 0.059 mg L™ at EI-Qanater
El-Khyria during summer. Low Zn concentration may be
related to the contribution of phytoplankton, pH and
dissolved oxygen concentration.? Zinc in the River Nile
exceeded the permissible levels at EI-Qatta station,?® (Figure
6).

Cadmium concentrations of the two stations in the water
range between (0.0030-0.011 mg L) and are higher than
the permissible level (0.001 mg L) recommended by
Egyptian Standards of the Environmental Laws no. 48/1982
decree 92/2013,%° (Figure 7). The maximum concentration
of cadmium during winter at El-Qatta station might be
attributed to the effect of pollution sources in that sites, as
sewage and domestic wastes at El-Rahawy drain.

Generally, the concentrations of heavy metals in water
samples were in the of Fe > Zn > Mn > Pb > Cu > Cd. The
concentration of heavy metals in water samples showed
seasonal variations, elevated in winter seasons, may be due
to decreased level of water during drought period which
results elevation of concentration of the metals,?*?* and due
to increase of the amount of discharge of agricultural,
sewage waste water and industrial wastes into water of the
River Nile in winter season.3® While decreased in summer
seasons may be attributed to phytoplankton growth which
can absorb large quantity of heavy metals from water and
also due to increase the water level during the summer
season in the River Nile.3!

Accumulation of heavy metals in muscles of O. niloticus fish

Metal concentrations in the muscle samples of O. niloticus
at the two localities of the River Nile at El- Qanater El-
Khyria as non-polluted site and from downstream of El-
Rahawy drain (El-Qatta) as a polluted site during the study
period are illustrated in (Figure 8 to 13). The annual average
of metal concentrations in the muscle samples were ranked
in the order of Fe > Zn > Mn > Cu > Pb> Cd.

The concentration of iron in fish muscles varies between
14.455 and 36.763 mg kg at El-Qanater El-Khyria during
summer and El-Qatta during winter. lron was the most
abundant metal in the tissues studied.
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Figure 2. Seasonal variation of iron concentrations in water at EI-Qanater EI-Khyria and El-Qatta of the River Nile. Permissible limit is
according to ref. 20.
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Figure 3. Seasonal variation of copper concentrations in water at EI-Qanater El-Khyria and El-Qatta of the River Nile. Permissible limit is
according to ref. 25.
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Figure 4. Seasonal variation of lead concentrations in water at EI-Qanater El-Khyria and El-Qatta of the River Nile. Permissible limit is
according to ref. 20.
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Figure 5. Seasonal variation of manganese concentrations in water at El-Qanater El-Khyria and El-Qatta of the River Nile. Permissible
limit is according to ref. 20.
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Figure 6. Seasonal variation of zinc concentrations in water at El-Qanater El-Khyria and El-Qatta of the River Nile. Permissible limit is
according to ref. 28.
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Figure 7. Seasonal variation of cadmium concentrations in water at El-Qanater EI-Khyria and El-Qatta of the River Nile. Permissible limit
is according to ref. 25.
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Figure 8. Seasonal variation of iron concentrations in the muscles of O. niloticus at EI-Qanater EI-Khyria and El-Qatta of the River Nile.
Permissible limit is according to ref. 32.
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Figure 9. Seasonal variation of copper concentrations in the muscles of O. niloticus at El-Qanater EI-Khyria and EI-Qatta of the River Nile.
Permissible limit is according to ref. 32.
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Figure 10. Seasonal variation of lead concentrations in the muscles of O. niloticus at EI-Qanater El-Khyria and El-Qatta of the River Nile.
Permissible limit is according to ref. 32.
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Figure 11. Seasonal variation of manganese concentrations in the muscles of O. niloticus at El-Qanater EI-Khyria and El-Qatta of the
River Nile. Permissible limit is according to ref. 32.
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Figure 12. Seasonal variation of zinc concentrations in the muscles of O. niloticus at EI-Qanater EI-Khyria and El-Qatta of the River Nile.
Permissible limit is according to ref. 32.

o8
a7
0.6
0.5
0.4
o3

Cdmg/kg wt. wt.

0.2
o1

m El-Qanater El-Khyria m El-Qatta m permissible levels
T T 1
permissible winter spring SUummer Autummm
levels

Figure 13. Seasonal variation of cadmium in the muscles of O. niloticus at El-Qanater El-Khyria and El-Qatta of the River Nile.
Permissible limit is according to ref. 32.
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The high accumulation of Fe in fish muscles can be
attributed to the large amount of Fe detected in water.
Higher Fe content in the fish muscles at El-Qatta station
agrees with earlier finding.®® The present data (Figure 8)
showed that iron concentrations in the fish muscles were
less than permissible level.*> The highest accumulation of
iron in fish muscles may be attributed to the large amount of
iron in water of the River Nile and domestic sewage at El-
Rahawy drain, however the minimum values at El-Qanater
may be due to oxidation of Fe?* to Fe3* which remains as
Fe(OH)s in the sediment of the oxygenated water.

Copper concentration of the muscles of the fish varies
between 1.675 to 2.566 mg kg™ wt. wt. at EI-Qanater El-
Khyria and 3.235 to 4.226 mg kg™ wt. wt. at EI-Qatta station
during summer and winter season, respectively.
Concentrations of copper (Figure 9) in the fish muscles are
still less than the permissible level of 30 mg kg?* wt. wt. ¥
Decreased copper concentration in the muscles of O.
niloticus fish may well be due to the decrease in Cu
concentration in water because of the decrease in water
discharge during cold seasons and increase of domestic
waste at El-Rahawy drain.®®?* On the other hand an
increase in Cu concentration in muscles of O. niloticus fish
may be due to the increment of copper in water because in
flow of large quantity of sewage waste in studied area.

The maximum value of lead (4.658 mg kg* wt. wt.) was
recorded during winter at EI-Qatta station, while the lowest
value (1.351 mg kg wt. wt.) was registered during summer
at El-Qanater El-Khyria. The study revealed (Figure 10) that
the lead concentration in muscles of O. niloticus fish of the
studied area was higher than the permissible limit of 2.0 mg
kg? at El-Qatta station.®* Figure 11 shows observed
concentrations of Mn in the muscles which ranged from
1.945 to 6.954 mg kg?* wt. wt., these results, at El-Qatta,
were higher than permissible level®? of 5.0 mg kg*. The
highest value of zinc (Figure 12) was recorded in the fish

muscles at El-Qatta station during winter (15.417 mg kg™ wt.

wt.), while the lowest value (5.211 mg kg™ wt. wt.) recorded
in El-Qanater El-Khyria station during summer. The values
are lower than permissible level 40.0 mg kg™ wt. wt.3

The increase of Pb and Mn concentration in muscles of O.
niloticus may be due to high concentration of the metal in
water brought about by large amount of sewage discharged
at El-Rahawy drain. The increase of zinc may be attributed
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to the increase in metabolic rates which result in increased
heavy metals uptake as has been previously indicated.®* On
the other hand, it may be due to the increase of Zn in water
at El-Qatta station because of decrease in water discharge
during winter season and increase domestic waste at El-
Rahawy drain. The results (Figure 13) showed that cadmium
values in the investigated area in the range between 0.0675-
0.721, 0.027-0.578, 0.027-0.551 and 0.0405-0.605 mg kg*
wt. wt. during winter, spring, summer and autumn,
respectively. The values were lower than permissible level®?
of 0.5 mg kg at El-Qanater El-Khyria station, while higher
than permissible level® at EI-Qatta station during all seasons.
The high level of cadmium accumulation in the fish muscles
may well be due to its strong binding with cystine residue of
metalothionein as suggested earlier.32® Also, the high levels
of cadmium may be attributed to waste from sewage,
industrial and mining operations as well as from the
phosphate fertilizer at El-Rahawy drain station which
accumulates most of the cadmium in the environment.3®

Generally, the maximum values of accumulation of metals
in fish muscles of O. niloticus at El-Qatta station during
winter season may be attributed to their increase in water of
the Rosetta branch of the river Nile because of domestic
sewage at EI-Rahawy drain and lower level water during the
drought period.

Hazard quotient (HQ)

The Hazard Quotient is a ratio of estimated dosage of
polluted to a reference dose level.*” It is calculated for the
individual heavy metals using the following Eqn. (1).

_ EFxEDxFI xMCf y
RfD, x BW x AT

HQ 10° (@)

where, EF is the exposure amount (365 days year?), ED is
the life time exposure period (70 years), FI is mass of the
fish ingested by person per day (57 mg) in Egypt,%® MCf is
the metal concentration in fish (in mg kg*), BW is the body
weight, a body weight of 70 kg is recommended® as a
default value for the adult. AT is average time for non-
carcinogens (365 days year? x ED), RFDy is the reference
dosage by mouth (ppm day™?).

o9

HQ

o8

o7

o6
o5

o4

o=
oz
0.1

Fe Cu Pb

M El-Qanater EI-Khyria

M Zn cd

M El-Qatta

Figure 14. Hazard Quotient (HQ) to humans due to individual metal through the muscles of O. niloticus at EI-Qanater El-Khyria and EI-

Qatta station of the River Nile.
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Table 1. HQ and HI to human population from metals through muscle of O. niloticus Rosetta branch.

Fe 14.89375 33.20863 0.7 0.018684 0.04166

Cu 1.96525 3.60025 0.04 0.043144 0.079038
Pb 1.50625 3.46725 0.0036 0.367415 0.845756
Mn 2.08 6.2675 0.14 0.013047 0.039312
Zn 6.645375 14.418 0.3 0.019452 0.042203
Cd 0.0405 0.61375 0.001 0.035565 0.538957
HI > 0.497307 1.586926

Figure 15. Native electrophoretic protein pattern showing the variations in number and arrangement of protein bands in liver
and kidney tissues isolated from two different locations (A and B).

Table 2a. Data of the electrophoretic protein pattern in liver of fishes living in different contaminated areas with different enviromental

conditions.

0.125 188.258 17.478 4.457 0.051 174.669 14.636 8.221
0.272 185.678 17.239 11.202 0.152 174.693 14.638 5.296
0.385 180.856 16.791 8.011 0.274 173.965 14.577 6.245
0.730 210.465 19.540 8.679 0.406 176.846 14.819 8.324
0.937 156.804 14.558 3.592 0.765 194.946 16.336 13.064
0.990 155.039 14.394 2.013 0.925 151.675 12.710 3.267

Table 2b. Data of the electrophoretic protein pattern in muscles of fishes living in different contaminated areas with different
enviromental conditions.

0.134 171.222 11.264 4.217 0.072 185.165 15.703 8.456
0.203 178.818 11.764 3.028 0.160 169.296 14.357 1.600
0.293 181.541 11.943 7.686 0.260 175.980 14.924 10.254
0.415 170.667 11.228 5.255 0.681 204.329 17.328 12.710
0.650 176.669 11.623 6.391 0.814 156.977 13.312 7.787
0.733 169.296 11.138 3.909 0.922 148.433 12.588 4.558
0.932 155.644 10.240 4.073

0.974 146.064 9.609 3.710

Rf. = Relative Mobility, B % = Band percent, Qty = Band Quantity.
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Hazard Index (HI)

Hazard Index (HI) and Hazard Quotient (HQ) are used to
estimate the health risk for humans from fish.3” Eqn. (2) is
used to calculate both HI and HQ.

HI =) n =1HQ @)

Total HQ is expressed as the HI.*° When HQ is equal to or
lower than one, it signify no appreciable health risk, while if
HQ>1, then it specify a reason for health concern.®® Greater
is the values of HQ and HI (above 1), the greater is the level
of risk associated with fish consumption. Hence, Hl<1means
no hazard, 1>HI<10 means moderate hazard while greater
than 10 means high hazard risk.** The HQ (Figure 14) due to
intake of the studied metals through O. niloticus from the El
Qanater and El-Qatta station are in the range for Fe (0.01868
—0.04166), Cu (0.04314- 0.07904), Pb (0.3675 — 0.84576),
Mn (0.01305 -0.03931), Zn (0.01945 -0.04221) and Cd
(0.03556 —0.53896).

HI values (Table 1) because of consumption of O.
niloticus from the two stations are different. HI = 0.4973 for
El-Qanater El-Khyria, thus the HI of total for analyzed non-
carcinogenic metals are less than the acceptable limit (HI =
1) and thus do not have human health risk concern, while HI
for the analyzed heavy metals were higher than the
acceptable limit (HI<1) at El-Qatta station (HI =1.5869) and
therefore, the cumulative metals risk impact is alarming
particularly at high rates of fish consumption.®

Electrophoretic study

It is well known that the rate of accumulation of metals in
an organism’s body vary from organ to organ. In an earlier
study there was an equilibrium between concentricity of the
metals in an organism’s environment and its rate of
ingestion and accumulation in muscles.*?

The native protein pattern showed effect of aquatic toxic
substances on the protein molecules totally. As recorded in
Tables 2a and 2b and illustrated graphically in Figure 15, the
native electrophoretic protein pattern revealed that there
were four common bands noticed for both liver and muscle
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tissues at Rfs 0.125, 0.272, 0.937 and 0.990 (B, %: 17.478,
17.239, 14.558 and 14.394; Quant. 4.457, 11.202, 3.592 and
2.013, respectively). There were no unique or characteristic
bands. With respect to liver of fishes taken from location A,
as match to the electrophoretic protein pattern in liver of
fishes living at Qanater El-Kahayria water (Figure 15),
elevation of the heavy metals at El-Rahawy water caused
qualitative mutagenecity, it was found that there are 2
abnormal bands identified in liver of fishes taken from
location B at Rfs 0.051 and 0.765 (B, %:14.363 and 16.336;
Quant. 8.221 and 13.064, respectively). On the other hand,
as compared to muscles of fishes taken from location A, it
was noticed that there was qualitative variations represented
by appearance of unique band identified at Rf 0.072 (B, %:
15.703; Quant. 8.456) with disappearance of 3 bands
identified in muscles A (location A) at Rfs 0.203, 0.650 and
0.809 (B, %:11.764, 11.623 and 11.191; Quant. 3.028, 6.391
and 7.594, respectively). As revealed in Table 3, the native
protein showed physiological alterations in liver and
muscles of fishes living at El-Qatta water severely more
than at El-Qanater El-Khyria. Results showed a significant
difference arrived to 45.4 % in the liver and 48.1 % in the
muscle. This might be attributed to ability of the metals to
change activities of the hepatic enzymes leading to
histopathology  hepatic  changes.  Furthermore, the
deleterious effects of heavy metals depend on the metal type
and concentration and length of exposure.*®

Table 3. Data of the similarity index (SI) and genetic distance
(GD) of the electrophoretic patternof protein in liver and muscle
tissues of fishes living in different contaminated areas with
different enviromental conditions.

Liver Muscles | Liver | Muscles
A A B B
Similarity Index
Liver A o © 100 66.1 546  37.8
MusclesA 2 § 33.9 100 433 519
Liver B g Z | 454 56.7 100 373
Muscles B 62.2 48.1 62.7 100

The electrophoretic alterations in the native protein
patterns may refer to effect of the heavy metals especially
Pb and Cd, turn proteins and peptides susceptible to
structural modifications in sub-cellular compartments and
tissues.*

Figure 16. Native electrophoretic patterns

of calcium moieties of native protein pattern showing the variations in number and

arrangement of protein bands in liver and muscles tissues isolated from two different locations (A and B).

Eur. Chem. Bull., 2020, 9(2), 48-61

DOI: http://dx.doi.org/10.17628/echb.2020.9.48-61 57


http://dx.doi.org/10.17628/ecb.2020.9.48-

Impact of heavy metals on fish

Section B-Research paper

Table 4a. Data of the electrophoretic patterns of calcium in liver of fishes living in different contaminated areas with different

enviromental conditions.

El-Qanater El-Qatta
Rf Band intensity B, % Qty Rf Band intensity B, % Qty
0.218 98.816 30.348 7.162 0.391 128.638 58.428 3.272
0.395 109.094 33.504 6.046 0.774 91.527 41,572 4.967
0.748 117.701 36.148 2.760

Table 4b. Data of the electrophoretic pattern of calcium in muscles of fishes living in different contaminated areas with different

enviromental conditions.

El-Qanater El-Qatta
Rf Band intensity B, % Qty Rf Band intensity B, % Qty
0.113 120.796 29.545 3.191 0.133 125.493 30.502 2.280
0.601 117.804 28.814 6.002 0.540 121.753 29.593 2.212
0.762 90.623 22.165 1.881 0.770 90.163 21.915 1.042
0.944 79.626 19.476 7.513 0.935 74.013 17.990 6.723

The electrophoretic calcium moieties of native protein
pattern showed effect of the aquatic toxicity on the protein
portion linked to calcium portion inside cells. As recorded in
Table 4a and 4b and illustrated graphically in Figure 16, the
native electrophoretic calcium moieties of native protein
pattern presented that there was one common band in both
of liver and muscle tissues identified at Rf 0.748 (B, %
117.701; Quant. 2.760). There were no unique or
characteristic bands. With respect to liver of fishes taken
from location A, it was found that the 1% normal band
disappeared without appearance of any abnormal bands. On
the other hand, as compared to muscles of fishes taken from
location A, it was noticed that there was qualitative
variations represented by deviation of the 2" normal band to
be appeared at Rf 0.540 (B, % 29.593, Quant. 2.212).

Table 5. Data of SI and GD of the electrophoretic pattern of
calcium in liver and muscles tissues of fishes living in different
contaminated areas with different enviromental conditions.

Liver | Muscles | Liver | Muscles
A A B B
Similarity Index
Liver A o3 100 66.1 54.6 37.8
Muscles A *g_, 5 33.9 100 43.3 51.9
Liver B 8 foﬂ 45.4 56.7 100 37.3
Muscles B 62.2 48.1 62.7 100

Data of the similarity indices and genetic distances
compiled in table 5, number and arrangement of the bands in

liver tissues in fishes taken from both locations (A and B)
are similar by 33.9 %; while those in the muscle tissues are
similar by 38.4 %. The similarity indices, there were
similarity and physiological relationships among all the
groups depending on the electrophoretic calcium moieties of
native protein, results showed a significant difference
arrived to 66.1 % in the liver and 61.6 % in the muscle. The
native electrophoretic pattern showed physiological
alterations in muscles and liver of fishes living in EI-
Rahawy drain water severely more than in El-Qanater El-
Khyria water. Alterations in the electrophoretic calcium
pattern of native protein pattern in liver and muscles tissues.
This may be related to contamination with Cd that alters
calcium homeostasis.*®

The electrophoretic p-esterase showed that the aquatic
toxicity exerted adverse effect leading to alterations in
expression of these enzymes. As recorded in Table 6 a and
6b and illustrated graphically in Figure 17, the native
electrophoretic S-esterase pattern revealed that S-esterase
enzyme expressed as 2 types in liver tissue and 4 types in
the muscle tissues. There were no common or characteristic
bands. As compared to liver of fishes isolated from location
A, there was qualitative difference represented by deviation
of the 2" band to be identified at Rf 0.784 (B, % 56.837 and
Quant. 13.040). On the other hand, as compared to muscles
tissues of fishes isolated from location A with those isolated
from location B, it was found that there are no physiological
or qualitative variations in number and arrangement of
bands of native f-esterase pattern.

Table 6a. Data of the electrophoretic pattern of S-esterase in liver of fishes living in different contaminated areas with different

enviromental conditions.

El-Qanater El-Qatta
Rf Band intensity B, % Qty Rf Band intensity B, % Qty
0.293 128.831 43.163 5.061 0.288 110.400 38.006 2.904
0.784 169.642 56.837 13.040 0.668 180.080 61.994 4.421
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Table 6b. Data of the electrophoretic pattern of S-esterase in muscles of fishes living in different contaminated areas with different
enviromental conditions

0.168 114.768 22471 4.630
0.454 131.571 25.761 6.996
0.657 128.520 25.164 11.076
0.734 135.869 26.603 4.235

0.159 115.602 23.298 10.225
0.434 129.127 26.024 10.232
0.616 124.242 25.040 2.518
0.707 127.213 25.638 3.048

Rf = Relative Mobility, B, % = Band Percent, Qty = Band Quantity

N s & &

Figure 17. Native electrophoretic p-esterase #attern showing the variations in number and arrangement of enzyme types in

liver and kidney tissues isolated from two di

Data of the similarity indices and genetic distances
documented in Table 7, number and arrangement of the
bands in liver tissues in fishes taken from both locations (A
and B) are similar by 25.5 %, while those in the muscle
tissues are similar by 29 %. The similarity indices, results
showed a significant difference arrived to 74.5 % in the liver
and 70.0 % in the muscle, there were similarity and
physiological relationships among all the groups depending
on the electrophoretic p-esterase pattern. Alterations were
detected in the electrophoretic p-esterase pattern which may
be ascribe to increasing of heavy metals of the Nile River
water.

Table 7. Data of SI and GD showing number and arrangement of
the pattern of B-esterase bands in liver and muscles tissues isolated
from two different locations (A and B).

Liver A o8 100 0 25.5 0
Muscles A § g 100 100 36.1 29
Liver B 3 .g 74.5 63.9 100 0
Muscles B 100 71 100 100

A = El-Qanater, B = El-Qatta

During the study, he found that the heavy metals accumulate
in the muscles fish with different concentrations. The fish

Eur. Chem. Bull., 2020, 9(2), 48-61

erent locations (A and B).

muscle plays a key role in the metabolism and secretion of
xenobiotic compound with morphological changes occurring
in some toxic conditions.*® During the study, electrophoretic
alterations in the fish liver and muscles tissues were noticed.
This might be attributed to ability of the metals to change
activities of the hepatic enzymes leading to
histopathological changes in the liver. Moreover, alterations
were detected in the electrophoretic CAT and Gpx patterns.
This might be caused due to presence of Cd that has the
ability to alter the cell adhesion and the cellular antioxidant
defence mechanisms.*
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Molecular structure of Al2Tis and Al2V3 clusters

MOLECULAR STRUCTURE MODELS OF Al;Tis AND Al:V3
E B CLUSTERS ACCORDING TO DFT QUANTUM-CHEMICAL
CALCULATIONS
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Basic parameters of molecular structures of Al2Tizand Al2Vsmetal clusters (bond lengths, bond angles, and torsion (dihedral) angles), have
been calculated using DFT method at the OPBE/QZVP level. It has been shown that the Al2Tis cluster may exist in 14 modifications and
Al2V3 in 11 ones, differing noticeably in their total energy. Besides, the molecular structures of these metal clusters differ significantly in
terms of geometric parameters as well as in external form. Moreover, the most energetically stable modifications of Al.Tis and Al2V3

clusters differ each other considerably in geometric form also.

* Corresponding Authors
E-Mail: olegmkhlv@gmail.com

[a] Kazan National Research Technological University, K. Marx
Street 68, 420015 Kazan, Russia

[b] Kazan Department of Joint Supercomputer Center of Russian
Academy of Sciences — Branch of Federal Scientific
Center”Scientific Research Institute for System Analysis of
the RAS”, Lobachevski Street 2/31, 420111 Kazan, Russia

INTRODUCTION

Earlier quantum chemical calculations of a number of
heterobimetallic metal clusters containing atoms of various
p- and d-elements 118 has been carried out using the density
functional theory (DFT) method. Some of such metal
clusters have been applied in various fields of science and
technology.’®** In the works cited above, the objects of
study were the so-called (dd) heterobimetallic metal clusters,
which included atoms of two different d-elements, namely
(Cu, Fe),! (Pd, Fe),? (Pd, Ag),*® (Pt, Cu),5 (Au, Fe),” (Au,
Pd)® and (Au, Ag).® However, of no less interesting are the
(pd) heterobimetallic metal clusters that include atoms of
different categories of metals, namely, p- and d-elements,
since theoretically it can be expected that they will
demonstrate such new properties that are not inherent of
metal clusters containing metal atoms of only one category.

Among the most important p-elements is aluminum,
which has a very wide industrial application. Nevertheless,
only a few (pd) metal clusters containing this p-element and
any of d-metals are described in the literature.’>® On the
one hand, such metal clusters can serve as efficient catalysts
for a number of sol-gel technology processes that occur in
inorganic as well as in organic silicate media. On the other
hand, they can play the role of specific “precursors” for the
production of micro- and nano-particles of metal oxides and
metal chalcogenides, that, in turn, are very convenient
starting materials for the creation of various composite
materials. Previously’®?! we have carried out quantum
chemical calculations, using the DFT method, of molecular
structures of four different (pd) metal clusters with the
Al;M3 composition (M = Cr, Mn, Fe, Co, Ni, Cu, Zn) and
showed that each of them exists in various modifications.
Besides, the number of such modifications varies from 8 in

Eur. Chem. Bull. 2020, 9(2), 62-68

the case of Fe'”® and Cu!®% to 25 in the case of Mn.?! On
the other hand, it seems reasonable to see how, with the
same formal stoichiometric composition of Al;Ms;, the
nature of another 3d-metal affects the number of possible
modifications of the corresponding metal cluster and their
relative stability. Taking into account this circumstance, as
well as the fact that the Al,M3 metal clusters for M = Cr, Mn,
Fe, Co, Ni, Cu, Zn have already been studied by us,6-%
metal clusters having the same stoichiometric composition
Al;M3 but containing Ti and V as a 3d-metal, were selected
as the objects of this study. These two elements are the first
two members of a group of 3d-elements (electronic
configurations are 4s?3d! and 4s?3d?, respectively), and
calculations of metal clusters of the Al.Ms; type by DFT
method has not yet been carried out for them. In view of this,
this investigation is devoted to the identification of possible
modifications of metal clusters of Al,Tiz and AlV;
composition, the calculation of the basic parameters of their
structures [metal-metal bond lengths, bond and torsion
(dihedral) angles] and relative stability of these
modifications from an energy point of view.

CALCULATION METHODS

The quantum-chemical calculations of Al,Tis and Al,V3
metal clusters were carried out using the density functional
method (DFT) combining the standard extended split-
valence QZVP basis??>?® and the OPBE functional.?#?®> The
data of previous works?®2° give us reason to assert that the
given method allows to obtain the most accurate estimation
of ratio between energies of the high-spin state and low-spin
state and, at the same time, rather reliably predicts the key
geometric parameters of molecular structures for various
compounds of 3p- and 3d-elements. To build quantum
chemical models of the molecular structures of the metal
clusters under examination, GAUSSIANOQ9 software was
used.®® As before,'6-2! the accordance of the found stationary
points to the energy minima was confirmed by calculation of
the second derivatives with respect to the atomic coordinates.
Besides, all equilibrium structures corresponding to the
minima at the potential energy surface revealed only real
positive frequency values. Parameters of the molecular
structures for spin multiplicities (Ms) more than 1, were
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determined using the so-called unrestricted method
(UOPBE) and for Ms = 1, using the so-called restricted
method (ROPBE). Along with this, the unrestricted method
in conjunction with the GUESS = Mix option was used for
the cases when Ms was equal to 1. The data, obtained as a
result of such a procedure, are similar to those obtained
using ROPBE method.

RESULTS AND DISCUSSION

According to results of DFT quantum-chemical
calculation of Al;Tiz and Al,Vs metal clusters, 14 forms of
cluster Al,Tis and 11 forms of cluster Al,V3 are capable to
autonomous existence. Molecular structures of Al,Tis
cluster are presented in Figure 1. Relative total energies of
these structures are given in table 1. As may be seen from
these data, only half of the 14 modifications of Al,Tis,
namely A|2Ti3(|), A|2Ti3(||), A|2Ti3(|V), AlzTis(V),
Al Tiz(VII), Al Tis(VII and Al;Tiz(X), contain a covalent
Al-Al bond, in the other seven Al,Tis structures, there are
only the Ti-Ti and Ti-Al bonds.

Table 1. Relative total energies of different structures of the Al2Tis
clusters.

Structure Spin Relative  Number of chemical
symbol multi- total bonds in the

plicity energy, structure

of ground kJmol* AI-Al AI-Ti Ti-

state Ti
AlTiz(1) 3 80.9 1 6 2
AlTis(11) 1 24.1 1 6 2
AlTiz(111) 1 93.0 0 6 2
AlTiz(1V) 5 60.7 1 6 1
AlTiz (V) 5 19.7 1 5 2
AlTis (V1) 3 37.2 0 5 3
AlTiz(VII) 1 44.8 1 5 3
AlTiz (VI 1 775 1 5 3
AlTiz (1X) 5 73.0 0 6 1
AlTiz(X) 3 37.0 1 6 2
AlTiz (XI) 5 0.0 0 6 3
AlTiz (XI1) 3 12.6 0 6 3
AlzTiz (XI11) 1 215 0 6 3
AlzTiz (XIV) 1 51.1 0 6 3

From the information contained in it clearly follows that the
most stable in total energy is the modification of Al,Tis (X1),
having a geometry of a trigonal bipyramid, in the
“equatorial flatness” of which there are three titanium atoms,
the atoms of aluminium are located at its vertices. The
modification showing the next higher total energy, namely
Al,Tiz (XII), has a similar structure (Figure 1). It is
interesting to note in this connection that in both these most
stable modifications, Al-Al bond is absent. In most of the
Al,Tiz modifications, 10 out of 14, there are six Ti—Al bonds,
and only in four of them, namely in Al Tis (V)-AlTiz (VIII),
there are five. Complete set of Ti—Ti bonds, that is 3, occurs
in seven structures, Al;Tiz (VI)-Al;Tiz (VIII), Al;Tiz (XI)-
Al,Tiz(XIV); two such bonds are present in five

modifications, Al;Tis (1)- AlTis (111), AlTis(V) and Xl X1V
Al,Tiz(X). Finally, in two modifications, Al,Tiz(1V) and . )
Al,Tis(1X) have one. Figure 1. Molecular structures of Al2Tis clusters.
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The most energetically favorable Al,Tis (XI) modification
contains maximal possible number of AI-Ti and Ti-Ti
bonds (6 and 3, respectively). On the whole, it can be stated
that most of the modifications of the given metal cluster
have the structure of a trigonal bipyramid or close to it. The
exceptions are only Al,Tis (V) with a structure close to the
tetragonal pyramid and also AlTiz (IV), AlTis (VI) and
Al,Tiz (1X), which have the structure of a “cap” tetrahedron
(Figure 1). The Ti-Ti bond lengths in Al;Tis metal clusters
are in the ranges of 210-260 pm, and the lengths of the Al-
Ti and Al-Al bonds are in the ranges of 252-270 nm and
255-280 nm, respectively, that taking into account the
atomic radii of these elements, 143 pm for Al and 132 pm
for Ti, seems quite natural and predictable.

Among all modifications of cluster under examination,
four modifications, namely Al.Tis (IV), Al:Tis (V), Al:Tis
(lX), and A|2Ti3 (X|), have Ms = 5, fOUI’, AlzTi3 (l), A|2Ti3
(VI), Al;Tiz (X), and Al>Tiz (XI1) have Ms = 3 and the other
six have Ms = 1 (Table 1). It is noticed from these data that
the last spin state for the given metal cluster is predominant.
Nevertheless, in fairness, it should be noticed that the
nearest in energy to the conformation Al,Tis(XI), Al.Tis
(X11), and Al;Tis(V), with relative total energies 12.6 and
19.7 kJ mol?, respectively, have in the ground state Ms = 3
and Ms = 5, respectively (Table 1). The most high-energetic
modification of the considered metal cluster, and namely
Al;Tiz (111), has relative total energy 93.0 kJ mol*and Ms =
1. 1t should be noted in this connection that the most stable
modification of Al Tizwith Ms = 1, is Al;Tiz (XII1) having
relative total energy 21.5 kJ mol* (Table 1).

Nine oscillations, active in IR spectrum, should appear in
a nonlinear five-atom molecule (to number of which belongs
Al,Ti3) according to theoretical expectations. This quantity
turns out to be correct in Al;Tiz (X1) metal cluster according
to our calculation (Table 2).

Table 2. The oscillation frequencies in most stable modification of
Al2Tiz (XI) cluster.

Oscillation Assignment of oscillation frequency

frequency, cm-

121 Wagging for All and Al2 atoms relatively
Til-Ti3 bond

154 Wagging for All and Al2 atoms relatively
Til-Ti2 bond

203 Scissoring for Til, Ti2, and Ti3 atoms

217 Stretching (asym.) for Al1 and Al2 atoms
relatively Til atom

237 Stretching (asym.) for Al1 and Al2 atoms
relatively Ti1-Ti2 bond

250 Scissoring for Al1, Ti3, and Al2 atoms

263 Stretching (sym.) for Al1 and Al2 atoms
relatively Ti3 atom

345 Stretching (sym.) for AlL, Ti3 and Al2, Ti3
atom pairs

350 Stretching (sym.) with participation of all
atoms in AlTismetal cluster

Molecular structures of the various Al,Vs metal clusters
are shown in Figure 2 and the relative total energies of them
are given in the table 3. As may be seen from these data in
six of 11 of these structures, the direct valence bond of Al-Al
occurs, the exceptions are the structures of Al,V3 (VII)-AlyV3

Eur. Chem. Bull. 2020, 9(2), 62-68
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(XI). Also, in most of the modifications of metal cluster under
the study, excluding only AlVs (VI and AlV3 (1X), there
are at least one V-V bond. Nevertheless, in each of the
modifications of Al,Vs, there are at least five Al-V bonds. It
is noteworthy that in AlVs (VIII) and AlVs; (IX)

modifications mentioned above, there are only Al-V bonds (6
in the each of them). Besides, the most stable modification of
this metal cluster, namely AlV3(V), contains 7 metal-metal
bonds (Table 3).

V1
All
X
v2
Xl

Figure 2. Molecular structures of Al2Vz clusters.
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It should be noted especially that, on the whole, molecular
structures of AlVs differ substantially from molecular
structures of Al.Tis, at that, not only by the number of metal-
metal bonds, but, also, by its geometrical form (Figures 1 and
2).

As can be seen from the data of Table 3, the most stable
modification, namely Al,V3 (V), has not the highest spin
multiplicity (6), but a lower one (4). Besides, which is
characteristic, the structures with the highest Ms = 6
generally have naticeably larger values of the total energies
than those with multiplicities Ms = 2 and Ms = 4. It is
characteristic that the Al,V3 (1) structure nearest to AlVs3
(V) in energy has the same spin multiplicity as Al,V3(V),
and its molecular structure, at least in general terms,
resembles Al;Vs (V). At the same time, the following three
structures with increasing energy, namely AlbVs(1H1), Al,V3
(1) and AlV3 (1V), have different Ms values, namely, 6, 2,
and 2, respectively. The least stable in terms of energy is the
modification of Al,V; (1X), the total energy of which is not
only much higher (by almost 150 kJ mol?) than that of
Al;V3(V), but also of all the other modifications of the metal
cluster under study. Remarkably, it has the highest spin
multiplicity (6). The V=V bond lengths in the Al,V3 metal
cluster considered here are in the 170-275 pm range, while
the Al-V and Al-Al bond lengths are in the 250-270 nm
and 255-270 nm ranges, respectively (Table 3). Taking into
account the radii of the atoms of these elements, 143 pm for
Al and 134 pm for V, it seems quite natural.

Table 3. Relative total energies of different structures of the Al2Vs
clusters.

Structure Spin Relative  Number of chemical
symbol multi- total bonds

plicity of ~ €neray, in the structure

ground kJmolt* AI-Al AV V-V

state
AlzVs (1) 2 25.9 1 6 1
AlaVs (1) 4 2.4 1 6 1
AlaVs (111) 6 18.8 1 6 1
AlzVs (1V) 2 26.7 1 5 2
AlzV3 (V) 4 0.0 1 5 1
Alz2V3 (V1) 6 26.8 1 5 1
AlVs3 (V1) 2 30.2 0 6 2
AlV3 (VI 4 713 0 6 0
Al2V3 (1X) 6 141.0 0 6 0
Al2V3 (X) 4 59.6 0 6 1
AlVs (XI) 6 74.6 0 5 1

As in Al;Tiz metal clusters, nine oscillations active in IR
spectrum developed in Al;V3 ones also, according to our
calculation. Frequencies of such oscillation for most stable
modification of Al,V3, namely AlVs (V), are presented in
table 4. It should be noted in this connection that, despite the
same the total number of oscillations active in the IR spectra
of the AlLTi; (XI) and AlVs (V) clusters, their
characteristics differ very strongly from each other. It is
enough to compare the range of frequencies that are active in
the IR spectrum. In the case Al,Tis (XI), it is less than 250
cm? (from 121 to 350 cmY), while in the case of AlV; (V)
is almost 500 cm™ (from 96 to 586 cm™) i.e., almost twice
as large. The values of these frequencies are also
considerably different among themselves. At the same time,
which is noteworthy, there are dissimilarities not only in
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terms of the frequencies of these oscillations, but also in
their nature. No close similarity between the frequencies of
the metal clusters considered here and the composition of
the metal clusters described previuosly,'6-* is found.

The general structural feature of both Al;Tiz and Al,V3
metal clusters under examination, is the presence of several
M-M bonds (M= Ti, V) formed by the same atom with its
"neighbors™ (Figures 1 and 2). On the average, the number
of Al-Al, Al-M and M-M bonds in Al,Tis metal clusters, as
can see by comparing figures 1 and 2, is somewhat more
than in AlV3 ones. At the same time, here, as well as in the
metal clusters described earlier,'®-? the values of most of the
bond angles and, also, torsion (dihedral) angles, are
significantly lower than 90° (see Tables 1 and 3).

Table 4. The oscillation frequencies in most stable modification of
Al2V3 (V) cluster.

Oscillation Assignment of oscillation frequency

frequency, cm-

96 Scissoring for Al2 and V2 atoms relatively
V1-V3 bond

175 Scissoring for Al2 and Al2 atoms relatively
V1-V3 bond

189 Scissoring for V1, Al2 and V3 atoms

201 Superposition of scissoring oscillations of
atoms V1, V2, V3 and atoms V1, V3, Al2

216 Stretching (asym.) for AI1-Al2 and Al1-V2
bonds

241 Stretching (sym.) for Al1-V1 and Al1-V2
bonds

271 Stretching (asym.) for Al1-V3 and Al2-V3
bonds

330 Stretching (sym.) for Al1-Al2, Al1-V3, and
Al2-V3 bonds

586 Stretching for VV1-V2 bond

There are many common features of the both Al,Ti; and
Al;V3 metal clusters studied by us. The most typical
structure according to theoretical expectations, is a trigonal
bipyramid. This is especially pronounced for Al,Tis. At the
same time, as is apparent from figures 1 and 2. A greater
structural diversity is noted among Al,Vs metal clusters,
although the total number of their modifications is less than
the number of such modifications for Al,Tiz metal clusters.
All of them are also characterized by relatively high values
of the lengths of these Al-Al, AI-M and M—M bonds, which,
as a rule, exceed 200 pm almost in every case. The few
exceptions to this rule are only V1-V2 bond lengths in the
AlV3 (l)-Aleg(VD, Aleg(X) and A|2V3(X|) structures,
which lie in the range from 171.7 pm, in the Al;V3 (V1) to
188.1 pm, in the AlyVs (1) (see Supporting Information).
Curiously enough in the structures of Al,Tiz metal clusters
there is no such examples, although the radius of the Ti
atom (132 pm) is even slightly smaller than the radius of the
V atom (134 pm). The overwhelming majority of the
aluminum-titanium and aluminum-vanadium metal clusters
considered here, either has no symmetry elements at all, or
has only one plane of symmetry. The only exception is the
Al>V3 (1X) metal cluster, which has one axis of symmetry of
the third order, three axes of symmetry of the second order,
and, also, three planes of symmetry (Figure 2). The Al,Mn3
(XVIII) and AlxZns (X1V) metal clusters described in our
previous article? have similar structures, but each of them
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has three M—M bonds, which are absent in Al,V3 (IX). In
this connection, we would like to note that this cluster has
the highest energy among all the Al,V3 metal clusters.

The key structural parameters of most stable Al.Tis and
Al,V3metal clusters, and namely Al;Tis (XI) and AlxV3(V),
are presented in the table 5. As can be seen from it, the
longest are AI-Al bonds, the shortest are Ti-Ti bonds.
Similar situation, in average, occurs for both types of metal
clusters under examination.

Table 5. Metal-metal bond lengths, bond and torsion angles in the
molecular structures of most stable modifications of Al2Tis (XI)
and Al2Vs3 (V) metal clusters.

AlxTiz (XI) AlV3 (V)
Metal-metal bond lengths, pm*
Al1AI2 (422.7) Al1AI2 270.2
AI1Til 254.4 Allv1 263.7
AILTi2 258.2 AllV2 265.7
AILTi3 258.2 Al1V3 252.2
AI2Til 254.4 Al2V1 261.0
AI2Ti2 258.2 Al2V2 (378.8)
AI2Ti3 258.2 Al2V3 254.4
TilTi3 258.7 V1V3 (265.4)
Ti2Ti3 239.0 V2V3 (253.3)
TilTi2 258.8 V1Vv2 171.7
Bond angles, deg **
TilAILTi2 60.6 V1AI1V2 37.8
TilAI2Ti2 60.6 V1AI2V2 (22.9)
TilAl1AI2 (33.8) V1AI1AI2 58.5
TilAlI2AlI1 (33.8) V1AI2AI1 59.5
Ti2Al1AI2 (35.6) V2AI1AI2 90.0
Ti2AlI2AlI1 (35.0) V2AI2AI1 (44.5)
AI1TilAl2 112.3 AI1V1AI2 62.0
AI1Ti2AlI2 109.9 AI1V2AI2 (45.5)
AI1Ti3Al2 109.9 AI1V3AI2 64.5
TilAILTi3 60.6 V1AI1V3 (61.9)
TilAI2Ti3 60.6 V1AI2V3 62.0
TilTi3Ti2 62.5 V1V3Vv2 (38.6)
Ti2AILTi3 55.1 V2AI1V3 58.5
Ti2AI2Ti3 55.1 V2AI2V3 (41.6)
TilTi2Ti3 62.5 V1Vv2Vv3 (74.5)
Torsion (dihedral) angles, deg ***
TilAI2AILTi3  (-126.2) V1AI2AILV3 743
Ti2AI2AILTi3  (107.4) V2AI2AILV3  (52.1)
TilTi3Ti2All -67.4 V1V3V2AI1 (-76.3)
TilTi3Ti2Al2 -67.4 V1V3V2AI2 (-19.1)
TilAILAI2Ti2  (-126.4) V1AI1AI2V2  (-22.3)
TilTi2AlLAI2  (-31.0) V1V2AI1AI2  -31.8
TilTi2AI2AI1  (31.0) V1V2AIRAIL  -31.8
Ti2Ti3AI2AI1  (41.9) V2V3AI2AIL  (56.4)

In this table in brackets are shown * = distances between two
atoms not involved in chemical bonds, ** = angles formed by three
atoms among which at least two atoms do not form chemical bonds,
and *** = dihedral angles formed by four atoms among which at
least two atoms do not form chemical bonds are parenthesized.
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Taking into account the atomic radii of the chemical
elements contained in Al,Ms metal clusters considered here,
Al 143 pm, Ti 132 pm and V 134 pm, the indicated ratio
between these bond lengths seems quite normal. Since the
radii of titanium and vanadium atoms differ among
themselves only slightly, one would expect that, in average,
M-M bonds in the metal clusters considered here, should be
close to each other. The data of our calculation, in general,
are in accordance with this expectation (see Supporting
Information).

When characterizing the spin multiplicity of the ground
state of the most stable modifications of each of these metal
clusters, we would like to stress the following. Despite the
fact that the low-spin state for both of them as a whole,
judging by the data of tables 2 and 4, is less characteristic
compared to high-spin, the latter is realized only in the case of
the most stable aluminum-titanium metal cluster of Al,Tis
(XI). At the same time, for the most stable aluminum-
vanadium metal cluster of Al,V3(V), the ground state has spin
multiplicity which is an intermediate between the minimum
and the maximum value of the spin multiplicity. By taking
into consideration the electron configurations of the titanium
and vanadium atoms (3d?4s? and 3d®4s?, respectively), this
tendency is quite expected.

CONCLUSION

As can be seen from the calculated data presented above,
the five-atomic metal clusters Al.Tis and Al,V3 under study,
form a fairly significant number of structural modifications,
that differ significantly from one another in their structural
geometrical parameters and in terms of total energies. In
addition, the number of modifications of both the one and
the other metal cluster (14 and 11, respectively) exceeds the
number of modifications of the Al,Fe; metal cluster® (of
which there are only 8), but turns out to be much smaller
than the number of modifications of Al,Mns, 25.28 Most of
the modifications of these metal clusters, both Al,Tis and
Al,V3, either have no symmetry elements at all, or have only
one plane of symmetry. Moreover, in the modifications of
Al,Tiz metal cluster, as a rule, each of the aluminum and
titanium atoms in their composition, has been connected
through chemical bonds to its three neighbors, whereas in
the modifications of Al,V3 one, this is manifested to a
considerably lesser degree. It is noteworthy that the lowest-
energetic modification in the case of Al;Tis has a spin
multiplicity of the ground state 5, in the case of Al,V3 it is 4,
although judging by the electronic configurations of the
atoms in them (3s23p?, 4s23d* and 4s%3d?, respectively), the
total number of unpaired electrons in Al,Tis should be less
than in Al,Vs. Besides, the difference between the energies
of the lowest-energy and the highest-energy modifications in
the case of AlV; (141.0 kJ mol?) was significantly larger
than in the case of Al,Ti3(93.0 kJ mol?), although much less
than in the case of a metal cluster Al.Fes, where it exceeds
300 kJ mol 1.2
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SOLUTIONS IN THE PRESENCE OF SODIUM CHLORIDE AND
GLUCOSE
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This work aims at studying the electrochemical behaviour of metals like 18 carat gold in presence of Simulated Ringer’s Solution and
Lactated Ringer’s Solution in presence of 100 ppm of NaCl and also 100 ppm of glucose are used to simulate the body fluids. The
behaviour of the metal was monitored by polarization study and electrochemical impedance spectroscopy (EIS). All the experiments were
carried out at a constant temperature of 37 °C. From these studies, it was concluded that the avoid of excess of NaCl and also glucose in

both Ringer solutions in medicinal uses.
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INTRODUCTION

Surface properties and anti-corrosion characteristics are
the most important material characteristics determining the
biofunctionality of all implant materials. 18 Carat gold has
been a valuable biomaterial for manufacturing implants due
to its unique properties such as shape memory effect, super
elasticity and good mechanical properties.'* Many devices
such as stent, orthodontic wires and root canal files have
been used clinically.>®

Ringer's analysis of the influence of blood constituents on
contraction of the frog heart (1882-1885) pioneered general
development of artificial extracellular media for
maintenance of living material during in vitro physiological
studies. "Ringer's solutions" are thus defined here as those
designed to substitute for the blood plasma, hemolymph, or
other extracellular fluids of any species with respect to
variables such as ionic concentrations, pH, and osmotic
pressure. Media described in the literature as “physiological
salines" and "balanced salt solutions" are included here
under the general Ringer's heading. Mimicry of native
conditions is achieved in varying degrees by the many
different Ringer's formulations.Ringer's solutions are
typically intended for relatively short-term maintenance of
living material, not for its growth or extended culture. In this
respect they differ from cell, tissue, and organ culture media,
which are more complex and beyond the scope of this
Compendium.

Since Na*is normally the principal extracellular ion,

sodium chloride is the major component of most Ringer's
solutions. Some formulations have relatively few additional

Eur. Chem. Bull., 2020, 9(2), 69-74

ingredients but are nevertheless more complex than most
"buffered salines", consisting principally of sodium chloride
and a pH buffer, presented lons such as Na*, K*, Ca?*, and
Mg?* are critical for many functions. Researchers initiating
work are urged to select physiological solutions carefully for
the particular species to be studied, and to consider
developing new ones based on analysis of the natural
extracellular medium. Many Ringer's solutions,®® are the
product of empirical testing for retention of the activity
being studied. Thus, in addition to being used directly,
recipes provided here can serve as a starting point for
improved formulations.

The Electrochemical impedance spectroscopy (EIS) is a
relatively modern technique widely extended in several
scientific fields. The EIS consists on a non-destructive
technique when working under equilibrium conditions (free
corrosion potential or open circuit potential), particularly
sensible to small changes in the system that allows to
characterize material properties and electrochemical systems
even in low conductive media.

The impedance method consists in measuring the response
of an electrode to a sinusoidal potential modulation of small
amplitude (typically 5-10 mV) at different frequencies. The
alternative current (AC) modulation is superimposed either
onto an applied anodic potential or cathodic potential or
onto the corrosion potential %10

EXPERIMENTAL
Materials and methods

Corrosion resistance of 18 Carat Gold in Ringer’s
Solution and lactated Ringer solution has been investigated
by polarization study and AC impedance measurements. All
measurements were performed at 37+1 °C. Ringer’s
Solution was composed of 6.0 g L™* NaCl, 0.075 g L'* KClI,
0.1gL*CaCl; and 0.1 g L NaHCOs. The lactated Ringer
solution comprised of 6.0 g L NaCl, 0.3 g L*KCI, 0.2 g
L CaCl, and 3.1 g L™ sodium lactate. 68
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The 18 carat gold was composed of 75 % gold and 25 %
copper.

AC impedance measurements

H and CH electrochemical workstation impedance
analyzer model CHI 660 was used to record AC impedance
measurements. A three-electrode cell assembly was used.
The working electrode was the studied metal. A saturated
calomel electrode (SCE) was the reference electrode and
platinum the counter electrode.'®!* The real part (Z*) of the
cell impedance was measured in ohms for various
frequencies. The change transfer resistance (R:) and double
layer capacitance (Cq ) values were calculated

Ri=(Rs +Ry) — Rs 1)

where Rs = solution resistance, and

Cdl :1/27'CRtfmax,
where  fmax = maximum frequency.

The equivalent circuit diagram for such system is shown
in Figure 1.

Ce
Rs Il

Cdi

Rq |
—J\/‘*L -
e
R, I
_ /\//\ I
AN
Rct

Figure 1. Equivalent circuit for a failed coating. Cc - The
capacitance of the intact coating, Rpo - pore resistance, Ret - charge
transfer resistance, Rs - solution resistance, Ca - double layer
capacitance, W - Warburg diffusion resistance.

RESULTS AND DISCUSSION

Corrosion resistance of 18 carat gold in simulated
Ringer’s solution and lactated Ringer’s solution has been
measured by polarization study and AC impedance
spectral315-33
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An increase in corrosion resistance results in increase in
LPR value, decrease in corrosion current, increase in charge
transfer resistance, increase in impedance value and
decrease in Cq value.

Polarization study

In the polarization study, shown in Figure 2 to 7, the
corrosion parameters like corrosion potential (Ecor), Tafel
slopes (bc=cathodic, bs=anodic), LPR (linear polarization
resistance) value and corrosion current were measured. They
are given in Table 1.
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Figure 2. Polarisation curve of 18 carat gold immersed in
Simulated Ringer’s Solution.
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Figure 3. Polarisation curve of 18 carat gold immersed in
Simulated Ringer’s Solution + 100 ppm of NaCl.
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Figure 4. Polarisation curve of 18 carat gold immersed in
Simulated Ringer’s Solution + 100 ppm of glucose.
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Figure 5. Polarisation curve of 18 carat gold immersed in Lactated
Ringer’s Solution.
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Figure 6. Polarisation curve of 18 carat gold immersed in Lactated
Ringer’s Solution + 100 ppm NaCl.
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Figure 7. Polarisation curve of 18 carat gold immersed in Lactated
Ringer’s Solution + 100 ppm glucose.

Ringer’s Solution

Influence of 100 ppm of NacCl

It can be seen from the Table 1, that the corrosion
resistance of 18 carat gold decreases in presence of 100 ppm
of NaCl. In the presence of NaCl, LPR value decreases from
7361238 to 4472869 ohm cm? The corrosion current
increases from 5.44x10° to 2.657x10% A cm2.
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Influence of 100 ppm of glucose

Similarly, the corrosion resistance of 18 carat gold
decreases in presence of 100 ppm of glucose. In the
presence of glucose, LPR value decreases from 7361238 to
1540062 ohm cm?2.The corrosion current increases from
9.584x10°t0 2.657x10% A cm™2,

Lactated Ringer’s Solution
Influence of 100 ppm of NaCl

It is observed from the Table 1, that the corrosion
resistance of 18 carat gold decreases in presence of 100 ppm
of NaCl, the corrosion resistance decreases. In the presence
of NaCl, LPR value decreases from 5028338 ohmcm? to
1873424 ohmcm?2. The corrosion current increases from
3.605 x 10° A cm™ to 2.467 x 10 A cm™2.

Influence of 100 ppm of glucose

Similarly, the corrosion resistance of 18 carat gold
decreases in presence of 100 ppm of glucose. In the
presence of glucose, LPR value decreases from 5028338 to
1403355 ohmcm?.The corrosion current increases from
7.625 x 10°t0 2.467 x 108 A cm2,

AC impedance spectra

The instrument polarization study was used to record AC
impedance spectra also are shown in Figure 8 to 13.
Corrosion parameters such as charge transfer resistance (Ry),
double layer capacitance (Ca), Impedance are measured.
They are given in Table 2.

Ringer’s solution
Influence of 100 ppm of NaCl

It is noted from the Table 2, that the corrosion resistance
of 18 carat gold decreases in the presence of 100 ppm of
NaCl, the R; value decreases from 537220 to 139115 ohm
cm?. Cq value increases from 9.493x1012 to 3.666x1 011 F
cm2. The impedance value decreases from 5.775 to 5.247.

Influence of 100 ppm of glucose

Similarly, the corrosion resistance of 18 carat gold
decreases in the presence of 100 ppm.of glucose, the R;
value decreases from 537220 to 9430 ohm cm? Cgq value
increases from 9.493 x 102 to 5.408 x 10° F cm™2. The
impedance value decreases from 5.775 to 4.430. From this,
it is inferred that the corrosion resistance of 18 carat gold in
Ringer’s solution decreases in the presence of 100 ppm of
NaCl and also 100 ppm of glucose.
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Table 1. Polarization study of the study of corrosion of 18-carat gold.

Section B-Research paper

System Ecorr, mV vs b, mV b,, mV LPR, Q cm? Ieorr, A cM2
SCE decade decade!
Ringer’s solution -319 169 202 7361238 2.657X108
Ringer’s solution+100 ppm NaCl -389 179 220 4472869 5.442X107°
Ringer’s solution+100 ppm Glucose -88 167 215 1540062 9.584 X10°°
Lactate Ringer’s solution -160 141 235 5028338 2.467 X108
Lactate Ringer’s solution+100 ppm NaCl -211 171 279 1873424 3.605 X10°
Lactate Ringer’s solution+100 ppm Glucose -189 165 394 1403355 7.625 X10°
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Figure 8. AC impedance spectra of 18 carat gold immersed in

simulated Ringer’s solution.
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Figure 9. AC impedance spectra of 18 carat gold immersed in

simulated Ringer’s solution +100 ppm of NaCl.
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Figure 10. AC impedance spectra of 18 carat gold immersed in
simulated Ringer’s solution +100 ppm of glucose.
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Figure 11. AC impedance spectra of 18 carat gold immersed in
Lactated Ringer’s Solution.
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Figure 12. AC impedance spectra of 18 carat gold immersed in
Lactated Ringer’s Solution + 100 ppm of NaCl.
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Figure 13. AC impedance spectra of 18 carat gold immersed in
Lactated Ringer’s Solution + 100 ppm of glucose.

Lactated Ringer’s Solution

Influence of 100 ppm of NaCl

It is observed from the Table 2, that the corrosion
resistance of 18 carat gold decreases in the presence of 100
ppm of NaCl, the R; value decreases from 27920 to 19990
ohm cm?. Cgq value increases from 1.827x10! to 2.551 x
10" F cm. The impedance value decreases from 4.792 to
4.769.

Influence of 100 ppm of glucose

Similarly, the corrosion resistance of 18 carat gold
decreases in the presence of 100 ppm.of glucose, the R;
value decreases from 27920 to 17550 ohm cm?. Cgq value
increases from 1.827x10% to 5.569x10° F cm?2 The
impedance value decreases from 4.792 to 4.679.
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From this, it is inferred that the corrosion resistance of 18
carat gold in Lactated Ringer's solution decreases in
presences of 100 ppm of NaCl and also 100 ppm of glucose.

Table 2. Corrosion parameters as determined by AC Impedance.

System R: Cal Impedance
Ringer’s solution 537220  9.493x1012 5.775
Ringer’s solution 139115 3.666x1011 5.247
+100 ppm NaCl
Ringer’s solution 9430 5.408x1010 4.430
+100 ppm glucose
Lactate Ringer’s 27920 1.827x1011 4,792
solution
Lactate Ringer’s 19990 2.551x1010 4.769
solution +100 ppm
NaCl
Lactate Ringer’s 17550 5.569x10° 4.679
solution +100 ppm
glucose

CONCLUSION

The corrosion resistance of 18 carat gold in Ringer’s
solution and in lactated Ringer’s solution has been evaluated
by polarization study and AC impedance spectra. The
influence of 100 ppm of NaCl and also of 100 ppm of
glucose on the corrosion resistance of 18 carat gold has also
been investigated. This study leads to the following
conclusions.

Corrosion resistance of 18 carat gold in Ringer’s and
lactated Ringer’s solutions decreases in presence of 100
ppm of NaCl and also of 100 ppm of glucose. This is
confirmed by polarization study and AC impedance spectra.
It implies, care must be taken to avoid excess of NaCl and
also glucose in Ringer’s and also in lactated Ringer’s
solution.
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ACTIVITY OF Pd-MnOx/CORDIERITE (Mg,Fe):AlSisO1s)
CATALYST FOR CARBON MONOXIDE OXIDATION

V. Bakhtadze,*[?1 V. Mosidze,[?] T. Machaladze,[?IN. Kharabadze,[®
D.Lochoshvili,[] M. Pajishvili,[®@ R. Janjgaval® and N. Mdivanil@

Keywords: CO oxidation; manganese oxides; alumosilicate blocks, promoting, active surface.

Physical-chemical characteristics and activity of the Pd-MnOx-catalyst, deposited on cordierite carrier, was studied in the CO oxidation
reaction. The results obtained on the catalyst Pd-MnOx-/Al-Si showed the similar activity in the CO oxidation reaction as in the case of the

Pd-MnOx/Ca0.2Al203 catalyst.
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INTRODUCTION

Manganese oxides are well-known as the highly efficient
catalysts of deep oxidation. The catalysts, prepared on their
basis, are used in the processes of gas purification and other
important chemical-technological processes.!* Manganese
oxides, together with copper and cobalt oxides, are
considered as possible replacement of platinum metals in
automobile catalysts for purification of exhaust gases from
CO, CHy, NOx*5 The catalysts, obtained by their
combination with the oxides of some metals of variable
valency and with the metals of platinum group (Pt, Pd) or
Ag, exhibit the mutual-promoting effect in the oxidation
reaction.®” Simultaneously they retain the high activity after
calcination over prolonged period at high temperatures. By
the use, in the technology of the catalysts of aluminium
oxide, of the carrier, preliminary modified by calcium oxide,
the Mn-Pd catalyst was elaborated available for oxidation of
CO and hydrocarbons of spent gases of the motor
transport.2® The mixed Mn-Pd catalysts (MPC-1),
containing the minimum amount of palladium (up to 0.05
wt. %), was successfully tested in the systems for
purification of spent gases of petrol engines and diesel
locomotives operating on diesel fuel .1

Comparison of texture characteristics and activity of the
Mn-Pd catalysts on calcium aluminate carrier (CaO.2Al,0s3,
CA;) of ShN-2M mark in the reaction of CO oxidation, the
sample with 4.0+5.0 wt. % of Mn+0.05 wt. % of Pd content
was proved to be the most active.® On the carrier, apart from
the phase of B-MnO;, the formation of the phase B-Mn,Osis
observed in nearly equal proportion. The addition of
palladium to the oxide-manganese catalyst leads to the
formation of new centers on the surface which are active in
the reaction of CO oxidation. The particles of palladium are
dispersed in the matrix of MnQ,, they don’t penetrate into
the depth of the pores.!? In accordance with Ref.® the
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addition of palladium and manganese to v-Al,Os,
hydrothermally treated even at the stage of impregnation
and calcination of the catalyst, leads to the interaction
between active components and carrier. As a result the
variation of valence state of the part of Mn?* and formation
of palladium complexes with y-Al,O3 takes place. Moreover,
the active components interact with each other which leads
to the shift of the equilibrium Mn*+e-<=Mn?* on the surface
in the direction of the formation of the ions of divalent
manganese and to the growth of palladium dispersity.

For  preparation of automobile catalysts, the
aluminosilicate  blocks with cellular structure'* are
intensively developed. Their specific surfaces, as a rule,
don’t exceed 1-2 m? g1. The results of manganese and
palladium deposition on the cordierite aluminosilicate
blocks (Mg,Fe).AliSisO1g) are presented and the results of
the study of their activity and physical-chemical properties
in the reaction of CO-oxidation are given.

EXPERIMENTAL PART

For laboratory testing, the manganese oxides used were
deposited on plates and ground particles (&1,5-2.0 mm) of
cordierite blocks via impregnation with aqueous solution of
manganese(ll) nitrate at various concentration of
impregnating solution, changing the temperature and
duration of impregnation. The Pd-MnO,/cordierite catalysts
were prepared by impregnation of the carriers prepared with
aqueous PdCI; solution. The samples prepared in this way
were dried at 80-100 °C then calcined in an electric furnace
at 350-450 °C for 2 h. The formed composites were treated
by 4-5 % solution of aqueous NH.OH, then dried and
calcined at 400 °C for 2 h.

Activity of the catalyst samples in the CO oxidation
reaction was determined in a flowing plant at laboratory
scale. Thermal analysis was performed on a STA-2500
device. ISM 65 LV scanning electron microscope was used
to study the morphology of the catalyst surface. Specific
surfaces of the samples were determined by application of
the automated system ASAP 2020.
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RESULTS AND DISCUSSION

SEM pictures of the surface components of catalyst Pd-
MnO,/cordierite at 1um of the layer depth could be seen in
Fig. 1. The oxides of Mn and Pd are distributed uniformly
on the cordierite surface. The dispersity of manganese oxide
particles comprises nearly 100 nm. X-Ray phase and
thermal analyses of the catalyst showed the presence of j3-
MnO, and B-MnyOs. Specific surface area of the

Pd—MnO./cordierite comprises 3.0-5.0 m? g* while the
specific surface of initial cordierite doesn’t exceed the value
of 0.5-0.7 m? g. The activities of the catalyst samples
before and after their treatment with aqueous ammonia in
the CO oxidation reaction are showed in Fig. 2.

Figure 1. Surface distribution of active components in the catalyst
Pd-MnOx/cordierite.

Before treatment by aqueous ammonia, the CO oxidation
reaction on the catalyst comprised 98-100% in the
temperature range from 205 °C to 210 °C. After treatment
by aqueous ammonia, the same degree of CO-oxidation
could be attained even at 175-180 °C. Similar promotion
effect of. aqueous ammonia treatment of Pd/CA, was
observed.®
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Figure 2. Dependence of Pd-MnOx/cordierite catalyst activity with
and without aqueous ammonia treatment on the temperature in the
CO oxidation (Geat = 1.0 g, composition of reaction mixture: 1.0
vol. % of CO+air, volume rate of the gas W= 15.10% h'%).
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The treatment of the catalyst by ammonia water can lead
to the formation of ammine-palladium complexes which can
decompose with formation of catalytically active palladium
black 167
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Figure 3. Curves of thermal analyses ( DTA and TG) of the
catalyst Pd-MnOx/cordierite treated with aqueous ammonia (a) and
without treatment of aqueous ammonia (b)

Comparison of the decomposition curves of Pd-
MnOs/cordierite catalyst with and without treatment by
aqueous ammonia, shows the exoeffect on the DTA curve at
the temperatures: 255 and 305 °C which is indicative of
the phase decomposition. This can only be observed in
the aqueous ammonia treated sample.

CONCLUSIONS

Activity of the Pd-MnOx/cordierite catalyst is similar with
the activity of Pd-MnOx/Ca0.2Al:0z catalyts in the CO
oxidation reaction. Treatment of catalyst with aqueous
ammonia has positive influence on the completion of the
active surface species of the catalyst and reduces the
temperature needs for total oxidation of carbon monoxide.
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