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 Abstract: The research includes the preparation of several complexes of the internal 
transition elements lanthanide (Ln = La, Nd, Er, Gd, and Dy) containing the 4f shell, 
with Schiff bases resulting from condensation reactions between 4-
antipyrinecarboxaldehyde and 2-aminobenzothiazoles. Schiff's base was identified 
using FTIR spectra, UV-vis spectroscopy, elemental microanalysis CHNSO, nuclear 
magnetic resonance, mass spectrometry, and TGA thermal analysis. The complexes 
were studied and identified with elemental microanalysis CHNSO, FTIR spectroscopy, 
UV-vis spectroscopy, TGA thermal analysis, conductivity measurement, and magnetic 
sensitivity. The result showed that these complexes were classified as homogeneous 
bidentate complexes with the general formula of [Ln2(L)2(NO3)6]·6H2O. The physical 
measurements indicated that the prepared complexes are non-electrolyte and 
paramagnetic. Some compounds prepared in vitro were evaluated for their 
antibacterial activity against four types of pathogenic strains Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli, and Klebsiella pneumonia, and using the agar disc 
spreading method for the evaluation. The results showed that some of these complexes 
have good antibacterial activity compared to the biological activity of the ligand. Also, 
the biological activity of Schiff's base and the prepared complexes were evaluated 
against three types of fungi (Candida albicans, Tropical fungi, and Scandal fungi), 
and they showed great activity against the prepared complexes. 

Keywords: 4-antipyrinecarboxaldehyde; biological activities; lanthanide complexes; 
Schiff bases 

 
■ INTRODUCTION 

Recently, there has been increased interest in the 
chemistry of the lanthanide inner transition elements and 
their chemical law: ns (n-1)d (n-2)f. These elements have 
a category located at the bottom of the periodic table, and 
they include elements with atomic numbers starting from 
57–71, which are the lanthanides and start with 
lanthanum, followed by 14 elements with the 4f shell 
called the lanthanide elements [1-3]. Consisting of rare-
earth elements, each element in the lanthanide series has 

an f orbital that is either partially or completely filled 
with electrons, while the outermost orbital is 
unoccupied [4]. In their combinations, these elements 
go beyond the (III) oxidation state, and in some of them, 
the (II) and (IV) oxidation states show up. The only 
stable state for lanthanum, gadolinium, and lutetium ion 
is (III). This is because it is the same as the 4f orbital 
being empty, half-full, and full [5-6]. The lanthanides 
differ chemically from the elements in the major groups 
of the periodic table as well as the intermediate metals. 
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This difference is due to the nature of the sub-layer and 
what is within it. These orbitals are located inside the 
atom and covered by electrons in the 4d and 5p orbitals. 
For this reason, the chemical properties of these elements 
depend on their size, which increases with an increasing 
atomic number [7]. 

Lanthanides are often mixed with other metals to 
make them harder and stronger. Cerium, which combines 
with some of the other elements in this group, is the main 
element used for this reason. In the oil business, these 
minerals are also used extensively to refine crude oil. 
Erbium and other lanthanides are also used in night vision 
cameras, lasers, phosphors, and visual devices [8-9]. 
Lanthanides possess numerous scientific and economic 
applications. Their compounds, for instance, are utilized 
as catalysts in producing petroleum and synthetic goods. 
Additionally, lanthanides are applied in manufacturing 
lamps, lasers, magnets, phosphors, movie projectors, and 
screens that enhance the intensity of X-rays [10]. When 
light lanthanides are added to a mixed rare earth alloy 
termed (Mischmetal), the result is extremely combustible. 
Use iron spray to turn flint stones into lighter tinder. 
When more than one Mischmetal is added to low alloy 
steels, the material gains strength and is easier to work 
with. Even though most metals shine brightly when first 
cut, they quickly lose their luster when exposed to air; this 
is especially true of the transition metals (Ce, La, and Eu), 
which react with water slowly at room temperature but 
rapidly when heated [11-12]. 

Because of their high electronegativity, lanthanides 
exhibit the following reactions: they quickly disintegrate 
in acids and oxidize in damp air. The reaction with oxygen 
is slow at room temperature, but it can ignite between 150 
and 200 °C, react with halogens when heated, and react 
with sulfur, hydrogen, carbon, and nitrogen when heated 
as well [13-14]. Lanthanides display a defining 
characteristic as silvery white metals that rapidly undergo 
oxidation upon exposure to air [15]. The increase in 
atomic number results in a slight increase in the material's 
hardness. As one moves over the period from left to right 
(which corresponds to an increase in atomic number), the 
radius of each lanthanide(III) ion gradually decreases 
[16]. This is called lanthanide contraction, and it means 

that the lanthanides have high melting and boiling 
points. When it comes into contact with water, it gives 
off hydrogen (H2) slowly when it is cold and quickly 
when it is hot [17]. Lanthanides are often connected to 
water due to their potent ability to act as powerful 
reducing agents. At high temperatures, the compounds 
of rare earth elements typically display ionic properties. 
In addition, a significant number of these components 
possess a remarkable propensity to spontaneously ignite 
and generate vigorous combustion [18-19]. Most rare 
earth compounds are highly magnetic. Many rare earth 
compounds glow brightly under ultraviolet light. 
Lanthanide ions tend to be faint colors caused by weak, 
narrow, and inhibited optical transitions [20-21]. 

Schiff's bases are nitrogenous chemicals that are 
similar to aldehydes and ketones but have a -C=N- 
group instead of a carbonyl group. Typically, they are 
synthesized by combining a primary amine with an 
aldehyde or ketone (Scheme 1) [22]. The alkyl or aryl 
group (R, R', R") can serve as Schiff's bases. Schiff bases 
that contain aryl groups are known for their enhanced 
stability and ease of preparation. However, Schiff bases 
obtained from aliphatic aldehydes are more prone to 
polymerization and are generally regarded as less stable. 
On the other hand, aromatic aldehydes with multiple 
links to the aromatic ring are more stable [23]. The 
reaction of forming Schiff bases from aldehydes or 
ketones is a reverse reaction, and the reaction generally 
occurs under acidic or basic conditions as a catalyst or 
through heating, as shown in Scheme 2 [24]. 

 
Scheme 1. General reaction of Schiff base formation 

 
Scheme 2. The stepwise reaction of Schiff base 
formation 
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Scheme 3. The mechanism of the Schiff base reaction 

The reaction is typically finalized by isolating the 
end product, eliminating water, or both. In both acidic 
and basic solutions, numerous Schiff bases can 
decompose back into their constituent aldehydes or 
ketones, along with the corresponding elemental amine 
[25]. Another subject related to nucleophilic addition to 
the carbonyl group is the mechanism of the Schiff base 
reaction. The amine acts as the nucleophile in this case. 
During the initial step of the process, the amine undergoes 
a reaction with either an aldehyde or a ketone, resulting 
in the formation of a precarious compound known as 
carbinolamine. This compound is the result of a 
nucleophilic addition reaction. When an acid or base is 
used as a catalyst, the carbinolamine alcohol undergoes 
dehydration and loses a water molecule, as demonstrated 
in Scheme 3 [26-27]. The defining step of the Schiff base 
reaction is usually the loss of water. The acid 
concentration should not be too high because the amine 
used is considered a base and when it is purified, it 
becomes non-nucleophilic and no carbonyl alcohol is 
formed. Therefore, the preparation of many Schiff bases 
is preferably done in a moderately acidic condition [28]. 
The research aims to prepare a new ligand and form 
complexes through its interaction with the salts of the 
lanthanide elements, their characterization, and a 
biological activity study. 

■ EXPERIMENTAL SECTION 

Materials 

The study utilized reagents and chemicals, such as 4-
antipyrinecarboxaldehyde (97%), 2-aminobenzothiazoles 
(97%), absolute ethanol (99%), and lanthanide nitrate 
[Ln(NO3)3]·6H2O, Ln(III) = La(III), Nd(III), Er(III), 
Gd(III), and Dy(III) provided by Sigma-Aldrich. 

Instrumentation 

The ligand and complexes under investigation 
underwent microanalysis with a Thermo Finnegan flash 
device at the Syria Energy Centre. We used a FTIR 
spectrometer 8400S from Shimadzu, Japan to record the 
infrared spectra of ligands and their complexes. The 
spectra covered a range from 4000 to 250 cm−1. We 
employed a KBr disk for the ligand and a CsI disk for the 
complex. In Ankara, Turkey, we recorded the 1H-NMR 
magnetic spectra of the ligands that had been prepared. 
We employed a Bruker 400 MHz AVANCE 
spectrometer to analyze the ligands, which were 
dissolved in (DMSO-d6) solvent. We utilized Si(CH3)4 as 
a reference to measure the spectra under room 
temperature conditions. The University of Ankara in 
Turkey recorded the mass spectra of the prepared 
compounds using a network mass-selective device. The 
Stuart device, manufactured by an English company, 
was employed to measure the melting points of both the 
ligand and its complexes. This incredible device features 
an impressive temperature range of 300 °C. The 
University of Baghdad's College of Science for Women 
hosted the experiment in their Chemistry Department. 

Procedure 

Synthesis Schiff base ligand 
In a 100 mL round-bottom flask, combine 1 g 

(0.004624 mol) of 4-antipyrinecalreboxaldehyde and 
0.6945 g (0.004623 mol) of 2-aminobenzothiazol at 
room temperature, adding 3–5 drops of glacial acetic 
acid mixed in 20 mL of pure 99.9% ethanol for 1–3 h at 
a stirring device [29]. After the reaction was complete, 
the resulting solid was crystallized by absolute ethanol 
once the reaction was completed. The product was 
obtained in 70% yield and the melting point of the white 
crystal was 207–209 °C. 

Preparations of complexes 
To prepare the complexes, first, dissolve 0.1 g 

(1 mol) of L-Schiff base in 5 mL of methanol in a 25 mL 
round bottom flask, and then add 0.1242, 0.1257, 0.1272, 
0.1000, and 0.1295 g of salts [Ln(NO3)3]·6H2O; Ln(III) = 
La(III), Nd(III), Er(III), Gd(III), and Dy(III), respectively,  
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Scheme 4. Synthesis of L-Schiff bases 

 
Scheme 5. Preparation of Ln(III) complexes 

 
gradually while stirring, 5 mL of an absolute methanol 
solution and 3–5 drops of acetic acid. The liquid was left 
to precipitate after having refluxed and stirred for 4–7 h. 
After collecting the precipitate, it was washed in ether and 
water and then dried to remove any impurities [30] 
(Scheme 4 and 5). 

Antibacterial activity 
Using the disc diffusion method, the antibacterial 

activity of the ligand and its complexes was evaluated 
against Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Klebsiella pneumoniae. In addition, 
the ligand and its complexes were tested against Candida  
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albicans, Tropical fungi, and Scandal fungi. The disc 
diffusion method was used to conduct the tests on an agar 
medium. In order to ensure accurate and reliable results, 
nutrient agar medium was used, and petri plates were 
carefully placed. A 5 mm diameter and 1 mm thick disc of 
glass petri dishes were used to absorb the compounds in 
DMSO. The discs were placed on microorganism-seeded 
plates. After an incubation period at 37 °C, we carefully 
measured the inhibition zone around each disc for 
bacteria after 24 h and for fungi after 72 h. 

■ RESULTS AND DISCUSSION 

In one step, we prepared Schiff bases using 4-
antipyrinecarboxaldehyde and 2-aminobenzothiazole. 
These Schiff bases were purified by recrystallizing them 
from absolute ethanol and then undergoing another 
round of recrystallization for further purification. In the 
end, we obtained a ligand capable of forming five new 
complexes through reaction with the appropriate 
lanthanide nitrate [Ln(NO3)3]·6H2O. The chemical 
composition of composite materials can be described 
using various methods, which will be explained in detail 
in the following sections. Table 1 presents the percentage 
yields and physical properties of the produced complexes. 

Microanalysis of the Elements 

An elemental analysis C, H, N, and X was conducted 
on the L-Schiff bases and their complexes. The results of 
these analyses are recorded in Table 1. When comparing 
the values obtained practically with the values calculated 

theoretically, a significant convergence was found 
between them, which confirms the validity of the added 
proportions of (m:L), which verifies the accuracy of the 
proposed formula for the complexes [31]. The physical 
properties of the prepared element composition of 
ligand and complexes are presented in Table 1. 

FTIR Spectroscopy of Ligand 

By using FTIR spectrum analysis (Fig. S1), Schiff 
bases compound (C19H16ON4S) was identified, revealing 
bands at 3439, 2993, 2860, 1662, 1600 and 1550 cm−1 
attributed to O–H, moisture [32], C–H Aliph, C–H Ar, 
C=O [33], C=N [34], and C=C, respectively. 
1H-NMR Spectral of Schiff Bases Ligand 

The 1H-NMR ligand spectra (Fig. S2) exhibit peaks 
in the DMSO-d6 with a single peak observed at 2.77 ppm 
for CH3. A single peak can be observed at 3.46 ppm in 
N-CH3, various chemical shifts at 7.31 ppm can be seen 
in C–H, and multiple chemical shifts at 7.54 ppm can be 
observed in the CH2 ring of the 4-aminopyrine ring. The 
signal at 8.8 ppm has been correlated with the proton 
peak of the azomethine group (CH=N). It was 
discovered that the 4-aminobenzothiazole ring exhibits 
multiple signals ranging from 7.9 ppm [35-36]. 

Mass Spectral of Ligand 

Fig. S3 depicts the LC-mass spectrum; the mass 
spectra of ligand revealed molecular ion peak at 
348.84 g mol−1, which was in agreement with the 
calculated value of 348.42 g mol−1 [37]. 

Table 1. Physical properties of microanalysis ligand and lanthanide complexes percentages 

Compound Color Dec. point 
(°C) 

Yield 
(%) 

Analysis (calculated) 
M.wt M:L 

C %  H %  N %  %O %S 

C19H16ON4S (L) Yellow 207–209 70% 
65.56 

(65.50) 
4.60 

(4.63) 
16.06 

(16.08) 4.62 (4.59) 
9.16 

(9.20) 348.42 2:2 

[La2L2(NO3)6]·6H2O 
Greenish 

yellow 
260 66% 

31.32 
(31.37) 

3.07 
(3.05) 

13.49 
(13.48) 

28.56 
(28.59) 

4.46 
(4.41) 

1454.77 2:2 

[Nd2L2(NO3)6]·6H2O Light yellow 260 60% 
31.18 

(31.15) 
3.00 

(3.03) 
13.35 

(13.38) 
28.42 

(28.39) 
4.36 

(4.38) 1465.45 2:2 

[Er2L2(NO3)6]·6H2O Gold 270 65% 30.23 
(30.20) 

2.90 
(2.93) 

12.94 
(12.97) 

27.54 
(27.52) 

4.26 
(4.24) 1511.48 2:2 

[Gd2L2(NO3)6]·6H2O Light yellow 260 68% 30.56 
(30.60) 

2.99 
(2.97) 

13.18 
(13.15) 

27.87 
(27.89) 

4.33 
(4.30) 

1491.46 2:2 

[Dy2L2(NO3)6]·6H2O Light yellow 250 65% 30.40 
(30.39) 

2.93 
(2.95) 

13.08 
(13.06) 

27.67 
(27.70) 

4.30 
(4.27) 1501.96 2:2 
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FTIR Spectra of Complexes 

FTIR spectra of complexes are presented in Fig. S4. 
Changes in the FTIR spectra of the Ln(III) complexes 
were observed upon coordination of the Schiff base ligand 
with the ions Ln(III) = La(III), Nd(III), Er(III), Gd(III), 
and Dy(III), as shown in Table 2. The spectrum revealed 
the observation of the C=N stretching absorption peak at 
wavenumbers 1535, 1519, 1531, 1533, and 1533 cm−1. The 
band displayed by this ensemble demonstrates an 
alteration in both the intensity and location of intricate 
spectra, suggesting the presence of coordination. 
Furthermore, the absorption bands at 1666, 1598, 1662, 
1664, and 1662 cm−1 can be attributed to the stretching of 
C=O. The stretching of the M–N bond is responsible for 
the absorption bands observed at the wavenumbers 430, 
408, 428, 430, and 430 cm−1, respectively. An absorption 
band is observed at 503, 530, 507, 505, and 505 cm−1 that 
corresponds to the M–O stretching band. The absorption 
band at 325, 320, 318, 320, and 324 cm−1 corresponds to 
the M–S stretching band. The broadband at 3446 to 
3342 cm−1 of the spectrum of FTIR spectrum of all 
produced complexes can be attributed to O–H hydrated 
water molecules in molecular complex formulas but 
complex spectra [38-40]. 

UV-visible Spectroscopy 

Fig. S5 shows the electronic spectrum of the Ln(III) 
complexes Ln(III) = La, Nd, Er, Gd, and Dy ions in DMF 
(1 × 10−3 M) along with the synthesized compounds. It 
observed that they cannot bond directly because their 5s2 
and 5p6 orbitals are well protected. Therefore, ligands 
mainly do not alter the properties of Ln(III) ions. Ln(III) 
shows a very sharp electronic spectrum in comparison to 

d-block metals [41]. Typical lanthanide absorption 
spectra are derived from 4f–4f transitions, which are 
analogous to transition metal d–d transitions. By 
contrast with transition metals, lanthanide elements are 
usually characterized by a sharp, linear spectrum of 
absorption. Lanthanides are buried deeply within an 
atom and thus minimize the extended influence of the 
ligand vibrations [42]. 

Magnetic Sensitivity 

All electronic distributions for the lanthanide 
elements, except for the (f0) and (f14) distribute contain 
individual electrons, and therefore they are described as 
having a paramagnetic character. The difference 
between the lanthanide elements and the transition 
elements is limited to the fact that the magnetic moment 
of the lanthanide elements does not agree with the spin 
equation, meaning that the peak does not calculate the 
equation (Eq. (1)): 

eff 2 s s 1      (1) 
In the case of lanthanides, the paramagnetic effect, 

in addition to the spin movement of the electron, is a 
result of the magnetic effect caused by the electron's 
movement in its orbit, meaning that the values of the 
magnetic moment are calculated from the Eq. (2): 

eff 4S S 1 L L 1            (2) 
Assessing the magnetic sensitivity of f-block 

constituents poses a significant challenge. The 
calculation of their μ values considers both the spin and 
orbital contributions, as the 4f-electrons are located 
Within the 5s and 5p orbitals and exhibit core-like 
behavior. The magnetic moment values of the Ln(III) 
complexes reveal that while lanthanum La(III) complexes  

Table 2. The infrared spectrum reveals the specific positions of the characteristic beams of the L-Schiff bases and its 
complexes 

Symbol of Ln(III) 
complexes 

ν(O-H) water ν(C=O) ν(C=N) ν(NO3) ν(NO3) ν(NO3)  ν(NO3) ν(M–O) ν(M–N) ν(M–S) 
cm−1 

C19H16ON4S (L) 3439 1662 1600 --- --- --- ---- --- --- --- 
[La2L2(NO3)6]·6H2O 3427 1666 1535 1454 1319 1228 891 503 430 325 
[Nd2L2(NO3)6]·6H2O 3419 1598 1519 1485 1384 1259 920 530 408 320 
[Er2L2(NO3)6]·6H2O 3406 1662 1531 1392 1319 1031 893 507 428 318 
[Gd2L2(NO3)6]·6H2O 3354 1664 1533 1392 1315 1031 893 505 430 320 
[Dy2L2(NO3)6]·6H2O 3433 1662 1533 1390 1311 1029 891 505 430 324 
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are diamagnetic and the rest are paramagnetic (Table 3). 
The magnetic moments of the complexes we tested closely 
correspond to the theoretical values calculated for the free 
lanthanide Ln(III) ions. Interestingly, these results 
deviated slightly from the Van Vleck values, suggesting a 
significant contribution of the 4f electrons in the bonding 
process [43]. 

Molar Conductivity Measurements 

Table 3 lists the measured molar conductivity (m) of 
Ln(III) complexes in DMF solutions at 25 °C. All 
complexes have nitrate ions in the internal coordination 
domain, as indicated by the m values falling within the 
reported range for electrolytes of 1:1 [44-45]. These 
results are in line with the findings from the discussions 
on the FTIR and TGA studies below. 

Thermogravimetric analysis 
The thermogravimetric analysis (TGA) was 

performed under a nitrogen atmosphere, with 
temperatures ranging up to 700 °C and a heating rate of 
5 °C/min. The agreement in weight loss between the 
results obtained from thermal decomposition and the 
calculated values is evident in Scheme 6, Fig. S6, and Table 
4. The ligand along with the lanthanide Ln(III) complexes 

were observed and recorded based on the TGA curve of 
the ligand. It was observed that it demonstrated three 
phases of decomposition. The first step of the 
decomposition of the 2CH3 groups leads to an estimated 
mass loss of 9.0% (calculation 8.6%) within the 
temperature range of 45–150 °C. A loss of approximately 
43.2% (calculated as 42.5%) in mass can be expected 
during the decomposition of the C7H4N2S molecule 
within the temperature range of 150–425 °C. During the 
last stage, which ranges from 425 to 585 °C, there was a 
significant mass reduction of 25.3% (calculated as 
26.7%) caused by the complete decomposition of a 
C4HN2O molecule [46]. The TGA curves of Ln(III) = La, 
Nd, Er, Gd, and Dy, showed four decomposition steps, 
as shown in Table 4. 

Schiff Bases as Antimicrobial Agents 

Most diseases that affect humans and animals are 
caused by microscopic objects, and the discovery of 
chemical therapeutic agents has played an important 
role in controlling and preventing these diseases. 
Chemical treatments come from many sources. The 
source of chemical compounds is created by chemists. 
The C=N compounds are highly effective at inhibiting a  

Table 3. The UV-vis, magnetic susceptibility measurements, and other physical properties of ligand and its complexes 
Ln(III) in DMF solvent at 1 × 10−3 M concentration 

Compound Configuration Ln(III) 
(No. of unpaired e-) 

Conductivity DMF 
(cm2 ohm−1 mol−1) 

Absorption 
bonds (nm) 

Ground 
state 

Assigned 
transition 

Magnetic 
susceptibility (B.M) 

μJ 
B.M 

C19H16ON4S (L) --- --- 242, 385, 920 --- n→π*, π→π* ---- --- 
[La2L2(NO3)6]·6H2O 4f0 (0) 16 --- 1S0 1S0 Dia --- 

[Nd2L2(NO3)6]·6H2O 4f3 (3) 24 582, 891, 918, 
950 

4I9/2 
4I9/2→ 4G7/2, 
4I9/2→ 2D7/2, 
4I9/2→ 2P1/2 

4.59 3.62 

[Er2L2(NO3)6]·6H2O 4f11 (3) 30 487, 521, 541, 
652, 803 

4I15/2 
4I15/2→4I15/2, 
4I15/2→4G11/2 

2.09 9.60 

[Gd2L2(NO3)6]·6H2O 4f7 (7) 25 758, 808, 914 8S7/2 8S7/2→6I7/2 2.97 7.94 

[Dy2L2(NO3)6]·6H2O 4f9 (5) 27 621, 636, 814, 
920 

6H15/2 
6H5/2→5I11, 

6H15/2→6P5/2 
4.02 10.60 

 
Scheme 6. TGA of Ln(III) complexes 
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Table 4. TGA data of L-Schiff bases and its Ln(III) complexes 
Sample 
(step) 

Temp.  
range (°C) 

Weight mass loss 
Reaction Sample 

(step) 
Temp. 

range (°C) 
Weight mass loss 

Reaction 
Calc% Found% Calc% Found% 

L (I) 45–150 8.6 9.0 2(CH3) Er(I) 25–80 7.1 6.5 6(H2O) 
L(II) 150–425 42.5 43.2 C7H4N2S Er(II) 80–255 24.6 23.9 6(NO3) 
L(III) 425–585 26.7 25.3 C4HN2O Er(III) 255–462 26.4 27.2 C24H24N4O2 

Final residual 22.1 22.5 C6H5 Er(IV) 462–545 19.6 20.1 C14H8N4S2 
La(I) 35–97 7.4 8.0 6(H2O) Final residual 25.3 22.3 Er2O3 
La(II) 97–256 25.5 24.9 6(NO3) Gd(I) 25–90 7.2 6.8 6(H2O) 
La(III) 256–450 27.5 26.7 C24H24N4O2 Gd(II) 90–275 24.9 25.5 6(NO3) 
La(IV) 450–535 20.3 21.1 C14H8N4S2 Gd(III) 275–478 26.8 27.0 C24H24N4O2 

Final residual 22.3 19.3 La2O3 Gd(IV) 478–560 19.8 19.4 C14H8N4S2 
Nd(I) 30–85 7.3 8.2 6(H2O) Final residual 24.3 21.3 Gd2O3 
Nd(II) 85–264 25.3 24.7 6(NO3) Dy(I) 20–70 7.1 6.8 6(H2O) 
Nd(II) 264–445 27.3 28.7 C24H24N4O2 Dy(II) 70–245 24.7 23.6 6(NO3) 
Nd(IV) 445–540 20.2 18.5 C14H8N4S2 Dy(III) 245–455 26.6 27.4 C24H24N4O2 

Final residual 22.9 19.9 Nd2O3 Dy(IV) 455–550 19.7 19.4 C14H8N4S2 
    Final residual 24.8 21.9 Dy2O3 

 
wide range of pathogenic bacteria and fungi. Their 
solutions dissolve the cell's outer wall, causing fluids 
within the cell to exude and kill the cell. There are effective 
aggregates, such as hybrid corn within the composition of 
the biologically active ligand, the C=N derivative. It is the 
nitrogen that qualifies it to bind with the various elements 
in the cell body that the bacterial cell requires: La(III), 
Nd(III), Gd(III), Er(III), and Dy(III) ions, resulting in the 
formation of complexes with these elements and thus cell 
death due to the loss of these elements to study the effect 
of the biological activity of the ligand and its complexes 
prepared with its ions [39,47]. 

The effect of the biological activity of ligand and its 
complexes prepared with ions (La(III), Nd(III), Gd(III), 
Er(III), and Dy(III)) was studied. Four types of pathogenic 
bacteria were used; these bacteria are S. aureus and B. 
subtilis, representative of the positive bacteria while E. coli 

and K. pneumonia represent Gram-negative bacteria. 
The drilling method (wells) was adopted in calculating 
the inhibitory or lethal effect, as it included making three 
holes with a diameter of 6 mm by a drill cork, and then 
the damping diameter was measured with a ruler, where 
the bacterial growth process occurred in the Hinton-
Mueller agar media at room temperature for 24 h. The 
inhibition results were included in Table 5 and Fig. S7, 
where we note that the prepared metal compounds affect 
the biological activity of bacteria S. aureus except the 
La(III) complex, while we note that the ligand and its 
prepared metal complexes have high activity and 
sensitivity towards the biological activity of K. 
pneumoniae bacteria. As for the metal complexes 
prepared from the ligand, they affect the biological 
activity of B. subtilis bacteria except for the Dy(III) 
complex, and it is noted that the ligand and its complexes  

Table 5. The effect of ligand and its complexes dissolved in DMSO at a concentration of 1 × 10−3 M on four types of 
pathogenic bacteria 

Sample 
S. aureus  B. subtilis E. coli K. pneumoniae 

mm 
C19H16ON4S (L) 26 24 21 27 
[La2L2(NO3)6]·6H2O 20 22 21 28 
[Nd2L2(NO3)6] 6H2O 26 25 18 34 
[Er2L2(NO3)6] 6H2O 30 29 20 31 
[Gd2L2(NO3)6] 6H2O 33 30 24 30 
[Dy2L2(NO3)6] 6H2O 31 20 25 27 
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Table 6. The effect of ligand and its complexes dissolved in DMSO at a concentration of 1 × 10−3 M on three types of 
fungi 

Sample 
C. tropical C. scandal C. albicans 

mm 
C19H16ON4S (L) 10 9 10 
[La2L2(NO3)6]·6H2O 12 13 14 
[Nd2L2(NO3)6]·6H2O 11 10 11 
[Er2L2(NO3)6]·6H2O 11 12 14 
[Gd2L2(NO3)6]·6H2O 11 11 15 
[Dy2L2(NO3)6]·6H2O 12 10 15 

 
had less biological activity with E. coli except for the 
Gd(III) and Dy(III) complexes [48-51]. 

Schiff Bases with Antifungal Activities 

An in vitro test was conducted to assess the 
antifungal activity of Schiff base ligand complexed with 
metal complexes Ln(III) such as La(III), Nd(III), Er(III), 
Gd(III), and Dy(III) at a concentration of 1 × 10−3 M and 
the result is shown in Table 6. The results showed that C. 
albicans gave more efficacy compared to Tropical fungi 
and Scandal fungi under identical experimental 
conditions. The results show that the ligand and its 
complexes inhibit C. albicans fungi strongly under the test 
conditions. As compared with their parent ligands and 
under identical experimental conditions, the complexes 
are more toxic and exhibit strong antifungal activity 
against the three selected fungi, except for the ligand. The 
metal ion may enhance the antifungal activity of metal 
chelates by affecting the normal cell process [52]. Because 
of the partial sharing of the positive charge by the donor 
groups and the possibility of p-electron delocalization 
over the entire chelate ring, chelation reduces the polarity 
of the metal ion considerably. Through such chelation, 
the central metal atom becomes more lipophilic, which 
facilitates its permeation through the lipid layers of cell 
membranes. In addition, the compounds may interfere 
with the normal function of cells by forming hydrogen 
bonds with the active centers of cell constituents through 
the C=N group [53], as shown in Fig. S8. 

■ CONCLUSION 

The synthesis and characterization of Ln(III) = La, 
Nd, Er, Gd, and Dy complexes of the Schiff base ligand 
produced via the condensation reaction of 4-

antipyrinecarboxaldehyde with 2-aminobenzothiazole 
are reported in this study. Various analytical and 
spectroscopic techniques, including elemental analysis, 
FTIR, 1H-NMR, UV-vis, and TGA analysis, were used to 
completely elucidate the synthesized ligand and 
complexes. Metal complexes' molar conductance value 
demonstrates their non-electrolytic nature. At room 
temperature, the complexes were shown to be stable. 
Based on the spectroscopic results, the data clearly 
indicate that the complexes have a composition of a 
certain type. Based on spectroscopic data, it can be 
concluded that the central metal ion is a binuclear unit. 
All complexes are coordinated to 14 oxygen atoms (12 
from the nitrate and two from the antipyrine ligand), 
and it is considered one of the strongest electron donor 
atoms, forming covalent bonds with the lanthanide atom, 
two azomethine nitrogen and two sulfur atoms from the 
2-aminobenzothiazole ligand. Biologically, the complexes 
were effective against a variety of bacteria and fungi. 
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