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Abstract
The divalent copper, cobalt, nickel and cadmium in addition to the trivalent iron complexes of the ligand named (E)-1-((4,6-
dimethylpyrimidin-2-ylimino)methyl)naphthalen-2-ol were synthesized by the reaction of the ligand with different metal 
chlorides. The Structures and geometry of the metal chelates have been successfully deduced applying various analytical and 
spectroscopic tools such as elemental analysis, molar conductance, TGA, magnetic moment measurements, IR, 1H-NMR, 
EI-mass and UV–Vis spectral studies. The X-ray single crystal structure of the ligand has been also discussed. Spectral 
studies and analytical results supported the monobasic bidentate behavior of the ligand connecting the metal ion centers via 
deprotonated phenolic OH and imine nitrogen. In the case of Cu(II) complex, the pyrimidine nitrogen took part in coordi-
nation to the Cu center. The results ensured the monometallic character of the chelates having 1:2 (M:L) ratio for copper, 
cobalt and nickel and 1:1 (M:L) ration for iron and cadmium complexes. The molar conductance data ensured that all the 
metal complexes are non-electrolytic type of complexes. All the complexes have been proved to have octahedral geometry. 
The antimicrobial activities of the synthesized metal chelates were evaluated against different bacterial and fungal strains. 
The synthesized ligand and its complexes were also examined as inhibitors for the corrosion of mild steel in 1.0 M H2SO4 
at 25 °C using various techniques. The experimental outcomes indicated that the inhibition efficiencies of the tested com-
pounds increased as their concentrations increase. The obtained inhibition efficiencies were interpreted on the basis of strong 
adsorption of the inhibitor molecules on the surface of mild steel and composing good protection films. The adsorption was 
found to obey Langmuir adsorption isotherm. The results achieved from all applied techniques are obviously compatible.
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1  Introduction

The extensive usefulness of pyrimidine-based compounds 
is fundamentally due to their implementations in alternative 
fields such as pharmaceutical, agrochemical, and phytosani-
tary industries [1, 2]. Recently, there is a great interest in the 
synthesis of pyrimidine metal complexes due to biological 
activity including antiviral, antimalarial, antibacterial and 
antitumor activities [3]. Moreover, numerous number of 
therapeutics dependent on luminescent heterocyclic metal 
chelates with interesting characteristics has illustrated in 
literature, and related complexes may be used in the area of 
materials science as optical material preparations [4]. Even-
tually, such compounds may be also employed as significant 
design for bioinorganic systems, such as metalloproteins, 
photosensitizers and catalysts [5]. Schiff base metal com-
plexes, as a class of inorganic compounds, are classified as a 
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group of compounds of great interest and studied extensively 
due to their attractive chemical and physical characteristics 
and their broad range of implementations in different scien-
tific fields. The applications of this class of compounds have 
been extremely developed in recent years, and such studies 
have been the subject of many papers and reviews [5–11].
These complexes have wide applications in some biological 
respects [12–14], organic catalysis [15–17], oxygen carry-
ing [18] and as corrosion inhibitors particularly in acidic 
medium for alternative alloys and metals [19–22].

Corrosion of metals and alloys is a serious problem and 
it is receiving more attention by corrosion scientists all over 
the world because of its dual impacts on both economy and 
safety. The use of corrosion inhibitors is regarded as one of 
the most efficient and economical processes to safeguard the 
surfaces of metals and alloys against corrosion in attacker 
media. Corrosion inhibitors are usually organic compounds 
containing hetero atoms, unsaturated bonds and plane con-
jugated systems [23–27]. Corrosion inhibition by organic 
compounds is due to their adsorption on the metal surface to 
form protective layers acting as insulator between the metal 
surface and the corrosive medium [28–30]. Such adsorp-
tion depends on the nature of the metal, the kind and con-
centration of the corrosive medium and also on the chemi-
cal structure of the inhibitor molecule [29]. Furthermore, 
adsorption of organic inhibitor on the metal surface depends 
on its functional group, the probable steric effects and elec-
tronic density of donor atoms in the inhibitor [31, 32]. On 
the other hand, steel alloys are major building materials and 
are widely used in broad areas of industrial applications, and 
almost in everyday life because of their good mechanical 
properties. However, these steel alloys and other metals and 
alloys suffer from corrosion phenomena in some environ-
ments [33–35]. Fortunately, the synthesized ligand (HL) and 
its complexes (C1 to C5) are compounds that involve hetero 
atoms such as N and O, unsaturated bonds and plane conju-
gated systems in their structures which make them worthy 
to be employed in the area of corrosion inhibition of metals 
and alloys [30–33]. Based on these facts, the objectives of 
the current study are extended to investigate (HL) and its 
complexes (C1 to C5) as corrosion inhibitors for mild steel 
in sulfuric acid solutions using alternative techniques and 
compare between them in their inhibition efficiencies.

2 � Experimental

2.1 � Materials and Methods

2-Amino-4,6-dimethylpyrimidin, 2-hydroxy-1-naphthalde-
hyde and all other chemicals and solvents used in the current 
study were purchased from Aldrich, Merck and/or across 
companies and have been used as received. CHN content 

of the new synthesized compounds were analyzed using 
Perkin-Elmer 2400 CHN Elemental instrument. Infrared 
spectra were recorded by the aid of Perkin–Elmer 1430 IR 
spectrophotometer at 4000–400 cm−1 range as KBr disks. 
EI-MS of the ligand was recorded at 70 eV. The 1H-NMR 
spectra were carried out using a Varian Mercury Oxford 
NMR 300 Hz spectrophotometer after dissolving the sam-
ples in DMSO d6 using tetramethylsilane as internal standard 
by dissolution of the ligand in d6-DMSO. Molar conduct-
ance of metal chelates dissolved in DMF was measured 
from 10−3 M solutions at 25 °C using a 523 conductivity 
bridge instrument. The thermogravimetric analysis (TGA) 
of the synthesized compound was measured by the aid of 
Schimadzu TG-50 thermogravimetric instrument at 10 °C/
min heating rate under N2 environment from ambient tem-
perature up to 800 °C. The UV–Vis spectra were measured 
on a Shimadzu UV–Vis 240 spectrophotometer. The mag-
netic susceptibilities of the solid chelates were measured 
at 25 °C using Gouy’s method. Thermostated PGSTAT30 
potentiostat/galvanostat connected to a three-electrode elec-
trochemical cell was used to evaluate the inhibition efficien-
cies of the synthesized compounds using potentiodynamic 
polarization (PP) and electrochemical impedance spectros-
copy (EIS) techniques. The working electrode was a mild 
steel rod pressing into a Teflon holder in which the electrode 
area which is in direct exposure to the corrosive media was 
0.5 cm2. Before each experiment the working electrode was 
contemporized as previously reported [23, 24], then it was 
placed immediately into 1.0 M H2SO4 (corrosive medium, 
blank) and/or the desired inhibitor concentration at open cir-
cuit potential (OCP) until a steady state was reached.

2.2 � Synthesis of the Schiff Base HL

Schiff base compound named (E)-1-(((1H-benzo[d]imida-
zol-2-yl)methylimino) methyl)naphthalen-2-ol was obtained 
by modification of the previously reported method [36] in 
which 1.72 g (0.01 mol) of 2-hydroxy-1-naphthaldehyde 
dissolved in 30 ml of boiled EtOH was slowly added to a 
30 ml of boiled and stirred ethanolic solution containing 
2-amino-4,6-dimethyl pyrimidine (1.23 g, 0.01 mol). The 
obtained mixture was then allowed to reflux for half an hour 
through which bright yellow poly crystalline precipitate was 
obtained. The resulting precipitate was directly filtered off, 
rinsed three times with EtOH followed by ether and eventu-
ally dried under vacuum. Needles like crystals of the ligand 
suitable for X-ray single crystal measurements were obtained 
by slow vaporization of ethanolic solution of the ligand over 
3 days. Yield: 2.38 g (85%).m.p. 186 °C. Anal. Calcd (%) 
for HL(C17H15N3O; 277.32 g mol−1): C, 73.63; H, 5.45; N, 
15.25. Found: C, 73.49; H, 5.46; N, 15.37. EI-mass spec-
tra m/z = 277. IR (cm−1, KBr phase): 3422(w, br), 1627(s), 
1538(s), 1202(m). 1H NMR (300 MHz, DMSO-d6, δ, ppm): 
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δ: 14.35 (s, 1H, ArOH), 9.506 (s,1H, CH=N), 8.148–6.637 
(d or m, 6H, Ar–H), 6.214 (s, 1H, CHpyrimidine), 2.157 (s, 
6H, CH3).

2.3 � Synthesis of Metal Chelates (C1–C5)

The metal chelates (C1–C5) are synthesized by slow addi-
tion of a hot methanolic solution containing 0.001 mol 
of the metal chlorides (0.17 g of CuCl2·2H2O, 0.238 g of 
CoCl2·6H2O, 0.237 g of NiCl2·6H2O, 0.27 g of FeCl3·6H2O 
or 0.183 g of CdCl2) to a hot methanolic solution contain-
ing 0.277 g (0.001 mol and 20 ml) of HL. The resulting 
mixtures were allowed to heat under reflux for 4 h at 70 °C 
within which colored products were formed. The products 
were separated from the hot solutions by vacuum filtration, 
washed with methanol and ether and finally dried under 
vacuum.

2.4 � Determination of Single Crystal Structure

Structure determination of 1 was done at the National 
research center in Egypt through a Kappa CCd Enraf–Non-
ius FR 90 four circle goniometer having graphite monochro-
matic MoKα radiation {[λMoKα] = 0.71073 Å} at 25 ± 2 °C. 
Direct methods were used in solving the structure of HL 
[37]. All of the non H-atoms were placed from the primary 
solution or from subsequent electron density difference maps 
through the primary refinement procedures. After all the 
non H-atoms in the compound construction are located, the 
model was refined against F2, at first by the use of isotropic 
displacement parameters and finally by using anisotropic 
ones. Positions of H-atoms were calculated and refined iso-
tropically, and the final cycle of refinements was achieved.

2.5 � Antimicrobial Activity

Antimicrobial efficiency of the compounds under interest 
was tested using disc-agar diffusion method [38] against the 
sensitive microorganisms Escherichia coli as Gram-negative 
bacteria, Staphylococcus aureus as Gram-positive bacteria, 
Aspergillus flavus and Candida albicans as fungi. Standard 
discs of Tetracycline (Antibacterial agent), Amphotericin B 
(Antifungal agent) used as +ve controls for antimicrobial 
efficiency. Filter discs immersed in 10 µl of dimethyl sul-
foxide were used as a −ve control [12].

2.6 � Corrosion Inhibition Experiments

Corrosion and corrosion inhibition tests were carried out on 
mild steel rods of the composition (wt%): 0.07% C, 0.07% 
Si, 0.012% S, 0.021% P, 0.29% Mn and the remainder is iron. 
Weight-loss (WL) experiments were performed on cylindri-
cal rods of mild steel with areas closed to 10 cm2 and were 

prepared for these measurements as mentioned earlier [23, 
24]. The corrosion rate (CR) was determined in mpy using 
the following equation [39]:

where K is a constant (3.45 × 106), W is the weight loss in 
mild steel sample in grams, A is the exposed sample area in 
cm2, t is time in hours and d is the density of steel sample in 
g/cm3. The inhibition efficiency (% IE) of the inhibitors was 
calculated by the following equation [39]:

where CR and CRinh are the values of corrosion rate in the 
absence and presence of inhibitor, successively.

In both PP and EIS technique the values of % IE of the 
inhibitors were calculated as reported earlier [23, 24].

3 � Results and Discussion

The synthesized chelates were found to be highly stable in 
air. They are slightly soluble in methanol and ethanol while 
easily soluble in DMSO and DMF and completely insolu-
ble in water, hexane and diethyl ether. Molar conductivity 
values of 10−3 M solution of compounds C1–C5 in DMF 
are within 12.5–19.6 O−1cm2 mol−1 range, confirming the 
non-electrolytic manner of such chelates. On the basis of 
elemental analysis and mass spectral results, the complexes 
were assigned the composition shown in Table 1.

3.1 � Crystal Structure of the Ligand HL

Crystal structure of the organic ligand HL was identified 
using X-ray single crystal measurement. The crystallo-
graphic data in addition to the refinement parameters are 
depicted in Table S1; bond lengths and angles are presented 
in Tables S2 and S3. Crystallographic data showed that HL 
crystallizes in monoclinic with P21/n space group. The 
asymmetric unit contains one ligand molecule; Fig. 1. The 
naphthyl and pyrimidine moiety attached to the azomethine 
group are oriented in a trans fashion as expected. All the 
bond lengths are found to be within the normal values when 
compared with correlated ligands [40, 41]. The molecule is 
found to exhibit good planarity. The plane compressing the 
naphthyl carbon is canted with respect to the plane contain-
ing the 4,6-dimethylpyrimidine ring atoms at angle of 2.84°.

The conformation of the molecule is stabilized by one 
intramolecular hydrogen bond that is O1–H1···N4 and no 
intermolecular hydrogen bonds are involved (Fig. 2). The 

(1)CR =
KW

Atd

(2)% IE = � × 100 =

[

1 −
CR

inh

CR

]

× 100
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compound displayed no obvious face-to-face π stacking 
interaction between the adjacent aromatic rings (Fig. 2).

3.2 � NMR Spectra

1H-NMR spectra of the ligand (HL) and Cd(II) complex C5 
were recorded in d6-DMSO using tetramethylsilane (TMS) 
as internal standard (Figs. 3, 4). The ligand spectrum dis-
played two resonances at 14.35 and 9.5 ppm that to the phe-
nolic OH and CH=N protons, respectively [37]. The signal 
appearing at 14.35 ppm completely disappeared upon adding 
D2O confirming its assignment to OH group. Pyrimidine CH 
proton appeared as singlet at 7.05 ppm [36]. The aromatic 
protons of the naphthyl ring featured as doublet and multi-
plet signals in the range 8.9–6.21 ppm and the six protons of 
the methyl groups appeared as singlet at 2.15 ppm [36, 42]. 

In the spectra of Cd(II) complex C5, electron den-
sity shift from the ligand to the metal is observed which 

strongly supported the deprotonation of the phenolic group 
[43]. Signal of azomethine proton appeared deshielded at 
10.77 ppm, compared to 9.5 ppm in the HL, supporting its 
coordination to the metal center via nitrogen atom [43, 44]. 
The aromatic protons of the naphthyl ring appeared almost at 
the same positions as in the ligand, with small shift in some 
signals as doublet and multiplet signals within the range 
8.82–6.43 ppm while methyl groups protons appeared over-
lapped with the solvent protons.

3.3 � Mass Spectroscopy

Mass spectra of the ligand and its complexes have been 
measured in order emphasize the composition and pure-
ness of the isolated complexes. Figure 5 shows the EI-mass 
spectrum of complex C4, as an example, and its fragmenta-
tion pathways are indicated in Scheme 1. The mass spec-
trum of HL and complexes C1–C3 and C5 are illustrated 
in Figs S1–S5 Mass spectra of HL and complexes C1 and 
C5 showed the molecular ion peak at m/z 277, 616 and 478, 
respectively. These fragments assigned to the predicted 
molecular weights of the compounds. For complex C2 and 
C4 the molecular ion peak appeared at m/z 663 and 451 that 
assigned to M−2 and M+3, respectively. For compound C3, 
the molecular ion peak assigned to the molecular weight of 
the compound without H2O of crystallization. Spectrum of 
complex C4 showed fragments at m/z 451, 437, 420, 403, 
331 and 305 which assigned to the fragments having the for-
mulae [LFe(H2O)2Cl2]0.5H2O, [LFe(H2O)2Cl2], [LFe(H2O)
Cl2], [LFeCl2], [LFe] and [L′Fe] (where L′ is 1-(Pyrimi-
din-2-yliminomethyl)-naphthalen-2-ol); calcd. molecular 
weights are 448, 439, 421, 403, 332 and 304, respectively, 
confirming the formation of the complex as proposed.

Table 1   Elemental analysis data 
and some physical properties of 
the organic ligand and its metal 
complexes

a Calculated from mass spectrum
b Decomposition temperature
c Calculated from thermal analysis

Compound Color
(Λm)a

m.p
(yield  %)

Elemental analysis cal. (found) Mol. wt.

No. Structure C% H% N% M%c

HL C17H15N3O Yellow 186
84

73.63
(73.49)

5.45
(5.46)

15.25
(15.37)

– 277.32

C1 [L2Cu]
C34H28CuN6O2

Brown
(12.5)

256b

56
66.27
(66.36)

4.58
(4.66)

13.64
(13.73)

10.31
(10.62)

616.17

C2 [L2Co(H2O)2]H2O
C34H34CoN6O5

Deep yellow
(15.3)

260b

67
61.35
(61.53)

5.15
(5.24)

12.63
(12.41)

8.85
(8.15)

665.6

C3 [L2Ni(H2O)2]2H2O
C34H36NiN6O6

Yellowish green
(18.5)

> 300 59.76
(59.57)

5.31
(5.12)

12.30
(12.18)

8.59
(8.12)

683.38

C4 [LFe(H2O)2Cl2]0.5H2O
C17H19Cl2FeN3O3.5

Dark Brown
(15.7)

142 45.57
(46.81)

4.27
(4.72)

9.38
(9.25)

12.46
(12.17)

448.1

C5 [LCd(H2O)3Cl]
C17H20CdN3O4

Brown
(19.6)

290b 42.70
(42.65)

4.22
(4.12)

8.79
(8.63)

23.51
(23.02)

478.22

Fig. 1   Molecular structure of HL showing the atom-labeling scheme. 
Displacement ellipsoids are drawn at the 50% probability level
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3.4 � FTIR Spectral Studies

Explanation of the IR spectra is a very beneficial method 
that is used to assure the mode of binding of ligand to 
metal ion. IR spectra of the ligand and complexes C1–C5 
are illustrated in Fig. S6 while the most significant IR 

spectral bands that are used to identify the ligand func-
tion groups which bind to the metal ion are depicted in 
Table 2. The spectrum of HL exhibited two peaks at 1627 
and 1538 cm−1 assigned to υ(C=N) of the imine group 
and pyrimidine ring, respectively. The first band (of imine 

Fig. 2   Two-dimensional view of HL along bc plane indicating the one intramolecular hydrogen bonds O–H···N

Fig. 3   1H-NMR spectrum of HL in d6-DMSO (inset 1H-NMR spectrum of HL in D2O)
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group) underwent a shift in its place to higher or lower 
wavenumbers by 13–21 cm−1 in complexes spectra which 
supports the involvement of azomethine nitrogen atoms 
in bond formation with the metal ion center [37]. On the 
other hand, the second band corresponding to υ(C=N) 
of pyrimidine ring appeared nearly at the same place in 
the spectra of metal chelates indicating that this band is 
not taking part in coordination to the metal center except 
for complex C1 in which the shift of such by 13 cm−1 
is an evidence for its participation in complex formation 
through M–N bond formation. The evidence of the par-
ticipation of the phenolic-O in coordination to the metal 
ion could not be obtained unambiguously by the broad and 
strong band appeared around 3400 cm−1 as a result of the 
presence of crystallization H2O molecules however the 
downfield shift in the ligand band appearing at 1202 cm−1, 
which assigned to υ(C–O), by 7–20 cm−1 in the spectra of 
metal chelates strongly supported the involvement of the 
phenolic-O in coordination to the metal center after depro-
tonation [45].The non-ligand bands which appeared in the 
spectra of metal chelates in 510–550 and 454–480 cm−1 
ranges corresponding to υ(M–O) and υ(M–N) and confirm 
the involvement of the azomethine nitrogen and phenolic 
oxygen to the metal center [37].

3.5 � Thermogravimetric Analysis

The thermal character and thermal stability of metal che-
lates was studied and clarified by interpretation of their 
TG curves. Interpretation of the thermoanalytical data of 
the metal chelates C1–C5 are detailed in Table 3 and their 
thermograms are shown in Figs. S7–S11.

Analysis of the metal complexes thermograms showed 
that complexes C1, C2 and C3 underwent degrada-
tion within three sequential stages, complex C5 decom-
posed within four stages whereas complexes C4 decom-
posed through five steps through the temperature range 
28–800 °C. For complexes C2, C3 and C5, the first deg-
radation step appeared in the ranges 28–165, 28–159 and 
96–186 °C, respectively, and specified to the evaporation of 
lattice and/or coordinated water molecules; for compound 
C1, the first step appeared at 193–232 °C and assigned to 
the loss of four methyl attachments and azomethine moiety. 
The second decomposition step appeared within the ranges 
231–528, 165–338, 159–371 and 186–256 °C for com-
plexes C1, C2, C3 and C5, respectively, which analyzed 
to be corresponding to the loss of two pyrimidine moieties 
from compound C1, one naphthalene ring and two methyl 
attachments for compound C2 and two methyl groups + one 
coordinated chloride ion in addition to azomethine moiety 
for compound C5. The organic ligand decomposed through 
the last step of decomposition appearing within the ranges 
528–790, 338–776, 371–686, 256–705 °C for C1, C2, C3 
and C5, respectively, leading to the fashioning MO as ther-
mally stable product. Fe(III) complex C4 decomposed in 
five sequent degradation stages. The first and second step 
of decomposition appeared at 28–89 and 89–197 °C and 
specified to the vaporization of half molecule of lattice 
water and two methyl groups, respectively. Both coordi-
nated water and chloride ions are lost within the third stage 
of decomposition appearing at 197–426 °C. The organic 

Fig. 4   1H-NMR spectrum Cd(II) complex C5 in d6-DMSO

Fig. 5   Mass spectrum of complex C4 
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Scheme 1   Fragmentations pathways of C4 

Table 2   IR spectral data of 
organic ligand and its metal 
complexes

Compound νOH νC = N
ring

νC = N
imine

νC–O νM–O νM–N

HL 3422 1627 1538 1202 – –
C1 – 1610 1525 1182 550 454
C2 3389 1640 1539 1185 516 457
C3 3414 1641 1539 1187 521 457
C4 3410 1606 1535 1195 510 458
C5 3422 1643 1537 1182 524 480
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ligand decomposed within the last two successive steps 
appearing at 426–641 and 641–796 leading to the forma-
tion of Fe2O3 as thermally stable oxide along with carbon 
residue.

3.6 � Electronic Spectra and Magnetic Moments

Electronic spectroscopic tool is extremely effective way 
to distinguish between the different geometrical structures 
around the metal center. It is also a useful tool to be sure of 
the binding of ligand to the metal centers. The UV–Vis spec-
trum of HL and its metal chelates (C1–C5) were recorded 
using the Nujol mull method (Fig. S12). The free ligand 
showed intense bands at 287 and 305 nm assigned to π → π* 
and n → π* transitions of the azomethine group [46]. In case 
of complexes spectra, the first band appeared at 294, 297, 
275, 297 and 268 nm and the second band appeared at 316, 
317, 300, 317 and 309 nm in the spectra of C1, C2, C3, C4 
and C5, respectively. The red or blue shift in the place of 
such bands in the spectra of metal chelates, C1–C5, supports 
the coordination of the ligand to metal ion via the azome-
thine nitrogen [47].

In addition to these bands, UV–Vis spectrum of the 
Cu(II) complexes C1 exhibited absorption band at 587 nm 
that specified to 2Eg → 2T2g transition reported for octahedral 
configuration [48, 49]. µeff value of C1 has been calculated to 
be 1.83 B.M corresponding to an unpaired electron in Cu2+ 
center as expected.

The electronic spectra of Co2+ complex C2 exhibited 2 
bands at 548 and 630 nm assignable to 4T1g(F) → 4T1g(p) 
and 4T1g(F) → 4A2g(F) transitions, successively, assignable 
to octahedral geometrical structure [50]. Co(II) complex 
C2 had magnetic moment of 4.43 B.M which is distinctive 
of high-spin octahedral chelates [51].

The electronic spectrum of Ni2+ complex C3 showed 
2 bands in Nujol mull at 427 and 631 nm corresponding 
to 3A2g → 3T1g(P) and 3A2g → 3T1g(F) transitions, respec-
tively, which confirmed octahedral arrangement around the 
nickel center. μeff value of this complex was found to be 
3.21 B.M supporting the octahedral arrangement in Ni(II) 
compound [52].

Iron(III) complex C4 exhibited three spectral bands at 
486, 579 and 645 nm which assigned to 6A1g(S) → 4A1g(G), 
6A1g(S) → 4T2g(G) and 6A1g(S) → 4T1g(G) transitions 

Table 3   The decomposition steps, temperature range, calculated and found weight loss of the prepared complexes

Complex no.
(M wt)

Temp. range (°C) Mass loss % Assignment

Calc. Found

C1
[L2Cu]
(616.17)

28–193 – – Thermal stability
193–232 14.11 13.68 Loss of 4 methyl + 1 CH=N moieties
231–528 24.99 24.82 Loss of 2 pyrimidine moieties
528–790 47.92 48.11 Further decomposition of the ligand with the formation of CuO residue

10.31 10.62 % of Cu content
C2
[L2Co(H2O)2]H2O
C34H34CoN6O5
(665.6)

28–165 10.53 10.06 Loss of 1 lattice and 2 coordinated H2O molecules
165–338 22.84 23.37 Loss of 1 naphthalene ring + 2 methyl groups
338–776 52.13 52.76 Further decomposition of the ligand with the formation of CoO residue

8.62 8.15 % of Co content
C3
[L2Ni(H2O)2]2H2O
(683.38)

28–159 10.53 10.79 Loss of 2 lattice H2O and 2 coordinated H2O
159–371 31.35 31.90 Loss of 2 moieties of 4,6-dimethylpyrimidine
371–686 47.17 47.34 Further degradation of the ligand with the formation of NiO residue.

8.59 8.12 % of Ni content
C4
[LFe(H2O)2Cl2] 0.5H2O
(448.1)

28–89 2.01 2.59 Loss of 0.5 lattice H2O molecules
89–197 6.70 6.26 Loss of 2 methyl groups
197–426 23.70 23.27 Loss of 2 coordinated H2O + 2 coordinated Cl−

426–641 17.22 16.71 Loss of pyrimidine moiety
641–796 33.00 32.58 Further degradation of the ligand with the formation of 0.5Fe2O3 +C residue

12.46 12.17 % of Fe content
C5
[LCd(H2O)3Cl]
(478.22)

28–96 – – Thermal stability
96–186 11.29 11.30 Loss of three coordinated H2O molecules
186–256 19.34 19.67 Loss of 2 methyl + 1coordinated Cl−+CH=N
256–318 5.85 5.83 Decomposition of pyrimidine ring with the loss of N2

318–705 37.05 42.73 Further degradation of the ligand with the formation of CdO residue
23.51 23.02 % of Cd content
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indicative of high-spin octahedral geometry [53]. μeff value 
of C4 was found to be 5.6 B.M. supporting the octahedral 
high-spin d5 configuration of octahedral Fe(III) complex.

Cadmium(II) complex with d10 configuration can only 
show the charge transfer (CT) transitions which can be speci-
fied to charge transfer from the ligand to the metal and vice 
versa, no d–d transition are predicted [37, 43]. The elec-
tronic spectrum of C5 displayed two non-ligand bands at 
447 and 530 nm specified to CT transition. The apparent 
shift in ligand bands the proof for complex formation [54]. 
Also as predicted, their electronic spectra did not provide 

much useful knowledge about stereochemistry. Complex C5 
is diamagnetic, as predicted.

As a conclusion of the previous analytical and spectral 
results, the structures of the metal chelates C1–C5 can be 
represented as shown in Scheme 2.

3.7 � Antimicrobial Activity

Schiff base ligand (HL) and its metal complexes were tested 
in vitro for antibacterial effectiveness against the different 
pathogenic Gram +ve bacteria Bacillus subtilis and Staphy-
lococcus aureus, Gram −ve bacteria Escherichia coli and 
Pseudomonas aeruginosa and the fungal strains Aspergillus 
flavus and Candida albicans. The inhibition zone diameter 
in (mm/mg sample) were measured and recorded in Table 4. 
The obtained results represents that the organic ligand HL 
was completely inactive against all the tested bacterial. On 
the other hand, the tested metal chelates afforded high effi-
ciency against the tested bacterial and fungal micro-organ-
isms. Most of the metal chelates afforded the highest inhibi-
tion zone diameter against the bacterial strains Pseudomonas 
aeruginosa which is nearly equal to that of the slandered 
drug Ampicillin in the case of C1 and C4. The promising 
data was shown by the cadmium complex C5 which showed 
relatively higher efficiency against all the examined strains 
when compared with the slandered drugs Ampicillin and 
Amphotericin B. Compound C3 showed the least activity 
against the tested strains when compared with the other com-
plexes and slandered drugs. The activity of the tested metal 
chelates follow the order C5 > C4 > C2 > C1 > C3. The 
increased activity of the metal complexes when compared 
with the inactive ligand can be in general interpreted on the 
basis overton’s concept and Tweedy’s chelation theory [55].

3.8 � Evaluation of the Inhibition Efficiencies 
of the Synthesized Compounds

3.8.1 � Weight‑Loss Measurements

WL measurements of mild steel in 1.0 M H2SO4 were per-
formed in the absence and existence of different concentra-
tions of the ligand (HL) and its complexes (C1–C5) in the 
concentration range (200–800 ppm) at 25 °C. For briefly, 
weight-loss versus time curves obtained for the ligand HL 
is represented in Fig. 6. CR values of mild steel and % IE 
of all tested compounds are also calculated and listed in 
Table 5. The results indicated that CR values decreased with 
the inhibitor concentration which due to increased adsorp-
tion coverage of the inhibitor on the surface of mild steel 
with the inhibitor concentrations resulting in decrease in 
the dissolution rates of steel alloy by blocking the corro-
sion sites spread on the iron surface. Thus, the synthesized 
compounds can be considered as effective inhibitors for mild Scheme 2   Structures of the synthesized compounds C1–C5 
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steel corrosion in the investigated aggressive medium (1.0 M 
H2SO4). Careful inspection of the results (listed in Table 5 
and illustrated in Fig. 7) showed that, at the same inhibitor 
concentration, the inhibition efficiencies follows the order: 
HL > C5 > C4 > C1 > C2 > C3 indicating that the possible 
steric effects and electronic density of donor atoms of the 
compound are considered as the main roles in the adsorp-
tion process.  

3.8.2 � Potentiodynamic Polarization (PP) Measurements

The PP measurements for mild steel in 1.0 M H2SO4 in 
the absence and existence of various concentrations of the 
synthesized compounds are carried out (only PP curves 
obtained for the complex C2 as a representative exam-
ple are only shown here in Fig. 8) and the associated 

corrosion parameters are evaluated and are depicted also 
in Table 1. The data represented that addition of fixed 
concentrations of the investigated compounds to the blank 
solution shifted both anodic and cathodic branches of the 
polarization curves towards lower current density val-
ues which point out the retardation of both anodic and 
cathodic reactions resulting in an inhibition of iron cor-
rosion. Since, the inhibitor exhibited anodic and cathodic 
inhibition effects with slightly shift in Ecorr value to more 
anodic potentials, it could be deduced that such syn-
thesized compounds perform as mixed-type inhibitors 
with anodic domination [56]. The values of % IE were 
found to increase with increasing inhibitors concentra-
tions and the extent of inhibition efficiencies of the com-
pounds, at the same concentration, followed the order: 
HL > C5 > C4 > C1 > C2 > C3, in consistent with the 
results obtained from WL measurements.

3.8.3 � Electrochemical Impedance Spectroscopy (EIS) 
Measurements

Corrosion of mild steel in 1.0 M H2SO4 solution was also 
examined by EIS measurements. Nyquist plots of mild steel 
corrosion in 1.0 M H2SO4 solution containing various con-
centrations of the synthesized compounds are plotted but 
only Nyquist plots for the complex C4 is illustrated in Fig. 8. 
The values of Rct and %IE are also listed in Table 1. Fig-
ure 9 illustrated that, for all examined compounds, the size 
of the capacitive semicircle of mild steel in the corrosive 
medium (1.0 M H2SO4 solution) increased significantly 
after the addition of the inhibitor indicating a decrease in 
the rate of mild steel corrosion, and this behavior increased 
with increasing inhibitor concentration. Also, increasing 
Rct value with the inhibitor concentration indicates that the 

Table 4   Inhibition zone 
diameter (mm/mg sample) of 
the tested compounds against 
number of bacterial and fungal 
strains

Comp. Inhibition zone diameter (mm/mg sample)

Bacterial species Fungi

(G+) (G−)

Bacillus 
subtilis

Staphy-
lococcus 
aureus

Escheri-
chia coli

Pseu-
domonas 
aeruginosa

Aspergil-
lus flavus

Candida 
albicans

Control: DMSO 0.0 0.0 0.0 0.0 0.0 0.0
Ampicillin Antibacterial agent 26 21 25 26 – –
Amphotericin B Antifungal agent – – – – 17 20
 HL 0.0 0.0 0.0 0.0 0.0 0.0
 C1 21 19 22 25 13 11
 C2 24 20 23 21 15 12
 C3 17 13 16 18 11 11
 C4 23 19 24 25 15 14
 C5 40 27 37 38 21 23

0 4 8 12 16 20 24
0

2
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W
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Fig. 6   Weight-loss versus immersion time for mild steel in 1.0  M 
H2SO4 solution in the absence and presence of different concentra-
tions of the ligand HL at 25 °C
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number of the inhibitor molecules adsorbed on the surface 
of mild steel increases resulting in increasing the inhibition 
efficiency [57].

3.8.4 � Adsorption Isotherm

Alternative adsorption isotherms like Temkin, Langmuir, Fre-
undlich, Frumkin, Bockris–Swinkels and Flory–Huggins, can 

Table 5   Corrosion parameters 
of mild steel in 1.0 M H2SO4 
solution and the values of  % IE 
of the synthesized compounds 
obtained from the three 
employed techniques (WL, PP 
and EIS) at 25 °C

Inh. Concn.
(ppm)

WL PP EIS

CR % IE − Ecorr
(mV(SCE)

βa
(mV/dec.)

− βc
(mV/dec.)

icorr
(µA/cm2)

% IE Rct % IE

0 225 – 497 52 47 518 – 32 –
HL 200 95 58 493 65 74 191 63 91 65

400 68 70 478 72 79 129 75 133 76
600 43 81 475 73 99 83 84 215 85
800 34 85 469 81 105 57 89 355 91

C1 200 110 51 503 59 68 233 55 78 59
400 77 66 495 68 75 166 68 106 70
600 54 76 483 73 84 119 77 145 78
800 45 80 484 85 97 109 79 168 81

C2 200 117 48 491 61 97 254 51 71 55
400 92 59 480 74 110 207 60 95 66
600 61 73 471 81 112 145 72 125 74
800 52 77 466 102 129 124 76 152 79

C3 200 126 44 493 69 88 249 52 67 52
400 99 56 491 71 89 192 63 89 64
600 65 71 485 82 102 150 71 119 73
800 56 75 479 95 104 119 77 145 78

C4 200 106 53 502 72 89 202 61 76 58
400 77 66 504 73 95 150 71 107 70
600 52 77 492 84 105 109 79 160 80
800 43 81 487 83 99 93 82 188 83

C5 200 101 55 490 69 102 201 61 80 60
400 72 68 481 81 105 140 73 110 71
600 51 77 469 82 107 98 81 178 82
800 38 83 473 79 111 78 85 202 84
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Fig. 7   Comparison between the inhibition efficiencies of the synthe-
sized ligand (HL) and its complexes (C1 to C5) for the corrosion of 
mild steel surface in 1.0 M H2SO4 solution at 25 °C
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Fig. 8   Potentiodynamic polarization curves for mild steel corrosion 
in 1.0 M H2SO4 solution in the absence and presence of different con-
centrations of the complex C2 at 25 °C
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afford knowledge about the adsorption mode of the inhibitor 
molecules. The values of fractional surface coverage (Cinh/θ) 
for the investigated compounds in 1.0 M H2SO4 solution, 
obtained from weight-loss measurements, were plotted against 
inhibitors concentrations (Cinh) and are illustrated in Fig. 10. 
These plots were found to be straight lines with approximately 
unit slopes indicating that the adsorption of the tested com-
pounds on mild steel surface in 1.0 M H2SO4 solution agree 
with the Langmuir adsorption isotherm which is given by fol-
lowing equation [58]:

(3)
C
inh

�
=

1

K
ads

+ C
inh

where Kads is the equilibrium constant of adsorption.

4 � Conclusion

Five Novel divalent and trivalent metal chelates of the ligand 
named (E)-1-((4,6-dimethylpyrimidin-2-ylimino)methyl)
naphthalen-2-ol were isolated by the reaction of the ligand 
with different metal chlorides. The isolated complexes have 
been proved by the analytical tools [L2Cu], [L2Co(H2O)2]
H2O, [L2Ni(H2O)2]2H2O, [LFe(H2O)2Cl2]0.5H2O and 
[LCd(H2O)3Cl], where L is the deprotonated ligand. The 
binding mode of the ligand to the metal and geometri-
cal structures of the metal chelates has been successfully 
deduced using the IR spectra confirming monobasic biden-
tate behavior of the ligand connecting the metal ion centers 
via deprotonated phenolic OH and imine nitrogen. In the 
case of Cu(II) complex, the pyrimidine nitrogen took part 
in coordination to the Cu center. UV–Vis spectra and mag-
netic moment confirmed the octahedral geometry around 
the metal center. The X-ray single crystal structure of the 
ligand has been also discussed. Values of the molar conduct-
ance that all metal complexes are non-electrolytic type of 
complexes. The antimicrobial activities of the synthesized 
metal chelates were evaluated against different bacterial and 
fungal strains. The obtained data displayed that the metal 
chelates had high activity against the tested bacterial and 
fungal strains and complex C5 showed increased activity 
over all the other metal complexes and also the slandered 
drugs. The synthesized ligand and its complexes were 
employed as efficient inhibitors for the corrosion of mild 
steel in 1.0 M H2SO4 solution. Adsorption of the tested 
compounds on mild steel follows the Langmuir adsorption 
isotherms. The extent of inhibition efficiencies of the com-
pounds followed the order: HL > C5 > C4 > C1 > C2 > C3. 
The results obtained from the applied techniques are com-
patible with each other.

5 � Supplementary Materials

The crystallographic supporting results of HL are found on 
CCDC 1888982. These data can be obtained reaching the 
link http://www.ccdc.cam.ac.uk/conts​/retri​eving​.html or 
directly from the Cambridge Crystallographic Data Center.
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