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Synthesis and Biological Activity of Ni(ll), La(lll), and Ce(IV) Complexes with 8-Hydroxy-
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Abstract: In  this new azo ligand, 8-hydroxy-7-iodo-6-((4-
sulfophenyl)diazinyl)quinoline-5-sulfonic acid (HAQ), was synthesized from 8-hydroxy-
7-iodo-quinoline-5-sulfonic acid using a diazotization-coupling procedure and then
complexed with La(IIl), Ni(Il), and Ce(IV) ions. The ligand and its metal complexes were
analyzed using elemental analysis, FTIR, UV-vis, 'TH-NMR, TGA, SEM, ICP, and XRD
techniques. Spectral and analytical results indicated the effective coordination of oxygen
and nitrogen donor atoms, resulting in stable 1:1 (metalligand) of
[La(HAQ)CI:(H,0),]-5H,O0,  and  (1:2) of [Ce(HAQ):SO.)J-H.O  and
[Ni(HAQ),(H.0),]-4H>0 complexes. Thermal analysis has revealed that metal complexes
are more thermally stable than their corresponding free ligands. SEM showed significant
morphological modifications during complexation, whereas XRD patterns revealed an

study, a

increase in crystallinity in the metal complexes. The antioxidant characteristics of the
synthesized compounds were evaluated using the phosphomolybdate technique, with the
Ce(IV) complex displaying the highest activity, most likely due to its redox capacity.
Overall, the results highlight the potential of HAQ and its metal complexes as promising
candidates for antioxidant and anticancer applications. These findings warrant further
mechanistic studies and in vivo evaluations.

Keywords: ferron-azo ligand; lanthanide; transition metal complexes; antioxidant
activity; cytotoxicity

m INTRODUCTION

Azo compounds, particularly those containing
heterocyclic frameworks such as 8-hydroxyquinoline
derivatives, have garnered more attention recently due to
their diverse biological activities and wide-ranging
applications in medicinal, analytical, and material
sciences [1]. Among these, 8-hydroxyquinoline and its
halogenated sulfonic acid derivatives are recognized for
their potent antibacterial [2], antifungal [3], antioxidant
[4], antiviral [5], and antiparasitic properties [6].
Furthermore, these compounds have demonstrated
potential therapeutic benefits in neurodegenerative
disorders, including Alzheimer’s, Parkinson’s, and
Huntington’s diseases [7].

One

iodoquinoline-5-sulfonic

such derivative, ferron
acid), has
significant biological efficacy and is often employed for its

(8-hydroxy-7-
demonstrated

The
introduction of azo groups to such scaffolds not only

anti-amoebic and antiseptic properties [8].

enhances their physicochemical properties but also
provides versatile coordination sites for metal ions,
which facilitate the creation of stable, biologically active
metal complexes [9]. Azo-metal complexes have gained
prominence due to their roles in drug development,
diagnostic imaging, and cancer therapy—especially in
photodynamic applications where light-activated
cytotoxicity enables targeted action [10]. Lanthanide
and transition metal ions, such as La(III), Ce(IV), and
Ni(II), possess unique coordination chemistry and
redox behavior that can significantly influence the
structural and biological profiles of ligand-based
complexes [11]. Cerium(IV), for instance, exhibits
reversible redox cycling (Ce*/Ce) [12], which is
advantageous in generating reactive oxygen species
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(ROS)—a mechanism often exploited in anticancer and
antioxidant strategies. Likewise, La(III) and Ni(II) centers
contribute distinct thermal and electronic properties,
enhancing the functionality and stability of the resulting
complexes [13].

In light of these considerations, the current study
reports the creation of an innovative azo ligand, namely
8-hydroxy-7-iodo-6-((4-sulfophenyl) diazinyl) quinoline-
5-sulfonic acid (HAQ), via a diazotization-coupling
reaction. The coordination behavior of HAQ with La(III),
Ce(IV), and Ni(II) ions was systematically investigated.
The resulting complexes were characterized by a
comprehensive set of analytical and spectroscopic
techniques, including elemental analysis, FTIR, UV-vis,
'"H-NMR, inductively coupled plasma (ICP), thermal
gravimetric analysis (TGA), scanning electron microscopy
(SEM), and X-ray diffraction (XRD). Moreover, their
biological potential was evaluated in terms of antioxidant
capacity using the phosphomolybdate assay and
cytotoxicity against A549 lung carcinoma cells, providing
insights into their structure-activity relationships and
therapeutic relevance.

m EXPERIMENTAL SECTION
Materials

All the chemicals and solvents employed were of
reagent quality; no additional purification was necessary.
The components included sodium hydroxide (Merck),
sodium nitrite (Merck), nickel(IT) acetate (Chemsavers),
lanthanum chloride hydrate (Sigma-Aldrich), ceric
sulfate (Sigma-Aldrich), ferron (BIOSYNTH), and p-
aminosulfonic acid (Sigma-Aldrich).

Instrumentation

The Euro EA 3000 analyzer was used to do elemental
analysis (C, H, and N). The Shimadzu FTIR-8400S
spectrophotometer was used to record infrared spectra
with CsI pellets within the range (200-4,000 cm™). UV-
vis absorption spectra were acquired using a Shimadzu
UV-1800 spectrophotometer in the range of 200-
1,100 nm and a 10™* M solution concentration. The SDT
Q600 V20.9 instrument was used for TGA. Melting points
were determined using a Stuart apparatus. NexION 5000
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ICP-MS was used to determine the mass spectra (MS) of
the compounds. The chloride content was measured
using Mohr's technique. Magnetic susceptibility was
measured at room temperature with an MSB-Auto
balance. The 'H-NMR spectra were acquired using a
Bruker Avance III 400 MHz spectrometer with DMSO-
ds as the solvent and TMS as the internal standard.

Procedure
Synthesis of HAQ ligand
The HAQ ligand was synthesized using

diazotization-coupling techniques, as described in the
literature [14]. A solution of p-amino sulfonic acid
(0.01 mol, 0.173 g) in 10 mL of deionized water and
5mL of glacial acetic acid was cooled to 0-5°C. To
create the diazonium salt, add a 10% sodium nitrite
solution (10 mL) dropwise while stirring constantly.
Separately, 0.01 mol (0.35113 g) of ferron was diluted in
10 mL of a 10% NaOH solution. The diazonium salt was
gradually mixed into the alkaline solution while stirring.
The pH was changed to 5-6 with acetic acid or NaOH,
causing the orange product to precipitate. The substance
was filtered, rinsed with a 1:1 water-ethanol mixture,
and then dried (Scheme 1).

Synthesis of HAQ complexes

The lanthanum complex was synthesized in a 1:1
molar ratio (La:HAQ) by reacting LaCl; (0.001 mol,
0.3713 g) with an equimolar amount of HAQ (0.001 mol,
0.53528 g). In contrast, the nickel and cerium complexes
were prepared in a 1:2 molar ratio (M:HAQ), using
either Ce(SO4), (0.001 mol, 0.332 g) or Ni(CH;COO),
(0.001 mol, 0.176 g) with HAQ (0.002 mol, 1.0704 g).
Then, the resulting mixture is refluxed for 1 h with each
metal ion alone, while monitoring the reaction progress
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Scheme 1. Synthesis pathway of HAQ ligand

Noora Qasem Muhi and Alyaa Khider Abbas



Indones. J. Chem., 2026, 26 (1), 265 - 278

267

SOzH
X
~
N
OH <
S,
AN
%
SOzH
HOgS@N:N N
s
N | .5H,0
oy
\
;La—
H,O  Hy0
| L _
HO5S -
N o |Q
N o | &
<3 le)
10
: Z ’
SOzH
Y
— SO3H ]
HOgS@—N:N AN
~
N
O\
«4H,0

SO;H

Scheme 2. Synthesis of the complexes

using TLC in the presence of solvent (methanol,
ammonia, n-butanol = 0.8:1.2:4.0 mL). The colored
precipitates were filtered, rinsed with a 1:1 ethanol-water
solution, dried, and collected (Scheme 2).

Assessment of antioxidant activity

The HAQ ligand and its complexes were tested for
antioxidant activity the
phosphomolybdate method [15]. Ascorbic acid was used
as a standard to measure the total antioxidant capacity of

in laboratory using a

fractions by the phosphomolybdate method. An aliquot
of 0.1 mL of sample solution was mixed with 1 mL of
reagent solution (0.6 M sulphuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate). The
tubes were capped and incubated in a water bath at 95 °C
for 90 min. Following a 90-min temperature incubation,
the samples were cooled to room temperature, and the
absorbance of the mixture was measured at 765 nm on a
spectrophotometer against a blank. A typical blank
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consisted of 1 mL of the reagent solution and the correct
volume of solvent and was incubated under the same
conditions. As a standard, ascorbic acid was used [16].

Assessment of cytotoxic activity

The cytotoxicity of HAQ ligand and
[Ce(HAQ),(SO4)]-H,O was investigated in vitro using the
MTT test against lung cancer (A549) and normal dermal
fibroblast (HdFn) cell lines [17]. Cells were cultured and
maintained in 96-well plates using RPMI-1640 media at
37 °C and 5% CO,. After reaching 70-80% confluence,
cells were counted using a hemocytometer and then
seeded in new plates. Cells were treated to repeated
dilutions (25-400 pg/mL) of HAQ and cerium complex.
After 24 h, the MTT solution was added and incubated for
an additional 4 h. The formazan crystals were solubilized,
and the absorbance was measured at 575 nm using an
ELISA reader. The ICs, values were derived using cell
viability percentages.

MnSOD and phosphorylated histone H2AX induction
assay

HAQ was tested at two concentrations (100 and
200 pg/mL) in leukemia cell lines to assess the generation
of ROS. To generate oxidative stress, 1 mM paraquat and
400 pg/mL
permeabilization, and antibody staining procedures were

iron citrate were utilized. Fixation,

performed, followed by analysis using the ArrayScan HCS
Reader [18].

m RESULTS AND DISCUSSION
Physicochemical and Elements Analysis

The ligand HAQ was synthesized via a standard

diazotization-coupling method using p-
aminobenzenesulfonic acid and ferron. The resultant
HAQ ligand and metal complexes with La(III), Ce(IV),
and Ni(II) were produced in high yields. Table 1
summarizes the physical properties and elemental
compositions of the synthesized compounds. The
experimental values for carbon, hydrogen, and nitrogen
were found to be consistent with the estimated values,
validating the

hypothesized stoichiometry. The

detection of the synthesized complexes was
accomplished through a molar conductivity study,
which confirmed that they were the least non-

electrolytic of them (Table 1).
FTIR Spectral Analysis

The FTIR spectrum of the azo ligand appears
complex due to the presence of multiple functional
groups, many of which exhibit overlapping vibrational
regions. The major absorption bands of the free HAQ
with its metal ion complexes are summarized in Table 2.
The free HAQ ligand displays characteristic stretching
vibrations assigned to the azo group v(N=N), the C-
N=N-C bond, and the sulfonic acid group v(SO;H) [19].

These bands largely remain unchanged in the
spectra of the metal complexes, indicating that these
groups are not directly involved in coordination. In
some cases, however, slight shifts in intensity or position
were observed upon complexation, which may reflect
minor interactions or changes in molecular symmetry
[20]. The stretching vibration of the hydroxyl (O-H)
moiety in the quinoline appeared at 3438 and 3427 cm™
in the free ligand spectrum. However, in the spectra of

Table 1. Physical and analytical properties of the ligand and its complexes

C d (Experimental%) Mol ductivit
ompounds M:L Color Theoretical% olar concuchivity
(M.wt (g/mol)) Am (S mol™ cm?)
C H N M Cl
HAQ (C;5H0IN;05S,) (33.15) (2.47) (8.48)
- Dark brown - - -
(535.28) 33.66 1.88 7.85
[La(HAQ)CL(H,0),]-5H,0 (20.84) (2.71) (5.71) (16.11) (7.89)
1:1 Cherry 13
(885.22) 21.71 2.96 4.75 15.69 8.01
[Ni(HAQ),(H,0),]-4H,0O . (28.48) (3.05) (7.07) (5.39)
1:2  Shiny brown 32
(1235.33) 29.17 2.45 6.80 4.75
HA -H 21. 2.14 . 10.
[Ce(HAQ)(SO4)]-H,O 12 Dark red (21.60) (2.14) (5.67) (10.58) 18
(1367.86) 22.33 2.14 6.14 10.02
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Table 2. The FTIR spectrum bands of the ligand and its complexes

Compounds v(OH) v(C=N)py v(SOsH) v(N=N)azo v(-CN=NC-) v(H.0) v(M-Cl) (M-N) (M-O) (M-SO.)
HAQ 3438 1623 1051 1504 1313 - - - - -
3427 1593 sh, s sh, s m, sh
St. br. 1577
T,S
[La(HAQ)CL(H,0),]-5H,O 3454 1591 1049 1502 sh 1311 910 273 462 543 -
3390 1562 Sh M S
dw
[Ni(HAQ).(H.0).]-4H,O 3446 1591 1049 1504 1301 918 - 439 518 -
3419 1562
d,w
[Ce(HAQ)2(SO4)]-H-O 3508 1618 1049 1504 1315 918 - 441 543 599
3496 w

st =strong, br.= broad, s = small, m= medium, w= weak, vw = very weak, py = pyridine, d= double

Table 3. Thermal analysis data of the ligand and its complexes

Molecular formula Step TG range Suggested %Mass loss

(M.wt, g/mol) of the decomposition (°C) assignment %Calculated %Found

HAQ (CysH;0IN;05S,) 1 25-200 C,H, 5.23 5.27

(535.28) 2 200-450 C,H; 9.52 9.53

3 450-750 CsH; 11.70 12.14

4 750-900 C,N5S5,0 31.75 31.81

5 Residue 10s 41.66 41.25

[La(HAQ)CL(H,0),]-5H,0 1 25-250 CH;507 15.81 15.80

(885.22) 2 250-400 C;Hyo 10.61 10.63

3 400-750 CsCLN, 5005 22.14 22.15

4 750-900 Ni55,03 15.02 15.07

5 Residue LalO;s 36.35 36.34

[Ni(HAQ).(H,0),]-4H,0 1 25-150 C,H,0, 8.26 8.27

(1235.33) 2 150-450 Cy:Hi60, 26.22 26.23

3 450-750 C5N55,040025 21.20 21.28

4 750-900 04SN 11.49 11.54

5 Residue Nil,050¢75 32.70 32.69

[Ce(HAQ)2(SO4)]-H,O 1 25-200 C,H;,0 5.92 5.94

(1367.86) 2 200-400 CyoH ;N 19.44 19.48

3 400-900 C90145S51bN5 60.24 60.10

4 Residue CeOs5 14.38 14.48

the metal complexes, this band disappeared, suggesting
through the oxygen
deprotonated hydroxyl moiety to the metal center [21].

coordination atom of the
Additionally, a stretching vibration band corresponding
to the imine (C=N) moiety in the pyridine is observed at
(1623,1593,1577) cm ™ in the ligand spectrum. This band
exhibits changes in shape and position upon coordination
with the study of metal ions. It represents evidence of

coordination between the ligand and the metal ions,
further supporting metal-ligand interaction through the
nitrogen donor site [22], as illustrated in Fig. SI.
Moreover, new bands appeared in the spectra of the
complexes, which are attributed to metal ion bands with
ligand vibrations, such as v(M-0O), v(M-N py), and
v(M-Cl), confirming the formation of coordination
bonds.
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Thermogravimetric Analysis

To evaluate the thermal stability, TGA was
performed, and the breakdown patterns and metal
contents of the synthesized HAQ ligand and metal
complexes are shown in Table 3 and Fig. S2. The thermal
behavior was investigated in an inert argon environment
at temperatures ranging from 25 to 1,000 °C with a
of 10°C/min. The TGA
thermograms revealed multistep decomposition profiles,
that
corresponding to the elimination of distinct ligand

constant heating rate

indicating stepwise decomposition occurred,
moieties before stable metal oxide residues were formed
at the end of the heat degradation process [23].

The free ligand (CisH1INsO;S;) exhibited five
unique weight loss stages. The early weight loss (25-
200 °C) results in the release of adsorbed moisture and
small molecular fragments, such as ethylene (C,H.)
(weight loss 5.27%), indicating the removal of weakly
bound moieties. The subsequent decomposition
processes entailed fragmentation of the aromatic
framework of the ligand, with considerable losses between
200-750 °C owing to the progressive breakdown of
aromatic heterocyclic backbone (e.g., sulfonic acid, azo,
and quinoline systems) with cumulative weight loss
(52.48%). The last residue above (750 °C) supports the
predicted chemical structure by indicating the presence of
iodine and oxygen species, suggesting the formation of
stable (I0s), which accounts for 41.25% of the mass. These
observations are consistent with the proposed molecular
structure of HAQ [24].

The lanthanum complex
[La(HAQ)CL(H,0),]-5H,O had four major breakdown
stages. The first two phases (25-400°C) removed
coordinated and lattice water molecules, as well as organic
ligand fragments (C;;Hs and CsHisO). The ensuing steps
(400-900 °C) resulted in the loss of coordinated chloride
ions and ligand degradation, leaving a LalO residue. The
estimated and measured mass losses were in good
agreement, supporting the suggested stoichiometry and
coordination environment. Similarly, the nickel complex
[Ni(HAQ),(H>0),]-4H,O has five distinct decomposition
steps. The initial weight loss was attributed to the
elimination of hydration water (15.8% weight loss),
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followed by the gradual breakdown of the two
coordinated HAQ ligands, including the cleavage of azo
and sulfonic moieties. The ultimate residue, Nil,Os,
indicates complete oxidation of the organic matrix and
the retention of nickel and iodine in oxide form [25].
The cerium compound [Ce(HAQ)»(SO4)]-H,O had a
multi-stage breakdown profile. The first phase involves
removing hydration water, then degrading organic
components (Cy0H160, Co014S51,N¢Hs), and releasing the
sulphate group. The remaining product, CeOs,, indicates
the synthesis of cerium(IV) oxide under oxidative
circumstances. Overall, the TGA results corroborated
the hypothesized molecular formulas and confirmed the
effective coordination of HAQ with the relevant metal
centers. The discovered heat stability and
decomposition pathways shed light on the structural
robustness and coordination geometry of the
synthesized complexes [26]. Overall, the TGA results
confirm the enhanced thermal stability of thermal
complexes compared to the free ligand. The increased
residue percentage and higher decomposition
temperatures reflect the formation of thermally robust
frameworks

coordination involving  metal-ligand

interaction [27].
TH-NMR Analysis

The 'H-NMR spectra of the HAQ ligand were
obtained in DMSO-ds (8 = 2.5 ppm) with TMS as an
internal reference standard at 400-4000 MHz. The
spectral data provided distinct chemical shifts (§),
expressed in parts per million (ppm), corresponding to
the protons present in the molecular structure, thereby
confirming the successful synthesis and structural
integrity of the ligand, as depicted in Fig. S3 [28]. A
singlet signal at 8.4 ppm indicates the proton of the
sulfonic acid group (-SO;H). The downfield shift is
caused by the sulfonic acid group's strong electron-
withdrawing nature, which exposes the proton and
causes a greater chemical shift [29]. A singlet at 9.3 ppm
represents the hydroxyl proton of the 8-
hydroxyquinoline moiety. This signal occurs downfield
as a result of intramolecular hydrogen bonding and the

hydroxyl group's conjugation with the aromatic
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quinoline ring [30]. Multiple counter signals at 7.0-
8.5ppm showed that the aromatic protons from
conjugated benzene and quinoline rings contribute to
these various peaks. The multiplicity and chemical shift
values are consistent with the expected chemical
environment for protons in a strongly conjugated
aromatic system with electron-withdrawing substituents,
such as iodine and azo (-N=N-) groups [31].

UV-vis Spectroscopy and Magnetic Properties

The UV-vis spectrum of HAQ, as shown in Fig. S4
and summarized in Table 4, revealed two distinct
absorption bands: A broad shoulder at 410 nm ascribed to
n->1* transitions involving the nonbonding electrons of
nitrogen and oxygen atoms from (OH, N=N, and SO;H)
moieties. These transition characteristics of azo compounds
bearing electron-rich hetero atoms [32]. A sharp band at
291 nm for m->7* transitions within the aromatic and
conjugated system, primarily from the quinoline and azo
moieties [33]. Bathochromic shifts and new charge
transfer (CT) bands were observed in the spectra of the
La(Ill) and Ce(IV) complexes after complexation,
confirming  successful  coordination within dia
management properties and an octahedral geometry [34].
The paramagnetic Ni(II) complex also displayed mild d-d
transitions at 431 nm, which are indicative of octahedral
geometry [35]. According to the Tambe-Sugano diagram
for d* ions, this band is tentatively assigned to the
*Ag>’Tog (p) transition [36]. The bathochromic shifts in
the absorption maxima of the metal complexes relative to
the free ligand support the successful coordination of
HAQ with metal centers. These spectral modifications are
consistent with increased delocalization and altered

ligand field environments upon complex formation [37].

Scanning Electron Microscopy

SEM analysis was employed to characterize the
morphological properties of the surface and the
microstructural features of the free ligand and its Ce-
complex. The research sheds light on particle shape,
surface roughness, and crystallinity, all of which have a
significant impact on physicochemical and biological
behavior [38]. The SEM image of the free HAQ ligand,
in Fig. S5,
heterogeneous surface made up of loosely packed

as illustrated revealed an uneven,
particles with amorphous properties. This chaotic shape
indicates low crystallinity and a lack of long-range
structural organization, which is consistent with its
molecular origin prior to coordination with cerium ions.
Surface characteristics changed noticeably after
complexation [39]. Ce(IV) complex,
[Ce(HAQ)(SO4)]-H,O had a unique morphology, with
a porous, sponge-like texture and uneven surface. This
variance may be due to steric hindrance and the high
oxidation state of Ce(IV), as well as the existence of
sulphate anions, which could impair uniform crystal
formation. These morphological distinctions between
the free ligand and Ce-complex demonstrate effective
coordination and lend support to the creation of
architecturally different supramolecular structures. The
Ce-complex's improved surface regularity and
compactness are anticipated to affect its thermal stability

and biological activity (Table 5) [40].
X-ray Diffraction

The free HAQ ligand and its cerium(IV) complex
[Ce(HAQ)»(SO4)]-H,O were analyzed using XRD to
determine their crystalline structure and average

Table 4. Electronic transition and magnetic properties data of the ligand and its complexes

Compounds A (nm) Wavenumber (cm™) Assignment u (B.M)
HAQ 410 24.390 n->m* -
291 34.364 T>T*
[La(HAQ)CIL(H,0),]-5H,O0 487 20.533 CT 0
[Ni(HAQ),(H,0),]-4H,0O 431 23.202 CT 2.8
’Axg>’Tig (p)
[Ce(HAQ)(SO4)]-H,0 492 20.325 CT 0
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Table 5. SEM data of the ligand and Ce-HAQ complex

Compounds Average radii (nm) Shape
HAQ 22.440 Heterogenous coral
[Ce(HAQ)»(SO,)]-H,O 42.707 Heterogenous spherical

crystallite size. This approach gives critical information
regarding structural ordering at the nanoscale, which
directly affects the compounds' physicochemical
properties. The XRD pattern of the free HAQ ligand
showed a broad diffraction peak centered at 260 = 31.83°
and a full width at half maximum (FWHM, B) of 0.1968
radians. The broadness of the peak indicates low
crystallinity or partially amorphous character, which is
common in organic compounds with uneven molecular
packing. The crystallite size was estimated by applying the
Debye-Scherrer equation [41] in Eq. (1);
KA

b= BcosO W
where D is the average crystallite size, K is the shape factor

(typically 0.9), A is the wavelength of Cu Ka radiation
(1.5406 A), B is the FWHM (in radians), and 0 is the Bragg
angle. The predicted crystallite size for the HAQ ligand
was 7.14nm, indicating that the material is
nanocrystalline or semi-amorphous. The Ce(IV) complex
had a sharper and narrower peak at 260 = 31.87° with f =
0.1476 radians, indicating a predicted crystallite size of
9.51 nm, as was shown in Fig. S6 and Table 6. The lowered
peak width and increased crystallite size indicate a greater
degree of crystallinity after interaction with the metal ion.
The addition of cerium and the development of the
chelated complex are anticipated to promote more regular
molecular packing and long-range organization within
the solid phase [42].

These findings demonstrate that complexation with
Ce(IV) significantly alters the structural organization of
the HAQ ligand, leading to improved crystallinity and a
more ordered lattice structure. The increase in crystallite
size may also contribute to enhanced thermal stability and
biological activity, as supported by complementary
characterization techniques [43]. Interplanar spacing (d)
was calculated based on the use of the most intense peak
following Bragg's law in Eq. (2) [44];
nA =2dsin® (2)

where A = 0.15406 A, n is the integer number, d is the
spacing between crystal layers (the path difference), and
0 is the incident angle (the angle between the incoming
ray and the scattering plane).

Mass Spectroscopy

The GC-MS analysis of the HAQ
fragmentation behavior is shown in Fig. S7. The spectrum

ligand

revealed a prominent molecular ion peak at m/z = 535.2,
which corresponds to the intact molecular weight of HAQ
(CisH1IN305S,), thereby validating that the proposed
HAQ ligand was present. This analysis was performed to
confirm its molecular structure and assess its molecular
formula. In addition to the molecular ion peak, several
significant fragment peaks were observed, arising from
the stepwise cleavage of characteristic functional groups.

The base peak appeared at m/z = 105.0, indicating
a highly stable fragment, likely derived from the p-
sulfophenyl moiety after cleavage of the azo (-N=N-)
bond. This fragment is commonly reported in the
fragmentation of sulfonated aromatic azo compounds,
as it offers strong resonance stabilization. Fragmentation
pathways suggest that the ligand undergoes homolytic
and heterolytic bond cleavages at labile sites, notably:
The N=N azo bridge, which is prone to cleavage due to
its conjugated yet relatively weak double bond. The C-S
and S=O bonds within the sulfonic acid group, which
may break under electron impact, generating distinct
sulfur- and oxygen-containing fragments. Halogen loss
(iodine atom, I) may also occur, producing a
characteristic peak due to the heavy atomic mass of
iodine (I = 127amu). The fragmentation pattern,
summarized in the proposed scheme (Scheme 3),
supports the presence of key functional groups, including
quinoline, phenolic OH, sulfonic acid, iodine, and azo
linkages. The fragmentation behavior is consistent with
literature similar

reports  on  structurally

hydroxyquinoline-based azo compounds [45].
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Table 6. XRD for HAQ ligand and [Ce(HAQ),(SO4)]-H,O

d(A)
C d 20 FWHM D
ompounds (nm) (nm) Calculated Found
HAQ 31.83 0.19 7.14 2.73 2.81
[Ce(HAQ)»(SO4)]-H,O  31.87 0.14 9.51 2.73 2.80
SOzH SO3H

HO3S

00—

Cy5H10IN307S;
Molecular Weight: 535.29

C1sHgN30,8%

m/z: 326.02
SOzH
SOzH I
CH
| Xr X} ﬁ
_> C
= R .
ez N \CI;H
0 o
2 .
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o
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C4Hs>
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Scheme 3. Fragmentation of the HAQ ligand

Antioxidant Activity

The antioxidant capability of the free HAQ ligand

and its metal complexes was evaluated using the
well-established
spectrophotometric technique for determining total

phosphomolybdate test, a

antioxidant capacity (TAC). This approach involves
reducing Mo(VI) to Mo(V)
antioxidants, resulting in a green phosphate/Mo(V)

in the presence of

combination with maximum absorption at 765 nm [16].
All examined compounds had detectable antioxidant
activity, with variations due to differences in molecular
structure, electron-donating capacity, and metal
coordination. The HAQ ligand demonstrated a strong
ability to decrease Mo(VI), most likely due to the presence

of phenolic-OH and azo groups, which are known to

participate in redox processes by donating electrons or
hydrogen atoms to ROS. Changes in antioxidant activity
were detected following complexation with metal ions.
Specifically, the Ce(IV) complex [Ce(HAQ)(SO4)]-H,O
showed higher antioxidant potential compared to the
free ligand. This enhancement may be ascribed to the
redox-active nature of Ce(IV), which can undergo facile
Ce(IV)/Ce(IlI) interconversion, thus amplifying its
capacity to scavenge free radicals or facilitate electron
transfer reactions. Furthermore, coordination with the
metal center may stabilize the ligand structure and
enhance its ability to interact with oxidizing species. The
antioxidant effectiveness is tabulated in Table 7. This
suggests that the incorporation of metal ions not only
enhances the structural rigidity of the ligand but also
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Table 7. The antioxidant potential was determined by utilizing the following formula

Indones. J. Chem., 2026, 26 (1), 265 - 278

Concentration (pg/mL)

Items
150 100 50

Blank 0.004+0.002

Control 0.13+0.002  0.12+£0.002  0.14 £0.002
HAQ 2727 £1.005 21.58 £0.310 15.75%0.610
[La(HAQ)CL(H,0),]-5H,O  26.17 +£0.500 19.58 +0.460 10.75+7.170
[Ni(HAQ),(H,0),]-4H,0  26.28 +0.360 22.80 + 0.680 15.52 + 0.720
[Ce(HAQ),(SO4)]-H,O 26.70 £ 0.690 22.04 +0.400 16.43 + 0.500

introduces additional redox centers that can improve  Interestingly, = both  compounds demonstrated

overall antioxidant behavior [46].
Evaluation of Cytotoxic Activity

The cytotoxic potential of the synthesized HAQ
ligand and its cerium complex [Ce(HAQ),(SO4)]-H,O was
tested in vitro using the MTT assay against human lung
carcinoma cell line (A549) and normal human dermal
fibroblast cells (HdFn) [47]. The MTT assay is a
approach  that uses
dehydrogenases to reduce tetrazolium salt MTT to
formazan in live cells. The absorbance at 575 nm indicates

colorimetric mitochondrial

cell viability. Both the free ligand and its Ce(IV) complex
demonstrated dose-dependent cytotoxicity against A549
cells, with a stronger impact found at higher doses. The
HAQ ligand showed considerable antiproliferative
activity (ICso = 52.75 pg/mL), while the Ce(IV) complex
had slightly lesser cytotoxic potency (ICso = 176.2 ug/mL)
as directed in Tables 8-9 and Fig. S8. These data imply
that the HAQ ligand may interfere with cellular redox
homeostasis or DNA replication, most likely through its
azo and phenolic functional groups, which are known to
cause oxidative stress and impair cellular function.

significantly lesser toxicity towards normal HdFn cells,
with ICs, values of 152.4 ug/mL for HAQ and
193.9 ug/mL for Ce(IV) complex. This selectivity
suggests that the chemicals may preferentially target
quickly dividing cancer cells while sparing normal
healthy cells, which is an attractive feature for anticancer
prospects. The substantially decreased cytotoxicity of
the Ce(IV) complex compared to the free ligand could
be due to a decrease in free functional groups during
coordination or a modification of ligand reactivity
during complexation. However, the complex still
maintains a high level of activity, probably due to the
cerium center's redox characteristics, which may
contribute to ROS production and apoptotic signaling in
cancer cells [18].

Table 9. Cytotoxicity effect of HAQ ligand

Conc. (ug/mL) HAQ
DMSO 384.0 £27.22
50 448.0 = 18.68
100 581.3 £11.06
200 742.7 £ 8.02

Table 8. Cytotoxic effect of HAQ ligand and [Ce(HAQ)2(SO4)]-H,O on lung cancer cell line (A549) and normal cell

line
Cell viability
Concentration HAQ [Ce(HAQ)2(SO4)]-H,O
(ug/mL) HdFn A549 HdFn A549

Mean +SD Mean+SD Mean+SD  Mean + SD
400 69.83 £2.31 36.14+1.28 76.81+1.18 51.77+1.91
200 76.73 £1.28 42.63+2.03 88.19x1.10 67.16+1.73
100 88.69 £1.57 53.74+1.87 91.74+1.26 87.42 +3.38
50 93.71+£0.17 62.96+2.43 94.09+0.30 93.82+0.54
25 95.17+£0.35 7731151 9591+£0.29 95.56+0.24
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m CONCLUSION

This study developed an efficient method for
synthesizing and characterizing a new azo-based ligand
(HAQ) derived from 8-hydroxyquinoline using various
analytical and spectroscopic techniques. The ligand was
complexed with La(III), Ni(II), and Ce(IV) ions to form
stable metal complexes, confirmed by thermal and
structural analyses. The complexes showed higher thermal
stability and distinct morphological features compared to
the free ligand. Biological studies revealed notable
antioxidant activity, with the Ce(IV) complex showing the
strongest effect, and selective cytotoxicity against A549
lung cancer cells. Overall, HAQ and its metal complexes
demonstrate promising antioxidant and anticancer
potential for future pharmaceutical applications.
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