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Abstract

This study evaluates the physico-
chemical characteristics, antioxidant ac-
tivity, and antibacterial properties of
zinc oxide preparations synthesized us-
ing Bougainvillea glabra leaf extract.
The preparations were examined using a
Zetasizer, scanning electron microscopy
(SEM), X-ray diffraction (XRD), and
Fourier transform infrared (FTIR) spec-
troscopy. An aluminum chloride assay
was described for total flavonoid content
(TFC), although a quantitative TFC re-
sult was not supplied. Antioxidant activ-
ity was assessed using the DPPH radical-
scavenging assay, and antibacterial activ-
ity was examined by agar well diffusion
against three bacterial species. Dynamic
light scattering yielded an average hydro-
dynamic diameter of 218.6 nm, a polydis-
persity index of 0.242, and a zeta potential
of -30.20 mV. SEM images showed irreg-
ular, agglomerated structures; the reported
micrometer-scale features should not be in-
terpreted as primary nanoparticle dimen-
sions. The FTIR spectrum contained bands
tentatively associated with organic func-
tional groups. The reported XRD peaks
occurred at 33.3° and approximately 60.0°,
and a Scherrer calculation using the sup-

plied peak width gave a crystallite-size es-
timate of approximately 83 nm. These
observations alone do not establish crys-
tal phase or phase purity. The maximum
reported DPPH inhibition was 62.436%,
and bacterial inhibition zones ranged from
15 to 20 mm. The antibiotic control is
identified inconsistently as polymyxin B in
the method and ciprofloxacin in the results,
requiring confirmation. The reported mi-
crodilution tables contain arithmetic dis-
crepancies: the original maximum means
of 4.203 and 5.129 do not match their
constituent measurements. Recalculated
means are therefore presented alongside
the original entries, without interpreting
these measurements as validated minimum
inhibitory concentrations. Overall, the ob-
servations support preliminary in vitro an-
tioxidant and antibacterial activity under
the reported conditions, while the con-
centration units, antimicrobial endpoints,
and structural assignments require clarifi-
cation before therapeutic conclusions can
be drawn.

Keywords: Nanoparticles, Green synthe-
sis, Bougainvillea glabra leaves, Zetasizer,
Antibacterial activity, Antioxidant activi-
ties.
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1. INTRODUCTION

Nanoparticles have become important in modern research across several scientific disciplines because of their distinctive
physical, chemical, and biological properties. Primary nanoparticles conventionally have dimensions of approximately
1-100 nm, rather than micrometers, although suspensions can contain larger aggregates or agglomerates. Fakhari et al. [1]
compared green routes for synthesizing zinc oxide nanoparticles and provide a relevant basis for considering how preparation
conditions influence the resulting material. Applications of nanomaterials are investigated in medicine, materials science,
electronics, and environmental science. Akinlotan and Ezenobi [2] reviewed different nanoparticle synthesis methods and
their applications, providing general methodological context rather than direct evidence of improved bioavailability for
the present formulation. Reduced dimensions can increase accessible surface area, but absorption, solubility, and stability
depend on the material and its biological environment. Al-Ghamdi et al. [3] examined the antioxidant, antibacterial,
and anticancer activity of zinc oxide nanoparticles prepared using Camellia sinensis tea leaf extract. Alamdari et al. [4]
investigated the preparation and characterization of zinc oxide nanoparticles using Sambucus ebulus leaf extract, including
their antibacterial and photocatalytic properties. These studies motivate plant-assisted synthesis without establishing
controlled drug release or clinical safety for all preparations. Plant-derived constituents may participate in surface
stabilization, but their presence does not by itself demonstrate biocompatibility. Abdelghany et al. [S]] characterized
willow-mediated zinc oxide nanoparticles and evaluated their antioxidant, anticancer, and antimicrobial activities. Their
work illustrates the need to assess material properties and biological effects together rather than assume that a plant-assisted
synthesis route guarantees compatibility with biological systems.

The antimicrobial and antioxidant properties of zinc oxide nanoparticles prepared in conjunction with medicinal
plants have attracted considerable research interest. Agarwal et al. [6] reviewed plant-assisted approaches to zinc oxide
nanoparticle synthesis and discussed their environmental and practical significance. Zinc oxide nanoparticles have been
investigated for applications in agriculture, drug delivery, wound care, biosensing, pollutant degradation, and antimicrobial
materials. Proposed uses in food packaging, coatings, and textiles depend on formulation-specific activity, exposure, and
safety. Such applications should be distinguished from demonstrated performance of the material examined here. Adam
et al. [7] prepared zinc oxide nanoparticles using Moringa oleifera water extract and evaluated photocatalytic activity;
this supports the relevance of botanical synthesis routes but does not establish antioxidant synergy in the present samples.
Rameshraddy et al. [8] examined zinc uptake, translocation, growth, yield, and moisture-stress tolerance in rice following
zinc oxide nanoparticle treatment. Rizwan et al. [9] critically reviewed the effects of metal and metal oxide nanoparticles
on food crops, emphasizing a broader range of physiological responses rather than universal benefits. Faizan et al. [10]
reviewed zinc oxide nanoparticles in relation to plant growth and abiotic-stress alleviation. Venkatachalam et al. [11]]
investigated zinc oxide nanoparticles in Leucaena leucocephala seedlings exposed to heavy-metal stress. These agricultural
studies provide background for possible future applications, but they are not evidence that the current preparation improves
germination or stress tolerance. Antioxidant responses also depend on assay conditions and cannot be inferred solely
from the electronic structure or surface characteristics of a nanoparticle. Agarwal and Shanmugam [12] reviewed anti-
inflammatory mechanisms of green-synthesized zinc oxide nanoparticles; their review concerns anti-inflammatory activity
and should not be treated as proof of efficacy against neurodegenerative disease. The tea-extract study by Al-Ghamdi et
al. [3] offers more directly relevant in vitro biological evidence. Nevertheless, therapeutic applications require separate
toxicity, exposure, and efficacy studies, and chemical radical-scavenging activity alone cannot establish protection from
oxidative damage in living tissues.

Bougainvillea glabra, a member of the Nyctaginaceae family, is widely recognized for its ornamental value and has also
been investigated for medicinal properties. Saleem et al. [13] reviewed its botany, traditional uses, phytochemistry, phar-
macology, and toxicity. Common names vary regionally and include paper flower, bougainvillea, and lesser bougainvillea.
Traditional uses and experimental reports motivate investigation of the plant but do not establish clinical efficacy. Sahu
and Saxena [14]] reviewed B. glabra as a potential source of natural antioxidants, providing background for examining
radical-scavenging activity. Abarca-Vargas and Petricevich [15] reviewed the phytochemistry, pharmacology, and toxicol-
ogy of the Bougainvillea genus and discussed phenolic compounds, flavonoids, terpenes, and betalains among its reported
constituents. The occurrence and abundance of these constituents depend on species, cultivar, plant part, and extraction
conditions; their presence in the current leaf extract was not established by compound-specific analysis. Plant constituents
can participate in metal-ion complexation, particle formation, and surface capping, although the reaction mechanism
should not be assumed from botanical identity alone. Samzadeh-Kermani et al. [16] previously synthesized zinc oxide
nanoparticles using B. glabra leaf extract and investigated size distribution and antibacterial activity. Thus, the use of this
plant for zinc oxide synthesis is not itself unprecedented. Oves et al. [17] investigated silver nanomaterial synthesized
using B. glabra paper flowers and evaluated therapeutic applications; this is related botanical context, but silver particles
and flower extracts cannot be treated as equivalent to the present zinc oxide and leaf-extract preparation. The present work
therefore examines a particular preparation procedure and its physicochemical and in vitro biological observations. Its
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objectives are to describe synthesis efficiency, characterize the resulting material, and assess antioxidant and antibacterial
activity. Agricultural applications, including crop enhancement, stress management, and plant—nanoparticle interactions,
remain prospective uses that require dedicated experiments. No plant-growth or stress-tolerance bioassay is documented
in this study. Zinc oxide preparations were synthesized using B. glabra leaf extract, characterized using complementary
methods, and examined in radical-scavenging and bacterial inhibition assays, with the interpretation restricted to the
measurements actually reported.

2. MATERIALS AND METHODS

Bougainvillea glabra leaves were collected from mature plants in the local area of Faisalabad, Pakistan, for the
preparation of zinc oxide nanoparticles. The plant material was identified and authenticated by the Department of Botany,
Government College University Faisalabad.

Fresh leaves were washed with tap water followed by distilled water. Approximately 1 kg of fresh leaves was ground
using a grinder. The resulting mixture was stirred for 1 h at 60 °C and subsequently soaked in 300 mL of ethanol for 48 h.
The extract was filtered using a Biichner funnel and Whatman No. 1 filter paper.

Fresh ethanolic Bougainvillea glabra leaf extract (300 mL) was prepared and added to 100 mL of 0.02 M zinc acetate
in ethanol at room temperature. This extract volume was used to promote distribution of the reaction components. The
mixture was stirred for 20 min, after which 100 mL of sodium hydroxide solution was added dropwise. The resulting creamy
green mixture was stirred for a further 2 h. Once the mixture had reached room temperature, it was transferred to centrifuge
tubes, which were balanced in opposing rotor positions and centrifuged for 30 min. The resulting gel was transferred to
a Petri dish and dried in a vacuum oven at 80 °C for 6 h. The reported powdered-product yield was 98% with fresh-leaf
extract and 80% with dried-leaf extract. The yield calculation basis, sodium hydroxide concentration, centrifugation speed,
and separate dried-leaf preparation conditions were not specified, so these percentages remain reported yields rather than
independently verified mass balances.

Characterization of the preparations synthesized using Bougainvillea glabra leaf extract involved examining their
particle-size distribution, electrokinetic properties, surface morphology, diffraction pattern, and infrared absorption bands.
These complementary measurements describe different material properties and should not be interpreted as interchangeable
estimates of particle size or biological efficacy.

The Zetasizer Nano series can measure particle size, zeta potential, and molecular weight in liquid media. All equipment
was cleaned before analysis. The sample was dispersed in a solvent and mixed to improve uniformity, then passed through
a0.45 pm syringe filter. A volume of 0.5-1.0 mL of the Bougainvillea glabra-derived zinc oxide suspension prepared with
sodium hydroxide was loaded into the cuvette. The solvent identity and detailed dispersion procedure were not specified.

After instrument calibration, the sample was introduced into a clean cuvette, with care taken to avoid bubbles.
Measurement parameters, including refractive index and temperature, were entered into the software. Scattered-light
measurements were analyzed to obtain the particle-size distribution, Z-average hydrodynamic diameter, and polydispersity
index (PDI). For zeta-potential measurement, the sample was diluted and transferred to a cleaned measurement cell. The
relevant viscosity and temperature parameters were set, and an electric field was applied to determine electrophoretic
mobility and estimate zeta potential. Numerical values for the dispersant properties, dilution factor, pH, and measurement
temperature were not supplied and should be retained in the experimental record for reproducibility.

The synthesized material was collected and prepared for scanning electron microscopy (SEM). The reported preparation
involved fixation and dehydration to preserve the sample during imaging, followed by critical-point drying to reduce
structural damage. The dried material was attached to a conductive substrate to improve electrical conduction and
minimize charging. The prepared sample was introduced into the microscope chamber, which was evacuated before
imaging. Instrument settings included the accelerating voltage, beam current, spot size, and working distance, with
adjustments intended to provide suitable imaging resolution for the surface morphology of the Bougainvillea glabra-
derived preparation. Secondary-electron imaging was selected to obtain topographical information. Focus and stigmation
were adjusted to improve image clarity, and images were acquired at several magnifications to document the visible surface
structures and agglomeration. The image annotations indicate an accelerating voltage of 10.0 kV. The method description
also reports energy-dispersive X-ray spectroscopy (EDS) in conjunction with SEM for elemental analysis, together with
image processing to quantify particle characteristics. However, an EDS spectrum, elemental composition table, particle-
counting procedure, and size-distribution analysis were not included in the supplied results. Accordingly, elemental purity
and primary-particle dimensions cannot be established from the available SEM images alone. The fixation reagents,
coating conditions, critical-point drying settings, and quantitative image-analysis parameters require fuller documentation.
The recovered images support qualitative examination of morphology, whereas the additional methodological steps remain
descriptions requiring confirmation from the laboratory record.

X-ray diffraction (XRD) was used to examine the crystalline structure of the Bougainvillea glabra-derived zinc oxide
preparation. The sample was spread uniformly in a holder, and the instrument was calibrated using a standard reference
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material. Cu Ko radiation was used, and diffraction data were collected over a range of 26 angles. The reported procedure
involved comparison with JCPDS reference patterns, peak fitting, and peak-broadening analysis to estimate crystallite
size. Crystallinity was described as being assessed from peak intensities relative to the total curve area; however, the
reference-card identifiers, detailed acquisition settings, fitted peak parameters, and calculated crystallinity fraction were
not supplied.

Fourier transform infrared (FTIR) spectroscopy was used to examine functional groups associated with the Bougainvillea
glabra-derived preparation. The sample was mixed with potassium bromide (KBr) and pressed into a translucent pellet.
After instrument calibration, a reference spectrum was recorded using a KBr pellet without sample. The sample spectrum
was then acquired, the reference contribution was subtracted, and absorption bands were examined for tentative functional-
group assignments.

Antioxidant activity was evaluated using the DPPH radical-scavenging assay. Three milliliters of sample were mixed
with 1 mL of 0.004% DPPH solution, incubated in the dark for 30 min, and measured at 520 nm. Percentage inhibition
was calculated relative to the blank absorbance. The original procedure proposed determining the concentration producing
65% inhibition (IC45) from the inhibition—concentration relationship. However, the reported maximum inhibition was
below 65%, and the sample-level units do not define a concentration series; consequently, an ICg; cannot be established
from the available measurements.

Total flavonoid content (TFC) was assessed using an aluminum chloride assay. A 0.5 mL aliquot of sample was mixed
with 2 mL of distilled water, followed by sequential additions of 5% sodium nitrite (NaNO,), 10% aluminum chloride
(AICl3), and sodium hydroxide. The final volume was adjusted to 5 mL with methanol, and the mixture was incubated
for 15 min. Absorbance was measured at 510 nm. A catechin calibration curve was specified for expressing TFC as
micrograms of catechin equivalents per milligram of extract, although the calibration data and final TFC value were not
reported.

Antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus was evaluated
by agar well diffusion. A 100 pL bacterial suspension containing 10” CFU/mL was spread on Mueller-Hinton agar.
Polymyxin B was specified as the positive control in the method description. After refrigeration for 2 h and incubation
at 37 °C for 18 h, inhibition-zone diameters were measured. The results identify ciprofloxacin as the control instead; the
antibiotic identity therefore requires confirmation before the comparison can be interpreted conclusively.

The microdilution assay was intended to determine the lowest nanoparticle concentration inhibiting bacterial growth.
Bacterial cultures were incubated overnight and centrifuged for clarification, as described in the original procedure. Serial
dilutions of test substances were added to 96-well plates containing Mueller—Hinton broth and bacterial suspensions.
Ciprofloxacin was used as the positive control. Plates were incubated at 37 °C for 24 h. The proposed minimum inhibitory
concentration (MIC) endpoint was the lowest concentration without detectable bacterial growth, assessed from changes in
the medium. The dilution concentrations, final inoculum, growth and sterility controls, and any color indicator were not
specified, limiting validation of the reported endpoint.

3. RESULTS AND DISCUSSION

Zinc oxide preparations were produced using Bougainvillea glabra leaf extract and examined by physicochemical
and biological methods. The reported measurements indicate in vitro bacterial growth inhibition and DPPH radical
scavenging under the stated conditions. Zeta potential and light scattering describe the dispersed material, while XRD,
SEM, and FTIR provide complementary information about diffraction features, visible morphology, and infrared-active
groups. These methods do not independently establish therapeutic efficacy or confirm every structural assignment. No
inferential statistical analysis or uncertainty estimates were supplied for the biological comparisons. The findings are
therefore described as observed activities, with attention to discrepancies in particle-size interpretation, assay units, and
microdilution arithmetic.

Zeta potential and particle-size distribution were measured using a Zetasizer. Table [I] summarizes the reported
electrokinetic and size parameters, and Figure [I] presents the intensity-weighted size distribution. Zeta potential describes
the electrokinetic behavior of the dispersed material, whereas the hydrodynamic diameter includes contributions from
solvation, surface-associated material, and any agglomeration present during measurement.

Table 1. Zeta Potential and Hydrodynamic Size Parameters.

Parameter Value
Zeta potential (mV) -30.20
Average Particle size (nm) 218.6
Polydispersity Index (PDI) 0.242

The measured zeta potential was -30.20 mV, as reported in Table[I] Its negative sign indicates negative electrokinetic
potential under the measurement conditions. A magnitude of approximately 30 mV is often interpreted as consistent with
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appreciable electrostatic repulsion, but it is not an unconditional guarantee of colloidal stability. Aggregation also depends
on pH, ionic strength, dispersant composition, concentration, and the duration of observation. Because these conditions
and time-dependent stability measurements were not reported, the preparation should be described as having the measured
negative zeta potential rather than as proven resistant to aggregation in every aqueous environment.

Size Distribution by Intensity

Intensity (Percent)

Size (d.nm)

Record 1463: M (C9071) 2|

Figure 1. Intensity-Weighted Hydrodynamic Size Distribution.

The reported average hydrodynamic diameter was 218.6 nm, with a PDI of 0.242 (Table [T). The PDI describes
the breadth of the light-scattering distribution and is consistent with a moderately limited distribution under the stated
measurement approach. However, the intensity distribution in Figure [T] can be strongly influenced by larger scattering
entities. These measurements do not by themselves establish that all primary particles have the same size.

The hydrodynamic diameter of 218.6 nm should be distinguished from the approximately 83 nm crystallite-size estimate
obtained from the reported XRD calculation. A hydrodynamic diameter describes dispersed entities, whereas a Scherrer
estimate concerns coherent diffracting domains. Different values are therefore possible without implying an analytical
contradiction. The original attribution of approximately 219 nm to XRD was inconsistent with the later calculation and
has been corrected. Further dispersion characterization and independent particle imaging would be needed before size
uniformity could support a specific biomedical application.

WD HV Probe - 2024.2.21
22.02mm 10.00kV | 12.00 DET

Figure 2. SEM Image Acquired at x2267.

Scanning electron microscopy uses a focused electron beam to generate signals from the sample surface and provide
information about morphology and topography. The supplied micrographs show irregular structures, porous regions, and
agglomeration. The original description gives feature dimensions of 20-28 pm, which refer to micrometer-scale structures
rather than primary nanoparticles. These estimates are not supported by a documented particle-counting analysis and
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should be treated as qualitative observations requiring confirmation.

The micrograph in Figure 2] was acquired at x2267, while Figure [3] presents images at x3651 and x6488; all
are annotated at 10.0 kV. Irregular and agglomerated structures are visible. The scale bars of 3.0 um and 1.0 ym in
Figure [3] are image reference lengths, not measured mean particle diameters. The original estimate of 22-28 nm conflicts
with the accompanying micrometer-scale description and cannot be confirmed from these images alone. Aggregation
during preparation or drying is a possible explanation for the visible structures, but its dependence on ethanol was not
experimentally isolated. The magnification label xX3651 is retained as shown in the supplied image.

WD HV Probe - 2024.2.21
21.93mm 10.00kV = 12.00

(b)

WD HV Probe w— 2024.2.21

3.0pm

22.02mm 10.00kV  12.00 DET SEI

Figure 3. SEM Images at (a) X3651 and (b) x 6488.

The SEM images show morphology and agglomeration but do not establish a concentration-dependent change in
crystallinity. The reported 20-24 pum porous features cannot be converted into an individual-particle size of 20-24 nm
without an independent measurement. Similarly, the original Figure 3]annotation referred to annealing at 400 °C, whereas
the synthesis method reports drying at 80 °C. The thermal history of these images therefore remains unresolved. XRD
provides separate diffraction information, but neither these micrographs nor the reported peak list establishes the claimed
concentration effect.

X-ray diffraction provides information about crystalline structure through the positions and profiles of diffraction
peaks. The supplied pattern is shown in Figure El[, with reported peaks at 260 = 33.3° and approximately 60.0°. These
features indicate diffraction from the preparation, but the two reported positions alone are insufficient for reliable phase
identification. The original assignment to the “110 and 90” planes of cubic ZnO is not a validated crystallographic indexing
and should not be used to establish crystal symmetry.

The crystal phase and phase purity cannot be confirmed from the available two-peak description and unindexed
trace. Alamdari et al. [4] identified a wurtzite structure in a different plant-mediated ZnO preparation using XRD
characterization; this provides relevant comparative context rather than proof of the phase present here. A complete
indexed pattern, reference-card identifiers, and assessment of possible secondary phases are required before the current
sample can be described as cubic, phase-pure, or impurity-free.

The crystallite-size estimate was obtained using the Scherrer equation, with the peak width expressed in radians:

e
~ Bcosh’

The symbols in Eq. [I] are defined as follows: D is the coherent crystallite-size estimate; K is the assumed shape factor,
taken as 0.9; )\ is the X-ray wavelength, 1.5406 A (0.15406 nm) for Cu Ko radiation; 3 is the full width at half maximum
in radians; and @ is the Bragg angle, equal to half the reported 26 value.

For the reported peak at 26 = 33.3°, 6 = 16.65° and the supplied FWHM of 0.1° corresponds to approximately 0.001745
rad. Substitution into Eq.[I]gives approximately 82.92 nm, consistent with the originally reported estimate of 82.96 nm at
the precision justified by the peak width. Instrumental broadening and lattice-strain contributions were not provided, so
the result is an approximate coherent-domain estimate rather than an independently validated particle diameter.

The calculation therefore suggests a characteristic diffracting-domain size of approximately 83 nm under the stated
assumptions. It does not independently verify ZnO phase identity or establish suitability for antibacterial treatment,
ultraviolet protection, drug delivery, wound healing, or cancer therapy. Such applications require additional material
characterization, biological controls, and exposure-specific safety evaluation. The present diffraction estimate should be

ey
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interpreted together with, rather than substituted for, the separate light-scattering and microscopy observations.
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Figure 4. Supplied X-Ray Diffraction Pattern.

Small coherent-domain dimensions can influence optical, electronic, and mechanical properties, while accessible
surface area also depends on particle morphology and agglomeration. Accordingly, the approximate crystallite-size
estimate motivates further characterization but does not by itself demonstrate improved medicinal performance or a
particular application-specific advantage.

Peak breadth can be influenced by crystallite size, instrumental resolution, and lattice strain. The available trace
and single reported width do not separate these contributions. Consequently, minimal strain, low defect density, and a
quantitatively high degree of crystallinity cannot be established solely from the apparent sharpness of the displayed peaks.

FTIR spectroscopy was used to examine infrared-active groups associated with the preparation and possible surface-
bound organic material. The reported measurement range was 650—-4000 cm~!. The spectrum in Figure |[5| provides
information about absorption bands, but band positions alone do not identify individual biological compounds or prove a
specific capping mechanism. Assignments are therefore treated as tentative functional-group interpretations.
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Figure 5. FTIR Spectrum of the Leaf-Extract-Mediated Preparation.

The FTIR spectrum exhibits absorption features that may be associated with several functional groups. Table [2]retains
the reported frequency ranges as a tentative assignment guide, with obvious bond-assignment inconsistencies corrected.
These ranges overlap and should not be read as independent confirmation of every listed compound class.
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A broad feature in the 3200-3500 cm ™" region is consistent with O—H stretching, commonly associated with alcohols,
phenols, or adsorbed water. The feature therefore suggests hydroxyl-containing material associated with the preparation,
although it does not distinguish plant-derived hydroxyl groups from residual moisture.

Absorption in the 3000-3100 cm™ region can be associated with unsaturated C—H stretching. This assignment is
compatible with certain alkene or aromatic environments, but the band range alone does not establish a particular organic
compound.

Absorption in the 2800-3000 cm ™! region is commonly associated with aliphatic C—H stretching, rather than the N-H
stretching originally assigned in the text. Such features could arise from organic material associated with the particles or
residual solvent; a solvent reference and appropriate controls would help distinguish these possibilities.

Features in the 1700-1750 cm~! region are compatible with carbonyl (C=0) stretching. Possible contributing classes
include esters, aldehydes, and carboxylic acids, although distinguishing among these possibilities requires additional
spectral information and appropriate chemical characterization.

The 1550-1650 cm~! region can include amide-related C=0 and N—H vibrations as well as other overlapping absorp-
tions. Assigning a specific lactam, protein, peptide, or nitro compound from this broad interval alone would be premature.
These possibilities are therefore not treated as identified constituents of the capping layer.

The broad 1465-1690 cm ™ interval includes potential C—H bending, C=C stretching, N-H bending, and C=0 stretching
contributions. The original list also included N—O and C=N assignments. These overlapping possibilities illustrate why a
general frequency guide cannot uniquely distinguish alkanes, unsaturated carbonyl compounds, amines, and other organic
groups in a complex extract-derived sample.

The 1300-1450 cm~! region can contain C—H and O-H bending contributions. Sulfur-containing functional groups
were also proposed in the original interpretation, but no independent sulfur analysis was supplied. Consequently, as-
signments to sulfate, sulfonyl chloride, or related classes remain unconfirmed and should not be presented as detected
constituents.

The 1000-1400 cm ™! region includes potential C—O stretching and overlapping vibrations associated with alcohols,
ethers, and other oxygen-containing organic material. Although the original frequency guide also lists C-F stretching,
that entry does not demonstrate the presence of fluorinated compounds. Element-specific evidence would be needed to
substantiate such an assignment.

Overall, the FTIR observations are consistent with organic functional groups associated with the sample, but they do
not identify individual active phytochemicals or their concentrations. The synthesis used an ethanolic leaf extract; the
original reference to a methanolic extraction is therefore inconsistent with the preparation method, although methanol
was separately specified in the TFC assay. Table 2] provides possible frequency assignments for interpretation, not a
verified inventory of compounds in the preparation. Compound-specific identification would require additional separation
or spectrometric measurements.

Table 2. Tentative FTIR Frequency Assignments.

Frequency (cm~1) Tentative Vibration Possible Class

3200-3500 o-h stretching Alcohol

3000-3100 c-h stretching Alkene

2800-3000 C-H stretching Aliphatic hydrocarbon
1700-1750 c=o stretching Esters, aldehydes, or carboxylic acids
1650-1550 Overlapping C=0/N-H vibrations Amide-related groups (tentative)
1465 c-h bending Alkane

1500-1550 n-o stretching Nitro compound
1610-1620 c=c stretching «-3- unsaturated ketone
1638-1648 c=c stretching Alkene

1580-1650 n-h bending Amine or amide (tentative)
1690 c=o stretching Primary amide

1330-1420 o-h bending Alcohol

1380-1385 c-h bending Alkane

1380-1390 c-h bending Aldehyde

1450 c-h bending Alkane

1500-1550 n-o stretching Nitro compound
1000-1400 c-f stretching Fluoro compounds
1030-1070 s=o stretching Sulfoxide

1050-1085 c-o stretching Primary alcohol

1085-1150 c-o stretching Aliphatic ether

Phytochemical literature reports several classes of compounds in Bougainvillea species, including phenolics and
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flavonoids [15]]. However, the current measurements do not independently establish the presence of triterpenoids, antho-
cyanins, ellagic acid, or isoquercetin in the tested preparation. DPPH inhibition was used to assess radical-scavenging
behavior of the preparation as a whole, without attributing the measured response to any individually identified constituent.
The reported DPPH inhibition values ranged from 21.421% to 62.436% (Table[3). Figure[§displays these percentages
alongside the blank and sample absorbances. Maximum inhibition occurred at the reported sample level of 200 mL,
followed by a lower value at 300 mL. The labels are retained exactly as supplied, but mL is a volume unit and does not
define nanoparticle concentration. Because the assay method specifies only 3 mL of sample per reaction, the meaning of
these level labels requires clarification before a concentration—response interpretation or ICgs calculation is attempted.
Table 3. Reported DPPH Absorbance and Inhibition Values.

Sample Level (mL) | Blank Absorbance | Sample Absorbance | Inhibition (%)
50 0.985 0.774 21.421
100 0.985 0.499 49.340
200 0.985 0.37 62.436
300 0.985 0.448 54.517
1.2 4
Blank  mmm Sample
1.0
Y 0.8 1
G
2 0.6 -
o
8
<< 0.4 1
0.2 A
0.0
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= 601 54.517
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& 20 1
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Figure 6. DPPH Absorbance and Inhibition Across Reported Sample Levels.

The aluminum chloride procedure was described for determining TFC, but no numerical flavonoid-content result or
catechin calibration data were provided. An additional passage specified 0.5 mL of plant extract, 2 mL of ethanol, and
a 5% NaNOs solution with an ambiguous volume written as “0.15 5 mL,” followed by 6 min of incubation and addition
of 0.15 mL of 10% AICIl3 solution with a further 6 min incubation. That passage then described 222 mg of methionine,
0.0375 mL of a “Titan” reaction mixture, illumination at a reported 350 mol m~2 s7! for 15 min, and inhibition of nitro
blue tetrazolium reduction at 560 nm. The latter conditions concern a superoxide dismutase (SOD) assay, with one unit
defined by 50% inhibition, and do not constitute a TFC measurement. These mixed protocol details require reconciliation
with the experimental record; neither a TFC value nor SOD activity can be inferred from the available description.

Table 4. Reported Bacterial Inhibition-Zone Diameters.

Bacterial Species Preparation (mm) | Antibiotic Control (mm)
Pseudomonas aeruginosa 20 24
Staphylococcus aureus 15 18
Escherichia coli 15 19

Antibacterial activity was examined against Pseudomonas aeruginosa and Escherichia coli, both Gram-negative
bacteria, and Staphylococcus aureus, a Gram-positive bacterium. Table [ gives the reported inhibition-zone diameters,
and Figure [7] presents the supplied agar-plate images. The preparation produced a 20 mm zone against P. aeruginosa
compared with a 24 mm antibiotic-control zone. The corresponding values were 15 and 18 mm for S. aureus and 15
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and 19 mm for E. coli. Thus, all three reported preparation zones were smaller than their respective control zones. The
results label the antibiotic as ciprofloxacin, whereas the method names polymyxin B; this discrepancy remains unresolved.
Replication, uncertainty, well diameter, and applied nanoparticle dose were not supplied, so these observations do not
establish statistical equivalence or relative potency against the antibiotic.

B2

(b) () (d)
Figure 7. Agar Plates for (a) E. coli, (b) S. aureus, (c) P. aeruginosa, and (d) the Control.

The microdilution experiment was intended to evaluate bacterial growth inhibition by the synthesized preparation
against S. aureus and E. coli in 96-well plates. Tables [5]and[6|reproduce the three listed measurements for each isolate and
retain the original reported mean beside an independently recalculated arithmetic mean. The first table is assigned to S.
aureus; the second is assigned to E. coli following the abstract and accompanying narrative, although its original column
heading incorrectly repeated S. aureus. This organism assignment requires confirmation against the plate record. Values
originally labeled pg/mL cannot be accepted as validated MIC concentrations without the dilution series and endpoint

documentation.
Table 5. Reported S. aureus Microdilution Entries and Recalculated Means.

Isolate Value 1 | Value 2 | Value 3 | Reported Mean | Recalculated Mean

MRS-1 1.302 1.413 1.102 1.272 1.272
MRS-2 1.800 1.900 1.510 4.203 1.737
MRS-3 1.652 1.762 1.614 1.676 1.676
MRS-4 1.771 1.871 1.543 1.728 1.728
MRS-5 1.678 1.788 1.699 1.721 1.722
MRS-6 1.760 1.814 1.682 1.752 1.752
MRS-7 1.702 1.809 1.624 4.052 1.712
MRS-8 1.620 2.059 1.540 1.739 1.740
MRS-9 1.344 1.544 1.244 1.377 1.377
MRS-10 0.587 0.694 0.590 0.623 0.624
MRS-11 1.028 1.062 1.309 1.133 1.133
MRS-12 0.005 0.986 1.667 0.886 0.886

Table 6. Reported E. coli Microdilution Entries and Recalculated Means.

Isolate Value 1 | Value 2 | Value 3 | Reported Mean | Recalculated Mean

MRS-1 1.204 1.305 1.102 1.200 1.204
MRS-2 1.613 1.724 1.513 1.616 1.617
MRS-3 1.602 1.713 1.814 5.129 1.710
MRS-4 1.671 1.782 1.543 4.990 1.665
MRS-5 1.478 1.689 1.699 1.622 1.622
MRS-6 1.460 1.571 1.682 1.571 1.571
MRS-7 1.822 1.934 1.624 1.793 1.793
MRS-8 1.620 1.720 1.540 1.626 1.627
MRS-9 0.344 0.488 0.244 0.285 0.359
MRS-10 1.826 1.937 1.590 1.784 1.784
MRS-11 1.228 2.449 1.309 1.662 1.662
MRS-12 1.005 2.115 1.667 1.595 1.596

The supplied microtitration plate is shown in Figure[8] According to the method description, absorbance was measured
at 620 nm at the beginning of the experiment and after 24 h of incubation. Lower absorbance in the initial wells and
increasing absorbance in later wells were interpreted as differences in bacterial growth. However, the plate map, blank
correction, and correspondence between optical-density readings and concentration endpoints were not supplied. In
Table[3] the original means of 4.203 for MRS-2 and 4.052 for MRS-7 are inconsistent with the listed measurements; their
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recalculated means are 1.737 and 1.712. In Table[6] MRS-3, MRS-4, and MRS-9 have recalculated means of 1.710, 1.665,
and 0.359, rather than 5.129, 4.990, and 0.285. Smaller rounding differences are also visible. These arithmetic corrections
preserve the individual entries and improve internal consistency, but do not resolve whether the underlying values represent
absorbance, concentration, or another reported quantity. Consequently, the originally claimed MIC rankings are not used
as evidence of antibacterial potency.

Y o \

Figure 8. Supplied Microdilution Plate Image.

The present study documents physicochemical observations and in vitro assays; it does not document seed-germination,
seedling-vigor, photosynthesis, or stress-tolerance experiments. The agricultural implications therefore remain prospective
rather than demonstrated findings. Rizwan et al. [9] reviewed crop responses to metal and metal oxide nanoparticles,
providing context for both beneficial and adverse effects. Faizan et al. [10] discussed zinc oxide nanoparticles in relation
to growth and abiotic-stress tolerance. Venkatachalam et al. [11]] examined a specific heavy-metal-stress experiment in
Leucaena seedlings. Those investigations cannot validate a growth-promoting effect of the present Bougainvillea-derived
preparation without comparable plant experiments. Possible mechanisms involving zinc availability, photosynthetic
processes, and antioxidant defenses would need to be tested with dose controls and suitable measurements. Similarly,
the Moringa-based photocatalytic work of Adam et al. [[7] demonstrates a botanical preparation route rather than a plant
bioassay for this material. Future agricultural evaluation would require dose optimization, assessment of nanoparticle
fate in soil, long-term exposure studies, and examination of plant signaling responses before environmental safety or crop
benefits could be claimed.

4. CONCLUSION

This study describes the preparation of a Bougainvillea glabra leaf-extract-mediated zinc oxide material and its
preliminary in vitro antioxidant and antibacterial observations. Reported inhibition zones were 15-20 mm against E.
coli, S. aureus, and P. aeruginosa, while maximum DPPH inhibition was 62.436% under the supplied assay labels.
Light scattering yielded a hydrodynamic diameter of 218.6 nm and a zeta potential of -30.20 mV; the separate Scherrer
calculation suggested a coherent-domain size of approximately 83 nm. SEM and FTIR provided qualitative morphological
and functional-group information. The results do not establish clinical efficacy, improved plant growth, phase purity, or
superiority to alternative extracts. Clarification of the antibiotic control, concentration units, microdilution endpoints,
thermal history, and diffraction indexing is necessary before stronger conclusions are justified. The preparation warrants
further controlled investigation, with arithmetic corrections retained transparently and therapeutic applications treated as
possibilities requiring direct evaluation.
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