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ABSTRACT

This scientific paper presents two novel lanthanide metal complexes [Sm (111) and
Ce (IV)] synthesized through a series of reactions involving organic ligand 8-[3-
(pyrazoyl)azo]adenine (PAA). Ligand (PAA) and their complexes were characterized
using various analytical techniques, including C.H.N.S elemental analysis, magnetic
measurement, X-ray diffraction, thermal analysis, SEM, (TGA) UV-Vis
spectroscopy, FT-IR spectroscopy, and HNMR analysis. These techniques were
employed to support the mode of binding and geometrical structure for ligand (PAA)
and its Lanthanide (Ln) complexes. The FTIR and HNMR spectral results showed that
(PAA) acts as neutral N,N-bidentate with [Sm (111) and Ce (IV)]. The geometric shape
of the synthesized Ln-complexes is octahedral. Also, TGA was used to investigate the
thermal behavior of ligand and its complex. The results showed that the ligand
dissociated in three steps, while the complex dissociated in five steps. This indicates
that the complex is more thermally stable than the ligand, likely due to the formation
of strong coordination bonds between the ligand and the metal ions. These findings
can contribute to the understanding of the thermal stability of metal complexes and
inform the design of new metal-based materials with desirable properties. Finally, this
paper examined the antibacterial, antifungal and anticancer activities of PAA and its
complexes. The results indicated that all of these compounds exhibited significant
activity against bacterial and fungal pathogens, as well as cancer cells.
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1. Introduction

Azo compounds are a class of organic molecules that contain one or more azo (-N=N-)
functional groups, which are characterized by a double bond between two nitrogen atoms [1-
3]. These compounds have received significant attention due to their diverse structures and
unique properties, making them useful in various fields, such as pharmaceuticals [4], biological
[5], dyes [6], acid-base indicator [7] and medicines [8]. Azo compounds display remarkable
color changes upon reduction or oxidation, making them suitable for colorimetric analysis, and
their electron-withdrawing ability allows them to act as good ligands for metal complexes.
Furthermore, the introduction of azo groups into a molecule can enhance its solubility, stability,
and bioavailability. Lanthanides, also known as rare earth elements, have notable contributions
in various fields, including catalysis, optics, and magnetic materials. Their coordination
complexes have drawn attention to their potential applications in diverse areas, such as
luminescent probes, magnetic resonance imaging contrast agents, and drug design. The distinct
properties of lanthanide complexes, such as their large Stokes' shifts, long excited-state
lifetimes, and high quantum vyields, make them promising fluorophores for bioimaging and
sensing purposes. Furthermore, their unique magnetic and electronic properties allow for the
design of efficient catalysts, adsorbents, and chemical sensors. Thus, the study of lanthanide
coordination chemistry is of significant interest to chemists and researchers who aim to develop
functional materials with high applicability in various fields [9,10].

In this study, a novel ligand 8-[3-(pyrazoyl)azo]adenine (PAA) and its Ln-complexes [Sm
(1), Ce (IV)] were prepared and identified through various physicochemical, magnetic and
spectroscopic techniques as well as thermal analysis was utilized to deduce suggested geometry
of the metal ions complexes. Antioxidant and anticancer activity of the ligand (PAA) and
[Ce(PAA)3](SO4)2.H20 complex were studied, also ability to dye wool textiles of ligand and
Ln-complex were investigated.

2. Experimental

The chemicals and solvents were purchased including adenine, 3-amino pyrazole, acetone,
10% NaNO2, 10% NaOH, samarium (111) chloride, and cerium (IV) sulfate from Sigma-Aldrich
and were of the highest grade. Micro elemental analysis using the (C.H.N) method was
conducted using a (Eure EA 3000 Elemental analyzer). UV-VIS spectra were performed in
ethanol using a Shimadzu UV-160A ultraviolet-visible spectrophotometer. FTIR spectra were
acquired using Csl discs on a Shimadzu FTIR-8400s Fourier Transform Infrared
spectrophotometer (200-4000 cm™). On a tHNMR Spectrometer 400 MHz, Advance 111 400
Bruker, Germany, the *HNMR spectra were produced using DMSO as the solvent. The pH was
measured using the pH Tester and Pocket pH Tester from HANNA devices. Using a HANNA
instrument/conductivity tester, complexes (10 M) in ethanol were examined for conductivity
at 25 °C. To determine melting points, a Sturat melting point device was employed. Scanning
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electron microscopy (SEM) analysis, electric balance HANNA instruments, radiation
(A=1.54180 A*), SHIMADZU (XRD) 6000 X-Ray Target Cu K.

2.1 Synthesis of Ligand (PAA)

A ligand called 8-[3-(pyrazoyl) azo] adenine (PAA) has been synthesized using a process
that has been published in the literature [11] but with some improvements, as indicated in
Scheme 1. 3-aminopyrazole (0.83 g, 0.01mole) was dissolved in 10 mL of distilled water to
generate the diazonium salt solution. The cold solution was then mixed with 10 mL of
concentrated acetic acid and 10 mL of 10% NaNO., and the mixture was shaken continuously
for 30 minutes before cooling to 0 °C. An ethanolic alkaline solution of adenine 1.3 gm; 0.01
mole, 10 mL ethanol, 10% NaOH was mixed before the diazonium salt was added. The pH of
the solution was adjusted to be between (5-6). Finally, the obtained precipitation was left over
night. The resulting brown powder was filtered, and dried using [ethanol: water] [1:1].

NH,

C

/\ — HN A —R=n
N conc. CH,COOH N
H 10% NaNO,
Cool to 0 C°

NH,

N
scheme 1: synthesis of ligand (PAA)

2.2 Metal complex synthesis

The Ln-complexes were synthesized in a mole ratio of (M: L) (1:3), by adding (0.693 gm;
0.003mole) of the (PAA) ligand in absolute ethyl alcohol to an aqueous solution of metal ion
salts [Sm (111) and Ce (1V)] (0.256 gm; 0.001 mole and 0.332 gm; 0.001 mole). After 3 hours
of refluxing using ethanol: acetone (3:1) as the solvent, the combined solution's outcome was
modified using thin layer chromatography (TLC). The colourful precipitate that produced was
filtered, repeatedly washed with water and ethanol (1:1), and then allowed to dry.

2.3 Mole ratio
By applying mole ratio method [12], the ratio of M:L was determined. The interception of two
straight lines owing to the mole ratio (M: L).

2.4 Antibacterial and antifungal

The new azo ligand (PAA) and its complexes were examined in vitro for their antibacterial
efficacy against two harmful pathogens utilizing a disk diffusion method in (2*102M) ethanol
as a solvent. Inhibitory zones (measured in mm) were found when the Petri plates were
incubated at 37 °C for 24 hours (for bacteria) and 72 hours (for fungus) [13] using fluconazole
as a fungal control and amoxicillin as a bacterial control. This particular dangerous bacterium
was selected depending on its potential to induce a wide range of harmful illnesses in biological
systems. The complexes biological activities were examined using two types of bacteria: Gram-
positive Staphylococcus aureus (Staph), gram-negative Klebsiella (E. coli) and one type of
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fungi [14].

2.5 Antioxidant

The Following approach which proposed by Sanja et al. [15]. A solution of 0.1 ml of the
extract or standard (0.625, 0.125, 0.250, and 0.500 mg/ml) was introduced to a test tube that
already contained 3.9 mL of DPPH solution. The absorbance of each solutions was measured
at 517 nm using a spectrophotometer after 30 min of incubation at 37 °C. Each measurement
was acquired three times.

2.6 Anticancer effectiveness

Tumor cells (1x10%-1x108 cells/ml) were cultured on 96 flat well micro-titer plates with a
final volume of 200 uL complete culture medium for each well. Gently shacked parafilm that
had been cleaned and wrapped the microplate. Plates were incubated at 37 C* and 5% CO2 for
24 hours. The medium was taken out, and the necessary concentrations of
[Ce(PAA)3](SO4)2.H20 were serially diluted twice the wells received (6.25, 12.5, 25, 50, 100,
and 200 g/mL). Triplicates were used for each concentration and the controls (cells treated with
serum free medium). Plates were spent for the chosen exposure duration at 37 Co, 5% CO2 (24
hours). 10 pL of the MTT solution were put to each well. At 37 C and 5% CO, the plates were
then incubated for a further 4 hours. Following incubation, each one was received 100 uL of the
solubilization solution to five minutes before the mediawere carefully removed. By measuring
at a 575 nm wavelength using an ELISA reader. To calculate the concentration of chemicals
needed to reduce cell viability by 50% for each cell line, optical density data were submitted to
statistical analysis[16].

3 Results and discussion
3.1 Physicochemical feature:

The new synthesized yellow-colored azo ligand (PAA) with an adenine core was
conceptualized in (scheme 1). All of the synthetic Ln-complexes are soluble in ethanol,
methanol, DMF, DMSO. The measurable physical and analytical outcomes were displayed in
Table 1. It was discovered that the calculated data and the findings of the elemental analysis
were in good agreement, and the metal to ligand ratio (M: L) is (1:3) stoichiometry. Based on
the molar conductance measurement, it was assumed that the complexes in (10 M) ethanol
were electrolytic (1:3) in nature.

Table 1: The physicochemical characteristics of the synthesized compounds.

. Am
Comp. M:L Color A % Experlmgntal MP |(S.mol
(M.wt) (gm/mol) (nm) % (Theoretical) cm?)
C H N S M Cl 110
PAA(C8HINO) (231.22)] - |orown322 4151 | 3.89 | 54.49 co
(41.87) | (3.82) | (54.88)
[Sm(PAA)SICI33H20| . | Yellow | 2871 [(329) [ (37.68) | _ [1884[1024| 360 | .-,
(1003.02) ' 401 | (28.45) | (3.89) | (37.54) 19.44 | 9.75 | co> :
[SAPEARIERIEE . 'f)ergg;h 2759 | 277 | 3621 | 643 [17.02| | 360 | .0,
; o .
(1042.75) o | (27.33) | (2:22) | (36.89) | (6.24) |(17.29) co>

3.2 Natural of the complexes

The most well-known method for identifying the types of complexes formed in solutions
that need separation, is the mole ratio approach which was used to investigate the stoichiometric
reaction between the ligand (PAA) and [Sm (II1) and Ce (IV)] [17]. This method was used to
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measure the absorbance versus molar ratio of the (M:L), there is no retable dissociation while
generating the complex, and the plot shows a distinct break when the amount of the ligand
(0.25ml) and the amount of the metal ion are changed while remaining constant. This currently
displays the make-up of complexes. Figure (1) and (Table 2) were shown that mole ratio (M:L)
is (1:3).

Table 2: Mole Ratio of ligand and Ln-complex.

Absorbance at A max (nm)
M:L Sm (PAA) Ce (PAA)
(334) (389)
1:0.25 0.251 0.244
1:.0.5 0.277 0.354
1:0.75 0.294 0.411
1:1 0.311 0.452
1:1.25 0.321 0.459
1:15 0.325 0.462
1:1.75 0.329 0.495
1:2 0.355 0.522
1:2.25 0.398 0.548
1:25 0.424 0.567
1:2.75 0.456 0.582
1:3 0.475 0.594
1:3.25 0.493 0.610
1:3.5 0.531 0.624
1:3.75 0.554 0.655
1:4 0.628 0.672
0.8
0.6
'E:’; o '_‘___._./“/_ﬁ‘_.‘
0.2
0
1 15 2 2.5 3 35 4
M:L
== Sm(PAA) Ce(PAA)

Figure 1: Shows the molar ratio curves for Ln-complexes and PAA-Metal ion solutions at
Amax.
3.3 Thermogravimetric analysis (TGA)

The ligand thermal degradation (PAA) and Lanthanides complexes have been discussed by
(TGA) in the rang (25-800) C° with argon gas. The suggested formula has been verified using
thermal analysis, which was also used to examine the thermal stability of the synthesized ligand
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(PAA) with Ln-complexes. The findings appear to be consistent with the formula that the
analytical data [18] revealed. According to Figure 2-4 and Table 3, the ligand (PAA)
decomposed in three steps, but its complexes did so in five, and there was no mass loss up to
270 °C in the case of the ligand, indicating the presence of moisture. However, in the cases of
[Sm (111) and Ce (IV), the decomposition was up to (22-69 °C) and (25-93 °C), respectively,
due to lattice water. The remaining amount of (PAA) is (26.9%), and the thermal stability has
resulted in a reduction in the number of Ln- complexes in the following order:
[Sm(PAA)3]CI3.3H20 > [Ce(PAA)3](SO4)2.H20

Table 3: The obtained results of TGA for the ligand (PAA) and its Ln-complexes
Molecular Formula TG. Range of
Com (molecular weight) | Ste The Suggested | Calculate| Found
P g P decomposition | Assignment % %
g/mole on (0 C9)
PAA C8HIN9 (231.22) 1 (22-270) C° C4H9N2.75 ©1.3%  [42.21%
2 (270-360) C°  [C2 10.37%  [10.23%
3 (360-800) C°  [C2N1.75 20.97%  [20.66%
Resid (<800 C° N4.5 27.24%  [26.9%
ue
[SM(PAA)3]CI3.3H20 [SmC24H33N27CI303 |1 (25-69.73) C°  [H1003 5.78%  [5.95%
(1003.02) 2 (69.73-128.91) |HaCla 9.27%  [10.17%
CO
3 (128.91-214.48) [C13N3C) 23.22%  [23.17%
CO
4 (214.48-265) C° [C7Ns 12.56%  [12.80%
5 (265-800) C°  [C4Ny 17.34%  [16.97%
residue>800 C° SMN1, 31.74%  [30.7%
[Ce(PAA)3](SO4)2.H20 [CeC24H29N275209 (1 (25-93.16) C°  |H29C30 7.76%  [7.71%
(1043.75) 7 (93.16-240) C° [C2N7 11.68%  [11.84%
3 (240-381.83) C° [C6N 8.23%  [8.77%
4 (381.83-701.97) [C13N10 28.35%  [28.54
CO
5 (701.97-800) C° [N6S2 14.17%  [14.59%
residue(<800 C° CeN308 29.71%  [28.55%
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Figure 2: Thermogram for PAA ligand Figure 3: Thermogram for the[Sm(PAA)3]Cl;.3H,0
complex

Figure 4: Thermogram for the [Ce(PAA)3](S04)2.H20 complex

3.4 The 'H NMR Spectra of the ligand PAA

Figure 5 shows the HNMR spectra for the free ligand PAA in (DMSO-d6). A singlet signal
at (11.86) ppmis attributed to 6 (NH, H) of pyrozole moiety, while at (8.57) ppm is referred to &
(CH) of pyrimidine moiety [19]. The signals at (8.09,8.25) ppm is represented to (-NH2, 2H) in
adenine [20], while the chemical shift at (8.45) ppm was returned to § (-NH) in imidazole moiety

[21]. The multi signals were featured at (7.00-7.9) ppm was belongedto proton of naphthalene
ring [22].

Figure 5: THNMR Spectrum for the PAA ligand
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3.5 Electronic spectra and magnetic properties

The UV-Vis spectra of the free ligand (PAA) in ethanol solvent [10*#] reveals two bands at
(274 nm, 36496.35 cm™ and 322 nm, 31152.65 cm!), which were ascribed to (1 — n*) The azo
moiety was used as a transition for intramolecular charge transfer (Figure 6) [23]. The electronic
spectra (UV-Vis) of the [Sm (111) and Ce (IVV)] complexes were displayed in Figures 7 and 8,
and the data was included in Table 4. Both a chromic shift and an absorption band are brought
on by chelating to lanthanide ions. The bulk of lanthanide ions absorb electromagnetic radiation
because of the partially filled 4f- orbital, especially in the visible region of the spectrum, which
excites the ions from their ground state to the higher electronic state. Electric radiation and
magnetic dipoles can both excite f-f transitions. Unlike the magnetic dipole transitions, which
are frequently parity-allowed and invisible, the electric dipole transitions are parity prohibited
(Laporte-forbidden) and considerably weaker. Due to their great weakness and destruction by
the severe band absorption (PAA), these transitions were consequently omitted from the spectra
of Ln-complexes [24]. The two compounds have paramagnetic magnetic characteristics.

Table 4: Electronic spectra for the ligand (PAA) and it’s Ln — complexes

Compound Omax(nm) Absor(pc);lqo_?) ot Transition Geometry
274 36496.35 (m — 7*)
PAA
321 31152.65 (m — w*)
[Sm(PAA)3]CI3.3H20 401 24937.66 CT O.h
[Ce(PAA)3](SO4)2.H20 495 20202.02 CT O.h
-
\
\
.y|
.l{ l'f‘\\
\V \
Figure 6: Ligad PAA Figure 7: PAA+Ce

Figure 8: PAA+Sm
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3.6 FT-IR spectra of PAA ligand and its complexes

To ascertain how the ligand and its complexes are coordinated, use the principal FT-IR
vibration bands shown in Table 5 for the (PAA) ligand and its complexes. Figures 9-11 show
the range of wavelengths within which their spectra were obtained.

the spectra of the Sm (111) and Ce (IVV) complexes, the most significant band for the azo
compound isthe azo moiety in the free ligand, which appeared at (1413) cm™ and was displaced
to higher wavelength at (1423 and 1423) cm™, demonstrating that the pair of electrons on the
nitrogen atom for the azo moiety is a state of coordination with the metal ion [25]. As a result,
when compared the spectrum of a free ligand (PAA), the strength of this band in the complexes
was decreased [26]. The FT-IR spectrum of the free ligand (PAA) was assigned doublet band
for the asymmetric and symmetric (NH2) moiety this band was unchanged in the spectra of
complex (Table 5). showing that there was no chelating via this moiety, but that a slight
alteration in position or form was occasionally ascribed to a fall in or rise in resonance as a
result of chelating [26], while the imine moiety (C=N) for the imidazole ring in adenine was
referenced by the ligand (PAA) (1701-1687) cm™. Due to coordination with the metal ion, this
band was shifted to its maximal wavelength in the region of (1733 and 1745) cm™ in the spectra
of Sm(lIl) and Ce(IV) complexes [27]. The bands were attributed to v (C=N)pyr. and v
(C=N)prm. have little effected on complexation [28] [Table5 and (Figure 9-11)]. The spectra
of Sm (111) and Ce (IV) complexes were recorded new bands in the (432-437) cm™ and (669-
653) cm™ respectively, which were belong to v (Ln-Nazo) and (Ln-Nimd.) [26]. According to
the information provided above, the ligand (PAA) acts as a neutral N,N-bidentate throughthe
azo and imdazole moiety of adenine.

Table 5: vibration bands of the (PAA) ligand and its complexes

Assessment center | v (N-H) | v(C=N)pyr. | v(C=N)imd |v (C=N)pyrm.| v (N=N)azo Kl)(ggo I\‘I’)Erl\r?d
PAA 33433515bsfs't 1639 sh,m %g% gm 1558'st. | 1413stsh

[Sm(PA,gg]CIs.sH 33430607&,2; 1633 shm 1733 1546 st 142.3 M | 437w, | 669w,

[Ce(PAﬁ)zgg(sm)z' S Em 1620shm 1745 1546 m. | 1423w. | 432 S?frsn

s=strong, m=medium, w=weak, sh=sharp, prm.=Pyrimidine , imd.=Imidazole , pyr=Pyrazole

Figure 9: FTIR spectrum of (PAA) ligand
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Figure 11: FTIR spectrum of [Sm(PAA);]Cl3.3H,0.

3.7 Assess of powder X-ray diffraction
Figures 12-14 show the three strongest reflection peaks for the (PAA) ligand,

[Sm(PAA)3]Cl3.3H20 and [Ce(PAA)3](SO4)2.H20 in the range of 26 (11.1415-12.2355),
(31.8205-45.6042), and (31.4135-14.6576), respectively. In accordance with this information,
the semi-crystalline nature and particle size of (PAA) ligand and their Ln-complexes were
estimated from XRD patterns based on the highest intensity value compared with the other
bands using the Renewed Debye-Teller method [28-29]. The main characteristic reflection
peak for (PAA) ligand occurs at (11.1415) in the diffraction pattern of (PAA) ligand, while
these band occurs at (31.8205) and (31.4135) of [Sm(PAA)3]CI3.3H20 and
[Ce(PAA)3](SO4)2.H20 respectively.

D =K A/ B cos ©Where:

D: the main size of crystalline domains, which may be equal or smaller to the crystal grain
size (the apparentparticle size of the grains) and war represented as volume function by (A) or
(nm) unite.

B = full width at half maximum (FWHM) of X-ray diffraction peak .

0 = Bragg angleA = 0.15406 nm

K = 0.9 (Constant)
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Table 6 represents the Data from X-ray diffraction, including the Bragg angle value (2), full
width at half maximum (FWHM), and particle size (D). The number of particles per (PAA),
[Sm(PAA)3]CI3.3H20 and [Ce(PAA)3](SO4)2.H20 are (0.1322 nm , 0.6214 nm and 0.441
nm) respectively. These values were emphasized that particle size is located within the
nanoscale range. The interplanar spacing (d) was calculated from thestatus of intense peak
according to Bragg’s equation [30].
n A=2d sin Owhere:
A =0.15406 A°

= integration number
d=is the spacing of the crystal layers (path difference)

= is the incident angle (the angle between incident ray and the scatter plane)

The (d) data calculated and observed for (SAA), [Sm(PAA)3]CI3.3H20 and
[Ce(PAA)3](SO4)2.H20 are (7.9412, 2.8102 and 2.8455) A° respectively.

Table 6: Particle size of ligands (PAA) and their complexes

GETRENTER 20 FWHM d(A°) d(A°)
(deg) (nm) (Calculated) (Found)

PAA 11.1415 0.86 7.9412 7.9351
[Sm(PAA)3]CI3.3H20 31.8205 0.2224 2.8102 2.8099
[Ce(PAA)3](SO4)2.H20 31.4135 0.3239 2.8455 2.8454

“‘W"" o

Figure 12: (PAA) ligand Figure 13: [Sm(PAA);3]Cl3.3H,0

FIgU re 14. [CE(PAA)g] (804)2 Hzo
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3.8 SEM analysis

The [Sm(PAA)3]CI3.3H20 complex and its ligand (PAA) surface morphology were
investigated. Some information will get about the surface topography and composition of
sample [31]. The SEM images for the ligand (PAA) and (Sm) complex, respectively, are shown
in Figures 15-16. The ligand (SAA) was observed in the SEM image to be aggregated,
spherical, nonuniform, and to have a smooth surface with an average (D=33.19nm) [32]. As
[Sm(PAA)3]CI3.3H20, it has been depicted as aggregated, spherical, and non-uniform particles
with a smooth surface and an average (D=72.67 nm) in the SEM image.

Figure 15: SEM analysis for the PAA ligand

MIRAS TESCAN

Datoimidry): 07/258/22 SUT - FESEM

Figure 16: SEM analysis for the [Sm(PAA)3]CI3.3H20

3.9 Scavenging activity on DPPH radicals

Antioxidants were assumed to be efficient in scavenging DPPH radicals because of their
ability to donate hydrogen [34]. The stable free radical DPPH may absorb an electron from a
hydrogen radical to create a diamagnetic molecule. The antioxidant-induced drop in DPPH
radical absorbance at 517 nm was utilized to calculate the reduction in DPPH radical. The
ability of a material to behave as a hydrogen donor or free-radical scavenger, as well as the
antioxidant activity of foods and plants, have all been evaluated using the DPPH reaction. [34].
By employing DPPH radical scavenging activity, (PAA) ligand and its metal complex
[Ce(PAA)3](SO4)2.H20) shown in vitro antioxidant activity. A positive control ascorbic acid
was used. At concentrations of 12.5 mg/mL of (PAA) and [Ce(PAA)3](S04)2.H20,
(37.35+1.226) and (40.43+£3.877) respectively. [Ce(PAA)3](SO4)2.H20 complex. At the
concentration 200 mg/mL, DPPH radical scavenging activity increased dramatically to (76.70+
0.483) and (84.84+2.994) for (PAA) ligand and [Ce(PAA)3](S04)2.H20 respectively. Tables
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7 and 8 list the results of DPPH radical scavenging activity of (PAA), [Ce(PAA)3](S04)2.H20
and vitamin C Figures 17 and 18 show the results.

Table 7: DPPH radical scavenging activity of (PAA) ligand and vitamin C

. DPPH Radical Scavenging Activity (Mean + SD; %)
Concentration(mg/ml) ——

PAA Vitamin C
12.5 37.35+1.226 22.23+0.409
25 44.28+3.108 37.00+2.646
50 52.00+1.365 55.60+2.285
100 72.11+0.644 72.73+0.933
200 76.70+0.483 84.03+1.753

Table 8 : DPPH radical scavenging activity of [Ce(PAA)3](SO4)2.H20 and vitamin C
DPPH Radical Scavenging Activity (Mean + SD; %)

Concentration

(mg/ml) [Ce(PAA)3](SO4)2.H20 Vitamin C
125 40.43+2.238 42.20+1.408
25 52.31+1.518 57.91+3.423
50 67.17+0.2278 65.20+2.567
100 79.82+3.075 78.67+1.850
200 84.84+2.994 85.03+0.598
P 1004 - " ) - . 3 PAA
B Ascorbic Acld 0oy ™ » » » » [CePAALNSO4)L. H:O
g o [ H H 2 7 I H = Ax«:«»: e
g 004 § - h
(1]
N § :
4«
204
8 i
,@ & & L \m” = 0
Concentration in ug mL” '(P & K3 D \“5

Concentration in g mL"
Figure 17: scavenging activityof (PAA) ligan Figurel8: scavengingactivity of [Ce(PAA);](SO,),.H,O

3.130/3/2024 Cytotoxic effectiveness
The cytotoxic impact of [Ce(PAA)3](S04)2.H20 on the leukemia cancer cell line (THP-1)
was assessed [35]. The cell vitality and inhibition rate of the tumour cell line were
determined by the MTT

test

using different dosages of the chemical [Ce(PAA)3](SO4)2.H20). The fraction of live cells
was evaluated in comparison to the untreated cell line HdFn [36]. Cytotoxic effects of water
At doses between 12.50 and 400 g/mL, the THP-1 cell line demonstrated a dose-dependent
decrease in cell viability as shown in Table 9. Cell viability is decreased as
[Ce(PAA)3](SO4)2.H20 concentration is raised. The greatest THP-1 cell viability was
found at 12.50g/mL (95.181.28), while the lowest THP-1 cell viability (percentage) was
found at 400 g/mL (48.234.57). [Ce(PAA)3](SO4)2.H20 was found to have the most
powerful cytotoxic impact, with an IC50 of (51.68) g/ mL. The effect of
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[Ce(PAA)3](SO4)2.H20 on the HdFn normal cell line produced an 1C50 of (124.9) g/ mL.
Figure 19. We deduce from the IC50 values that the [Ce(PAA)3](S04)2.H20 complex
requires a low concentration to kill the THP- 1cell line, while still having an impact on
normal cells (HdFn).The influence of [Ce(PAA)3](S0O4)2.H20 complex in killing cancer
cells depends on its morphological properties motivated cell death and DNA damages, this
causes a metal ion chelated with DNA at the (N7) of the guanine and adenine bases,
preventing transcription and blocking DNA [37]

Table 9: Cytotoxicity effect of [Ce(PAA)3](SO4)2.H20 on THF-1 and HdFn cells after 24
hours incubation at37 °C.

[Ce(PAA)3](SO4)2.H20 THP-1 cell line viable cell count | HdFn cell line's viable cell count
(ng/mL) Meanz+ S.D. Meanz S.D.
400.00 48.23 £ 4.57 71.18 £ 0.69
200.00 54.98 £+ 2.03 78.24 £ 1.53
100.00 63.77 £3.71 84.34 £ 2.66
50.00 75.27 £ 4.26 95.33+1.18
25.00 86.19 £ 3.92 95.22 £ 0.82
12.50 95.18+1.28 95.18+0.41
1001
80+
2 ICso 124.9
£ 6o
8 ICs, 51.68
= a0 =
3 - THP-1
201« HdFn
0 T v v 1
1.0 1.5 2.0 2.5 3.0

Log Concentration pg mL"’

Figure 19: Cytotoxic effect of [Ce(PAA)3](SO4),.H,O on THP-1 and HdFn cells after a 24-
hour incubation period at 37 degrees Celsius

3.10 Antibacterial and antifungal Activity

Metal ions may interact with a particular ligand in live tissues, inhibiting chelating sites and
interfering with normal functions [38]. The growth and metabolism of biological systems are
significantly impacted by metal ions, as well. Metal complexes may be used in medicine to
deliver ligands, metal ions, or both to a known location in the biological system [39]. A variety
of researchers are interested in azo compounds because of their many pharmacological and
molecular properties [40]. The findings are shown in Table 10. The Ln-complexes were
discovered to have moderate action against Amoxicillin, a reference antibiotic that efficiently
suppressed the same harmful microorganisms. Expect the free ligand to exhibit potent anti-
Amoxicillin action as well as potent anti-Candida activity for the free ligand (PAA) and their
complexes, as shown in Figure 20
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Table 10: The inhibitory zones for ethanol, Amoxicillin, fluconazole, ligand (PAA), and their
complexes aremeasured in millimeters.

Compounds Stapzzr%?{%?s]i)sﬁ::reus KI;Pasrﬁ!lniéiisg“) Candida
Ethanol
Amoxicillin 14 15
fluconazole - - 20
PAA 22 22 33
[SM(PAA)3]CI3.3H20 10 16 34
[Ce(PAA)3](SO4)2.H20 11 15 30

Candida olbicms B Klibsiala preumoniae

Figure 20: activity of ligand and Ln-complexes with Candida and Klebsiella

Conclusion

After spectral and analytical physicochemical studies on the ligand (PAA) and its
complexes, several conclusions have been drawn and establish the following points: The ligand
(PAA), which acted as a neutral N, N-bidentate chelating ligand that bonded to the target
lanthanide metal ions, was produced by mildly altering the diazotization procedure. An
octahedral chelating complex is formed by the nitrogen atoms of imidazole in the adenine and
the nitrogen atom of azo [Sm(I11), Ce(1V)]. It was discovered through X-ray diffraction research
that the ligand and its complexes both had nanoscale characteristics. Both the ligand and the
complexes have various antibacterial and antifungal activities. The Ce (IVV) compound and
(PAA) ligand have antioxidant and anticancer activities.
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