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Abstract

0-Al,O3; nanoparticles (NPs) were sustainably and cost-effectively synthesized using Cinnamomum verum and laurel (Laurus nobilis)
leaf extracts (samples J1 and J2, respectively) and characterized in terms of their structural, morphological, optical, and electrochemical
properties. Both samples featured the desired hexagonal crystal structure, and the average crystallite sizes of pure Al,Os3, J1, and J2
were determined as approximately 16.90, 32.42, and 32.44 nm, respectively. The X-ray diffraction patterns of J1 and J2 matched the
standard diffraction pattern of pure Al,O3. Scanning electron microscopy measurements revealed that J1 and J2 contained well-dispersed
uniform-morphology particles with average sizes of 26.33 and 27.9 nm, respectively. Diffuse reflectance spectroscopy measurements
revealed that J1 and J2 comprised spherical particles and featured optical band gaps of 4.4 and 4.5 eV, respectively. The Fourier transform
infrared spectra of J1 and J2 featured Al1-O bond peaks in the range of 500-650 cm™', and cyclic voltammetry measurements performed
for an a-Al,O3; NP electrode revealed its responsiveness to glucose, which was ascribed to a surface-controlled adsorption process. The
peak broadening, changes in potential, and charge transfer enhancement observed with increasing glucose concentration suggested that
electrochemical behavior was controlled by interfacial contact rather than diffusion. The estimated limit of detection (6 mM) revealed
moderate sensitivity to glucose, suggesting the potential utility of a-Al,O3 NPs as an electrode material for electrochemical glucose

sensing.
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1. Introduction

Aluminium oxide (Al,O3), also known as alumina is
one of the most important engineering ceramic materials de-
veloped during the second half of the twentieth century due
to its excellent chemical and physical properties, including
high chemical stability, exceptional hardness, and a high
melting point of approximately 2045 °C [1]. These proper-
ties make Al,O3 widely used in various technological and
industrial applications. Aluminium oxide exists in several
crystalline phases, among which a-Al,O3 and y-Al,O3 are
the most stable and widely studied forms. Both phases
consist of aluminium and oxygen atoms in the same stoi-
chiometric ratio, but they differ in their crystal structures.
The a-Al,Os phase has a hexagonal crystal structure, rep-
resenting the thermodynamically stable phase, whereas y-
Al O3 typically exhibits a tetragonal or defect spinel struc-
ture and is often considered a porous or partially amor-
phous material [1,2]. Due to their nanoscale size, Al;O3
nanoparticles exhibit unique properties, such as enhanced
chemical reactivity, optical behaviour, electrical character-
istics, catalytic activity, and thermal stability, these features
make Al,O3 nanoparticles (NPs) suitable for applications
in ceramics, catalysis, nanocomposites, paints, refractory
materials, biomedical systems, capacitor and sensors, In
particular [3,4], their high surface-to-volume ratio makes

them promising for electrochemical sensing applications.
Glucose is a vital monosaccharide whose abnormal con-
centration in blood is closely associated with diabetes and
its serious complications, including cardiovascular, kidney,
and vision disorders. Therefore, reliable and stable meth-
ods for glucose detection are essential for effective disease
monitoring. Both enzymatic and non-enzymatic electro-
chemical sensors are used for glucose detection; however,
non-enzymatic sensors offer advantages such as higher sta-
bility, sensitivity, and resistance to environmental con-
ditions. Various nanomaterials, including noble metals,
metal—organic frameworks, and two-dimensional materials,
have been widely employed in enzyme-free glucose sen-
sors due to their high surface area and enhanced electro-
chemical activity [5,6]. In particular, gold nanoparticles
(Au NPs) have shown excellent biocompatibility and sensi-
tivity, achieving very low detection limits. However, con-
ventional synthesis methods of such nanomaterials often
leave organic residues or by-products on the surface, which
can interfere with electrochemical performance [7]. This
highlights the need for clean, stable, and environmentally
friendly nanomaterials for glucose sensing applications.

Various methods have been developed for syn-
thesizing aluminium oxide nanoparticles, including co-
precipitation, wet impregnation, sol-gel techniques, and
biosynthesis using biological resources [8,9,10,11]. Re-
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cently, green routes using plant extracts have gained consid-
erable attention because they provide an eco-friendly, cost-
effective, and sustainable alternative to conventional chem-
ical synthesis. Plant extracts contain natural biomolecules
such as phenols, flavonoids, and proteins, which act as
reducing and stabilizing agents during nanoparticle for-
mation, leading to nanoparticles with improved size con-
trol, stability, and morphology. Among natural resources,
laurel leaves (Laurus nobilis) and Cinnamomum verum
have attracted interest due to their rich content of bioac-
tive compounds with strong antioxidant properties, making
them suitable candidates for the green synthesis of Al,O3
nanoparticles for electrochemical sensing applications.

The Cinnamomum verum is tropical plants that is
widely cultivated in Southeast Asia. Its bark and leaves are
rich in essential oils that are used as spices and in traditional
medicine to treat colds, stomach problems, high blood
sugar, and pain. Phytochemical studies have identified
many bioactive compounds, such as, diterpenes, monoter-
penes, sesquiterpenoids, Cinnamaldehyde, cinnamyl ac-
etate, cinnamic acid, eugenol, linalool, phenolic com-
pounds, flavonoids, and tannins, these compounds con-
tain reactive functional groups that facilitate interaction
with metal ions. These functional groups make it eas-
ier for AI** ions to combine with solution, which helps
control the formation of aluminum hydroxide intermedi-
ates and keeps particles from sticking together by naturally
capping them. This phytochemical makeup explains why
these plant extracts work so well at controlling the green
synthesis of a-Al,O3 NPs [12,13]. Similarly, Laurus no-
bilis, is rich with the main chemical compounds like, ter-
penoids, flavonoids, fatty acids, alkaloids, phenolic, and
organic acids which contains hydroxyl (-OH) and carboxyl
(—COOH) functional groups, these reactive molecules that
can interact with metal ions [14,15] i.e. these compounds
enable the reduction of metal ions and encourage the pro-
duction of stable nanoparticles [16,17].

The synthesis of various phases of Al,O3 using natu-
ral plant materials has been demonstrated in several stud-
ies such as, date palm seed extract [18], Mentha Pulegium
[19] and Aloe Vera [20]. Most of the studies focused on
characteristics and applications of y-Al, O3, such as Nemade
et al. [21], which examined the photovoltaic and super-
capacitive. While other authors have shown that nano-
sized y-Al,O3 nanoparticles prepared by physical/chemical
methods possess a nanoscale structure, semiconducting be-
haviour, and improved charge transfer properties, which are
promising for electrochemical sensors and photo-catalysts
[22], Additionally, y-Al,O3 synthesized via probe sonica-
tion demonstrated good electrochemical performance and
high sensitivity for paracetamol detection, confirming its
suitability for electrochemical sensing [23]. Kuoloud et
al. [24] also highlighted the biomedical potential of y-
Al,O3 nanoparticles due to their anti-inflammatory and im-
munomodulatory properties .

In other studies, a-Al,O3; NPs have been synthesized
using plant extracts like date palm seed extract, where phy-
tochemicals have been found to act as reducing and sta-
bilizing agents, producing nanoscale particles with a high
degree of purity and biological activity. By demonstrating
their eco-friendly nature, plant-mediated synthesis not only
enhances nanoparticle application in biomedical, environ-
mental, and antimicrobial fields, but it also offers an eco-
friendly route for nanoparticle production [18,25,26].

Despite the increasing interest in plant-mediated nano-
material synthesis for metal oxide nanoparticles, most liter-
ature focuses on y-Al,O3, while limited attention has been
given to the plant-driven synthesis of highly crystalline a-
Al,O3 NPs and their electrochemical applications.

Furthermore, the relationship among green synthesis,
optical band gap properties, and electrochemical perfor-
mance of a-Al,O; NPs remains inadequately investigated.
Therefore, the recent study aims to fill the research gap by
examining the green synthesis of a-Al,O3 NPs for wo plant
extracts (Cinnamomum verum and Laurel leaves), and cor-
relating their structural, optical, and electrochemical char-
acteristics. In the present study, a-Al,O3 NPs were synthe-
sized using extracts from these two plants, and their struc-
tural, optical, and morphological properties were system-
atically characterized. In addition, their electrochemical
behavior was investigated using cyclic voltammetry (CV),
that can be applied as electrochemical bio-sensing elec-
trodes for detecting biologically important molecules like,
glucose.

2. Materials and Methods
2.1 Material

Aluminium nitrate nonahydrate (Al(NOs);-9H,0)
99.99, weight 4 g of Cinnamomum verum laurel leaf with
[1M] for both plants. The samples of both laurel leaf and the
Cinnamomum verum have been supplied from local mar-
kets in Wasit (Iraq), distilled water, and sodium hydroxide
(purity 98.99).

2.2 Syntheses of AL,O3; NPS from the Plant Extract

Using fresh samples of cinnamon verum (J1) and Lau-
rus nobilis (J2) purchased from a local market, in order to
remove contaminants from two plants must be rinsed and
dried at 37 °C. Mixing (4 g) of cinnamon verum (J1) with
50 mL deionized water will result in a reddish-purple prod-
uct for cinnamon verum (J1) whereas product is green color
for Laurus nobilis (J2). Then heat it at 60 °C for 30 minutes
with continuous stirring. After cooling to room tempera-
ture, the samples will be filtered using (Whatman type filter
paper), and separated using a centrifuge (3000 rpm/minute)
for (20 minutes) to produce aqueous extracts for two plants
that contain extract bioactive phytochemicals, an aqueous
precursor solution was prepared by dissolving 18.756 g of
aluminium nitrate nonahydrate (AI(NO3)3-9H,0) in 50 mL
of deionized water to obtain a 1 M solution. The solution
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Fig. 1. Diagram illustrating all preparation steps of both samples J1 and J2 of a-Al, O3 NPs.

was stirred at 600 rpm at 60 °C for 20 min until a homoge-
neous solution was formed, as a next step, 50 mL of plant
extract were added dropwise to the precursor solution for
30 hours under continuous stirring at 850 rpm and 60 °C.
In order for aluminum hydroxide precursors to precipitate
effectively, the pH was carefully adjusted by adding drops
of 0.1 M NaOH solution during the reaction. When the re-
action was completed, the suspension was filtered and dried
at 100 °C for four hours. A muffle furnace was used to cal-
cine the dried powder for two hours at 900 °C to produce
crystalline Al O3 nanoparticles. The synthesis process was
repeated three times to ensure reproducibility. After that,
these nanoparticles were used in electrochemical applica-
tions, particularly for cyclic voltammetry (CV) analysis. A
schematic diagram illustrating the preparation procedure is
presented in Fig. 1.

2.3 The Formation of Nanoparticles

The active role of phytochemicals found in these
plants, such as phenolic substances, flavonoids, terpenoids,
and organic acids, explains how Cinnamomum verum and
Laurus nobilis extracts were used to make a-Al,O3 NPs in
a green route. These bioactive chemicals have functional
groups (—OH, —COOH) that can react with aluminum ions
(A*") in the starting solution.

At first, these substances connect with AI*" ions,
which causes controlled nucleation and the creation of alu-
minum hydroxide (Al(OH)3) intermediates when the pH is
raised to about 8. At this point, the organic molecules keep
the particles from growing out of control and sticking to-
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gether, stopping them from fixing and capping. The organic
parts break down when the mixture is dried and then heated
to 900 °C. The aluminum hydroxide precursor changes into
solid a-Al,O3 NPs. Nanoparticles with a fixed size and
shape are the end result of the phytochemical stabilization
process. This process shows how important phytochemi-
cals from plants are for controlling the formation, stability,
and size of nanoparticles in the green synthesis route.

2.4 Electrochemical Measurements

Materials Required of Electrochemical System:
Electrochemical workstation (potentiostat/galvanostat),
Three-electrode system: Working electrode (WE): a-
Al,O3 NPs, reference electrode (RE): Ag/AgCl, Counter
electrode (CE): Carbon.

Procedure:

Preparation of the Electrochemical Cell: Prepare the
electrolyte and sample solution.

Prepare a sample solution, if testing a specific analyte,
prepare a standard concentration (for this test 1 mM glucose
5 mM and was prepared).

- Setup of the Electrochemical System

1. Connect the screen-printed electrode to the poten-
tiostat.

2. Ensure proper electrical contact between the elec-
trodes and the potentiostat.

3. Running the Electrochemical Test.

4. To test the control or blank, place 50 pL from the
sample on screen printed electrode.

5. Choose the appropriate technique.


https://www.imrpress.com

6. Cyclic Voltammetry (CV) for redox properties.

7. Input test parameters (e.g., voltage range, scan rate,
frequency).

8. Start the experiment and record data.

9.10 puL of analyte is added to the sample on the
screen-printed electrode. The same tests are repeated.

3. Results
3.1 X-ray Diffraction (XRD)

The crystalline structure of the produced o-Al,O3
NPs, created under identical conditions, was optimized and
duplicated several times using two plant extracts, as an-
alyzed by X-ray diffraction (XRD) analysis was carried
out using an XRD-7000/XRD-7000S diffractometer (Shi-
madzu Corporation, Kyoto, Japan), seen in Fig. 2. The
diffraction angles and intensities of the observed peaks are
consistent with previously reported XRD patterns of a-
AL,O3 NPs [19,27]. The XRD pattern indicates that the
samples consist of a single crystalline phase of a-Al, O3 NPs
with a hexagonal structure. where the average crystal size
of a-Al,O3 NPs was calculated by Scherer’s Eqn. 1.

0.9
"~ BCosf

(1

The calculated average crystallite sizes were approx-
imately 16.90 nm for a-Al,O3 NPs (pure), 32.42 nm for
sample J1, and 32.44 nm for sample J2, as mentioned in
Table 1. The absence of additional diffraction peaks indi-
cates that no impurities or precursor compounds are present,
confirming the high purity and successful crystallisation of
the synthesized nanoparticles.

The XRD pattern of pure a-Al,O; shows strong
diffraction peaks corresponding to the planes (111), (212),
(222),(311), (400), and (404) at 26 values 0f 37.63°, 46.46°,
and 67.58°, which agree with JCPDS card No. 96-200-
2890. For the plant-mediated samples, J1 exhibited peaks
at (012), (200), and (302) with 26 values of 30.2°, 33.56°,
and 58.04°, while for J2 the planes appeared at (012), (200),
and (302) at 30.39°,33.75°, and 58.23°, respectively. These
results for J1 and J2 are showing excellent agreement with
JCPDS card No. 96-200-2893X, confirming the formation
of crystalline a-Al,O3 NPs for two samples.

The growth of a-alumina crystallites is strongly in-
fluenced by thermal treatment. At elevated temperatures,
nanoparticles become more mobile and interact with each
other, leading to particle coarsening and crystallite growth.
This process results in an increase in inter-particle distances
and a reduction in the number of smaller particles, ulti-
mately producing larger crystallites.

As the temperature increases, the coarsening rate
also increases, accelerating crystallite growth. This phe-
nomenon depends on several factors, including tempera-
ture, initial crystallite size, and ion concentration in the so-
lution [28]. Previous studies have shown that the forma-

tion of crystalline a-Al,O3 occurs through a series of poly-
morphic phase transformations, where intermediate phases
gradually transform into the thermodynamically stable a-
phase, known for its high thermal stability and excellent
structural properties, The XRD results confirmed the suc-
cessful formation of crystalline a-Al, O3 nanoparticles, with
average crystallite sizes of approximately 16 nm for pure
a-Al,O3 NPs and 32.42 nm and 32.44 nm for samples J1
and J2, respectively. Furthermore, FE-SEM analysis re-
vealed nanoscale particles with average sizes of approxi-
mately 26.33 nm for J1 and 27.9 nm for J2, indicating rela-
tively uniform morphology and good dispersion.

3.2 Transmission Electron Microscopy(TEM )and
FE-SEM Results

The TEM images(HT7700, Hitachi High-Tech Corpo-
ration, Tokyo, Japan) coupled with the associated histogram
Fig. 3 show that a-Al,O; NPs were successfully formed at
the optimum temperature using the two plant extract solu-
tions, J1 and J2. The TEM observations clearly revealed
the formation of well-defined nanoparticle-like structures.
These results confirm the successful synthesis of a-Al, O3
powder with relatively uniform and predominantly spheri-
cal morphology.

The average particle size of the a-Al,O3 NPs was cal-
culated from the TEM images, ranging between 12 and 50
nm for J1 and J2, which is in reasonable agreement with the
crystallite size estimated from XRD analysis. Furthermore,
these results provide valuable insights into the surface mor-
phology and particle size distribution of the synthesized a-
Al,O3 nanoparticles.

Such information is important for understanding the
formation mechanism of a-Al,Os and can contribute to im-
proving their synthesis process and enhancing their effi-
ciency in various applications [29,30]. In addition, TEM re-
sults suggest that the phytochemical components present in
the plant extracts form a capping layer around the a-Al,O3
NPs, indicating that the plant extracts act as natural stabiliz-
ing and capping agents, which control nanoparticle growth
during the synthesis process.

FE-SEM analysis (Carl Zeiss Microscopy GmbH,
Oberkochen, Germany)showed that the synthesised a-
Al,O3 NPs possessed a relatively uniform size and spher-
ical morphology, with some particles forming small clus-
ters. The use of plant extracts proved to be an effective
and eco-friendly approach for the green synthesis of Al, O3
nanoparticles.

As shown in Fig. 4, the average particle sizes were
approximately 26.33 nm and 27.9 nm for samples J1 and
J2 of a-Al, O3 NPs, respectively, as shown in Fig. 4 his-
togram analysis of the particle size distribution of a-Al, O3
NPs synthesized using J1 and J2. The results indicate that
the a-Al,O3 NPs have particle sizes ranging between 20—
50 nm, with a predominantly spherical shape and homoge-
neous composition.
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Table 1. Parameters XRD of Al,O3; NPs for (pure, J1 and J2).

Sample 0-Al, O3 a-AlL, O3 (J1) a-Al, 05 (J2)
20° Strongest 3 Peaks Strongest 3 Peaks Strongest 3 Peaks
(Deg.) 37.63 46.46 67.58 30.20 33.56 58.04 30.39 33.75 58.23
hkl 311 400 404 012 200 302 012 200 302
dhia Exp.(A°) 2388 1.952  1.385 2957 2.668 1.588 2939 2.654 1.583
dhia Std.(A°) 2378 1971 1394 2942 2649 1.580 2.942 2.649 1.580
The crystallite size (nm) 13.263 21.639 17.276 34.28 34.57 28.39 3430 34.59 28.42
Average crystallite size (nm) 16.90 32.42 32.44
Card No. 96-153-1490 96-200-2893 96-200-2893
XRD, X-ray diffraction; NPs, nanoparticles.
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Fig. 2. XRD of Al;O3 NPs of J1 and J2.

Furthermore, the FE-SEM images Fig. 4 revealed that
the synthesized Al,O; NPs were homogeneous, uniformly
distributed, and free from visible cracks or structural de-
fects. These observations confirm the successful formation
of well-defined a-Al,O3; nanoparticles through the green
synthesis.

3.3 Diffuse Reflectance Spectroscopy (DRS)

The optical properties of a-Al,O3 NPs synthesized us-
ing plant extracts J1 and J2 were investigated and found to
have a high light transparency and a broad spectral range.
These nanoparticles exhibited excellent stability against ul-
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traviolet radiation, thermal stability, and mechanical prop-
erties. To compute the optical band gaps of a-Al,O; NPs
samples made from two different plant extracts, a two-step
study was carried out. The optical band gaps were esti-
mated from the UV absorption spectra recorded in the ul-
traviolet region. As illustrated in Fig. 5, strong absorp-
tion peaks were observed at 280 nm for sample J1 and 275
nm for sample J2. These wavelengths correspond to pho-
ton energies of approximately 4.4 eV for J1 and 4.5 eV for
J2. The band gap energies were further evaluated using
the Kubelka—Munk model, which is widely employed in
diffuse reflectance spectroscopy (DRS) analysis(Shimadzu
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Fig. 3. TEM depict the morphology of the surface magnifying: 100 nm for Al,O; NPs of (A) J1, and (B) J2, and a histogram
analysis. TEM, transmission electron microscopy. Scale bar =100 nm.

Corporation, Kyoto, Japan). The Kubelka—Munk function
is expressed as follows, Eqn. 2 [31]:

K
3 @

Where:

R =reflectance at each wavelength, F(R)=K-M func-
tion (proportional to absorbance), K = absorption coeffi-
cient, S = scattering coefficient.

The optical band gap (Eg) has been determined by
plotting (F(R) hv)? versus photon energy, a straight line was
drawing along the linear portion of the curve and extending
this line to intersect energy axis on an x-axis, where (F(R)
hv)? = 0. The value of the point of intersection on the en-
ergy axis is equal to the optical gap value Eg (eV).

The calculated optical band gap values were approx-
imately 4.4 eV for sample J1 and 4.5 eV for sample J2.
These relatively high band gap values may be attributed to
the nanoscale nature of the synthesized a-Al,Os particles
and the influence of the phytochemical compounds present
in the plant extracts during the synthesis process. Com-
pared with previously reported results in the literature, the
obtained band gap values are slightly lower, which could
be related to differences in synthesis method, particle size,
and structural properties of the samples [32]. A Tauc plot

of a-Al,O3 NPs (sample J1 and J2) in (Fig. 5C,D) shows a
direct allowed electronic transition. The linear region near
the absorption edge was extrapolated to the energy axis (hv),
giving a band gap of approximately 3.8-4.8 eV for J1, and
3.8, 4.6 for J2,respectively, this value is much lower than
the bulk band gap (~8.8 eV) due to nanoscale effects, lat-
tice defects, oxygen vacancies, and residual species from
the green synthesis method. This material has a low band
gap, which improves electron excitation and charge trans-
fer, resulting in excellent electrochemical performance.

3.4 Fourier Transform Infrared (FTIR) Spectroscopy

The FTIR spectra (PerkinElmer 100 Optica, Waltham,
MA, USA) of the synthesized a-Al,O3 NPs, Fig. 6 show a
broad band at 3451 cm™' for J1 and 3439 cm™' for J2, cor-
responding to the O—H stretching vibration due to the ad-
sorption of water molecules on the nanoparticle surfaces. A
sharp peak at 502 cm™' represents the stretching vibration of
the Al-O bond, confirming the formation of pure 0-Al,O3
NPs. The absence of other peaks indicates that organic im-
purities were effectively removed during high-temperature
calcination.

Additional peaks at 1461 cm™' (J1) and 1385 cm™! (J2)
are attributed to neutral oxygen species adsorbed on the sur-
face, while peaks at 636 cm™' (J1) and 635 cm™! (J2) corre-
spond to Al-O vibrations, consistent with previous reports
[33]. The peak around 1050 cm™' is assigned to Al-O—

&% IMR Press


https://www.imrpress.com

Ba'= 87 49 nm

B2 = 3944 nm

b
|

SEM MAG: 200 kx Det: InBeam
WD: 5.10 mm B1: 7.00
View field: 1.04 pm | Date(m/dly): 02/20/22

200 nm

D3 = 3a3.74a0m
.75 nm il

D4 = 39.24 nm

SEM MAG: 200 kx Det: InBeam
WD: 5.02 mm Bi: 7.00
View field: 1.04 pm | Date(m/diy): 02/20/22

MIRA3 TESCAN
200 nm

16 3
."‘ h
144 £ \
124 R Y
€10+ Ry Ny
3 R $
8 R {
| } N
R i
&) BR ¥ N
J,' ¥ N
4 AN ¥ \
4 N =
° } W
10 20 30 40 50
D (nm)
i D(nm -J2)
18
16 AR
£
14 /|
12 A
e {
NN
o i\
O 8 & }
N
64 N
!
4 : l .....
2 '; N |; \.\.
o . } X | NN
20 30 40 50
D (nm)

Fig. 4. FE-SEM and histogram analysis of two extract plants (A) J1 and (B) J2, of AL,O3 NPs. FE-SEM, field emission scanning

electron microscopes; scale bar = 200 nm.

H vibrations, indicating the presence of surface hydroxyl
groups, which can be seen in Table 2, which depicts the ma-
jor functional groups detected in the plant extracts through
FTIR analysis. The absorption bands observed existence
of multiple phytochemical compounds, notably phenols, al-
cohols, and aromatic functional groups. These functional
groups play an important role in the green synthesis by act-
ing as reducing and stabilizing agents during the formation
of a-Al,O3; NPs. FTIR spectroscopy is a powerful tool for
material identification and provides insights into the func-
tional groups of capping molecules in green-synthesized
nanoparticles. These spectra reveal the biomolecules re-
sponsible for the reduction of metal ions and stabilization
of the nanoparticles, and they offer important information
about size, morphology, composition, and stability.

The FTIR results confirm that the a-Al,O3; NPs are
highly pure, structurally stable, and of high quality.

FTIR spectra of a-Al, O; NPs indicate that the forma-
tion of a well-defined crystallized phase. For the J1 sample,
the peaks were observed at 457 cm™', 502 cm™!, and 635
cm™!, while the J2 sample showed peaks at 458 cm™, 503
em!, and 636 cm™!. These bands correspond to the stretch-
ing modes of Al-O bonds in the octahedral structure.

Additional peaks at 818 cm™' (J1) and 820 cm™! (J2)
are assigned to Al-O stretching in tetrahedral sites, whereas
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peaks at 1000 cm™" (J1) and 1010 cm™ (J2) correspond to
Al-O-H symmetric bending vibrations, indicating the pres-
ence of surface hydroxyl groups. The peaks at 818-820
cm™! also reflect the distribution of Al and H cations within
the oxide lattice, consistent with previously reported studies
[34,35].

According to FTIR analysis, AI-O bonding and resid-
ual functional groups exist, supporting structural informa-
tion from XRD, and the presence of Al-O—H vibrations fur-
ther suggests surface hydroxylation, which may contribute
to the stability and functional properties of the nanoparticles
as in Table 3.

3.5 Cyclic Voltammetric Analysis

Cyclic voltammetry (CV) measurements were carried
out on a working electrode coated with an aluminium ox-
ide (a-Al,O3 NPs) layer, a potential window from —0.50 to
0.50 V using a scan rate of 50 mV s7! as in Fig. 7. The
voltammograms that were collected showed a shape that
stayed almost the same across several cycles with currents
in the milliampere range. This means that the response is
mostly due to capacitive charging, with only a little amount
of faradaic redox reactions at the electrode/electrolyte inter-
face. Peak analysis showed three separate features at —0.37,
—0.06, and 0.35 V. The peak at —0.06 V had the most trans-


https://www.imrpress.com

Eg AL,O3 1
15 1.8 21 24 27 30 33 36 39 42 45 48 51 54
4004 . At 42031 J
=

~ i

< 3004:°

— 1

2 ¢

= i

=

& 2004t

& ware fonyih (m )

100 4
15 1.8 21 24 27 30 33 36 39 42 45 48 51 54
Energy (ev)

1.5E+11 «
o™~
< 1.0E+11 4
[+
£
L
o™~
=
2 5.0E+10 4
S Eg=4.9eV

g=3.8e
0.0E+00 =y

—Trrer—r—rr—r—tr—
21 24 27 30 33 36 39 42 45 48 51 54 57
Energy gap (eV)

alsarbance? (an)

400
Amartance aA03 42
o
3004 :
200 4 -

100 o

(F(R)hv)*2

15 20 25 30 35 40 45 50 55

Energy (ev)
AlLO4-J2| @

1.36E+11]
£ 1.19E+11]
Z 1.02E+11]

==
=.3.40E+10]
1.70E+10]
0.00E+ 00—V
20 24 28 32 36+40 44 48 52
Energy gap (eV)

Fig. 5. DRS of a-Al; O3, &spectra absorbance of (A) DRS of plant J1, and (B) DRS of plant J2, (C) tauc plot of the optical bandgap
for plant J1, and (D) tauc plot of the optical bandgap of plant J2. DRS, diffuse reflectance spectroscopy.

Table 2. FTIR peak assignments of plant extracts used in green synthesis of a-Al,O; NPs.

Wavenumber Functional group Cinnamomum Laurel leaves Assignment

(cm™) verum (J1) J2)

3200-3500 O-H stretching Present Present Phenolic compounds and alcohol groups

3020-3080 Aromatic C-H Present Weak/Present Aromatic ring vibrations
stretching

2920-2850 C—H stretching Present Present Aliphatic C—H groups

1680-1700 C=0 stretching Strong Present Aldehyde or carbonyl groups (cinnamaldehyde in

I

1600-1630 C=C stretching Present Present Aromatic ring vibration

1500-1550 Aromatic ring vibration Present Present Benzene ring skeletal vibration

1200-1300 C—O stretching Present Present Phenolic and alcohol groups

1000-1100 C—O-C stretching Weak Strong Ether groups (e.g., cineole in J2)

700-800 Aromatic C-H bending Present Present Out-of-plane bending of aromatic rings

FTIR, Fourier transform infrared spectroscopy.

Table 3. FTIR peak assignments of a-Al,O3; NPs (alpha phase) in green synthesis.

Wavenumber (cm™') a-Al,Oj3 (alpha phase) Assignment

400-450 Present Al-O bending vibration
500—-600 Strong Al-O stretching

630-650 Characteristic Al-O vibration in a-Al, O3 lattice
700-800 Present Al-O-Al bridging vibration
850-900 Usually absent Surface Al-O groups (y phase)
1000-1100 Weak/absent Al-O vibrations in tetrahedral sites
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Fig. 6. FTIR of two plant extracts, J1 and J2 of a-AL,O3 NPs.

ferred charge (around 8 x 107 C). There were also fewer
peaks in the remaining peak regions, corresponding to sec-
ondary processes.

A layer of a-Al,O3 NPs coating was found to restrict
charge transfer and enhance interfacial stability by acting
as an electrochemical barrier, as previously reported [36].
In cyclic voltammetry (CV) measurements, an increase in
glucose concentration from 1 to 5 mM induces an obvi-
ous modulation in the electrochemical behaviour of the a-
Al,O3 NPs electrode, as demonstrated by systematic shifts
in peak potential, significant peak broadening, and substan-
tial variations in the integrated charge, reflecting altered
charge transfer dynamics at the electrode interface.

At 1 mM glucose, the anodic oxidation peak was cen-
tered at Ep, = —0.050 V, with a peak current of approxi-
mately Ipa = +1.33 mA, a relatively narrow peak width (=
0.085 V), and an integrated charge of Q = 2.16 x 107 C,
as shown in Table 2. When the glucose concentration in-
creased to 5 mM, the anodic peak shifted slightly toward
a more positive potential (Ep, = —0.010 V). The peak cur-
rent remained of comparable magnitude (I, =+1.163 mA),
but the peak became significantly broader (0.160 V). At
higher concentrations, the transferred charge also sharply
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increased, suggesting a higher level of charge transfer re-
lated to oxidation.

Furthermore, at 5 mM, a secondary cathodic peak ap-
peared (Epc = 0.330 V, I,c =-5.73 mA, Q=—1.45 x 10°°
C), as presented in Table 4. It fits with the idea that electro-
chemical reduction is partially taking place on oxidized sur-
face species and/or electroactive intermediates generated
during glucose oxidation.

In general, the anodic oxidation process remains dom-
inant, indicating a quasi-irreversible electrochemical sys-
tem with measurable reverse reactions. The concentration-
dependent variations—including enhanced charge transfer,
increased peak broadening, slight shifts in peak potential,
and the appearance of a cathodic peak suggest that the in-
teraction between glucose and the a-Al,O3 electrode sur-
face is primarily surface-controlled. At higher glucose con-
centrations, the electrode surface approaches saturation of
active sites, at high anodic potentials, the accumulation of
intermediate reactions causes a behaviour that is similar to
a stop.

The result of a rise in peak height due to contribu-
tions from surface and kinetic processes, rather than purely
diffusion-driven processes, results in a relatively small in-
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Table 4. Effect of concentration of glucose interaction with the a-Al, O3 NPs surface (charge transfer, broader peak(current),
potential shift (width of peak)).

Index

Position of peak (V) Height of peak (peak current) (A) Width of peak (V) Area peak  Charge transfer
(No. peak) (V*A) ©
1 (Anodic peak) —0.05 1.34 x 107°° 0.085 1.08 x 1077 2.16 x10°°
1 (Anodic peak) 0.01 1.32x 107 0.16 3.53x 107 7.05 % 107°
2 (Cathodic peak) 0.33 -5.73 x 1077 0.095 -724%x10%  -1.45x10°

crease in peak current, which influences the overall re-
sponse, which becomes increasingly dominant. When glu-
cose levels are highest, various surface locations gradu-
ally become active. Therefore, kinetic constraints play an
important role such as, charge-transfer resistance, surface
rearrangement, and intermediate(formation) that require a
slightly higher impulse for oxidation as the surface becomes
more populated is further supported by the positive shift in
peak potential and peak broadening at 5 mM.

The limit of detection (LOD) can be calculated from
CV measurements using the following formula: Calculate
the slope (S) of the calibration relation by multiplying the
current peak values (AI = 0.02 x 107% A ) with the concen-
tration difference(AC = 4 mM). Therefore, the slope is 5 x
10~ A/mM and to estimate the standard deviation (SD) of
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the blank signal of the stable voltammogram behavior, the
background current fluctuation can be reasonably estimated
as: SD =1 x 107® A also, calculate the limit of detection
(LOD).

The LOD is calculated using the Eqn. 3 [37] as follow:

LOD =3 x SD/S 3)

It is found the value of LOD to be approximately 6 x
1073 mol/L (Mm), This value of LOD suggests that the elec-
trode modified with a-Al, O3 NPs has a measurable electro-
chemical response to glucose, showing that it could be used
in a sensing device.
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4. Discussions

The XRD analysis Fig. 2 confirms that the syn-
thesized nanoparticles possess a pure crystalline a-Al,O3
phase (hexagonal structure) after calcination at 900 °C, this
means the synthesis conditions were optimal: high enough
to stabilize the a-phase and improve crystallinity, yet con-
trolled enough to prevent excessive grain growth and sinter-
ing. Although a-Al,Oj; is an insulating material, the good
electrochemical response observed in CV does not come
from bulk electrical conductivity, instead of, it arises from
surface-controlled reactions. The small crystallite size pro-
vides a large surface area and more active adsorption sites
for glucose molecules, while the high crystallinity ensures
a stable and reproducible electrode surface.

As a result of this balance between thermal stabil-
ity and nanoscale dimensions, CV results suggest a good
electrochemical performance. Moreover, the phytochemi-
cals employed in the green synthesis improved nucleation
and phase stabilization, enabling the formation of a-Al,O;
at a comparatively lower temperature than traditional ap-
proaches. The phase’s purity and low level of impuri-
ties enhance successful electron transport at the electrode—
electrolyte contact. The structural features identified by
XRD (phase purity, high crystallinity, and nanoscale di-
mensions) directly account for the improved electrochemi-
cal performance demonstrated in the CV experiments, prov-
ing the material’s applicability for glucose sensing applica-
tions.

As a result of TEM analysis Fig. 3, NPs exhibit ideal
spherical morphology and a controlled size range of 12—
50 nm, which is essential for improving their electrochem-
ical properties. Through capping plant extracts (J1 and
J2), particle size is significantly reduced, thereby increasing
the surface-to-volume ratio and the number of electroac-
tive sites that can be redox-cycled. Therefore, the Cyclic
Voltammetry (CV) results indicate a well-defined peak cur-
rent, attributable to efficient electron-transfer kinetics at the
electrode interface. Additionally, the uniformity and pro-
tective layer observed in TEM images contribute to the elec-
trode’s stability and durability for a long time.

The particle size distribution of sample J1, as shown
in Fig. 4, indicates that the majority of a-Al,O3 NPs are
concentrated in the 10—-15 nm range, with an average size
of approximately 12 nm. The histogram demonstrates a
roughly symmetric distribution, and the overlaid Gaussian
curve confirms that the data follows a normal distribution
pattern. This suggests that the biosynthesis method effec-
tively controlled nanoparticle growth, minimising both ex-
cessive aggregation and the formation of extremely small or
large outliers. The observed particle size range aligns well
with XRD-derived crystallite sizes, supporting the high
crystallinity and uniformity of the synthesized nanoparti-
cles. Overall, these results indicate that the plant extract-
mediated green synthesis method produces o-Al,O; NPs
with well-defined nanoscale dimensions and narrow size
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distribution, which are essential for consistent optical and
electrochemical properties. This indicates that the plant
extract effectively caps the nanoparticles and prevents ag-
glomeration by controlling their growth.

Fig. 3 shows TEM analysis of actual nanoparticles
(sample J2) and their particle size distribution. It appears
that the histogram indicates that the majority of nanopar-
ticles belong to the 20-80 nm range, with the highest fre-
quency observed between 40—60 nm, which corresponds to
the most likely particle size. According to the red fitted
curve, the size distribution is relatively uniform and has a
moderate degree of dispersion. A particle size under 100
nm proved that the green synthesis minimizes agglomera-
tion by controlling particle growth.

As results that, the uniform nanoscale distribution sup-
ports the XRD and SEM findings and indicates a large sur-
face area and active surface sites, which makes it suitable
for electrochemical applications.

The FE-SEM analysis Fig. 4 revealed that the synthe-
sized a-Al, O3 NPs possessed a spherical morphology with
a relatively uniform distribution and particle sizes ranging
from approximately 20 to 40 nm, with average sizes of 26
nm for sample J1 and 27.9 nm for sample J2.

The images also confirmed that the nanoparticles were
homogeneous, well-dispersed, and free from visible cracks
or structural defects. These morphological characteristics
play an important role in determining the electrochemical
behaviour of the material.

The nanoscale particle size significantly increases the
specific surface area, providing a larger number of active
sites for electrochemical reactions. In addition, the spheri-
cal morphology and uniform distribution of the nanoparti-
cles facilitate effective electron transfer between the elec-
trode surface and the electrolyte. This enhanced electron
transport can improve the electrochemical response ob-
served in cyclic voltammetry measurements.

In addition, the lack of cracks and the uniform struc-
ture make the electrode material more stable and durable
even after many electrochemical cycles. The FE-SEM pic-
tures show that the synthesized a-Al,O39 NPs have good
structural properties that make them ideal for electrochem-
ical applications. They may also work better in cyclic
voltammetry studies.

Histogram analysis of J1 Sample, Fig. 4 represents
the particle size distribution of the a-Al,O3 NPs synthesised
using Cinnamomum verum extract (J1), along with a Gaus-
sian fitting curve. The results indicate that the nanoparticles
exhibit a relatively narrow size distribution, confirming a
good level of uniformity in particle formation. The particle
sizes are mainly distributed in the range of approximately
20 to 60 nm, with the average particle size centered around
~40 nm, as indicated by the peak of the Gaussian curve. The
smooth Gaussian fitting suggests that the particles are well-
dispersed and homogeneous, which is an important char-
acteristic for improving the physical and electrochemical
properties of the material. The absence of multiple peaks
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also indicates that there is no significant agglomeration or
secondary particle population. Overall, the SEM size dis-
tribution analysis of J1 demonstrates that the green synthe-
sis method using Cinnamomum verum extract is effective
in producing uniform, nanoscale Al,O; particles with con-
trolled size distribution, which is desirable for advanced ap-
plications.

The particle size distribution of sample J2, as shown
in Fig. 4, indicates that most a-Al,O3 particles are con-
centrated around 40 nm, with a broader size range extend-
ing from approximately 20 nm to 100 nm. The histogram
demonstrates a right-shaped distribution, suggesting that
tiny particles are predominant, whereas larger aggregations
are also observed. In comparison to sample J1, the larger
average particle size and broader distribution indicates a
tendency for particle aggregation in this sample. This vari-
ation in particle size may influence the optical and electro-
chemical properties of the nanoparticles. The results high-
light the effect of the plant extract on particle growth and
aggregation, demonstrating that J2 sample produces larger
and less uniform particles relative to sample of J1. The uni-
form morphology indicates regulated growth kinetics sug-
gested due to the bioactive chemicals in the extract.

Performance of the synthesized a-Al,O; NPs is com-
prehensively justified by the combined structural and mor-
phological analyses of XRD, TEM, and SEM. The XRD
confirms the formation of a pure, highly crystalline phase
at 900 °C, which guarantees long-term structural stability
under potential cycling. Concurrently, the TEM results
confirm that the particle size was effectively restricted to
the nanoscale (12-50 nm) by the plant-mediated synthe-
sis, while the SEM images demonstrate a porous, inter-
connected architecture. This synergistic combination of
high crystallinity, small crystallite size, and porous mor-
phology optimizes the accessible surface area and enables
rapid electron-transfer kinetics at the electrode-electrolyte
interface. As a result, these structural characteristics give
the synthesized nanoparticles an optimal choice for energy
storage and high-sensitivity electrochemical sensing appli-
cations, superseding conventional bulk Al,O3; materials.

The optical properties obtained from DRS analysis in
(Fig. 5 A,B) provide important insight into the electronic
structure of the synthesized a-Al,O; NPs, which directly
influences their electrochemical behavior in cyclic voltam-
metry (CV) measurements. The calculated optical band gap
values of 4.2 eV for J1 and 4.5 eV for J2 indicate that the
nanoparticles possess a wide band gap, which is character-
istic of aluminium oxide materials. Wide band gap materi-
als typically exhibit high chemical stability and strong in-
sulating properties, which contribute to the stability of the
electrode surface during electrochemical measurements.

Although bulk a-Al,O3 is an electrical insulator, at
nanoscale a-Al,O3 NPs can enhance electrochemical per-
formance due to their high surface area and surface defects
and hydroxyl groups. These features provide active sites
for the adsorption of electroactive species, such as glucose
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molecules, on the electrode surface. As a result, electron
transfer processes can occur through surface-mediated re-
actions, which are detectable in cyclic voltammetry exper-
iments.

Furthermore, the slightly higher band gap observed
for sample J1 (4.4 ¢V) compared to J2 (4.5 eV) may in-
dicate differences in particle size, crystallinity, or surface
states, which can influence the electrochemical response.
These differences may contribute to variations in peak cur-
rent intensity, peak position, and charge transfer behaviour
observed in the CV curves. The DRS results confirm the
wide band gap and optical stability of the synthesised a-
Al,O3 NPs, while the CV measurements demonstrate their
capability to participate in surface-controlled electrochem-
ical processes, show useful they could be for electrochem-
ical sensing applications, as in Table 5 (Ref. [18,19,20].

The Tauc plot of a-Al,O3 NPs shows in (Fig. 5C,D),
the appearance of two band gaps is due to defect and surface
energy levels inside the forbidden gap, the first (smaller)
band gap results from defect-assisted transitions, whereas
the second (larger) band gap represents intrinsic valence-
to-conduction band transitions, this indicates a defect-rich
nanostructure that enhances charge transfer.

Microstructural investigation (SEM/TEM) generally
demonstrates almost spherical or slightly irregular parti-
cles exhibiting an acceptable degree of aggregation due to
increasing surface energy. The existence of lattice strain
and dislocations in the crystal structure, often derived from
Williamson—Hall analysis, indicates internal defects formed
during rapid nucleation and growth under green synthe-
sis conditions. These defects can improve surface activ-
ity and are beneficial for electrochemical and sensing ap-
plications. Optical investigations employing Tauc’s rela-
tion usually show a broad band gap that coincides with
a-Al, O3, meaning confirming its insulating characteristics
while permitting surface charge interactions. This feature
is beneficial for electrochemical sensing, because surface
adsorption, rather than bulk conductivity, dictates sensing
process. The green synthesis approach yields highly crys-
talline, nano-sized, defect-rich a-Al, O3 with improved sur-
face characteristics, making it appropriate for applications
like adsorption, catalysis, and electrochemical sensing (e.g.,
glucose detection).

4.1 FTIR Analysis of a-Al,03 NPs (J1 and J2)

The FTIR spectra in Fig. 6 of the synthesized a-Al,O3
NPs demonstrate clear evidence of their crystalline struc-
ture, surface functional groups, and high purity. A broad
absorption band at 3451 cm™ (J1) and 3439 cm™' (J2) cor-
responds to O—H stretching vibrations, indicating the pres-
ence of adsorbed water molecules or hydroxyl groups on
the nanoparticle surface. Strong peaks at 457-458 cm™,
502-503 cm!, and 635-636 cm™! are attributed to the Al—
O stretching modes in the octahedral structure, confirming
the formation of the a-phase of Al,O3. Additional peaks
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Table S. Comparative analysis of the current work on Al O3 NPs with previous studies.

Study Plant extract Phase of Al,0;  Calcination Particle size ~ Band gap (eV) Application

Temp. (nm)
Ref. [20] Aloe vera Amorphous 800 °C 60-100 3.8 Catalysis
Ref. [18] Phoenix dactylifera v-AL O3 300 °C 4-8 2.20-2.74 optical and energy storage devices
Ref. [19] Mentha pulegium Al,O5 phases 1000 °C 35 4.7 General study
This work (J1)  Cinnamomum verum  Pure a-Al,O3 900 °C 26.3 4.4 Electrochemical/Biosensing
This work (J2) Laurus nobilis Pure 0-Al,O3 900 °C 27.9 4.5 Electrochemical/Biosensing

at 818-820 cm™! correspond to Al-O stretching in tetra-
hedral sites, reflecting the distribution of Al and H cations
within the oxide lattice. Peaks around 1000-1010 cm™' in-
dicate AI-O-H symmetric bending, showing the presence
of surface hydroxyl groups, which may enhance nanopar-
ticle stability and interaction with other molecules. More-
over, absorption bands at 1461 cm™' (J1) and 1385 cm™
(J2) suggest the adsorption of neutral oxygen species (O;)
on the nanoparticle surface, which is consistent with liter-
ature reports for a-Al,O3 NPs [19]. The absence of signif-
icant peaks corresponding to organic compounds indicates
that organic impurities from plant extracts were effectively
removed during high-temperature calcination, resulting in
highly pure nanoparticles.

FTIR analysis suggests that the synthesized a-Al,O;
NPs are crystalline, structurally stable, and possess sur-
face hydroxyl groups and adsorbed oxygen species, making
them suitable for applications in electrochemical sensing,
catalysis, and other surface-dependent processes.

FTIR and its relationship with Cyclic Voltammetry.
The FTIR analysis of the a-Al,O3; NPs (J1 and J2) reveals
several key surface features that directly influence their
electrochemical performance. Broad bands around 3451
cm™' (J1) and 3439 cm™! (J2) correspond to O-H stretch-
ing vibrations, indicating the presence of hydroxyl groups
or adsorbed water on the nanoparticle surfaces. These hy-
droxyl groups can facilitate electron transfer by providing
active sites for the adsorption of electroactive molecules,
such as glucose, during cyclic voltammetry. The strong
peaks at 457-458 cm™!, 502-503 cm™!, and 635-636 cm™!
correspond to Al-O stretching in octahedral sites, while
peaks at 818-820 cm™! represent Al-O tetrahedral environ-
ments. These structural features confirm the formation of
crystalline a-Al,O3, which provides a stable and conduc-
tive surface that enhances the reproducibility and stabil-
ity of redox reactions observed in CV. Surface hydroxyls
(AI-O-H at 1000-1010 cm™") and adsorbed neutral oxygen
species (1461 cm™" for J1, 1385 cm™ for J2) create active
electrochemical sites, increasing sensitivity in glucose ox-
idation. In CV measurements, these features manifest as
well-defined anodic and cathodic peaks, where the electron
transfer processes are surface-controlled. The presence of
these functional groups explain why higher glucose concen-
trations result in peak broadening, increased current, and
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slight potential shifts, as more surface sites participate in
the oxidation process.

FTIR confirms the presence of crystalline a-Al,O3
NPs with hydroxyl and oxygen species on the surface, this
correlates directly with the enhanced electrochemical activ-
ity and sensitivity observed in cyclic voltammetry experi-
ments.

The observed electrochemical behavior (cyclic volu-
metric) depicted in Fig. 7 this behaviour can be attributed
to the role of the a-Al,O3 NPs coating layer, which acts as
an electrochemical barrier that restricts direct charge trans-
fer and improves the interfacial stability between the elec-
trode and the electrolyte. As a result of this barrier effect,
electron transfer processes at the electrode surface become
more controlled and stable. The cyclic voltammetry re-
sponse of the a-Al,Os electrode changes greatly when the
glucose concentration changes from 1 mM to 5 mM.

At 1 mM, a well-defined anodic oxidation peak ap-
pears at E,; = —0.050 mV with a relatively narrow peak
width and moderate charge transfer. This indicates the ini-
tial oxidation of glucose molecules adsorbed on the elec-
trode surface.

When the glucose concentration increases to 5 mM, a
slight shift of the anodic peak toward a more positive po-
tential is observed. This shift suggests that a higher driving
force is required for the oxidation process due to the in-
creased surface coverage of glucose molecules and reaction
intermediates. Additionally, the peak broadening indicates
the formation and accumulation of intermediate species on
the electrode surface during the oxidation reaction.

The increase in the transferred charge (Q) at higher
glucose concentration reflects a greater number of electro-
chemical oxidation events occurring at the electrode inter-
face. The appearance of a secondary cathodic peak at higher
concentration suggests the partial electrochemical reduc-
tion of oxidized surface species or intermediates generated
during glucose oxidation. The fact that the anodic oxida-
tion signal is stronger than the others indicates that the pro-
cess is almost irreversible, with only a few backward reac-
tions possible. Also, these results suggested that the glu-
cose oxidation process on the Al,O; electrode is primarily
surface-controlled, where the interaction between glucose
molecules and the electrode surface plays a crucial role. At
higher concentrations, active sites on the electrode surface
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near saturation, and the accumulation of intermediates leads
to the observed plateau-like behaviour at higher anodic po-
tentials.

Bulk 0-Al,O5 is an electrical insulator because it has
a big band gap (about 8.8 e¢V) and no free charge carri-
ers. However, at the nanoscale, this behavior changes a lot.
When a-Al,Oj3 is shrunk down to the size of a nanoparti-
cle, many of the atoms are on the surface instead of in the
main lattice. There are unsaturated bonds, structural flaws,
and oxygen gaps in these surface atoms, which create local-
ized energy states within the band gap. The presence of sur-
face hydroxyl (-OH) groups derived from aqueous plant ex-
tracts further enhances the chemical activity of the nanopar-
ticle surface. These surface of defects and functional groups
contributes to the adsorption of glucose molecules and al-
lows interfacial charge transfer processes.

The electrochemical response in a-Al,O3 NPs a rises
not from bulk electrical conduction, but from surface-
controlled charge transfer aided by defect states and ad-
sorbed species at the nanoparticle—electrolyte interface.

4.2 Surface Adsorption Mechanism

The electrochemical behavior observed in the CV
measurements suggests that the interaction between glu-
cose molecules and the o-Al,O; NPs-modified electrode
is predominantly governed by a surface adsorption mech-
anism rather than a purely diffusion-controlled redox pro-
cess. The presence of intrinsic surface peaks in the blank
voltammogram indicates active surface states associated
with the a-Al,O3 NPs. Upon the addition of glucose, no-
ticeable peak broadening, potential shifts, and increased
charge transfer were observed in the same potential re-
gions. These changes indicate that glucose molecules are
adsorbed onto the active surface sites of a-Al,O3, lead-
ing to modulation of the interfacial charge distribution. As
the glucose concentration increases, more surface sites be-
come occupied, resulting in enhanced surface-controlled
electrochemical response and gradual saturation of active
adsorption sites. This adsorption-driven mechanism ex-
plains the quasi-irreversible behavior, peak broadening, and
concentration-dependent charge variation observed in the
CV curves. Therefore, the electrochemical response of the
a-Al, O3 electrode can be attributed to adsorption-mediated
surface interactions between glucose molecules and the
nanoparticle surface Bottom of Form.

4.3 limitations

Despite the promising outcomes obtained in the
present study, several limitations remain that may re-
strict the practical applicability of the synthesized a-Al,O3
nanoparticles. First, the electrochemical glucose sensing
performance demonstrated only moderate sensitivity, as ev-
idenced by the estimated limit of detection of 6 mM. This
value is considerably higher than those reported for many
advanced nanostructured glucose sensors, thereby limiting
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the effectiveness of the material for low-concentration glu-
cose detection.

Furthermore, the electrochemical characterization
was primarily based on cyclic voltammetry measurements,
while other critical sensing parameters, including selectiv-
ity, reproducibility, long-term stability, response time, and
interference effects from competing biomolecules, were not
comprehensively investigated. Consequently, the reliabil-
ity of the sensor under practical operating conditions re-
mains uncertain.

Another limitation is the absence of validation using
real biological samples such as blood, serum, or saliva. The
sensing behavior was evaluated under controlled laboratory
conditions only, which may not accurately reflect the com-
plexity of real physiological environments. Therefore, ad-
ditional studies are necessary to confirm the feasibility of
these nanoparticles for biomedical and clinical applications.

In addition, the synthesized samples (J1 and J2) ex-
hibited larger crystallite sizes compared with pure Al,O3
nanoparticles. The increase in particle size may reduce the
effective surface area available for electrochemical inter-
actions, potentially diminishing catalytic activity and sens-
ing efficiency. Although scanning electron microscopy
revealed relatively uniform particle morphology, possi-
ble nanoparticle agglomeration during practical application
cannot be excluded and may adversely affect performance
stability.

Moreover, the study lacked a comprehensive compar-
ison with commercially available glucose sensors or pre-
viously reported metal oxide nanomaterials. Such com-
parisons are essential for accurately evaluating the com-
petitiveness and practical advantages of the synthesized a-
Al,O3 nanoparticles. Finally, issues related to large-scale
synthesis, batch-to-batch reproducibility, and long-term op-
erational durability were not addressed, despite the pro-
posed sustainability and cost-effectiveness of the green syn-
thesis approach.

Overall, while the study successfully demonstrated the
green synthesis and promising electrochemical properties
of a-Al,O; nanoparticles, further optimization and exten-
sive practical validation are required before their implemen-
tation in real-world glucose sensing applications.

5. Conclusions

a-Al, O3 nanoparticles were produced biosynthesis us-
ing extracts from Cinnamomum verum and Laurus nobilis.
The nanoparticles were uniformly distributed and ranged
from 1633 nm in size. They had a high UV absorption rate
and a single-phase structure. FTIR examination indicates
that the bio reduction of AI** ions and stability of nanoparti-
cles may have occurred because of interactions between the
bio-functional groups in Cinnamomum verum and Laurus
nobilis extract and aluminum. The plant products worked
as natural caps, keeping the particles from sticking together
and making them more biocompatible. CV studies showed
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that the surface of these eco-friendly a-Al,O3; nanoparticles
had an electrochemical response to glucose that was almost
irreversible and measurable charge transfer. This showed
that the nanoparticles could be used for sensing, medicinal,
and photocatalytic purposes.
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