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 Abstract: Five new lanthanide complexes based on azomethine (Schiff bases) ligands 
have been synthesized, including La, Nd, Er, Gd, and Dy. Complexes were synthesized 
using the azomethine Schiff bases resulting from condensation reactions between 4-
aminoantipyrine and acetonylacetone. The structural characteristics of azomethine 
obtained are characterized quantitatively and qualitatively through various 
techniques, including elemental analyses, magnetic susceptibility measurement, 
molar conductivity, infrared, ultraviolet absorption, GC-mass, and 1H- and 13C-NMR 
spectroscopy studies. The structural characteristics of Ln+3 complexes indicate that the 
complexes possess a composition of a specific type. Based on the elemental analyses, 
magnetic susceptibility measurement, molar conductivity, and ultraviolet absorption 
spectroscopy data, it can be inferred that the central metal ion is surrounded by a 
coordination number of 10, the general formula of [Ln(L)2(NO3)]·nNO3nH2O. The 
physical measurements confirmed that the synthesized complexes exhibit non-
electrolyte behavior and paramagnetic properties. The antibacterial activity of the 
compounds was assessed in vitro against 4 pathogenic strains: E. coli, S. aureus, K. 
pneumoniae, and S. mutans. The evaluation was conducted using the agar disc 
spreading method. The results demonstrated that certain complexes exhibited 
significant antibacterial efficacy in comparison to the biological activity of the ligand. 
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■ INTRODUCTION 

Microwaves exhibit a wavelength range of 0.1 to 
100 cm, corresponding to frequencies ranging of 0.3 to 
300 kHz. These waves are situated between the far 
infrared and radio waves. Microwaves cannot break 
bonds because the energy is insufficient. Photon is a form 
of energy, not thermal energy. Their interaction with the 
medium through which they can be reflected, 
transmitted, or absorbed transforms them into heat. Rays 
are converted by some liquids or solids. Heat is produced 
by electromagnetism, which results in chemical reactions. 
As a result of the interest in microwave-assisted chemical 
synthesis, this method grew rapidly. The use of this 
technology has opened up new opportunities for the 

chemical synthesis of compounds that cannot be 
synthesized using conventional heat. Microwave 
radiation interactions have been extensively researched 
since its initial application by Gedye and Majetich in 
1986. Inorganic and organic compounds are synthesized 
utilizing this technology, especially cyclic compounds, 
which have high biological effectiveness [1-3]. 

In recent decades, there has been significant interest 
in Lanthanide Schiff base complexes due to their possible 
applications in magnetism, catalysis, antioxidants, and 
medicine [4-6]. Among the numerous organic ligands, the 
Schiff base ligands coordinate with transition metals and 
lanthanide ions, leading to a diverse family of coordination 
complexes [7]. It is possible to synthesize Schiff base 
ligands by reacting aldehydes and ketones with primary 



Indones. J. Chem., 2024, 24 (5), 1470 - 1480    

 

Kawther Adeeb Hussein et al. 
 

1471 

amines under suitable conditions and which contain 
carbon-nitrogen double bonds (C=N) [8-9]. These ligands 
could coordinate easily with metals [10-11]. Based on the 
central atom's reaction conditions and influential factors, 
metal chelates tend to form at the ligand's multiple donor 
sites in various coordination modes. These coordination 
C=N linkage plays a crucial role in the biological activity 
of azomethine derivatives [12-13]. Particular azomethines 
have been recorded to demonstrate remarkable 
antibacterial, antifungal, anticancer, and antimalarial 
characteristics [14]. Coordination compounds have 
attracted the interest of scientists due to their diverse 
range of biological activities and functional properties. In 
the realm of medicinal chemistry, the development of 
novel compounds exhibiting enhanced antibacterial and 
anticancer properties is of the utmost importance [15-16]. 

In biological systems, 4-aminoantipyrine derivatives 
are crucial biomodel compounds because of their possible 
pharmacological, medicinal, and biological applications 
[17]. The investigation of new bioactive compounds 
derived from 4-aminoantipyrine is of the utmost 
importance due to their potential as analgesic, anticancer, 
antibacterial, and antiviral medications [18-19]. 
Coordination chemistry frequently employed 4-
aminoantipyrine derivatives due to their capacity to form 
coordination bonds with keto or azomethine groups. 
Derivatives of Schiff bases and 4-aminoantipyrine exhibit 
potential as antibacterial agents [20-21]. It presents 
synthesis methods and exciting structures of complexes 
containing lanthanide ions [Ln(NO3)3]·6H2O, Ln = La+3, 
Nd+3, Er+3, Gd+3, and Dy+3, as well as a summary of the role 
of lanthanides and their compounds in the diagnosis and 
study of biological efficacy. 

■ EXPERIMENTAL SECTION 

Materials 

Reagents and compounds utilized in the study 
included were acetonylacetone (96%), 4-aminoantipyrine 
(97%), absolute ethanol (99%), and lanthanide nitrate 
[Ln(NO3)3]·6H2O, where Ln+3 = La+3, Nd+3, Er+3, Gd+3, and 
Dy+3. All materials are supplied and used by Sigma 
Aldrich. In this study, some of the bacteria used were 
gram-negative bacteria, namely E. coli (ATCC-8739) and 

K. pneumonia (ATCC-13883), as well as gram-positive 
bacteria, namely S. aureus (ATCC-25923) and S. mutans 
(ATCC-25175). 

Instrumentation 

Phi nano science center micro was used to analyze 
the ligands and complexes under investigation using a 
Thermos Finnegan flash device. We used a Shimadzu 
FTIR spectrometer 8400Sranged from 4000 to 250 cm−1 
to measure the IR spectra of the ligand and their 
complexes. A KBr disk was used for the ligand, and a CsI 
disk was used for the complexes. The microanalysis of 
the ligand and complexes was conducted using a 
Thermo Finnegan flash device Energy Center in Syria. 
We conducted magnetic spectroscopy on the ligand that 
was diagnosed in Tehran, Iran, specifically using 1H- and 
13C-NMR techniques. We utilized a Bruker 400 MHz 
AVANCE spectrometer to examine the ligands, which 
were dissolved in DMSO-d6 solvent. We utilized 
Si(CH3)4 (TMS) as a reference to measure the spectra. 
The phi nano science center recorded the GC-mass 
spectra of the prepared ligand using a network mass-
selective device. An English company's Stuart devices 
were used to determine the melting points of the ligand 
and its complexes. The remarkable temperature range of 
this apparatus is 300 °C. The chemistry lab in the College 
of Science for Women at the University of Baghdad 
served as the experimental site. 

Procedure 

Preparation of azomethine ligand (Schiff bases) 
Preparing an azomethine Schiff base was conducted 

by mixing in the crucible a stoichiometric 1.0000 g 
(1.0 mol) of acetonylacetone with 3.5614 g (2.0 mol) of 
4-aminoantipyrine and adding 4 drops of glacial acetic 
acid. The mixture was put in microwave irradiation at 
170 W for 4 min. The yellowish-white precipitate was 
filtered, collected, and then dried for 24 h before 
recrystallizing from heated absolute ethanol. After 
filtering the yellowish-white powder, it was collected and 
allowed to dry for 10–15 h. The general route of 
azomethine ligand synthesis is depicted in Scheme 1. 
The Schiff base ligand was characterized by several 
techniques [22-23]. 
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Preparation of the lanthanide metal complexes 
The lanthanide metal complexes were prepared by 

dissolving 0.1000 g of the 4,4'-(((2E,5E)-hexane-2,5-
diylidene)bis(azaneylylidene))bis(1,5-dimethyl-2-
phenyl-1,2-dihydro-3H-pyrazol-3-one) ligand in a 25 mL 
round bottom flask in 5 mL of methanol, then adding 
0.1829, 0.1808, 0.1829, 0.1862 and 0.1438 g respectively of 
salt lanthanide [Ln(NO3)3]·6H2O, where Ln = La+3, Nd+3, 
Er+3, Gd+3, and Dy+3 in 5 mL of methanol to prepare the 
complexes in a molar ratio of 1:1. After reflux stirring the 
mixture for four to 7 h, the mixture was allowed to 

precipitate. The precipitate was then collected and 
cleaned with ether and water to produce a pure 
precipitate. It is found that all the complexes are soluble 
in dimethyl sulfoxide and dimethylformamide [24]. 
Scheme 2 shows the Schiff base ligand's general synthesis 
of lanthanide complex. 

Antibacterial activity 
Muller-Hinton (M-H) was prepared by adding 

20 mL of the powder into 1.0 L of distilled water and 
then heating on a burner with shaking. M-H must be 
autoclaved for 15 min at 121 °C  to be sterilized. Then, it  

 
Scheme 1. General synthesis of azomethine Schiff bases 

 
Scheme 2. General synthesis of lanthanide complex 
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was allowed to cool to 50 °C before pouring into a petri 
dish. Finally, it was left for about 15 min for solidification 
before flipping it upside down and storing it in the 
refrigerator at 4 °C. An agar well diffusion experiment was 
employed to test the materials' antimicrobial capabilities 
against Gram-negative and Gram-positive bacteria [25-
26]. M-H agar as much as 20 mL was transferred onto 
sterile Petri plates using an aseptic approach. Several 
bacterial species were collected from their stock cultures 
using a sterile wire loop [27]. Once the organisms were 
cultured, wells with a diameter of 6.0 mm were created on 
the agar plates using a sterile tip. Various concentrations 
of the samples were introduced into the bored wells. The 
cultivated plates, which included samples and the test 
organisms, were subjected to overnight incubation at 
37 °C. Subsequently, the average diameter of the zones of 
inhibition was measured and recorded [28-29]. Statistical 
analysis of the data was done using the GraphPad Prism 
software [30]. The data is presented as the mean ± 
standard deviation of 3 investigations. A statistically 
significant difference was observed at a significance level 
of p < 0.05 [31-32]. 

■ RESULTS AND DISCUSSION 

Elemental Analysis 

The Schiff bases were prepared using 4-
aminoantipyrine and acetonylacetone. The Schiff bases 

were refined through the process of recrystallization 
using pure ethanol. Our work resulted in a ligand that 
can create five new complexes when it reacts with the 
proper lanthanide nitrate. Various methods can be used 
to describe the chemical composition of composite 
materials, which will be discussed in further detail in the 
following sections. The results of the elemental analysis 
and physical property measurements of Schiff base and 
lanthanide complexes are presented in Table 1. These 
values validate the composition that was initially 
proposed. The synthesized complexes were formed in a 
1:1 (M:L) ratio. 
1H-NMR Spectral of Azomethine Ligand 

Fig. S1 depicts the 1H-NMR of the Schiff base 
ligand. The ligand spectra obtained from 1H-NMR 
analysis display distinct peaks in the ligand, with a 
solitary peak detected at 2.07 ppm for the N=C–CH3 
group. The –CH3 alpha molecule exhibits a solitary peak 
at 2.50 ppm, while the N–N–CH3 ring of the 4-
aminoantipyrine compound displays a single chemical 
shift at 3.19 ppm. The 1H-NMR spectroscopy technique 
does not allow for the observation of the chemical shift 
of the azomethine group C=N due to the absence of a 
proton associated with the carbon azomethine group. 
However, it has been observed that the 4-
aminoantipyrine ring displays several signals within the 
range of 7.35–7.55 ppm [22,33]. 

Table 1. The CHNO analysis and physical characteristics of azomethine ligand L and lanthanide complexes 

Compound Color M.p. (°C) Molecular weight 
(g mol−1) 

Yield% 
Calculated 

C% H% N% Ln% 

Ligand (C28H32N6O2) Yellowish white 182 484.60 60% 69.40 
(68.95) 

6.66 
(7.01) 

17.34 
(17.25) 

- 

[La(C28H32N6O2)2·NO3]·nNO3·nH2O Light brown 270 1170.12 70% 
57.48 

(56.56) 
5.51 

(5.81) 
15.56 

(15.19) 
11.87 

(12.42) 

[Nd(C28H32N6O2)2·NO3]·nNO3·nH2O White 260 1175.45 70% 
57.22 

(56.68) 
5.49 

(6.01) 
15.49 

(15.34) 
12.27 

(11.93) 

[Er(C28H32N6O2)2·NO3]·nNO3·nH2O Dark brown 270 1198.47 65% 56.12 
(55.99) 

5.38 
(5.29) 

15.19 
(15.24) 

13.96 
(14.02) 

[Gd(C28H32N6O2)2·NO3]·nNO3·nH2O Dark brown 270 1188.46 65% 
56.60 

(56.32) 
5.43 

(5.80) 
15.32 

(15.11) 
13.23 

(12.76) 

[Dy(C28H32N6O2)2·NO3]·nNO3·nH2O Dark brown 260 1193.71 70% 
56.35 

(55.95) 
5.40 

(5.67) 
15.25 

(15.39) 
13.61 

(12.96) 
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13C-NMR Spectrum of Azomethine Ligand 

In Fig. S2, the 13C-NMR spectrum of the ligand 
shows a sharp signal at 162.2 ppm consistent with N=C 
azomethine carbon. While the resonance signals observed 
in the region 10.71 ppm CH3 aliphatic, N=C–CH3 at 
12.63 ppm, C–CH2 at 36.11 ppm, C–N=C at 106.03 ppm, 
N–C=C at 153.44 ppm, and C=O at 154.36 ppm. Carbon 
atoms of aromatic moieties in the ligand were assigned 
resonance signals in regions 127.23 and 129.13 ppm [34-
35]. 

Mass Spectral of Azomethine Ligand 

There is good agreement between the GC-MS 
spectrum of the C28H32N6O2 ligand and the proposed 
molecular structure shown in Scheme 1. The molecular 
peak confirms ligand identification at 484.60 m/z. Fig. S3 
illustrates the GC-MS spectrum of the azomethine ligand. 
The mass spectra of C28H32N6O2 showed molecular ion 
peaks at 484.60 g mol−1, which closely matched the 
calculated values of 484.43 g mol−1 [36]. 

FTIR Spectra of Azomethine Ligand and Its 
Complexes 

A 1% sample was used to record the infrared spectra 
on the KBR of 4000–400 cm−1. The FTIR spectra of almost 
the ligand have been meticulously characterized. All these 
spectra share typical characteristic absorption peaks in the 
medium range, specifically at 1671, 1619, and 1524 cm−1; 
these peaks are attributed to C=N, C=O, and C=C bonds, 
respectively. Upon analysis, the FTIR spectra of 4-
aminoantipyrine exhibit two bands of medium intensity, 
precisely positioned at 3035 and 2915 cm−1. These bands 
truly capture the mesmerizing and intricate asymmetrical 
and symmetrical vibrations of the aromatic C–H group 

[37]. The FTIR spectra of azomethine ligand are 
illustrated in Fig. S4(a). 

As shown in Table 2, the FTIR spectra of the Ln+3 
complexes changed upon coordination of the Schiff base 
ligand with the ions La+3, Nd+3, Er+3, Gd+3, and Dy+3. The 
spectrum revealed the observation of the C=N 
absorption peak at frequencies of 1650, 1618, 1625, 1624, 
and 1525 cm−1 [38]. In this ensemble, the intensity and 
location of intricate spectra are altered, indicating that 
there was coordination. Furthermore, the absorption 
frequency band at 1687, 1678, and 1678 cm−1 can be 
attributed to the C=O stretching. The stretching of the 
M–N bond is responsible for the absorption bands 
observed at the frequencies of 497, 414, 322, 424, and 
428 cm−1. An absorption band is observed at frequencies 
503, 530, and 505 cm−1, corresponding to M–O 
stretching band. The broad band at 3458, 3398, 3414, 
3421, and 3423 cm−1 of all produced complexes can be 
attributed to O–H of water molecules due to moisture 
complex formulas but complex spectra [39-40]. The 
FTIR spectra of azomethine ligand complexed with Ln3+ 
ions are displayed in Fig. S4(b-f). 

UV-vis Spectroscopy 

The UV-vis spectrum Table 3 recorded in the DMF 
1 × 10−3 M solution of all the Ln+3 complexes and Schiff 
base ligand showed maximum absorption bands at 245–
385 and 920 cm−1 due to the π→π transitions within the 
aromatic ring n→π and n→π∗, respectively. The band 
observed would be due to n→π∗ transitions of the C=N 
and C=O groups of metal-ligand charge transfer 
coordinate Schiff base lanthanide metal ion, respectively 
[41]. The metal coordination by the ligand is responsible 
for  this fundamental  variant change in  each lanthanide  

Table 2. The FTIR spectrum revealed in the specific positions of the ligand Schiff bases and Ln+3 complexes 

Symbol of Ln+3 complexes 
ν(H–O) cm−1 

water molecule 
due to moisture 

ν(C–H) 
cm−1 ar. 

ν(C–H) 
cm−1 aliph. 

ν(C=O) 
cm−1 

ν(C=N) 
cm−1 

ν(C=C) 
cm−1 

ν(NO3) 
cm−1 

ν(M–O) 
cm−1 

ν(M–N) 
cm−1 

Ligand (C28H32N6O2) - 3035 2915 1590 1671 1488 - - - 
[La(C28H32N6O2)2·NO3]·nNO3·nH2O 3458 3037 2926 1687 1650 1525 1496 503 497 
[Nd(C28H32N6O2)2·NO3]·nNO3·nH2O 3398 3039 2922 1678 1618 1525 1489 530 414 
[Er(C28H32N6O2)2·NO3]·nNO3·nH2O 3414 3037 2924 1678 1625 1575 1494 505 322 
[Gd(C28H32N6O2)2·NO3]·nNO3·nH2O 3421 3039 2922 1678 1624 1577 1492 505 424 
[Dy(C28H32N6O2)2·NO3]·nNO3·nH2O 3423 3041 2922 1678 1525 1577 1494 505 428 
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Table 3. UV-visible spectra, magnetic susceptibility measurements, and other physical properties of the ligand and its 
complexes of Ln+3 in a solvent DMF and concentration of 1 × 10−3 M 

Compound 
Configuration 

Ln+3 
No. of 

unpaired e− 

Conductivity 
DMF 

(cm2 ohm−1 mol−1) 

Absorption 
bands (nm) 

Ground 
state 

Assigned 
transition 

Magnetic 
susceptibility 

(B.M) 
Ligand (C28H32N6O2) - - - 245–385; 920 - π→π, n→π, 

π→π* 
- 

[La(C28H32N6O2)2·NO3]·nNO3·nH2O 4f0 0 16 - 1S0 1S0 Dia 
[Nd(C28H32N6O2)2·NO3]·nNO3·nH2O 4f3 3 24 582–891;  

918–950 
4I9/2 4I9/2→4G7/2 

4I9/2→2D7/2 
4I9/2→2P1/2 

4.59 

[Er(C28H32N6O2)2·NO3]·nNO3·nH2O 4f11 3 30 487–521;  
541–652; 803 

4I15/2 4I15/2→4I15/2 
4I15/2→4G11/2 

2.09 

[Gd(C28H32N6O2)2·NO3]·nNO3·nH2O 4f7 7 25 758–808; 914 8S7/2 8S7/2→6I7/2 2.97 
[Dy(C28H32N6O2)2·NO3]·nNO3·nH2O 4f9 5 27 621–636;  

814–920 
6H15/2 6H5/2→5I11 

6H15/2→6P5/2 
4.02 

 
complex involving La, Nd, Er, Gd, and Dy. Upon 
completion, the higher energy band in the free ligand is 
observed as a single band with little frequency shift. Due 
to the well-protected 5s2 and 5p6 orbitals, a plausible 
schematic representation of the lanthanide complex ions 
indicates that direct bonding is impossible, as determined 
by analytical and spectral data. Therefore, ligands mainly 
do not alter the properties of Ln+3 ions [42]. Lanthanides 
complex exhibit a significantly more distinct electronic 
spectrum when compared to d-block metals. Lanthanide 
absorption spectra are typically obtained via 4f–4f 
transitions, which are similar to transition metal d-d 
transitions. In contrast to transition metals, lanthanide 
elements often exhibit distinct, linear absorption spectra. 
The lanthanides are located deep within an atom, which 
allows them to reduce the extensive impact of ligand 
vibrations [43-44]. Fig. S5 shows UV-vis spectra of the 
Schiff base ligand and some of its complexes with Ln3+ 
ions. The electronic spectrum of the Ln+3 complexes and 
the synthesized compounds is displayed. 

Magnetic Sensitivity Measurement 

Single-electron magnetic sensitivity studies are one 
of the basic and successful procedures that complement 
other diagnostic procedures to propose spatial forms of 
complexes. The compound is paramagnetic if the center 
atom possesses one or more electrons. Since all lanthanide 
elements' electronic distributions except for f0 and f14 
contain only single electrons, they are classified as 

paramagnetic [45]. The difference between these 
lanthanide elements and transitional elements is that 
their magnetic moment does not agree with the spin 
equation moment [46], meaning that the value of this to 
spin magnetic moment cannot be calculated using the 
Eq. (1); 

eff 4(S 1) l(L 1)μ = + + +  (1) 
The following Table 3 contains the properties of 

the elements of type 4f. The progressive filling of the 4f 
orbitals occurs after the substantial penetration of the f 
orbitals, which are effectively shielded by the filled 5s, 5p, 
and 6s sub-shells (for atoms) at atomic number 57. 
Consequently, the extent of interaction with ligand 
orbitals is negligible, the bonding within lanthanide 
complexes is merely weakly covalent, the ligands' steric 
properties dictate the stereochemistry of the complexes, 
and ligand-field effects are negligible. Thus, the metal 
ion's environment has little impact on its spectroscopic 
and magnetic properties [47]. Table 3 details the 
characteristics of lanthanides and their trivalent ions. 

Molar Conductivity Measurements 

Table 3 presents the recorded molar conductivity 
of Ln+3 complexes in DMF solutions at 25 °C [48]. The 
internal coordination domain of all complexes contains 
nitrate ions. The molar conductance values of the 
complexes in DMF solvent range from 16 to 
30 cm2 ohm−1 mol−1, indicating that the complexes are 
non-electrolytic. This is supported by the magnetic values  
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Table 4. The effect of the azomethine ligand C28H32N6O2 and its Ln+3 complexes dissolved in DMSO at the 
concentration 1 × 10−3 M on 4 types of bacteria 

Compounds E. coli S. aureus K. pneumoniae S. mutans 
Ligand (C28H32N6O2) 6 12 7 13 
[La(C28H32N6O2)2·NO3]·nNO3·nH2O 6 14 7 16 
[Nd(C28H32N6O2)2·NO3]·nNO3·nH2O 6 17 10 18 
[Er(C28H32N6O2)2·NO3]·nNO3·nH2O 6 16 7 15 
[Gd(C28H32N6O2)2·NO3]·nNO3·nH2O 6 17 9 17 
[Dy(C28H32N6O2)2·NO3]·nNO3·nH2O 6 24 12 22 

 
falling within the reported range for electrolytes with a 1:1 
ratio [49-50]. 

Antibacterial Action 

Various strains of E. coli, S. aureus, K. pneumoniae, 
and S. mutans were tested for their antibacterial activity 
against ligand and their lanthanide metal chelate. The 
compounds were evaluated using the paper disc diffusion 
method, at a volume of 1 μL in a DMSO solution. The 
diameter of the susceptibility zones was measured, and 
the results are presented in Table 4. The measurement of 
susceptibility zones was conducted in the vicinity of the 
bactericidal disks. The inhibitory effects on the growth of 
the examined bacterial species varied among the Schiff 
bases and their complexes when evaluated individually. 
The findings of the study indicate that the antibacterial 
efficacy of the ligand Schiff base compounds was 
enhanced when they were coordinated with the 
lanthanide ions La, Nd, Er, Gd, and Dy. The antibacterial 
impact of lanthanide ions on bacterial species exhibits 
variability [51]. The Dy+3 complex exhibited more 
excellent antibacterial activity against one species and 
comparatively lower antibacterial activity against the 
other species than the La+3 complex. Similar findings were 
observed for several metal complexes. However, it is not 
feasible to determine the specific metal ion that has a 
greater antibacterial effect on one bacterial species 
compared to another. However, it is conclusive that metal 
ions do indeed play a substantial part in augmenting the 
antibacterial efficacy of chelation agents. In the chelated 
complex, the metal ion's positive charge is proposed to be 
partially distributed across the donor atoms, resulting in 
π electron delocalization throughout the entire chelate 
ring. This phenomenon enhances the lipophilic nature of 

the metal chelate, promoting its ability to permeate the 
lipoid layers in the bacterial membranes. The presence 
of metal ions is believed to alter parameters such as 
solubility, dipole moment, and cell permeability 
mechanisms, hence boosting the bactericidal properties 
of metals. We are currently doing in vitro experiments to 
investigate the specific mechanism responsible for this 
action [52-55]. 

This study used E. coli, S. aureus, K. pneumoniae, 
and S. mutans as bacterial strains to determine their 
antibacterial properties. According to the results, metal 
complexes exhibited greater antibacterial activity than 
synthesized Schiff bases L. The E. coli was less active than 
the standard S. aureus, K. pneumoniae, and S. mutans. 
The S. mutans and S. aureus showed the highest action 
towards Schiff bases ligand and lanthanide complexes, 
with a maximum activity of 24 nm. Table 4 and Fig. S6 
show the result of antibacterial activity for all compounds. 

■ CONCLUSION 

The azomethine ligand (Schiff base) was 
synthesized and characterized by analytical and spectral 
techniques, and then a series containing five lanthanide 
metal complexes was also conducted. The molar 
conductance value of metal complexes indicates their 
non-electrolytic nature at 25 °C, and the stability of the 
lanthanide complexes was demonstrated. The 
spectroscopic results unequivocally demonstrate that the 
complexes possess a specific makeup. From the analysis 
of spectroscopic data, it may be inferred that the center 
metal ion. The complexes are coordinated to a total of 6 
oxygen atoms, with 2 coming from the nitrate and 4 
from the antipyrine ligand. Additionally, there are 4 
nitrogen atoms involved. These complexes are generated 
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via the bonding between the C=N and C=O. The formula 
for all mineral complexes is [Ln+3(L)2(NO3)]·nH2O. The 
form of complexes La, Nd, Er, Gd, and Dy was built based 
on spectra, analytical data, and attributed geometries. 
These compounds exhibited significant activity against all 
the tested microorganisms. 
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