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ABSTRACT

Aqueous dispersion of highly stable silver nanoparticles were synthesized using gamma irradiation with Monascus
purpureus supernatant molecules as reducing and stabiliziing agent. The formation of Nano sized silver was
confirmed by its characteristic surface Plasmon absorption peak around 420nm in UV-VIS spectra. The size of the
silver nanoparticles can be turned by controlling the radiation dose. Dynamic light scattering (DLS) measurement
and Transmission electron microscope(TEM) of the synthesized nanoparticles indicated that the size depend on
dose. The irradiation was carried out at doses from 1 to 25kGy. XRD analysis of the silver confirmed the formation
of metallic silver. Fourier transform infrared (FTIR) spectroscopic data indicate abounding of Ag nanoparticles
with Monascus purpureus supernatant molecules. The obtained Ag nanoparticle dispersion was stable for over 3
months at room temperature.

Keywords: Silver Nanoparticledyionascus purpureus, Gamma irradiation, Silver Nanoparticles charaztgion.

INTRODUCTION

Gamma radiation has been proved to be a simpleefficient method for silver nanoparticles synthedhe
synthesis of nanoparticles through the gamma iiadiabute requires an aqueous system, room temperand
ambient pressure[1The preparation and study of metal nanoparticléstégest in both research and technology,
because of their potential applications in areah sas catalysis, Nano electronics, optical filt&lectromagnetic
interference shielding and surface Raman scattg2hgThe surface Plasmon absorbance (SPA) prasexf
nanoparticles have direct relationship with the sghape, and chemical composition of nanoparficiesnsity and
wavelength shift of SPA absorption spectrum wegslus follow thgrowth or particle size [3].

Various methods of synthesizing colloidal silvenaparticles using metal salts as precursors haga beported,
namely chemical reduction, photochemical, electeouical, microwave processing and irradiation, ia#dn
induced reduction synthesis which offers some aidwgs over the conventional methods ,because sififglicity,
it provides metal nanoparticles in fully reduckihly pure and highly stable state [4].

In this method, the aqueous solution of metal isadtxposed tg-rays; the species hydrated electron and hydrogen
atoms arising from radiolysis of water are stroegucing reagents and they reduce the metal ioarto\alent state

5] .

HZO y irradiation > e\q , H3O+, H', OH', H2.n H202. (1)

The radiolytic method is particularly suitable fgeneration of metal NPs in solution, because thiéolgically
generated species exhibit strong reducing poweraghaction of metal ions occur at each encourtdiiue shift of
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the silver Plasmon absorption band resulting frtwa ¢lectronic polarization of Ag particles, was erved for
aqueous solution in the case of electron transten tthe free radicals generated radiolytically botolytically due
to adsorption of ions or molecules on metal clissfé}.

The radiolytic method is suitable for generatiomwdtal particles, particularly silver, in solutipf] .The amount of
zerovalent nuclei can be controlled by varying ttese of the irradiation [8] .Generally, Polymer/atellano
composites can be obtained by two different apgrescnamely, ex situ and in situ techniques. Indhesitu
approach, polymerization of monomers and formatibmetal nanoparticles were separately performad,then
they were mechanically mixed to form Nano compeasitae the in situ methods, metal nanoparticlesgamerated
inside a polymer matrix by decomposition (e.g.pthbolysis, photolysis, radiolysis, etc.) or by cligahreduction
of a metallic precursor dissolved into the polymeicommonly employed in situ method is the dispmrgprocess,
in which the solutions of the metal precursor ahd protective polymer are combined, and the reduocts
subsequently performed in solution [9]. In situ oparticle generation can be attained by using tappeoaches:
1-Ag+ reduction in solution, followed by solventagoration and film formation [10]

2-The silver ions can be absorbed within a prefarpelymer film immersed in a Ag+ solution and thexuced
[11].

3- The NPs are nucleated and grown in the solig §12]

Silver NP nucleation and growth can be easily feid by absorption spectroscopy, since the surféasnmn
resonance (SPR) band is sensitive to particle Ei8%, morphology, dispersity, dielectric propertie$ the
supporting medium and aggregation [14].

The irradiation, as a new method, had been extelysilsed to prepare Nano-scale clusters and migtetti@ most
studies of irradiation have been focus on the sgithof metallic clusters and crystals [15]

Recently, metal nanoparticles (NPs) have stimulateddwide investigation because of their remarkabhysical
and chemical properties relative to their bulk d@ounterparts, due to their large proportion ghkénergy surface
atoms [16].As a consequence, the production of NPs has attast enormous amount of attention in recent years.
Silver NPs (Ag-NPs) have a number of superior prige and are widely used in different fields s in
medicine because of their antibacterial properiieglectronics as thick-film conductor conduciiedt, in surface-
enhanced resonance Raman scattering, in opticsétsors, and in oxidative catalysis, photocatalgsid chemical
analysis [17]. In addition, Nano sized silver calink has recently been used for inkjet printid@]. Recently, the
investigation of the attractive antibacterial aitiéds of Ag-NPs has reclaimed importance due taremease of
bacterial resistance to antibiotics caused by thearuse. Presently, Ag-NPs displaying antibadtextdivity are
being synthesized. Antibacterial activity of thivai-containing materials can be used, for examplenedicine to
reduce infections as well as to prevent bacter@brization on prostheses, dental materials, vascgtafts,
catheters, human skin, and stainless steel mat¢ti@]. The Ag-NPs are normally short lived in aquegolution as
they agglomerate quickly.

Numerous methods have been utilized for the syrglaasl stabilization of Ag- NPs. Problems with #tability of

the produced colloidal Ag-NPs dispersions have tsmdved by the addition of polymers and surfact§2@.Such

complications do not occur if the NPs are depositech stable inert carrier. Ag-NPs have been déegbsin glass
[21] .

The use ofy-irradiation in the preparation of Ag-NPs has betmmonstrated to have a number of highly
advantageous properties compared with conventwra@hical and photochemical methods, namely.[22]

*The controlled reduction of silver ions can berieal out devoid of using surplus reducing agemntsroducing any
undesired oxidation products from the reductants.

» The method provides Ag-NPs in completely reduesttemely pure, and very stable states.

* The reducing agent is generated uniformly ingbleition.

» The process is uncomplicated and uncontaminated.

» They-ray irradiation is harmless.

» No undesirable impurities similar to silver oxidee introduced.

This novel method in comparison to our other worksnsist of controlled reduction without any undedi
oxidation products, extremely stable colloids, vprye silver ions reduced to NPs in the hjginradiation doses.
Stabilizer was used as the protective colloid, pnémg the Ag-NPs from aggregation. At differgnirradiation
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doses, both reduction and fragmentation of largeNRg were found to have occurred simultaneously, the
particle size of the Ag-NPs decreased or increasedifferent irradiation doses. Using this methti researchers
were able to obtain Ag-NPs of different sizes bgtodlling they-irradiation dose.

AgNO3 separated to Ag+ and NGons in the aqueous solution as shown in Equatiobhe solvated electrons, ie,
€ o, and H atoms are strong reducing agents; therefotke following step, they easily reduced siliggrs down to
the zerovalent state (Equations 3 and 4).[23]

AgNO3 > Ag + NO;~ (2)
Ag" + €aq reduction Ay 3)
Ag" + He reduction Rg+ H 4)

Silver atoms formed by the irradiation tended talesce into oligomers (Equation 5), which prognesgi grew
into large clusters (Equation 6). The aqueous mestreacted with the Ag+ clusters to form thetieddy stabilized
Ag clusters (Equation 7p4].

Ag® + Ag — Ad, (5)
nAg + Ad, — (Ag)” (6)
(AQ)n + Ne&yq — (Ag) (7)

We presented an improved gamma radiation approactthe synthesis of silver nanoparticles. Here e u
Monascus purpureus supernatant, which has been proved to be biocdbpatomponents, as a template for
nanoparticles growing. The results of gamma irtdmliainvestigate that low and high doses effectlm size and
optical absorption of Ag-NPs. Reduction of metaisimportant defense mechanism in microorganisves\aay to
manage metal toxicity. The inherent, clean, nomtoand environmentally friendly ability of eukaryotand
prokaryotic microorganisms to form the metal nambgias is particularly important in the developrh@f Nano
biotechnology. New methods have been developeddral disparity, chemical composition, the sizad ahe
shape to get the best particles which can be elied in different fields of science. However, rinés a growing
need to understand the basics of this technigudacititate application of the new methodology tbdeaatory and
industrial needs [25].

Monascus spp. produces a complex mixture of three categorigsigrhents, orange, red, and yellow, each with two
components of polyketide origin. These are secondaetabolites with a common azaphilone skeletor].T2&
orange pigment includes monascorubrin and rubraating possessing the Oxo lactone ring,red pignmesiudes
monascorubramine and rubropunctamine that areittegan analogues of the orange pigment and yefiimment
includes monascin and ankaflavin [27].Among thegepnts, the red pigment is of high demand, egfigdor its
use in meat products to substitute nitrites [28bnascus pigments, which are produced by various species of
Monascus, have been used as a natural colorant and asidredinatural food additives in East Asia [29].Vlae
synthesized from polyketide chromophores and b-ketds by esterification [30]. They are stable iwide range

of pH and heat [31]. Metabolic products fraWionascus species in the fermentation are commonly utilized
pigments of food additives or as antimicrobial agehe components isolated from the fungus exeversl
biological actions and produce hypocholesteroldivér, protective and antitumor effects [3RJonascus purpureus
extracellular pigments has anti-oxidant activitydehigh reducing power ,with this microorganisnrnientative
production of pigments can be obtained in bothdssiate and submerged cultivation [33].

EXPERIMENTAL SECTION
2.1. Microorganism
Fungal culture oMonascus purpureus NRRL 1992 was obtained from the National CenterRadiation Research

and Technology, Cairo, Egypt.

Was maintained on Sabouraud dextrose agar platé®¥Caand sub cultured periodically. Cultures reacédaby
transferring onto fresh Sabouraud agar plates altdred at 36C for 5-7days were used for inoculum preparation.
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2.2. Materials

AgNO; (99%), agar, glucose, yeast extract, NEED (N (httap) ethylene diamine dihydrochloride) and DPPH
from (sigma Aldrich).deionized water prepared ibdeatory. All other reagents used as received witteny
treatment.

2.3. Supernatant (Filtrate) preparation

Erlenmeyer flasks (250 mL) containing 50 mL of madi(yeast extract 5gm/l, starch 20gm/l and glucdsgm/I)

at pH (5.5) were inoculated with 250 pL (1%, v/¥)acconidial and mycelial suspension .For the pragian of this
suspension, 5-7day-old cultures were scraped flesturface of Sabouraud agar, added to a 0.85% Nallie
sterile solution, and mixed until a homogeneousitsmh was obtained. The inoculated flasks were biated at 27
°C on a rotatory shaker at 100 rpm for 7 days. Theies were centrifuged at 12.000 rpm for 15 meéswind their
supernatants were used for silver nanopartsyeshesis and other assay.

2.4. Preparation of silver colloids byy-irradiation:

2.4.1. Gamma irradiation source

The process of irradiation was carried out at thédwal Center for Radiation Research and Techryo[NERRT).
The facility used wa&§’Co-Gamma chamber 4000-A-India. Irradiation was grened usin’Co- gamma rays at a
dose rate from 3.33 to 83.25kGy/hr. at the tim¢hefexperimentin this process;’Co y-rays interact with matters
in the solution mainly by photoelectric absorptiand Compton scattering to produce free electrorts aso
hydrated electrons induced from water radiolysisgéther, these electrons reduce thé it Ad’.

2.4.2. Radiation processing (mixing process):

2.4.2.1. Ex situ irradiation process:

Monascus purpureus supernatant or and AgN@olution (1ImM) were separately irradiated at défe doses from 1
to 25kGy using’°Coy-rays, and then they were mixed to form Nano. Thadiated supernatant was mixed with
irradiated and Nan irradiated AgN®olution (1mM, v/v) and incubated at room tempgnain dark.

2.7. Characterization of silver nanoparticles

2.7.1. UV-VIS spectral analysis:

Preliminary characterization of the silver nanojgées was carried out using UV-visible spectroscp&SCO-
Japan-model V- 560) at a resolution of 1 nm. Nabletals, especially gold (Au) and silver (Ag) narmigées
exhibit unique and tunable optical properties oooaat of their surface Plasmon resonance (SPRerdimt on
shape, size and size distribution of the nanopes{i84] The reduction of silver ions was monitored byasging
the UV-visible spectra of the solutions from 30@6® nm. TheMonascus supernatant was used as blank.

2.7.2. Dynamic light scattering (DLS)

Average particle size and size distribution wertedeined by the dynamic light scattering (DLS) [3&chnique
(PSS-NICOMP 380-ZLS, USA) to both in situ and etu siradiated samples. Before measurements, thgleam
were diluted 10times with deionized water. gbOf suspension were transferred to a disposable dolume
cuvette. After equilibration to a temperature of@3or 2 min, five measurements were performedgdid runs of
10 s each.

2.7.3. Transmission Electron Microscopy (TEM)

The particle size and shape were observed by TEI(JEEOL electron microscope JEM-100 CX) operatn@0

kV accelerating voltage. The prepared Ag-NPS formgdn situ and ex situ radiation was diluted 1ds with

deionized water. A drop of the suspension was édpmto coated copper grid and allowed to dry atnro
temperature.

2.7.4. Fourier Transform Infrared Spectroscopy (FTiR)

A drop of colloidal Ag-NPs formed by in situ and situ radiation was mixed with KBr powder and, afteying,
compressed to form a disc. The discs were latgestdu to FTIR spectroscopy measurement. Theseurerasnts
were recorded on a JASCO FT-IR -3600 and spectra® eollected at a resolution of 4cm-1 in wave numbe
region of 400 to 4000cm-1. For comparistgnascus purpureus supernatant was measured by the same process.
FT-IR measurements were carried out in order tainbhformation about chemical groups present adodg-NPs

for their stabilization and understand the transfation of functional groups due to reduction preces

2.7.5. Energy Dispersive X- ray (EDX):
The Energy Dispersive X- ray (EDX-model-OXFORD) esfroscopy was performed on scanning Electron
Microscope( SEM- JEOL-JEM-5400) equipped withEEDX detector and EDX spectrum was measured ai10K
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accelerating voltage .solid sample was preparedryang of silver Nanoparticles solution on plagiisc and dried
at room temperature.

2.7.6. X-ray diffraction (XRD) analysis

The reaction mixture embedded with the silver nantigdes was placed on glass slid to form film anig¢d at room
temperature to use for X-ray diffraction (XRD) ays$. XRD scans were obtained usingRégaku model D/
max2000PC X-ray diffractometeperating with a Cu anode at 40 Kv and 5 0 mA &ridnge of @ value between
20° and 100° with a speed of 2°/min. Prior to peadtth measurement, each diffraction peak was ctedetor
background scattering and was stripped @2 iportion of the diffracted intensity. Crystallé&ze, L, was calculated
from Scherrer's equatiof86], D = K A / S 1,co9) for peak broadening from size effeasly. Wherey is the
wavelength of X-rays used .6418\),  is the full width at half-maximum (fwhm) intensity tie diffraction line,8
is the Bragg angle for the measured hkl peak, amslakconstant equal to 0.9 for AgO.

RESULTS AND DISCUSSION

3.1. Ex situ irradiation process mechanism of reduon

The mechanism of radio lytic reduction of agueookit®n is carried out by organic radicals formes¥r][
Monascus purpureus supernatant molecules (especially red pigments) ah important role in scavenging the free
radicals and converted into organic radicles.

We suggest the following provisional mechanismdgrsitu irradiation process for reduction, whichcansistent
with similar studies on the irradiation reductiom Ag-NPs in other solutiong39]. The growth of silver
nanoparticles by reduction of Atp Ad’ is step wise show in the following Egs. (1), @), (4) and (5)

HZO y-radiolysis @q H3O+, HZ, H', OH', H202 (1)

»
»

R-CH-(OH)-CH 3-CH3-CH3-CH3-CH, » OH'—H,0+R-C'-(OH)-CH 5-CH3-CHg-CH3-CH+H,0 o)

A secondary radical is forme(R-C" - (OH)-CH3-CH3-CH3-CH3-CH,) which efficiently reduces the precursor
metal ions Adto Ad’.

R-C'- (OH)-CH3-CHyCH3-CH3-CH ;+Ag*—Ag’+R-CO-CH3-CH3-CH3-CH3-CH, ©)

R-C’- (OH)'CH 3'CH3-CH3'CH3'CH4+Agz+—>Ag20+R'CO'CH3'CH3'CH3'CH3'CH4 (4)
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R-C.'(O H)-CH 5CH3-CH5-CH 3'CH4+Agn+—>AgnO+R'CO'CH3-CH 3-CH3-CH4-CH,4 (5)

The hydroxyl radicals from the water radiolysis &escavenged efficiently bllonascus purpureus supernatant
molecules (resonance system R-CH-(OH);&HH;-CH;-CH5-CH,) to yield a secondary radical (R-Q(OH)-CH;-
CH3-CH;-CH5-CH,), that reduce Agto Ad this is consistent with similar studies on theadiation reduction of
Ag-NPs in other solutions [40].

Sin the electrochemical potential of the organdical is more positive than that of the Ag+/Ag0teys so reaction

of secondary radicals formed with Ag+ ions is rigklly slow [41]. After mixing of irradiated/onascus purpureus
supernatantvith AgNO; solution (1mM), the dispersion became yellowisbvior and deep red depend on dose of
radiation as in fig (1), yellowish brown color iediing the formation of highly stable and uniforipesl silver

nanoparticles [42] .
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Fig (2a): UV-Vis spectra of the Ag-NPs prepared bgx situ irradiation of Monascus supernatant

Fig (2a)Show the UV-Vis spectra of Ag-NPs prepared by &xisiadiation process after 24hr of incubation tWi
the low irradiation dose, such as 1kGy and 5kGy, peraks occurs (450, 650 nm), the peak at 450nheibroadest
and the intensity is the lowest means the nanapestisize distribution is broadened and low yiefdsitver

nanoparticles [43].The peak at 650nm, SPR peakshified towards longer wavelength (Red shift) i nsity was
reduced and the peak became broader, accorditng$e thanges are related to the silver particletgréincrease
size) and formation of different sized particleg][¥Vith the higher irradiation dose, such as 10ah8 20kGy, it is
a single narrow peak in the UV-Vis spectra, whiakams the size distribution of the silver nanopkasiés narrow.
The peak intensities are higher than that in 1 %@y and that means there is more yield of sihemaparticles
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[45]. The peaks at doses 10, 15 and 20kGy are sbateless broad than that at 1 and 5kGy; means the
nanoparticles size distribution is narrow [46].&tery high irradiation dose, that is 25kGy in tlisdy, the peak is
very sharp and the intensity is the highest, melagi®e is more yield of silver nanoparticles [474nihother doses,
the reason can be attributed to the formation rgfelamount of secondary radical (organic radidhia) responsible

for reduction of A to Ad® by increase of irradiation dose. Time consumedhtin maximum absorbance 24hr,
since the electrochemical potential of the orgaadical is more positive than that of the Ag+/Asystem so
reaction of secondary radicals formed with Ag+ igheelatively slow [48]. When increase the radiatdose more
than 25kGy at 30kGy, UV-Vis spectra of Ag NPs predaat 30kGy show broadest peak at 450nm and taesity

is the lowest than that occurred at 25kGy fig (2hjs means the nanoparticles size distributionr@adened and
low yield of silver nanopatrticles.

Fig (2b): UV-Vis spectra of the Ag NPs prepared begx situ radiation at 25kGy and 30kGy

3. 2. Characterization of Ag-NPs prepared by ex gitirradiation process

3.2. 1. Transmission electron microscope (TEM) angsis

Control on the size, morphology and distributiomahoparticles plays an important role in the prige of metal
nanoparticles. TEM micrographs were taken into antd-ig (3a, b, ¢, d, e, and Represents TEM images of Ag-
NPs solution prepared by ex situ irradiation precgsdifferent doses ranged from 1 to 25kGy. Averdigmeter of
the nanoparticles depends on dose of irradiatidre particle size distribution of the Ag-NPs preplawnder
irradiation (25kGy) exhibit a very narrow size distition with average size of 7.3 nm. This resutiams that, the
size of the prepared Ag-NPs gets smaller and thiclgasize distribution is improved with increagiof irradiation
dose.

500 FanEn

Fig (3a) 1kGyTEM micrograph of Ag-NPs prepared by & situ irradiation Monascus supernatant
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Fig (3c) 10kGyTEM micrograph of Ag-NPs prepared byex situ irradiation Monascus supernatant
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Fig (3d) 15kGyTEM micrograph of Ag-NPs prepared byex situ irradiation Monascus supernatant
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Fig (3f) 25kGyTEM micrograph of Ag-NPs prepared byex situ irradiation Monascus supernatant

3.2. 2. Dynamic light scattering analysis (DLS)

Average particle size was determined by DLS metand was found that the particle size and sizeibigton
depend on dose of radiation. Fig (4a, b, c, dnd, fa Represents DLS graphs of Ag-NPs solution areg by ex
situ irradiation process at different doses ranigech 1 to 25KGy.Ag-NPs prepared under irradiatiasel (25kGy)
exhibit a very narrow size distribution with smadirticles size. The volume distribution of the lodlynamic size of
the nanopatrticles show peak (approximately 100%heparticle volume) had its maximum size at 108 n

Tables (1) show Ag-NPs characters prepared undsiteiradiation process at different doses-@gfadiation
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NMean Diameter = 29 .9 rum Fit Error = 6. 085 Residual = 0.000

Fig (4a) 1kGy DLS graph of Ag-NPs prepared by ex 8i irradiation Monascus supernatant

I‘III- .|
20 50

100 200

Run_Sampile

NMeanrn Diameter = 24.6 rnm  Fit Error = 5. 3617 Residual = 19.7190

Fig (4b) 5kGy DLS graph of Ag-NPs prepared by ex 8i irradiation Monascus supernatant

Run_Sample

NMean Diameter = 17.2 nm  Fit Error = 6. 573 Residual = 7171.293

Fig (4c) 10kGy DLS graph of Ag-NPs prepared by extsi irradiation Monascus supernatant

10
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Run_ Sample

NMearn Diameter = 77.3 rim Fit Error = 4. 199 Residual = 0.000

Fig (4d) 15kGy DLS graph of Ag-NPs prepared by exits irradiation Monascus supernatant

100 200

Rurn_Sample
NMean Diameter = 17.7 nm  Fit Error = 7.207 Residual = 0.000

Fig (4e) 20kGy DLS graph of Ag-NPs prepared by ests irradiation Monascus supernatant

200

Run_Sample

NMean Diameter = 710.8 nm Fit Error = 4. 7192 Residual = 0.000

Fig (4f) 25kGy DLS graph of Ag-NPs prepared by exitu irradiation Monascus supernatant
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Table (1) Ag-NPs characters prepared under ex sitiradiation process at different doses of-irradiation

Irradiation dose | 4 m (nm) TEM a(\;]enrgge size| DLS a(\:ﬁlr]?ge Siz€
1kGy 420,650 24 29.9
5kGy 420,650 195 245
10kGy 420 125 11.3
15kGy 420 8.2 11.2
20kGy 420 8 111
25kGy 420 7.3 10.8

3.2. 3.Fourier Transform Infrared Spectroscopy (FT{R) analysis
FTIR spectra are shown in Fig (5), while the wauenhers of characteristic bands and correspondisigrasents
for Monascus purpureus supernatant and Ag-MRhin films are listed in Table (2).

The FTIR spectrum oMonascus purpureus supernatant (A) exhibited the following absorptibands: broad
absorption band peaking at 3480tntorresponding to OH group vibrations, followed &ypeak at 2953cth
assigned to vibration of the —CH group. Other band&is spectrum are observed at 1373and 1288 ci, due

to the bond vibrations of the —N@roup and of the N—-OH complex, respectively. Ag-NPsctrum (B) exhibited a
few differences in peak positions compared toMlmaascus purpureus supernatant, suggesting the bonding between
Monascus purpureus supernatant molecules and AgNPs. One of the mdiereinces observed is the shift of the
amide carbonyl group band ®&onascus purpureus supernatant from 1660¢mtoward 1662cm in the AgNPs
spectrum; the shift can be attributed to the chasfdeond character of the N-H bond due to the g&robonding
with the metal. These results show that there rgngt interaction in the interfaces between Ag phes and
Monascus purpureus supernatant molecules [48] .All of the differenadibited in the Ag-NPs spectrum (B)
compared to the spectrum bfonascus purpureus supernatant (A) indicated the coordination bondiegween
nitrogen and Ag-NPs, as well as between oxygenfanbtlPs [49].

Fig (5) FT-IR spectram of Monascus purpureus supernatant (A) and Ag-NPs(B) prepared by ex situ irradiation process at dos@5kGy

Table (2) Wavenumber of characteristic bonds and aeesponding assignments foMonascus purpureus supernatant and Ag-NPs under
ex situ irradiation process at dose 25kG

Supernatant Ag-NPs

Waver?umber cm-1 Wavengmber cm-1 Comment
3480 3450 OH band vibration
2953 2950 CH group vibration
1660 1662 N-C group vibration
1495 1495 Tertiary nitrogen
1373 1373 N-C=0 group vibration
1288 1290 N-OH complex

3.3. EDX analysis of Ag-NPs synthesized by ex sitwadiation process:

Energy dispersive x-ray spectroscopy (EDX) was usetbnfirm that the observed granules in the smiuindeed
consisted of silver.

Fig (11) Show the EDX analysis revealed, the optitesorption peak was observed at approximately 3lich
is typical for the absorption of metallic silver Nacrystallites due to surface Plasmon resonar@@je [5

12
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Fig (11) EDX spectra of Ag-NPs prepared byvlonascus purpureus supernatant under ex situ irradiation process

3.4. X-ray diffraction (XRD) analysis of Ag-NPs sythesized byMonascus purpureus supernatant prepared by
ex situ irradiation process.

In order to verify the results of the UV-Vis spett@nalysis, the sample of the Ag+ ions exposetigsupernatant
of the fungus was examined by XRD pattd¥ig (12) shows the XRD patterns obtained for Ag-NPs syn#sekby
ex situ irradiation process of fungionascus purpureus supernatant. A number of clear peaks at about 38.42
44.64°, 64.53°, 77.635° corresponding to the (9,20 0), (2 2 0) and (3 1 1) sets of latticengla are observed
which may be indexed based on the FCC (face cehwrbic) structures of silver (JCPDS file no. 0200 The
XRD pattern thus clearly shows that the Ag-NP fadm®y the reduction of Ag+ ions by fungidonascus
purpureus supernatant are crystalline in nature. The meaticfmdiameter of Ag-NPs was calculated from theDXR
pattern according to the line width of the (1 1(200), (220) and (311) planes, refraction peakgisie following
Scherrer equation:

D = KAiA/Bco9

Where A’ is wave length of X-Ray (0.1541 nri)is a shape factor (0.9 for AgO)y ‘is FWHM (full width at half
Maximum), 9’ is the diffraction angle and ‘D’ is particle diater size. The calculated particle size detailsimre
Table (3), mean diameter size 45nm at 25kGy.sizeeased in compere with TEM and DLS may be due to
agglomeration of Ag-NPs and precipitation of stabig agents.

COUNTS

Fig (12) X-ray diffraction patterns of Ag-NPs prepaed by Monascus purpureus supernatant under ex situ irradiation process
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Table (3) Ag-NPs size by XRD analysis prepared byesitu irradiation at irradiation dose 25kGy

20 of the intense peak (deg hK1 FWHM of Size of the
Intense peak particle (D)
(B) radians(in situ) nm
38.42 (111) 0.007 21
44.64 (200) 0.003 53.6
64.53 (220) 0.004 40.8
77.635 (311) 0.003 65
Mean diameter size 45
CONCLUSION

The preparation of silver nanoparticles was caroed by y- ray irradiation under simple conditions, i.e.r ai
atmosphere, usinlylonascus purpureus supernatant as a stabilizer. Tjxeay doses of 1-25kGy were sufficient to
achieve maturely formed particles depend on metfiodadiation process (Ex situ process). The olgdiparticles
were spherical with size depend on radiation dogkraethod of irradiation; the diameter of the jmdes decrease
with radiation dose increase, approximate size@ylR4nm, at 25kGy 7.5nm. FTIR analysis has praven the
interactions in Ag NPs witiMonascus purpureus supernatant molecules are the result of the coatidim bonding
between Ag NPs and nitrogen. UV-Vis spectroscomylte shown that Ag Monascus purpureus supernatant
investigated systems exhibited absorption band ipgast the wavelength value around430nm confirming
presence of Ag NPs.
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