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ABSTRACT 

In the present work, effects of annealing temperature on structural and optical properties of silver-glass nanocomposites 
synthesized by the combined use of ion-exchange and subsequent thermal annealing in air have been investigated using 
Transmission electron microscopy (TEM), UV–Visible absorption spectroscopy and Photoluminescence spectroscopy. The 
appearance of SPR peak characteristic of silver nanoparticle formation around 429 nm in absorption spectra of silver-glass 
nanocomposite samples indicates towards the formation of silver nanoparticles in glass. The size of silver nanoparticles has 
been found to increase with increase in annealing temperature. At an annealing temperature of 200°C the size of silver 
nanoparticles comes out to be 2.31 nm which increases to a value of 7.60 nm at an annealing temperature of 550°C. TEM 
investigation indicates that silver nanoparticles of size 6.57+1.14 nm are formed in glass matrix. UV-visible absorption and 
reflection data has been analyzed to ascertain optical properties such as absorption coefficient (α), refractive index (n) and 
dielectric constant (ε). Emissions bands in the photoluminescence spectra were analyzed to investigate different oxidation states 
of silver present in the prepared nanocomposite samples. Formation of Ag

o
 atoms from Ag

+
 ions are responsible for the 

quenching of photoluminescence intensity at higher temperature. Such nanocomposites are expected to be promising materials 
for ultrafast optical switches and for sensing applications. Copyright © 2015 VBRI press.  
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Introduction  

Nanocomposite materials containing noble metal 
nanoparticles embedded in glass matrices has recieved 
special attention due to their notable optical properties 
owing to the surface plasmon resonance (SPR), the 
nanoscale feature which is the origin of the observed colors 
in metal colloids. The SPR arises due to the resonant 
oscillation of the conduction band electrons when 

interacting with an external electromagnetic radiation [1]. 
SPR of metal nanoparticles depends on the shape, inter-
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particle separation, volume fraction of metal nanoparticles 
and the dielectric constant of the embedding matrix. 

The tunability of the optical properties of these metal-
glass nanocomposites makes them suitable for a variety of 
applications including sensors, color filters and waveguides 

[2-3]. For example, the insertion of silver metal ions in 
glass matrix gives rise to an intense photoluminescence 
(PL) emission, which is potentially useful for 
optoelectronic applications and a simultaneous change in 
the refractive index is responsible for the fabrication of 

waveguides [4-5]. For such surface plasmon-based 
applications, it is important to controllably tune the SPR 
wavelength. Researchers are mainly concentrating on Au 
and Ag metal nanoparticles because their SPR can be tuned 
to any desired wavelength in the visible region. Among the 
metals, silver exhibit highest efficiency of plasmon 

excitation [6]. This property makes silver nanoparticles a 
proper choice for surface plasmon-based applications. 
Glass is an excellent host matrix for growing small metal 
nanoparticles. Moreover, glass matrices provide long-term 
stability to metal nanoparticles. 

Various methods such as low energy ion-beam mixing 

[7], sol-gel [8], direct metal-ion implantation [9], ion-

exchange [3], vacuum deposition [10], field-assisted ion 

diffusion [11] have been reported in the literature for the 
fabrication of metal doped glass nanocomposites. However 
ion-exchange method is highly favorable as it is very 
efficient for introducing very high concentrations of metal 
ions into the glass matrix and simultaneously keeping it 
intact, besides being economical. In literature, there are 
numerous reports on the synthesis of silver metal 
nanoparticles in glass by ion-exchange method followed by 

ion-irradiation [12], annealing in reduced atmosphere [13] 

or in a high vacuum atmosphere [14].  
 However, there are only a few reports where annealing 
has been carried in air but at very high temperatures and for 

long durations [15]. Several authors have reported the 
vanishing of SPR peak of silver nanoparticles when 
annealing has been carried out in air and ascribed it to 

oxidation of nanoparticles [16]. This oxidation of silver 
nanoparticles leading to formation of silver oxides is 
responsible for the instability in plasmonic response, which 
limits the practical applications of silver-glass 
nanocomposites. Besides this, there is dearth of reports 
describing important properties like reflection, 
transmission, refractive index, real and imaginary part of 
dielectric constant, photoluminescence of such 
nanocomposites. Thus a comprehensive characterization 
capable of exploring the optical properties of such 
nanocomposites as a function of annealing temperature is 
important from both fundamental and technological point 
of views. Until now there is no reliable and universal 
method to give a conclusive explanation to observed 
features, however optical absorption and 
photoluminescence spectroscopy have proved to be 
valuable tools in studying the evolution of the optical 
properties of silver-glass nanocomposites as a function of 

annealing temperature [14]. 
The aim of the presented work was to demonstrate a 

binary ion-exchange technique followed by thermal 
annealing for the fabrication of metal-glass nanocomposites 
in which silver nanoparticles of various sizes were 

incorporated inside the glass matrix. Such nanocomposites 
can be used as promising materials for novel functional 
applications in plasmonics and photonics. The optical 
properties such as refractive index, extinction coefficient 
and dielectric constant of the nanocomposites before and 
after annealing were studied by optical absorption 
spectroscopy and luminescence behavior was studied using 
photoluminescence spectroscopy. Heat treatment induced 
changes observed in photoluminescence intensity have been 
correlated to the growth of silver nanoparticles. 

 

Experimental 

Materials 

All chemicals used were of analytical reagent grade and 
were used as received. The AgNO3 and NaNO3 were 
purchased from Rankem. Commercially available glass 
slides of dimensions (75mm×25mm×1.3mm) and 
(composition (in wt%) 71.86% SiO2, 13.30% Na2O, 8.69% 
CaO, 4.15% MgO, 1.92% Al2O3, 0.08% Fe2O3) supplied 
by (Polar Industrial Corporation, Mumbai, India) were used 
as substrates. First the substrates were washed with distilled 
water and further cleaned with extra-pure acetone (99.5% 
purity) in order to remove surface contaminants. 
Subsequently, they were rinsed with distilled water and 
dried. 
 
Synthesis of nanocomposites 

Silver ion-exchanged glass samples were prepared by 
immersing the preheated glass slides for 1 min in a molten 
salt bath of AgNO3 and NaNO3 (1:4 weight ratio) mixture 
at the temperature of 350°C. The obtained silver exchanged 
glass samples were rinsed with distilled water to remove 
excess AgNO3 adhering on glass surface. Subsequently, 
these silver ion-exchanged samples were annealed in air at 
various temperatures from 200°C to 550°C for 1 hour. The 
resulting silver ion-exchanged glass samples annealed at 
various temperatures were utilized for further 
characterization.  

To determine the size of the silver nanoparticles 
embedded in glass matrix, TEM measurements were 
performed using a Hitachi “H-7500” transmission electron 
microscope operated at accelerating voltage of 80 kV. For 
sample preparation, a diamond scriber was utilized to 
scratch the surface (a few microns below) of the glass 
containing silver nanoparticles. Minute powder thus 
obtained was dropped in the methanol and kept for 
ultrasonification for about 20 minutes. Due to agitation 
larger glass particles settled down and the finer ones 
floated on the surface of the liquid. Subsequently, the 
finest layer on the surface was collected on a carbon 
coated copper grid for observation.  

The reflection and absorption spectra of silver-glass 
nanocomposite samples were recorded using Shimadzu 
Double Beam Double Monochromator Spectrophotometer 
(UV-2550) equipped with an Integrating Sphere Assembly 
ISR-240A in the wavelength range of 190 nm to 900 nm 
with a resolution of 0.5 nm. For recording diffuse reflection 
spectra, BaSO4 powder was taken as the reference material 
whereas for recording absorption spectra air was used as 
reference. From these spectra, optical constants such as 
refractive index, extinction coefficient, real and imaginary 
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part of dielectric constant were determined. 
Photoluminescence measurements of nanocomposite 
samples were carried out at different excitation 
wavelength range from 270-370 nm using Jobin Yvon 
Spectroflurometer (Spex FluoroMax-3) where Xenon 
lamp was employed as the excitation source. All emission 
spectra were recorded by mounting the samples in solid 
sample holder (model 1933) at an angle of 30°with a 
resolution of 1 nm.  
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Fig. 1. (A)  TEM micrograph of the silver nanoparticles in the ion-
exchanged glass sample annealed at 550°C and (B) Size distribution of 
silver nanoparticles. 

 

Results and discussion 

TEM measurements 

Fig. 1(A) shows the TEM micrograph of silver ion-

exchanged glass sample annealed at 550°C and Fig. 1(B) 
shows the size distribution of silver nanoparticles as 
obtained from TEM image. TEM micrograph indicates 

that spherical silver nanoparticles of size 6.57+1.14 nm 
are well dispersed inside the glass matrix with adequate 
spacing.  
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Fig. 2. Optical absorption spectra of (a) glass (b) silver exchanged 
glass and annealed at (c) 200°C (d) 300°C (e) 450°C (f) 500°C and (g) 
550°C. 
 
UV-visible absorption 

The UV-Visible absorption spectra for silver exchanged 
glass samples before and after thermal annealing in air at 

various temperatures (200°C to 550°C) are shown in Fig. 

2. Prior to the ion-exchange process, the glass samples 
were colourless and had no measurable absorption in the 

visible region [Fig. 2 curve (a)]. No obvious SPR peak 

characteristic of silver nanoparticles (400–430 nm) [1] 
formation was observed in silver ion-exchanged glass 

sample before annealing [Fig. 2 curve (b)]. Absence of 
SPR absorption peak in silver ion-exchanged glass sample 
indicates that the volume fraction of silver nanoparticles is 
very low and silver mainly exist in Ag

+
 form. However, at 

an annealing temperature of 200°C [Fig. 2 curve (c)] a 
wide SPR absorption band starts appearing, centered at 

about ~429 nm [17]. Appearance of a broad and week band 
at an annealing temperature of 200°C indicates that with 
increasing temperature a part of Ag

+
 ions are being 

converted into neutral silver atoms and further these atoms 
nucleate and grow into silver nanoparticles. The width of 
the observed SPR peak might also be due to the size 
distribution of silver nanoparticles in glass matrix. When 
the silver ion-exchanged glass samples were annealed at 
300°C and 450°C, the SPR peak becomes narrow and the 

absorption intensity increases [Fig. 2 curves (d) and (e)]. 
With the further increase in annealing temperature to 

500°C and 550°C [Fig. 2 curves (f) and (g)] SPR peak 
becomes significantly narrow and absorption intensity 
increases further.  

The observed substantial increase in absorption 
intensity and narrowing of the full width at half maxima 
(FWHM) of the absorption peak with increasing annealing 
temperature can be ascribed to an increase in volume 
fraction and size of silver nanoparticles in the glass matrix 

[18]. The appearance of nearly symmetrical absorption 
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peaks at various annealing temperatures [Fig. 2 curves (e), 

(f) and (g)] indicate towards the formation of spherical 
silver nanoparticles inside the glass matrix. Moreover, the 
colour of the transparent glass samples changes from 
colourless to light yellow, at an annealing temperature of 
200°C, which is a characteristic of silver nanoparticles 
formation. With the increasing annealing temperature the 
intensity of yellow colour also increases. 

From absorption spectra, size of silver nanoparticles 
was calculated using the following formula, assuming the 

free particle behaviour of the conduction electron [10]: 
 

 
 
where d is the diameter of the nanoparticles, Vf (1.39×10

6 

m/sec) is the Fermi velocity of electrons in bulk silver, 
h=2πħ is the Planck’s constant and ∆E is the FWHM of 
the absorption band. The above equation is valid as long 
as the dimension of silver nanoparticles is smaller than the 

mean free path of the electrons in the bulk metal [1]. The 
mean free path of electrons is about 27 nm at room 
temperature for bulk silver.  

Annealing temperature, SPR peak position, FWHM 
and diameter of silver nanoparticles embedded in glass are 

listed in Table 1. The size of silver nanoparticles 
calculated using Eq. (1), at an annealing temperature of 
200°C comes out to be around 2.31 nm which increases to 
a value of 7.60 nm at an annealing temperature of 550°C 

is shown in Table 1. The size calculated using UV-
Visible absorption spectra agrees fairly well with the size 
determined using TEM.  

 
Table 1. Annealing temperature, SPR peak position, FWHM and 
diameter of the silver nanoparticles embedded in soda glass. 

 

Annealing Temp (°C)    SPR peak (nm)      FWHM (nm)      Diameter d (nm)

200 429.6 0.79 2.31

300 423.9 0.65 2.80

450 423.8 0.47 3.89

500 412.9 0.27 6.76

550 410.8 0.24 7.60
 

 
In the ion-exchange process at 350°C, Na

+
 ions (ionic 

radius=0.96 Å) present in the glass are replaced by the 
larger Ag

+
 ions (ionic radius=1.26 Å) from the molten salt 

[19]. This reaction can be represented by Eq. (2): 

 

 
 

As a result the size of free volume inside the host 
matrix decreases and consequently its electron density 
increases. The silver atoms in ion-exchanged glass mainly 
exist as Ag

+
 ions along with a small fraction of Ag

o
 atoms. 

When silver ion-exchanged glass samples are annealed, 
Ag

+
 ions induced by a diffusion process are reduced to 

silver (Ag
o
) atoms by capturing the electrons from the 

glass matrix. The Ag
o
 atoms are mainly bound to the non-

bridging oxygen (NBO) atoms in glass matrix. During 
annealing Ag–O bonds break forming more Si–O and Ag–
Ag bond and hence neutral Ag

o
 atoms become the 

dominant state. The mechanism of Ag
o
 atoms formation 

eventually leading to silver nanoparticle formation and 

can be represented by the following reactions [20]:  

 

 

From Eq. (4) it is clear that with increasing annealing 
there is an enhancement in the reduction of Ag

+
 ions to 

Ag
o
 atoms, which leads to an increase in the concentration 

of the mixed (Ag
+
+Ag

o
) silver species. Thus the 

increasing size of silver nanoparticles with increasing 
annealing temperature may be attributed to the 
aggregation of silver nanoparticles by diffusion. 
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Fig. 3. (A) Transmission spectra of glass and silver-glass nanocomposite 
samples and (B) Reflection spectra of glass and silver-glass 
nanocomposite samples. 
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Further, it can be discerned from Table 1 that with 
increasing annealing temperature, besides the increase in 
size of silver nanoparticles a blue shift in SPR peak 
position is also observed. This blue shift in SPR peak 
position can be attributed to the boundary coupling 
(interface interaction) between silver nanoparticles and 
glass matrix. The interactions at the surface of silver 
nanoparticles may be due to their high activity, and during 
these interface interaction charge transfer occurs from 
silver nanoparticles to the glass matrix. Due to this charge 
transfer the free electron density of silver nanoparticles 
decreases which gives rise to a blue shift in the 
absorbance peak with the increasing size of silver 
nanoparticles. Similar explanation for blue shift of SPR 
peak with increasing size of nanoparticle has been 
reported for gold nanoparticles in gold-alumina composite 

film [21] and also for silver nanoparticles dispersed within 

the glass matrix [22]. 

Fig. 3 shows optical transmission and reflection 
spectra of glass and silver ion-exchanged glass samples 
annealed at various temperatures as a function of 
wavelength. All transmission spectra display a 
transmission cut-off below 300 nm due to the absorption 

of the glass substrate. It can be clearly discerned from Fig. 

3 [curve (a)] for soda glass, the transmission is maximum 
nearly 90% in the whole visible region (400-700 nm). This 
clearly supports the transparency of soda glass. As can be 

seen in Fig. 3, ion-exchange causes a slight decrease in 
transmission over the entire spectral range, the reason 
behind this can be the substitution of sodium ions by silver 
ions, which decreases light transmission and increases 
light absorption. At an annealing temperature to 450°C 

[curve (e), Fig. 3] a transmission dip evolves, centered at 
λ=~429 nm which is generally attributed to the surface 
plasmon resonance of silver nanoparticles embedded in 
glass matrix. At highest annealing temperature of 550°C 

[curve (g), Fig. 3] the transmission decreases to 0.2% at a 

wavelength ~410 nm. Thus, it is clear from Fig. 3 that the 
transmission and reflection coefficient decreases while the 
absorbance coefficient, on the contrary increases, with 
increasing annealing temperature. This sharp fall in 
transmittance can be of potential use as long-wavelength 
pass filters in integrated optics, where the cutoff 
wavelength can be adjusted via the length of the region 
containing silver nanoparticles.  

The optical absorption and reflection data was further 
analyzed to determine the optical constants of silver-glass 
nanocomposite samples. The complex refractive index 
(n*=n-ik) and dielectric function characterize the optical 
properties of any solid materials. The real part of the 
refractive index, n, gives the dispersion and the imaginary 
part of the refractive index, k, gives the absorption of the 
electromagnetic wave. The knowledge of refractive index 
(n) is an essential input parameter to obtain the required 
index-matching in waveguide applications of such 
composites. 

The extinction coefficient k in the entire visible region 
for glass and silver ion-exchanged glass samples annealed 
at various temperatures has been calculated from the 

absorption spectra (Fig. 2) using the relation given below 

[23]: 

 

where α is the optical density and λ is the wavelength of 
the light used. 

Refractive index (n) of the glass and silver ion-
exchanged glass samples, annealed at various 
temperatures has been calculated from the reflectance and 
extinction coefficient values by using the following 

relation [24]: 
 

 
 
Solving Eq. (6) for refractive index (n) gives. 
 

 
 
where R is the reflectance. 
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Fig. 4. (A) Variation of refractive index (n) with wavelength for glass and 
silver-glass nanocomposite and (B) Variation of extinction coefficient (k) 
with wavelength for glass and silver-glass nanocomposites. 
 

The variation of extinction coefficient and refractive 
index of prepared silver-glass nanocomposite samples with 

wavelength are shown in Fig. 4. It is clear from Fig. 4 that 
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the values of extinction coefficient and refractive index 
increases with increasing annealing temperatures. 

 It can be discerned from Fig. 4 that the refractive index 
that was measured at visible wavelengths became more 
pronounced for silver nanoparticles embedded glass 
samples as compared to glass. The value of refractive 

index for soda glass [curve (a), Fig. 4] is 1.52 at a 
wavelength of 600 nm. At an annealing temperature of 
550°C, value of refractive index of silver-glass 
nanocomposite sample increase to 1.71 due to 
incorporation of silver nanoparticles of size 6.57+1.14 nm 
in glass. The large value of n and k indicate that the 
resulting silver-glass nanocomposite is absorbing the light. 
As the size and volume fraction of the silver nanoparticles 
increases in soda glass matrix the refractive index of the 
nanocomposite samples increase. The cause of alteration 
in the refractive indices may be due to the structural 
changes and volume variations taking place during the 
ion-exchange process. 
 

570 600 630 660 690 720
2.2

2.4

2.6

2.8

3.0

3.2

3.4

 

 

 
=

 n
2 -k

2

Wavelength (nm)

(d)

(c)

(a)

(b)

(a) Glass

(b) Annealed at 450
o
C

(c) Annealed at 500
o
C

(d) Annealed at 550
o
C

 

 

300 400 500 600 700 800

0.0

2.0x10
-4

4.0x10
-4

6.0x10
-4

8.0x10
-4

1.0x10
-3

 

 Wavelength (nm)

 
=

 2
n

k
 

(a) Glass

(b) Annealed at 450
o
C

(c) Annealed at 500
o
C

(d) Annealed at 550
o
C

(d)

(c)

(b)

(a)

 

 

(A)

(B)

 

Fig. 5. (A) Variation of real part of dielectric constant with wavelength 
for glass and silver-glass nanocomposite samples and (B) Variation of 
imaginary part of dielectric constant with wavelength for glass and silver-
glass nanocomposite samples. 

 
The obtained refractive index data was further analyzed 

to obtain the real and imaginary part of dielectric constant. 
In optics, the real part of dielectric constant is closely 
related to the refractive index and the imaginary part is to 
the extinction coefficient which represents the losses of 
photon energy when optical wave propagates through the 

media. The real and imaginary part dielectric constant was 

determined by the following relations [25]. 
  

 

 
 
 The variation of real and imaginary parts of the 
dielectric constant with wavelength calculated using Eqs. 
(8) and (9) of glass and silver-glass nanocomposite samples 

are shown in Fig. 5.  
 As the particle size is in nanometer range, the number of 
particles per unit volume is large; hence the dipole moment 
per unit volume increases, and so the dielectric constant 
increases. A significant increase in the value of real part of 
dielectric constant at wavelength 550 nm from 2.4 for 
glass to 2.9 for silver ion-exchanged glass nanocomposite 
formed after annealing at 550°C was observed. Thus with 
the insertion of silver nanoparticles of size 6.57+1.14 nm 
in glass the dielectric constant of resulting nanocomposite 
increases drastically. The values of the real part of 
dielectric constant are higher than the imaginary part. In 
relevance to light, the real part of the dielectric constant 
represents the degree to which a material can be polarized 
by an external electromagnetic field and the imaginary part 
represents optical losses such as absorption due to inter-
band transitions and inelastic electron phonon/electron-
electron interactions. Therefore, we can conclude that the 
energy storage capacity of prepared nanocomposites is high 
because of large value of real part of dielectric constant. 
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Fig. 6. Photoluminescence spectra of (a) glass, silver ion-exchanged 
glass samples annealed at temperatures (b) 200°C (c) 300°C (d) 450°C 
(e) 500°C and (f) 550°C excited at an excitation wavelength of 270 nm. 

  
Photoluminescence spectroscopy 

Fig. 6 shows the photoluminescence (PL) spectra of glass 
and silver-glass nanocomposite samples annealed at 
different temperatures. At the excitation wavelength of 
270 nm, silver ion-exchanged samples annealed at 200°C 
and 300°C show a broad emission band centered around 
454 and 434 nm respectively. Sample annealed at 450°C 
show a blue shifted intense broad emission band centered 
at around 400 nm. Sample annealed at 500°C again show 
two intense broad emission bands centered at around 385 
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nm and 460 nm. When the annealing temperature is 
further increased to 550°C the two bands are shifted to 
381 nm and 453 nm respectively, however these bands are 
less intense than the bands observed in the samples 

annealed at 300°C and 450°C. It is well known [26] that 
the presence of Ag

+
 in glass matrices is responsible for 

characteristic PL emissions in the visible range, after 
electronic excitation between the 4d

10
 ground state to 

some levels of the 4d
9
5s

1 
silver ion configuration. 

Although, these transitions are parity-forbidden, they are 
partially allowed in a solid due to vibrational coupling.The 
ground state of free silver ion is 

1
S0 and the excited state of 

free silver ion is split into number of energy states 
3
D3, 

3
D2, 

3
D1 and 

1
D2 (Russell-Saunders statesarising from 4d

9
5s

1
 

Ag
+
 configuration) in increasing order of energy [27]. Thus 

it is resonable to assign the emission band observed at 454 
nm for sample annealed at 200°C to spin-forbidden 
transitions from 

3
Dj states to 

1
S0 states. Further, emission 

band displayed at lower wavelength 434 nm for sample 
annealed at 300°C can be assigned to spin allowed 
transitions from the 

1
D2 state to the ground 

1
S0 state. 

Similarly, for samples annealed at 500°C and 550°C, 
emission band observed at lower wavelength can be 
ascribed to spin allowed transitions from the 

1
D2 state to 

the ground 
1
S0 state and the emission bands appearing at 

higher wavelength can be assigned to spin-forbidden 
transitions from 

3
Dj states to 

1
S0 states. Furthermore, PL 

intensity is maximum at the annealing temperature of 
300°C, but when temperature is increased further from 
450°C to 550°C PL intensity decreases. It is well 

established [28] that Ag
+
 ions are luminescent in nature in 

both crystalline and glassy matrices. In view of this, we 
can say that increase in PL intensity at an annealing 
temperature of 300

o
C could be due to the increase of 

volume fraction of Ag
+
 in the bulk of the glass matrix and 

the drastic decrease in PL intensity with further increase 
in annealing temperature can be due to the conversion of 
Ag

+
 to Ag

o
. This observation correlates well, with the UV-

Visible absorption measurements. Conversion of Ag
+ 

ions 
to Ag

o 
atoms is responsible for the increase in absorption 

intensity with increase in annealing temperature to 550
o
C 

as observed in UV-Visible spectra and depicted in Fig. 2. 
Hence increase in annealing temperature from 300

o
C to 

550
o
C leads to the swift growth of silver nanoparticles and 

that might have resulted in the diminishing of PL 
intensity. 

Further the dependence of PL spectra on excitation 

wavelength has been studied. Fig. 7 shows effect of 
different excitation wavelengths in the wavelength range 
of 270-370 nm on PL spectra of silver ion-exchanged 
glass samples annealed at 300°C as they show maximum 

PL intensity. From Fig. 7 it is clear that with increasing 
excitation wavelength from 270-370 nm, a red-shift in 
emission band occur. At an excitation wavelength of 270 
nm, deep-blue emission band is observed at 434 nm. This 

band may be attributed to Ag
+
 ions [29] present in silver-

glass nanocomposite samples. At excitation with 320 nm a 
green emission band is observed at about 530 nm and this 

may be attributed to Ag
+
-Ag

+
 pairs [29]. Emission band 

observed at 556 nm at an excitation wavelength of 370 nm 
may be due to presence of Ag

+
 ions and their complexes 

[30]. The emission spectrum of nanocomposite samples 

also shows a slight dip at~ 410 nm which can be ascribed to 
surface plasmon absorption of silver nanoparticles. Thus 
PL spectra of silver doped glasses measured at different 
excitation wavelengths can successfully reveal that silver 
could be in different oxidation states in the silver ion-
exchanged glass samples and this charge state of silver 
plays an important role in determining the optical 
properties of such nanocomposites. 

 

350 400 450 500 550 600

 

 

320 nm

 

Wavelength (nm)

370 nm

270 nm

E
m

is
si

o
n

 i
n

te
n

si
ty

 (
a
.u

.)

 

 

Fig. 7. Photoluminescence spectra for silver ion-exchanged glass 
sample annealed at 300°C at different excitation wavelengths. 

 

Conclusion 

In conclusion, we have discussed the optical and structural 
properties of silver-glass nanocomposites prepared via ion-
exchange method followed by thermal annealing in air. The 
appearance of surface plasmon resonance peak nearly at 
~429 nm in the optical absorption spectra of silver ion-
exchanged glass sample annealed at 200°C confirm the 
formation of silver nanoparticles. At an annealing 
temperature of 200°C, Ag

+ 
ions reduce to Ag

o 
atoms and 

subsequently at higher annealing temperature Ag
o 

atoms 
aggregate to form silver nanoparticles even in air. Size of 
the silver nanoparticles in glass was found to be 7.60 nm (at 
550°C) which agrees well with transmission electron 
microscopy. Increase in the value of refractive index and 
dielectric constant of silver-glass nanocomposites may be 
ascribed to the insertion of silver nanoparticles inside the 
glass matrix. Analysis of photoluminescence spectra 
indicate that observed emission band is due to transitions 
from 

3
Dj states to 

1
S0 states of Ag

+
 ions. Such studies are 

vital to exploit their potential applications in opto-
electronic devices. 
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