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Abstract

The aim of this work is synthesis of AgNPs from cold and hot extracts of Eucalyptus leaves. After that, microwave
irradiation has used to improve properties of these nanoparticles which applied to degrade methylene blue (MB) dye. The change
in color of the mixture was from yellow to ruby-brown and to dark brown for the synthesized AgNPs from the cold extract (C-
AgNPs) and the hot extract (H-AgNPs) of Eucalyptus leaves respectively. The biosynthesized H-AgNPs showed the highest
absorbance at the beak of 440 nm compared as 430 nm for C-AgNPs. HM-AgNPs exhibited the smallest average of diameter
reached 57.94 nm and the best degradation reached 71.34% compared with H-AgNPs (39.27%) after 24 h. The improved HM-
AgNP using microwave irradiation was efficient in facilitating the degradation processes of the Azo-dye. This paper will lead to
candidate suitable, cheap, eco-friendly and greener AgNPs for rapid degradation of damaging textile dyes.
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1. Introduction

Nanotechnology is a used technique to synthesize
different nanoparticles. Nanoparticles are defined as materials
have different shapes and a specific size range from 1 to 100
nanometers (Vo-Dinh, 2005). Biosynthesis of metallic nano-
particles was exploited by reducing and stabilizing agents
such as various enzymes and biomaterials, with physical and
chemical methods to prepare the cheap, eco-friendly and non-
toxic nanoparticles which so-called "Green Chemistry"
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(Sardar & Mazumder, 2019). In the last years, many re-
searchers have used the biomaterials such as bacteria, fungi
(Chan & Don, 2013), yeasts (Badhusha & Mohideen, 2016),
mushrooms (Owaid, Al-Saeedi, & Abed, 2017; Owaid &
Ibraheem, 2017; Owiad, 2019), and plants (Al-Bahrani,
Muayad, Majeed, & Owaid, 2018; Owaid, Zaidan, & Muslim,
2019) to biosynthesize green nanoparticles. Recently, eco-
friendly synthesis of AgNPs from plants was investigated and
applied in the nanomedicine field (Muslim & Owaid, 2019;
Rafique, Sadaf, Rafique, & Tahir, 2017). Albizia procera leaf
extract was used to biosynthesize AgNPs which entered in
important applications like degradation of dyes, and anti-
bacterial activity (Rafique et al.,, 2019). Also, the watery
extract of Allium giganteum lowering shoots was used to
biosynthesize green AgNPs which had photocatalytic effects,
bactericidal activity, and cytotoxicity (Yazdi et al., 2019).
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From another hand, Eucalyptus plant, a genus
belongs for the family Myrtaceae, has active chemical com-
pounds are including tannin, flavonoids, light oils (Cineole,
Pinene, and phenolic acids), aldehydes and ketones (Hussein,
1985; Tovey & McDonald, 1997). The composition of
Eucalyptus corymbia leaf extract contains a variety of bio-
molecules responsible for the reduction of metal ions and
stabilization of nanoparticles; among these bio-molecules are
polyphenols and water-soluble heterocyclic compounds (Shan
kar et al., 2004). Recently, Mo et al. (2015) has prepared
spherical silver nanoparticles (AgNPs) with sizes from 4 to 60
nm by using leaf extract of Eucalyptus. Also, Eucalyptus leaf
extract was used as a reducing and a capping agent to produce
the AgNPs at the room temperature at sizes ranged from 30 to
36 nm (Balamurugan & Saravanan, 2017). El-Rahman and
Tahany (2013) have used Eucalyptus globulus leaf extract to
biosynthesize AgNPs. The synthesized AgNPs are predomi-
nantly spherical with sizes ranged from 9 to 32 nm. However,
Sila et al. (2014) have used certain conditions at 90 C and pH
5.7 to produce spherical AgNPs with sizes ranged from 18-20
nm without remarkable agglomeration.

Eucalyptus extract-assisted synthesis of spherical
zinc oxide nanoparticles was carried out under ambient
condition for the formation of spherical ZnO-NPs with a mean
particle size of 11.6 nm. Eucalyptus globulus extract-mediated
synthesis of spherical and crystalline ZnO-NPs with hexa-
gonal structure also was achieved (Balaji & Kumar, 2017).
Further, the biosynthesized AgNPs from methanol extracts of
Eucalyptus leucoxylon were almost spherical in shape with an
average diameter of ~50 nm within the reaction time of
120 min at the room temperature; these AgNPs were applied
in vitro as antioxidant agents (AgNPs) (Rahimi-Nasrabadi,
Pourmortazavi, Shandiz, Ahmadi, & Batooli, 2014).

Thus, this study tested biosynthesis and charac-
teristics of silver nanoparticles from the cold and the hot
extracts of Eucalyptus leaf and improving their proprties by
using the microwave irradiation. Finally, all the synthesized
AgNPs were invistigated for catalytic degradation of methy-
lene blue (MB) dye.

2. Materials and Methods

2.1 Biomaterials

Eucalyptus sp. leaf samples were collected from the
public garden in Hit, western Irag. These leaves were cleaned,
chopped to small pieces and extracted for use as a greener
reducer of silver ions.

2.2 Extraction of Eucalyptus leaves

In this work, 10 g of chopped Eucalyptus leaves
have extracted in 100 ml distilled water (DW). The first
method involved crushing the leaves by the Blender at the
room temperature 25 °C and stored in the freeze at -20 °C for
two days then dissolved and filtered using gauze. The aqueous
cold extract was centrifuged at 4,000 rpm for 15 min. This
extract was used as a cold extract.

Another 10 g of chopped Eucalyptus leaves have
extracted in 100 ml DW and heated at 80 °C in a conical flask
and then boiled for 1 h and left for the cooling. The aqueous
hot extract was filtered using gauze, centrifuged at 4,000 rpm

for 15 min and finally stored at 4 °C for the next use. This
extract was used as a hot extract in this investigation.

2.3 Biosynthesis of silver nanoparticles

Biosynthesis of silver nanoparticles was achieved by
adding 1 ml of the two leaves extract (cold and hot extracts)
with 10 ml (1 mM) AgNOs solution (Silver nitrate, 99.9 %
Purity was prepared using Double Deionized water and
purchased from Sigma Aldrich) separately, with stirring at 40
°C and 100 rpm for 30 min until the color of the solution
changed. The prepared AgNPs were treated by employing
microwave radiation at power 400 Watt for 5 min.

2.4 Characterization of the biosynthesized Ag
nanoparticles

The prepared silver NPs from the hot and cold
extracts of Eucalyptus leaves were characterized using the
change of color in mixtures, UV-Vis spectroscopy, AFM,
SPM, ZetaSizer, and FTIR, analyses.

2.5 Degradation of methylene blue dye

The two kinds of AgNPs were carried out for the
degradation of methylene blue dye. One ml AgNPs colloid
was mixed with 20 ml methylene blue (MB) dye solution
(concentration of 10 ppm) with continuous shaking for 2, 4, 6
and 24 h at the temperature from 25-30 °C under dark condi-
tion. The residual solution absorbance is measured using UV-
visible at & max 664 nm. The degradation in MB was
estimated by the following equation (Jyoti & Singh, 2016):

Degradation of MB % = C°C—_C « 100, where Co is

the initial concentration of MB, C is the concentration of MB
after degradation by Ag-NPs.

3. Results and Discussion

3.1 UV-Visible spectra of the extracts and their Ag
nanoparticles

The first remarkable sign to the biosynthesis of
silver nanoparticles is the change in color of the solution from
yellow to ruby-brown and to dark brown color for the cold
extract and the hot extract of Eucalyptus leaves respectively as
shown in Figure 1. The change of color was seen after 30
minutes of the start of the reaction at the temperature of 40 °C.
The biosynthesized AgNPs from the hot extract shows the
highest absorbance reaches 2.631 at the beak of 440 nm
compared as the absorbance of 1.263 at the peak of 430 nm.
The color of reaction becomes darker with the time because of
excitation of Surface Plasmon Resonance (SPR) in AgNPs
(Shankar, Ahmad, & Sastry, 2003) and that was affirmed by
the UV-visible spectrum as in Figure 1. This result agrees
with the result of the synthesis of AgNPs using the natural
extract of oyster mushroom with 1 mM silver nitrate solution
compared with the natural extract alone (Al-Bahrani, Raman,
Lakshmanan, Hassan, & Sabaratnam, 2017; Owaid et al.,
2015).
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Figure 1. UV-Visible spectrum of the biosynthesized AgNPs and the
extract of Eucalyptus leaves.

3.2 AFM of the AgNPs pre and post using the
microwave irradiation

Atomic Force Microscope (AFM) images (Figure 2)
shows the lateral (2D) and three-dimensional (3D) images to
screen surface roughness of the biosynthesized silver nano-
particles at size images 2012.46 nmx2030.59 nm for Cold
Extract-AgNPs pre using Microwave (C-AgNPs), 2032.19
nmx2032.19 nm for Cold Extract-AgNPs post using Micro-
wave (CM-AgNPs) (Figure 2A), 2046.98 nmx2046.98 nm for
Hot Extract-AgNPs pre using Microwave (H-AgNPs) and
2019.62 nmx2074.20 nm for Hot Extract-AgNPs post using
Microwave (HM-AgNPs) (Figure 2B). Surface roughness
analysis shows some parameters such as amplitude, functional
and hybrid parameters. Amplitude parameters have measured
like roughness average reaches 1.37 nm, 0.39 nm, 1.06 nm,
and 0.28 nm, and ten point height reaches 7.03 nm, 1.39 nm,
6.06 nm and 1.64 nm for Cold Extract-AgNPs pre (C-AgNPs)
and post (CM-AgNPs) using Microwave, Hot Extract-AgNPs
pre (H-AgNPs) and post (HM-AgNPs) using Microwave
respectively. Functional parameters have measured such as
reduced summit height reaches 1.94 nm, 0.32 nm, 0.54 nm,
and 0.20 nm, core roughness depth reaches 3.94 nm, 1.36 nm,
3.54 nm, and 1.01 nm and reduced valley depth of 0.58 nm,
0.38 nm,1.80 nm and 0.27 nm for C-AgNPs and CM-AgNPs,
H-AgNPs and HM-AgNPs respectively. Hybrid parameters
have measured like surface area ratio which reaches 0.51,
0.11, 0.56, and 0.06 and root mean square slope reaches 0.10
nm?, 0.04 nm?, 0.10 nm?, and 0.3 nm* for C-AgNPs and
CM-AgNPs, H-AgNPs and HM-AgNPs, respectively. This is
an indicator for the formation of Ag nano-particles in small
sizes in <90% of its NPs with diameters reach 110 nm, 75 nm,
85 nm and 70 nm for C-AgNPs and CM-AgNPs, H-AgNPs
and HM-AgNPs respectively. Hot Extract-AgNPs post using
Microwave (HM-AgNPs) exhibited best results as in Figure
2B compared as pre using the microwave (H-AgNPs) and as
CM-AgNPs and C-AgNPs as in Figure 2A respectively.
Therefore, Figure 2B (2D) showed the finest nanoparticles
post using microwave. Effect of microwave irradiation
appears through controlling Ag nanoparticle size and rate of
reaction (Bhardwaj et al., 2017). The microwave irradiation
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Figure 2. AFM [2D (lateral): on the left, and 3D (three dimensional):
on the right] of the synthesized AgNPs pre and post using
Microwave for 15 min at 25 °C, A: the cold extract-
AgNPs, B: the hot extract-AgNPs.

leads to improve shapes and sizes of the synthesized AgNPs
and gives small sizes during a short time (Saifuddin, Wong, &
Yasumira, 2009).

3.3 ZetaSizer of the particle size distribution of
AgNPs

Figure 3 exhibits histogram of the particle size
distribution of the biosynthesized silver nanoparticles by using
ZetaSizer. They are Cold Extract-AgNPs pre using Micro-
wave irradiation (C-AgNPs), Cold Extract-AgNPs post using
Microwave (CM-AgNPs), Hot Extract-AgNPs pre using
Microwave (H-AgNPs) and Hot Extract-AgNPs post using
Microwave (HM-AgNPs) as shown in Figures 3a-d, respec-
tively. Averages of diameter are 91.49 nm, 65.55 nm, 72.36
nm, and 57.94 nm for C-AgNPs, CM-AgNPs, H-AgNPs, and
HM-AgNPs, respectively. Volumes of C-AgNPs of 85 nm and
110 nm are <50%, and <90% respectively, while volumes of
CM-AgNPs of 65nm and 75 nm are <50%, and <90%,
respectively. Volumes of H-AgNPs of 65 nm and 85 nm are
<50%, and <90% respectively, while volumes of HM-AgNPs
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ZetaSizer of AgNPs distribution of cold extract-AgNPs colloid pre (a) and post using the microwave irradiation (b) and hot extract-

AgNPs colloid pre (c) and post using the microwave for 15 min (d).

of 50 nm and 70 nm are <50%, and <90%, respectively.
Lower nanoparticles diameter was 50 nm for HM-AgNPs and
CM-AgNPs at volumes 25.26% and 8.10% respectively, while
the higher diameter was 145 nm with volumes <1%. The
higher amount is 29.76% for the HM-AgNPs with a diameter
of 55 nm. Microwave-mediated biosynthesis method is used
to control AgNPs sizes and volumes (Bhardwaj et al., 2017).
The results of this work agree with many recent studies which
used combinatorial synthesis process for biosynthesis of
AgNPs using microwave irradiation (Saifuddin et al., 2009)
and produced AgNPs with diameters from 40-70 from leaves
of Citrus sinensis and Origanum majorana (Singh, Rawat, &
Isha, 2016), 25-40 nm from Fraxinus excelsior leaves (Par
veen, Ahmad, Malla, & Azaza, 2016) and from 20-50 nm
from pods of Parkia speciosa Hassk (Fatimah, 2016). The use
of microwave irradiation provides uniform heating around
AgNPs without aggregation. The microwave irradiation heats
up materials and converts the radiation energy into thermal
energy. Not only the heating is faster through microwave
irradiation, but also the distribution of the solution tempera-
ture is more uniform that lead to the fast reaction average and
homogeneous silver nanoparticles with smaller sizes (Sai
fuddin et al., 2009).

3.4 Granularity Cumulation distributions of the
colloid AgNPs

Granularity cumulation distribution of AgNPs has
also different accumulation according to their sizes as shown
in Figure 4. The Ag nanoparticles of 50 nm have the lowest
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Figure 4. Granularity cumulation distributions of the colloid AgNPs.

accumulation of 8.10%, followed by 9.41% with diameters 60
nm for CM-AgNPs and H-AgNPs respectively. The higher
accumulation percentage was 100% for C-AgNPs and H-
AgNPs which have a size of 145 nm. Accumulation of AgNPs
decreases according to smallness diameter of nanoparticles
and increases according to the largeness diameter of nano-
particles (Owaid, Naeem, Muslim, & Oleiwi, 2020). The
microwave irradiation leads to change compatibility and inte-
grity of the shape and size of the biosynthesized AgNPs and
gives a rapid green synthesis of AgNPs within 5 min
(Saifuddin et al., 2009). Microwave-mediated biosynthesis
approach is used to control nanoparticle size and rate of reac-
tion (Bhardwaj et al., 2017), that is agreeing with the result of
(Saifuddin et al., 2009) who referred to that the extract of
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fungal culture and microwave irradiation were used together
as a combinatorial synthesis process for the green synthesis of
monodisperse AgNPs with low accumulation.

3.5 FT-IR spectrum illustration

In this study, six samples were selected from the
extracts of Eucalyptus plants (Cold Eucalyptus Extract, Hot
Eucalyptus Extract, and Cold Extract-AgNPs without using
Microwave irradiation, Hot Extract-AgNPs without using
Microwave, Cold Extract-AgNPs using Microwave and Hot
Extract-AgNPs using Microwave). From Figures 5A and B, in
the interpretation of infrared models of cold and hot extracts,
the band 3,332 cm in the cold extract, as shown in Figure
5A, belongs to the hydroxyl group (OH) which found in phe-
nolic compounds such as Eucalyptin and polyphenols such as
the Hyperin and Tannin (Figure 6) and the Trans-Pinocarveol
compound. There is no such band in the hot extract, so it is
likely that the heat evaporates these compounds from the hot
extract by the heating (Abid, Tawfeeq, & Muslim, 2017;
Muslim, Tawfeeq, Owaid, & Abid, 2018; Silverstein, Web
ster, & Kiemle, 2005). It is noted that the band at site 1733
cm'? for the cold extract indicates the presence of the carbonyl
group (C=0) related to the Eucalyptin compound, the Hyperin
compound, the Tannin compound, and flavonoids compounds.
The band at site 1,741cm™ for the hot extract indicates the
presence of flavonoids.

100

OH

OH
Tannin

Hyperin

Eucalyptin
Figure 6. Structures of phenolic compounds.

The band at 1,614 cm™ of the cold extract belong to
the C=C group in the alkene compounds shown in the
composition of Terpenine, Limonine, Pinene, and Trans-
Pinocarveol. The band 1,613 cm for the hot extract also
belongs to the mentioned compounds except for Trans-
Pinocarveol. The band 1,509 cm™* of the cold extract belongs
to the group C=C found in aromatic compounds such as
Tannin, Eucalyptin, and Hyperin, also, flavonoids and Para-
Cymene. The band at 1,460 cm? is also belonged to the
compounds listed above, except Tannin, Eucalyptin, and
Hyperin. The band at 1,063 cm™* of the cold extract belongs to
C-C while the two bands at 2,885 cm™ and 2,920 cm™ of the
hot extract belong to the homogeneous and heterogeneous
extension vibrations for the methylene group (-CH2) or the
methyl group (-CHs) in the composition Eucalyptin (Figure
6), Trans-Pinocarveol, Terpinene, Pinene and Limonene, 1, 3,
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Figure 5. FT-IR spectra of the cold extract (A) and the hot extract (B) of Eucalyptus leaves.
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3- trimethyl- 2- oxabicyclo [2.2.2] octane, (1s,4s)-1-isopropyl-
4- methyl- 7- oxabicyclo [2.2.1] heptane, Para-Cymene and
1,8-Cineole. But the band at 1,022 cm™ for the hot also
belongs to the mentioned compounds except the compounds
containing the hydroxyl group (OH). The band at 1,776 cm?
for the cold extract supports the presence of the Lactone group
(O-C=0) finds in one of the flavonoids.

Silver nanoparticles of the cold and hot extracts
without microwave appear in Figures 7A and B respectively.
The previous silver nanoparticles contain almost identical
bands in terms of the site of the bands mentioned in the FT-IR
of the two extracts in Figures 5A and B. In addition, the hot
extract-silver nanoparticles contain a wide band at 3,207 cm;
this confirms the presence of hydroxyl groups in this AgNPs
compared with its hot extract (Figure 5B). This means that the
hot extract-AgNPs contain phenolic compounds such as
Eucalyptin and polyphenols such as the Hyperin, Tannin and
the Trans-Pinocarveol compound. In addition to the fact that
the bands in both Figures 7A and B are clearer and more
stretchable; it is believed that due to the good distribution of

silver nanoparticles, that led to the active groups are free to
move, be it bending or vibration.

The silver nanoparticles of the cold and hot extracts
using microwave appear in Figures 8A and B, respectively. It
is noted that the hot extract-AgNPs using the microwave has
missed the hydroxyl group (OH). It is believed that the
microwave heat is the cause; therefore, this sample does not
contain mono hydroxyl and poly hydroxyl phenols. From
another hand, the hot extract-AgNPs using microwave has
retained this group (OH) at the site 3,202 cm* unlike the cold
extract-AgNPs using the microwave and therefore this
nanoparticle can be considered the best among the other
nanoparticles as has not lost any of the active compounds of
the Eucalyptus extract (Owaid, Muslim, & Hamad, 2018).

Here, the clarity of the bands shown in Figures 8A
and B have clearly been shown. This demonstrates that the
silver nanostructure causes better clarity of the bands due to
the small granular size and thus increasing the surface area
exposed to the infrared radiation. All these are leading to a
better arrangement of the functional groups within the empty
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Figure 7. FTIR spectra of the cold extract-AgNPs (C-AgNPs) (A) and the hot extract-AgNPs (H-AgNPs) (B) without microwave.
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Figure 8. FTIR spectra of the cold extract-AgNPs (CM-AgNPs) (A) and the hot extract-AgNPs (HM-AgNPs) (B) using microwave.

orbitals of the silver atoms. The reason for the clarity of the
bands of silver nanoparticles may be due to the presence of
silver atoms with a good surface area that allows all atoms
with high electrolytes containing non-participating electronic
pairs, such as the oxygen atom to give these pairs to empty
orbitals in silver atoms. The link is as follows (Ag-O-R)
where R is mono hydroxyl phenols, poly hydroxyl phenols or
flavonoids or other compounds containing the oxygen atom,
so the consistency between the main compounds in the com-
position of Eucalyptus extract with empty orbitals in the
composition of silver atoms may gain freedom in vibration of
functional groups and thus stretch and clarity to appear good.
The functional groups are responsible for reducing Ag ions
and forming AgNPs by using microwave can be proteins and
phenols as in the extract of leaves of Citrus sinensis and
Origanum majorana (Singh et al., 2016), or glycosides, amino
acid residues, peptides, phenolic compounds, flavonoids,
alkaloids and terpenoids of Fraxinus excelsior leaves
(Parveen, Ahmad, Malla, & Azaza, 2016).

3.6 Degradation of methylene blue using AgNPs

The catalytic activity of synthesized Eucalyptus-
mediated AgNPs was analyzed for degradation of methylene
blue (MB) dye under dark condition. Figure 9 shows the
degradation percentage of methylene blue using hot Euca-
lyptus extract-AgNPs pre and post using the microwave at
different times. The catalytic degradation of MB was deter-
mined by the decreasing intensity of the absorption band. The
colors of the mixed dye with AgNPs were gradually changed
with time from deep blue to light blue compared with the MB
alone which stay deep blue (control). In general, hot extract-
AgNPs using microwave exhibited higher degradation of the
Azo dye compared with hot extract-AgNPs without using
microwave irradiation because of the smaller diameter of
AgNPs exposed to microwave irradiation. Increasing the time
of incubation led to increasing the degradation percentage of
methylene blue. HM-AgNPs exhibited best degradation
reached 71.34% compared with H-AgNPs (39.27%) after 24 h
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Figure 9. Degradation of methylene blue dye using HM-AgNPs and
CM-AgNPs.

of incubation time, while HM-AgNPs exhibited degradation
percentage 53.50% compared as the lowest degradation
reached 33.18% by H-AgNPs pre using microwave irradiation
after 2 h. The improved HM-AgNP using microwave irradia-
tion was efficient in facilitating the degradation processes of
the Azo-dye. The mechanism of degradation of MB is relating
to the organic matters on the surface of AgNPs. The electron
transfer takes place from the reducing agent (natural products
of Eucalyptus) to dye molecule via AgNPs (Saravanan,
Rajesh, & Kaviarasan, 2017), resulting in the destruction of
the industrial textile dye chromophore structure. Degradation
of the blue dye was not found to proceed in the absence of
either HM-AgNPs or H-AgNPs catalysts. Azo dyes bearing
the functional group R—-N=N-R is widely used in textile and
reduced to colorless amines (-NH-NH-) in the presence of
HM-AgNPs as a catalyst (Rasheed et al., 2018). Figure 9
exhibits the catalytic degradation of the blue dye with time.
The enhanced degradation by HM-AgNP as a nanocatalyst
can be ascribed to the high surface area can absorb the dye,
and the AgNPs catalysts are expected to activate the Azo
nitrogen bond and also to bind with the sulfur and oxygen
atoms of the dye resulting in weakening of Azo double bond
via conjugation, which helps in bringing the blue dye
molecules near the catalytic sites (Saravanan et al., 2017).
Also, Figure 9 confirms that the HM-AgNP is observed to be
an excellent catalyst on reduction of the hazardous dyes like
MB, which is confirmed by decreasing absorbance (Jyoti &
Singh, 2016) and changing the dark blue color to the bright
blue as an indicator to success role of AgNPs to degrade and
reduce the Azo-dyes (Santhosh, Sandeep, & Swamy, 2019).
The reduction of methylene blue by AgNPs agrees with the
results of (Hamedani & Hekmati, 2019; Joshi, Geetha, Al-
Mamari, & Al-Azkawi, 2018). Finally, the degradation of MB
increased with decrease in the size of AgNPs due to the
increase in the number of reaction sites (Muthukrishnan et al.,
2015). Also, the biosynthesized AgNPs are playing as cata-
lysts in reducing MB by natural organic matters of Eucalyptus
which found on the surface of Ag nanoparticles.

4. Conclusions

The aim of this work is the synthesis of AgNPs from
cold and hot extracts of Eucalyptus leaves. The microwave

irradiation has used to improve properties of these nano-
particles which applied to degrade methylene blue dye. FTIR
showed some functional groups like -OH which missed after
using microwave irradiation; also Flavonoids, Tannin, Euca-
lyptin, and Hyperin may be reduced Ag* to the silver atom.
The biosynthesized H-AgNPs show the highest absorbance at
the beak of 440 nm. HM-AgNPs exhibited the smallest
average of diameter reached 57.94 nm. HM-AgNPs exhibited
the best degradation reached 71.34% after 24 h. The degrada-
tion of MB increased with decrease in the size of AgNPs.
Finally, the biosynthesized AgNPs are playing as catalysts in
reducing MB by natural organic matters of Eucalyptus.
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