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Abstract: This study presents 2 green methed for synthesising gold nanoparticles (AulNPs) and silver nanoparticles (AgiNPs)
employing Gum Arabic extract 23 2 reducing and stzbilismg zgent. The synthesised nanoparticles are charscteri sad using UV-Vis
zhsorption spectroscopy and tramsmission electron micrescopy (TEM). The wisible colour change znd the presence of surface
plasmon rezonance (SPR) pezks confumed the formation of zilver and geld namoparticles. The size of the nanoparticles was
determined from the UV-Vis spectra data. and the results wers compared to sizes measured by TEM. The nonlinear refraction (n:)
and nonlinear zhsorption () coefficient of AglVPs and AulNPsat 433 and 514 nm were mvestigated under continuous wave (CW)
moede excitzion usmg the Z-scan techmique. By fittng the experimentz] datz to the Z-scan theoretical equations, the nonlmear
refraction index and the nonlinesr absorption coefficient were found. The origin of the nonlinearities was dizcussed, and it was
propoesed to be of thermal effect for the nenlinear refractive mdex and Feverse Saturation Abseciption (RSA) for nonlmesr
zhsorption. Optical limitmg =nd switching were demonstrated by teking advantzge of the szmples’ nonlnear optical
characteristics.
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1. Introduction

Nznoparticles (WPs) have been widely studied due to thew distmetive physicel and chemical properties primarily arismg
from their dimensions (1-100 nm). These properties meke them suitzble for many scientific znd medicsl applications[1],
mcluding opteelactronics[2], optical limiting, optical switching[3], thermal therapy, photedynamic[d, 3], and drug delivery[6].
The nanoparticles’ surface plasmen resonance (SPE) 15 responsible for their unique optical characteristics. SPR is coupled with
the oscillation of electrons on the conduction band surfzee of nemoparticles triggersd by the meident light frequency that
coincides with the electrons’ plasma frequency. The mcident wavelength at the SPR. band and itz vicimity significantly enhances
the opticzl and nonlimear optical properties of NPs[7]. The property of SPE strongly depends on the shape, size, compoesition, and
diglectric environment[3], and this property mazkes the nanoparticles promising candidates for various zpplications m nonlinear
optics, such zs frequency mimmg[9], optical lmiting znd optical switchmg[3, 10, 11].

The techniques used for synthesising NPs are sither by chemical or physical metheds. The chemical processes are based on
applying different chemicel reduemg and stzbilismg precursor zgents. Most chemical-reducmg agents can present severe risks to
hezlth and environment-related 1ssues[12, 13]. The physicz]l metheds often mveolve high temperature. high pressure and complex
equipment, such as lazers and chemical evaporation processes, making them expensive and posing safety issues if the equipment
is not appropriztely handled. On the other hand, the gresn synthesis of NPs s 2 method that is less hamful to the environment. It
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offers 2 more straightforward methed, less toxicity, and cost-effectiveness than chemical and physical metheds, and it is often
performed zt ambient temperamre znd pH.

Natural capping and reducing zgents found m plant znd microorganism biclogical extracts zre used m the green synthesis
process. A range of biclogical extracts, mcluding yeast, fungi, bacteriz. fruit, and plant, has gzined considerzble nterest, whers
the phytochemical melecules present such 2s sugars, zmmo acids, lipids, polyphenols, terpenoids, zlksloids, phenolic
compounds, and proteins playing an eszentizl part 2z the reducing and stzbilising agents. Nanoparticles have been synthesized
using a variety of plant extracts, such as olive od, tea, okra, and types of hibiscus, 25 well 23 commercizlly zvalzble plant
products such a3 curcumin, cmnamoen, and Gum Arshic (GA)[14, 15]. GA iz 2 polymeric materiz] exnded from trees_like Acacia
Senegal which iz composad of glycoprotein and pelyszecharide. Through chemical reactions, the pelymer chaims with hydroxyl
groups and amine 2cids might convert metzl tons mte metal nanoparticles[16-13].

In this work GA extrzet was used to synthesise AuNPs and AgNPs. The existence of distmetive SPR bands m the
zbzotption spectra verified the production of AulNPs and AgNPs. The zbsotbance ratio at the SPR pezk wavelength and the
zbsorbance of the lower wavelength prior to the SPR band pezk were used to estimate the sizes of the synthesized nanoparticles
from the UW-Vis shsorption spectra The aversge size mezsurements derived from the TEM images were contrasted with the
estimated sizes of the nanoparticles.

The Z-scan technique, at wawvelengths of 438 nm and 514 nm was used to mvestigate the nonlinear optical characteristics of
the AuNPs znd AgMNPs meluding their nonlmezr refractive mdex and nonlmezr zhsorption coefficient. The sample’s nonlmear
optical characteristics zre used to demonstrate optical switching and limitimg. The origin of these effects i3 explained. The results
from this study revezl that green-synthesized AplNPs znd AulNPs are promising nonlinear materials with potentizl zpplications
photonic zpplications and optical switches. To owr Imowledge, AulNPs and AglNPs synthesized using GA have not been fully
explored for nonlmear properties at the wavelength nsed m this stmdy.

(=]

. Materials and Methods

(=]

1. Materials

Aceciz tree pum Arzhic (GA), sodium hydroxide, geld (III) chloride trihydrate (HAnCI), znd silver nitrate (AgNO3) were
zll acquired from Sigma-Aldrich and used 25 supplied. The solutions were made using deionised water from 2 Millipore system.

2.2. Synthesis of gold nanoparticles

0,373 g of gum Arsbic and 25 ml of deionised water were combined to create 2 13 g1 gum Arabic selution. Whatman Ne.
1 filter paper was then used to filter the combmation. Geld and silver nanoparticle samples were synthesised by mixing different
HAuCL (1 mM) and  AgNO: (1 mM) selution volumes with 2 fixed veolume of gum Arsbic solution at room temperaturs.
Following ten seconds of heating i a 1000 W microwave oven, 100 pl of 0.5 M N20OH was added to each solution. NaOH iz
zdded to decrezse the reduction time and keep the pH zbove the iseelectric pomt to mersase the negativity of the surface charge,
mprove stzbility and prevent ageregation[19]. The mitial confemation of gold and silver nanoparticle formation was mdicatad
by 2 colour change to desp purple (red) for gold and yellow for silver namoparticles, 23 llustrated m Figure 2 (mset). The
synthesised nanoparticles were centrifuged at 4300 rpm for 10 minutes, and the residue was washed with distilled water twics
and dried m zn oven at 60°C for 43 howrs. For further experiments, the dry powder was dispersed i distilled water.

2.3. Characterisation

A Shimadzn UV-1800 spectrophotometer was used to detect the sbsorption spectra i order to pursus the formation of gold
and silver namoparticles. After 30 minutes of preparation, the messurements wers tzken to give the rezction encugh tme to
complet. The size and shape of the nanoperticles were ascertamed usmg TEM. These fmdmgs were compared with walues
chtained from Mie theory caleulation, detived from the sbsorbance ratio at the SPR pezk to the zbsorbance immediately
preceding this pezk. Possible mteractions between AulNPs, AgNPs, and GA moelecules that could sid m the reduction and capping
of nanoparticles were examined nsmg FTIR. mezsurements. Figure 1 fllustrates preparmg the Gum-Arzbic mediated synthesis of
gold and silver nznoparticles and mezsuring nonlinesr opticz] propertias.
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Figure 1
An fllustration showing how to prepare gold and sitver nanoparticles and test their nonlinear optical characteristics
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2.4. Nonlinear optical studies

The Z-scan technique was used to sxamine the namoparticles’ (AulNPs and AgNPs) nonlinear refractive mdex and nonlinear
zhsorption coefficient [20]. The method iz founded on the bezm mtensity variation zs the szmple 15 moved zlong the lens's focal
region, with the focal peint experiencing the highest intensity. A computerized stepping moetor was used to move the sample
long z-zxis of the foczl The transmission through the samples at the fzrfield with and without an zperture was measured.
These mezsurements distmpnish betwesn nonlmezr shsorption (open apermirs) and nonlmear refractive mdex (closed zpermre). A
custom-built £-zemm setip was employed using zn zir-cocled contmuous wave (CW) Argon-ton laser at 433 and 514 nm with =n
average power of 20 mW. The laser beam was focused to 20 pm using 2 3 em focal length lens, achieving an intensity of 3.2 =
107 Wm

The optical limiting process raduces the output transmission mtensity through 2 materizl 23 the mput mtensity nereases. At
low mcident mtensities, the material has 2 linsar transmittance; in contrast, 2t soms high critical incident mtensities, the
transmission clamped and stayed at 2 constant valus; this critical meident value is referred to as 2 thresheld mtensity that would
be less than the mtensity required to damape the materizl itself or components behind. The lowsr the threshold values, the better
the material iz 23 2n optical limiter. Thiz phenomenon can be used to protect detectors, switches and human eyes from high-
mtensity laser beams. The optical limiting of AulNP's and AglPs at 438 nm and 514 nm is exzmined m thiz work. In the Z-scan
experiment, the sample was placed at the transmission minimum. The laser power mput was changed using neutral density filters;
the mput and transmission power were recorded using 2 power meter.

Phetonic switching behaviour m AuNPS and ApglNPs was ebserved using the pump and probe approach. A wezk He-INe laser
beam (=633, 1 mW) was emploved 23 the probe, while the Argon ion laser beam (7=483nm_ 514 nm 20 mW) was emploved as
the pump beam. Changes m the transmission of the samples caused by the pump were observed using the probe beam.

3. Results and Discussion

3.1. Optical property and size analysis of the nanoparticles

A setvolume of pum Arzhic extract was combined with varying quantities of HAnCl (1mh{) znd AgNO3 (1mhd) solutions
was used to prepare samples of gold and silver namoparticles. The samples were heated m 2 microwave oven to speed up the
chemical reduction process. After heating and addmg NzOH, the colour of the solution changed to purple for AuNPs and dark
vellow for AgNPs, mdicatmg the formation of nanoparticles Figure 2(mset). The colour shift is cansed by the conduction band
electrons cscillations in rezsonance with the ncident photon frequency, which creates an shsorption band called surface plasmon
respnance (SPR) [18]. The best results were obtzined by mixing an equal volume of the extract with an equal velume of the szt
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The zbsorption spectra of produced gold and silver nemmoparticles are displayed m Figure 2. The spectra revesl the
characteristic SPR bands with 2 single pesk zround 319 nm and 418 nm for AuNPs and AgNPs. respectively. The cbserved single
SPE.pezk suggests that the nanoparticles are slmest spherical[21]. After 2 month, the samples” shsorption spectra wers examinsd,
and the SPR. peaks showed no change suggestmg that the namoparticles were stable.

The following formula was utilized to czleulate the averape size of the nanoparticles based on their zbsorption spectra[22],

d= pr{siﬁ—sz) (0

whete Jis the diameter of the particle 2nd B1 and B2 are experimentally determined fit parameters from plotting A /Ay as
2 function of particle size dizmeter (5, = 3.00, B:=2.200[21], Aspr is the zbsorbance at SPR pezk wavelength, and Ay iz the
zbsorbance of lower wavelength before the SPE band pesk The dizmeter of the particles was determmed usmg the squation
zbowve, and it was 3.93 nm for AuNPs znd 3 nm for AgMNPs.

Figure 2
Absorption spectra for AgNPs and AulNPs. (Inset) photos of colloidal AgNPs and AuNPs
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Figure 3 shows the morphelogy of the synthesized namoparticle particles, mzlysed using Transmission Electron Micrescopy
(TEM). The mmzpes demonstrate that the namoperticles’ mam form is spherical. The size distribution of colleidz]l AuNPs and
ApNPs was anzlysed utilising Image J1.37 software. The size distribution hizstogram m Figure 3 revezls an average size of around
4nm for AulNPs znd 3 nm for AglNPs These values agres with the ones derived from the sbsorption. Thersfors, nanoparticle size
can be determined using the shsorption spectra mstead of the expensive TER[22].
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Figure 3
(Top): TEM images and size distribution of colloidal Au nanoparticles with an average size of Snm. (Bottom) TEM
images and size distribution of colloidal Ag nanoparticles with an average size of 4nm, respectively
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FTIE. spectroscopy was used to mvestigate the possible mteractions between AulNPsz, AgNPs, and GA molecules, which are
thought to be zccountzble for nanoparticle reduction and cepping. The FTIE spectrz of GA, GA-AuNPs, and GA-AgNPs are
shownm Figure 4.
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Figure 4
Normalised FTIR spectra of gum Arabic (Red), GA-AuNPs (black) and GA-AgNPs (blue)

1.2 S

1.0 1

= =
[=1] [==]
1 1

=
Y
1

Transmittance (a.u)

=
5% ]
1

0.0 — T " T "~ T T "~ T T * T *+ T * 1
0 00 1000 1500 2000 2500 3000 3500 4000 4500
Wave number (1/cm)

Prominent pezks 2t spproximately 3340 em™ and 2923 em™ mdicate N-H  stretching vibration and C-H stretching groups,
respectively. The band 2t 1610 om ~ % 15 associzted with C-0-C amd C-OH wibrztions originating from GA's
protem polysaccheride components. The zsymmetric stretching of the -COO- group is responsible for the peak at 1446 cm ™. The
spectral region between 1200 and %00 em™ iz cheracteristic of carbohydrate (pelyszecharide) structures. The pezk at 367 em™ 4
zszigned to the stretching vibration of C-O bends within the GA-AuNP complex. The presence of these peaks in both GA and the
naneparticle mixtures provides strong evidence for nanoparticle formation. Furthermors, the small pezk pesition shifts between
the GA and GA-AuNPs spectra mmply that the finctional groups of GA mteract with the nanoparticles” charged surface.

3.2. Nonlinear properties of the synthesised nanoparticles

The nonlmezr optical charscteristics of the synthesized AuNPs znd AgNPs are examined using the Z-scan techmique. The
nermalized transmittance curve of 2 closed zperture for AulNPs and AgNPs is shown m Figure 5. The nommalised transmizsion
curve’s observed pre-focal peak and post-focal valley suggest that the mvestigated namoparticles have 2 negative nonlinear
refractive mdex (n2 < 0). The CW form of the laser beam utilised i this study and the pesk velley formation and non-symmetric
nature of the reported Z-sczn mezsurements suggest that thermal lensmg processes, which lead to self-defornsmg, are responsible
for the obsetved nonlinear refractive mndex. Thermal lensing zrizes when the medium zbseorbs the laser beam generating localized
hezt. This heat diffuses within the medium, cresting nen-uniform temperature distribution within the medium and, consequently,
resulting i the varistion of refractive mdex dus to the refractive mdex dependence of temperzmure (dn'dT ), which acts 23 2
thermal lens, suceeeding i the phase zlterstion of the beam. In this simztion, the nonlmear response can be determ med usmg the
thermal lens modsl [23].

Izg L
T=(1++i) ]
where ¢ is the nonlinear phase change  the diffraction length of the Gaussian beam iz ¥ = — ( with z, = —} W, 18

the beam waist at forns_and X is the wavelength. The values of ¢ wers obtzmed by fiting Equ:mun 2to the nﬂrrmaltsed closed
aperture data.
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The relationship between the nonlinear phaze change ¢ tand and the nonlmear refractive mdex n. iz 2= follows: [23]
pad

ng =

W] =5
= 2.‘I’J__|1—5"|

(3)

where o i3 the lmear shsorption cosfficient, X is the wavelength, L iz the mtensity at the foens, and [ i3 the thickmess of

the sample.

Figure 5

Normalised transmittance obtained from closed aperture Z-scan for AgNPs at 514 nm and AuNPs at 488nm
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The blue and red lines are the fit based on Equation 2 to the experimental data (black lines).

Equation 2 was used to fit the experimentz] results; displaved i Figure 3. Equation 3 was used to determine the velues of
the nonlinear refractive mdex n: based on the values of ¢ that were obtzined from the fitting; the results are summarised

Table 1.

The szmples’ varying linear shsorption at the wavelength utilized i the experiment could be the source of the slight
variztions in n: The zbsorption zt 488 nm is higher for being close to the SPR pezk of AgNPs; the value of ne at 433nm is
expectad to be higher than the n: valne for the AuNPs. Also_ for 514 nm_ the shsorption is high for bemg close to the SPR pezk of

AuNPsz, znd the value of n2 for AuNPs is expectad to be higher than ApNPs.

The nenlmear refractive mdex vzlues computed and published hers are consistent with these reported by [24]. Leia
Sarkhosh et 2l.[23] the nonlmear refractive mdex for AuNPsat ow 332 nm was mezsured, and found it to be 1.38= 107 cm”W,
one ordet higher then the reportad value. Comparing the quantitative results, howsever, could be of concemn becanze the nonlinear
responsze depends on the nanoperticles’ size, shape, concentration and probed wavelength [26, 27].

Calculated n; and [ values for AgNPs ::;E:}_Ps at wavelengths 438nm and 514 nm
Sample 1 (nm) a'tm b(cm W) n: (em = W)
AgNFs 433 1.61 136510 3.2x10-
314 1.38 5.80=10- 3. 24=x107
AuNFz 483 1.01 11510 3.01x10%
514 1.63 & 83=x10- 6.90x10-*
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Figure & shows the normalized open aperture transmission of AulNPs and AgNFs at wavelengths of 433 nm and 514 nm. The
szmples’ nenlmear shsorption 15 Reverse Samration Absorption (RSA), 25 mdiczted by the mmimal normali sed transmission at
the focus (z = 0). In genersl, the nonlimezr zhsorption of nanoparticles typically arises from free carriers generated by the
mtrzband (sp—sp) and mterband (d— sp) transitions and SPR response. The SPE response is the collective excitation of the
conduction band electrons, which will be mfluentizl since the excitation wavelengths of 514 nm and 448 nm used m this study
azre located withn the vicmity of SPE. pezk  (nemly off-resonant), which results m a strong zhsorption.

Free carriers are produced when SPE decays viz mtrzband and mterband tramsitions. Additionally, direct mtrsband and
mterband excitations contribute to free carrier generation m the conduction band. These free carriers, which come from band
tranzitions znd SPE decay, meresse shsorption cress sections, which in hum merease photon zbsorption from the laser beam and
produce RSA[28].

The nermzlised transmission for open aperture Z scan s [23]

'ﬁ']‘ .'-i-.'.'

W [1-x5

T=1- )

whete B iz the nonlinear sbsorption coefficient, L iz the itensity of the beam a2t focus, and Leff 4z effective sbsorption
length and given by=1 —exp{ —al))/e .where «is 2 linear sbsorption coefficient, [ is the sample thickmess, and x is the

diffraction length of the Gaussian beam X = —( with z, = —2), w, is the beam size at focus. Equation 4 was fitted to the

!

experimentz] data to get the nonlinear zhsorption cosfficient; the findings are 2lso displayed m Tzble 1

Elham et 21 [29] mezsured the nonlimear shsorption for AulNPs using 2 Z-scan at 637 nm cw and found it to be 446 =10
em W this value 13 ten times lower than the value reported hers at 514 nm znd 438nm. The nenlmear shsorption value of 10 ¢
emW  for AgiNPs reported by [30] iz in the same order as the reported value i this study. As previously stated, comparing the
guantitative values of nonlinesr response may be of concem due to thewr reliance on the probed wavelength, nanoparticle size,
shzpe, and concentration.

Figure 6
Normalized transmittance of open aperture Z-scan for AgNPs and AuNps at 514 nm. Black lines are the experimental
data, and the blue and red lines are the fit of Equation 4
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An Argonion laser 2t 438 nm and 514 nm with an cutput power of 20 mW was used to mvestigate the optical limiting of the
materizls. A 1 mm cuvette was filled with colloidal selutions of gold and silver and was positionad m the open z-scan where the
transmission was at its lowest A varishle nentral demsity filter was utilized to zlter the l2ser beam's mput powsr, and 2 power
meter was used to record the samples mput and output powsers. The sample’s transmittance was monitored by mezsurmg the
cutpowst from the szmple through an zperture as the lzser mput power was merementzlly mersased.



Journal of Optics and Photonics Research  Wol. XX Iss. XX yyyy

-

Figure 7 shows the transmission output powser plotted agzmst the mput laser power for AulNPs and AgNPs (mset). The
fipuras demonstrate thet the output power varied lineatly at low mput power. The sample’s output powsr departed from linearity
at high mput pewer. The optical limiting values were mezsured where the deviations occurred. Similar trends were observed for
both samples at 438nm and 514nm. AgMPs and AulMPs reveal slmost the same optical limitng efficiency with little differences
dependmg on the wavelength used.

The AgNPs showsd 2 better threshold limitmg than AuMNPs at 433nm (for AgNPs ar 438 iz 16 mW, and for AgNPs at 514
nm iz 17 mW); this is bacmsze the AgNP zhsorbs the licht 2t 438 nm more efficiently since it resides closer to the SPR. pesk.
While the AulNPs show better optical 11m11:1.ug than ﬁg.‘»]Ps zt 514 nm (for AulNPs at 488 nm is 18 wmW, and for AulNps 2t 5314 nm
is 16 mW); thiz is because the AulNPs zbsorb the light 2t 314 nm more efficienly since they are located coser to the SPE pezk of
gold nanoparticles (Figurs 2).

Several mechanisms, mcluding free-catrier shsorption, two-photon shsorption, reverse-saturable shsorption, and nonlmear
refraction. | (self-focnsing, self-defocusing). have been suggasted to explain opticzl limitmg[31]. Sines the minimum transmizsion
from the samplﬂ oceurred at focus (z =10) see Figure 6, 23 previously szid, it may be inferred that reverse saturation absorption is
responsible for the optical limiting mechanism displayed by the samples. However, the contribution of heating 25 2 result of
zhsorption cannot neglected.

Figure 7
The optical limiting behaviour for AuNPs and AgNPs at 433 nm and 514 nm. The threshold values are given in the text
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Phetonie switching manipulates the cutput light beam by another light beam within the specific recovery time. The pump
and probe messurements were emploved to show photonic sv:tt._hmg m AuMNPS and AgNPs samples. To mezsure the szmple
transmission mduced by the pump beam, 2 low-powsr He-Ne lzser (3= 633, 1 mW) was usad 23 the probe and an Arpon ton laser
bezm (3=4538nm, 20 m‘-‘i} 2z the pump beam. A lens iz used to focus the colinesr pump and probe beams on the szmple A
narrow band filter separated the pump beam from the probe beam. In the £ scan experiment, the sample was moved to 2 pesition
where transmission is negligible (clossd case). Modulztion of the pump beam was done using 2 mechanical chopper. Photodiedes
detzcted the pump and probe beam, and showed on zn oscilloscope. The waveform traces of the probe beam (lower trace) and the
pumyp bezm (upper trace) are displayed in Figure 8. The graphic ilustrates optical mnverted switching, It can be seen from the
figure when the probe beam iz mtensely zbsorbed and i 2 "off" state when the pump beam iz m 2 "on" state. The mvertmg
switching behaviour iz explained 2s follows: when the sample iz exposed to the pump bezm. the pump beam generates free
carriers through mterband (d—sp) transitions. These carriers decay to the lowsr energy state through the mtrzbend (zp—sp)
transition, and SPR. decays within the conduction band. The probe beam is strongly absorbed when the sample is exposed to the
pump beam, which zlso mereases the creation of free carriers i the lower energy state. In this mstames, the probe beam s m 2
"off" condition. When the sample iz not exposed to the pump bezm and the probe beam passes through the sample because of
weak zbzsotption of 633 nm, the cutput intensity iz i "on" state. The szmple behaves 23 an mverter switch.

The mverting switching was also cbsarved with the pump beam wavelength 2t 514 nm for AuNPs Differant types of
optical switching are reported m semiconductor namocrystal solutions[32]. We are mvestigating the potentizl of these
naneparticles for other logic gates such 2z AND, NOE, ste.

Figure 8§
Pump (Jower trace) and probe (upper trace) waveforms
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4. Conclusions

Thiz work reports on the synthesis of AgNPs and AulNPs utilising gum Arabic extract 25 2 reducing and stzbilising zgent.
Transmisston electron microscopy (TEM), UV-Vis spectroscopy, and coler changes verified the formanion of the synthesized
nanoparticles. UV Vis spectra revesled Surfzee Plasmaz Resonance (SPR) bands with 2 single peak sround 519 nm and 418 nm
for AulNPs and AgNPs, respectively. According to TEM data the nanoparticles are spherical and have an average size of 4 nm
for AulNFs and 5 nm for AgNPs The diameters of the nanoparticles were estimated using their sbsorption spectra, which were
found to be m good agresment with the TEM data

10
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The nonlinear refraction (n:) and zbserption coefficient (B) of AulNPs and AglPs at wavelengths of 433 nm and 514 nm
were examined using the Z-scan techmique. The nonlmezr refractive mndex i3 believed to be cansed by thermal effects, and the
nenlmear shserption process ocours via Reverse Samwration Absorption (ESA). The mechanism of BSA iz explzined through
mterband, mtrzband transitions and SPR deczy. Optical limitng and optical switching are demonstrated by expleiting the
nenlinear optical properties of the samples.

Owerzll, the paper demenstrates combming the eco-friendly synthesiz of AulNPs and ApNPs using Gum Arzbic extract znd
studyimg the optical nonlinear properties and their use for optical limiting and optical switching. This study presents an efficient
znd sustzinzble methed for the production of nanoparticles with promismg optical applications i advanced techmolegy such as
magmg,_ celourimetric sensors, plasmonic sensors, photothermal photodynamic therapies and optoelectronic devices, for mstance,
solar cells, light emitting dicdes and optical switching.
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