
INTRODUCTION
Azo compounds and their metal complexes are utilized 
extensively as corrosion inhibitors in the industry and in 
medicine as anti-oxidant, antimicrobial and anti-inflammatory 
agents.1-5 Numerous organic compounds with hetero-atoms 
like the nitrogen, oxygen, phosphorous, and sulphur and 
π-electrons in triple bonds or conjugated double bonds have 
been studied as metal corrosion inhibitors.6,7 Many of these, 
including methoxyanilin, acetophenone, and curcumin, were 
listed as corrosion inhibitors and were discovered to have 
effective corrosion inhibition properties.8-10 The effectiveness 
of the inhibitors raises in a range of the O<N<S<P. It depends 
upon a variety of factors, including a number of active 
adsorption centers that are present in a molecule, its size, 
its charge densities, the manner of adsorption, and metallic 
complexes’ formation.11-14 The capacity of Schiff base ligands 
to create stable, densely packed complexes in the area of metal 
ion coordination introduces a new class of compounds for 
corrosion prevention. The presence of >C=N- groups causes the 
Schiff bases to become adsorbed on the metals’ surface. Due 
to acting as a significant corrosion inhibitor, this adsorption 

characteristic causes a monolayer to spontaneously grow on 
the metal’s surface.15-17

MATERIALS AND METHODS

Materials 
Merck and BDH have provided all chemicals. 
Instrumentation
FTIR spectra were captured with a KBr disk and a Shimadzu 
8400 in the 400 to 4,000 cm-1 range. The TGA-DSC thermal 
analysis was examined and characterized. CHNS was 
conducted on Elemental from EuroEA.
Compound Preparation

Syntheses of 1-(4-((2-amino-5-methoxyphenyl) diazenyl) 
phenyl) ethan-1-one 
4-Aminoacetophenone (0.002 mol) was combined with  
(10 mL) distilled water, (10 mL) ethanol, and (2 mL) HCl in 
a flask with a round bottom, and the mix was cooled to 0 to 
5oC for 30 minutes. The mixture is after added gradually 
while being constantly stirred to generate 4-methoxyaniline 
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(0.002 mol) in a NaOH solution with a pH of 5 to 6. After that, 
filtration, recrystallization, and drying with anhydrous calcium 
chloride give a green precipitate with a yield of 30% and an 
M.P. of 196 to 199°C, according to scheme 1. 
Synthesis of metal complexes [Ni (II), Hg (II) and La (III)] 
with ligand (L) & curcumin
The process of creating (1:1:1) chelate complexes of the metal, 
curcumin and ligand (L) involved dissolving (8 mmole) L in 
10 mL of absolute ethanol, which was after combined with 
a solution containing metal chloride salts of (NiCl2.6H2O, 
LaCl3, and HgCl2) and (8 mmole) curcumin in 20 mL of 
absolute ethanol. Complexes were isolated after the mix has 
been refluxed for a time period (3 hours) over a water bath. 
The finished product has undergone filtering, ethanol washing, 
and vacuum drying scheme 2.

RESULTS AND DISCUSSION

FTIR of the Compounds
Compound [L] has been synthesized in scheme 1 by reacting 
4-aminoacetophenon, 4-methoxyanilin, and sodium nitrate in 
hydraulic acid. The compound [L]’s FTIR shows appearance 
of the bands at 1525 cm-1, which are related to (N=N), and 
the disappearance of 2 bands of absorption at (3444 & 
3194 cm-1), which are related to, respectively, symmetrical and 
asymmetrical (-NH2) group stretching (Figure 1). Some of the 
transition metal complexes of this ligand and curcumin are 

shown in the synthesis scheme, including Hg(II), Ni(II), and 
La(III). All complexes were synthesized by reacting compound 
[L] with curcumin and metal salt in ethanol (Figure 2). FTIR 
of complexes [Ni(cur)(L)(H2O)2]Cl, [Hg(cur)(L)(H2O) 2]Cl, 
[La(cur)(L)(Cl)2], Figures 3, 4 and 5) shown band shifting 
at 1683, 1624 cm-1 due to carbonyl group to higher or lower 
and appearance of bands at 3365, 2308 cm-1 which have 
been connected to the stretching hydroxyl group, in the end, 
appearance of the bands at (450–557 cm-1) because of (M-N) 
and at (621–628 cm-1) as a result of the (M-O) that confirm 
metal coordination with the donor atoms. Table 1 displays the 
compounds’ FTIR spectra.18,21

Electronic Spectral Data for Complexes
UV-vis of the ligand[L] and curcumin Figures 6 and 7 spectra 
mainly characterized by two absorption peaks at (268, 334 nm) 
and (240, 304 nm) that had been assigned to ( n → π*) and ( π 
→ π *), respectively. These electronic transitions were shifted 

Scheme 1: Ligand (L) Synthesis

Scheme 2: Complex synthesis

Figure 1: FTIR of ligand (L)

Figure 2: Curcumin FTIR

Figure 3: [Ni(cur)(L)(H2O)2]Cl FTIR
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Table 1: The characteristic infra-red bands for free ligands and its metal complexes

Compound Colors MP. υ (NH2) υ (O-H) υ (C-O) υ (N=N) υ (M-N) υ (M-O)
L Brown 201-205 34443194 ------ 1672 1525 -- ---

Curcumin Orange 183–185 ---- 3,502–3,200 1,627 ---- -- --

L+ Cur.+Ni Dark brown ˃300 28372390 3365 1600 1508 462 596

L+cur.+Hg Red-brown ˃300 28352358 3365 1591 1508 474 542

L+Cur.+La Dark yellow ˃300 30002835 3390 1614 1587 453 518

Table 2: Electronic results of the conductivity as well as the compounds

Comp
ound

condu
ctivity

 λ (nm)  υ- (cm-1)  ε max
 L/mol.
cm

 Transitions 

Curcumin -----
 268  37313  530  π→π*

 334  29940  538  π→π*

 434  23041  2065  n→π*

L -----  240  41700  1038  π→π*

 304  32900  661 n →π*

 383  26100  2306  n→π*

[Ni(cur.)
(L)
(H2O)2].
Cl

1:1  320  31300  798  π→π*

420 23800 879 3A2g→3
T1g(P)

444 22500 758 3A2g→3
T1g

686  14600  2  3A2g→3
T2g

[Hg(cur.)
(L(H2O)2].
Cl

1:1 319 31300 589 π→π*

422 23700 827 Charge 
transfer

[La(cur.)
(L)(Cl)2]0

neutral  235  42600  627  π→π*

 268  37300  455 n→π*

 400  25000  1377 Charge 
transfer

Figure 4: [Hg(cur)(L)(H2O)2]Cl FTIR

Table 3: Thermal analyses of [Ni(cur)(L) (H2O)]Cl2 and ligand (L)

Complex Stages

Decomposition 
Temperatures
Initial-Final 
(°C)

Estimated 
(computed)

Assig
nmentsMass 

Loss

Total 
mass 
Loss

L 1 120–594.515 7.46
(7.49)

10.50
(10.51)

-(C4H4
N2O2)

[Ni(cur)(L)
(H2O)2]Cl 

1 100–330.148 7.88
(7.89) 5.62

(5.63)

-(C19H
18O6Cl)

2 330.14–594.90 2.48
(2.49)

(C8H7O) 

Figure 5: [La(cur)(L)Cl2] FTIR

Figure 6: Electronic spectra of the ligand L

Figure 7: Electronic spectra of the Curcumin
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toward lower or higher frequency values in electronic spectra 
of each one of the prepared complexes, ligand’s coordination 
with metal ions are verified. 

Electronic Ni (II) complex Figure 8 spectrum showed 4 new 
absorption peaks at (320 and 420 nm) could be given to intra 
ligand (Table 2). The other peak at the value (444 nm) resulted 
from (d-d) electronic transition type 3A2g→3T1g while final 
peak at the value of (686 nm) 3A2g→3T2g. These peaks were 
in agreement with octa-hedral geometry for Ni (II) complex. 

Hg(II) complex’s electronic spectrum, as Figure 9 shows 
peaks of absorption at (319, 422 nm), respectively indicates 
(π → π *), ( n → π*), metal ion of these complex kinds belong 
to the d10 system and that metal had not shown any (d-d) 
electronic transitions.

Electronic spectra of the La(III) complex Figure 10 
shows peaks of absorption at 325, 268 and 400 nm indicates 
(π → π *), ( n → π*) and charge transfer, respectively, metal 
ion of those complex types belong to d0 system and that metal 
had shown no (d-d) electronic transition.22-25

Thermal Decomposition of [Ni(cur)(L)(H2O)2]Cl and 
ligand (L)

Thermal decomposition of ligand (L)
In Figure 11, a thermo-gram for C15H15O2N3 is shown. The 
peak in the TGA curve at 594.515℃, which was identified, 
is connected to the loss of (C4H4N2O2) quantities (det. = 
7.46 mg, 41.47%; calc. = 7.49 mg). C11H11N was given final 
portion of the compound that was seen above 594.515 (det. 
= 10.50, 58.36%; calc. = 10.51 mg). Peaks at 89.1, 198.9, and 

309.5℃ on the DSC analytical curve demonstrated a process of 
endothermic decomposition. Peaks at 185, 220, and 560℃ have 
been connected to exothermic processes of decomposition.
Thermal Decomposition of [Ni(cur)(L)(H2O)2]Cl
Figure 12 depicts the thermogram for [Ni(cur)(L)(H2O)2]
Cl (Table 3). The TGA curve shows a peak at 330℃ that 
corresponds to the loss of (C19H18O6Cl) quantities (det. = 
7.88 mg, 49.28%; calc. = 7.89 mg). The second step showed the 
loss of the (C8H7O) fragment at 594°C (obs. = 2.48 mg, 15.5%; 
calc. = 2.49 mg). NiC9H13O3N3 was given final portion of a 
compound that was noticed above 594.9 °C (det. = 5.62, 35.18%; 
calc. = 5.63 mg). The DSC analysis curve has demonstrated that 
the peaks at 109.5, 241.5, and 286.9℃ indicate the endothermic 
decomposition process. The exothermic decomposition 
processes have been linked to the peaks that were seen at 
205, 280, and 480℃. The exothermic argon environment. 
The breaking of the metal-ligand link can be seen in the final 
endothermic pinnacle.26

Figure 8: Electronic spectra of [Ni(cur)(L)(H2O)2]Cl

Figure 9: Electronic spectra of the [Hg(cur)(L)(H2O)2]Cl

Figure 10: The electronic spectrum of [La(cur)(L)(Cl)2]

Figure 11: Thermal analysis of ligand (L)

Figure 12: Thermal analyses of [Ni(cur)(L)(H2O)2]Cl
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Biological screening: Test of antibacterial activities 
The present study used agar diffusion method to examine the 
synthesized compounds’ antibacterial effects against the strains 
of S. aureus (G+), E. coli (G), Pseudomonas (G-), and Proteus 
(G-). 27,28 According to the data in Table 4 and Figure 13, every 
compound has demonstrated biological activity against the 
four bacterial types after being dissolved in ethanol to produce 
a final (0.001 mg/mL) concentration, with the exception of 
Ni-complex with the Pseudomonas, which does not have any 
biological activities [zone of inhibition =0].
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