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AbstractThis study reports the synthesizes of such as copper oxide (CuO) and nickel oxide (NiO) nanoparticles (NPs) by thermaldecompositions of Schiff base complexes and their physical characterization. A polydentate Schiff base ligand, (E)-2-(((2-chlorobenzyl)imino)methyl)phenol (CIMP), was synthesized by condensing 2-chlorobenzylamine and 2-hydroxybenzaldehyde. Theligand was identified by melting point, FT-IR, UV-Vis, and (1H and 13C NMR) spectroscopy. Cu(II) and Ni(II) complexes were preparedby reacting CIMP with the corresponding molar ratio in a 1:1 (metal: ligand). The complexes (Com1 and Com2) were characterized bymelting point, FT-IR, and UV-Vis spectroscopy. The FT-IR spectra of the (Com1 and Com2) showed that the deprotonated CIMPligand coordinated to the Ni(II) and Cu(II) metal ions through the azomethine nitrogen, aryl chloride, chlorine, and phenolic oxygenatoms. To determine the crystalline structure of the synthesized products, X-ray powder diffraction (XRD) and scanning electronmicroscopy (SEM) techniques were employed. The formation of copper oxide and nickel oxide as the new products was confirmedby XRD analysis. SEM imaging revealed the uniform and spherical morphology of the nanoparticles, which exhibited a remarkablynarrow size distribution with an average diameter of 20 to 22 nm, highlighting their exceptional precision.
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1. INTRODUCTION

In the past three decades, "Schiff bases and their metal ion com-
plexes" have been synthesized. This has garnered significant
attention from numerous research groups. These compounds
exhibit versatile properties and have been employed in a wide
range of applications in catalytic industrial processes (Hossain
et al., 2022). A variety of structures and functionalities can be
achieved by Schiff bases, which are formed by condensing alde-
hydes or ketones with primary amines. These compounds have
been extensively studied due to their coordination chemistry
with various metal ions that result in the formation of metal
complexes with fascinating properties. For example, copper
Schiff base complexes have shown promising catalytic activity
in organic transformations, such as C–C bond formation and
oxidation reactions (Tsacheva et al., 2023). Similarly, nickel
Schiff base complexes have shown useful in homogeneous catal-
ysis, such as cross-coupling reactions and carbon-carbon bond
activation (Kuchtanin et al., 2016).

A thermal decomposition method is more suitable Schiff
bases metal ion complexes because it facilitates the process

conditions, particle size, crystal structure, and purity (Elseman
et al., 2016; Ghaffari et al., 2014; Khalaji, 2013; Ourari et al.,
2014; Sumalatha et al., 2023). Moreover, the metal complexes
derived from Schiff bases can be further transformed into their
respective metal oxides, which exhibit unique physicochemical
properties and have various applications. Copper oxide (CuO)
and nickel oxide (NiO) are two prominent examples of metal
oxides that are derived from Schiff base complexes. CuO
nanoparticles (NPs) have been utilized as catalysts in a various
kinds reactions, such as the oxidative degradation of organic
pollutants and CO oxidation (Ibrahim et al., 2018).

Nanotechnology is focused on the manipulation and pro-
duction of nanoscale particles and included the capability of
measuring, visualizing, manipulating, and manufacturing ob-
jects at the atomic or molecular level, typically ranging from
1 to 100 nm. Moreover, nanotechnology has revolutionized
fields such as computing, and has facilitated advances in nanodi-
odes and nanotransistors. Compared to conventional technolo-
gies, nanotechnology has also contributed to the development
of lighter, more durable, and stronger batteries, fuel cells, and
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solar cells (Parveen et al., 2016). Metal oxide nanostructures,
in particular, have garnered considerable attention because of
their properties and promising implementation in a large vari-
ety of applications spanning optoelectronics, optics, catalysis,
sensors, and electronics (Abu-Dief and Mohamed, 2017; Abu-
Dief et al., 2016; Ali and Abu-Dief, 2015; Jia et al., 2009).
Among the diverse range of metal oxides, CuO stands out as a
narrow band gap semiconductor, boasting a mere 1.2 eV. This
distinctive attribute positions CuO as an intriguing candidate
for various applications, including optoelectronic devices, cat-
alytic processes (Bayansal et al., 2011). Similarly, NiO nano
particulars excels semiconductors with a relatively broad band
gap of 3.6 eV, offering exciting possibilities in areas such as
supercapacitor devices, lithium-ion microbial fuel cells, gas
sensing, and photocatalytic reduction of methyl orange dye in
ethanol, and for addressing challenges related to nitrogen diox-
ide. These features contribute to the inclusion of NiO in the
pantheon of versatile materials (Salavati-Niasari et al., 2009a).
The remarkable potential of these metal oxide nanostructures
opens up a realm of possibilities for advancements in numer-
ous fields. Moreover, thermal decomposition techniques have
emerged as highly promising methods for the synthesis of metal
oxide nanostructures Because they are capable of controlling
the particle size, particle crystal morphology, and purity of par-
ticles (Farhadi and Roostaei-Zaniyani, 2011; Salavati-Niasari
et al., 2009a; Salavati-Niasari et al., 2009b).

Additionally, these techniques offer several advantages, in-
cluding shorter processing times, higher yields, lower costs,
and reduced power consumption. In the present study, the tri-
dentate Schiff base ligand(CIMP) in metal ion complexes acts
as a coordination entity via its oxygen, nitrogen, and chlorine
atoms, as determined by various analytical methods, includ-
ing "ultraviolet-visible (UV-Vis), Fourier transform-infrared
(FT-IR), and 1H, and 13C-nuclear magnetic resonance (NMR)
spectroscopies". The thermal decomposition process of the
ligand complexes unveils the exquisite Ni(II) and Cu(II) oxide
nanostructures, thereby harnessing the inherent advantages of
this method. The synthesized NiO and CuO nanoparticles
(NPs) were fully characterized using, "FT-IR, X-ray powder
diffraction (XRD), energy-dispersive X-ray (EDX) spectro-
scopies and scanning electron microscopy (SEM)". The syn-
thetic methods employed in the present study enabled us to
maintain meticulous control over the process conditions, parti-
cle size, and particle crystal structure, while also allowing for
lower calcination temperatures and enhancing the purity of the
products to unprecedented levels. CuO and NiO nanoparticles,
derived from metal ion complexes, offer exciting prospects
for various applications. The use of thermal decomposition
techniques enables precise control over the synthetic process,
resulting in nanostructures with tailored properties and en-
hanced performance (Refat et al., 2022; Singh et al., 2023).

2. EXPERIMENTAL SECTION

2.1 Materials
The chemical compounds were of high purity and used with-
out further purification, including salicylaldehyde (Merck, Ger-
many), 2-chlorobenzylamine (Merck), nickel acetate tetrahy-
drate Ni(CH3COOH) 2.4H2O, and copper acetate hydrate
Cu(CH3COOH) 2. H2O (BDH, England).

2.2 Instruments
To determine the melting points, we used a Stuart digital
melting point apparatus, SMP30. This state-of-the-art instru-
ment facilitates the precise and accurate recording of melting
points. We used FT-IR spectroscopy to analyze the molecu-
lar structures and functional groups with a Shimadzu FT-IR
spectrophotometer (model: Broker Spectrophotometer), span-
ning a spectral range of 4000 to 400 cm−1. These analyses
were conducted on KBr disks, providing invaluable insights
into the chemical compositions of the compounds under ex-
amination. The UV-Vis spectra, which provided information
on the absorption characteristics of the compounds, were mea-
sured using a Shimadzu UV-Vis Spectrophotometer, model
1700. Operating at room temperature (r.t. °C), we employed
a 1 cm quartz cell to enable the examination of UV-Vis spectra
within the range of 200 to 1100 nm. A sample concentration of
10-3 M in dimethylformamide (DMF) as a solvent was metic-
ulously chosen to ensure the precision of our measurements.
Furthermore, we probed the structural elucidation of the lig-
and through the acquisition of 1H and 13C NMR spectra. The
spectra were recorded using a Bruker DMX-400 spectropho-
tometer, operating at 400 MHz. The solvent employed for the
NMR studies was deuterated dimethyl sulfoxide (DMSO-d6).
This commonly used solvent in NMR spectroscopy enabled us
to glean valuable insights into the molecular architecture and
bonding patterns of the ligand.

2.3 Methods
2.3.1 Preparation of the Schiff Base Ligand(CIMP)
The preparation of the Schiff base compound was based on a
previously reported method (Phurat et al., 2010). In this tech-
nique, 2-chlorobenzylamine (5 mL, 0.035 mole) was added
to a stirred ethanol solution containing salicylaldehyde (5 mL,
0.035 mole). After that, the reaction mixture was shaken for
4 hours under refluxing conditions. Following this process,
the mixture was allowed to rest at room temperature, resulting
in the formation of yellow crystals, as illustrated in Scheme
(1). In summary, the Schiff base compound was synthesized
using a method previously described in the literature (Phu-
rat et al., 2010). The reaction involved the addition of 2-
chlorobenzylamine to a stirred ethanol solution of salicylalde-
hyde, followed by refluxing for 4 hours. After being left to
stand at room temperature (RT), the resulting mixture yielded
yellow crystals.
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2.3.2 Synthesis of the Com1 and Com2 Metal Ion Com-
plexes

The transition metal complexes are synthesized, and separate
solutions of metal ion salts Ni(OAc) 2·4H2O and Cu(OAc) 2·H2O
were prepared by dissolving 0.004 mol (1.06 g) and 0.004 mol
(0.85 g) of each metal salt, respectively, in 20 ml of distilled
water. A hot ethanol solutions of the Schiff base ligand (1 g,
0.004 mol) was gradually added to each of the metal salt solu-
tions while stirring continuously. The mixture was refluxed for
5 hours to enhance the precipitation of the metal complexes, as
shown in Scheme 1. Finally, to ensure the purity and stability
of the synthesized metal complexes, the final products were
thoroughly dried in an oven, a critical step in their preparation
(Kargar et al., 2021).

2.3.3 Synthesis of the NiO and CuO Nanoparticles
The Schiff base complexes were carefully placed in crucibles
and subsequently placed in an oven. The oven temperature
was incrementally raised by 10°C every minute in the presence
of air. After 4 hours of heating, nanoparticles of NiO and CuO
were obtained at a temperature of 500°C. To ensure purity, the
final products were thoroughly washed with ethanol to remove
any impurities. The nanoparticles were subsequently left to
dry at RT for many hours. The chemical structure of the
synthesized NiO and CuO nanoparticles is shown in Scheme
1 (Kargar et al., 2021).

Scheme 1. Synthesizes of the Ligand (CIMP), (Com1 and
Com2) Metal Ion Complexes, and Metal Oxide Nanoparticles
(MONps)

3. RESULTS AND DISCUSSION

3.1 FT-IR Spectra of the Ligand, Metal Ion Complexes, and
Metal Oxide Nanoparticles

The functional group vibrations observed by FT-IR for the
starting materials, the Schiff base ligand, the metal ion com-
plexes, and metal oxide (NiO and CuO) NPs are listed in

Table 1 and shown in Figures 1 and 2. The Ligand (CIMP)
display distinct azomethine and OH frequencies around (1600-
1640) cm−1 and (2500-3100) cm−1, respectively, (Silverstein
et al., 2005). In the spectrum of the metal ion complexes were
founded , the azomethine band shifts to a lower range of fre-
quencies due to N-atom involvement in the C N group (Devi
et al., 2023; Nakamoto, 2009). The deprotonation is caused
by the interaction of the hydroxyl group with the metal ions,
leading to the formation of metal–O bonds and the subsequent
loss of the proton from the hydroxyl group. In the ligand spec-
tra, strong bands around 745 cm−1 indicate the participation
of the halide group in the coordination of the complex. In the
spectra of the metal ion Ni(II) and Cu(II) metal complexes,
these bands shift to approximately 756 cm−1, indicating coor-
dination with the metal. Figure 2 shown the (CIMP) ligand
spectra show strong bands around 450 cm−1, indicating the
halide group were coordinated through metal ions . However,
in the spectra of the metal ion complex, these bands shift to
approximately 745 cm−1, which suggests coordination of the
halide group with the metal ion. This shift in wavenumber
denotes the formation of a new M–X bond, where X repre-
sents the halide ligand, with the bands emerging at around 450
cm−1 and 360 cm−1 in the metal complex IR spectra, which
likely corresponds to the M–O and M–N bond formations,
respectively (Nakamoto, 2009). The results of the Schiff base
complexes suggest that chelation leads to a decrease in the
wavenumber of the C N bands. When organic ligands are
coordinated with metal ions, their IR spectra show shifts similar
to those seen when ligands are absorbed onto salt substrates.
Therefore, both scenarios can be treated similarly (Kargar et al.,
2021; Parashar et al., 1988). Nanoparticles of CuO and NiO
were further characterized by FT-IR. The stretching vibrations
of Cu–O were attributed to a prominent absorption band in the
FT-IR spectrum. On the other hand, NiO nanoparticles typi-
cally exhibit an absorption band between 450 and 550 cm−1.
The peak observed at 420 cm−1 in the spectrum unequivocally
confirms the presence of crystalline NiO and was specifically
assigned to Ni–O stretching (Yang et al., 2013).

3.2 Electronic Spectra of the Ligand (CIMP) and its (Com1
and Com2) Metal Ion Complexes

Figure 3 shows the electronic transitions spectra of the ligand
and the metal complexes in DMF. As a result of intra-ligand
transitions, a highly intense singlet band emerges in the elec-
tronic spectrum of the (CIMP) ligand. Notably, the band ob-
served at 268 nm (37313.43 cm−1) was assigned to the 𝜋-𝜋*
transition of the conjugated system, while a secondary band
with reduced intensity appeared at (315 nm, 31746.03 cm−1)
and was designated as the n-𝜋* transition. These intriguing
spectra are depicted in Figure 3. In the electronic transitions
spectra of the nickel ion complex, four absorption bands were
observed at the following wave numbers and wavelengths, re-
spectively: 640 nm (15625 cm−1), 415 nm (24096.39 cm−1),
340 nm (29411.76 cm−1), and 272 nm (36764.71 cm−1). The
octahedral shape and possible D4h symmetry of the complexes
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Table 1. FT-IR Spectra: Reagents (2-hydroxybenzadehyde, 2-chlorobenzylamine), Ligand-Metal Complexes, and Characterization
of the Metal Oxide Nanoparticles (NPs)

v(C O)
v(NH2) v(CH N) v(O H) v(C Cl) v(M O)

Compound
cm−1 Asym-sym

cm−1 cm−1 cm−1 cm−1
cm−1

2-hydroxybenzaldehyde 1660 - - - - - - - - 3190-3045 - - - - - - - - -
2-chlorobenzylamine - - - - - 3302-3370 - - - - - - - - - 745 - - - -
Schiff Base (Ligand) - - - - - - - - 1633 3095 745 - - - -

Ni(II) Schiff Base Complex - - - - - - - 1613 - - - 756 458
Cu(II) Schiff Base Complex 1621 - - - - 756 460

NiO NPs - - - - - - - - - - - - - - - - - - - - - - - - 461
CuO NPs 480

Figure 1. FT-IR Spectra of (a) 2-hydroxybenzaldehyde, (b)
2-chlorobenzylamine, and (c) Schiff Base Ligand

are revealed by a thorough examination of these bands. The
three spin-allowed shifts that these bands correspond to are:
3A2g(F) → 3T1g(F) (v2), 3A2g(F) → 3T1g(P) (v3), and metal-
to-ligand charge transfer (MLCT), respectively, based on the
3A2g ground state of Ni(II) in an octahedral geometry envi-
ronment (Chandra and Gupta, 2004; Gopalan, 2001; Turner,
2002). The copper (II) complexes show absorption bands
at 638 nm (15673.98 cm−1) and 375 nm (26666.67 cm−1),
which indicate a square planar structure and can be attributed
to the transitions "2B1g → 2B2g and 2B1g → 2Eg ," respectively.
Moreover, a band at 280 nm (35714.29 cm−1) is due to MLC
(Singh and Kumar, 2006; Turner, 2002).

3.3 1H-NMR Spectra Characterizations
The ligand’s and its metal complexes’ molecular structures were
confirmed. by the 1H-NMR spectra, which are shown in Table
2 and Figure 4. The spectra were recorded in DMSO-d6 with
TMS as an internal standard. The protons were identified by

Figure 2. FT-IR Spectra of the Schiff Base Ligand (CIMP) and
its Metal Ion Ni(II) and Cu(II) Complexes and Nanoparticle
Oxides (NiO and CuO)

their distinct chemical shifts and coupling patterns. The results
suggested the following structure for the complexes (Devi et al.,
2022; Silverstein et al., 2005). The absence of any shift in the
signals of the azomethine and hydroxy protons in the metal
ion (Com1 and Com2) complexes indicated that these groups
were involved in metal coordination (Jeewoth et al., 2000).

3.4 13C-NMR Spectra for Characterizing the Schiff Base
Ligand

The carbon nuclear magnetic resonance spectral data of the
Schiff base ligand are shown in Figure 5 and Table 3 and pro-
vide additional support for the composition of the ligand. The
molecular structure of the Schiff base ligand, based on the find-
ings from the spectrum of the chemical shifts, is shown in Table
3 (Santhi et al., 2023; Silverstein et al., 2005).
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Table 2. 1H-NMR Data for the Schiff Base Ligand

H/C Chemical Shift (𝛿) Interpretation References

-𝛿OH 13.3 ppm Singlet due to (OH) of phenolic proton (Devi et al., 2022; Yousif et al., 2017)
𝛿CH N 8.7 ppm Singlet due to CH N of azomethane (Yousif et al., 2017)
𝛿(8H) 6.8-7.5 ppm Multiplet due to the aromatic protons (Silverstein et al., 2005)
𝛿(2H) 4.8 ppm Signal due to –CH2 in the ligand (Silverstein et al., 2005)

𝛿(DMSO) 2.5 ppm Signal for the solvent DMSO (Devi et al., 2022)
𝛿(H2O) 3.4 ppm Signal for water (Silverstein et al., 2005)

Table 3. 13C-NMR Data for the Schiff Base Ligand

C/H Chemical Shift (𝛿) ppm Interpretation References

CH2 60 ppm due to CH2 from benzalamine
(Silverstein et al., 2005;

Devi et al., 2022)

C=N 160 ppm
Due formation imine group C N

for Schiff base
(Yousif et al., 2017;

Silverstein et al., 2005)
(C-aromatic) 𝛿=116-136 ppm due to the aromatic carbons (Silverstein et al., 2005)
𝛿(DMSO) 40 ppm for the solvent (Silverstein et al., 2005)

Figure 3. Electronic Spectra of the Ligand (CIMP) and its
Metal Ion (Com1and Com2) Complexes

3.5 X-Ray Diffraction Analysis of the Metal Ion Schiff Base
Complexes and Metal Oxide Nanoparticles

The crystalline phase of the ( Com1 and Com2 ) complexes is
evident from the sharp peaks in their powder XRD patterns,
which are displayed in Figure 6 for the range (2𝜃 = 0–80°).
Using Scherer’s formula, the average crystallite size of the com-
plexes was estimated and found to be 39.8 nm and 30.7 nm,
respectively. The XRD pattern of the NiO nanoparticles follow-
ing calcination at 500°C is shown in Figure 7. The discernible
peaks exhibited by the pattern align harmoniously with the
Bragg reflections of the face-centered cubic structure. The

Figure 4. 1H-NMR Spectra of the Ligand and (Com1 and
Com2) Complexes

maxima of the three strong Bragg’s peaks are located at 2𝜃 =
37.28°, 43.29°, and 62.91°, respectively. The cubic structure of
NiO corresponds to the Joint Committee on Powder Diffrac-
tion Standards (JCPDS), card number 00-001-1239. The
detected peaks of diffraction that match the planes are (111),
(200), and (220) (Jassim et al., 2023). The average crystallite
size of the NiO nanoparticles was determined to be 26.72 nm,
using the Debye-Scherrer formula, which involves analyzing
the broadening of the X-ray diffraction lines (Gobinath et al.,
2023; Patterson, 1939).

In addition, the XRD pattern revealed the nature of the
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Figure 5. 13C-NMR Spectra for the Schiff Base Ligand

Figure 6. XRD Pattern of the (Com1and Com2) Complexes

CuO products post-calcination at 500°C. The diffraction peaks
showcased in this pattern align perfectly with the monoclinic
structure of copper oxide, as indexed in the JCPDS database
with the reference number 05-0661, as shown in Figure 8. The
peaks are approximately positioned at the 2𝜃 values of 35.43°,
38.66°, 48.70°, 53.39°, 58.25°, 61.17°, 67.95°, 72.39°, and
75.11° and indicate the (-111), (111), (-202), (-202), (020),
(202), (-113), (022), (220), (311), and (044) crystal planes,
respectively. This harmonic arrangement of crystal planes ac-
centuates the inherent attractiveness of the CuO nanoparticles
and showcases their structural characteristics (Dabhane et al.,
2023). The Debye-Scherer equation was used to estimate
the average size of the nanoparticles from the FWHM of the
diffraction peak, the X-ray wavelength, and Bragg’s angle. The
CuO nanoparticles were found to have an average size of about

Figure 7. XRD Pattern of the NiO Nanoparticles and JCPDS
No. 00-001-1239

Figure 8. XRD Pattern of the CuO Nanoparticles and JCPDS
No. 00-001-1117

26.7 nm, revealing their nanoscale features shown in Equation
1.

D =
K𝜆

𝛽 cos 𝜃
(1)

- D: The size of the crystals we want to find out
- K: A number that depends on the shape of the crystals (usually
around 0.9)
- 𝜆 : The wavelength of the X-rays we use to scan the crystals
- 𝛽 : The width of the X-ray peak at half of its maximum height
- 𝜃 : The angle at which the X-rays bounce off the crystals

We found out the size of the tiny crystals of NiO that
formed when we heated them up to 500°C. Impressively, these
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Figure 9. (a) Distribution Curve for the CuO Nanoparticles (b) SEM Image of CuO Nanoparticles and C-EDX Spectra for CuO
Nps (c)

Figure 10. SEM Image for NiO Nps (b) Distribution Curve for the NiO Nps and C-EDX Spectra for NiO Nps (c)

products exhibited an average crystallite size of 22.7 nm Saadat
et al. (2022) , showcasing their remarkable structural character-
istics.

3.6 SEM and EDX Analysis of the NiO and CuO Nanopar-
ticles

The structural landscape and crystalline framework of the syn-
thesized CuO and NiO hybrid nanoparticles underwent metic-
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Table 4. EDX Analysis of NiO and CuO Nanoparticles

Element Mass % Atomic %

Ni 28 K-series 40.44 56.59
O 8 K-series 8.46 43.41

Total 100 100
Cu 29 K-series 42.08 100
O 8 K-series 0.00 0.00

Total 100 100

ulous characterization by SEM, as depicted in Figures (9b and
10a). In this visual representation, the SEM images reveal
the unique morphology of the calcinated CuO and NiO NP
samples.

In this context, the CuO and NiO NPs appear as irregularly
shaped aggregates, with their crystals dispersed in a sponta-
neous and aesthetically pleasing arrangement. The CuO and
NiO NP samples underwent a remarkable transformation after
being calcinated. They turned into smaller and rounder crystals
of CuO and NiO that were evenly and smoothly distributed.
This transformation, attributed to the calcination process, not
only imbues the nanoparticles with aesthetic properties but
also enhances their surface area, an important characteristic
in catalysis. However, the histograms shown in Figures (9a
and 10b) indicate that the main particle sizes of the CuO and
NiO NPs formed by the thermal decomposition method at a
temperature of 500°C for 6 hours are approximately 30 to 90
nm.Further evidence of the elemental composition emerged
through the analysis of EDX spectra, as shown in Figures (9c
and 10c ) from both samples. These spectral results in Table
(4) showed the presence of elemental triumvirates of Cu, Ni,
and O within the CuO and NiO hybrid nanoparticles (Şenocak
and İmamoğlu, 2022; Taferguennit et al., 2022).

4. CONCLUSION

In the current study, we successfully synthesized a binary metal
ion Schiff base complex using salicylaldehyde and phenylethy-
lamine in conjunction with metal acetate. The characteristics
of the formed M(II) complex were determined using a com-
prehensive array of analytical techniques which confirmed the
formation of the Schiff base ligand and the metal ion in a
1:1 molar ratio. According to the analyses conducted, the Ni
complex displayed a distorted octahedral molecular structure,
whereas the Cu complex demonstrated a square planar geom-
etry. The thermal decomposition of the Ni(II) and Cu(II)
Schiff base complexes led to the production of NiO and CuO
nanoparticles. Moreover, XRD analysis confirmed the pres-
ence of the resultant nanoparticles, with average particle sizes
of approximately 26.7 nm and 22.7 nm, respectively. The
NiO nanoparticles exhibited a polycrystalline monoclinic struc-
ture, while the CuO nanoparticles displayed a cubic structure.
No impurity phases were observed in either case, indicating a
uniform formation of the nanoparticles.
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