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Abstract: A green technique was used to create silver nancparticles (AgNPs) using Ptercspermum diversifolium semi-
solid extract. The leaves were processed inte a soft extract to retain the active ingredients of the leaves for a leng time,
The extract acts as a reducing agent to form Ag atoms and as a surfactant to create a stable environment for AgNPs,
Spherical silver nanoparticles with a diameter of about 20 - 50 nm * 5 nm were formed and were well stable in the
solution. Optical properties, as well as structure, size, size distribution, and compesition of elements and functional
groups of AgNPs, were investigated through absorbance spectra, transmission electron microscopy (TEM]), dynamic light
scattering (DLS), Energy-dispersive X-ray spectroscopy (EDS) and Fourier transform infrared spectroscopy (FTIR)
measurements. The extract and AgNPswere used to study the antibacterial effect on bacterial strains Eceli, P. aeruginecsa,
and 5. Aureus, with the positive control being Amexicillin, The results showed that AgNPs and leaf extract with a 100
pg/mL concentration have better antibacterial ability than antibictic amexicillin 50 pg/mL.
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1. Introduction

Becently, naneotechnelegy has mereasingly been proving its position i different aress of life. Metzllic nanomaterials,
meluding gold and silver nanoparticles, are candidztes with the moest applications, especially biomedical applications. Silver
nanoparticles (AgNPs) are used 2= biclogical probes [1-3], applied m the ficlds of composite fiber symthesis [4], antibact=rizl [1,
3, 6], mti-cancer [7-10], mti-inflammatery [11-13], wastewater treatment [14, 15], food packaging [16], and many consumer
products [17].

Silver nanostructures with unique optical properties and antibacterizl propetties have been widely studied by using many
techniques [18, 19]. Chemical reduction techniques mostly crezted AgNPs with many different shapes and structures, such as
spheres, riangles, semicircles, corals, flowers, ete. [20, 21] and phetochemical metheds [22-26]

Besides, AgNPz were alzo synthesized from green materizls such as plant extracts [27-29], bacteria [30, 31], fungi [32], e,
The green methods synthesized AgiNPs to create new friendly products with high becompatibility that wers zdvantageous i the
applications. Usmg plant extracts to synthesize ApMNPs was considered the most effective method because of s few by-products
and rich raw material sources. Sphericsl AgNPs with dizmeters of 100 nm =nd 33 nm were synthesized using Eucalyptus
camaldulensis znd Terminalia arjuna extract [28]. C. prophetzum extrzct was used to synthesize AgWNPsz 30 nm- 50 nm
diameter [27]. Prosopis farcta [33], Aloe vera [34], Eclipta alba [33] have alse besn used to synthesize AghPs. Prerespermum
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Diversifolium leaves are one of the plants with good antibacterizl activities and show different effects when extracted m different
solvents [36].

However, plant extracts are usuzlly only active for 2 short period of time (zbout 2 few wesks). To mamtain the activity of
the extract over time whils optimizing the synthesis process. The novelty of our work is using the Prerospermum Diversifolinm
Semi-Selid Extract which had a long-term activity to synthesize AgNPs with high efficiency. We use the Ptercspermum
Diversifolium leaves to cteste 2 Pterospermum Diversifolium Semi-Solid Extract, which setves 23 2 stumting point for the
synthesis of AgNPs and study the antibacterial activity of the Pterespermum Diversifolium Semi-Selid Extract and synthesized
AgNPs.

(=]

. Materials and Methods

(=]

1. Materials

Pterospermum Diversifolium leaves were gathered im Dong Nai provines, Viemam. Silver nitrate (AgNO3, =09%), Sedum
hydroxide (N20H, =00%), Ethanol (99.3%) and Hydrochloric acid (HCL 38%5) were provided by Merck The strams of
Eszchetichia coli (E. coli). Staphylococeus Aurens (5. aureus -5.A), Psendomonss semipinosa (P. zeruginosa -PLA) Amoxicillin
(Amo) 300 mg, zmd Dimesthylsulfoxide (DRISO) wers provided by Sigma-Aldrich. Without addiionzl purification, =l
compounds were utilized. Milli-Q) water was used throughout this study.

2.2. Method

The collected leaves were washed several times to remove the dirt. 100 g of leaves were dried at 30 ®C for 24 h, then
refluxed m 99.3% Ethanel 2t 80 °C for 4 h. The extract was concentrated until the selution had 2 honey-like consistency,
contzinimg zbout 20-25%% water. That mixture was czlled Pterospermum Diversifoliim semi-solid extract. This extract 45 stored at
4 °C for long-term use.

AgNPs were synthesized using the green method using Pterospermum Diversifelium semi-solid extract. Factors such as pH,
AgMO3 concentration, znd extract volume were changed to optimize the synthesis process. The fist 10 mL of 3 mhd AgNO3 was
was zdded mto the solution, stirring 2t 1000 tpm, 60 °C for 2h. The experiment u"as.rﬁa.ate.d with the procedure in which the
selution pH was adjusted to 9; the AgNO3 concentration was adjusted to the correspondmg values of 1, 2,3, 4, 5, and 6 mhd. 2
ml of the extract was used equally m the reaction vessels. The fmzl expermment was performed by varying the extract volume

2.3, Application

The AgNPs were centrifuged 3 times. and the pellet was redispersed with DMSO. Anttbacterizl assay was carried out by
dize diffusion technique [37]. The mntibacterial activity of the extracts and AgNFs was carried out on agar plates with 3 strams of
E.coli - Gram (-)), Pssudomoensas zerugmosa (P.A - Gram (-)) and Stzphvlococcus aureus (5.4 — Gram (-)). Al bacteria wers pre-
cultured m agar overnight m a2 shaker 2t 37 °C. Mdake 3 heles 0.6 cm i dizmeter on the plate and mject 100 pL of szmple
solution into =ach hele corresponding to ezch type of bacteria. The sample sclution mcluded samples of PLAgNE particles with 23,
30, and 100 gml concentrations. Dimethy] sulfoxide (DRISO) was the nepative control, and Ame 30 pgml was the positive
contrel szmple. The plates were placed in the refrigerator for an hour and then mcubated at 37 “C for 18 h. The zone of mhibition
that developed following the meubation time was measured to identify the antibacterial activity. The dizmeter of the mhibition
zons was determined by the formula: H=D - d (mm), where H was the mhibition zone (mm), D was the sum of the dizmeters of
the ager hole and the mhibition zone (mm), d was the dismeter of the 2oz hele (mm).

3. Results and Discussions

Figure 1(2)-(k) shows the shsorption spectra and normalized shserption spectra of AgNP solutions with varying solution pH.

]
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Figure 1
{a-b) Absorption spectra and normalized absorption specira of AgNP solutions when pH changes, (c-d) AgNO:
concentration changes and (e-f) extract volume changes
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The zbserption spectra of the synthesized AgNP solutions with different pH showed that when pH = 3, the sbsorbance was
mzinly m the ultrzviclet region due to the contribution of the extract, while the zhsorbance m the visible region was very low.
Thiz proved that the efficiency of AgNPs synthesis was very poor &t low pH. When the pH exceeds 6, the zhsosption spectra have
the characteristic shape of AgNPs with 2 plasmen resonance pezk i the wavelength range of 412 to 443 nm [33, 39] (Figure
1(2)). However, with pH = §, the zbsorbance of the solution is low, and the full width at helf meximum (FWHM) is large
(FWHM = 112.5 nm). This proves that AgNPshave awide size range and the AgNPs zre mconsistent. The high shsorbance and
narrow spectra of the AgNPs solution when pH values from 7 - 10 are suitable for synthesizing AglNFz (FWHM =205 — 845
nm). Which pH = @ gives the highest synthesis efficiency (FWHM = 34.5 nm) (Figure 1(b)). Therefore, subsequent suwrveys
zdjust the solution to pH=12.

To find the optimal AgNO3 concentration for the synthesis process, the AgNO3 concentration was adjusted with § values
from 1 to & mM Figure 1{c)-(d) shows the zbsorption and normzlized absorption spectra of AgNP sclutions obtzined with the
different AgNO3 concentrations. It can be seen that the AgNO3 concentration affects the concentration and size of the AgNPs
Thisz iz reflected i the maximum sbsorbance and half-brozdness. When the AgiNO3 concentration changes from 1 to 6 mhd, the
maximum zbserption wavelength changes from 414 to 456 nm, corresponding to 20 to 30 nm n the dizmeter of AgNFs.

Figure 1(2)-(f) shows the shsorption and normezlized shsorption spectra of the AgNP sclutions depending on the extract
volume. The results show that the perticle size iz almost unchanged with the resonance pezk at wavelsngth 420 nm when the
extract volume changes. This shows that the velume of extract i emcess m the reactions. The results show that 3 ml of
Pterospermum Diversifolinm semi-solid extract performs best

Figure 2

{a) EDS analysis of AgNPs and (b) FT-IR spectra of AgNPs synthesized using Pterospermum Diversifolium
Semi-Solid Extract
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A3 keV, 2 strong peak signal is seen (Figurs 22). It 45 characteristic of the zbsorption of Ag metz] [40]. Other pezks, such
2s O, 51, Nz, 5, Cl, and Cz, are components i the glass substrate that helds the sample. The C component i the EDS analysis is
due to the tachnique of measuring the sample sprezd on 2 Carbon grid [41]. The functionz] proups m the extract and AgNPs are
determined by FT-IR. spectra (Figure 2b), thereby identifying the compounds that play a crucial part i the synthesis of AgiNPs.
The zbserption peaks of the extract and AgNPs are similar. The displzy of the peak 2t 421 cm-1 m the spectrum of AgNPis only
different, mdicating the formation of AgNPs. The pezk positions zre listed m Table | and compared with standard wave numbers
to identify the correspondmg fnctionz] proup and compound (Tzkle 1). Compermg the FT-IE. spectra of the extract and ApiNPs,
We can 382 2 strong decrezse m ointensity at the pesk of 1040 cm-1. This proves that the Carbomylic zcids group contributes
significantly to reducing AgMO3 to produce AgiNPs.
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Table 1
Primary functional categories of AgNPs® surface
Functional groups Standard wave The wave number of synthesized
1 -1
number (cm ) AgNPs: (em )
O-H (Monomeric— 3640-3160 (stretch) [42] 3328
Alcohols, Phenols)
C-H(Alkanes) 2960-2830 (stretch) [42] 2934
WY T 2366-2320 (Stretching primary and 2366
NHZ -NH secondary amines) [42]
N-H (Amines) 1630-1530 (bend) [43] 1632
C-H (Alkanes) 1470-1350 (sciszoring and 1390
bending) [43]
C-0 (Carboxylic acids) 12601000 (stretch) [43] 1040
CH 838 (Cut of plane bendmg) [43] 830
Ag-CH 433 And 410 (Banding 421
silver-hydroxyl group) [43]

Figure 3
{ a) TEM image of AgNPs with a scale of 100 nm and (b} size distribution spectrum according to particle number
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Figure 3(z) displays a2 TEM image of AgMNPs. The particles zre spherical and relatively uniform m size. The average
dizmeter of AgMNPz1s 20 nm * 5 nm. This 15 also shownm the size distribution spectrum sccording to the percentage of particles
(Figure 3(b)). Compared with the previous publications on the symthesis of AglNPs zpplving plant extracts, the use of
Pterospermum Diversifolium Semi-Selid Extract synthesizes the AghPs with few byproducts znd 2 narrow size distribution
spectrum. It i3 ezsy to contrel the size of AgNPs.
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Figure 4
Image of antibacterial rings when using AgNPs with various concentrations (25, 50, 100 pg/mL }, positive control (Amo),
and negative control (DMSO )
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The results on the antibacterial activity of extrzcts and AgNPs wers determined on three bacteriz] strams: Ecoli, P. A and
5.A The evzluation of the antibacterizl activity s based on the width of the sterile rmg. Figure 4 shows the mntibacterial rings
when using Pterospermum Diversifolinm Semi-Solid Extract and AgNPs with 23, 30, and 100 pgml. concentrations. The results
showed the radius of sterility on the culture plates of gram (-) bacteriz Ecoli and P.A when using leaf extract znd AgNPs 100
pegml were equal and larger than when usmg Amoe 30 pgml. For gram (+) S.A bacteriz, the antibacterizl activity of
Pterospermum Diversifoliim Semi-Solid Extract and AgNPs was not as good 2s that of Ameo.

The parameters of antibacterial ring diameter when using antibiotics Amo. extracts, and AgNPs on three types of bacteria, E.
Coli, P. zeruginosa, and S. aursus, are listed in Tzble 2. Pterospermum Diversifoliim Semi-Solid Extract and AgNPs have the
ah'ﬂltj.? to inhibit all three strams of bacteria but with differsnt levels dependmg on comcemtration and bacteria strzin. The
antibacterial mechanism of Pterospermum Diversifolium Semi-Solid Extract iz explzined by the fact that Pterospermum
Diversifelium  Semi-Selid Extract contzins various active ingredients such zs phenols, flavoneids, tannins, alkzloids.
Pterospermum  Diversifolium s zctive with a broad spectrum of activity agamst various bacteriz, imncluding Gram-negative
bactzriz such 23 E. Coli and P.A and gram-positive bacteria such 23 3 A Meanwhile, the mntibzeterizl mechanism of AgNPs iz
mainly based on Apg+ions, which are releazsed from AgNPs and caused by the buildup of AglNPs on the cellular membrane. Ag+
tons are zble to cross the cytoplasmic wall of bacteriz and membrane to disrupt the cell membrane, denztore Bibosomes, mternupt
ATP preduction, and mmpede DNA replication [1, 3, 6].
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Table 2
Diameter of antibacterial rings E. coli, P. aeruginosa, 5. aurens when using antibiotics Amo, extract, and AgNPs with
different concentrations

Samples Concentrations .-"s..nﬁbnrteﬁul ri.ng .-"s.ntib:fr:terinl ring diameter P,y o oo ring
(pg/mL) diameter E. coli Aeruginosa diameter S. aurens
(mm) (mm) ()

Amoxicillin 30 262 237 237

Leaf extract 50 281 262 181
23 202 19.7 13.9
12.5 14.3 - -

AgNPs 50 283 263 13.7
23 203 193 13.7
12.5 8.3 -

4. Conclusion

Thiz work synthesized uniform-spherical AgNFs with contrellable size i the 20 — 30 nm range using Pterospermum
Diversifoliim semi-solid extract 2s 2 reduction and surface stzbilizer solvent. The FT-IE. spectra znzlysis shows that the extract's
funetionzl group of carboxylic a2cids plays =n important rols i creating AgMNPs. The results of mvestigating the mflusnce of
reaction factors on ApINP synthesis efficiency show that the solution’s pH greasfly mfluences particle synthesis. pH =9 gives the
best AgNP synthesis efficiency. High concentrations of AgNO3 and extract alse affected the size and dispersion of the particles.
Dependmg on the size of AgNPs, the concentration of precurser and extract can be adjusted accordmgly. The Pterospermum
Diversifolium semi-solid extrzct and ApglNPs have pood antibacterial zctivity when used 2t 2 100 pg/'ml conecentration and are
better agaimst gram (-) bacteria such 25 Ecoli and P.A. This study give us the scientific idez of using plants with similar
fimetionzl groups prepersd as semi-solid extrzct to synthestze AgNPson z2large - scale and towards their many other applications.
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