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A compound 2-(6,8-dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-yl)phenol was synthetised from ambroxol
hydrochloride and salicylaldehyde. The structure of the compound was studied with UV, IR, Raman, and 1H NMR spectroscopy.
The inhibitory ability of the synthetised compound on the corrosion of mild stainless steel EN Fe37-3FN in 0.5M hydrochloric
acid solution was studied using gravimetric and electrochemical methods, including potentiodynamic polarisation and EIS. It
was shown that the inhibitory activity of the compound increases with the increase of its concentration in a solution. An
addition of 3mg/l of the compound reduces the corrosion rate by 20% and that of 400mg/l by 85%. The data of gravimetric
and electrochemical measurements coincide well. The sorption of the compound on the metal surface obeys the Langmuir
adsorption isotherm, and the nature of adsorption is physical. The compound exhibits the chelating activity with both ferrous
and ferric ions in the acidic solution. The synthetised compound may be a good choice for the inhibition of steel corrosion in
acidic environments.

1. Introduction

Various compounds belonging to the different classes of
organic compounds demonstrate the ability to slow the oxi-
dation of metals in aqueous environments [1]. The usage of
expired drugs as the corrosion inhibitors [2–4] is a prospec-
tive and fast-growing research field around the world. One
of the active pharmaceutical ingredients, in which inhibitory
activity on the corrosion of stainless steel in the acidic
medium was already demonstrated [5–7], is ambroxol.
Moreover, it was already shown [8, 9] that the chemical
modification of different pharmaceuticals might improve
their inhibitory properties, and the usage of derivatised
pharmaceutical ingredients is also a prominent research
field. In the literature, there are several pieces of evidence
[10] that the products of condensation of aromatic primary
amines with aromatic aldehydes exhibit excellent inhibitory

properties. Recently, a synthesis of the new derivative of
ambroxol and salicylaldehyde [11], namely, 2-(6,8-
dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquina-
zolin-2-yl)phenol (Figure 1), was reported. The toxicity of
the reported compound was also estimated [11] using the
ProTox-II web application [12], and it was found that the
compound is nontoxic, with the predicted LD50 equal to
12 g/kg. In the present study, the aim is to investigate the
inhibitory properties of this compound on the corrosion of
mild stainless steel EN Fe37-3FN in 0.5M hydrochloric acid
medium.

2. Reagents and Equipment

Ambroxol hydrochloride was kindly provided as a gift by
Velpharm LLC (Kurgan). Salicylaldehyde (analytical grade),
ethanol (analytical grade), methanol (analytical grade),
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propan-2-ol (analytical grade), and sodium carbonate (ana-
lytical grade) were purchased from Chimmed LLC. Hydro-
chloric acid (pure grade) and potassium bromide
(spectroscopic grade) were purchased from Vekton LLC.
Ferric chloride (analytical grade) and Mohr salt (analytical
grade) were purchased from Lenreaktiv LLC. In addition,
salicylaldehyde was redistilled, and potassium bromide was
dried prior to use. Steel electrodes were manufactured from
rectangular ingots made of mild stainless steel EN Fe37-
3FN (containing no more than 0.14% С; 0.3% Ni, Cu, and
Cr; 0.05% Si; 0.4% Mn; 0.05% P; and 0.04% S) with the
dimension 2 × 2mm, the unused surface was sealed by
epoxy resin, and the surface area of the flat working surface
immersed in the solution was 0.04 cm2. For gravimetric mea-
surements, rectangular flat plates from the same steel with
the thickness of 3mm, width of 20 ± 2mm, and height of
30 ± 2mm were used.

Weighting of the samples was performed using the ana-
lytical balances AND GR20 and VL-324. The UV spectra of
ambroxol hydrochloride and ambroxol derivative (AD) were
recorded from the methanolic solutions of the respective
components with the concentration of 1mM and from the
solutions in 0.5M HCl with the concentration of 40μM
using the spectrometer Specol 1200 in a quartz cuvette with
the optical path length of 1 cm in the wavelength range from
190 to 400nm with the step of 2 nm. The IR spectra of
ambroxol hydrochloride, ambroxol free base, and ambroxol
derivative were recorded from the tables with potassium

bromide using the spectrometers FT-801 and Shimadzu
IRAffinity 1S with the resolution of 4 cm−1, number of scans
equal to 32, and the wavenumber range from 500 to
4000 cm−1. The Raman spectrum of the ambroxol derivative
was recorded using the portative spectrometer InSpektr
R532 equipped with the laser with the wavelength of
532 nm, with the resolution of 6 cm−1, and the wavenumber
range from 140 to 4000 cm−1. The 1Н NMR spectrum of the
ambroxol derivative in methanol-d4 was recorded using the
spectrometer Bruker Avance-AV 400, with the frequency of
400.13MHz. Electrochemical measurements were con-
ducted using the potentiostat-galvanostat P-40X and the
EIS measurements using the potentiostat-galvanostat P-
45X with the frequency response analyser FRA-24M. The
distilled water for solution preparation was produced using
the aquadistillers LISTON A1204 and AE-10. The magnetic
stirrer US-6120 was used for stirring. A laboratory glassware
of 2nd grade was used.

3. Liberation of Ambroxol Free Base from
Ambroxol Hydrochloride

A total of 800mg of ambroxol hydrochloride was dissolved
in 200ml of distilled water. A total of 200mg of sodium car-
bonate was dissolved in 18ml of distilled water. The solution
of sodium carbonate was gently added as a very thin stream
to the solution of ambroxol hydrochloride while stirring,
and the solution was left stirred for 60min. A precipitate
of the ambroxol free base was washed by distilled water
several times, filtered, and dried in vacuo. The yield was
495mg (72%).

4. Synthesis of 2-(6,8-Dibromo-3-(4-
hydroxycyclohexyl)-1,2,3,4-
tetrahydroquinazolin-2-yl)phenol

A total of 341mg (1.0mmol) of ambroxol free base and of
122mg (1.0mmol) of salicylaldehyde were dissolved in eth-
anol, the solutions were mixed together, and the mixture
was boiled under the reflux condenser over 4 h and then
cooled. The precipitate was recrystallised from ethanol and
dried in vacuo. The crystalline dry solid product was white,
and its solution in ethanol was yellow. The yield was
303mg (68%).

5. Characterisation of the Obtained Compound

In order to confirm the structure of the synthetised com-
pound, its UV, IR, Raman, and 1H NMR spectra were
recorded.

The UV spectra are presented in Figure 2.
The absorption bands on the UV spectrum of the deriv-

ative exhibit a clear bathochromic shift compared with those
on the spectrum of ambroxol. The first two bands also
exhibit a hyperchromic shift, whereas the third band exhibits
a slight hypochromic shift. The absorption maxima coincide
with those presented in the literature (214, 244, and 308nm
for ambroxol hydrochloride [13] and 216, 256, and 316nm
for ambroxol derivative [11]).
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Figure 1: A structural formula of 2-(6,8-dibromo-3-(4-
hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-yl)phenol [11].
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Figure 2: The UV spectra of 1: ambroxol hydrochloride and 2: 2-(6,8-
dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-
yl)phenol in methanol.
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Figure 3: The IR and Raman spectra: 1: IR spectrum of ambroxol hydrochloride; 2: IR spectrum of ambroxol free base; 3: IR spectrum of 2-(6,8-
dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-yl)phenol; 4: Raman spectrum of 2-(6,8-dibromo-3-(4-hydroxycyclohexyl)-
1,2,3,4-tetrahydroquinazolin-2-yl)phenol.
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Figure 4: 1Н NMR spectrum of 2-(6,8-dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-yl)phenol: (а) experimental; (b)
predicted.
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The IR and Raman spectra are presented in Figure 3.
The bands in the wavenumber range from 3080 to

3500 cm−1 in the spectra of the ambroxol derivative corre-
sponding to the vibrations of the OH and NH groups. In
the range from 2800 to 3090 cm−1, there are bands corre-
sponding to the vibrations of the C–H bonds in aromatic
rings and at the saturated carbon atoms. In the “finger-
print” range from 1460 to 1700 cm−1, there are bands cor-
responding to the vibrations of C=C, NH (1535–1700),
ОН (1482), and NH (1460) bonds [11]. The similar bands,
taking into account the intensity change of the symmetric
and asymmetric vibrations, are present at the Raman spec-
trum of the ambroxol derivative (4 in Figure 3). The dif-
ferences that are revealed in the spectra 1, 2, and 3
(Figure 3) in the ranges 3080–3500 cm−1 and 1460–
1700 cm−1 are due to the disappearance of the protonated
forms of the amine nitrogen in the ambroxol free base and
due to the transition of the primary and secondary amino
groups in free ambroxol into the secondary and tertiary
ones in the ambroxol derivative.

In addition to the experimentally recorded 1Н NMR
spectrum (Figure 4(a)), a modelled spectrum (Figure 4(b))
predicted by the tool http://nmrdb.org/ [14] was obtained.

The recorded UV and IR spectra of the ambroxol
derivative coincide with those from the study [11]. More-
over, the position and multiplicity of the bands in the
experimental and predicted [14] NMR spectra also gener-
ally coincide. Therefore, the spectroscopic results certainly
prove that the synthetised compound is exactly the 2-(6,8-
dibromo-3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquina-
zolin-2-yl)phenol.

6. Gravimetric Studies

For gravimetric tests, solutions of 0.5М hydrochloric acid
and 0.5М hydrochloric acid with the different additions
of ambroxol derivative ranging from 3 to 400 ppm were
prepared. Rectangular flat plates made of EN Fe37-3FN
mild stainless steel with thickness of 3mm, width of 20
± 2mm, and height of 30 ± 2mm were polished using
the Р2500 emery paper and degreased by propan-2-ol.
The weighted plates (m0, mg) were immersed into corro-
sive media for 2 h, then washed with distilled water, dried,
and reweighted (m, mg). Each experiment was performed
in triplicate. From the measured weight losses (Δm =m0 −
m, mg), sample surfaces (S, cm2), and immersion times
(t, h), the average corrosion rates (ω, mg/(cm2·h)) were
estimated:

ω = Δm
S · t 1

An inhibitory ability (η, %) of the compound was esti-
mated from the ratio of the corrosion rates in the absence
(ω0) and in the presence (ω) of the inhibitor [15]:

η = ω0 − ω

ω0
· 100% 2

The dependence of the measured inhibition efficiencies
at the different inhibitor concentrations (cinh, ppm) is pre-
sented in Table 1.

7. Polarisation Studies

For polarisation tests, solutions of 0.5М hydrochloric acid
and 0.5М hydrochloric acid with the different additions of
the ambroxol derivative ranging from 3 to 400 ppm were
prepared. Electrodes made of EN Fe37-3FN mild stainless
steel and sealed with the epoxy resin with the working sur-
face of 4mm2 were polished using the Р2500 emery paper
and felt cloth and degreased by propan-2-ol. The measure-
ments were conducted using the potentiostat-galvanostat
P-40X in a standard three-electrode electrochemical cell,
consisting from the working electrode (steel sample), auxil-
iary graphite electrode, and silver-silver chloride reference
electrode. An open circuit potential (Ecorr, mV) was recorded
during 30min. Polarisation curves were recorded in the
potential range from −500 to +500mV relatively to the mea-
sured open circuit potential with the potential sweep rate of
10mV/s. Each experiment was performed in triplicate. The
obtained polarisation curves were presented in the coordi-
nates E lg i , and the Tafel slopes of the anodic (ba, mV/
dec) and cathodic (bc, mV/dec) branches of the polarisation
curves, the corrosion current densities (icorr, A/cm

2), and the
polarisation resistances (Rp, ohm·cm2) were evaluated from
them using the Stern − Geary equation [15]:

Rp =
1

ln 10 · 1
icorr

· bа · bc
bа + bc

3

The inhibitory ability of the compound was estimated
either from the ratio of the corrosion current densities in
the absence (icorr,0) and in the presence (icorr) of the inhibi-
tor:

η = icorr,0 − icorr
icorr,0

· 100%, 4

or from the ratio of the polarisation resistances (Rp,0, Rp)
[15]:

η =
Rp − Rp,0

Rp
· 100% 5

Table 1: The results of the gravimetric measurement of the
corrosion rates.

cinh (ppm) ω (mg/(cm2·h)) η (%)

0 0 78 ± 0 08 —

3.2 0 67 ± 0 06 19.6

16 0 43 ± 0 05 44.8

80 0 27 ± 0 04 65.3

400 0 13 ± 0 03 82.7
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Figure 5: The open circuit potential of steel in 0.5M HCl with the different additions of inhibitor after 30min of exposure.

−1

−0.8

−0.6

−0.4

−0.2

0

−5 −4.5 −4 −3.5 −3 −2.5 −2 −1.5 −1 −0.5 0

E 
(V

 v
s. 

A
g/

A
gC

l)

lg i (A/cm2)

Uninhibited
3.2 ppm
16 ppm

80 ppm
400 ppm

Figure 6: The potentiodynamic polarisation curves of steel in 0.5M HCl with the different additions of inhibitor.
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The results are presented in Figures 5 and 6 and in
Table 2.

8. EIS Studies

For EIS tests, the solutions of 0.5М hydrochloric acid and
0.5М hydrochloric acid with the different additions of the
ambroxol derivative ranging from 3 to 400 ppm were pre-
pared. Electrodes made of EN Fe37-3FN mild stainless steel
and sealed with epoxy resin with the working surface of
4mm2 were polished using the Р2500 emery paper and
degreased by ethanol. The measurements were conducted
using the potentiostat-galvanostat P-45X equipped with the
frequency response analyser FRA-24M in a standard three-
electrode electrochemical cell, consisting from the working
electrode (steel sample), auxiliary electrode from the porous
graphite, and silver-silver chloride reference electrode. The
electrochemical cell was placed into the Faraday shield cell
SH-3М. An open circuit potential was recorded during
30min. Impedance values were recorded at the open circuit
potential value in the alternate current frequency interval
from 100mHz to 10 kHz with the potential amplitude of
10mV. Each experiment was performed in triplicate. The
obtained results were presented in the form of Bode and
Nyquist plots [15]. For the estimation of the impedance
parameters, a simplified Randles equivalent electrical circuit
[16] (Figure 7), containing the solution resistance (Rs, ohm),
the consecutive charge transfer resistance (Rct, ohm) of the
passivation layer, and the parallel constant-phase element
representing the double electric layer, was employed.

The impedance of this circuit is expressed by the follow-
ing equation:

Z = Rs +
1

1/Rct + P · i · ω n

= Rр +
1

1/Rct + P · ωn · cos π · n /2 + i · sin π · n /2 ,

6

where ω(Hz) is the frequency of the alternate current and P
(ohm−1·sn) and n are the parameters of the constant phase
element.

The fitting of the equivalent circuit parameters to the
experimental impedance values was performed using the
free software EIS Spectrum Analyser [17].

In addition, the capacitance (Cdl, F) and the thickness (d,
m) of the double electric layer on the metal-solution inter-
face were estimated [18]:

Cdl =
1

2π · Rct · ωmax
,

d = ε · ε0 · S
Cdl

,
7

where ωmax (Hz) is the frequency of the alternate current
that corresponds to the maximum at the Nyquist plot and
S (m2) is the electrode surface.

The inhibitory ability of the compound was estimated
from the ratio of the charge transfer resistances in the pres-
ence (Rct) and in the absence (Rct,0) of the inhibitor [15]:

η = Rct − Rct,0
Rct

· 100% 8

The results are presented in Figures 8 and 9 and in Table 3.

9. Langmuir Adsorption Model

The description of the adsorption of the inhibitor on the
steel surface was performed in terms of the Langmuir
adsorption model. The Langmuir adsorption isotherm equa-
tion was linearised in the following form:

cinh
η

= 1
Kads

+ cinh, 9

where cinh is the concentration of the inhibitor (ppm), Kads is
the adsorption-desorption equilibrium constant, and η is the
percentage of the surface covered by the inhibitor, which is
assumed to be equal to the inhibition efficiency. The depen-
dencies of cinh/η on cinh are presented in Figure 10 and in
Table 4. The data were processed using the least squares
technique, and the equilibrium constants Kads were esti-
mated as the intercepts of the regression equations. The

Table 2: The results of the electrochemical measurement of the corrosion rates.

cinh (ppm) Ecorr (mV) ba (mV/dec) bc (mV/dec) Rp (ohm·cm2) η (%) icorr (mA/cm2) η (%)

0 −437 85.4 −119.2 187 — 0.611 —

3.2 −424 84.5 −126.0 240 21.7 0.486 20.5

16 −417 76.2 −128.6 334 43.8 0.330 46.0

80 −412 67.8 −136.9 535 65.0 0.195 68.0

400 −404 61.5 −144.3 1504 87.5 0.066 89.2

Rs

Rct

CPE

Figure 7: The simplified Randles equivalent electrical circuit.
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Gibbs energy changes of the sorption were estimated from
the following equation:

ΔadsG = −R · T · ln Kads · cwater , 10

where cwater = 106 ppm is the water concentration in the
extracts. The results are presented in Table 4.

10. Chelating Ability of Ambroxol
Derivative with Iron

In order to study the chelating ability of the synthetised AD
with iron in the acidic solution, the UV spectra of the 40μM
AD and the equimolar mixtures of 40 μMAD+ 40 μM
ferric chloride and 40 μMAD+ 40μMMohr salt solutions
in 0.5M HCl after 24 h of exposure were recorded. The spec-
tra are presented in Figures 11 and 12.
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Figure 8: The Bode plot of steel in 0.5M HCl with the different additions of inhibitor.
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The presented spectra show that in the presence of ferric
ions, the band of AD at 214nm disappears, the bands at 248
and 312nm exhibit the slight hypsochromic and clear hyper-
chromic shifts, and the shoulder at 344 nm appears. In the
presence of ferrous ions, both the bands at 214 and 248 nm
disappear, and the shoulder at 338nm appears. This suggests
that the ambroxol derivative forms the complexes with both
ferrous and ferric ions in the acidic solution.

11. Discussion

The results of the gravimetric, electrochemical, and EIS mea-
surements coincide well. They show that the inhibitory
activity of the ambroxol derivative against the corrosion of
mild stainless steel EN Fe37-3FN in a 0.5М hydrochloric

medium depends on the inhibitor concentration in the solu-
tion. Even the addition of 3mg of the ambroxol derivative
compound to each litre of solution provides the inhibition
efficiency of ~20%, whereas the addition of 80mg of the
compound to each litre of solution provides an ~65% inhibi-
tion efficiency, and at the concentration of 400mg/l, the
inhibition efficiency rises to ~85%.

The adsorption of the inhibitor at the steel surface fairly
obeys the Langmuir adsorption model. The Gibbs energy of
sorption equals −27kJ/mol, which means that the nature of
the sorption is physical due to the electrostatic interactions [19].

The UV spectra of the inhibitor and its mixtures with
both ferrous and ferric ions differ significantly, which means
that the studied compound forms chelates with these ions in
acidic environments.

Table 3: The results of the EIS measurement of the corrosion rates.

cinh (ppm) Rs (ohm)
Constant phase element parameters

Rct (ohm) η (%)
P (kohm−1·sn) n Cdl (μF) d (pm)

0 0.61 0.49 0.88 333 8.5 130 —

3.2 0.58 0.54 0.88 240 11.8 160 18.9

16 0.62 0.55 0.89 227 12.5 215 39.3

80 0.59 0.57 0.87 171 16.6 359 63.8

400 0.63 0.85 0.92 116 24.6 844 84.6
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Figure 10: The plot of cinh/η vs. cinh for the adsorption of the inhibitor on the steel surface.

Table 4: The parameters of the Langmuir adsorption model.

Cinh (ppm) η Cinh/η Regression equation Kads ΔadsG (kJ/mol)

3.2 0.205 14.7

cinh/η = 1 08 ± 0 03 · cinh + 19 ± 7
R2 = 0 998 0 05 ± 0 02 −27 ± 116 0.460 34.8

80 0.680 117.6

400 0.892 448.4
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The inhibition mechanism might be linked with the dis-
placement of the water molecules adsorbed on the steel sur-
face by the inhibitor molecules and the formation of the
protective film. In addition, the inhibitor in the solution
forms complex compounds with the formed ferrous or ferric
ions, which shifts the corrosion potentials to the more posi-
tive values.

In the studies [5–7], the inhibitory action of ambroxol
hydrochloride on the corrosion of mild steel in 1М hydro-
chloric [5, 6] and 1М sulphuric acids [6, 7] was studied.
From the gravimetric and electrochemical tests, it was
shown there that the additions of ambroxol hydrochloride
at the concentration levels from 1 to 9% (from 10 to 90 g/l)
slow the corrosion processes down to 50–90%.

Therefore, the implementation of the ambroxol derivative
allows to achieve the comparable values of inhibition efficien-
cies with those of underivatised ambroxol, but using the 30-40
times less concentrated inhibitor solution. This confirms the
fact [8] that the chemical modification of pharmaceuticals

improves their inhibitory properties. The availability of the
source reagents (ambroxol and salicylaldehyde) and the sim-
ple synthesis protocol make the compound 2-(6,8-dibromo-
3-(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-
yl)phenol a prospective corrosion inhibitor for industrial use.

12. Conclusion

A synthesis of the compound 2-(6,8-dibromo-3-(4-hydroxy-
cyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-yl)phenol from
ambroxol hydrochloride and salicylaldehyde was performed.
The structure of the obtained compound was investigated
using UV, IR, Raman, and 1H NMR spectroscopy, and the
consistency of the obtained spectra with the literature data
is confirmed.

The inhibitory ability of the synthetised compound on the
corrosion of mild stainless steel EN Fe37-3FN in 0.5M hydro-
chloric acid medium was investigated using gravimetric and
electrochemical methods, as well as EIS. It was shown that
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Figure 11: The UV spectra of 1: ambroxol derivative in 0.5M HCl and 2: equimolar mixture of AD + ferric chloride in 0.5M HCl.
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9International Journal of Corrosion



the addition of 3mg/l of the compound reduces the corrosion
rate by 20% and the addition of 400mg/l by 85%. From the lit-
erature data, the similar inhibition efficiency using the under-
ivatised ambroxol could only be achieved by using 30-40-fold
inhibitor concentrations. This makes the 2-(6,8-dibromo-3-
(4-hydroxycyclohexyl)-1,2,3,4-tetrahydroquinazolin-2-
yl)phenol a prospective compound for reducing the steel cor-
rosion rate in acidic environments.
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