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Abstract
In the present work, silver nanoparticles (Ag0) were synthesized under γ-irradiation from silver nitrate (AgNO3) precursor 
salt, at room temperature in aqeous medium without adding any kind of catalyst. When aqueous solution of AgNO3, 
the surfactant poly vinyl alcohol and the isopropanol (or formic acid), which were used as hydroxyl oxidative radical 
scavengers agents were exposed to γ rays, Ag+ ions were reduced to metallic Ag0 by reactive organic radicals generated 
under irradiation. When using 2-propanol as free OH• radical scavenger in polyvinyl alcohol, which prevents Ag0 from 
aggregation, densely dispersed silver nanoparticles coalesce to give 15 nm sized silver nanoparticles. The use of formic 
acid as free OH• radical scavenger leads to the production of 32 nm sized metallic nanoparticles. The effects of hydroxyl 
oxidative radical scavengers agents on the morphology and the size of produced silver nanoparticles were investigated.
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1  Introduction

Metal nanoparticles have drawn recently extensive atten-
tions to many researchers owing to their remarkable physi-
cal and chemical properties relative to their macro scale 
solid counterparts. Silver nanoparticles have exceptional 
properties and are generously used in medicine (antibac-
terial properties), in electronics, in optical biosensors, and 
in catalysis [1–4].

The silver nanoparticles agglomerate rapidly and con-
sequently are short lived species in aqueous solution. A 
preparation method is than required to avoid the particles 
agglomeration and then to stabilize silver nanoparticles 
with non-toxic surfactants. [5–8].

Most of the available fabrication techniques of the silver 
colloids are based on reduction of ionic silver precursor 
in aqueous solution in the presence of a surfactant. The 
most commonly used techniques are chemical reduction 
[9], sonochemical route [10, 11], and thermolysis [12].

The radiolytic reduction has been proven to be a power-
ful tool to produce monosized and highly dispersed metal-
lic clusters. The metallic nanoparticles can be prepared in 
an aqueous solution in the presence of a stabilizer without 
using chemical reducing agents.

The radiolytic synthesis method offers some profitabil-
ity over the conventional methods because it can be car-
ried out at ambient pressure and room temperature with 
high reproducibility and it provides fully reduced and 
highly pure nanoparticles free from by-products or chemi-
cal reducing agents. The method is able of controlling the 
particle size and structure which is influenced by certain 
parameters such as the choice of solvents and stabilizer, 
the precursor to stabilizer ratio, pH during synthesis, and 
absorbed dose [4, 5, 14, 15].

The radiolytic method is suitable for generation of 
metal particles, particularly silver, in solution. The amount 
of zero valent nuclei can be controlled by varying the dose 
of the irradiation.
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In this method, the aqueous solution of metal salt is 
exposed to γ-rays; the transient species namely hydrated 
electron ( e−

aq
 ) and hydrogen atoms (H˙) arising from radi-

olysis of water (refer to Sect. 3.8) are strong reducing rea-
gents and they reduce the metal ion to zero valent state. 
Finally these metal atoms get to gather to form metal 
nanoparticles in presence of a capping agent, such as 
polymers, ligands, surfactants etc. The ˙OH radical (arising 
from radiolysis of water) being oxidizing in nature can oxi-
dize back the metal atoms. Hence to scavenge ˙OH radical, 
isopropyl alcohol (or formic acid) is added to the system 
[16]. The reaction products of isopropyl alcohol with ˙OH 
radical is isopropyl radical while for formic acid is carbon 
dioxide anion radical (refer to Sect. 3.8).

In our previous works, γ-irradiation method has been 
applied to fabricate iron oxides of different morphologies 
by controlling the pH [6, 7, 17] and the spinel Co3O4 nano-
particles [18]. We did apply the same technique to success-
fully prepare zinc sulfide nanocrystalline in a non-aqueous 
system [8] and the nanocomposite (Cdx Zn1−x) S [19].

In this paper, we report on the synthesis of silver nano-
particles under γ-irradiation using polyvinyl alcohol as a 
surfactant in order to avoid the particles agglomeration. 
The nature of OH• radical scavenger agents in the synthesis 
of these particles is also investigated.

This technique could be hopefully for simplifying the 
experimental process, which is an interesting strategy to 
construct new catalysts. The process is uncomplicated and 
uncontaminated, the γ-ray irradiation is harmless and no 
undesirable impurities similar to silver oxide are produced.

2 � Experimental

2.1 � Sample preparation

Except dodecanethiol (98% purity) which was purchased 
from Sigma-Aldrich, all the reagents used in the present 
investigation were analytical grade with minimum assay 
95% and were purchased from Shanghai Chemical Rea-
gent Co., Shanghai, China. They were used as received, 
without further purification.

Solutions were prepared by dissolving analytically an 
amount of AgNO3 in distilled water to produce the color-
less solution which is due to the presence of the complex 
ions [Ag(H2O)]+.

To improve the yield production of metal nanopow-
ders, isopropyl alcohol (IPA) or formic acid was poured in 
appropriate proportion into the aqueous solution to act 
as scavenger for oxidative radicals (OH•) produced during 
the radiolysis of water under gamma irradiation [20–22].

Polyvinyl alcohol (PVA) was added as emulsifier to pre-
vent the small particles from coming into close contact 

and undergoing further aggregation. Indeed, PVA mol-
ecules play the role of protective layer to favour metal 
production reaction by adhering to the surface of silver 
nanoparticles. The solutions were mixed through mag-
netic stirrer till they became homogenized. The prepared 
solutions were kept in a dark to avoid the photoreduction 
of silver nitrate.

To measure the radiation dose as well as the dose rate 
delivered to the precursor metal ion solution, the dosime-
try of gamma irradiator was measured by Fricke dosimetry 
and was found to be 1.2 kGy h−1. The mixed solution was 
irradiated in the field of 60Co-irradiator of 325,000 curies 
activity at different doses with a fixed dose rate of approxi-
mately 1.2 kGy/h.

In this experiment, the total irradiation dose was con-
trolled by varying irradiation time (Concentration of rea-
gents used in synthesis procedure are detailed in Tables 1 
and 2).

After irradiation, the solution’s color absolutely changes. 
Before irradiation the solutions were colorless, but after 
irradiation the solution turned colloidal and dark gray in 
colour, which suggested the formation of silver nanopar-
ticles. Silver nanoparticles in suspension were capped 
by using n-dodecanethiol C12H25SH, which is an organic 
ligand that electronically and chemically passivates the 

Table 1   Preparation of silver nanometer under gamma irradiation 
using IPA as free radical OH• scavenger

Sample 
number

[Ag+] (mole/L) PVA (mole/L) IPA (mole/L) Irradiation 
dose (kGy)

1 0.05 0.20 4.0 11
2 0.10 0.20 4.0 11
3 0.05 0.20 4.0 20
4 0.10 0.20 4.0 20
5 0.10 0.20 6.0 20
6 0.10 0.20 4.0 30
7 0.10 0.20 6.0 30

Table 2   Preparartion of silver nanometer using formic acid as free 
radical OH• scavenger

Sample 
number

[Ag+] (mole/L) PVA (mole/L) HCOOH 
(mole/L)

Irradiation 
dose (kGy)

1 0.05 0.20 4.0 11
2 0.10 0.20 4.0 11
3 0.05 0.20 4.0 20
4 0.10 0.20 4.0 20
5 0.10 0.20 6.0 20
6 0.10 0.20 4.0 30
7 0.10 0.20 6.0 30
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nanocrystal surfaces and prevents uncontrolled particles 
aggregation. This ligand provides a strong steric barrier 
for dispersing the nanoparticle [23–25]. The solutions 
were kept for several hours to allow the silver precipita-
tion. The precipitate was isolated by centrifugation. All the 
remainder PVA and n-dodecylmercaptan were removed by 
threefold, washing with absolute alcohol and nanoparti-
cles were separated by filtration. After dried in a vacuum 
furnace at 60 °C for 7 h, black silver nanoparticles powders 
were obtained and characterized.

2.2 � Characterization techniques

The structure and the phase identification of the pre-
pared metal were carried out on X-ray powder diffraction 
(XRD) patterns, using a D/MAX-2550 Xray diffractometer 
with Cu-Kα radiation (λ = 1.54056 Å) with a nickel filter 
(Rigaku Co., Japan). The crystalline sizes were calculated 
by using the Debye–Scherrer formula. The chemical bond-
ings in silver metal were recorded by Fourier transform 
infrared spectra (SHIMADZU Spectrophotometer) using 
KBr pellet technique in the range from 4000 to 400 cm−1 
(spectral resolution at 4 cm−1 and number of scans at 20). 
The surface morphology, size of particles and elemental 
composition of the prepared material were carried out 
by field emission scanning electron microscopy (FE-SEM; 
JEOL JSM-6700F) well equipped with an energy dispersive 
X-ray (EDAX) spectrophotometer and operated at 20 kV. 
The chemical bonding on the composite surface was stud-
ied using X-ray photoelectron spectroscopy (XPS), which 
was performed with a Thermo VG Scientific ESCALAB 250 
spectrometer with a monochromatized Al-Kα X-ray source 
(1486.6 eV energy). Optical absorption measurements of 
the composites were performed using a UV–Vis spec-
trophotometer (Perkin Elmer) in 1 cm cuvettes at range 
between 400 and 600 nm. A homogeneous suspension in 
distilled water, obtained through sonication (for 10 min) 
of well dispersed sample in chloroform is used for UV–vis 

studies. The morphology and the particles size of mate-
rial were determined by transmission electron microscopy 
(TEM; Hitachi H-800), and selected area electron diffraction 
(SAED). The TEM micrographs were taken with an acceler-
ating voltage of 200 kV with samples deposited on a car-
bon coated copper grid. The wavelength of electron in this 
condition was approximately about 2.5 × 10−12 m and the 
camera length was fixed at 170 cm for the selected area 
electron diffraction.

3 � Results and discussion

3.1 � X‑ray diffraction studies

The structure of synthesized silver nanoparticles was 
investigated by X-Ray Diffraction (XRD) analysis. The dry 
dark grey-coloured powder prepared at 30 Gy irradiation 
(sample 7) was used for XRD analysis. The diffracted inten-
sities were recorded in the 2θ range from 30° to 90°.

Fron XRD pattern, all diffraction peaks positioned at 
2θ of 38.3°, 44.5°, 64.6°, 77.7° and 81.8° (Fig. 1a) could be 
attributed to (111), (200), (220), (311) and (222) crystallo-
graphic planes of the Face Centered Cubic (FCC) silver crys-
tals, in agreement with the standard powder diffraction 
card of Joint Committee on Powder Diffraction Standards 
(JCPDS), silver JCPDS File No. 04-0783 from ASTM. No obvi-
ous other phases (impurities) were found in the XRD pat-
terns. This proves that the as synthesized Ag nanoparticles 
were pure. The sharpness of peaks indicated the highly 
crystalline nature of the prepared products. The sharpen-
ing of peaks clearly indicates the presence of nanoparticles 
in the fabricated samples.

In addition, the silver nanocrystalines prepared using 
formic acid as scavenger had a similar diffraction pro-
file, peaks at 2θ of 38.36°, 44.52° and 77.81° (Fig.  1b) 
could be respectively, assigned to (111), (200), and (311) 

Fig. 1   XRD pattern of the 
dark grey—coloured silver 
nanoparticles synthesized 
under gamma irradiation (at 
a dose of 30 kGy) with: a IPA 
and b formic acid. The various 
Bragg peaks are followed by 
corresponding Miller indices. 
Results were obtained using 
CuKα radiation (λ = 1.54178 Å)
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crystallographic planes of the fcc silver crystals. The 
broadening of peaks indicates the very small sizes of Ag 
crystallites.

We noted that when samples are irradiated at low 
dose of about 11 kGy, the XRD patterns (not shown here) 
indicated some sharp peaks due to unidentified phases, 
although the main peaks of silver were observed. The 
intensities of the reflection peaks due to the Ag nano 
crystallines were in the similar mammer found to increase 
with the increased Ag crystallites content in several 
γ-irradiation doses.

The particle average size of the silver nanoparticles was 
calculated using Debye–Scherrer’s equation (D = 0.92 λ/β 
cos θ), where, 0.92 is a constant, λ is the wavelength of the 
X-rays and β is the full width at half maximum (FWHM) of 
the diffraction peaks and θ the corresponding diffraction 
angle in radian.

The calculated average particle size using the main 
peak (111) was about 32 nm for the sample synthesized 
using formic acid as free OH• radical scavenger. This value 
was higher than the one calculated from the same peak 
when using IPA as free OH• scavenger, where the calcu-
lated average particle size was about 15 nm.

3.2 � XPS analysis

To more endorse the chemical nature of the prepared sil-
ver nanopowders, X-ray photoelectron spectroscopy (XPS) 
was carried out and the result is shown in Fig. 2. The bind-
ing energies were corrected using that for the fortuitous 
carbon peak at 284.6 eV.

As shown in Fig. 2, there are two sharp peaks originat-
ing from Ag 3d5/2 and 3d3/2, the precedent centered at 
368.4 eV and the second at 373.8 eV. The peak shape and 
the peak position of Ag 3d5/2 (368.3 eV) are in agreement 
with those reported for metallic silver (Ag0) in the Hand-
book of X-ray Photoelectron Spectroscopy [26].

We notice that some trace of PVA as capping agent was 
detected, which means that under γ-irradiation, the silver 
ions are mostly reduced to metallic silver nanoparticles 
and there is less PVA absorbed physically on the nanosil-
ver surface. Similar result was obtained for the prepared 
sample in the presence of formic acid.

3.3 � FT‑IR spectroscopy analysis

FT-IR spectroscopy (investigated region: 4000–400 cm−1) 
was carried out in order to ascertain the purity and nature 
of the prepared metal powders. The FT-IR spectrum of as-
synthesized Ag nanoparticles is indicated in Fig. 3.

The band which appeared at 3402 cm−1 is attributed 
to OH stretching of the polyvinyl alcohol used as capping 
agent in the preparing silver nanoparticles. The band 
located at 1635 cm−1 characteristic to the carbonyl group 
(C = O), represents the strengthening vibration frequently 
of ketone group. This may indicate oxidation of alcohol 
group during the irradiation and hence reducing silver 
ions to metallic silver nanoparticles (according to reac-
tion 14 in Sect. 3.8). The presence of peak located at about 
1382 cm−1 can possibly be attributed to the stretching 
frequency of the nitro functional group and single bond 
(N–O) from AgNO3, which was used as the silver metal 
precursor. The peak observed at about 486 cm−1 is mainly 
attributed to the formation of Ag nanoparticles [27].

3.4 � UV–visible spectroscopy

The UV–visible absorption spectra of the prepared Ag nan-
oparticles under γ-irradiation are shown in Fig. 4, which 
displays the UV–Visible absorption of the metal as a func-
tion of wavelength.

Fig. 2   Ag 3d XPS spectrum for silver nanoparticles prepared under 
gamma irradiation (at a dose of 30 kGy) in the presence of IPA; only 
the region of interest (355–390 eV) is presented

Fig. 3   The FT-IR spectrum of Ag nanoparticles prepared under 
γ-irradiation (at a dose of 30 kGy) in the presence of IPA; only the 
region of interest (4000–400 cm−1) is presented
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The characteristic absorption bands detected in the 
range of about 400–420 nm are presumably, indicating 
that there is more formation of silver nanoparticles at 
higher dose of γ-irradiation [28]. It is observed that, Ag 
nanoparticles dispersed in polar solvent can photolumi-
nesce in the visible region [29–31].

Comparing to the 2-propanol (IPA), when using formic 
acid, the band absorption peak tended to undergo a blue-
shift by showing broadest peak at 407 nm with the lowest 
intensity than that observed with IPA at 30 kGy, which was 
located at about 417 nm.

The ability to control the size of silver nanoparticles 
(refer to Fig. 5) is critical since the optical properties of 
this material largely depend on their size. The UV–visible 
spectra of the fabricated silver vary correspondingly with 
their morphology (size). From the UV–visible spectrum, it 
is noticed that the absorption peak position is sensitive to 
the size of the prepared particles.

This means the use of formic acid as free OH• radical 
scavenger leads to low production of silver nanoparticles 
and the nanoparticles size distribution is broadened.

A study focuses on a theoretical calculation model of 
absorption spectra for particles having different sizes 
which could fit our obtained experimental results is under 
investigation in our laboratory.

3.5 � Morphology study

The morphology of silver nanoparticles was studied by 
transmission electron microscope (TEM). The TEM sam-
ples were prepared by first dispersing the dried powder 
constituted of Ag particles in alcohol (or chloroform) using 
ultrasonic excitation, then transferring the nanoparticles 
into the copper grid with carbon support film.

The synthesized silver are consisted of spherical 
shaped particles with a narrow size distribution ranged 
from about 10–25 nm (with an average size of nearly 
equal to 17 nm) when using 2-propanol (refer to Fig. 5a, 
b) and of about 27–52 nm (with an average size of about 
35 nm) when using formic acid (refer to Fig. 5c, d). These 
observations are also supported by XRD spectrum data.

Figure 5a shows the selected area diffraction pattern 
(SAED) of Ag nanoparticles, proving that the particles 
were well crystallized. The diffraction rings on SAED 
image matches, with the peaks in XRD pattern which 
also proves the FCC structure of Ag nanoparticles (cal-
culation not shown here).

TEM images show that under γ-irradiation, the silver 
ions (Ag+) were reduced to silver nanoparticles (Ag0) and 
there was less capping agent absorbed physically on the 
synthesized metal nanoparticles surface when using IPA.

The results from XRD and TEM demonstrated that 
under the same conditions, using formic acid in pre-
paring silver by γ-irradiation, the particles diameters 
increased and agglomeration is observed. When using 
2-propanol, the particle sizes decreased abruptly 
as a result of the induced fragmentation of silver 
nanoparticles.

Fig. 4   UV-visible spectrum of Ag nanoparticles synthesized under 
gamma irradiation (at a dose of 30  kGy): (a) IPA and Ag dispersed 
in chloroform (b) formic acid and Ag dispersed in chloroform. Only 
the region of interest (400–465 nm) is presented

Fig. 5   TEM images of Ag nanoparticles synthesized under gamma 
irradiation (at a dose of 30 kGy): a IPA and Ag dispersed in alcohol; 
b IPA and Ag dispersed in chloroform c formic acid and Ag dis-
persed in alcohol; d formic acid and Ag dispersed in chloroform. 
Only the region of interest (400–465 nm) is presented
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3.6 � Energy dispersive studies (EDS)

The EDS analysis of the prepared Ag nanopowders was 
carried out by using internal standard at energy from 0 to 
7 keV. Energy dispersive X-ray spectroscopy (EDS) spec-
trum of the fabricated nanopowders is shown in Fig. 6, 
which revealed that the optical absorption peak was 
observed around 3 keV, which characteristic of metallic 
silver in the synthesized sample [32]. The prepared powder 
has mainly silver element and a small amount of carbon 
was detected in the spectrum (due to the polyvinyl alcohol 
used as caping agent in the preparing silver nanoparti-
cles). It is confirmed that the silver was pure. Similar result 
(not shown here) was obtained for the prepared sample 
under gamma irradiation (at a dose of 30 kGy) in the pres-
ence of formic acid. It confirms the hypothesis of mono 
crystallinity. The EDX spectrum supports others characteri-
zation techniques.

3.7 � Thermal analysis

It is well known that the Differential Scanning Calorime-
ter (DSC) is used to determine the phase transitions, glass 
transition temperatures (Tg) and melting parameters 
(melting point Tm, thermal decomposition temperature 
Td).

Thermal analysis of the dried powder obtained after 
γ-irradiation were investigated by Differential Scanning 
Calorimeter (Netzsch STA 409 PG/PC DSC) over a tempera-
ture range of 50–350 °C in ambient air to find out about 
the silver nanoparticles melting point (Fig. 7).

Figure 7 shows two main heat flow regions, which gives 
two peaks in the DSC curve. The first region at a temper-
ature of 50–100 °C, with a small low temperature endo-
thermic peak located at 74.5 °C due to the evaporation 
of absorbed water molecules present on the surface of 
Ag nanoparticles during preparation conditions. The sec-
ond region around 300–350 °C, with a broad high tem-
perature endothermic peak at 316.8 °C is attributed to Ag 
nanoparticles after being released from the surfactant PVA 
and the n-dodecanethiol, which was used as an organic 
ligand. This observation suggests that the PVA-Ag-PVA 
decomposed completely at 316.8 °C to release free silver 
metal nanoparticles. The noticed melting point of silver 
nanoparticles synthetized under gamma irradiation was 
lower than the bulk material, which has a melting point of 
about 961.6 °C [33]. This is due to the presence of smaller 
particles size in the prepared nanopowders.

3.8 � Mechanism of radiolytic formation of silver 
nanoparticles

It is well known that, the radiolysis of water produces free 
radicals such as: e−

aq
 , H•, OH• and HO2 or O−

2
 and molecu-

lar products such as H2 and H2O2 (refer to Eq. 1). It was 
reported that, hydrated electron, e−

aq
 and hydrogen radical 

H• are strong reducing species with redox potentials of E0 
(H2O/e−

aq
) = − 2.87 V and and E0 (H+/H•) = − 2.3 V and OH•, 

HO2, O−

2
 , H2O2 are oxidizing species with redox potentials 

of E0 (OH•/H2O) = + 2.8 V. The concentrations of the radioly-
sis products depend on radiation energy absorption rate, 
the solution pH, and temperature [34].

(1)H2O
�-rays
⟶ H2, H2O2, H

∙, HO∙, e−
aq
, H2O

+, H2O
∗, HO2

Fig. 6   EDX spectra of Ag nanoparticles prepared under gamma 
irradiation (at a dose of 30  kGy) in the presence of IPA; only the 
region of interest (0–6 keV) is presented

Fig. 7   differential scanning calorimeter curve of silver nanoparti-
cles prepared under gamma irradiation (at a dose of 30 kGy) with 
IPA; only the region of interest (50–350 °C) is presented
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On one hand, these reducing species can readily interact 
with dissolved transition metal ions (M+) to lower their oxi-
dation states.

This enables any metal ions to be reduced to zero valence 
metal atoms without using chemical reducing agents. Con-
sequently, this reaction leads to the formation of uniformly 
dispersed and highly stable nanoparticles without unneces-
sary by-products.

On the other side, hydroxyl radicals (OH•), could oxidize 
the ions or the atoms into a higher oxidation state. To pre-
vent the oxidation of nascent metal clusters, an amount of 
isopropyl alcohol or formate ions is consequently added 
into the precursor solutions prior to the irradiation pro-
cess in order to scavenge OH• and H• free radicals and then 
convert the scavenger agent into the secondary radicals 
(hydroxyalkyl radicals), which finally reduce metal ions (M+) 
into atoms (M0): [13] 

With formate ions, there is production of carbon dioxide 
anion radical (CO2

•−), which is a reducing specie that forms 
with carbon dioxide a negative redox potential of E0 (CO2/
CO2

•−) = − 2.0 V.

The released carbon dioxide can react with, hydrated 
electron, e−

aq
 to produce more reducing specie as follow:

The Polyvinyl alcohol (PVA) chain plays a significant 
role in avoiding the formation of metal hydroxide clusters 
by hydrolysis of metal ions, thus preventing them from 
aggregation.

Many active –OH groups in the structure of the mono-
mere PVA are capable of absorbing metal ions (M+) through 
secondary bonds according to the reaction:

In the absence of a radical scavenger, •OH radicals in aque-
ous medium can induce the radiation crosslinking of PVA 
molecules according to the reactions 12 and 13 [35]:

(2)M+ + e−
aq

→ M0

(3)M+ + H∙
→ M0 + H+

(4)OH∙
+ CH3CHOH CH3 → H2O + H3CC

∙OH CH3

(5)H∙ + CH3CHOH CH3 → H2 + H3CC
∙OH CH3

(6)M+ + H3CC
∙OH CH3 → CH3COCH3 +M0 + H+

(7)OH∙
+ HCO−

2
→ H2O + CO∙−

2

(8)H∙ + HCO−

2
→ H2 + CO∙−

2

(9)M+ + CO∙−

2
→ CO2 +M0

(10)CO2 + e−
aq

→ CO∙−

2

(11)PVA−OH +M+
→ PVA − O −M + H+

(12)PVA(H) + OH∙
→ PVA∙

+ H2O

The hydroxyl radicals almost exclusively react with 
PVA and the Ag+ ions reduction can take place both by 
hydrated electrons and the polymeric radicals PVA•.

The radiolytic reduction mechanism of silver nitrate 
aqueous solution to nanosilver by γ-irradiation technique 
is accomplished by organic radicals generated under irra-
diation. IPA (or formic acid) plays an important role in scav-
enging the free radicals and are converted into organic 
radicals (refer to Eqs. 4, 5, 7, 8, 10). In this process, Ag+ was 
successfully reduced to form Ag nanoparticles according 
to reactions proposed following Eqs. (14) and (15)

4 � Conclusion

Spherical sharped silver nanoparticles were prepared suc-
cessfully by γ-radiation technique at room temperature, 
ambient pressure and without any kind of catalysts, in 
water system, using PVA as a stabilizer.

It is noticed that under the same conditions, using for-
mic acid the particles diameters increased and agglomera-
tion is observed. When using 2-propanol the particle sizes 
decreased abruptly as a result of the induced fragmenta-
tion of silver nanoparticles.

TEM images show that under γ-irradiation, the silver 
ions (Ag+) were reduced to silver nanoparticles (Ag0) and 
there was less capping agent absorbed physically on the 
synthesized metal nanoparticles surface when using IPA.

The optical properties of silver nanoparticles largely 
depend on their size (morphology). From the UV–visible 
spectrum, it is noticed that the absorption peak position 
is sensitive to the size of the prepared particles.
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