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Abstract The water soluble fraction (WSF) of diegelrticulate matter (DPM)an environmeai pollutantwasused to
synthesize silver nanoparticles (AgNPHTIR, fluorescence and UVis data suggest that waterldole oxygenated
PAHs in the WSF of DPMare cappedto the surface of AgNPproviding the stability The particle size, the size
distribution, andhe crystalline nature were confirmbg transmissiorelectron microscop{¢TEM) andX-ray diffraction
(XRD) analysis. The particles are spherical in shape havirayarage size of.74£1.5 nm. The antimicrobial activiy of
synthesized AgNPwasinvestigated using Agar well diffusion methadd an ehanced activityvas showragainstthe
pathogens oCandida albicansEscherichia coliand Staphylococcus auesuA high level of photocatalyticactivity for
the degradation ofhodamineB and 2,4dichlorophenoxyacetic acid (2[4), a common dye and a pesticisas
exhibited by theAgNPs

Keywords Ag nanoparticlesDieselparticulate matter Antimicrobial activity Photocatalyst

I. INTRODUCTION

Diesel particulate matteDPM) arising from diesel combustidras anumber ofundesirable environmentahpactson human
health climate and ecology[1, 2]. Both stationary andnobile applicationdased on i@sel combustiorare heavilyused
througlout the worldsuchas in electric power plants and automobile indusitthough, desel particulate filterareinstalledin

enginesto reduce the emission gfarticulates o the environmenta large amount of DPNk dischargedo the environment
especiallyduring the regeneration procee$ the particulatefilters [3]. Hence, he ability to wilize DPM for a potential
application can be highly beneficial to thevironmen{4, 5].

DPM contains carbonaceousaterias that includesunburnedfuel moleculespartially burned fuel moleculegorganic
matter,and oxygenated PAHs adsorbed oatementalcarbon[6, 7]. Oxygen inside the internal combustion engiaacts with
the hydrocarbos present in diesel fugb produce a lmad range of compounds that include aliphatic and aromatic aldehydes,
mono and poly substituted benzenand oxygenated PAH8-10]. The polarity of these organic compounds varies widely and
some of which are wataoluble[11, 12]

Among many types of meta nanoparticlesAgNPs haveshown a broad range applicationsn medicine, renewable
energies,and environmental remediatiodlue to their unique optical, electrical, therrmaald biological properties[13-17].
Controlling the physicochemicgbroperties of AgNPs$s a key aspectin developingtechrological applicationswhich is heavily
dependent on the method of synthesis, temperature, nature of the reducing and stagéizénghe chemicamethodq14, 15,
18] hold several advantages over the otherparatiormethodssuch aghe simplicity in the procedurend the consistency in the
physicahemical propertiesn chemical methodshe preparation of colloidal dispersion of AgNPs in watein organic solvents
is generallyperformed by chemical reductioifthe use of naturally occurring reducing agestish as polysaccharides, plant
extracts,or liquid mixtures of microorganisms habecome populain the synthesisof AgNPsdue tothe low cost andminor
environmental impacf19-21]. Plant extractsgenerally contain fairly large number of carbonyl and phenolic compounds that
collectively providea sufficient potentiafor the reduction of silver ion® metallic silverand therequiredstability forthe AgNPs
[22]. The aggregation of metallic silver atomstinnanasized,usually spherical particlegre subsequentlstabilized either by
electrostatic or steriforces[23-25].

One of the most noticeable characteristics of AgNPs is its antimicrobial property. Silver is well known for its inhibitory
effect on many microorganisms commonly present in medical and industrial prof@gjsémtimicrobial property of silver is
greatly enhanced, if silver is transformed to a nanoparticle. This paper reports the antimicrobial potential of synth§iged A
againstthree common pathogenSandida albicansEscherichia coliand Staphylococcus aueruBurthermore,ie photocatalytic
activity of AgNPs has gained a renewed interest in redox conversions of some eayapaundg27-30]. Silver nano particles
give rise to SPR, which results from oscillating electrons of silver under the influence of visible light in the wavelegigth r
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from 400- 500 nm. Thisunique behaviours limited to a few metals like Au, Ag, Cund Pt[27]. Exploiting this property is
already seen in many applications that include suéat®nced Raman spectroscoplyptocatalysis and ihiosensos [31, 32]

We have successfullysad the AgNPs synthesized froMSF of DPM for the photocatalytic degratlan of an organic dye
rhodamine Band a pesticide?,4-D. In the present study, fluorescence quenching behavior of oxygenated PAHs and the surfac
plasmon resonance (SPR) peak intensities were analyzed as a function of WSF of DPM to Ag ion concentration to determine
capping action of the oxygenated PAHs ie fbrmation of AQNPsThe idea of using DPM in the synthesis of AgNPs is novel
and has not been previously attempted to our knowladdavehave proved the possibility of synthesizing AgNPs directly from
the diesel engine exhaust.

IIl. MATERIALS AND METHO DS

A. Preparation of the water extract of DPM
DPM was collected from diesel particulate filters locaterthe engine of passengetransport vehiclesf a central
depot in ColombpSri Lanka. A Soxhlet extraction method was used to obteawater soluble fraction @PM. A volume of
200 nlL of double distilled deionizedwaterand2.0 g of DPM wereused for the extractiomhe Soxhleapparatus was adjusted to
8 cycles per hour and was run continuously for 8 hours

B. Synthesis of ANPsfrom DPM
Firstly, 8.0mL of freshwater extracof DPM and2.0 mL of 0.2 M KOH (Loba Chemiewere mixed to make the water
extractbasic Then,7.5 nL of the basfied extract was gradually introduced to a boiling solution df . of 1.0 mM AgNO;
(Park Scientificjunder constant stirringithin a period of 30 minuted he solution was continually heatedd stirredfor another
30 minutes The solution was cooled down prior to the use.

C. Synthesis of AgNPs frontdirect diesel engine exhaustDEE)

A direct injection light duty Toyota2C diesel enginevasrun on the idle mode to producentinuous and uniform flow
of exhaustfume. The exhaust pipgasdirectly connectedo a threeneck rounebottom flaskcontaining avolume of 200 mLof
distilled water adjustetb pH 9 with KOH. The diesel engine exhaust was purged into the-tieek rounebottom flaskfor 30
minutes. Then5 mL of this solution was gradually added a boiling solution of 100 miof 1.0 mM AgNQG under constant
stirring within a period of 30 minutes. Thelstion was allowed to cool prior the use.

D. Characterization of AQNPs
The peliminary characterization ofynthesizedAgNPs was carriecbut using a Perkin EImer Lambda 3B/-Vis
spectrometerThe morphology oAgNPs wasassessed by thegh resolutiortransmission electron microscofyfR-TEM ZEISS
Libra 200CsTEM) at an accelerating voltage 800 kV. The X-ray diffraction pattern of synthesized AgNPs wetgained
using Ragaku UltimalV diffractometer.The Fourier TransformInfrared spectroscop¥TIR (Thermo Sientific Nicolet iS1Q
spectrawere recorded usingBr pellets Powdered samplesere obtained byentrifugdion at 40000 rpm SORVALL RC
M120GX) for ~20minutes.

E. Fluorescencequenching of PAHsby AgNPs
Fluorescence spectra were obtairf@tlermo Scientific Luminpfor a series of samples prepared varying volume
ratios (0:10- 10:0) of 1.0 mM Ag : WSF of DPM (pH of 12)For all fluorescence measurements, the excitation wavelength was
setat 350 nm and emission spectra were recorded invtheslength range of 380 nm t@® nm.UV-Vis spectra of each mixture
werealso recorded in order to deteagNPs formation vidhe SPR pealCrystals ofNaCl were addednd fluorescencitensity
wasre-measured at room temperaturfiethe samples that showeddaop in the fluorescere intensity after the addtion of silver
ionsinto the WSF of DPM

F. Microorganisms
Candida albicangATCC 10232, Escherichia coli(ATCC 25922) andStaphylococcus aurey®A\TCC 25623) were
obtained from the culture collection (Departiheof Microbiology, Faculty of Mdical Sciences, University of Sri
Jayewardenepura). Candida albicanswas cultured in Sabouraud Dextrose Agar (HiMedia) d&stherichia oli and
Staphylococcus aureuwgere cultured in nutrient agar (HiMedia) for 18 hours at@before each experiment.

G. Antimicrobial activity by agar well diffusion assay

Antimicrobial activity of the synthesized AgNPs was determined using theliffesion method33]. Overnight grown
cultures of the test organisms were suspended in sterile physiological saline and the absorbance was adjusted to @5 McFa
standard. The standard bacteria susparsndCandidasuspension were lawned on Mueller Hinton Agar (MHA, HiMedia, India)
and SDA (HiMedia, India), respectively using the spread plate method. A sterile @rkrhorerwas used to prepare wells and
the bottons of the wells were sealed with sterile molten agar. The wells were loaded with 200 ul of freshly prepared AgNP
solutions from both WSF of DPM and the direct DEE. The three control wells were loaded with 1mivk,Aside distilled
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water and the water #act of DPM. Plates were incubatati37 °C for 24 hours. All experiments were done in triplicates. The
average Zone of inhibition (ZOlyascalculated.

H. Photocatalytic study

The photeatalytic experiments using the synthesized AgNPs were carriefbroain organic dyethodamine B (Loba
Chemie)anda common pesticid®,4-D (SigmaAldrich). The test solutiomcontainingl00.0 mL ofdistilled water and 1001 of
AgNPswere mixed witheitherrhodamine Bor 2,4D until anoptical absorbancef oneat its maximum absorbance wavelength
was reached The samples werngradiated using a Philips Hg arc 250 W WXis light source. The rate of photodegradation was
studied by measuring the absorbancg%tinm (for Rhodamine B)and283 nm (for 2,4D) of the testsolutions by withdrawing
samples at 0, 30, 60 and,9R0, and 150ninutes illumination time interval€ontrol experimersg were alsocarried out with
100.0mL of water andb0.0mL of the analyten the absence of ANPS he test solutions were kept under dark conditions for 30
minutesto equilibratebefore irradiation.

Ill. RESULTS AND DISCUSSION
A. Nanoparticle characterization

The synthesised\gNPs produce &haracteristicabsorptionin the UV-Vis spectrum(Figure 1b) around 406600 nm
regiondue to the grface Pasmon resonancéSPR) The appearancef a peakat 401 nm, with a FWHM (Full Width at Half
Maximum) of 80 nmis a strong indicatioffior the formation of AgNPsvith smallerparticle sizesThe WSF of DPM does not
showany absorptioffieaturesn the400 nmregion(Figure 18).

Absorbance

300 400 500 600 700 800
Wavelength (nm)

Figure 1:UV-Vis absorption spectra of (8ySF of DPM and (b) synthesized AgNPs from WSF.

The surface morpholggof the synthesized AgNRsasstudiedby TEM image. The TEM image(Figure 2.) indicates
that AgNPs aresphericalin shapeand arefairly monodispersedThe inset of Figre 2 showsthe particle size distribution of
AgNPs derived from TEM data. fie averagediameter of the nanoparticles 7s7£1.5 nm, which is smaller than the average
diameters of AgNPsynthesizedrom somereportedplant extractd21, 34] Having a smaller particle size is advantagg to
enhancehe properties likephotocatalyticand antimicrobiahctivities
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Figure 2: TEM image ofsynthesized AgNPs. Insert: Particle size distribution.

X-ray diffraction pattermecordedor thesynthesized AgNPs (Figie 3) is matched withthe peak distribution ometallic
silver (Ag, JCPDS# 89-3722. The four peaksof pure silverobserved atd = 38.09°, 44.30°, 64.43° and 77.41&% the
diffractogramare indexas (1 1 1), (2 0 0), (2 2 0), and (3 1 1), respectivElye crystal nature of synthesized AgNBs
particularly evident by th&XRD data.The UV-Vis, TEM, and XRD dataollectively providea strongevidence fothe formation
of AgNPs fromthe molecules present in tiéSFof DPM.
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Figure 3: X-ray diffraction pattern of synthesized AgNPs

The chemical nature of organic compourmtesentin the WSF of DPM plays a vital rte in understandinghe
mechanism behind the formation of AgNH$ie FTIR spectra dDPM, WSF of DPM andthe synthesizedAgNPs are shown in
Fig. 4. The FTIR spectrum oDPM (Figure4a), clearly shows the vibratiomodescorresponding to the hydroxg3442 cm?),
and carbony(~1602 cm* and 178 cmi?) groups The appearance of a weak peak @126m™ corresponds tthe aliphatic GH
stretching vibration modeg:igure 4a is in strong agreement witthe previously recordedTIR spectrum ofDPM [35]. As
reportedin previous investigationf8, 11], DPM containsa variety ofcompoundsfrom oxygenatedPAHs, mono and poly
substituted benzenefy aliphatic aldehydesand ketonescorrespondingo a broad range of polaritieg\ccording toLiang et
al.[6], 20-percent of the total organic compounds in diesel soot corresponegdkanoic and aromatic acidBhe low pH(2.7) of
the WSF oDPM, furtherindicatesthe presence of a significant amount of carboxylic acids in WEWPd. The FTIR spectrum
of afreeze dried sample &/SF of DPM (Figure4b) confirmsthe presencef organic compounds in the water extraEDPM.
The peaksaround3400cmi* and 718 cmi* correspond tahe presencef hydroxyl and carbonyl compound$he presence of a
broad peak at30 cni' anda sharppeak at 186 cm* in the FTIR spectrunof AgNPs (Figure 4c) synthesized from WSF of
DPM is a direct confirmation fathe involvemenbf hydroxyloxo substituted organic compoundsring the formation of AQNPs
Peaks at 186 cm* can be assigned tC-O (ether linkages]36] and the peak at 12&m ' may be assigned geminal methyls
based orthe previously published work37]. The bands at30 cm® correspond toOH stretching vibratios indicaing the
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presence of alcohaind/orphenol[38]. Thestudies based caqueouextracts of plant materiats synthesize AgNPlsave shown
a strong connection betwedhe presence of organic compounds wihminimum of two hydroxyl groups atrtho and para

positionsof a phenyl ringand atendencyto reduceand stabilize thsilver ions to its metallic fornj39]. Thereforethe hydroxyl

compounds in the WSF of DPls confirmed by the FTIR analygitay a similar roleduring the formation of AQNPs.

(a) DPM
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Figure 4: FTIR spectra of (a) DPM, (b) WSH DPM and (c) synthesized AgNPs from WSF.

B. AgNPs fromdiesel engine exhaust fumes

The UV-Vis absorptionspectrunof AgNPs synthesized directly from the diesel engine exHauosts(DEEF) is shown
in Figure5. The SPR peals positioned at 49 nm andhas aFWHM of 160 nm, which isbroader tharthe FWHM of the SPR
peakobservedor the AQNPs synthesized from the WSF BPM. It indicates a broader particle size distribution for the AgNPs
synthesized from direct DEEwhen compared with WSF of DRMhe inset in Figure is the XRD pattern of the AgNPs
synthesized frondirect DEHE-. The DEEF containsa largeamountof volatile organiccompounds iraddition to diesel particulate
matter[40]. Thereforea wider range of reducing agentsuld beavailable to form théAgNPsduring the synthesithan from the
WSFof DPM. This confirms that the synthesis of AQNPs by BHE&ESimple andasterthanextractingWWSFfrom DPM.
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Figure 5:UV-Vis absorption spectrumf AgQNPs synthesized directly from the DEHnserted: Xray

diffraction pattern.
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C. The role of oxygenated PAHSs in the formation of AQNPs

The intensdluorescencesignalobservedat 420 nmfor WSF of DPMallows to understandhe capping actiorof water
solublePAHs In this regardluorescenceuenchingstudies(seeFigure 6a) were performedwith the addition ofvaryingvolume
ratiosof Ag” to the WSF of DPMA gradualdecreasén the fluorescence signalias observeas a function ofncreasingAg”
concentratiorfor the mixturesup to0 % to 40%.A suddendrop in the fluorescence signalas observeafter mixtureshaving
>50% of Agions UV-Vis absorption spectra were also recordadultaneouslyfor the same samplesdeFigure 6¢) andthe
appearancef SPR pealat 470 nm was evident at a ratio df1 with a drop inthe fluorescence intensitguggeshg the surface
cappingof fluorophores present in the WS&the AgNPsIn order to confirm that the observddopin the fluorescere signal
wasnot due to the dilution effeca control experimer{seeFigure6b) replacing Ag with water was also carried out
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Figure 6:Fluorescence emission spedtna themixtures containinglifferent volume ratios ()SF and Ag (10:0 to 0:10). (b)
WSF and HO (10:0 to 0:10)(c) UV-Vis absorption spectrfr the mixtures containing different volume ratiWSF and
Ag’(10:0 to 0:10Yyepresented bfi)-(x).

The elative fluorescence intensiti¢ise. I/l at max.)vs. ratios of Ag to the WSF of DPMwere plotted (Figur@a). It
showsa sharpdrop after 486 of Ag" addition into the WSF of DPM indicaing the presence oén efficient fluorescence
guenchingprocess occurring once AgNPs are formedNVhereas addition of water, i.e. control experimenises Figure 7b)
suggest thatthe decreasin the fluorescence intensitis due to the dilution effecThe quenching ofluorescence obxygenated
PAHs by AgNPs may arise from the formation o$tatic complex via electrostatic interaction&. previous investigatidi 6]
using fluorescing molecuke as a local probe of the surfacBlasmonfield of metallic NPs,indicated thathe quenchingrate
showed a strong correlation on the distance between the probe and the metal Autiizes binding of the fluorescing probe to
the metal surface resatta complete quenching

10§
e — e ¢
\l\ -

2038 ~.
w
; \
= \ Y
o 047 \ @ b)
= \ ‘»
& 0.4 - \\!

. N\

T ‘“I———‘H_‘\._
0.0 +——7— ———7—T—T7—1

1 2 3 4 5 6 7 8 9 10
Volume ratio of WSF of DPM : Ag+(—I—) and H,0 (-e-)

Figure 7:The variatiorof fluorescencemission intensity as a function of volume ratio between WSF of DPM and {gb)Ag
H,0.
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Figure 8(a) demonstrates theecovery offluorescege signal from synthesizedgNPs samples by changing the ionic
strength withthe addition oNaCl. The formation of an electrostatic complex during the quenching process was further supportec
by the recovery of the fluorescence signal upon changing the ionic stfdigtth sample of synthesized AgNRsplaying
guenchedluorescenceKig. 8a(i)) was mixed witha few NaClcrystalsat room temperaturto recove the signal ashown in
Figure8a(ii). Figure8(b) shows thdJV-Vis absorptiorspectra of the samplesed to obtain the data in Figua(i) and Figure
8a(ii). The samplewith recovered fluorescee signal has no SPR pedkigure 8b(ii)) indicaing a dissociatiorof electrostatic
compleXAgNPs to release oxygenated PAHdltmresce Therefore, it can be concluded that oxygenated PAHs in WSF of DPM
act ascapping materials in the synthes@ntributing to thestability of AgQNPs.
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Figure 8:(a) The florescence emission spectréibefore (ii) after addition of NaC(b) UV-Vis absorption spectra ¢if) before

addition of NaCl. (ii) after addition of NaCl for the synthesized AgNPs from WSF

D. Antimicrobial activity

The presence of a zone iohibition (ZOl) for the two types of AgNPs synthesized through WSF of DPM and direct
DEEF demonstrated antimicrobial activity agaii@talbicans E. coliandS. aureugseeTable ). The antimicrobial activity of
the AgNPs was compared with 1 mM Aghl§€nlution. Sterile dstilled water and water extract of DPM were used as the negative
control. All tested microorganisms exhibited comparable ZOls to 1 mM AgM@ich is a welknown antimicrobial agent
(Figure 9). AgNPs synthesized with the WSF of DPM extal a stronger antimicrobial activity compared to DEBgNPs
(Figure 9 and Table ). TheyeastC. albicansexhibited the strongest inhibition by both types of AgNPs compared to the bacteria
E.coli andS. aureusThe water extract of DPMo not showany ZOI for all three microorganisms, indicating an insignificant
level of antimicrobial activity. The results clearly indicate that AQNPs synthesized and stabilized with water solublendempo
present in th®PM is a potent antimicrobial agent agairs investigated microbes.

Figure9: Antimicrobial activity determined using agar well diffusion method. Photograph &. @picans(b) E. coliand (c)S.
aureusZOl of 1, 2, 3, 4 and 5 are for AgNQlirect DEEAgNPs, WSF of DPM, WSIAgNPs andlistilled water (DW),

respectively.
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Table L Average zones of inhibition of the AgNPs against the three test orgaaifit@ngcubation at 37C for 24 hrs. ZOlI of 1,
2, 3, 4 and 5 are for AgNQdirect DEEAgNPs, WSF of DPM, WSIAgNPs and distilled watgDW), respectively

ZOl (mm)
Organism Direct DEE WSF of
AgNO; AgNPs DPM WSFAgNPs DW
Candida albicans 1.8 +0.07 1.4 +0.07 - 1.6 £0.14 -
Escherichia coli 1.2 +0.07 1.0 £ 0.07 - 1.2+0.12 -
Staphylococcus auerus 1.2 +0.07 1.0 + 0.07 - 1.1 +0.07 -

A high surface to volume ratio of smaller AgQNPs results in higher antimicrobial potential. It has been reported the
AgNPs bind to the surface of the cell membrane thereby disrupting its fun@jnSilver ions released from the cell membrane
contribute to the antimicrobial activif$3]. Further, the NPs penetrdtee cell membrane and bind to intracellular organelles such
as the mitochondria and nucleus leading to disruption of metabolic pathways and DNA repl{edtidine structurethickness
and composition of the cell wall are important factors affecting the antimicrobial activity. The Gram positive cellSvallicfus
hasgreatercell wall thickness compared to Gram negative bacteria. Further the negatively charged celltidalgiyepn results
in the Ag ions being stuck on to the cell wall preventing the penetration inside the cell and whereby Gram positive bacte
become more resilient to its action. In contrast, the thin cell wall of Gram negative bacteria containintys#woparides which
have a high negative charge promotes adhesion of AgNPs and its penetration within[#%. dalirther the strong antimicrobial
activity of AgNPs observed ithis study agains€andida albicanss suggested to be due to the NPs acting on yeast cells by
disruptingthe cellmembrane and inhibiting the normal budding process due to its negative impact on membrane[#@ggrity

3.5Photocatalytic activity of synthesized AgNPs

The surface Rsmon induced hotocatalytic activity of AgQNPs prepared by the WSHX#M was assessed using the
photodegradation o&n organic dye,rhodamine B,and a widely used pesticide ZX(2,4-Dichlorophenoxyacetic acid)lhe
photadegradation was measurbg monitoring the absorbancetae maximumabsorptionwavelength 560 nmfor rhodamine B
and 290 nm for2,4-D. The degradation kineticre shown in FiguréOa and 10bThe analyte samples exhikatsignificant level
of photodegradation in the presence of AgNPs.

1.0
0.9 - (a) Rhodamine B (i) (i) - 0 minutes (b) 2,4-D &) (1) - 0 minutes

(i1) - 30 minutes (i) - 30 minutes

0.8 (i11) - 60 minutes (1i1) - 60 minutes
E (iv)- 90 minules (iv)- 90 minutes
0.7 -1 (v) - 120 mnutes (¥) - 120 mnutes
1 (vi) - 150 minutes (vi)- 150 minutes
0.6

0.5 7

|

450 480 510 540 570 600 630 260 270 280 290 300 310 320

Absorbance

0.4

0.3 7

Wavelength (nm) Wavelength (nm)

Figure10: The photodegradation of (a) rhodamine B and2(d)dichlorophenoxyacetic acid in the presence of AQNPs as a
function of irradiation time.

The drop of the analyte concentratioafter 1% minutesof exposure tothe UV-Vis radiation was 41-percent for
rhodamine Band39-percentfor 2,4-D, in the presence dhesame catalytic load’he control experiments weadsocarried out in
the absence of AgNPs ftine samplesand showedonly about3-percentof photodegradatiomwithin the sameexposuretime (not
shown in the figure)The fast degradation dhe analyte moleculesnder U\tVis light irradiation in the presence &gNPs
suggedst that the catalytic reaction is greatly acceleratedJbyVis radiation AQNPs absorb UWis photonsdue to interband
electron transitions and localized surf@elasmonresonance effecfThe mechanisnof the Plasmorinduced reaction can be
represented ithefollowing mannei{47];
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AgNPs aresphericalin shapewith an average diameter of 7.7 nRurther, he synthesis of AgNPBom diesel engine exhaust
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IV. CONCLUSIONS

758

The water soluble fractionW/SPH of DPM, a known environmental pollutanivas utilizedas a novel reducing agefar
the synthesisof AgNPs. The method is simple when compared wtitle existing methodsTEM confirmsthat the synthesized

fumes (DEEF)s possible anthe present study hasvealedhatthe water solubleorganic compoundfrmed duringtheinternal

combustion of diesdlel can convert silver ioni to silver nanaclustersunder basic condition§ he AgNPs synthesized either

by WSF of DPM or theDEEF display the potential antimicrobial activity againsCandida albicans Escherichia coliand
Staphylococcus auerushe surface Rasmon induceghhotocatalytic activieswerealso observed fathe organic dye rhodamine
B and a common pesticide 2[4
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