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Abstract

This study aims to green synthesis gold nanoparticles using aqueous extract of Heliotropium europaeum
(family Boraginaceae) from Sulaymaniyah, Irag, and characterize their physicochemical properties. A
comparative approach was employed using crude extract, AuNPs synthesized from crude extract, and
AUNPs synthesized from purified flavonoid. Aqueous extract was prepared from shade-dried plant. AUNPs
were synthesized by reacting 100 ml extract with 20 mL of 1 mM HAuCI. solution (45°C, 3 hours).
Characterization employed UV-Vis spectroscopy, FTIR, AFM, and SEM-EDX. FTIR confirmed the
presence of hydroxyl, aliphatic, and aromatic groups in the crude extract, while flavonoid-AuNPs showed
metal-O bonds, indicating successful nanoparticle capping. UV-Vis revealed phenolic absorption at 278 nm
in the crude extract and characteristic flavonoid bands (520 and 550 nm) in the flavonoid-AuNP sample,
confirming their role in bioreduction. SEM showed only large aggregates without nanoparticles for the
crude extract, whereas flavonoid-AuNPs displayed aggregated structures of smaller nanoparticles with
elemental gold confirmed by EDX. AFM demonstrated that purified flavonoids yielded gold nanoparticles
with mean diameters as low as 74.45nm and a predominance of sub-100nm particles, unlike the
nanoparticles from the crude extract, which formed larger structures with mean diameters of 119.4 nm. The
crude extract achieved the larger diameter of 136.3 nm. The results indicate that purified flavonoids from
Heliotropium europaeum are effective reducing and capping agents, producing smaller and more uniform
AUNPs compared to the crude extract.

Keywords: Green Synthesis, Gold nanoparticles (AuNPs), Heliotropium europaeum, FTIR, AFM, SEM-
EDX, UV-Vis.

Introduction

The genus Heliotropium (Boraginaceae) comprises approximately 250-300 species with a global
distribution !. Various species have a long history of use in traditional medicine for treating fever, gout, and
rheumatism, as well as for their anti-inflammatory, antiseptic, and wound-healing properties 2. This
therapeutic potential is attributed to a rich profile of secondary metabolites, including pyrrolizidine
alkaloids (PAs), phenolic compounds, terpenoids, and quinones *4 Among these, PAs are the most
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characteristic bioactive constituents, exhibiting anti-tumoural, anti-viral, and anti-microbial activities;
however, they are also well known for their hepatotoxicity, which has limited their clinical application
despite past evaluations in human cancer trials 2.

Approximately 6,000 plant species manufacture PAs, making them one of the most common groups
of hepatotoxic plants affecting both humans and animals °. In Heliotropium europaeum, the concentration
and composition of PAs are genetically determined and vary according to the plant organ, developmental
stage, and environmental factors such as soil nutrients, climate, and herbivore pressure °. Besides alkaloids,
flavonoids and other phenolic are abundantly present in the genus and contribute to its antimicrobial and
ecological properties .

In recent years, nanotechnology has emerged as a promising strategy to enhance the therapeutic
index of bioactive natural products while mitigating their toxicity. Gold nanoparticles (AuNPs), in
particular, have attracted considerable interest because of their special size-dependent physicochemical
properties, including surface plasmon resonance (SPR), high stability, biocompatibility, and ease of surface
functionalization ®. These features permit AuNPs to serve as multifunctional platforms for drug delivery,
biosensing °, and targeted therapy, with dimensions comparable to those of proteins, DNA, and other critical
biomolecules '°.

The green synthesis of nanoparticles using plant extracts provides additional advantages over
conventional physical or chemical approaches !!, as it avoids toxic reagents and yields nanoparticles that
are often more biocompatible and biologically active due to the capping effect of phytochemicals '2.
Plant-mediated synthesis also enables controlled releasing, targeted delivery, and enhanced therapeutic
outcomes °. In this context, using extracts or purified bioactive fractions from Heliotropium europaeum
for the green synthesis of AUNPS represents a promising approach that utilizes the phytochemical diversity
of the genus as effective reducing and stabilizing agents without the need for toxic chemical reagents '>13.,

However, the synthesis of gold nanoparticles using purified flavonoids from Heliotropium
europaeum via a green approach has not yet been systematically reported. Therefore, this study aims to
synthesize gold nanoparticles using purified flavonoids extracted from Heliotropium europaeum through a
green synthesis method and to characterize the resulting nanoparticles in terms of their physicochemical
properties, including size, morphology, surface charge, and colloidal stability. In addition, a comparative
analysis with the crude extract is performed to evaluate the advantages of using a purified bioactive fraction.

Materials and Methods
Study design and sample collection:

The parts of Heliotropium europaeum were collected in August 2025 locally from several areas in
Sulaymaniyah, Irag, taking into account environmental conditions such as avoiding plants treated with
pesticides. According to the morphological description, the plant was scientifically identified as
Heliotropium europaeum at the College of Agriculture/Al-Qadisiyah University.

Preparation of the aqueous extract:
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The aqueous plant extract of Heliotropium europaeum was prepared as follow '#: by thoroughly
washing the plant parts with water to remove contaminants from the surface, followed by three days of air
drying. Fifty grams of plant were ground and put in a 500 mL glass beaker with a capacity containing 250
mL of sterilized distilled water. The mixture was then shaken at 45°C for 24 hours, and the extract was
filtered with filter paper and stored at 4°C for future use.

Preparation of gold chloride (HAuCl.) solution
A concentration (1mM) of gold chloride solution was prepared using the following equation:

w(g) 1000

M) = S wttg /moD) < VimD)

A 1 mM solution of gold(l1) chloride trihydrate (HAuCl4-3H-0) was prepared by dissolving 0.0232 g in
100 mL of deionized water.

Partial purification of total flavonoids

The aqueous extract of Heliotropium europaeum was concentrated and dissolved in 15 mL of
methanol. The solution was then added to a silica gel column (2.5 x 40 cm). Ethyl acetate: methanol (5:5,
100 mL) was used to elute the column. The eluate was collected in vials and observed, then dried with a
rotary evaporator. Aluminum chloride (AICIs) was used in a qualitative flavonoid test to verify the presence
of flavonoids in the sample.

Drying procedure:

The agueous extract and purified flavonoid were put in glass petri dishes and placed in an oven at
45°C for 7-9 days for drying. The resulting powder was collected and stored away from light, air, and
moisture for future use.

Biosynthesis of gold nanoparticles Au NPs:
Biosynthesis was carried out using both the aqueous extract and the purified flavonoid.
Using the aqueous extract:

100 mL of the aqueous extract of Heliotropium europaeum was mixed with 20 mL of the 1 mM gold
chloride solution, and the mixture was heated on a magnetic stirrer plate (45°C, 3 h and pH range 6.0-7.5).
The color of the mixture was changed and observed as preliminary evidence of the formation of gold
nanoparticles.

Using the purified flavonoid:

A solution of the purified flavonoid powder (10 mg/mL) was prepared in distilled water. Then, 100
mL of this solution was mixed with 20 mL of the 1 mM gold chloride solution and heated on a magnetic
stirrer plate at 45°C for 3 h and pH range (5.0-6.5). The color change was similarly monitored as an indicator
of nanoparticle formation.
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Additionally, 100 mL of the 1 mM gold chloride solution was kept as a control for some measurements.
Fourier Transform Infrared Spectroscopy

FTIR spectra were recorded using a spectrometer in the range of 4000-400 cm~! with a resolution of 4
cm™'. Samples were measured as KBr pellets.

Ultraviolet-visible spectrometer:

UV-Vis absorption spectra were recorded using a spectrophotometer in the range of 200-1000 nm with
a 1 nm resolution.

Scanning Electron Microscopy (SEM):

SEM images and energy-dispersive X-ray (EDX) analysis were performed using a SEM operated at an
accelerating voltage of 15 kV. Samples were deposited on carbon tape and sputter-coated with gold.

Atomic Force Microscope (AFM):

AFM images were obtained using a AFM in non-contact mode. Samples were prepared by drop-casting
onto freshly cleaved mica and dried at room temperature. Particle size analysis was performed at least 100
particles per sample.

Results and Discussion

Characterization of Heliotropium europaeum green synthesis gold nanoparticles:

Characterization was carried out using Fourier Transform Infrared Spectroscopy (FTIR), Ultraviolet-
Visible Spectroscopy (UV-Vis), Scanning Electron Microscopy (SEM), and Atomic Force Microscopy
(AFM). All examinations were conducted at the Phi Nano-Science Center, Baghdad, Irag.

Fourier Transform Infrared Spectroscopy (FTIR)

The functional groups involved in the reduction and stabilization of gold nanoparticles!>!® were
identified with an FTIR analysis. Three samples were analyzed: crude extract, AUNPs synthesized from the
crude extract, and AuNPs synthesized from flavonoids.
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Figure 1: The FTIR spectrum of the crude extract.

The result of FTIR analysis of crude extract showed (Fig. 1) that in its spectrum broad O-H stretch
(3285 cm™) 7, C—H stretch (2926 cm™) '81° and C=0 stretch (1604 cm™) 1729,
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Figure 2: The FTIR spectrum of AuNPs synthesized by crude extract.

The result of FTIR analysis of the AuNPs synthesized by crude extract showed that it (Fig. Y)
exhibited characteristic bands at 3219 cm™ (O-H stretching of hydroxyl groups) *'%%, 2925 cm™ (C-H
stretching of aliphatic groups) 234, 1560 cm™ (aromatic C=C stretching) 2, 1407 cm™ (C-H bending and
O-H bending) %%, and 1046 cm™ (C-O stretching)?’. These bands were existence the flavonoids, phenolic
compounds, and polysaccharides, which supported Singh, R. & Mendhulkar's findings ™. Distinct Au-O
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bands were also observed at approximately 4 cm™ and 4Y+ cm™ %, confirming effective capping by
bioactive reducing compounds. This result is in agreement with Pal, Rajat, et al. that report the interaction
of gold nanoparticles with bioflavonoids °.
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Figure 3: The FTIR spectrum of AuNPs synthesized by purified flavonoid.

The result of FTIR analysis of AuNPs synthesized by purified flavonoid showed that it (Fig. 3)
exhibited characteristic bands at 3219 cm™ (O-H stretching of hydroxyl groups) 2!, 2925 cm™ (C-H
stretching of aliphatic groups) 2***, 1560 cm™ (aromatic C=C stretching) *, 1407 cm™ (C-H bending and
O-H bending) 2°2¢, and 1046 cm™ (C-O stretching)?’. These bands indicate the existence of flavonoids,
phenolic compounds, and polysaccharides, that supported by Singh, R. & Mendhulkar's findings ™. In
addition observed two low-wavenumber peaks appeared at 538 cm™ and 459 cm!, corresponding to metal—
oxygen (Au-O) vibrations '6. This indicates successful binding of the phytochemicals to the gold
nanoparticle surface. These findings agree with those reported by Song, J. Y., and Kim, B. S. pertaining to
five plant leaf extracts (Pine, Persimmon, Ginkgo, Magnolia, and Platanus) using silver nanoparticles 3'.

These FTIR results collectively demonstrate that both the crude extract and the purified flavonoid
fraction contain functional groups capable of reducing gold ions and stabilizing the nanoparticles. The
presence of Au-O vibrations in both nanoparticle samples indicates chemisorption of the phytochemicals
onto the gold surface, which is essential for preventing aggregation and maintaining stability.

Ultraviolet-visible spectrometer (UV-Vis)

The result of UV-Vis analysis of crude extract showed an absorption band in the UV region
20+-Y++ nm, characteristic of phenolic compounds *. The absence of absorption in visible region
suggests a lack of extended conjugation among the phytochemical constituents. In contrast, the
result of AuNPs synthesized by crude extract showed in (Fig. £-b) exhibited a peak at ¢+ +-°+ nm
range, which falls within Band Il (240-295 nm) typical of the benzoyl system in flavonoids ****,
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The result of UV-Vis analysis of AuNPs synthesized by purified flavonoid sample showed in (Fig.
4-c) displayed peaks at 520-550 nm range. These results confirm that flavonoids are primarily
responsible for the bio-reduction of gold ions 3%,
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Figure 4: The UV-Vis absorption spectra (200-900 nm) of: (a) crude extract, (b) AuNPs
synthesized by crude extract, and (¢) AuNPs synthesized by purified flavonoid.

UV-Vis spectroscopy revealed that the crude extract contained phenolic compounds absorbing in
the UV-Vis 275 nm and 325 nm with no absorption in the visible region, indicating the absence of extended
conjugation systems. This agrees with what researchers Guemari, F. et al. have stated in their studies, where
they showed that UV-Vis spectroscopy spectra of plant extracts usually appear within the range (200-500
nm), which reflects the presence of phenolic compounds and bioactive substances *. After the synthesis of
gold nanoparticles (AuNPs) using the crude extract, a characteristic absorption peak appeared at 500 nm,
which is the surface plasmonic (SPR) peak of the gold nanoparticles. The presence of flavonoids was
confirmed by the 1l band (280 nm). This aligns with what Indra Ojha, Prem Singh Saud et al. reported
regarding the production of silver particles from Alcea rosea leaf aqueous extract, with absorption occurring
in the ultraviolet and visible spectrum between 300 and 600 nanometers. When using purified flavonoids,
the peaks appeared at 520 nm. This is consistent with the results of Jain, P. & Arun, P., which concerned
nano films composed of tin sulfide (SnS) and silver, fabricated by thermal evaporation, and which showed
two prominent peaks in the 500 nm and 580 nm regions *°. These results conclusively confirm that
flavonoids are primarily responsible for the bio-reduction of gold ions and the formation of gold
nanoparticles, and that they play a crucial role in the stabilization of these particles.
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Figure 5: Scanning electron microscopy (SEM) of the crude extract with AuNPs: (a) 130x
magnification (b) Y0.00x magnification.

Scanning Electron Microscopy (SEM) results of the dried aqueous extract of Heliotropium
europaeum (Fig. 5) revealed an irregular surface structure consisting of flakes with submicron dimensions
with sharp edges, accompanied by fine cracks and fissures resulting from the drying process. The
dimensions of these flakes ranged between 114 and 232 nm, which aligns with the findings of Yang et al.??,
who demonstrated that the drying step can have a significant impact on the state of agglomeration. The
absence of discrete nanoparticles was expected and confirms that any nanoscale formations observed in
other samples are the result of the extract's interaction with gold ions, rather than being of plant origin.
Furthermore, the flaky structure suggests that the crude extract adopts a porous morphology with a
relatively high specific surface area, a characteristic feature of dried plant extracts.
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Figure 6: Scanning electron microscopy (SEM) of AuNPs synthesized by crude extract: (a) 50.00x
magnification (b) 20.00x magnification.
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The SEM results of the AuNPs synthesized by crude extract (Fig. 6) showed the presence of
irregularly shaped aggregates with sizes ranging from 33.88 to 115.18 nm. At high magnification (50.00x),
these aggregates were observed to consist of small, densely packed nanoparticles. This demonstrates the
ability of the crude extract to reduce gold ions (Au**) to metallic gold (Au®) and form nanoparticles a finding
38 further confirmed by EDX analysis. The presence of these large-scale structures is attributed to the failure
of the crude extract to effectively stabilize the nanoparticles and prevent their aggregation; this failure, in
turn, stems from the presence of large molecules (such as proteins and polysaccharides) within the crude
extract. This observation aligns with the findings of Talib et al., whose research on the stabilization of gold
nanoparticles (GNPs) utilizing a natural plant extract derived from Aloe vera indicated that insufficient
stabilization inevitably leads to aggregation *°.
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Figure 7: Scanning electron microscopy (SEM) of AuNPs synthesized by purified flavonoid: (a)
20.00x magnification (b) 50.00x magnification.

The SEM results for gold nanoparticles synthesized using purified flavonoid molecules (Fig. 7)
demonstrated a notable improvement in morphology and size compared to those synthesized using the crude
extract. At a magnification of 50.00x, spherical***! to semi-spherical nanoparticles with nanoscale
dimensions were observed, with the diameters of most particles ranging between 22 and 48 nm. While some
small aggregates, likely secondary clusters are visible, they are less dense and smaller in size than those
observed with the crude extract. Individual particles can be clearly distinguished in several regions of the
image, distributed irregularly across the surface of the organic substrate. These result is confirming that
purified flavonoids constitute the primary active component responsible for reducing gold ions and
stabilizing the resulting nanoparticles. The interfering macromolecules’ (such as proteins and
polysaccharides) removal led to greater control over the crude synthesis process, leading to more uniform
nanoparticles and the formation of smaller ones. Any residual aggregation may be attributed to the
concentration of flavonoids or specific reaction conditions. These findings align with what was reported by
Lafta et al.**, who utilized Arctium lappa a medicinal plant rich in flavonoids for the green synthesis of
gold nanoparticles (AuNPs) and silver nanoparticles (AgNPs) to evaluate their antioxidant properties. In
that study, the resulting gold nanoparticles ranged in size from 80 to 160 nm, while the silver nanoparticles
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ranged from 20 to 40 nm. This result is also similar to what was achieved by Das et al. who obtained gold
nanoparticles ranging in size from 20 to 45 nanometers using an aglycone flavonoid, quercetin +.

The purification of flavonoids from the crude extract is essential for producing gold nanoparticles
that are smaller, more uniform, and less aggregated. While the crude extract is suitable for reducing gold
ions, it lacks sufficient stabilizing capacity. These findings provide a solid foundation for utilizing purified
flavonoids in applications requiring stable and uniformly distributed nanoparticles, particularly in the
catalytic fields and biomedical.

Atomic Force Microscope (AFM)
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Figure 8: The AFM for crude extract.

The results of AFM crude extract in (Fig. 8) showed the analysis of the raw sample revealed the
presence of 141 particles within the scanned area, corresponding to a surface coverage of 34%. Particle
diameters (peak diameter) ranged from 21 nm to 402 nm, with an arithmetic mean of 136 nm. Vertical
heights (Z-max) ranged from 534 nm to 992 nm (mean: 597 nm). The surface area of the larger particles
was approximately 166,688 nm?, while smaller particles occupied areas between 767 and 11,421 nm?2. The
particles exhibited irregular shapes and extensive agglomeration.

The AFM analysis of the crude extract showed a significant discrepancy between particle diameters
and vertical heights, suggesting that the particles are neither spherical nor flat but rather exhibit an acicular
or columnar morphology. Similar behavior has been reported by Williams et al. for Arabidopsis thaliana
seeds rich in the polysaccharide rhamnogalacturonan | (RGI), which tend to form hydrogel networks or
vertical aggregates 4. The low surface coverage, despite the presence of 141 particles, indicates that
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agglomeration reduces packing efficiency, a common feature in raw extracts lacking stabilization. The large
variation in particle surface area further confirms the inherent polydispersity of the sample.

__\"\Mountar

Figure 4: The AFM of AuNPs synthesized by crude extract.

The result of AFM showed the AuNPs synthesized by crude extract (Fig. 9) showed the presence
of 198 particles with a surface coverage of 34%. Particle diameters ranged from 139 nm to 477 nm. Vertical
heights (Z-max) ranged between 461 nm and 550 nm. The area of the larger particles was recorded at
188,056 nm?, while the area of the smaller particles ranged from 17,212 to 24,017 nm?. Compared to the
raw sample, a relative enhancement in homogeneity was observed, although some secondary
agglomerations remained.

Gold nanoparticles synthesized from the crude extract showed a significant improvement in
morphological homogeneity when compared to the crude extract itself, as evidenced by the disappearance
of ultrafine particles, a decrease in vertical heights, and a convergence of surface areas. Nonetheless, some
secondary agglomeration persisted, indicating that the synthesis conditions should be optimized to produce
more uniform particles. These results confirm the capacity of the crude extract to act as both a reducing and
stabilizing agent, yet they also highlight the limitations of this crude approach when compared to chemical
methods or the use of purified extracts. Elia P et al., found that gold nanoparticles made with Punica
granatum extract had lower stability and were more likely to agglomerate and form larger particles*.
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Figure V+: The AFM of AuNPs synthesized by purified flavonoid.

The results of AFM analysis of the AuNPs synthesized by the purified flavonoid sample that were
shown in (Fig. 10) demonstrated the highest degree of homogeneity among the three samples. A total of
255 particles were detected, with a surface coverage of 18%. Particle diameters ranged from 56 nm to 268
nm, with 75 nm being an average. Vertical heights ranged from 193 nm to 229 nm, values lower than those
of the other samples indicating a flatter morphology. The surface area of the larger particles measured
119,258 nm?, while that of the smaller particles ranged between 3,127 and 17,606 nm?.

Gold nanoparticles synthesized using flavonoids demonstrated a reduction in average diameter
compared to the raw sample (decreasing from 136 to 75 nanometers), as well as an increased proportion of
particles smaller than 100 nanometers. Also the bulk of the particles observed were sphere-shaped or quasi-
sphere-shaped in shape and exhibited minimal aggregation; this confirms the role of flavonoid purification
in enhancing stability and reflects an improvement in the efficiency of the reduction processes and
stabilization processes. This finding corroborates with work of Dang et al., who utilized flavonoid extracts
derived from Hopea odorata leaves to serve simultaneously as reducing and stabilizing agents, with results
indicating that the size distribution of the gold nanoparticles ranged between 3 and 30 nanometers °.

Conclusions

In this study, we successfully established an eco-friendly*’*¥, cost-effective green synthesis method
for gold nanoparticles (AuNPs) using Heliotropium europaeum extract obtained from Sulaymaniyah, Iraqg.
Eliminating the need for toxic chemicals, due to phytochemicals, particularly flavonoids and phenolic
compounds, proved highly efficient as both reducing and stabilizing agent. FTIR, UV-Vis, SEM-EDX and
AFM analyses were used to comprehensively characterize the formed nanoparticles *°, which were found
to be predominantly stable and had a mean diameter of 74.45 nm, a size range suitable for
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pharmaceutical***°, biomedical and catalytic applications. These findings suggest that the Heliotropium
europaeum biosynthesized AuNPs could serve as promising candidates for drug delivery systems and
pharmaceutical applications. Future potential applications include use in vitro and in vivo studies required
to fully evaluate their therapeutic efficacy, cytotoxicity, and histopathology.
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