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Original Research  Abstract

Received: In this study, a new azo-quinoline derivative, 5-[(E)-(3,4- dimethylphenyl) diazenyl] quinolin-
g;?:;g?er 2025 8-ol (HQ), and its zinc (1) complex [ZnL2(H20) ,] were synthesized via a conventional route
02 December 2025 and a sonochemical approach. The HQ ligand was obtained in 75% yield (m.p. 224-226 °C),
Accepted: and the Zn (I1) complex in 58.1% vyield, both confirmed by FT-IR, UV-Vis, H/BC-NMR, and
16 December 2025 elemental analyses. The sonochemical synthesis was performed using three initial ligand
Published in Issue: concentrations (0.005 M, 0.0035 M, and 0.0025 M), producing nanocomplexes with average
31 December 2025 particle sizes of 85 nm, 57 nm, and 20 nm, respectively. SEM and XRD analyses revealed that

decreasing ligand concentration led to smaller, more uniform, and less agglomerated
nanoparticles. The crystalline sizes estimated from XRD using the Scherer equation were
consistent with SEM data. Thermal analysis (TGA/DTA) showed multi-step decomposition up
to 700 °C, resulting in a stable ZnO residue. Calcination of the nanocomplex at 550-700 °C
yielded ZnO nanoparticles with particle sizes of 70 nm (550 °C), 30 nm (600 °C), 65 nm (650
°C), and 60 nm (700 °C), indicating optimal morphology at 600 °C. The results demonstrate that
ultrasonic irradiation and precursor concentration significantly influence particle size,
crystallinity, and dispersion, highlighting the sonochemical route as a simple and efficient
method for the controlled fabrication of metal-ligand nanocomplexes suitable for biomedical
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1. Introduction widely applied in various fields. These compounds have
found uses in pharmaceuticals, organic light-emitting
8-Hydroxyquinoline (HQ) and its derivatives form stable diode (OLED) electron-transport materials, fluorescent

chelates with a wide range of metal ions and have been sensor chemistry, and display significant antimicrobial,
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antioxidant, anticancer, anti-inflammatory, anti-
neurodegenerative, anti-malarial, and anti-tubercular
activities. They have also been employed as
preservatives in the textile, wood, and paper industries
[1-4]. Among the HQ isomers, only 8-hydroxyquinoline
forms highly stable chelates with metal ions. Its strong
metal-binding ability and its capacity to modulate metal
homeostasis make it useful for treating metal-related
diseases. The biological activity of HQ derivatives
largely depends on their strong chelating properties.
Complexes based on 8-hydroxyquinoline have attracted
considerable attention due to their broad applications in
coordination chemistry. Azo dyes derived from 8-
hydroxyquinoline play a key role in complex formation
and in the detection of various metal ions, in addition to
showing antibacterial activity [2-7]. Metal-ligand
coordination complexes have been extensively studied
due to their wide range of structural diversity and
functional applications. These complexes exhibit
promising performance catalysis, optoelectronics,
sensing, drug delivery, and antimicrobial activity. In
recent years, the downscaling of coordination
compounds to the nanometer scale has attracted growing
interest, as nanostructured complexes often demonstrate
enhanced surface reactivity, improved solubility, and
increased biological efficacy compared to their bulk
analogs [3-8].

Among various metal-based nanocomplexes, zinc(ll)
complexes have received particular attention due to their
low toxicity, biocompatibility, and rich coordination
chemistry. Zinc ions can form stable complexes with a
variety of organic ligands, including Schiff bases, amino
acids, phenolic compounds, and heterocyclic molecules,
thereby modulating their physicochemical and biological
properties. Zinc nanocomplexes have shown potential as
antimicrobial agents, anti-cancer drugs, enzyme
mimetics, and fluorescent probes [8-11].

Various synthetic approaches have been reported for
the preparation of metal-organic nanocomplexes,
including solvothermal, hydrothermal, microwave-
assisted, and chemical precipitation methods.

However, many of these techniques suffer from
limitations such as long reaction times, high energy
consumption, non-uniform particle sizes, and poor
reproducibility [14,15].

Ultrasonic-assisted  (sonochemical) synthesis has
emerged as a powerful, green, and efficient alternative
for the preparation of nanomaterials. The acoustic
cavitation generated by ultrasonic waves creates
extremely high local temperatures and pressures, which
significantly accelerate reaction kinetics and promote the
formation of nanoparticles with uniform sizes and
controlled morphologies. Moreover, sonochemical
synthesis is often carried out under mild conditions,
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without the need for high temperatures or complex
equipment [14-16].

In the present study, we report the synthesis of zinc-
based nanocomplexes using an ultrasonic-assisted
method, in which the organic ligand was dissolved in
ethanol and the zinc acetate precursor in water. The
aqueous phase was added dropwise to the ethanolic
phase under direct ultrasonic irradiation without any
external stirring. The effects of ligand concentration on
the morphology and particle size of the resulting
nanocomplexes were investigated using scanning
electron microscopy (Scheme 1).

2. Literature Review

In recent decades, nanostructured materials have
attracted significant attention due to their unique
physicochemical ~ properties and  wide-ranging
applications in catalysis, drug delivery, sensing,
environmental remediation, and materials science.
Among these, metal-ligand nanocomplexes have
emerged as a versatile class of coordination compounds,
offering tunable structures, high surface area, and
functional properties that can be tailored through
appropriate choice of metal ions and organic ligands [8-
10]. The design and synthesis of metal-based
nanocomplexes have become increasingly important in
the development of advanced materials with specific
functionalities.
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Scheme 1. illustrates the detailed synthesis procedure of the metal-
ligand complex nanoparticles via ultrasonic irradiation using zinc
acetate as the metal precursor and varying ligand concentrations
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These nanocomplexes often exhibit superior catalytic,
optical, magnetic, and biological behaviors compared to
their bulk counterparts, largely due to their nanoscale
dimensions and surface effects. Zinc(ll)-based
nanocomplexes, in particular, have been widely studied
because of their low toxicity, environmental
compatibility, and potential applications in biomedical
and pharmaceutical fields [11-13].

3. Method

All chemical reagents and solvents were obtained from
Merck Millipore (Merck KGaA, Germany) and were
used as received without any further purification.
Biological materials included Mueller—Hinton Broth
medium (Merck, Germany) and enrofloxacin antibiotic
(Sigma-Aldrich Inc.). Double-distilled water was used
for the preparation of aqueous solutions.

A multi-wave ultrasonic homogenizer (Bandelin
SONOPULS 3200) equipped with a KE 76 probe
(BANDELIN electronic GmbH & Co., Berlin,
Germany) operating at 30 kHz was used for ultrasonic
irradiation at room temperature for 15 minutes in each
step. FT-IR spectra were recorded using a Bruker Tensor
27 spectrophotometer. X-ray powder diffraction (XRD)
patterns were obtained using a Siemens D500 powder
diffractometer equipped with monochromatized Cu Ka.
radiation (A = 1.54 A). Scanning electron microscopy
(SEM) images were collected using a Tescan MIRA3
FEG-SEM instrument. Thermogravimetric analysis
(TGA) was carried out using a Mettler Toledo
TGA/SDTA851e AG instrument in the temperature
range of 10-700 °C under N flow at a heating rate of 10
°C/min. UV-Vis spectra were recorded using a
Shimadzu UV-1800 spectrophotometer.

3.1. Synthesis of 5-[(E)-(3,4-Dimethylphenyl)
diazenyl]quinolin-8-ol (HQ) ligand

5-[(E)-(3,4-Dimethylphenyl)diazenyl]quinolin-8-ol

(HQ) was synthesized from 8-hydroxyquinoline and the
corresponding aniline using a conventional diazonium
salt procedure, as reported in the literature [8,12,14,22].
In a 100 mL round-bottom flask, 0.5 g of 3,4-
dimethylaniline was slowly dissolved in a mixture of 7
mL of distilled water and 1 mL of 37% HCI under
stirring while the flask was kept in an ice bath. After 10
minutes, a clear solution was obtained. A solution of 1.5
g of sodium nitrite in 0.5 mL of cold distilled water was
added dropwise to the above solution to generate the
diazonium salt of 3,4-dimethylaniline. Subsequently, 0.5
mmol of 8-hydroxyquinoline dissolved in 4 mL of 10%
aqueous NaOH was added dropwise to the diazonium
salt solution. The optimal yield was achieved by
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adjusting the pH of the reaction mixture to 7-8. The
resulting dark violet solution was stirred for 1 hour and
then acidified with a few drops of concentrated HCI,
leading to the formation of a dark brown precipitate. The
solid was collected by filtration and dried under high
vacuum to afford 0.16 g of the product (75% yield).
Melting point: 224-226 °C.Elemental analysis
calculated for C17H15N30: C, 73.63%; H, 5.45%; N,
15.15%; found: C, 73.55%; H, 5.41%; N, 15.34%. UV-
Vis (EtOH) A_max = 361, 249 nm. FT-IR (KBr, cm”-1)
selected bands: 3440 (strong), 1696 (strong), 1646
(strong), 1513 (very strong), 1384 (medium), 673
(weak), 576 (weak). *1H NMR (DMSO-d6, 6 ppm, 250
MHz): 9.31 (1H, OH), 7.10-8.97 (aromatic protons),
2.29 and 2.23 (methyl protons). ~13C NMR (DMSO-
d6): 160.0, 157.5, 151.5, 149.5, 140.2, 139.2, 137.9,
132.3, 130.8, 123.6, 120.8, 114.9, 112.0, 19.8 ppm.

3.2. Preparation of [ZnL2(H20).] (1) as bulk
powder

An ethanolic solution of ligand HQ (0.277 g, 1 mmol)
was added dropwise to a solution of zinc acetate
dihydrate (0.072 g, 0.5 mmol) in water under continuous
stirring for 20 minutes. After 7 hours, the resulting
mixture was filtered and washed with a water—ethanol
mixture. After drying, a reddish-brick solid was
obtained. (0.094 g, yield 58.1%), m.p. > 300°C. (Anal.
calc. for ZnC34H29N602: C, 61.73; H, 4.42; N,
12.70%; found: C, 61.69; H, 4.38; N, 12.77%). UV-Vis
(EtOH) Amax = 365, 246 nm. IR (KBr, cm-1) selected
bands: 3432 (s), 1697 (s), 1643 (s), 1528 (vs), 1387 (m),
669 (w), 522 (w).

3.3. General procedure for the sonochemical
synthesis of nanoparticles of [ZnL2(H20)2] (1) in
three different concentrations of initial reagents

Nanocomplexes were synthesized via a sonochemical
route without mechanical stirring, utilizing direct
ultrasonic irradiation from the beginning of the reaction.
Initially, the ligand, which is readily soluble in ethanol,
was dissolved in absolute ethanol to prepare stock
solutions with concentrations of 0.005 M, 0.0035 M, and
0.0025 M. The solution was placed in a round-bottom
flask and immediately subjected to ultrasonic irradiation
using a probe-type ultrasonic device operating at a
frequency of 30 kHz and a power output of 60 W.
Separately, zinc acetate dihydrate was dissolved in
deionized water at half the molar concentration of the
ligand (0.0025 M, 0.00175 M, and 0.00125 M,
respectively). The aqueous solution of zinc acetate was
then slowly added dropwise to the ligand solution under
continuous ultrasonic irradiation over a period of 20
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minutes. No mechanical or magnetic stirring was used
during the synthesis; instead, ultrasonic energy ensured
efficient mixing and reaction progression. After the
addition was completed and a total of 30 minutes of
sonication, the resulting suspension was centrifuged at
10,000 rpm for 15 minutes to isolate the nanocomplexes.
The solid products were washed several times with
ethanol and deionized water to remove unreacted
precursors and byproducts, and finally dried at room
temperature.

3.4. Preparation of zinc oxide nanoparticles from
nano complex [ZnL2(H20):] by calcination method

1 mmol of the complex [ZnL2(H20):] was placed in a
porcelain crucible and calcined by heating for 2 hours at
550, 600, 650, and 700 °C. As a result of this process,
zinc oxide nanoparticles were obtained.

4. Results

The FT-IR spectrum of 5-[(E)-(3,4-
dimethylphenyl)diazenyl]quinolin-8-ol reveals
characteristic absorption bands that confirm the presence
of key functional groups within the ligand structure
(Figure 1). A broad and moderately strong band
observed around 3400-3450 cm™ corresponds to the O—
H stretching vibration of the phenolic hydroxyl group.
The presence of the azo group (-N=N-) is confirmed by
a sharp absorption band in the region of 1450-1500
cm™, typically associated with N=N stretching
vibrations. Aromatic C—H stretching vibrations appear
in the 30503100 cm™ region, while aliphatic C—H
stretches from the methyl substituents are observed
around 2920-2960 cm™. Strong absorptions in the
1600-1650 cm™ range are attributed to C=C stretching
vibrations of the aromatic rings. Additionally, C-O
stretching of the phenolic group is evident as a medium-
intensity band around 1250-1280 cm™. The presence
and positions of these bands are in agreement with the
proposed structure of the ligand and confirm the
successful synthesis of the azo-quinoline derivative.
The  'H-NMR  spectrum of  5-[(E)-(3,4-
dimethylphenyl)diazenyl]quinolin-8-ol  recorded in
DMSO-ds exhibits chemical shifts that are consistent
with the proposed molecular structure (Figure 2). A
downfield singlet observed around & = 9.21-9.31 ppm
corresponds to the phenolic —OH proton at the 8-position
of the quinoline ring, which is deshielded due to strong
intramolecular hydrogen bonding and the electron-
withdrawing effect of the adjacent nitrogen atom. The
aromatic protons of the quinoline moiety appear as
multiple signals in the range of 6 =~ 7.10-8.97 ppm,
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typically displaying doublets or doublets of doublets due
to ortho and meta coupling patterns, consistent with a
substituted quinoline ring. The two methyl protons
appear as sharp singlets around 6 = 2.2-2.4 ppm, each
integrating for three protons, and are assigned to the CHs
substituents at the 3- and 4-positions of the phenyl ring.
The observed chemical shifts, multiplicities, and
integrations are fully consistent with the expected proton
environment in the proposed structure, confirming the
successful synthesis and structural integrity of the
ligand.

The UV-Vis. absorption spectrum of 5-[(E)-(3,4-
dimethylphenyl) diazenyl] quinolin-8-ol, recorded in
ethanol, exhibits distinct absorption bands characteristic
of its extended conjugated n-electron system (Figure 3).

Bulk

ligand

Figure 1. FT-IR spectra of (a) the HL ligand, (b) the bulk material of
compound 1 as synthesized, and (c) the nano-sized form of
compound 1
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Figure 2. THNMR spectra of HL ligand in DMSO
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A strong absorption band is observed in the range of
225-365 nm, which is attributed to the m—n* transition
involving the aromatic rings and the azo (-N=N-)
chromophore. This transition is significantly enhanced
due to the electron-donating effects of the hydroxyl
group at the 8-position of the quinoline ring and the
methyl substituents on the phenyl ring, which increase
the electron density and conjugation across the
molecule. Additionally, a less intense absorption band
appears in the region of 325-420 nm, corresponding to
the n—7* transition of the azo group, associated with the
excitation of a non-bonding electron on the nitrogen
atom to an anti-bonding n* orbital. The position of this
band indicates a bathochromic shift compared to simpler
azo compounds, which reflects the high degree of
conjugation and intramolecular charge transfer (ICT)
within the ligand structure. These spectral features
confirm the presence of the azo linkage, the extended
aromatic system, and the successful synthesis of the
target ligand.

The FT-IR spectrum of the zinc(Il) complex exhibits
significant changes compared to the free ligand,
confirming coordination through specific functional
groups. The characteristic phenolic O-H stretching
vibration, observed in the free ligand around 3200-3500
cm™, is absent in the complex spectrum, indicating
deprotonation of the hydroxyl group upon coordination.
The C-O stretching band, originally appearing near
1270 cm™ in the ligand, shifts to lower wavenumbers in
the complex, consistent with the involvement of the
phenolate oxygen in Zn-O bond formation. The azo
(N=N) stretching vibration, typically found between
1450 and 1500 cm™, undergoes a slight shift to lower
frequencies upon complexation, suggesting coordination
through the azo nitrogen atom.
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Figure 3. Comparison of UV-vis spectra of HL, Bulk, and
nanoparticle
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Furthermore, new absorption bands emerge in the low-
frequency region around 500-600 cm™, which are
assigned to Zn-O and Zn-N stretching vibrations,
providing direct evidence of metal-ligand bond
formation. The aromatic C=C and C=N stretching bands
remain largely unaltered, confirming that coordination
does not affect the aromatic ring framework.
Collectively, the FT-IR data substantiate the bidentate
coordination mode of the ligand to Zn(ll) via the
phenolate oxygen and azo nitrogen atoms, consistent
with the proposed structure of the complex (Figure 1).

The *H NMR spectrum of the zinc(Il) complex was
recorded in DMSO-ds to elucidate the coordination
environment and confirm ligand binding (Figure 4).
Notably, the signal corresponding to the phenolic
hydroxyl proton observed in the free ligand at
approximately & 9.37-9.39 ppm is absent in the
complex, confirming deprotonation and coordination
through the phenolate oxygen atom. The aromatic region
displays multiplets between & 6.88 and 8.69 ppm,
attributable to the protons of the quinoline and
substituted phenyl rings. These aromatic signals exhibit
slight downfield shifts relative to the free ligand,
consistent with the electron-withdrawing effect exerted
by coordination to Zn(ll). Additionally, the methyl
protons of the 3,4-dimethylphenyl substituent resonate
as singlets at 8 ~2.3 ppm, maintaining their chemical
environment but displaying minor shifts indicative of
metal complexation. The overall pattern and integration
of the signals align with the presence of two equivalent
azo-quinolinolate ligands coordinated to the zinc center.
The absence of exchangeable hydroxyl protons, along
with the observed chemical shifts, supports the proposed
bidentate coordination mode via the phenolate oxygen
and azo nitrogen atoms.

The 3C NMR spectrum of the zinc(Il) complex was
recorded in DMSO-ds to investigate the electronic
environment of the carbon atoms upon coordination
(Figure 5). The aromatic carbons of the quinoline and
3,4-dimethylphenyl rings resonate in the expected region
between 6 113 and 151 ppm.

Notably, the carbon atom bonded to the phenolic
oxygen (C-0) exhibits a downfield shift compared to the
free ligand, appearing near 6 155-160 ppm, consistent
with coordination through the phenolate oxygen and the
resultant deshielding effect. Similarly, carbons adjacent
to the azo (N=N) functionality display minor shifts,
reflecting changes in electron density due to metal
binding at the azo nitrogen. The methyl carbons of the
dimethyl-substituted  phenyl  ring  resonate at
approximately & 19.17-19.96 ppm, showing negligible
shifts, which indicates that the methyl groups remain
largely unaffected by coordination.
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Figure 5. 3C NMR spectra of [ZnL,(H,0),] in DMSO

Overall, the 18C spectral data corroborate the bidentate
binding mode of the ligand through the phenolate
oxygen and azo nitrogen atoms to the zinc center, in
agreement with the proposed structure of the complex.
The UV-Vis absorption spectrum of the zinc(ll)
complex was recorded in an appropriate solvent to
investigate the electronic transitions associated with
ligand coordination. The spectrum displays intense
absorption bands in the ultraviolet region around 250-
290 nm, which are attributed to ligand-centered n—m*
transitions involving the conjugated aromatic systems of
the quinoline and phenyl rings. Additionally, a broader
band observed in the range of 400-500 nm corresponds
to n—7* transitions associated with the azo (—N=N-)
group and intra-ligand charge transfer (ILCT) processes.
Upon coordination to Zn(ll), these absorption bands
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undergo a bathochromic shift compared to the free
ligand, indicating an increase in conjugation and
stabilization of the excited states due to metal-ligand
interactions. Furthermore, a weaker absorption feature
extending into the visible region (approximately 450—
550 nm) is observed, which is assigned to ligand-to-
metal charge transfer (LMCT) transitions, consistent
with the involvement of the phenolate oxygen and azo
nitrogen donor atoms in coordination. The overall
spectral changes confirm the successful formation of the
complex and provide insight into the electronic structure
influenced by coordination.

The thermogravimetric analysis (TGA) of the zinc(I1)
complex reveals a multi-step decomposition pattern
indicative of its thermal behavior and stability (Figure
6). The initial weight loss observed around 110 °C is
attributed to the evaporation of physically adsorbed
water molecules or residual solvents trapped within the
complex matrix. This endothermic event signifies the
removal of volatile impurities without affecting the
complex’s structural integrity. A significant weight loss
occurs in the temperature range of 250-400 °C,
corresponding to the decomposition of the organic azo-
quinolinolate ligands. This stage involves the cleavage
of the azo (-N=N-) bonds, breakdown of methyl
substituents, and degradation of the aromatic quinoline
and phenyl rings. The process is accompanied by
substantial mass loss, indicating major ligand
decomposition. Finally, in the range of 450-700 °C, a
gradual and less pronounced weight loss is observed,
which is associated with the further degradation of
residual organic fragments and the formation of a stable
inorganic residue, most likely zinc oxide (ZnO). The
plateau beyond 700 °C indicates the completion of
decomposition and the thermal stability of the resulting
metal oxide. Overall, the TGA profile confirms the
complex’s moderate thermal stability and supports its
proposed molecular structure.

The Differential Thermal Analysis (DTA) curve of the
zinc(ll) complex exhibits multiple well-defined
exothermic peaks, reflecting its complex thermal
decomposition mechanism. The initial exothermic peaks
observed at 60 °C and 90 °C likely correspond to the
release of physically adsorbed moisture or residual
solvent molecules trapped within the complex lattice.
These low-temperature events indicate minor thermal
processes that do not significantly alter the complex’s
core structure. Subsequent exothermic peaks at 290 °C,
340 °C, 390 °C, and 430 °C mark the onset and
progression of the primary decomposition of the organic
azo-quinolinolate ligands. These peaks represent
sequential oxidative breakdown of different ligand
moieties, including cleavage of azo (—N=N-) bonds,
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decomposition of methyl substituents, and
degradation of the quinoline and phenyl aromatic rings.
The multiplicity of these peaks suggests a stepwise
degradation process rather than a single, concerted
event. Further exothermic events at 450 °C, 480 °C, and
520 °C correspond to the continued oxidation and
volatilization of residual organic fragments. These
transitions reflect the progressive decomposition of
more thermally stable components within the ligand
framework. At higher temperatures, the exothermic
peaks at 610 °C, 640 °C, and 670 °C likely indicate the
final stages of decomposition, culminating in the
formation of a stable inorganic residue, predominantly
zinc oxide (ZnQ). These high-temperature peaks are
characteristic of crystallization or phase transitions of
the metal oxide formed upon complete ligand
degradation. Overall, the DTA profile demonstrates a
complex, multi-step exothermic decomposition pathway
for the zinc(Il) complex, highlighting its moderate
thermal stability and confirming the sequential nature of
ligand breakdown and metal oxide formation. These
findings complement the thermogravimetric data and
provide detailed insight into the energetic processes
involved in the thermal decomposition.

The morphological features and particle size
distribution of the synthesized nanocomplexes were
investigated using scanning electron microscopy (Figure
7). The synthesis was performed using ligand solutions
at concentrations of 0.005 M, 0.0035 M, and 0.0025 M,
in combination with zinc acetate at half the molar ratio
of the respective ligands. The SEM images revealed that
the particle size and morphology were significantly
affected by the initial ligand concentration. At the
highest ligand concentration (0.005 M), the resulting
nanocomplexes displayed larger and more aggregated
particles, with an average diameter of approximately 85
nm. This aggregation is likely due to the increased
availability of ligand molecules, which can enhance
coordination interactions and promote particle growth.
Reducing the ligand concentration to 0.0035 M resulted
in a noticeable decrease in the average particle size to
approximately 57 nm. The particles appeared more
discrete and moderately uniform, indicating a more
controlled nucleation and growth process at this
intermediate concentration. Further decreasing the
ligand concentration to 0.0025 M produced significantly
smaller particles, with an average diameter of about 20
nm.

The nanoparticles obtained at this concentration
exhibited improved  dispersity and  minimal
agglomeration,  suggesting that lower ligand
concentrations favor the formation of smaller and more
stable nanostructures. Overall, the SEM analysis
confirms that increasing the ligand concentration leads
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to the formation of larger nanocomplex particles,
indicating a direct relationship between ligand
concentration and particle size. These results underscore
the critical role of precursor concentration in controlling
the morphology and size of coordination-based
nanomaterials, which is essential for tailoring their
physicochemical properties for specific applications.

X-ray diffraction (XRD) analysis confirmed the
crystalline nature of the obtained nanoparticles (Figure
8), and crystallite sizes estimated using the Scherrer
equation were approximately 20 nm, 57 nm, and 85 nm
for the ligand concentrations of 0.005 M, 0.0035 M, and
0.0025 M, respectively. The results indicate a clear
inverse relationship between ligand concentration and
particle size. At higher ligand concentrations, the
nanoparticles were significantly smaller, likely due to
the increased presence of ligand molecules acting as
capping and stabilizing agents that restrict crystal growth
during nucleation. The application of ultrasonic waves
facilitated homogeneous nucleation and enhanced
dispersion, further contributing to the formation of well-
defined nanocrystals. These findings emphasize the
crucial role of ligand concentration and ultrasonic
energy in tuning the size and crystallinity of complex-
based nanoparticles.

The influence of calcination temperature on the size
and morphology of ZnO nanoparticles synthesized from
compound 1 was systematically investigated at 550 °C,
600 °C, 650 °C, and 700 °C (Figure 9). The particle sizes
obtained at these temperatures were approximately
70nm, 30nm, 65nm, and 60nm, respectively.
Interestingly, although increasing the temperature
generally enhances crystallinity, it also promotes
significant particle agglomeration, particularly at higher
temperatures (650 °C and 700 °C), which adversely
affects the uniformity and morphology of the
nanoparticles. At 600 °C, the ZnO nanoparticles exhibit
the most desirable morphology, characterized by well-
dispersed and uniformly sized particles with minimal
agglomeration. This observation suggests that 600 °C is
the optimal calcination temperature for obtaining ZnO
nanoparticles with a favorable balance of particle size,
dispersion, and morphological integrity.

5. Discussion

The coordination behavior of the ligand 5-[(E)-(3,4-
dimethylphenyl)azo]-8-quinolinolate towards Zn(ll)
was elucidated through comprehensive spectroscopic
analysis. The FT-IR spectrum of the complex reveals a
noticeable shift of the phenolic C-O stretching vibration
to lower wavenumbers relative to the free ligand,
indicative of deprotonation and coordination through the
phenolate oxygen.
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Figure 6. Thermal analysis (DTG and TGA) of the spectra of

[ZnL,(H20),] in DMSO complex
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Figure 7. SEM images of nano-particles compound 1 produced by
the sonochemical method in concentrations of ligand and salt: (a)

0.005:0.0025 M, (b) 0.0035:0.00175 M, (c) 0.0025:0.00125
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Figure 8. The XRD patterns of nanoparticles compound 1 produced
by the sonochemical method in concentrations of ligand: (a) 0.005 M,
(b) 0.035 M, (c) 0.0125 M
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Figure 9. SEM images of ZnO nanoparticles prepared by thermal
decomposition of compound 1 at (a) 550 °C, (b) 600 °C, (c) 650 °C,
and (d) 700 -C

Additionally, the characteristic azo (N=N) stretching
band exhibits a subtle shift, supporting involvement of
the azo nitrogen in coordination. New vibrational bands
observed in the 500-600 cm™ region further confirm the
formation of Zn-O and Zn-N bonds. The 'H NMR
spectrum displays the absence of the phenolic hydroxyl
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proton signal, which corroborates deprotonation upon
complex formation. Aromatic proton signals experience
slight downfield shifts due to the electronic influence of
Zn(11) coordination, while methyl protons from the 3,4-
dimethylphenyl substituent appear as sharp singlets in
the expected region. Corresponding 3C NMR data show
minor chemical shift changes in carbons associated with
the phenolic oxygen and azo functionalities, reflecting
the altered electronic environment upon chelation. The
UV-Vis spectrum exhibits distinct ligand-centered

n—7* transitions in the ultraviolet region alongside
n—7* transitions associated with the azo group.
Coordination induces a bathochromic shift in these
bands, which can be attributed to enhanced conjugation
and  metal-ligand  charge-transfer  interactions.
Additionally, new bands appear in the visible region,
likely corresponding to ligand-to-metal charge transfer
(LMCT). Collectively, these spectroscopic features
substantiate the bidentate coordination mode of the azo-
quinolinolate ligand to Zn(Il) via the phenolate oxygen
and azo nitrogen atoms, confirming the successful
synthesis of the complex. From a biomedical
perspective, the combination of nanoscale dimensions,
optical activity, and chemical stability endows these
complexes with multifunctional potential. Their

nanometric size facilitates cellular uptake, while the
presence of 8-hydroxyquinoline a known biologically
active moiety may impart intrinsic antimicrobial and
antioxidant activities. Their nanometric size facilitates
cellular uptake, while the presence of 8-
hydroxyquinoline, a known biologically active moiety,
may impart intrinsic antimicrobial and antioxidant
activities. In addition, the tunable photoluminescence
could be exploited for tracking and imaging within
biological systems. Furthermore, the high surface-to-
volume ratio allows for surface functionalization with
biocompatible polymers or targeting ligands, enabling
controlled drug delivery or diagnostic applications.

Overall, the results demonstrate that the sonochemical
synthesis route offers a fast, controllable, and
environmentally  friendly pathway to produce
biofunctional nanomaterials. The 8-hydroxyquinoline-
based nano metal complexes synthesized in this study
exhibit desirable optical, thermal, and biological
properties, making them promising candidates for
applications in bioimaging, targeted drug delivery, and
other areas of biomedical engineering. Table 1 provides
a comparative overview of different synthesis methods
employed for  8-hydroxyquinoline-based  metal
complexes.

Table 1. Comparative study of 8-hydroxyquinoline-based metal complexes synthesized by different methods

No. Metal Complexes

Synthetic Method

Average Particle Size (hnm)  Reference

1 [Znl2(H20);] (this work) Sonochemical (30, kHz, 20-85 (tunable by Present
60 W) concentration) study
2 [Cu(L)(H20)] Conventional reflex 110 [Ref. 15]
3 [NiL2] Sol- gel 80-90 [Ref. 19]
4 [Zn(8-HQ).] Microwave- assisted 40-60 [Ref. 21]
5 [CoL2(H20),] Ultrasonic bath (indirect)  35-50 [Ref. 22]
6 Zn0O (from complex calcination, Calcination (550-700 °C)  30-70 Present
this work) study

6. Conclusion

In this study, metal-ligand complex nanoparticles were
synthesized using zinc acetate as the precursor and
varying ligand concentrations (0.005 M, 0.0035 M, and
0.0025 M, along with their half-dilutions) under
ultrasonic irradiation. The results demonstrated that
decreasing the ligand concentration led to the formation
of smaller nanoparticles, with average sizes of
approximately 85 nm, 57 nm, and 20 nm, respectively.
Alongside size reduction, improved morphology and
dispersion were observed at lower ligand concentrations,
indicating better control over nanoparticle growth. The
successful synthesis and structural properties of the
nanoparticles were confirmed through comprehensive
characterization using FT-IR, UV-Vis, NMR, XRD, Tg,
and DTA analyses. These findings underscore the
significant influence of ligand concentration on tuning

d- 10.57647/ijbbe.2025.0502.12

both the size and morphology of metal-ligand complex
nanoparticles, and they further highlight ultrasonic
irradiation as an effective method for producing well-
defined nanostructures.
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