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Zn Il, Cu ll, Pb 11, Hg I1, Ni Il SURVEY AND THE SURFACE
WATERS QUALITY EVALUATION IN THE BARCAU RIVER
BASIN (WEST ROMANIA)

Sorin HODISAN !, Alexandrina FODOR!, Sanda BOTA,
Mioara SEBESAN !

University of Oradea, Faculty of Informatics and Sciences, 1 University St.,
410048,0radea, Romania, e-mail: afodor@uoradea.ro

Abstract-The survey of Zn, Cu, Pb, Hg and Ni ions in the surface waters of Barcau
River Basin (West Romania), the evaluation of their quality in order to classify them
by water quality classes point of view and the analyse of the influence of
anthropogenic factors have been made. The water samples were taken from six
sampling points, during February-November 2018. Metal ions concentration were
measured using atomic absorption method. The smallest quantities of metal ions
were registered, as expected, in Tusa, in the upper part of the River Barcau. An
increase of metal ions concentrations in the summer months was registered.
Smaller metal ions quantities were measure also downstream of Padurea Neagra
City than in the case of the other investigated localities. In Tusa and Padurea
Neagra sampling points the surface water can be classified in class | of quality
regarding all metallic ions investigated. In Boghis and Suplacul de Barcau
sampling points the surface water was classified in class Il and Ill of quality
regarding some of the metallic ions investigated. At the border with Hungary
(Parhida) the water of the Barcau River falls in the quality class I in terms of the
content of Pb Il and Hg Il and in the quality class Il in terms of the content of Zn
II, Cu Il and Ni Il. In order to prevent pollution of the Barcau River Basin, it is
necessary to take measures to remove the wastewater discharge without prior
treatment.

Key words: survey, surface water quality, dissolved fraction metal

Heavy metals are elements that have a

INTRODUCTION

The evaluation and the survey of
surface water quality is based on the
determination of its physical, chemical,
biological and microbiological properties
(Jude, 2014). The information obtained from
the monitoring of surface waters allows the
achievement of four primary objectives in
knowing the state of water quality such as
monitoring, forecasting, warning and
intervention (Domuta et al. 2011). By
monitoring the water quality, a systematic
evaluation of the qualitative characteristics of
the water is performed, which are in a
permanent dynamic and with significant
socio-economic implications (Cirting, 2011).

high atomic weight and a density (five times
greater than that of water). Their multiple
industrial, domestic, agricultural, medical,
and technological applications have led to
their wide distribution in the environment
(especially in soil and water). Their
continuously raise concentrations in the
environment produce serios concerns over
their potential effects on human health and
the environment. Their toxicity depends on
several factors including the dose, route of
exposure, and chemical species, as well as the
age, gender, genetics, and nutritional status of
exposed individuals. These metallic elements
are considered systemic toxicants that are
known to induce multiple organ damage,
even at lower levels of exposure(Tchounwou
et al. 2012).
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They are also classified as human
carcinogens (known or probable) according
to the US Environmental Protection Agency
(https://www.epa.gov/) and the International
Agency for Research on  Cancer
(https://www.iarc.who.int/).

Recording the data obtained by the
monitoring of surface water quality, an
assessment is made in order to evaluate if the
water quality meets the current regulatory
requirements, water quality being influenced
by both natural and anthropogenic factors
generated by urbanization and
industrialization, surface water being an
important factor of the environment (being
the support of ecological systems) but also an
important staple material (Gavris, 2003;
Varduca, A. 2000).

The Barcau River Basin is a
component of the Crisuri Rivers Basin
system. The source point of the Barcau River
is at the foot of the plateau of the Ses
Mountains (altitude 585 m), Tusa Village,
Salaj County. The length of the course is 134
km and the surface of the reception basin and
of the tributaries is of the order of 2005 km?
(http://arhiva.rowater.ro/dacrisuri). The river
has a length of 134 km on the Romanian
territory, an average slope of 4 %o and a
sinuosity coefficient of 1.72, and the surface
of the collecting basin is 2005 km?. It collects
28 tributaries, of which the most important
are Bistra (L = 47 km, S = 175 km?), Valea
Fanetelor / Ghepes (L =30 km, S=178 km?).
(http://ww.mmediu.ro;http://chislaz.ro/).

In the Barcau River Basin, the main
polluting units are: urban activities,
extractive industry units (eg OMV Petrom
Suplacul de Barcdu), food industry units,
electricity and heat generating units, trade
and services units for the population, tourist
thermal units (for example Boghis Baths).

The assay of theirs study was the
survey of divalent ions of Zn, Cu, Pb, Hg and
Ni content in the dissolved fraction in the
Barcau River Basin during February-

November 2018, in six sampling points. The
sampling points were located on two
important tributaries of the Barcau: on the
Rachitelor Valley and Bistra and on Barcau
River, downstream of the localities: Tusa (at
the spring), Boghis, Péadurea Neagra,
Suplacul de Barcau, Marghita, and Parhida
(before crossing the border with Hungary).

MATERIAL AND METHOD

Water sampling and investigations
were performed according to the literature
information (Patroescu et al. 2000; Eaton and
Franson, 2005).

The water samples were taken in 100-
150 mL polyethylene containers. To preserve
the water samples, the water was filtered
immediately after the sampling, on a
membrane filter with 0.45 um pore diameter
and acidified with nitric acid at pH 1-2.

The metal ions analysis was
performed by atomic absorption
spectrophotometry, comparing the absorption
of the sample with the absorbances of the
standard solutions. (SREN 15015586, 2004)

An EM 16.0 atomic absorption
spectrometer with cathode lamps
corresponding to the analysed metals it was
used. The reagents used were concentrated
nitric acid, hydrochloric acid, acetate buffer,
1,10-phenanthroline, standards for the
construction of the standard curve, purchased
from Merck.

RESULTS AND DISCUSSION

During February-November 2018,
water samples were taken from the
established areas with the frequency of one
sample per week. The results obtained
following the atomic absorption analysis of
the divalent ions of Zn, Cu, Pb, Hg and Ni in
the sampled surface water are presented as
monthly arithmetic average in tables no. 1-5.

Table. 1 Zn (1) concentration (g / L) in the surface water samples

Samplin <

poinf/ ’ Tusa Padure,a Boghis SuPIaCEj de Marghita | Parhida
Neagra Barcdu

Month

February 4.10 7.12 21.12 25.40 19.42 18,60

March 4.92 7.74 25.34 27.40 22.60 19,40

June 5.34 7.30 26.30 28.42 23.32 19,92

Julie 5.62 8.32 26.72 28.64 24.54 21,34

October 5.30 8.70 27.90 28.90 23.72 22,32

November 4.80 7.50 24.92 26.72 22.10 20,14

6


http://www.mmediu.ro/
http://chislaz.ro/

Analele Universitatii din Oradea-Fascicula Chimie, Vol. XXVI111(28), 2021

Table 2. Cu(ll) concentration (ug / L) in the surface water samples

Samplin <
poinf/ ’ Tusa Padure? Boghis Suplacy de Marghita | Parhida
Neagra Barcau
Month
February 1.10 1.60 4.22 8.20 5.42 5.30
March 1.30 1.70 4.42 8.60 5.80 5.52
June 1.42 1.90 4.52 8.70 5.90 5.60
Julie 1.32 1.82 4.50 8.82 6.22 5.84
October 1.64 1.64 4.74 8.60 5.80 5.70
November 1.20 1.40 4.32 8.40 5.70 5.52
Table 3. Pb(1l) concentration (ug / L) in the surface water samples
Samplin .
poinf/ ’ Tusa Paduref‘ Boghis SUpIale de Marghita | Parhida
Neagra Barcau
Month
February 0.42 0.50 0.80 2.02 0.92 0.80
March 0.40 0.60 0.70 2.10 1.20 0.70
June 0.64 0.70 0.62 1.94 0.84 0.92
Julie 0.42 0.82 0.92 2.24 0.92 0.80
October 0.32 0.64 0.74 2.10 0.90 0.72
November 0.20 0.50 0.50 2.30 0.80 0.84
Table 4. Hg (11) concentration (ug / L) in the surface water samples
Samplin <
poin'?/ ’ Tusa Padurefl Boghis Suplac? de Marghita | Parhida
Neagra Barcau
Month
February 0,01 0,04 0,08 0,07 0,06 0,04
March 0,04 0,03 0,07 0,06 0,05 0,05
June 0,05 0,04 0,06 0,09 0,08 0,05
Julie 0,06 0,06 0,08 0,08 0,07 0,06
October 0,07 0,02 0,07 0,07 0,04 0,04
November 0,06 0,03 0,05 0,05 0,05 0,04
Table 5. Ni (I1) concentration (ug / L) in the surface water samples
Samplin <
poinf/ ’ Tusa Padure,a Boghis Suplacg de Marghita | Parhida
Neagra Barcau
Month
February 1,2 15 3,8 4.2 3,6 3,7
March 1,3 1,7 3,9 44 3,4 3,9
June 1,2 19 4,1 4,6 3,8 4.2
Julie 14 1,6 4,2 47 4,0 3,9
October 1,6 1,7 3,9 44 3.9 3,8
November 14 15 3,6 45 3,5 3,6

The obtained results show higher
concentrations of metallic ions in the surface
water samples in March-July period, in all
samples points.

As expected, the lowest values of the
concentrations for the determined species
were recorded in Tusa (at the source of the
River). Low values were also recorded
downstream of Padurea Neagra.

RESULTS INTERPRETATION

Analysing the obtained experimental data,
from the six sampling points, with the
concentration limits imposed by the norm for
the classification of surface waters (table no.
6), the analysed waters were classified in
classes I, 1l and Ill of quality (table no.7)
according to ion content of the dissolved
fraction-Extract from the Regulation on
reference objectives for the classification of
surface water quality of 10.12.2002 (table 6)



Analele Universitatii din Oradea-Fascicula Chimie, Vol. XXVI111(28), 2021

Table 6.Classification of surface water in quality classes according to ion content
of the dissolved fraction-Extract from the Regulation on reference objectives for
the classification of surface water quality

A.5.1.Metal ions in
dissoled fraction Unit Quality class

| I Il v \Y%
zZinc (Zn?) ug/l background 5 10 25 >25
Cupper (Cu®) ug/l background 2 4 8 >8
Ch6r+omium total (Cré* +| pug/l background 2 4 10 > 10
(L:o;ag (Pb?") ug/l background 1 2 5 >5
Cadmium (Cd?*) ug/l background 0,1 0,2 0,5 >0,5
Mercury (Hg®) ug/l background 0,1 0,15 0,3 >0,3
Nickel (Ni%*) ug/l background 1,0 2,0 5,0 >5,0

Table 7 Classification of surface water in quality classes in sampling points i
terms of the concentration of ions in the dissolved fraction

>

Sampling
points/

Reference
parameter

Padurea

Tusa Neagra

Boghis

Suplacu

de Barcau Parhida

Marghita

Znll
Concentration [ |

Cull
Concentration [ |

Pb 11
Concentration [ |

Hg Il
Concentration [ |

Ni 1l

Concentration [ |

CONCLUSIONS

Higher metals concentrations were
measured during the summer period. The
increase of metal ions concentrations in the
studied surface waters in the summer months
can be explained due to local sources of
pollution such as population and industry
activities. During the summer months, there
was an increase in the concentration of metal
ions, especially downstream of Boghis,
Suplacul de Barcdu and Marghita, probably
due to domestic wastewater, tourist thermal
units (in the case of Boghis Baths) and those
resulting from production processes (in the
case of Suplacul de Barcau and Marghita).

The smallest quantities of metal ions
were registered as expected in Tusa, in the
upper part of the river Barcau.

In the case of Padurea Neagra City
were registered lower concentrations of metal
ions than in the case of the other investigated
localities, probably due to the fact that the
local industry is less represented and also
because the wastewater is collected and
treated in a more efficient waste water
treatment plant.

In Tusa and Padurea Neagra sampling
points the surface water can be classified in
class | of quality regarding all metallic ions
investigated. In Boghis and Suplacul de
Barcau sampling points the surface water was
classified in class Il and Il of quality
regarding some of the metallic ions
investigated (Zn II, Cu II and Ni II for Boghis
and Zn Il, Cu Il, Ni Il and Pb Il for Suplacul
de Barcau). At the border with Hungary
(Parhida) the water of the Barcau River falls
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in the quality class | in terms of the content of In order to prevent pollution of the
Pb Il and Hg Il and in the quality class Il in Barcau River Basin, it is necessary to take
terms of the content of Zn 11, Cu Il and Ni Il. measures to remove the wastewater discharge

without prior treatment.
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COUMARIN DERIVATIVES WITH POTENTIAL
ANTIMICROBIAL ACTIVITY. IN SILICO STUDIES

Paul Andrei NEGRU?, Georgeta SERBAN!
tUniversity of Oradea, Faculty of Medicine and Pharmacy, Pharmaceutical
Chemistry Department, 29 Nicolae Jiga, 410028 Oradea, Romania

Abstract. The discovery of antibacterial and antifungal compounds has improved
clinical outcomes in almost all infections. Therefore in our studies we tried to
analyze the applicability of molecular docking in predicting the pharmacological
effects of some coumarin compounds synthesized in our laboratory.

Key words: molecular docking, coumarin derivatives

INTRODUCTION

Antimicrobial agents are one of the
most remarkable examples of progress in
modern medicine. Many infectious diseases,
which were once considered incurable and
potentially lethal, can now be effectively
treated with antibiotics. The discovery of
antibacterial and antifungal compounds has
improved clinical outcomes in almost all
infections [1]. The biggest step in this field
was taken in 1942 with the discovery of
penicillin, and after that the lethality of some
infections decreased by up to 70% [2].
Antimicrobial agents are one of the most
powerful tools for fighting life-threatening
infections. Antimicrobial resistance - the
ability of pathogens to inactivate the drugs
designed to Kill them - is currently one of the
greatest public health challenges in the world
[3, 4].

The chemical approach to the
development of new compounds is a good
strategy. Unfortunately, this has begun to fail
because the pharmaceutical industry has lost
the interest in developing new drugs since
finding new compounds is a difficult and
extremely expensive process. Molecular
docking is an in-silico approach to drug
development that allows predictions of how
ligands can interact with proteins. The
greatest benefit of molecular docking is the
low cost of these studies. By further
improving the algorithms by which molecular
docking is performed, this method could
become a powerful tool for drug discovery in
the future [5]. Therefore in our studies we
tried to analyze the applicability of molecular
docking in predicting the pharmacological
effects of some coumarin compounds
synthesized in our laboratory.

10

MATERIALS AND METHODS

The docking studies were conducted
using AutoDockTools version 1.5.6, the
graphical user interface for AutoDock [6].
Discovery studio was used to obtain the 2D
diagrams of the interactions betwen the
ligand and protein [7].

The docking studies included two
target proteins — DNA-gyrase (PDB ID:
2XCT) of Staphylococcus aureus [8] and
lanosterol 14-alpha demethylase of Candida
albicans (PDB ID: 5V5Z) [9]. The structures
of these proteins were obtained from the
protein data bank (https://www.rcsb.org/).
The protein preparation consisted in
removing all the water molecules and ligands
in Molegro molecular viewer 2.5 and in
adding polar hydrogen atoms and Gasteiger
charges using AutoDockTools [10]. Ligand
preparation consisted in obtaining the SDF
(structure-data file) format of the ligand in
ChemDraw Ultra, converting the SDF file to
a PDB file using
https://cactus.nci.nih.gov/translate/. The
Gasteiger charges and defining all rotable
bonds was done using AutoDockTools. Other
settings were as default for both the ligands
and proteins.

RESULTS AND DISCUSSION

Nineteen coumarin  derivatives
belonging to  3-(5-mercapto-4-R-1,2,4-
triazol-3-yl)coumarin, 3-(5-arylamino-1,3,4-
thiadiazol-2-yl)coumarin and 3-(5-
arylamino-1,3,4-thiadiazol-2-yl)-6-
nitrocoumarin series were synthesized and
tested in vitro for the antimicrobial activity on
the following test strains: Stahylococcus
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aureus, Escherichia coli, Proteus vulgaris,
Klebsiella  pneumoniae,  Pseudomonas
aeruginosa and Candida albicans [11, 12,
13]. To better understand the mechanism of
interaction between the microbial proteins
and their inhibitors, the most active
compound 3-[4-(4-bromophenyl)-5-
mercapto-4H-1,2,4-triazol-3-yl]Jcoumarin
(C) was subjected to molecular docking
studies. In addition, two structural derivatives
of this compound, 3-[4-(4-bromophenyl)-5-
methylmercapto-4H-1,2,4-triazol-3-
yl]Jcoumarin (D1) and 3-[4-(4-bromophenyl)-
5-acetylmercapto-4H-1,2 4-triazol-3-
yllcoumarin (D2) (Fig. 1) were selected to
examine whether structural modifications

0_0
N
N
Q SH

Br

3-[4-(4-bromophenyl)-5-mercapto-4H-

1,2 4-triazol-3-yl]-2H-chromen-2-one
©

Br

would have an impact on the binding site of
coumarin to microbial proteins and/or on the
binding energy.

To validate the docking method, a
ligand model of Ciprofloxacin for 2XCT and
a model of Itraconazole for 5V5Z,
respectively, was built and docked into the
crystal structure of the target enzyme. The
docked ligand model was superimposed on
the reference model of ligand taken from the
protein data bank using PyMol [14]. Root
mean square deviation (RMSD) between the
co-crystallized ligands and the docked
ligands showed values that are within the
generally accepted values in the literature
[15, 16].

o0_.0
@[Z(N.
~ N
N\’<
Br

S_CH3

3-[4-(4-bromophenyl)-5-(methylthio)-

4H-1,2,4-triazol-3-yl]-2H-chromen-2-one

(D1)

3-[4-(4-bromophenyl)-5-acetylmercapto-4H-
1,2 4-triazol-3-yl]-2H-chromen-2-one

(D2)

Fig. 1. The chemical structures of the studied compounds.

Docking studies of coumarin derivatives
on DNA gyrase 2XCT

Molecular docking studies have
shown that C derivative has the highest
affinity for the 2XCT protein. The calculated
binding energy of the most stable complex of
compound C with DNA gyrase is -8.4
kcal/mol, closely followed by derivative D1
(-8.3 kcal/mol). Compound D2 showed a
slightly lower affinity with a binding energy
of -7.7 kcal/mol. All the compounds have a
good affinity for the target protein that can be
compared to that of Ciprofloxacin (-8.1
kcal/mol for the Ciprofloxacin-DNA gyrase
complex). However, in vitro experimental
studies have shown that compound C has no
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activity against Staphylococcus aureus,
which allows us to assume that other
molecular mechanisms are also involved in
establishing the antimicrobial activity of this
compound [13].

Analyzing the 2D diagrams it can be
seen that Ciprofloxacin binds to the amino
acids PHE1123, ARG1122, HIS1081,
PRO1080 and LYS581. Compound C binds
to PHE1123, ARG1122, PR01080,
TYR1150, LYS1066, GLU1125, LYS581
and compound D1 binds to PHE1123,
ARG1122, PRO1080, MET1075, LYS1066,
GLU1125, LYS581, TYR1150. These three
compounds have in common the amino acids
PHE1123, ARG1122, PRO1080 and LYS581
in their charts (Fig. 2, Table 1).
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Figure 2. Coumarin derivatives-2XCT and Ciprofloxacin-2XCT interactions

Table 1. Binding amino acids in the coumarins-2XCT and Ciprofloxacin-2XCT
complexes

Amino
acid C D1 Ciprofloxacin
PHE1123
ARG1122
HI1S1081
PRO1080
LYS581
TYR1150
LYS1066
GLU1125
MET1075
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In addition, the two-dimensional
diagrams show that C, D1 and Ciprofloxacin
have a similar binding mechanism to 2XCT
protein, as both Ciprofloxacin and the two
coumarin compounds bind to the amino acids
PHE1123, ARG1122 and PRO1080 through
the two condensed hexacycles in their
structures which can also be seen when the

protein-ligand complex of each compound
overlaps (Fig. 3). Derivative C has a higher
affinity for the receptor, which may be due to
the hydrogen bond formed between the thiol
-SH group and the glutamic acid GLU1125 at
the active site of the enzyme which can not be
possible for the substituted derivative D1

Figure 3. Coumarins at the 2XCT protein binding site, three-dimensional model.
Overlapping ligand-protein complex: red — Ciprofloxacin, blue — compounds C

Compound D2 has the lowest affinity for the
protein (-7.7 kcal/mol). In addition, the
binding site of this ligand is different from the
binding site of the other compounds (Fig. 4).
Compound D2 interacts with the following
amino acids: ASP508, HIS1081, LYS460,
ILE516, SER1085, GLY1082 and ARG1122

Binding site of
D2
Figure 4. Coumarin derivatives C, D1 and D2 at the 2XCT protein binding sites.

and D1

and has only two common amino acids with
ciprofloxacin: HIS1081, ARG1122. This
may be due to the steric hindrance developed
by the acetylmercapto -SCOCHzgroup in D2,
which made it difficult to bind the substance
to the active site of the enzyme.

Binding site of Ciprofloxacin and
of compounds C and D1
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Docking studies of coumarin

derivatives on lanosterol 14a-
demethylase 5V5Z

Itraconazole possesses a bulky
molecule, which makes possible many
interactions between the drug molecule and
the target enzyme and a good afinity for
protein (-10.9 kcal/mol). The most stable
conformation of compound C had the binding
affinity of -8.8 kcal/mol, while for the
compound D2 the binding energy value was -
7.7 kcal/mol. Derivative D1 showed the
highest affinity for the protein with a
calculated binding energy of the most stable
complex of -9.0 kcal/mol. Therefore the
derivative D2 showed the lowest binding

THR
A:122

A:126

LEU
A:88

affinity and also showed a different binding
site compared to the other three compounds.

Itraconazole binds to the amino
acids GLY®65, TYR64, HIS377, PRO230,
MET508, TYR118, ILE304, ILE131,
LYS143, LEU139, LEU300 and LEU376.
Compound C binds to PHEA475, ILE304,
GLY308, PHE228, PHE126, CYS470 and
ILE471, while the compound D1 binds to
ILE131, ILE304, LEU376, ILE379,
LEUI121, TYR118 si TYRI132. All three
compounds bind to ILE304, while
Itraconazole and D1 have also in common the
amino acids TYR118, ILE131 si LEU376.
All compounds have an 1,2,4-triazole ring in
their molecules which could be the reason
why coumarins show a high binding affinity
to 5V5Z (Fig. 5, Table 2).

PHE
GLY 3
A:a64 sy

LEU
A:121

GLN
A:142

Itraconazole

|:| Van der Waals

|:| Conventional Hydrogen bond

|:| Pi-Anion

|:| Pi-Pi T-shaped

|:| Amide-P1 Stacked

D Alkyl

Figure 5. Coumarins-5V5Z and Itraconazole-5V5Z interactions
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When the most stable conformation
of Itraconazole overlaps the conformation of
derivatives C and D1, respectively, it can be
seen that the protein binding sites overlap in
certain areas. It can be predicted that by
adding more bulky substituents to compound
C, especially on the 1,24-triazole ring,

derivatives with a higher affinity for
lanosterol  14a-demethylase could be
obtained. A complete overlap is unlikely, due
to the fact that itraconazole is a much larger
molecule and has more torsion angles
compared to compounds C and D1 (Fig. 6).

Table 2. Binding amino acids in the coumarins-5V5Z and Itraconazole-5V5Z
complexes

Amino
acid C

GLY65
TYRG64
HIS377
PRO230
METS08
TYR118
ILE304
ILE131
LYS143
LEU139
LEU300
LEU376
PHEA475
GLY304
PHE228
PHE126
CYS470
ILE471
ILE379
LEU121
TYR132

Itraconazole

Figure 6. Coumarins at the 5V5Z protein binding site, three-dimensional model.
Overlapping ligand-protein complex: yellow — Itraconazole, blue — compound C
and green — compound D1
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CONCLUSIONS

The docking studies of derivatives
C, D1 and D2 on 2XCT protein (AND-
gyrase) showed the compound C as the most
effective ligand. The in vitro antimicrobial
study of compound C showed that it does not
act on Staphylococcus aureus strains,
however the compound had good activity
against some Gram-negative germs, such as
Pseudomonas aeruginosa. Docking the
compounds to the 5V5Z protein (lanosterol
14a-demethylase) highlighted D1 as the most
active, with a slight increase in affinity for the
protein. However, the derivatives C and D1
have very close affinity. Derivative C showed
in vitro antifungal activity against Candida
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Abstract.The present study reflected antibacterial properties of a coating based on
fluorohydroxyapatite (FHA)/with Cu®* and Zn** ions on CoCrMo alloy in phosphate
buffered saline (PBS) medium. The coating structure was identified by Fourier
transformed infrared spectroscopy (FTIR) and the surface analysis of phosphate deposits
by quantifying the hydrophilic / hydrophobic balance and the roughness by AFM
determinations.Cu** and Zn®* ion release was studied using inductively coupled plasma
mass spectrometry (ICP-MS) method. Antibacterial properties of coatings were
determined by contact method using using agar disc diffusion method for two bacterial
strains: Staphyloccoccus aureus and Pseudomonas aeruginosa.

Keywords: ion release, antibacterial effect, fluorohydroxyapatite, FTIR, ICP-MS.

1.INTRODUCTION

Strating to 1900’s, the scientific
community become interested in founding
new materials for bone substitution in
biomedical field [1].The interest of
researchers was attracted to materials based
on Ca and P so, in 1920 appeared the first
article that used such materials as fillers of
bone defects in rabbits [2]. Bone infections
represented for many years an important
subject in medicine.

Having that aim, it was looked for
materials with properties close to those of
human bone that could replace parts of the
infected bone or that could contribute to the
growth of bone material on certain portions
of bone. Due to their mechanical properties
similar to bone and due to the osteogenic
properties, CaPs is today used in different
fields, for orthopedics, for the treatment of
bone fractures, for implantology, for
dentistry and for maxillofacial
reconstruction [3,4].

Hydroxiapatite belongs to the
group of apatites, (HA, Caio(PO4)s(OH).),
represent the inorganic part of the bone and
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contain Ca and P in a ratio close to 1.67 [5].
HA presents very good biocompatibility,
bioactivity, and biodegradability, beeing
used as implant material, for drugs relase,
for bone cement, for hybrid material
together with carbon nanotubes in order to
increase the strenth [6] with applications in
biomaterials field and medicine.Another
type of apatite isfluorapatite  (FA;
Caio(PO4)sF2) beeing more stable from
chemical and structural point of view than
hydroxyapatite and forms the outer layer of
teeth [7,8].

Doped phosphate masses introduce
into the crystal structure of hydroxyapatite
various ions which have the role of
improving its properties. The deposition of
fluorohydroxyapatite, Caio(POs)s (OH) »-
xFx, where 0 <x <2, represents the degree of
fluorination, is a method that was initially
developed for the titanium substrate, but in
the present paper an attempt was made, to
extend it to coating of substrates as Co-Cr-
based alloys. The introduction of the F~ ion,
which replaces some HO™ groups, has
proven to be beneficial because it provides a
better degree of coating of the substrates, a
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higher stability in terms of its dissolution in
various media and a better cellular response

[9].

This article proposes  the
introduction of copper ions (Cu?*) and zinc
(Zn?) in the structure of
fluorohydroxyapatite in order to increase the
animicrobial effect.Copper is an element
that can be easily metabolized [10] and has a
low cellular toxicity, as well as a high
degree of biocompatibility [11], the surfaces
coated with this metal having a very high
antibacterial  effect [12] and the
antimicrobial properties of zinc oxides are
well known, it has been used for a long time,
especially in dentistry [13].

Heavy metals are toxic and react

with proteins, therefore bonds are formed
with protein molecules. As a result, cellular
metabolism is inhibited causing the death of
microorganisms [12].
ZnO nanoparticles have an antibacterial
effect on both Gram-positive and Gram-
negative bacteria. They have an antibacterial
effect even on spores that are resistant to
high temperatures and pressures [13].
Adhesion of ZnO particles to bacterial
membranes may be the cause of zinc toxicity
to bacteria [14].

Infections produced post-
implantation are often the main cause of
surgery failure, so implantable materials
must tend at the time of implantation to an
antibacterial effect and at the same time
have a high degree of cytocompatibility
[15]. There are many bacteria that can cause
such problems, but among the most common
are Staphyloccoccus aureus and
Pseudomonas  aeruginosa.  Methicillin-
resistant Staphyloccoccus aureus (MRSA) is
resistant to all B-lactam antibiotics, but there
have been results that have demonstrated an
antimicrobial effect of copper on MRSA
[16]. Infections  with  Pseudomonas
aeruginosa or the pyocyanic bacillus are

often difficult to treat, so in addition to
antibiotics, numerous therapeutic options
have been explored, including even quorum-
sensing inhibitors [17].

2.MATERIALS AND METHODS

2.1.Materials. Sample preparations

For the deposition of the coatings it was
used CoCrMo alloy as substrate. The
CoCrMo alloys samples, cut with a diameter
of 1.6 mm and a thickness of 2 mm, were
preprepared by polishing with a 600 and
1200-grit SiC paper, ultrasonically cleaned
in acetone and double distilled water.

For the deposition of doped and non-
doped fluorohydroxyapatite with copper and
zinc ions, the electrochemical deposition
method was chosen.Electrochemical
deposition is an efficient and easy to use
method in laboratory conditions, so it was
chosen to obtain this type of protective
coating, another criterion being that unlike
other more complex methods (hot spraying
or laser deposition), electrochemically
deposited phosphate masses have a structure
much more similar to the natural ones found
in the composition of bone tissue [18].

This method uses a conventional

electrochemical cell with three electrodes:
the reference electrode (Ag/AgCl), the
platinum auxiliary electrode and the working
electrode formed of the material chosen as
substrate.
The composition of the metal plates,
according to the technical data sheet, used as
working electrodes are found in Table 1, the
sample were immersed in an electrolyte
whose composition is found in Table 2, and
whose pH was adjusted to 4.8 by adding
HCI.

The composition of CoCrMo is
presented in Table 1.

Table 1. Composition ranges for CoCrMo alloy.

Substrate Cr Mo | Ni Mn

Si N C P S Co Fe

CoCrMo (%) | 27.00 | 55 | 0.99 | 1.00

1.00 | - - - - 635 | 2.22

Table 2. Composition of the electrolyte used in the deposition process.

No. Component Concentration (mol/L) Amount (g)
1 (NH4)2HPO,4 0.025 1.6482
2 CaClz-2H,0 0.042 3.0874
3 NH4F 0.012 0.2222
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In order to improve the electrodeposition
process, in order to obtain a dense coating
due to the release of H, and the production
of HO", 3% H,0, was added to the prepared
solution, in a ratio of 1:10 to the electrolyte.
The concentration of each component was
chosen so as to ensure a Ca/P ratio of
approximately 1.67. To the prepared
electrolyte were added 50 ppm ZnCl; to
obtain Zn? * doped fluorohydroxyapatite,
50ppm CuCl; « 2H,0 to obtain Cu?* doped
fluorohydroxyapatite, and 50 ppm mixture
of ZnCl, and CuCl, « 2H,O to obtain
fluorohydroxy type of ions. The working
conditions was: curent density 1mA/cm2 for
30 min at 370C, followed by heat treatment
at 130°C for 360 min.

Chronopotentiometry, in PULSE
mode usinga VoltalLab 4
potentiostat/galvanostat, PGZ 301 model,
from Radiometer Analytical, was used as a
method, and the curves were recorded with
the Volta Master 4 software. During the
entire deposition period, for 30 minutes, the
cathodic current density was kept constant at

a value of 1 mA/cm?, with a measurement
step of 0.5 seconds.

2.2.Structural characterization (FTIR) of
fluorohydroxyapatite coatings doped with
Cu and Zn ions and undoped

The spectra of the systems investigated by
IR absorption were recorded at room
temperature using using a Spectrum 100
Series FTIR Spectrometer from Perkin
Elmer.

Have been reported in the literature FTIR
spectra  where  hydroxyapatite  shows
absorption peaks specific to the hydroxyl
group at 631 and 3573cm™ [19].In the
spectra, obtained in the present study, Figure
1, these peaks do not appear, which indicates
that these two vibrations, specific to the OH-
group are disturbed by the introduction of
fluoride ions into the hydroxyapatite
network [20], moreover their lack clearly
indicates that fluoride ions have been
successfully incorporated into the apatite
matrix.

— CoCrMo +FHA
—— CoCrMo -FHA-Cu

Transmitance (%)

— CoCrMo +FHA-Zn
— CoCrMo +FHA-Zn-Cu

80

T T
4000 3500 3000

T
2500

T T T T T
2000 1500 1000

Wavenumber (cm-1)

Figure 1. FTIR spectra of CoCrMo+FHA, CoCrMo+FHA-Cu, CoCrMo+FHA-
Zn, CoCrMo+FHA-Zn-Cu samples.

The peaks that appear in the
interval 924-966cm™ are due to the
asymmetric tensile vibrations of the P-O-P
bonds joined with large metaphosphate
rings, and the main peak appeared in the
interval of 1001-1077cm, together with
another adjacent peak, less obvious, located
in the same interval, due to the asymmetric
tensile vibrations of the P-O-P bonds joined
with small metaphosphate rings.

Peaks that appeared in the range
1070-1093cm?, are attributed to the
asymmetric tensile vibrations of the PO?*
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groups, those in the range 1157-1183cm™
come from the terminal phosphate groups
POazf.

The peaks appeared around 603cm-
L is attributed to the deformation vibrations
of PO,* [21], and the band formed around
2320 cm* can be attributed to an elongation
vibration of the O-H bond associated with
hydrogen bonds. The band at about 1265cm-
Lis attributed to the tensile vibrations of the
oxygen double bond, (P = O). At 1640cm™
there are vibrations of deformation of the
bonds of H,O free molecules.
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2.3.Surface
hydrophobic
determinations

To evaluate the
hydrophobic character,
measurements were performed on the
modified surfaces, by determining the
contact angle (CA) using the 100 Optical
Contact Angle Meter-CAM100.

analysis:
balance

hydrophilic  /
and AFM

hydrophilic-
wettability

Each value for determining the
contact angle is the average of three
measurements. The tests were performed
with an accuracy of + 1°C to 25°C. The
results are presented in Table 3. The surface
roughness (Ra) of the samples was evaluated
with an atomic force microscope at APE
A.P.E. Research Company, using the contact
mode.

Table 3. Contact angle (CA) values and surface energy values (SGE) on the

CoCrMo substrate
Sample CA SFE (mJ/m?)
CoCrMo/FHA 28+0.66 64+0.37
CoCrMo/FHA-Cu 36+0.61 59+0.32
CoCrMo/FHA-Zn 39+0.59 57+0.34
CoCrMo /FHA-Cu-Zn 42+0.55 54.9+0.39

The measurements did not show
significant  differences  between  the
roughness values of the sample surfaces
covered with doped fluorohydroxyapatite.
The reduced contact angle reveals the
increased surface roughness as well as its
hydrophilic character. The hydrophilic
character of the coating, as seen from the
low values of the contact angle should be a
support for promoting  osteogenesis,
electrodeposited phosphate masses  will
promote the growth of osteoblasts. However,
there is a very slight increase in its value in
the case of doped fluorohydroxyapatite,
compared to undoped hydroxyapatite.

2.4. lons release from the deposited
coatings

The ICP-MS technique was used, both, to
determine the Zn and Cu content, as well as
to determine the rate of detachment of these
ions from the film deposited on CoCrMo
substrates.

lon release was determined using ICP-MS, a
sensitive method that can detect a wide
range of elements with a concentration of up
to nanograms per liter (ppb; parts per
billion) and even lower. The ICP-MS-
equipment was a Perkin ElImer ELAN DRC-
e instrument that uses the introduction of a
liguid sample by a micro-nebulizer.
Calibration was performed using a multi-
element aqueous solution for internal
standardization. All results presented are the
average of three read measurements against
blank. Analytical quality control was
monitored by several blank readings,
unknown samples, and NIST (National
Institute of Standards and Technology)
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1643e certified reference material, |IAEA
W4,

To determine the Zn and / or Cu content of
the coatings deposited on CoCrMo, the
samples were treated with nitric acid to
dissolve the deposited layer. The CoCrMo
sample coated with FHA-Cu-Zn was
immersed in phosphate buffered saline
(PBS) in sterile polystyrene vials for 2, 24,
48, 72 hours at 37°C. The composition of
the solution was: 8 g / L NaCl , 0.2 g /L
KCI, 1.15 g / L NaHPO4, and 0.2 g /L
KH,PO., according to ASTM F2129
standard [22].

In the case of the CoCrMo sample coated
with FHA-Zn-Cu, in the first 2 hours of
immersion, there was a rapid release of Cu
ions reaching 0.25ppm. In the next 22 hours
the release of Cu ions was slowed down so
that after 24 hours it reached only 0.38 ppm.
During the other 48 hours of monitoring the
concentration of Cu ions detected remains
constant, around 0.48 ppm. For Zn ions
released from the FHA-Zn-Cu coating, a
much slower release was recorded than in
the case of copper ions, so that after 24
hours of immersion 0.001 ppm of Zn ions
were recorded, the release continuing slowly
until at the 72 hours of testing, after this
period being registered in the test solution 0,
03 ppm Zn. The evolution of ion release is
illustrated in Figure 2.

The lethal dose of copper (LD50) according
to the literature [23] is 46 mg/L after 24
hours of incubation for L929 mouse
fibroblasts, while zinc assumes variations in
concentration between 10 and 250 mg/L [24,
25].
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Figure 2. Evolution of ion release over time for FHA-Zn-Cu coated CoCrMo

sample.

2.5. Antibacterial activity of the deposited
coatings

Antibacterial activity was determined by
calculating bacterial growth inhibition using
formula (1), where (To and T at time 0 and
24 hours) and positive control(Co and C; at
time 0 and at 24 hours)[9].

1% = (€1=Co)—(T1~To) % 100 )
(€1=Co)

It was used two ATCC reference strains,
Gram-positive and Gram-negative bacteria
that cause infections after implantation.
Staphyloccoccus aureus and Pseudomonas
aeruginosa were cultured aerobically 24
hours at 37°C on Columbia agar plates-5%
ram's blood. From the fresh cultures, 3-4
colonies were selected and inoculated in
standard saline solution from Fresenius

Kabi. The concentration was adjusted to 0.5
McFarland units, meaning approximately
1.5x108CFU. For each bacterial strain the
samples were placed in sterile glass tubes
with a diameter of 18 mm, over which were
poured 10ml of infected medium. In the
positive control tube was placed only
infected medium, and in the negative control
tube was placed only solution. saline. The
tubes were incubated for 24 hours at 37 ° C
with gentle shaking from time to time[26,

27].
The optical densities were read at 600 nm
using a Jenway uv - VIS

spectrophotometer. The level of inhibition is
shown in Table 5. The results presented are
the average of five readings.

Table 5. Bacterial growth inhibition indices for coatings deposited on the

CoCrMo substrate.
Sample CoCrMo CoCrMo/ CoCrMo/ CoCrMo/
/FHA FHA-Cu FHA-Zn FHA-Zn-Cu
1% S.aureus 5.03 £0.12 68.22 £1.02 67.56+2.14 66.43+1.84
1% P.aerug 5.51+0.11 59.12 £1.08 53.21+1.88 54.03+1.76
3.CONCLUSIONS

In all the cases of using cooper,
zinc or both ions for doping FHA, the level
of inhibition is much higher that the one
obtained for the undoped FHA.

In the case of FHA-Cu the level of
inhibition islittle higher than in the case
ofCoCrMo/FHA-Znfor both Gram-negative
and Gram-positive bacteria.The highest
value of the degree of inhibition is obtained
in the case of the double sample doped with
Cu ions and Zn ions, which indicates the
synergistic effect of the two ions added in
FHA in terms of antimicrobial effect.
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Using electrochemical deposition
method, it was obtained doped and undoped
FHA. The samples were characterized using
FTIR, putting in evidence the success of
obtaining the materials of interest. Using
contact angle,it wasdetectedfor every sample
an hydrophilic character of the coating, a
good aspect for promoting the growth of the
osteoblast, the samples that were doped with
cooper and zinc ions presented a very slight
increase of the contact angle compared to
undoped hydroxyapatite.
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The stability of the coatings, by ICP-MS put
in evidence a small rate of detachment of
ions from the film deposited on CoCrMo
substrates, which is an indication of stability
of the coatings.

By doping Cu?* and Zn?* in a FHA/CoCrMo
sample, we obtain some benefits likea good
antimicrobial effect. The highest degree of

inhibition is obtained in the case of
CoCrMo/ FHA-Zn-Cu, which indicates the
synergistic effect of the two ions, Zn?* and
Cu?* added in FHA in terms of antimicrobial
effect. The results obtained indicate a good
stability and a very good antibacterial effect
a promising result of the use of such
materials in bio-applications.
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INDIRECT SYNTHESIS OF KEGGIN
POLYOXOMETALATES WITH TUNGSTEN AND
VANADIUM ADDENDA
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Abstract: In this paper we aim to synthesize H{PW12xVxOaso (x=1, 2, 3) indirectly, starting
from lacunar Keggin compounds. HsPW11VO4-10H,O was obtained from monolacunary
K7[PW1:039] by the addition of vanadates under controlled conditions of pH and
temperature, while HePWgV3040:16H,O was synthesized from the trilacunar species
Nag[HPWy034]-11H,0 in reaction with vanadate. For all prepared POM acids, the
synthesis yields were very good and compounds with vanadium atoms were obtained in
adjacent positions. Elementary analyzes, basicity determination, thermogravimetry, UV-
VIS and FT-IR spectral data supported structure and composition HXPW12-xVx040 (x =
1, 2, 3). HiPW12xVxOu40 (X=1, 2, 3) structure and composition.

Key words: Keggin, polyoxometalates, thermogravimetry, FT-IR, vanadium

INTRODUCTION

POMs are compounds resulting
from polycondensation reactions, in which
oxyanions of transition metals from 5 and 6
groups are coordinated around metallic or
non-metallic oxyanions. In the Keggin
framework, each addenda atom M is
octahedral surrounded by six oxygen atoms
[1]. Of these, three octahedra are joined
together by common edges that make M3O13
type units. The four M3O13 units are
connected to each other by common corners
[2]. In the maximum oxidation state M are
generally molybdenum or tungsten atoms,
but may be vanadium, niobium or tantalum
atoms in the minority, in the maximum
oxidation state [3].

Lacunary POMs are those structures

that have been obtained by removing one or
more MOs octahedra from a complete
structure [4]. The absence of one or more
octahedra in the structure gives the
compounds an unsaturated character, which
explains their great affinity for other atoms in
high oxidation states as addenda (Mo, W, V,
Nb), but also for metals cations in low
oxidation states with which they form
coordinative compounds [5].
The synthesis can be done directly from
simply compounds of the component atoms
or from another polyoxoanion already
formed. Most polyoxoanion syntheses are
performed in aqueous solution [6].
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In this paper we aimed to synthesize
three  Keggin polyoxometalate (POM)
compounds with ligands mixed addenda,
tungsten and vanadium, starting from
lacunary POM.

MATERIALS AND METHOD

All chemicals used were by high
analytical purity. Distilled water used in all
procedures. Conductometer and pH-meter
analyses effectuated with a Multi 720 Inolab
WTW series. Thermal stability analyses were
performed in air on a Paulik-Erdely OD-103
derivatograph (20-800°C) at 5°C min*. FT-
IR spectra were recorded in the 400-4000 cm-
! on a Biorad FTS 60A spectrophotometer
using KBr pellets. UV-VIS spectra recorded
in 190-1100 nm on T-60 UV-VIS model
spectrophotometer.

H4PW11VO40-10H20 synthesis

H4PW11VO40-10H,O0 was obtained
indirectly in several steps. In the first step, the
acid  HsPWi204-4H,O was obtained
according to the literature [3]. It was
transformed into the monolacunary species
K7PW11039. A vanadate ion at pH 2 was
added to monolacunary, and
H4PW11VO40-10H,0 acid was isolated with
ethyl ether in strong acid medium. The
chemical reactions that formed the basis of
this synthesis were:


mailto:andapetrehele@yahoo.com
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12 Na,WO0, + Na,HPO, + 26HCl — Hy[PW;,0,,] + 26NaCl + 12H,0 (1)
H 4,8
Hy[PW,,040] + 9KHC O3 —— Ko [PWy100] + K, W0, + 6Hy0 + 9C0, (2)
H 2
K, [PW;1050] + NaV 05 + 8HCL = H,[PVW;;040] + 7KCL + NaCl + 2H,0( 3)

14.75 g (5 mmol) of H3[PW12040]-4H20
were dissolved in a minimum amount of
water and 5% KHCO; was added under
continuous stirring on a magnetic stirrer until
pH 4.8 was reached. The K7[PW11039] was
filtered off and placed on a dry watch glass.
In another Berzelius beaker 2 g (5 mmol) of
NaVOs-4H,0O were dissolved in 30 ml of
distilled water. 35% HCI was added dropwise
to pH 4.8. Under stirring, small amounts of
K7[PW11039] began to be added and the pH of
the reaction mixture was adjusted to pH 2
with 35% HCI. The mixture was put to react
at 60 °C for 15 minutes. The heating was
stopped and the pH was checked. If the pH
was higher than 2, 35% HCI was added and
the sample was left for another 15 minutes at
60 °C. The reaction mixture was cooled and
then H3[PW12040]-4H,0 was extracted with
ethyl ether in HCI medium. The ether level
was recovered from the heavy fraction of the

separatory funnel and placed in rotavapor to
remove the ether. The yield of intense yellow
H4PW11VO40-10H,0 crystals was 73.08%.

HsPW10V2040-12H20 synthesis

HsPW10V204 was obtained by
adding two NaVOs units to the Keggin
dilacunary unit, K7[PW10036]-5H20,
according to literature data [3]. The method
proposed by us ensures the vicinal position of
the two vanadium atoms, which considerably
can increase the catalytic properties of this
compound [7, 8]. In the first stage,
K7[PW10036]-5H20 dilacunary was
synthesized, followed by the adding of two
metavanadate units and
HsPW10V2040-12H,0O  formed. It was
extracted in ethyl ether at acidic pH and after
was separated by distillation. In this case the
reactions were:

14H;P0, + 10Na,W 0, + 7KCl - K,[PW,,0s4] + 7NaCl + 13NaH,PO, + 8H,0 (4)
H 0,8
K, [PW,y036] + 2NaV 05 + 8HCL —— H[PV,W,,0,0] + 7KCL + 2NaCl + 2H,0 (5)

In 40 mL of distilled water 1.9 g (10
mmol) of NaVOs3-4H20 was dissolved at 70
°C. The solution was cooled to room
temperature and 35% HCI was added to pH
0.8. In the yellow solution, under continuous
stirring 14 g (5 mmol) of K7 [PW10035]-5H,0
were placed very slowly. The addition can
take up to half an hour and during this time
the pH is continuously adjusted with the
concentrated HCI solution at pH 2. The
solution obtained is filtered and the filtrate is
extracted into ethyl ether in a separatory
funnel. For a complete replacement of
potassium cations with protons, the
polyoxoanion solution obtained was passed
over an ion-exchange resin regenerated with
0.1 N HCI. To better separate the ether beads,
excess 35% HCI was added. The

polyoxoanion ether was separated from the
flask, and the ether was distilled off at 40 °C
in a rotary evaporator on a water bath. The
orange crystals were filtered and
recrystallized from aqueous solution at 70 °C.
HsPW1oV2040-12H,0. The vyield of the
synthesis was 62.11%.

HePWoV3040:16H20 synthesis

As with the other two POM acids,
the synthesis of this compound was
performed in two steps. In the first stage, the
trilacunary species, Nag[HPWy034]-11H20 at
pH 9 was obtained, according to data from the
literature [3]. HePWyV3040-:16H,O was
synthesized by the addition of three vanadate
units to the trilacunary Keggin unit.

HsPO, + 9Na,WO, + 10H;C — COOH — Nag[PW,05,] + 10H;C — COONa + 6H,0 (6)
H 1,8
Nag[HPWy03,] + 3NaV 05 + 9HCL 5 HyPWoV30,40 + INaCl + 2H,0 (7)
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2.91 g (15 mmol) of NaVOs-4H,0
were dissolved in 40 ml of distilled water.
The solution was brought to pH 5 with 35%
HCI under continuous stirring and strict pH
monitoring. 13.2 g (5 mmol) of o-Na8
[HPWg034]-11H,O was added in small
portions to the vanadium acid solution. The
mixture was allowed to interact at room
temperature under stirring overnight at room
temperature. The pH was adjusted to 1.8 by
the addition of 35% HCI. The polyacid
obtained was separated from the reaction
medium by extraction into ethyl ether in a
separatory funnel. The ether was removed in
a rotavapor under vacuo. The intense orange
colour crystals of HsPWgyV3040-16H,0 were
separated and recrystallized from aqueous
solution, so that the synthesis yield was
64.8%.

RESULTS AND DISCUSSIONS
Elemental analysis was performed for 5 g of
each polyacid sample, degraded with 98%
H,SO4 at boiling for 30 minutes. The
obtained solution was filtered and divided in
two. The first part of the solution was treated
with  8-hydroxyquinoline and after the
reaction the tungsten and vanadium ions
precipitated together. The total amount of
vanadium and tungsten was determined
gravimetrically [7]. The filtrate was used for
photocolorimetric determination of
phosphorus with the T60 spectrophotometer
[8]. The other half of the initial solution was
used to determine vanadium by reduction and
complexation with EDTA [9]. In this
situation, only tungsten was precipitated and
it was determined gravimetrically. The
results of the elemental analysis performed
for the three Keggin polyacids are recorded in
Tab. 1. The elemental analysis confirmed
molar ratios P:V:W characteristic for
synthesized compounds.

Table 1. Elemental analyses of HxPW1.xVxOuao (X=1, 2, 3)

Sample mass M Experimental data | Theoretical data
olar mass | Element
(mg) mg (mmol) mg (mmol)
HsPW11VO040-10H,0 | 2928.31 P 51 (1.65) 51.41 (1.66)
(4863.1) \Y/ 80 (1.57) 84.56 (1.66)
W 3350 (18.23) 3356.5 (18.26)
Molarrate | P:V:W | 1:1:11 1:1:11
HsPW10V2040-12H,0 2832.45 P 54 (1.74) 54.82 (1.77)
(5.0177) V 180 (3.53) 180.33 (3.54)
W 3250 (17.68) 3254 (17.71)
Molarrate | P:V:W | 1:2:10 1:2:10
HsPWgyV3040-16H,0 2772,62 P 55 (1.78) 55.75 (1.8)
(4.9805) V 270 (5,3) 275.08 (5.4)
W 2970 (16.16) 2978.2 (16,2)
Molar rate | P:V:W | 1:3:9 1:3:9

In Tab. 2 the data obtained from the
thermogravimetric analysis of the three

diagrams TG, DTG and DTA for
polyoxometalates H4PW1,VO40-10H,0,
H5PW10V2040-12H20 and

HePWgV3040-16H,0 were recorded [10]. In
the TG curve a mass loss can be observed in
the thermal range 20-200 °C, attributed to the
hydration water molecules. The weight loss
was 6.15%, which corresponded to 10
molecules of hydration water for
H4PW11VO40-10H20; of 8.69% for
HsPW10V2040: 12H,0, which corresponds to
12 water molecules and 10.38 for
HePWgV3040-16H,0 corresponding to 16
water molecules. In the DTA curve, the loss
of zeolitic water is marked by an intense
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endothermic process at over 110 °C for all
three compounds. The exothermic process
detected at temperatures above 340 °C was
associated with the destruction of the
structural framework of POM. According to
the obtained data it results that the most stable
species was found H4PW11VO40-10H,0 with
one vanadium atom, and the most unstable
was  HePWgV3040-16H,0  with  three
substituted vanadium atoms. In other words,
the stability of synthesized POM with mixed
addenda decreases with increasing of
vanadium atoms number. Endothermic
processes at temperatures above 700 °C were
caused by the decomposition of oxyanions,
the formation of oxides of component atoms
and by their possible structural changes.
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Table 2: Thermogravimetry analyses of HxPW1,xVxOuo (X=1, 2, 3)

DTA DTG TG
O] (°C) | massloss (%) | H.O molecules
H4PW11VO40-10H,0 | endotherm | 125 122 6.15 % 10
exotherm | 380 372
endotherm | 723
764
800
HsPW10V2040-12H,0 | endotherm | 112 105 8.69 % 12
exotherm | 365 340
endotherm | 710
743
790
HsPWgV3040:16H,0 | endotherm | 107 | 103,5 10.38 % 16
exotherm | 340 325
endotherm | 700
725
770
The basicity was determined by HsPW1oV2040-12H,0O  there were three

potentiometric titration with a Multi 720
multimeter. The method consisted in titrating
of 0.01 M HPW1.Vx0s (X = 1, 2, 3)
solutions with a 0.1 M NaOH solution. For 10
mL HisPW11VO4 were consumed 4 mL
NaOH, corresponding to a molar rate
NaOH:HsPW11VO4 equal with 4, in
concordance with presence of four protons in
this polyacid structure. Similar situations
were found for both HsPW1oV204 and
HsPW,oV3040where five and six NaOH moles
were necessary to neutralize the acid
character of their protons, confirming to five
and six their basicity [1,7].

The FT-IR spectrum of
HsPW10V2040-12H,0 was recorded in Fig. 1.
The values of the maximum absorbances
obtained for the three studied compounds are
noted in Table 3. In the spectrum we could
see the presence of a wide and intense band at
over 3600 cm™ attributed to the asymmetric
vibration of OH group, vas(OH), due to water
molecules crystallization [11]. The band of
medium intensity §(OH) around 1620cm™
was caused by the deformation in the plane
vibration of H-O-H bonds in the water
crystallization  molecules [4].  Signals
recorded in 1100-1000 cm™* were attributed to
the asymmetric stretching vibration vas(P-0i),
where Oi realized the link between
phosphorus and addenda atoms (W and V).
For HsPW11VO40-10H,0 an intense band was
found at 1103 cm™ with and one less intense
at 1082 cm* due to the asymmetry created by
the presence of vanadium atoms. For
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signals due to the coordination of two
vanadium atoms. Triple splitting indicates an
increase of the asymmetry degree within the
polyoxoanion edifice, and the shift to lower
frequencies was due to increase of the
molecular instability caused by the presence
of two vanadium atoms in the framework [5].
In the case of HsPWgV304-16H,0 two
signals were shifted to lower frequencies
pointing even lower structural stability. The
vibration at 1089 cm™* was significantly more
intense than at 1059 cm™ and was attributed
to the P-Oi oxygen bonds with tungsten
atoms, while the less intense vibration was
due the linkage to vanadium atoms. The
transition from three vibrations for
divanadate complex to two vibrations in
trivanadate confirmed that the three
vanadium atoms were in neighboring
positions, and the degree of symmetry of the
three-vanadium compound was higher. The
very intense band from 990-960 cm was
given by the asymmetric vibrations vas (M-Oy)
where Ot was a terminal oxygen atom
attached to each addenda atom. For the M-Oc-
M bond, (O was a common corner oxygen
atom between two addenda atoms) an intense
band was obtained at 900-870 cm, and for
M-O,-M bond, (O was common edge oxygen
atom between two addenda) an intense band
in 800-790 cm™ was obtained. This second
band showed a shoulder for all three
compounds emphasizing the existence of two
types of addenda atoms
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Figure 1. FT-IR spectrum of HsPW10V2040-12H20
Table 3. FT-IR data of H\PW12xVxOa0 (x=1, 2, 3
Compound Vasymetric Vsymetric Vasymetric Vasymetric Vasymetric | Oasymetric
(P-0i) (Mo-0Oy) | (M0-O¢-Mo) | (Mo-O.-Mo0) (OH) (OH)
cm? cm? cm? cm? cm? cm?
H4PW11VO40-10H,0 1103 990 885 789 sh 3649 1618
1082
HsPW10V2049-12H,0 1100 966 898 792 sh 3650 1637
1079
1062
HePWgV3040-16H,0 1089 960 871 796 sh 3741 1625
1059 3481

The electronic spectra were plotted in
aqueous solution in the concentration range
0.01-10 mM and were characteristic for
POM compounds with Keggin complete
structure. In the UV-VIS spectrum of
HsPW10V2040-12H,0 (Flg 2) two
characteristic transfer bands were observed,
v1 due to the electronic transition dr-p.-dx
from M-Oce-M bonds, which occurs at 247
nm and v, due to the electronic transition d,-
p-. from the M = O bonds, which occurs at
201.5nm [5, 12].

In Table 4 the values of maximum
absorbance obtained for all three polyacids
studied are pointed in. It could be observed
that as the number of vanadium atoms inside
the polyoxoanion edifice increased, the
maximum band corresponding to the
electronic transition dn-prn from the M=0O
bonds was moved to shorter wavelengths,
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while the charge transfer band , v1 due to the
electronic transition dn-pn-dn from the M-
Oce-M  bonds were moved to longer
wavelengths, into the visible range [1].

This second shift was also the result of
in the intensification of the POM color as the
number of vanadium atoms increased inside
their structure [12].
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Fig. 2. UV-VIS spectrum of
HsPW10V2040-12H,0
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Table 4. UV-VIS date of HyPW1,xVxOaso CONCLUSIONS
(x=1,2,3)
Electronic transition Despite the fact that the indirect method is a
Compounds bands more laborious one requiring a longer
v/A_(cm™/nm) synthesis time with careful attention to all
vi(M- | v2(M=0y) stages, it has the advantage of leading to
Oc.e-M) obtaining POM with a high degree of purity,
HaPW1:VO40-10 | 38310/2 | 50000/20 with high yields. In the case of acids with
H20 61 0 several vanadium atoms, isomers would be
H5PWaV504°'12 401%0/ 2 496132/ 20 obtained in which they occupy the adjacent
2 ' positions, which makes the utility of these
HePWsV3040-16 | 42010/2 | 49260/20 compounds much more interesting from a
H,O 38 3 . . .
practical point of view.
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Abstract. The development of information technology, smart technologies and the growing
demand for better visibility has led to the need to create applications in the field of
chemistry, which should include primarily a drawing editor for the creation of molecular
structures (like 2D, 3D), and their correlation with categories or classes of substances,
respectively the creation of databases with physico-chemical properties, correlated with
the structure or other instruments, such as the molecular mass calculation. This article is
a short review of free software applications available on the Internet, meaning that these
type of aplications could become important resources not only for chemists, but also for

any scientific and engineering researchers.

Key words: software, drawing editor, chemistry,chemical molecular structure

INTRODUCTION

The application of computer science
in the study of sciences, such as chemistry,
biology has led to the emergence of new
directions for the development of software
applications, such as: computational
chemistry, chemoinformatics [1], chemical
mathematics,  bioinformatics, = molecular
modeling [1,2].

Computational chemistry aims to
develop mathematical models, which
simulate chemical systems, to calculate or
predict physical and chemical properties. To
run simulations in real time, they are
correlated with the power of computers: the
number of floating point operations per
second (Flops)or the memory capacity. If the
theoretical support is already known since the
middle of the twentieth century, the
development became possible only with the
appearence of sufficiently powerful hardware
systems [2]. Chemoinformatics aims to use
techniques such as storing information about
physico-chemical properties, so the creation
of computer databases [1].

The huge amounts of chemistry
experimental data determined in the last
decades , the chemoinformatics applies
techniques development from artificial
intelligence, pattern recognition and machine
learning. Elucidation of chemical structure
and its correlation with the substance
properties are key tasks in computational
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chemistry, for learning, teaching or reaserch [
1-16].

For example , the NMR spectra
related to molecule structural properties
have been approuched using  Bayesian
networks [3]. The the of benzenoids
hydrocarbons , their structure and related
chemical properties by Choco Solver
modelling could allow generate specimens
by constraint programming Modeling Graph

variables[4]. New concept of chemical
modeling involve an  semi-empirism
Polymorphic trees Generalized

chromophores Cartesius fort library , for "
efficient parallelization and more efficient
usage of the HPC"[5]. Experimentally and
theoretically data regarding molecular
structure containg conformations involving
torsions around O — O and S — S bonds
ilustrated by the mean of a screen , made a
conection " between the classical kinematic
mechanism — the four-bar linkage — and the
basic ingredient of quantum angular
momentum theory — the 6j symbol. ""[6].
Other authors presents "Dimmol (acronym for
Distributed Immersive  Multi-platform
Molecular  visualization), a scientific
visualization application based on UnityMol,
developed with the Unity game engine, and
that uses the Unity Cluster Package to enable
distributed and immersive visualization of
molecular structures across multiple device
of different types, with support to Google VR,
molecular trajectory files, and master-host-
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slave rendering"[7]. An intelligent CAI
system for chemistry was developed based on
automated reasoning using  chemistry
knowledge. This system has an unique style
of the interface and could assist students and
teachers The automated reasoning is also
opened to " a new approach to the
information storage and management of the
ICAI system for sciences"[8]. An algorithms
of heuristic nature to compute standardised
2D structure drawings was proposed by c
Chen [9] for evaluating the molecular
structures, by comparing their 2D structure
drawings. This is a usual strategy used in
strategy ~ when  drug  design  and
pharmacophore identification. G.Valiente
[12] describe alogorithms based on an
intuitive  aproach,  using  structured
pseudocode, giving extensive explanaition on
the algorithmic techniques.

OPEN SOURCE AND
COMMERCIAL CHEMISTRY
SOFTWARE APPLICATIONS

With  the  development  of
communications technology, especially in
smart technologies, the image, the visual
content has become very important for
visibility in general, but also in those areas
that operate with theory related to the
intimate structure of matter, with those
elements that can not be seen, but for which
researchers especially in the fields of
chemistry and physics have created 2D or 3D
models to make knowledge more accessible.

To keep up with this demand for
visual content, software applications have
begun to grow and become more complex.
Software applications for editing chemical
formulas and structures can be supplemented
with a number of useful tools such as:
molecular weight calculation, correlation of a
structure with the physical and chemical
properties of the substance or creation of
databases with substances, structured by
different categories.

Table 1 partially shows a number of
such  applications of  computational
chemistry, as listed at
https://koaha.org/wiki/Listory_of software
of_computational_chemics [2]. The table
also allows access to various programs on the
link, which is obviously an advantage. The
programs presented are either open source or
commercial programs with one or more
modules. Some  applications  support
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"periodic systems (crystals, 3d; surfaces, 2d;
polymers, 1d and molecules, 0d; 3d
periodicity software always allows the
simulation of smaller dimensional systems.
Most of these applications include Hartree-
Fock (HF) and some post-Hartree-Fock
methods, functional density theory (DFT),
molecular mechanics and semi-empirical
methods"[2]

DISCUSSIONS ABOUT SOME
FREE CHEMISTRY SOFTWARE

Here are brief presentions of some
free chemistry software [14-16]

ACDLabs

The ACDLabs program [14]
includes two modules ACD / ChemSketch
and ACD / Labs.

ACD/ChemSketch Freeware
Module is a "drawing package that allows
you to draw chemical structures including
organics, organometallics, polymers, and
Markush structures. It also includes features
such as calculation of molecular properties
(e.g., molecular weight, density, molar
refractivity etc.), 2D and 3D structure
cleaning and viewing, functionality for
naming structures (fewer than 50 atoms and
3rings), and prediction of logP. The freeware
version of ChemSketch does not include all of
the functionality of the commercial version "
[14].

ACD/Labs software is a teaching
tool, using " key chemistry concepts to high

school, undergraduate, and graduate
chemistry students. In addition, students
benefit from exposure in the learning

environment to the same tools they will
encounter in the workforce.
ACD/ChemSketch Freeware is a drawing
package that allows you to draw chemical
structures including organics,
organometallics, polymers, and Markush
structures. It also includes features such as
calculation of molecular properties (e.g.,
molecular weight, density, molar refractivity
etc.), 2D and 3D structure cleaning and
viewing, functionality for naming structures
(fewer than 50 atoms and 3 rings), and
prediction of logP. " [14] This aplication
could be very usefull for qualifying academic
institutions to make available to their students
and faculty.
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Table 1. List of some computational chemistry software [2, 17].

. N Periodical | Molecular Sem!-. Post-
Software Licence! Base - empiric HF DFT
Systems ¥ | Mechanics HF
methods

ABINIT GPL PW 3d S. No. No. | No. S.
ACES Il acad. GTO No. No. No. S. S. S.
ADF com. STO any S. sS4 S. No. S.
Alormistix com. NAO 3d . No. No. | No. |s.
CADPAC acad. GTO No. No. No. S. S. S.

acad.
CASTEP (UK) / PW 3d S. No. S5 | No. S.

com.
CFOUR acad. GTO No. No. No. S. S. No.

GTO/

CP2K GPL PW hibrid any S. No.
CPMD acad. PW any No. No.

acad.
CRISTAL (UK)/ GTO any S. No. S. No. S.

com.
YESLTON acad. GTO No. No. No. S. S. S.
DFTB + acad./com. | NAO any S. S. No. | No. No.
DIRAC acad. GTO No. No. No. S. S. S.
FreeON GPL GTO any S. No. S. S. S.
GAMESS acad.
(Marea (UK)/ GTO No. No. S. S. S. S.
Britanie) com.
gﬁ'ﬁfss acad. GTO No. 52 s. s. |s. .
GAUSSIAN com. GTO any S. S. S. Yes
GPAW GPL ,%I“AI“O/ any ? S5 | No. |s.
JAGUAR com. GTO ? S. No. S. S. S.
MOLCAS com. GTO No. S. S. S. S. S.
MOLPRO com. GTO ? No. No. S. S. S.
MOPAC acad. / ? ? ? S. No. | No. | No.

com.
MPQC LGPL GTO No. No. No. S. S. S.
NWChem acad. ? ? S. No. S. S. S.
ONETEP ?Cad'(UK) PW any S. No. S5 | No. |s.

com.

OpenAtom acad. DVR ? S. No. No. | No. S.
OpenMX GPL NAO 3d S. No. No. | No. S.
PLATON acad. NAO any S. No. No. | No. S.
PSI GPL GTO No. No. No. S. S. No.
PWscf ¢ GPL PW 3d No. No. S. No. S.
PyQuante BSD GTO No. No. S. S. S. S.
Q-Chem com. GTO No. S. S. S. S. S.
ESPRESSO GPL PW 3d No. No. Yes | No. | Yes
SPARTAN 06 com. GTO ? Yes Yes Yes | Yes Yes
TURBOMOLI com. GTO ? Yes No. Yes | Yes Yes
WIEN2k com. ZFI)D_VSILJE o 3d Yes No. Yes | No. Yes

Notations [2]:

f "acad.": academic license (free), "

3 Through Ascalaph

4 Through the MOPAC interface

com.": commercial license
£ Support for periodic systems (crystals, 3d; surfaces, 2d; polymers, 1d and molecules, 0d): 3d periodic software always
allows the simulation of smaller dimensional systems.
2 Through the TINKER interface

5 Using the exact DFT exchange theory
5 Distributed with Quantum ESPRESSO

" MPQC integrated web services.
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ChembDoodle2D

ChemDoodle 2D
found at the adress:
https://www.chemdoodle.com/ and is a
program containing a lot of of chemistry
features, with highest quality graphics, as
following: 2D graphics, drawing, IUPAC

and could be

Naming, cheminformatics, reactions,
spectroscopy, vector art.[15]
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Build a molecule

Build a Molecule is a free Windows
apllication , creating a Chemistry simulation
environment, where could found or simulate
3D molecular structure and a data base of
different chemical substances.[16]
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Figure 1. Capture from freeware ACD/ChemSketch.
https://www.acdlabs.com/resources/freeware/chemsketch/index.php [14]

ChembDoodle 2D Introduction
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Figure 3. Captures from freeware Build a molecule [16]
https://phet.colorado.edu/sims/html/build-a-molecule/latest/build-a-molecule en.html
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CONCLUSIONS

Obviously, software applications for This paper cannot be an exhaustive
chemistry cover a wide range of concerns, presentation, it only comes to highlight the
from images’ graphsy databases, numerical existence and importance of informatics in
calculations and simulations. the study of chemistry and in particular of

computational chemistry, as a working tool.

REFERENCES

[1] https://ro.wikipedia.org/wiki/Chemoinformatic%C4%83

[2] https://koaha.org/wiki/Chimica_computazionale

[3].Michaela Hohenner , Sven Wachsmuth, Gerhard Sagerer, Modelling Expertise
for Structure Elucidation in Organic Chemistry Using Bayesian Networks,
International Conference on Innovative Techniques and Applications of Artificial
Intelligence, SGAI 2004: Applications and Innovations in Intelligent Systems XIlI
pp 251-264.

[4]Yannick Carissan, Denis Hagebaum-Reignier, Nicolas Prcovic, Cyril Terrioux,
Adrien Varet, Using Constraint Programming to Generate Benzenoid Structures in
Theoretical Chemistry, International Conference on Principles and Practice of
Constraint Programming, CP 2020: Principles and Practice of Constraint
Programming, pp 690-706.

[5]Andrei L. Tchougreeff , Cartesius fort - object fortran Library for Chemistry and
Materials Science, International Conference on Computational Science and Its
Applications, ICCSA 2019: Computational Science and Its Applications — ICCSA
2019 pp 639-651.

[6] Vincenzo Aquilanti, Concetta Caglioti, Andrea Lombardi, Glauciete S. Maciel,
Federico Palazzetti, Screens for Displaying Chirality Changing Mechanisms of a
Series of Peroxides and Persulfides from Conformational Structures Computed by
Quantum Chemistry, International Conference on Computational Science and Its
Applications, ICCSA 2017: Computational Science and Its Applications — ICCSA
2017 pp 354-368.

[7] Luiz Soares dos Santos Baglie, Mario Popolin Neto, Marcelo de Paiva
Guimaraes, José Remo Ferreira Brega, Distributed, Immersive and Multi-platform
Molecular Visualization for Chemistry Learning, International Conference on
Computational Science and Its Applications, ICCSA 2017: Computational Science
and Its Applications — ICCSA 2017, pp 569-584.

[8] Wang Xiaojing , Zhang Jingzhong , The intelligent CAI system for chemistry
based on automated reasoning, Journal of Computer Science and Technology,
volume 14,pages495-509 ,1999.

[9] J. D. Boissonnat, F. Cazals, J. Flototto, 2D-Structure Drawings of Similar
Molecules, International Symposium on Graph Drawing, GD 2000: Graph Drawing
pp 115-126

[10]J.Y. Ramel, N. Vincent , H. Emptoz , A structural representation for
understanding line-drawing images, International Journal on Document Analysis
and Recognition volume 3, pages58-66 (2000).

[11]Chaomei Chen, Spatial Layout and Graph Drawing Algorithms, Information
Visualisation and Virtual Environments, pp 61-91, 1999.

[12] Gabriel Valiente, Algorithms on Trees and Graphs With Python Code, Texts
in Computer Science book series , Springer, 2" ed., 2021.

35


https://ro.wikipedia.org/wiki/Chemoinformatic%C4%83
https://koaha.org/wiki/Chimica_computazionale

Analele Universitatii din Oradea-Fascicula Chimie, Vol. XXVI11(28), 2021

[13]Joshua Ho, Seok-Hee Hong, Drawing Clustered Graphs in Three Dimensions,
International Symposium on Graph Drawing, GD 2005:Graph Drawing, pp 492-
502, Part of the Lecture Notes in Computer Science, book series (LNCS, volume
3843).

[14]https://www.acdlabs.com/resources/freeware/chemsketch/index.php
[15]https://www.chemdoodle.com/
[16]https://phet.colorado.edu/sims/html/build-a-molecule/latest/build-a-
molecule_en.html

[17] David Young,Computational Chemistry: A Practical Guide for Aplicating
Techniques to Real World Problems, New York, John Wiley & Sons, 2001, pp.
322-359, ISBN 0-471-33368-9.

36


https://koaha.org/wiki/ISBN
https://koaha.org/wiki/Speciale:RicercaISBN/0-471-33368-9

Analele Universitatii din Oradea-Fascicula Chimie, Vol. XXVI111(28), 2021

TOXICITY ANALYSIS OF ANIONIC AND CATIONIC
DETERGENTS

Alexandra DAROCZI*, Mioara SEBESAN?, Oana Delia STANASEL?,
Gabriela Elena BADEA?, Radu SEBESAN?, Sorin HODISAN?

! student master CSA anul 11, Universitatea Oradea,
Facultatea de Informatica si Stiinte
?Universitatea din Oradea, Facultatea de Informatica si Stiinte,
University of Oradea, Faculty of Electrical Engineering and Information
Technology,

Abstract. In this paper we will analyze the activity of some surfactants, which can be toxic
in certain detergents. We will analyze the anionic and cationic surfactants by different
identification methods using indicators, but we will also quantitatively determine the
concentrations of anionic and cationic detergents with the help of the UV-VIS

spectrophotometer.

Keywords: surfactants, cationic detergents, anionic detergents, UV-VIS spectrophotometer

INTRODUCTION

The detergents themselves are
complex salts of some synthesized acids. The
detergent molecule has a lipophilic and
hydrophobic extremity. They have the
property of fixing themselves to a fat
molecule, but not to water molecules. In the
composition of the molecule there is also a
nonpolar hydrocarbon, lipophobic and
hydrophilic chain, that is, it does not fix on
fats, but it is fixed on water molecules. The
hydrophilic extremities are miscible with
water, the lipophilic ones are fixed on the fat
molecules, so the detergent molecules are
fixed at the interface between water and fat,
detaching the fats from the textile support.

In the compositions of detergent
molecules, two important categories of
components are distinguished:

-basic components: surfactants, abrasives,
acids, alkalis, bleaches and enzymes
-secondary components: excipients, water
softeners, perfumes, antipollutants, special
polymers, etc. [1]

In this work we will study the
toxicity of detergents, more precisely the
toxicological action of some surfactants. The
most famous surfactants on the market and
the most often used to obtain detergents are:
betaines, amine oxides, alkyl polyglucosides,
alkyl sulfate, ethoxylate alcohols, alkyl
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ethoxylate phenol, ether sulfate, alkyl
benzene sulfonate.
Unfortunately, some  synthetic

surfactants that are manufactured in large
quantities, such as alkyl benzene sodium
sulfonate, are resistant to biodegradation and
resist and foam in treatment plants and even
in rivers, wherever they occur in large
quantities. These non-degradable surfactants
cannot be easily removed from surface
waters.

The biodegradability of surfactants
is a particular problem that is directly related
to the increase in surfactant consumption,
which also causes the increase of the
concentration of surfactants in wastewater.

In the manufacture and use of
surfactants, account must be taken of their
effects on man and the environment.

MATERIALS AND METHODS

Spectrometric  methods are a
particularly broad and diverse category of
analytical methods, its applications appearing
in different fields such as chemical,
pharmaceutical, medicine, agriculture, food
quality control, etc. Spectrometry includes a
set of methods based on the use of
electromagnetic radiation of all wavelengths
which, when passing through a substance,
causes absorption, emission, diffusion
phenomena, which can be measured with
specific apparatus. Electromagmetic
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radiation is represented by electric and
magnetic fields that propagate linearly and at
a constant speed.

The totality of electromagnetic frequencies
constitutes the electromagnetic spectrum. It
covers a very large area, from values of 103
Hz, up to 1019 Hz. The electromagnetic
spectrum is divided into spectral domains,
depending on the interaction of radiation with
the material, but also according to the type of
transitions that take place in the molecules.

[6]

The property of substances to
selectively absorb electromagnetic radiation
is the basis of absorption spectrophotometry
and is used for identification, determination
of purity and dosing.

Absorption spectrophotometry
includes the methods of analysis based on the
modification of the intensity of the
electromagnetic radiation when passing
through a solution, due to the absorption of a
certain amount of the radiation energy, at a
certain wavelength, by the solution to be
investigated. Thus, absorption spectra are
formed. The amount of energy absorbed is
depending on the structure and number of
molecules and atoms of the substance with
which the radiation beam interacts.

Depending on the spectral domains
in which the absorption of light takes place,
the following are distinguished:

-ultraviolet spectrophotometry (100-200 nm-
vacuum UV, 200-380 nm-uv near)
-spectrophotometry in visible (380-780 nm)
-infrared spectrophotometry (over 800 nm ).

The molecular absorption
spectrometry in UV-VIS is based on the
absorption by molecules of light radiation
from the range of 200-780 nm. This operation
results in the passage of electrons from the
fundamental state to the excited state, with
electronic transitions taking place. In
spectrophotometry, sizes such as P0O= the
incident radiant power, Pt= the transmitted
radiant power, are used as the energy of the
radiation transported by an incident luminous
flux, respectively transmitted, on an area of 1
cm2 in a second.

Qualitative analysis is based on the
knowledge of the value of the wavelength at
which the sample to be analyzed absorbs. The
calibration/calibration curve is the graphical
representation of the absorbance as a function
of concentration, using for quantitative
determinations.

Analysis of cationic detergents
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Principle: the quaternary caation
from the cationic detergent forms, in alkaline
medium, with the methyl orange anionic dye
(H3C)2N-C6H4-N=N-C6H4-SO3Na colored
compounds, extractable in chloroform. [7]
Reagents: cationic detergent, 0,15 % methyl
orange solution, 10 % sodium hydroxide
solution, chloroform and 2N hydrochloric
acid
Materials: Erlenmayer glasses, volumetric
flasks, cylinder, funnel, technical balance
Working method: Measure the extinctions to
the spectrophotometer at 508 nm ina 1 cm vat
against the reagent tell-tale. The extinction
value of the sample is related to the standard
curve, obtaining the concentration C in pg of
cationic detergent in the sample.
Calculation:

Mg cationic
analyzed product
Solutions of different concentrations have
been prepared:

C1- weighed 0.001 g detergent, placed ina 1
I volumetric flask and supplemented with
distilled water to the mark

C2- weighed 0.01 g detergent, placed ina 1 |
volumetric flask and supplemented with
distilled water to the mark

C3- weighed 0.05 g detergent, placed ina 1 |
volumetric flask and supplemented with
distilled water to the mark

C4- x g detergent, it was placed in a 1 |
volumetric flask and completed with distilled
water until the mark

After measuring 50 ml of each
sample were placed in Erlenmayer beakers,
after than in each Erlenmayer beaker it was
added 0,5 ml of 0,15 % methyl orange, 1 ml
of NaOH 10 % and 20 ml of chloroform
.(Figure 2).

They were stirred for 3 minutes,
after 5 ml of HCI 2N was added over each
mixture (Figure 3).

detergent/100 ml

Figure 2. Mixtures created.
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Figure 3. Mixtures after addition HCI 2N

The extinctions at the
spectrophotometer were measured at 508 nm
in the 1 cm vat against the reagent control (in
our case being the distilled water). The
extinction value of the sample was related to
the standard curve obtaining the respective
concentration in pg of cationic detergent in
the sample.

Analysis of anionic detergents

Principle: anionic detergents with methylene
blue form a compound of blue color,
extractable in chloroform. The sensitivity of
the reaction is 10 pg/ml. Aromatic amines can
cause the intensity of the final color to
decrease. [14]

Reagents: anionic detergent, sol. 1N sodium
hydroxide, 1N sulfuric acid solution,
chloroform, concentrated sulfuric acid and
monosodium phosphate monohydrate.
Materials: volumetric flasks, Erlenmayer
glasses, technical balance, cylinder, funnel

Preparation of methylene blue
reagent: an exact amount of 0.01g methylene
blue dissolved in 10 ml of water, after that
were added 25 ml of water, 3.4 ml of cc.
sulfuric acid, 25 g of monosodium phosphate
monohydrate and water to the 500 ml.
Working method: were prepared different
concentrations from solution:

C1- weighed 0.02 g detergent, placed ina 1 |
volumetric flask and supplemented with
distilled water to the mark

C2- weighed 0.01 g detergent, placed ina 1 |
volumetric flask and supplemented with
distilled water to the mark

C3- weighed 0.03 g detergent, placed ina 1 |
volumetric flask and filled in with distilled
water to the mark

C4- unknown concentration, X.

Each sample was alkalized with sodium
hydroxide (NaOH 1N) in the presence of the
red Congo indicator until the pink-purplish
turn (Figure 4.), after they faded with 1N
sulfuric acid. The colourless solutions were
treated with 10 ml of chloroform and 25 mi
of methylene blue reagent. For quantitative
isolation, the extraction operation in
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chloroform was repeated, initially with 10 ml,
then with a further 5 ml CHCI3 (Figure 5.).
Each sample was purified with 50 ml of 10 %

monosodium phosphate solution
monohydrate, which contained 1,3 ml
H2S04 cc.

The extinctions of the samples and
standards to the spectrophotometer were
measured at 589 nm in the 1 cm vat (figure
3.19)) relative to CHCI3. The extinction
value of the sample was related to the
standard curve, obtaining the respective
concentration C in pg of anionic detergent in
the sample.

Figure 4. Sample-solutions with
anionic detergent(before H2SO4)

Figure 5. Samples after methylene
ad.blue

RESULTS AND DISCUSSION

The absorbance readings were performed
for the standard solutions and for the analysis
sample from the cationic detergent at a
wavelength of 508 nm. The results obtained
in Figure 6 indicate that the optimal
wavelength is 508 nm.

The following table (Table 1.) shows the
absorbances of the standard solutions.

Based on the calibration curve, the sample
concentration results is Cx= 0,00331.

Calculation:

Mg cationic detergent/100 ml
product=2*C/1000=
2*0,00331/1000=662*10"5

analyzed
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Figure 8 shows that the optimal wavelength
for the analysis of anionic detergents is 589

nm.

Absorbance readings were taken for standard
solutions and for analysis of anionic detergent
at a wavelength of 598 nm.
Based on the calibration curve, figure 9., the
concentration Cx = 0.011.

Samples

Sample 1

A

Parameters  Audit trail Motes

Title
Operatar
Date/Time
Display
Correction
Slit

<

Lamp change at 320 nm

Diesignation SPECORD 21 A

Analize-mai20;
a
26/05/20211
Absorbance
FReference

1rm
v

> A

The following table (Table 2.) shows the
absorbances of the standard solutions.
Calculation: The result it was expressed in
anionic detergent:

mg detergent/ 100 ml = C/1000
0,011/1000= 11* 10*

450
oibance

500 550 600 650

700 [nm]

Figure 6. Absorption spectrum when analyzing cationic detergents

Table 1. Absorbents of standard solutions for cationic detergents

Concentratii, | 0,001 0,01 0,1 Cx
Absorbante 1,5241 1,5598 1,7192 1,5938
1,75
1,7
1,65
1,6
’ ®
1,5
0 0,02 0,04 0,06 0,08 0,1 0,12
Conc.

Figure 7. Calibration curve for the analysis of cationic detergents
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Samples

Tiansmittance | Absorbance’’ Values

Sample 1 [&]
1.75
15
1.25
1
Paiameters  Audit trail Notes 07
Designation SPECORD 21 &
Title Analize-mai2l); 05
Operator a
Date/Time 2B8/05/20211 0o
Display Absorbance
Conection Reference
0 1 0
Lamp chande at 320 rm ¥
< > Absorbance

450

500 550 E00 E50 700 [hm]

Figure 8. Absorption spectrum when analyzing anionic detergents

19
1,85
1,8
1,75
1,7

1,65

0 0,005 0,01

0,01¥0onc.0,02

y=9,32x+1,5877
R*=0,9838

0,025 0,03 0,035

Figure 9. Calibration curve for the analysis of anionic detergents

Table 2. Absorbances of standard solutions

Concentratii, 0,01 0,02 0,03 Cx
Absorbante 1,6878 1,7603 1,8742 1,6974
CONCLUSION processes, but are not frequently monitored

In order to analyze the content of anionic
and cationic detergents from the point of view
of some toxic substances, spectrophotometric
determinations were made in this work. Thus,
benzalkonium chloride, a cationic detergent
in the water and an anionic detergent were
analyzed.

Detergents used in various fields have
attracted the attention of the scientific
community due to environmental pollution,
especially with surfactants, which are not
effectively removed by wastewater treatment
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due to a lack of regulation. Therefore, the
environmental impact of these compounds
must be assessed on the basis of reliable data
in different areas, including toxicity,
biodegrabilityThe influence of the surface
agents is multiple and complex, manifesting
itself, especially, on the appearance and
physico-chemical properties of water, fauna
and flora. Biodegradability in the process of
self-protection is of particular importance for
environmental protection. The acute toxic
effect of cationic surfactants on algae varies
at concentrations of 0.03-11 mg/I.
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