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Abstract. In a published scientific article presents modeled using quantum chemistry package
HyperChem version 8.0.7 using semiempirical method ZINDO/1 the process of adsorption of
organic sulfur-containing compounds such as iron (available in steel St3S (Poland) in the amount of
97%). Compare and explain the protective effects of corrosion depending on the extent of cathodic
polarization of the metal model specimen.

This way with high accuracy reflects the process of corrosion protection with mycological
content (Penicillium chrysogenum cells) by the chemisorption of organic compounds on the metal
surface with the formation of complex compounds. Inhibitor protection carried out with a sample of
the metal cadmium plating protected with a current density of 4 A/dm?. As a comparison, the
properties and characteristics of some complexes responsible for metal protection, will be referred
to secondary data obtained from protected metal cadmium plating sample 1-3a/dm?. In the research
process were obtained and analyzed: the charges on the heteroatoms, the charge density (1 atom of
iron), the composition of the resulting compounds Fe,«—[SMY], as well as energy diagrams in the
formation of the adsorption complex of the studied molecules.

Absolute linear graph type “Z% — repy”, SO the charge density on the iron is a powerful
predictive parameter in the mission of inhibitor (at various concentrations) to protect steel from
corrosion, without the use of a screening method. Knowledge of the partial effective charges of
helping to determine the most powerful adsorption centers belonging to a specific molecule
inhibitor. Changing values frontier orbitals helps to assess the stability of the adsorption complex
inhibitor compounds with metal atoms.

Annomayus. B pabote npeacTaBieH CMOJEIMPOBAHHBIN MTPU MOMOIIY KBAHTOBOXUMHUYECKOTO
nakera HyperChem Bepcuu 8.0.7 mpu nmomoru nomysmnupudeckoro meroaa ZINDO/1 mporecc
a7IcCOpOITMU OpPraHUYECKUX CEPOCOJIePKAINX COCTMHEHUH Ha keiese (umeromemcs B ctamm Ct3
(Trounee mapka St3S, Ionbma) B komudectBe 97%). B pamkax cTaThu mpencTaBiieHO CpaBHEHHE U
OOBSICHEHHE 3allUTHBIX 3(QQPEKTOB OT KOPPO3UH B 3aBUCUMOCTHM OT CTENEHU KaTOIHOMI
MOJISIPU3ALIMHI HCIIBITYEMOro 0Opa3ia MeTasuia.

WuruburopHas 3amyra OCylecTBIsAETCS B OTHOIIEHUH 00pa3iia, MOKPHITOr0 METAJUINYECKUM
KaJMHEM, 3alMIICHHOT0 KaTOXHOW IUIOTHOCTBIO Toka 4 A/mM®. B kaudectse CpaBHEHHUs, OynyT
OTPaKEHBI «BTOPUYHBIE» JaHHbIE MO 3alIUTe 00pa3lia, MOKPHITOrO METATMYECKUM KaIMHEM,
3aIUIIEHHOr0 KaTOAHON INIOTHOCTRIO TOKa 1...3 A/}IMZ.
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Takolt monmxonm, kKak OymeT MOKa3aHO jJajiee, C BBICOKOH TOYHOCTBHIO OTpakaeT MPOIECC
3alIMThl OT KOPPO3MH C MHKOJOrMYeckuM KoHTeHToM (kierku Penicillium  chrysogenum
Thom (1910)) myrem XxeMoCOpOIMHM OPraHUYECKOrO COCAMHEHHS Ha IOBEPXHOCTH MeTaia ¢
o0pa3oBaHMEM KOMIUIEKCHOTO COEOUHEHMs. B mporecce wucciaenoBaHus OBUIM IOJNYYEHBI |
MpOaHAIM3UPOBAHBI: 3apsiibl Ha rerepoaroMax, IIIOTHOCTH 3apsana (Ha 1 aToM kenes3a), cOCTaB
nostyuuBLmxcs coenuHenuil Fex [IM Y], a taxoke 3HepreTudeckue quarpaMmsl Ipu oOpa3oBaHUU
a71cOpOLIMOHHOI0 KOMIUIEKCA U3 UCCIAEAYEMOM MOJIEKYJIbI.

Keywords: HyperChem, corrosion, Penicillium chrysogenum, adsorption, St3S steel, the
partial effective charges.

Knioueswie cnosa: HyperChem, ckopocts kopposuu, rpudsl Penicillium chrysogenum,
aacopO1us, ctanb Ct3, mapruanbHbie 3G (HEeKTUBHBIC 3apsbl.

Background

Biological damage of the material is any undesirable change in the properties caused by the
vital activity of organisms. Biological corrosion of metals is a part of the problem of biological
damage. The most active agents of damage are micro — filamentous fungi and bacteria, which
accounted for 20% of total damage. Many bacteria and filamentous fungi form in the metabolism of
ammonia, hydrogen sulfide, and various organic acids, most of which are characterized by high
corrosion activity. In the process of development of microorganisms, being acceptors on metal
surfaces, destroy inhibitors that protect the metal, and stimulate its corrosion. Biological corrosion
of metal products, structures usually occur in moist conditions when dirty. The most active agents
of bio—corrosion of metals and coatings are fungi [1].

The most promising for the fight against metal corrosion in the presence of filamentous fungi
the use of organic inhibitors possessing besides biocidal activity. But because of the addiction of
lower organisms to biocides used for a long time, they need to be updated periodically. Therefore, a
search of new organic compounds, electrochemical corrosion inhibitors possessing biocidal activity
at lower organisms.

Not too many microbiological corrosion studies conducted [2, 3]. Many studies have been
conducted in the Tambov State University and Baltic Federal University (Russia). Corrosion of
different metals in aggressive acidic, for example, [4-6] and salt [11] medium are investigated a
very large number of scientists worldwide.

Many of the organic compounds that perform the mission of protecting corrosion [4, 6, 10],
have been investigated by the approach cstructure-property” using the Pearson correlation
coefficient, for example, [4, 2, 12, 13]. Simulation according reactivity of organic compounds was
undertaken in the past [14], in particular, the simulation of adsorption on the metal clusters of
organic compounds described hypothetical cluster where the metal surface [15, 16]. Contributed by
the author changes in cluster modeling method suggest it is an organic compound adsorption
capabilities with regard, in particular, to iron, and therefore there is a new value of the “charge
density on the iron”, i. e. the proportion of the electron density, which passed from the organic
compound converted for an individual iron atom [17].

Methods

A variety of microbiological corrosion system.

In the article investigated the heterogeneous thermodynamic system of closed type “St3S+Cd/
nutrient medium of Chapek + Penicillium chrysogenum cells”. Samples of steel were parameters
20x50x1 mm, and were covered from cadmium sulphate electrolyte of cadmium plating with a
current cathodic density of 4 A / dm?. Then, with cadmium plated steel samples were made in the
inoculated nutrient medium of Chapek with Penicillium chrysogenum cells.
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Using organic inhibitors and their method of application in the corrosion system
Study was subjected to the following sulphur—containing compounds (see Table 1).

Table 1.
USEFUL AS INHIBITORS OF ORGANIC COMPOUND
Abbreviation of Molecular
inhibitor Name Structural formula .
weight
H
SM 1 4 2-thi 1,3 S N —0
-0X0-2-th1ooxo-1,5-
thiazolidin Q/\j/ 13318
S
S
SM 2 10H-d|ben_zo?[b,e]-1,4- <:[ ji) 199.27
thiazin
N
H
Hi —— MH
SM 3 1,3,4-thiadiazolidine-2,5- K ) 149.91
dition S,f;;’f . x““:}s

It’s were introduced into the cadmium plating electrolyte concentrations 1, 2, 5 mmol / I.
After the passage of the current SM spontaneously built into the electrodeposited cadmium. Such a
process was invented earlier [3], and was tested for the first time at the Department of Chemistry of
the Baltic Federal University.

The protective effect against corrosion
Data on corrosion rates obtained with gravimetric analysis, and that were described below.
These values are as follows

Table 2.
PROTECTIVE EFFECTS OF CORROSION AT A CURRENT DENSITY
OF 4 A/ DM? WITH THESE SUBSTANCES

Concentration of corrosion inhibitors in the microbial system
SMY 1 mmol /L 2mmol /L 5 mmol /L
The protective effect against corrosion, %
SM1 74 78 79
SM 2 83 84 84
SM 3 79 79 80
Control 77

Technology of experiment
In this work, the data are indicated (see Table 2), which occur when cadmium plating steel
sample (it is a cathode) at a cathodic current density of 4 A/dm? inhibitors (Table 1) at 1, 2, 5 mmol
/ 1. The author will also data that appear when cadmium plating of steel samples at the cathode 1 ...
3 A/dm? current density. But these data will lead only to test the hypothesis put forward by the
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author, explaining that the protective effect of corrosion to a large extent will depend on the
stability of ironcomplexes. For the main aspects of the author of the selected value, corresponding
to an arbitrary value of the current density of 4 A/dm?.

The technology of quantum chemical calculations

The calculation was performed with HyperChem 8.0.7. Software, empirically, the limit was
set by the number of iron atoms: a number a, when out of (a + b) given iron atoms carrying zero
charge number b. Then it was assumed that the SM donor possibilities exhausted. Equation
electrophilic aFe + SMY = Fe,«[SM Y], reaction where iron atoms - acceptors, which are charged
negatively. Finding the values of quantum chemical descriptors held level theory OPLS / AM1 /
ZINDO / 1. Mesomeric effect was taken into account, which is manifested in different parts of the
investigated SM. In the following controlled descriptors of electronic structure: charges on
heteroatoms (by Mulliken), the energy of frontier orbitals (HOMO, LUMO [18], 1LUMO [19] in
the formation of the adsorption complex of SM Fe,«[SMY]), the resulting composition Fe,«[SM
Y], where the SM acts as a ligand. Based on these characteristics will be calculated from the data
file .out: the charge density on the iron (1 atom of Fe), global and local electrophilicity, consider the
complex structure. In the file-job was posted mesomeric effect on the structure of the ion.

Results
The heteroatoms as the adsorption sites
The generated results are summarized in Table 3.

Table 3.
VALUES OF THE CALCULATED QUANTUM CHEMICAL DESCRIPTORS OF THE
INVESTIGATED HETEROCYCLES AND COMPLEX COMPOUNDS ON THEIR BASIS

Codes of substances SM 1 SM 2 SM 3
Y format
) 0.163 0.031 0.171
s 0.079 0.016 0.077
oN 0.031 0.005 0.045
Effective charges on heteroatoms s =—0.167 | gs=-0.270 s =—0.123
quz -0.214
On= —0.229 an= —0.236 (1,2qN: *0107)
The composition of the Feg—[SM 1] | Fewu«—[SM 2] | Feg—[SM3]
substance complexes
) 3.989 2.032 2.134
s = 0.318 gs = 0.259 s = 0.329
Effective charges on heteroatoms
gn=—0.038 qn=—0.079 Yqn=—0.081
(1an=—0.050)
(qu: _0031)
Fepq —0.264 —-0.367 -0.299
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The energies of the frontier orbitals
Energy diagram for the aFe + SM Y = Fe,—[SM Y] are presented in Figures 1-3:
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Figure 1. The change of position of energy levels of HOMO (@), LUMO ( A& ), 1LUMO ( )
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in the formation of the adsorption complex (right) with SM 1 (left).

Figure 2. The change of position of energy levels of HOMO ( @), LUMO (4 ), ILUMO ( <)
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in the formation of the adsorption complex (right) with SM 2 (lert).
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Figure 3. The change of position of energy levels of HOMO (m ), LUMO (4 ), 1LUMO ()

in the formation of the adsorption complex (right) with SM 3 (left).
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Discussion of results

Donor activity of heteroatoms

According to Table 1, the energy of LUMO of organic iron—containing complexes is
correlated with the number of sulfur atoms: the energy is higher, the smaller the number of sulfur
atoms, with worse electron density is drawn.

In this work tracked donor activity of nitrogen atoms and tiasulfur. This approach is the most
objective, since such groups are typical for all 3 compounds.

According to table 1, it is obvious that teaser is a strong donor of electron density. The studied
compounds can be a number of “SM2-SM 1-SM3”, i. e. the relationship as the size of the molecules
(the highest donor properties), and the number of sulfur atoms (the more the molecule tiagroup, the
donor properties worse).

Unlike tiasulfur atoms, the donor properties of the nitrogen atoms do not depend on the size
of the molecule. So, the donor properties are the most of SM3, where the nitrogen atoms are present
in the amount of two, but despite this, the total charge on SM of about the same as the rest of the
molecules (from which it follows that the properties they are similar to the nitrogen atoms of the 2
other SM). Further they descend in the series “SM 1-SM2”. Apparently, a crucial role is played by
the pair of nitrogen atom with the other structures. In the case of SM 1 pairing occurs as with
tiasulfur and ketogroup, while in the case of the SM2 — only with the benzene rings.

The global electrophilicity and the stability of the adsorption iron complexes

Considering the magnitude of the global electrophilicity, it is obvious that such reduction is in
the number of “SM3-SM 1-SM2”, which likely correlates with the number of sulfur atoms in the
form of tiagroup. In a series of “SM3- SM 1” fall is not so sharp, since the role of the second atom
tiosulfur assumes ketogroup, the disappearance of both fragments leads to an almost zero value of
the global electrophilicity.

Obviously, the results on the global electrophilicity the most informative. Examining it, it is
possible to assess the sustainability of ironcomplexes that this work will be done for the first time.
To review available Figure 4

95
af |_‘
w0 85 1 W Control
]
B0 A mErL
75 msN2
70 - HS[A3

1 2 3 4

Cathodic current density, Ok

Figure 4. Effect of organic additives (concentration of 2 mmol / 1) on the protective effect (%)
depending on the current density in the presence with Penicillium chrysogenum.

Figure 4 shows that the decrease in Z% with growth Dy occurs abruptly, only the test series
shows a very small decrease in a linear Z%. Comparing the magnitude of the protective effect of
anticorrosive cathodic current density at 1, 2, and 3 A / dm?, there are larger quantities while
maintaining the overall picture values corrosion protective effects. The visible and concrete (and
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used almost) Z%, as described in Table 2, is generated by two factors (in addition to the biocide):
1) the ability to be adsorbed on the surface of the cathodic polarized metal organic inhibitor SM Y
and 2) resistant Fe,«<—[SM Y]. Power manifestations of these factors depends on the value of Dy.
When the author of the selected value Dy = 4 A / dm? (where the nucleophilic properties of the
sample peak) it is best to adsorb the least electrophilic SM Y, i.e., SM 2. Here, in the most strongly
established Fe-SM 2 chemisorption communication, providing effective shielding steel sample. The
percentage of cadmium coatings (because it is thin layer) is not very high. Speed 14Fe + SM 2 =
Fe14<—[SM 2] reaction will be as much as possible.

The stability of the complex at a cathode current density of 4 A / dm? will be determined by
susceptibility Fe,«—[SM Y]to an excess of electron density that best transports Feis«—[SM 2] as
well. Electrophilic Feg«—[SM 1] is destroyed.

When the value of Dy<4 protective effect up to 90%, this is due to a smaller surplus of
electron density on the steel cadmium plate. Electrophilic both Feg«[SM 1] and Feg«—[SM 3]
preserved better. Nucleophilic sample properties become weaker, so also is weaker will be the
adsorption of SM 2, but more SM 1 and SM 3, so the most useful effect have connections built into
electroplating Cd of sulphate electrolyte formed with a smaller cathode current density (1 A / dm?)
which is actually used in machine-building, shipbuilding, aircraft engine and electronic factories,
cadmium plating numerous assortment of products [20].

The local electrophilicity and donor abilities of heteroatoms
There is high value of local electrophilicity. These values indicate strong tendency of
donating electron density on iron. Extremely low values of the local electrophilicity of SM 2 show
that the electron pair of the nitrogen atom and the sulphur atom are involved in conjugation with
benzene rings. Equal to the value of the local sulphur electrophiles of SM 1 and SM 3 show that the
electron pair of the nitrogen atom and the sulfur atom is equivalent to participate in donating
electron density.

Energy diagram for the reaction of appearance of iron complexes
According to the Figures 1-3, it is obvious that the pattern of the orbitals of complexes and
initial SM each other again, full overlay LUMO and 1LUMO is implemented in SM2 and SM3,
which indicates the aromaticity of these compounds (2 is aromatic due to the presence of benzene
P —n
|
rings, 3 is in tautomeric equilibrium with [19], subject to the Hiickel’s rule; due to
tautomerism the energy levels in Figure 3 below). Apparently, the presence of ketogroup in part 1
generates a strong separation energies LUMO and 1LUMO. The same factor obviously affects
neumegen donor properties as complex and original to SM (since the energy of HOMO does not
change).

The density of the effective charge attributable to the iron atom

The dependence of corrosion rate at concentration of inhibitor 1, 2, 5 mmol/L charge density
on iron is in Figure 5:
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Figure 5. Characteristics of the importance of the charge density on the iron atom
(cathodic current density is 4 A / dm?).

It is obvious that the inhibitory effect begins to occur when the value of the charge density on
iron over Fepq = —0.15. It is also evident that at a concentration of 5 mmol/L this dependence is
strongest, i.e. at the more dramatic increase in density has a sharper decrease in corrosion rate. At
concentrations, less than high such dependence is preserved but is expressed less sharply.

When the value of the protective effect of 84% dependence itself from the charge density on
iron is lost, the latter receives a steady value Fepg= —0.35 [21].

Conclusion

Application of article approach, such as lack of hydration molecules, the use of pure iron
atoms cluster instead of steel, neglect of participation in the adsorption of molecular hydrogen
sulphide and its ions, semi—empirical methods of calculation sand modeling obviously do not
impose the print on the accuracy and predictive ability of the author improved cluster modeling
theory. This enhancement allows you to get more information about protection of inhibitors of
metal than the traditional and generally accepted theory. The improved method of quantum
chemical modeling provides a much more comprehensive set of data that can serve as an effective
tool for forecasting. Because ironcomplexes is not seen as superficial, and as an independent
organic compound (or rather, the adduct) with well-defined chemical composition, is similar to n—
complexes may be calculated as the actual value of the electronic tags last structure and function of
Fukui. This represents a great promise, because currently the selection of microbial corrosion
inhibitors increasingly performed quantum—chemical methods of prediction, not a screening method
[22].

There is no doubt that a significant role in shaping improvements quantum chemical modeling
belongs to the tremendous development of the power of new versions of quantum chemical
programs, as well as the full development of visual imaging software. As soon as supercomputers
are increasingly becoming an essential attribute of any area of the economy, all of the above
approach will be less needed along with an increase in the level of quantum—chemical theory.

Abbreviations: SM — the studied molecule; eV — Off-system unit called the electron—volt;
t0s — charge on the tiasulfur atom; qy is the charge on the nitrogen atom; ;q is the charge on a

17


http://www.bulletennauki.com/

Bronnemens nayxku u npakmuxu — Bulletin of Science and Practice

nayunwiti acypuan (scientific journal) Ne4 2017 e.
http://www.bulletennauki.com

particular atom; »q is the charge on another atom specific; Xq is a value of the total charge, is given
by: £q =19 + 20 HOMO the highest filled molecular orbital; LUMO — the lowest free molecular
orbital,

1 LUMO — orbital, the next lowest free molecular orbital, ® — the value of the global
electrophilicity; s is the magnitude of the local electrophilicity particular atom; repq is the charge
per one atom of iron (density of charge); Dx — cathodic polarization mode: cathodic current
density;
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