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Abstract: Corrosion inhibitors are chemical substances used to alleviate the process of corrosion. The efficiency of a corrosion inhibitor is
determined by a corrosion inhibition effectiveness (IE). It can be calculated based on the experimentally obtained measures. The aim of this
paper is to predict corrosion inhibition effectiveness from the molecular descriptors (topological indices). Since corrosion inhibitors are
heteroatomic molecules, we use weighted molecular graphs to model them. Various distance-, degree-, and eigenvalue-based topological
indices of weighted molecular graphs are calculated. Moreover, correlations between these topological indices and corrosion inhibition
effectiveness are examined. Finally, the topological indices that are the best predictors of corrosion inhibition effectiveness are applied to

obtain linear regression models.
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1. INTRODUCTION

C ORROSION cannot be completely prevented, but
there are methods to mitigate it. One of these
methods is the use of corrosion inhibitors. A corrosion
inhibitor is a chemical compound dissolved in a corrosive
medium that binds to the surface of the metallic material
in some way and mitigates corrosion. A chemical com-
pound is a possible candidate for a corrosion inhibitor if it
contains binding centres such as N, O, and S atoms (and
rarely P) and/or m-electrons in its structure. In particular,
azoles are a class of such compounds that can potentially
be used as corrosion inhibitors for various metallic
materials, and also some plant extracts can be considered
as corrosion inhibitors.[%2] Many effective corrosion
inhibitors form organometallic complexes on the surface
or in the structure of the polymer. Currently, the
estimated annual direct cost of corrosion in the United
States is $276 billion, or about 3.1 % of the U.S. gross
domestic product.3! Various organic compounds can act
as corrosion inhibitors, including acetylene alcohols,

aromatic aldehydes, alkenylphenones, amines, amides,
nitrogen-containing heterocycles (e.g. imidazoline based),
nitriles, iminium salts, triazoles, pyridine and its derivat-
ives or salts, quinoline derivatives, thiourea derivatives,
thiosemicarbazides, thiocyanates, quaternary salts, and
condensation products of carbonyls and amines. It is
claimed that molecules containing nitrogen and acetylene
alcohols can form a film on the surface of the metal and
mitigate both the dissolution process of the metal (anodic
reaction) and the evolution of hydrogen (cathodic
reaction). There are cases, such as that for propargyl
alcohol, which is soluble in acids, while the solubility of
other acetylene alcohols decreases with increasing
carbon chain length. On the other hand, the solubility of
such acetylene alcohols can be increased when they are
combined with quaternary ammonium surfactants.
Acetylene alcohols are widely used due to their
commercial availability and cost-effectiveness. Propargyl
alcohol is commonly used as a standard corrosion
inhibitor for acidification and often has a significant
synergistic effect with other compounds.!
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In most cases, whether and how corrosion inhibitors
work is determined empirically by trial and error
experiments. Currently, the research community is focused
on finding more convenient solutions based on computer
simulation techniques. The latter are currently limited by
the inclusion of solvent molecules in the computational
process in most of the cases presented. Moreover,
corrosive ions are also frequently not included in the
simulation process. Without considering solvent molecules
and corrosive ions, this practically means that the
calculations are performed under vacuum conditions,
where the metals naturally do not corrode. The latter
disadvantage can be conveniently solved using the
approach presented herein, where the corrosion inhibitor
structure in a given medium and its corrosion inhibition
effectiveness (IE) is considered. This work presents an
interdisciplinary study using chemical graph theory
approach based on the data obtained using corrosion tests
to determine corrosion inhibition performance. More
precisely, the corrosion inhibitors are modelled by
weighted molecular graphs. Since the weights of vertices
(atoms) can be defined in numerous different ways, we
consider four different possibilities, using the atomic
number in three of them. We compute various molecular
descriptors for these weighted graphs by using the degrees
of vertices, distances between vertices, and the
eigenvalues of molecular graphs.

Our focus is on weighted-variants of some well-
known degree- and distance-based molecular descriptors
as well as eigenvalue-based indices. The two oldest vertex—
degree—based descriptors are the first and the second
Zagreb indices, introduced in Ref. [5] where they were
associated with the terms in a power—series expansion of
the total m-electron energy. Then the Randi¢ index and the
ABC index are well known molecular descriptors, first one
is measuring the extent of branching in a molecule and the
second one is connected with the heat of formation.[67] For
a comparative study on degree-based indices see Ref. [8],
and some more recent results can be found in Ref. [9].
Regarding the distance-based molecular descriptors the
Wiener index is the most famous, since it is considered to
be the first molecular descriptor among all of them.[1
Distance-based topological indices are also the Schultz
index and its modification, known as the Gutman
index.[11.12] Another molecular descriptor motivated by the
Wiener index is the Szeged index.[!324] All these indices are
either bond- or atoms-pair-additive indices and some
mathematical aspects on them can be found in Ref. [15].

The correlation analysis between the obtained
molecular descriptors and corrosion inhibition effectiveness
of considered inhibitors (under different conditions) was
performed. As a result, we obtained topological indices that
are the most suitable predictors of corrosion inhibition
effectiveness under certain conditions.

In the next section, we present the considered
experimental data. Then, in Section 3, we define some
distance- and degree-based topological indices as well
those that are based on eigenvalues. Finally, in Section 4,
the methodology is presented and the results are
discussed.

2. EXPERIMENTAL DATA

In this paper, IE was determined using corrosion immersion
tests in which the steel samples are immersed in the test
solution for 24 hours. The change in mass (Am) before and
after immersion is used to estimate the corrosion rate, i.e.
the higher it is, the higher the corrosion rate is. The samples
of C15 steel were purchased from Rocholl, Aglasterhausen,
Germany in the form of rectangles measuring 50 mm by 20
mm by 1 mm. The C15 steel contained 0.140 wt. % C, 0.200
wt. % Si, 0.470 wt. % Mn, 0.003 wt. % S and 0.006 wt. % P
(as specified by the supplier). The samples were cleaned in
an ultrasonic bath containing 50 vol. % ultrapure water/50
vol. % pure ethanol for 5 minutes. Ultrapure water with a
resistivity of 18.2 MQ cm was obtained from the Milli-Q
system (Millipore Corporation, Billerica, MA, USA), and
pure ethanol (for analysis-ACS quality) was purchased from
Carlo Erba Reagents (Milan, Italy). After the immersion test,
the samples were thoroughly rinsed with ultrapure water
and brushed with a bristle brush to remove corrosion
products, rinsed again with ultrapure water, dried with
compressed air, and weighed. At least three replicate
measurements were made for each system, and the data
obtained were checked for possible outliers using Grubbs'
statistical test.[!o] If an outlier was present, further
immersion tests were performed until at least three
measurements contained no outliers. An average mass loss
change was then calculated and used to determine IE. Tests
were conducted at 25 °C and 70 °C to investigate the effect
of temperature (T). The corrosion inhibitors tested were
dissolved at a concentration of 1 mM and 10 mM in a 3 wt.
% NaCl solution with and without 0.5 wt. % or 2.0 wt. % K.
In the present case, Kl represents a corrosion inhibitor
intensifier —the compound that increases the performance
of the corrosion inhibitor.[*! Equation (1) explains the IE
determination, where Am represents the average mass loss
change of the samples before and after the immersion test:

Mmoo —Am
|E[%] =100 without inhibitor with inhibitor (1)

Am

without inhibitor

The corrosion inhibition effectiveness IE;, i€ {1,...,8}, is
calculated from the experimentally obtained data
measured at 8 possibilities of different conditions, see
Table 1.

Kl'and NaCl, for analysis-ACS quality, were purchased
from Carlo Erba Reagents (Milan, Italy). Imidazole (IMD)
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Table 1. Types of corrosion inhibition effectiveness at
dfferent conditions.

IE, IE, IE, IE, IEg IE, IE, IE,
¢/ mM 1 1 10 10 10 10 10 10
Kl /% 0 0 0 0 0,5 0,5 2 2
T/°C room 70 room 70 room 70 room 70
CH; CHs
H
S o Xy N
v O W
imidazole 2-methylimidazole 4(5)-methylimidazole
(IMD) (2-M1) (4-M1)

) H

2-mercapto-1-methylimidazole
(MMI)

NH
-

2-aminobenzimidazole
(ABI)

4-methyl-2-phenylimidazole
(MePhl)

X Q0

2-mercaptobenzimidazole 2-mercaptobenzoxazole 2-mercaptobenzothiazole

(MBI) (MBO) (MBT)
NH N,
P O
N/ \—NH \:N
benzotriazole 1,2,4-1H-triazole 3-amino-1H-1,2,4-triazole
(BTA) (TAH) (3-AT)
H H
NH
H@—@—( \ L Sy
= A\
tolyltriazole 2-phenylimidazole 1,2,3-triazole
(TTA) (2-Phl) (TRI)

Figure 1. Corrosion inhibitors.

with 2 99.5 wt. % purity, 2 methylimidazole (2-Ml) with 99
wt. % purity, 4(5) methylimidazole (4-Ml) with 98 wt. %
purity, 2 mercapto 1 methylimidazole (MMI) with > 99 wt.
% purity, 4 methyl 2 phenylimidazole (MePhl) with 95 wt.
% purity, 2 mercaptobenzimidazole (MBI) with 98 wt. %
purity, benzotriazole (BTA) with 99 wt. % purity, 2 mercapto-
benzoxazole (MBO) with 95 wt. % purity, 2-mercapto-
benzothiazole (MBT) with 97 wt. % purity, tolyltriazole (TTA)
with 98 wt. % purity, 1,2,3-triazole (TRI) with 97 wt. % purity,
and 2-phenylimidazole (2-Phl) with a purity of 98 wt. % were
obtained from Sigma Aldrich (St. Louis, Missouri, USA). 2
aminobenzimidazole (ABI) with > 99 % purity, 1,2,4 1H-
triazole (TAH) with 99.5 wt. % purity, and 3-amino-1H-1,2,4-
triazole (3 AT) with 95 wt. % purity were obtained from ACROS
Organics (New Jersey, USA). The mentioned 15 corrosion
inhibitors are shown in Figure 1. and inhibition effectiveness of
all 15 corrosion inhibitors is collected in Table 2.

3. TOPOLOGICAL INDICES

In this section, we introduce basic concepts from graph theory
and define topological indices which will be considered later.

3.1. Graph Theory Preliminaries
A graph G is an ordered pair G = (V(G), E(G)) of a set V(G) of
vertices and a set E(G) of edges, which are 2-element
subsets of V. The edge e = {u,v} between vertices u and v
will be also denoted as e = uv. All the basic concepts from
graph theory can be found in Ref. [17].

For a vertex u, the open neighbourhood N, is defined
as the set of vertices that are adjacent to u. Moreover, for
u,v € V(G), the distance between u and v, denoted by d(u,v),
is the length of a shortest path between vertices u and v.

Table 2. Corrosion inhibition effectiveness for 15 considered inhibitors.

Comp. IE, IE, IE, IE, IE, IE, IE, IE,
IMD 2.05 11.02 2.05 24.15 -6.15 30.82 -33.94 -24.84
2-MI -10.71 20.82 7.97 3141 -1.14 23.37 -19.82 377
4-M| -9.34 18.86 8.43 26.70 -9.34 22.20 -27.56 9.85
MMI 19.36 12.00 752 25.72 -18.91 29.45 -14.81 12.98
MePhl -17.08 2043 -0.23 24.55 -19.82 26.70 -35.76 -0.15
ABI 3.42 14.55 -3.42 28.07 0.23 28.27 ~17.08 9.65
MBI -0.68 -5.24 -23.92 13.18 -26.20 6.32 -11.16 1338
MBO 1.59 -20.14 -7.97 18.86 -38.95 -195.74 10.25 26.51
MBT 7.52 ~7.99 -23.01 -5.05 -12.98 -0.15 -34.85 -2.50
BTA 26.20 9.06 17.08 27.49 3.87 2278 11.16 18.86
TAH 11.16 -24.64 -0.23 -16.22 -6.61 ~14.45 5.69 0.44
3-AT 12.07 -7.20 -12.07 -1.91 -18.91 -7.01 -10.71 14.75
TTA 12.98 15.14 17.54 24.94 19.82 20.24 17.08 17.10
2-Phi -10.71 16.12 -6.61 2259 ~13.44 30.03 -12.98 -20.33
TRI -1.59 -26.21 -36.22 -61.10 ~44.42 -69.33 -48.06 -88.93
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If G is a graph, then a function w:V(G) > R, is
called a vertex-weight of G. The pair (G,w) is known as the
vertex-weighted graph. Similarly, a function w': E(G) - R}
is called an edge-weight of G and (G,w') is the edge-
weighted graph.

3.2. Degree- and Distance-based
Topological Indices
Let (G,w) be a vertex-weighted graph. First, we define some
degree-based topological indices. The degree of a vertex u
in (G,w) is defined as
deg(u) = Z w(v).
veN(u)
The first Zagreb index M1(G,w), the second Zagreb index
M>(G,w), the Randi¢ index (or connectivity index) R(G,w),
and the ABC index ABC(G,w) are defined as:

M,(G,w)= D (deg)),

ueV(G)
M,(G,w)= D deg(u)deg(v),
e=uveE(G)

1
e:wzgm JJdeg(u)deg(v)’

deg(u) + deg(v) — 2
ABC(G,w) = _—
(G e:ugz(e) deg(u)deg(v)

R(G,w) =

If w(u) = 1 for all u € V(G), then deg(u) is the number of
adjacent vertices of u, which gives standard degree-based
topological indices denoted by M1(G), M,(G) for the first and
the second Zagreb index,! R(G) for the Randi¢ index, 8 and
ABC(G) for the atom-bond connectivity index.[*!

Next, we define three distance-based topological
indices. The Wiener index was introduced by H. Wiener
to predict the boiling points of alkanes.['9 Its weighted
version, the Wiener index of (G,w), was presented in
Ref. [20] and is defined as

WG,w) = D wuwvdu,v).

{u,v}cV(G)

The Szeged index was defined by I. Gutman!®3! for
any connected graph G. To define the weighted version of
this index, we need to introduce the following notations for
any edge e = uv in a vertex-weighted graph (G,w):

N,(e) = {x e V(G) | d(u, x) < d(v, x)},
N, (e) = {x e V(G) | d(v,x) < d(u,x)},
nle)= Y wix),

xeN, (e)

nle)= > wix).

xeN, (e)
The Szeged index of (G,w) can be defined as

Sz(G,w) = z n,(e)n,(e).

e=uveE(G)

If w(u) = 1 for all u € V(G), then W(G,w) and Sz(G,w)
are standard Wiener and Szeged indices denoted by W(G)
and Sz(G).

In addition, we consider the Harary index, 21221 which
is for a graph G defined as

1

H(G) = 1
wicvie dlu,v)

Finally, we mention two distance- and degree-based
topological indices of a vertex-weighted graph (G,w). The
first one is the degree distance (or the Schultz index). It was
formally introduced in Ref. [23], but it had been already
known a few years earlier.'!l For the vertex-weighted
graph it can be defined as

DD(G,w)= . (deg(u)+ deg(v))d(u,v).

{uvicv(e)

The second one is the Gutman index,!2 which is for
a vertex-weighted graph (G,w) defined as

Gut(G,w) = Z deg(u)deg(v)d(u,v).

fu,vicv(6)

3.3 Eigenvalue-based Topological Indices

The eigenvalue-based indices are calculated from the adjac-
ency matrix of a graph, more precisely, from its eigenvalues.
Since in this paper we consider vertex-weighted graphs, we
need to define adjacency matrix of these graphs.

The adjacency matrix of a vertex-weighted graph
A(G,w), where V = {V1:-~-:Vn } , is a square matrix of order
n whose (i,j)-element is defined as:

1 ;  ifi # jandthe vertices v, and v, are adjacent,
AG,w), =41 0 ;  ifi# jand the vertices v, and v, are not adjacent,
wlv,) ; ifi=j.

Let A,,A,,...,A, be the eigenvalues of A(G,w). Then,
the graph energy'?* for vertex-weighted graph is defined as:

n

EG,w) =D IAl
i=1
The graph energy made a substantial impact and
induced the introduction of many other topological
indices.?’l  Another well-known index based on the
eigenvalues is the Estrada index,2! which is for our graphs:

EE(G,w) =D e".
i=1
The graph energy and Estrada index are extensively
studied and there are numerous papers on these indices
(e.g. see Refs. [27-31]). Recently, a modification of EE was
proposed and the Gaussian Estrada index was introduced.32
This index is, in our case, defined in the following way:

GEE(G,w) =Y e .

i=1

Croat. Chem. Acta 2021, 94(3), 177184

DOI: 10.5562/cca3873



ROATICA
CT
A

N. TRATNIK et al.: Predicting Corrosion Inhibition Effectiveness ... 181

4. METHODOLOGY AND RESULTS

In our model, every corrosion inhibitor is represented by a
molecular graph in which vertices represent atoms, and
two vertices are adjacent whenever there is a bond
between the corresponding atoms. As usual, all hydrogen
atoms are omitted. Since the considered molecules are
heteroatomic, containing atoms of carbon, oxygen, sulfur,
and nitrogen, we introduce the weights on vertices.
However, there are several different ways how to assign
the weight to a vertex. Therefore, we consider four
different models for the weights using the atomic numbers,
see Table 3.

We have calculated the topological indices of the
considered molecules using different models. A topological
index T/ in the i-th model will be denoted by T/’ for
i €{1,2,3,4}. Note that H1 is just the Harary index.

The correlation coefficients between topological
indices and corrosion inhibition effectiveness are listed in
Table 4. Since the molecules contain different number of
atoms, we have normalized the values of topological
indices by dividing it with the number of vertices.

The best results for degree- and distance-based
topological indices are obtained between IE, and M2 /n
(R = —0.81), between IE, and ABC*> /n (R = 0.71), and
between IE, and M; /n (R=-0.72).

The predicted values IE. obtained by the linear
regression between IE, and M:/n (see Figure 2) are
calculated as

2
~

M
IEs = -1.02—2 + 55.29,
n

where n is the number of vertices. The determination
coefficient is R? = 0.66.

In addition, we test the obtained model by the leave-
one-out analysis. Therefore, we exclude one molecule and
calculate the determination coefficient (denoted by Q*) for
the remaining 14 molecules. We do this for every molecule
and obtain 15 determination coefficients Q,Z , ie{1,...,15}
It turns out that the average Q° is 0.65, which is very close
to R2. This shows that the obtained model is stable.

Finally, we use another measure to evaluate the
obtained model, i.e. the root-mean-square-error(3334]
defined as

Table 3. Different models for the weights on vertices.

Atom Model 1 Model 2 Model 3 Model 4
C 1 1 6 1
1 7 7 7/6
6} 1 8 8 4/3
S 1 16 16 8/3

Corrosion inhibition effectiveness

Normalized second Zagreb index in model 2

Figure 2. The linear regression between /\/122 /n and IE, .

where N is the size of the data set, y, is the experimental
value, and y, is the predicted value. For the above model,
the root-mean-square-error is S = 14.00.

For the eigenvalue-based topological indices, the
highest correlation is observed between IE, and GEE* / n
(R=0.78) and between IE, and £? / n (R =-0.74).

The predicted values IE4 obtained by the linear
regression between IE, and GEE’/n (see Figure 3) are
calculated as

2

~ EE
IEs = 469.61 G
n

-126.13,

where n is the number of vertices.

This simple model based on GEE? is able to describe
more than 60 % of variation in experimental data (R2=0.61).
This is satisfactory result considering high diversity of
investigated inhibitors and the fact that this performance is
conceived by applying only one descriptor. Also, with the
average Q’ equals to 0.61, obtained in leave-one-out
validation, this model operates with good stability.
Moreover, the root-mean-square-error is S = 14.83.

10

Corrosion inhibition effectiveness
o
5

-70

Normalized index GEE in model 2

Figure 3. The linear regression between GEE/n and IE, .
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Table 4. Correlation coefficients for topological indices.

TI'/n IE, IE, IE, IE, IEg IE, IE, IEg
wt -0.17 0.34 0.12 0.39 0.21 0.05 0.27 0.32
w? 0.40 -0.42 —-0.40 -0.13 -0.26 -0.34 0.17 0.34
w? —-0.05 0.12 —-0.09 0.29 0.03 -0.12 0.23 0.37
w* —-0.05 0.12 —-0.09 0.29 0.03 -0.12 0.23 0.37
S -0.12 0.28 0.08 0.37 0.20 0.01 0.30 0.33
Sz 0.39 —-0.40 -0.38 -0.10 -0.19 -0.34 0.22 0.36
Sz -0.03 0.09 -0.09 0.28 0.05 -0.13 0.26 0.36
sz -0.03 0.09 —-0.09 0.28 0.05 -0.13 0.26 0.36
DD! -0.16 0.32 0.11 0.38 0.21 0.04 0.28 0.31
DD? 0.15 0.08 0.00 0.22 0.17 —-0.08 0.36 0.37
DD? -0.13 0.27 0.06 0.35 0.18 0.01 0.27 0.32
DD* -0.13 0.27 0.06 0.35 0.18 0.01 0.27 0.32
Gut! -0.15 031 0.10 0.37 0.21 0.04 0.28 0.30
Gut? 0.55 -0.40 -0.27 -0.26 -0.06 -0.23 0.28 0.19
Gut® —-0.09 0.20 0.00 031 0.14 -0.03 0.25 0.32
Gut* —-0.09 0.20 0.00 031 0.14 -0.03 0.25 0.32

ABC* 0.05 0.18 0.01 0.41 0.11 -0.09 0.34 0.48

ABC? -0.32 0.46 0.12 0.71 0.12 0.07 0.08 0.60

ABC? -0.16 0.32 0.12 0.47 0.23 0.01 0.32 0.36

ABC* 0.03 0.15 -0.04 0.40 0.07 -0.13 0.32 0.50
R! —-0.05 -0.33 -0.18 -0.42 0.01 -0.07 -0.04 -0.57
R’ -0.27 0.48 0.21 0.59 0.27 0.11 0.24 0.39
R® -0.37 0.40 0.33 0.25 0.36 0.24 0.12 -0.14
R* -0.37 0.40 0.33 0.25 0.36 0.24 0.12 -0.14
M 0.07 0.20 0.03 0.44 0.11 —-0.08 0.34 0.52
M 0.42 -0.56 -0.47 —-0.36 -0.39 -0.30 -0.09 0.09
M? 0.25 -0.25 -0.34 -0.01 -0.22 -0.24 0.00 0.29
My 0.25 -0.25 -0.34 -0.01 -0.22 -0.24 0.00 0.29
M 0.09 0.20 0.03 0.43 0.10 —-0.08 0.34 0.51
M 0.54 -0.72 -0.36 -0.81 -0.24 -0.25 0.03 -0.38
M3 0.27 -0.11 -0.23 0.15 -0.12 -0.20 0.15 0.40
M; 0.27 -0.11 -0.23 0.15 -0.12 -0.20 0.15 0.40
H* —-0.05 0.28 0.07 0.43 0.16 -0.02 0.32 0.43
E* 0.23 —-0.38 -0.10 -0.38 -0.11 -0.12 -0.17 -0.21
EE! 0.07 0.15 -0.01 0.38 0.11 -0.10 0.35 0.45
GEE! -0.01 0.29 0.10 0.41 0.14 0.04 0.31 0.33
E? 0.51 -0.74 -0.49 -0.61 -0.46 -0.35 —-0.08 -0.12
EE? 0.24 -0.27 -0.34 -0.04 -0.31 -0.23 -0.07 0.21
GEE? -0.47 0.69 0.36 0.78 0.24 031 —-0.09 0.33
£ 0.34 -0.44 -0.41 -0.20 -0.41 -0.32 -0.06 0.15
EE? 0.24 -0.27 -0.34 -0.04 -0.31 -0.23 -0.07 0.21
GEE? 0.02 0.27 0.18 0.37 0.34 0.04 0.44 0.33
E* 031 -0.36 -0.36 -0.09 —-0.40 -0.31 -0.04 0.23
EE* 0.28 -0.31 -0.37 —-0.06 -0.30 -0.27 -0.02 0.23

GEE* -0.16 0.18 0.18 —-0.03 0.38 0.21 0.12 -0.24
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5. CONCLUSION

We have calculated correlation coefficients between
different distance-, degree-, and eigenvalue-based
topological indices of weighted molecular graphs and
corrosion inhibition effectiveness of modelled inhibitors.
Based on this, we have developed linear models for
prediction of corrosion inhibition effectiveness. It turns out
that the effectiveness of around % of corrosion inhibitors
can be satisfactory determined from the second Zagreb
index and the Gaussian Estrada index (at certain
conditions), which can be computed quite easily.
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Supplementary material

’ Molecule \ SMILES ‘
IMD clenc[nH]1
2-MI Ccl[nH]cenl
4-MI Cclenc|nH|1
MMI CnlcenclS

MePhl | Ccle[nH]c(nl)c2ccece
ABI cleee2e(cel)[nH]e(=N)
MBI cleec2e(cl)[nH]e(n2)

MBO cleec2e(cl)ne(02)S

MBT cleec2e(cl)ne(s2)S
BTA cleec2ce(cl)[nH]nn2
TAH cl[nH]nenl

3-AT cl[nH]c(nnl)N
TTA | Cclecee(cel)c2enn|nH]

2-PhI | cleee(cel)c2[nH]een2
TRI clenn[nH]|1

Table 5. Smiles codes of corrosion inhibitors.





TI IMD 2-MI 4-MI MMI MePhl ABI MBI MBO
wt 15.00 26.00 26.00 40.00 197.00 108.00 108.00 108.00
W? 159.00 194.00 200.00 802.00 623.00 738.00 1215.00 1277.00
W3 614.00 1034.00 1040.00 2442.00 7448.00 4308.00 5910.00 6052.00
wi 17.06 28.72 28.89 67.83 206.89 119.67 164.17 168.11
Szt 20.00 33.00 33.00 49.00 303.00 185.00 185.00 185.00
S22 224.00 261.00 273.00 907.00 903.00 1127.00 1712.00 1800.00
S23 819.00 1311.00 1323.00 2917.00 11403.00 7322.00 9572.00 9800.00
Sz4 22.75 36.42 36.75 81.03 316.75 203.39 265.89 272.22
DD? 60.00 100.00 100.00 150.00 826.00 458.00 458.00 458.00
DD? 204.00 292.00 298.00 615.00 1528.00 1040.00 1229.00 1267.00
DD3 384.00 632.00 633.00 1045.00 5073.00 2845.00 3034.00 3072.00
DD? 64.00 105.33 105.50 174.17 845.50 474.17 505.67 512.00
Gut! 60.00 95.00 95.00 138.00 862.00 482.00 482.00 482.00
Gut? 672.00 779.00 791.00 2178.00 2638.00 2168.00 2789.00 2954.00
Gut? 2457.00 3789.00 3801.00 6618.00 | 32493.00 | 18583.00 | 21049.00 | 21554.00
Gut® 68.25 105.25 105.58 183.83 902.58 516.19 584.69 598.72
ABCT 3.54 4.35 4.35 5.13 9.26 7.85 7.85 7.85
ABC? 3.30 4.26 4.23 4.68 9.07 7.78 7.79 7.78
ABC?3 1.90 2.30 2.29 2.60 4.85 4.06 4.02 4.00
ABC* 3.53 4.37 4.35 5.13 9.25 7.87 7.92 7.91
RT 2.50 2.89 2.89 3.30 5.86 4.86 4.86 4.86
R? 1.00 1.25 1.31 1.21 4.27 3.08 2.99 2.96
R3 0.39 0.46 0.46 0.48 0.95 0.78 0.75 0.74
R* 2.35 2.74 2.75 2.89 5.73 4.70 4.48 4.44
M] 20.00 26.00 26.00 32.00 60.00 52.00 52.00 52.00
M12 332.00 362.00 350.00 1091.00 408.00 628.00 1087.00 1167.00
IVIf 822.00 1062.00 1050.00 1791.00 2298.00 2063.00 2522.00 2622.00
M 22.83 29.50 29.17 49.75 63.83 57.31 70.06 72.83
M, 20.00 27.00 27.00 35.00 68.00 60.00 60.00 60.00
M22 152.00 171.00 171.00 305.00 248.00 270.00 315.00 333.00
MS’ 817.00 1081.00 1081.00 1765.00 2593.00 2335.00 2605.00 2678.00
M 22.69 30.03 30.03 49.03 72.03 64.86 72.36 74.39
H! 7.50 10.17 10.17 13.17 30.74 24.07 24.07 24.07
ET 7.47 8.96 8.96 10.35 17.50 14.78 14.78 14.78
E? 17.28 18.60 19.03 34.30 27.89 30.30 39.30 40.28
E3 32.00 38.00 38.00 54.00 74.00 63.00 72.00 73.00
E* 7.55 9.08 9.06 11.91 17.66 15.04 16.36 16.43
EET 31.25 38.03 38.03 44.85 80.55 68.16 68.16 68.16
EE? 3061.31 3078.88 3073.46 9.51E06 3127.15 4440.03 9.51E06 9.51E06
EE3 7509.32 8568.98 8543.44 9.84E06 | 14909.02 | 14164.84 | 9.84E06 9.85E06
EE? 33.48 40.31 40.29 64.46 82.85 71.30 87.46 88.80
GEFE! 1.51 1.82 1.82 2.22 4.05 3.29 3.29 3.29
GEE? 1.67 2.04 1.85 2.20 3.95 3.13 3.06 3.05
GEE® | 8.10E-10 | 3.52E-09 | 1.02E-08 | 2.23E-09 | 4.17E-07 | 3.07E-07 | 3.06E-07 | 2.71E-07
GEFE? 1.59 1.85 1.87 1.95 4.07 3.22 3.02 3.03

Table 6. Topological indices of considered molecules (part 1).






TI MBT BTA TAH 3-AT TTA 2-Phl TRI
wt 108.00 79.00 15.00 26.00 199.00 153.00 15.00
W2 1773.00 559.00 303.00 674.00 1021.00 549.00 267.00
W3 7188.00 3184.00 653.00 1164.00 7846.00 5834.00 652.00
wi 199.67 88.44 18.14 32.33 217.94 162.06 18.11
Sz1 185.00 144.00 20.00 33.00 314.00 242.00 20.00
S22 2504.00 936.00 416.00 843.00 1508.00 806.00 344.00
Sz3 11624.00 | 5766.00 871.00 1473.00 12323.00 | 9171.00 869.00
Sz4 322.89 160.17 24.19 40.92 342.31 254.75 24.14
DD 458.00 344.00 60.00 100.00 836.00 653.00 60.00
DD? 1571.00 968.00 276.00 436.00 2108.00 1301.00 276.00
DD3 3376.00 2168.00 396.00 656.00 5228.00 4026.00 396.00
DD? 562.67 361.33 66.00 109.33 871.33 671.00 66.00
Gut! 482.00 373.00 60.00 95.00 874.00 695.00 60.00
Gut? 4418.00 2473.00 1248.00 1733.00 4270.00 2387.00 1248.00
Gut? 25738.00 | 14793.00 2613.00 4078.00 | 34125.00 | 26397.00 | 2613.00
Gut?® 714.94 410.92 72.58 113.28 947.92 733.25 72.58
ABC? 7.85 7.03 3.54 4.35 9.26 8.44 3.54
ABC? 7.74 5.74 2.73 3.68 7.89 8.14 2.25
ABC?3 3.93 3.64 1.87 2.26 4.81 4.45 1.87
ABC* 7.91 6.99 3.53 4.36 9.23 8.43 3.52
R! 4.86 4.47 2.50 2.89 5.86 5.47 2.50
R? 2.77 2.51 0.69 0.86 3.95 3.96 0.56
R3 0.69 0.71 0.38 0.44 0.94 0.89 0.38
R* 4.16 4.26 2.28 2.64 5.65 5.33 2.27
M] 52.00 46.00 20.00 26.00 60.00 54.00 20.00
M12 1951.00 502.00 524.00 770.00 504.00 390.00 452.00
Mf’ 3566.00 1832.00 874.00 1155.00 2324.00 2070.00 872.00
M 99.06 50.89 24.28 32.08 64.56 57.50 24.22
M, 60.00 53.00 20.00 27.00 68.00 61.00 20.00
]V[22 477.00 497.00 344.00 435.00 494.00 229.00 416.00
MS’ 3262.00 2107.00 869.00 1170.00 2629.00 2329.00 871.00
My 90.61 58.53 24.14 32.50 73.03 64.69 24.19
H! 24.07 20.50 7.50 10.17 30.69 26.95 7.50
ET 14.78 13.37 7.47 8.96 17.58 16.03 7.47
E? 48.21 29.28 23.00 30.00 33.67 26.14 23.28
E3 81.00 57.00 33.00 40.00 75.00 68.00 33.00
E? 17.25 13.54 7.58 9.24 17.69 16.17 7.58
EET 68.16 61.38 31.25 38.03 80.54 73.76 31.25
EE? 1.97E07 6496.01 5495.44 6834.64 6509.05 3114.99 6453.46
EE3 2.08E07 | 13777.18 | 9100.60 11229.34 | 16591.95 | 13874.75 9246.56
EE? 109.60 64.81 34.61 42.25 83.95 76.04 34.63
GEFE! 3.29 3.01 1.51 1.82 3.99 3.75 1.51
GEE? 2.99 2.38 1.26 1.37 3.35 3.77 1.02
GEE® | 2.25E-07 | 3.05E-07 | 1.27E-10 | 7.62E-10 | 6.79E-07 | 4.04E-07 | 7.37E-10
GEE? 3.13 3.08 1.63 1.83 4.09 3.80 1.63

Table 7. Topological indices of considered molecules (part 2).






