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A B S T R A C T   

Dy3+ doped lithium zinc borate glasses with silver (Ag) nanoparticles (NPs) were synthesized by the conventional 
melt quenching method. Impact of silver NPs on the luminescence properties of 59B2O3: 20ZnO: 10Na2O: 
10Li2O: 0.5SnO: 0.5Dy2O3 glasses doped with Dy3+ions were investigated. Ag+ ions have been reduced and 
nucleated to AgNPs by thermochemical redox method. Amorphous characteristics of the glasses were confirmed 
by XRD measurements. Raman and Fourier transform infrared spectra were used to estimate structural and 
vibrational bands of the glass samples. Localized surface plasmon resonance (LSPR) band is observed at 419 nm 
for 0.3 mol% of Ag along with three absorption bands of dysprosium were observed. Luminescence studies were 
performed on these glasses and found that three emission bands at 484, 575, and 665 nm when excited with 
wavelength of 349 nm, which corresponds to 4F9/2 to 6H15/2, 4F9/2 to 6H13/2, and 4F9/2 to 6H11/2 transitions of 
Dy3+ ions.   

1. Introduction 

Many of the research groups have shown great interest in the rare 
earth ions (RE) and metallic nanoparticles (NPs) co-embedding in suit-
able glassy matrices for enhancing the luminescence properties. These 
types of amorphous materials with a combination of RE and NPs having 
nanostructures are gaining huge attention in recent years [1–9]. These 
materials have potential applications in various fields such as display 
technology, information processing, solid-state lasers, fiber communi-
cation, planar waveguides [10–12], etc. RE ion-doped borate glasses 
deliver such types of significant potential applications due to low 
melting point (MP), higher thermal stability factor (TSF), better thermal 
soluble nature, a different type of coordination number [13]. They are 
good host matrices among other glasses due to boric oxide plays an 
important role as glass forming and flux material [14]. Dy3+ rare-earth 
ions exhibit good luminescent properties and emit blue, yellow emis-
sions. Interestingly, these Dy3+ ions doped glass systems also emits 
white light by excitation of blue or ultraviolet wavelength [15]. 

Glass system exhibits surface plasmon resonance phenomenon by the 
resonance of incident frequency of electromagnetic radiation with a 
frequency of electronic oscillation. It is accounted that rare-earth ions 
have been excited by the recombination of photo-generated energy 

carriers in nanostructured materials and then subsequently, transfers the 
energy to rare-earthed ions in nanomaterials. It is also observed that 
Raman scattering and luminescence properties have been improved by 
adsorbed molecules on the rough metal surfaces [16,17]. This is sup-
ported the investigations on the optical properties of composites mate-
rial, like Dy3+ doped glasses contained Ag NPs. In this glass system any 
significant impact of the metallic particles on the absorption and emis-
sion rates of the RE ions should be the priority role of electronic origin. 
The electro-magnetic interactions were observed at Mie resonance fre-
quencies due to the higher field gradient close by metallic particles. In 
order to fabricate devices with improved optical properties, lumines-
cence quenching should be minimized by decreasing the concentration 
of RE ions [18–20]. In this way, efficiency of luminescence of glass 
containing metallic nanoparticles that are doped by a small amounts of 
rare earth ions have improved due to huge local electric field present on 
the ions situated close to the NPs [2]. 

In the present study, Dy3+ doped B2O3-ZnO–Na2O-Li2O-SnO glasses 
containing silver nanoparticles were investigated. Structural properties 
were studied by Raman spectra, FTIR spectra, XRD measurements, and 
composition analysis studied by SEM measurements. Furthermore, the 
LSPR band from the optical absorption, enhanced luminescence char-
acteristics of borate glasses containing silver nanoparticles were 
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investigated. 

2. Experimental details 

The glass samples with composition of (60-x-y-z) B2O3 – 20 ZnO – 10 
Na2O – 10 Li2O – x SnO – y Dy2O3 – z Ag2O (where x = 0.5%, y = 0.5%, z 
= 0.05, 0.1, 0.3, 0.5, 1%) have been synthesized by the conventional 
melt quenching method. These glasses were prepared in the composi-
tional ratios and as shown in Table 1. The -borate glasses were prepared 
using chemicals such as H3BO3 (99.9%) (B2O3), ZnO (99%), Na2O 
(99.9%), Li2O (99.9%), Dy2O3 (99.9%), SnO (99.9%), Ag2O (99.9%). 
Initially the chemicals were properly weighted and mixed in an agate 
mortar to attain uniform nature. Then well-mixed powders were put into 
the porcelain crucible and kept inside the pre-heated electrical furnace 
in range of 900–1050 ◦C for 1 h. The molten liquid combination of the 
mixture has been quenched by slowly dropping on pre-heated stainless- 
steel mold at one-third of the melting temperature and afterward 
annealed at 300 ◦C for 5 h to eliminate the thermal as well as mechanical 
strains. Structural properties of annealed synthesized glasses were 
studied by XRD Philips PW (1140) diffractometer with CuKα radiation. 
The XRD measurements were done on the bulk samples at room tem-
perature in the 2θ range of 10–70◦ with step size of 0.02◦, scan step time 
of 0.2 s, voltage of 40 KV and current of 30 mA of CuKα X-ray source was 
used. The Scanning Electron Microscope (SEM) and Energy Dispersive 
Spectroscopy (EDS) images of samples were recorded with an EDS OX-
FORD spectrometer. The samples for SEM measurements were prepared 
as mentioned in the experimental details section. The back side of the 
prepared samples were fixed on the SEM sample holder (stub) with 
carbon tape and then gold particles were sputtered on the front side of 
the samples for few seconds. These samples were loaded in SEM 
chamber for measurements. The voltage of 10 KV and current of 200 A 
was used for SEM measurements. Differential Scanning Calorimetry 
(DSC) (DSC Q-20) has been used to measure the characteristic temper-
ature of the BDAg parent sample. DSC measurements were performed on 
the samples in the temperature range of 200–750 ◦C with temperature 
rate of 10 ◦C/min in the environment of Nitrogen gas flow of 50 ml/min. 
The mass of the sample is 2.351 mg. The UV–Vis-NIR spectrometer 
(Shimadzu UV-3100) was used to record the optical absorption spectra 
at room temperature in the wavelength range of 250–1350 nm. Infrared 
absorption studies were investigated by the FTIR spectrometer (Perkin 
Elmer, model: 1605) using KBr pallets in the range of 1600 - 400 cm− 1. 
The Raman spectra of glass matrix was recorded with a micro-Raman 
spectrometer (LABRAM-HR) in the wavenumber range of 200–1000 
nm using Ar ion laser with excitation wavelength of 633 nm. 

2.1. Synthesis and mechanism of the nanoparticles by thermo-chemical 
reduction method 

The glass matrix B2O3-ZnO–Na2O-Li2O-SnO-Dy2O3 with Ag2O 
(AgNO3) was prepared at 1000 ◦C of melting temperature. Different 
concentrations of 0.05, 0.1, 0.3, 0.5, 1 mole% of Ag2O were chosen and 
SnO was used as selective reduction agent. The reduction agent SnO 
reacts with the Ag+ and it converts the silver ions into silver nano-
particles as Ag+→ Ag

◦

. 
The NPs growth takes place during the heat-treatment at 420 ◦C for 5 

h, because at this temperature the material viscosity is sufficient to 

support the Ag+ diffusion. The arrangement of neutral silver atoms (Ago) 
is represented by the following reaction: 

Ag+ + e− → Ago 

The probable mechanism is Ag+ to Ago by selective thermo-chemical 
reduction method. Reduction agent SnO reduces the Ag+ ions into Ag 
NPs as well as Sn2+ into Sn4+ respectively. The feasible spontaneous 
reduction reaction is 

Sn2+ + 2 Ag+ → Sn4+ + 2 Ag∘ 

Glasses with presence of Ag2O is post annealed at 500 ◦C for 5 h from 
the average temperature of glass transition temperature (Tg) at 441 ◦C 
and onset crystallization temperature (To) at 565 ◦C. 

3. Physical properties 

3.1. Density estimation 

The density of prepared samples is estimated through standard 
Archimedes principle (Eq. (1)). Xylene was used as an immersive fluids 
and measurements of all glass samples were done at room temperature. 

ρ =
[ a
a − b

]
ρx (1) 

Where a, b is the weight of the glasses in air and xylene respectively. 
The standard density value of xylene at room temperature is 0.865 g/ 
cm3. Increment of density is attributed to the changes in the structure of 
glass network due to the transformation of triangular units of [BO3]3−

into tetrahedral units of BO4− and increment of molecular mass [21]. 
Consequently, the molar volume of the sample estimated from density, 
using below equation: 

Vm =
Mixi

ρ (2) 

Where Vm is the molar volume, Mi and xi are the molar mass and 
content of i-oxide in the glass, ρ is the density of each sample. The values 
of the molar volume are listed in Table 2. It is observed that there is a 
decrement in molar volume with increment in density when the increase 
in the concentration of Ag NPs in the composition. Oxygen packing 
density (OPD) of all samples is estimated from the density values by 
using the Eq. (3) 

OPD =
( ρ

M

)
x On (3) 

Where On is the number of oxygen atoms and M is the molecular 
weight. The respective molar volume (Vm) and OPD values are given in 
Table 2. 

3.2. Ion concentration 

The ion concentration in borate glasses was estimated by Eq. (4). 

N =
X% x p x NA

M
ions cm− 3 (4) 

Here, X% is mole percentage of dopants, ρ is the density of glasses, 
NA is the Avogadro number. Consequently, calculated the polar radius, 
intermolecular distance, and field strength parameters using the 
following equations based on the ions concentration [22]. 

3.3. a. Polaron radius 

rp (Å) =
1
2

( π
6N

)1/3
(5)  

Table 1 
Compositions of various reduced agents of BDAg glass systems (mol%).  

Sample code B2O3 ZnO Na2O Li2O SnO Dy2O3 Ag2O 

BDAg-0.05 58.95 20 10 10 0.5 0.5 0.05 
BDAg-0.1 58.9 20 10 10 0.5 0.5 0.1 
BDAg-0.3 58.7 20 10 10 0.5 0.5 0.3 
BDAg-0.5 58.5 20 10 10 0.5 0.5 0.5 
BDAg-1 58 20 10 10 0.5 0.5 1  
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3.4. b. Inter-nuclear distance 

ri (Å) =

(
1
N

)1/3

(6)  

where N is ions concentration 

3.5. c. Field strength 

F =
Z

(
rp
)2 (7) 

Where Z is the atomic mass and rp is the radius of polarons. 

3.6. Optical absorption studies 

The Urbach energy (ΔE), which indicates the disorderness in the 
amorphous materials. It is determined from the inverse of its slope, as 
given by [23] 

α(υ) = βexp
(

hυ
ΔE

)

(8) 

Where, β is a constant and ΔE is the width of the localized band tail 
states. 

Direct (m = ½) and Indirect (m = 2) optical bandgaps are used by 
Mott and Davis formula [24]. 

α(ω) =

(
B
(
hυ − Eopt

)m

hυ

)

(9)  

where Eopt is the optical energy band gap, hυ is the photon energy and B 
is band tailing parameter constant. The Refractive index (n) of each 
sample was estimated from the optical energy band gap through relative 
formula demonstrated by Dimitrov and Sakka [25] and given Table 2. 

(n2 − 1)
(n2 + 1)

= 1 −

(
Eg

20

)1
2

(10)  

where Eg is the direct band gap and n is refractive index. 
All the estimated physical parameters are given in Table 2. As the 

concentration of Ag2O in the glass system increases, there are structural 
changes taking place and this causes the changes in the arrangement of 
atoms inside the glass network and conversion of BO3 units into BO4 
units takes place as a result there is a variation in density and refractive 
index of the glass. Luminescence and optical properties have varied with 
composition of the glass matrix due to the variation in the concentra-
tions of oxides, which make changes in molar volume, density and other 
physical properties of a glass system. 

4. Results and discussion 

4.1. X-ray diffraction 

Fig. 1 indicates the XRD pattern of different concentrations of Ag of 
Dy3+ doped BDAg glass matrix. The XRD pattern was measured in the 2θ 
range of 10◦ to 70◦. XRD analysis is used to determine the amorphous 
nature of the synthesized samples. It was found that the samples have 
shown a broad peak at 28◦ and 41◦, which correspond to the glass matrix 
of samples [21,26]. No sharp peaks were absorbed for these samples. 
The presence of these broad peaks suggest that the amorphous nature of 
the glass samples [26]. Observed very low intensity peak around 33◦

could be due to the low concentration of Ag particles as compared with 
the bulk glass matrix. It is found that no other crystalline peaks were 
observed in the XRD pattern. 

4.2. SEM and EDS analysis 

SEM morphology of samples is shown in Fig. 2. SEM images explore 
the smooth surface of the samples with high uniformity and without any 
crystals. This smooth surface indicates the amorphous behavior of the 
glass system. Any grain boundaries were not observed in the surface 
morphological image of the host BDAg-0.05, BDAg-0.1, BDAg-0.3, 
BDAg-0.5, BDAg-1 glass samples, which are shown in Fig. 2 [27]. The 
observed clusters may be due to the sputtered gold particles during SEM 
measurements. The compositional analysis of the glasses was also 
studied by using the EDS technique. The EDS spectra of the BDAg glass 
system was shown in Fig. 3. Compositional elements of Borate (B), Zinc 
(Zn), Silver (Ag), Sodium (Na), Lithium (Li), Dysprosium (Dy), Tin (Sn) 
are found in the EDS spectra. Those results show that corresponding 
elements present in the respective glass matrices that were used at the 
time of preparing glass samples. 

Table 2 
Physical and optical parameters of Dy3+ doped Ag NPs of BDAg glass system.  

Sample 
code 

Density 
(ρ) (g/ 
cm3) 

Molar 
volume 
(Vm) 
(cm3/ 
mol) 

Oxygen 
packing 
density (O. 
P.D) (mol/ 
l) 

Ion 
concentration 
(N x1022 ion/ 
cm3) 

Polaron 
radius (rp 

x 10− 8 Å) 

Inter – 
nuclear 
distance (rp 

x 10− 8 Å) 

Field 
strength F 
* 1017 

(cm2) 

Cutoff 
wavelength 
(nm) 

Optical 
Band gap 
(Eopt) 
(eV) 

Urbach 
EnergyΔE 
(eV) 

Refractive 
Index (µ) 

BDAg- 
0.05 

3.30 ±
0.16 

20.93 ±
1.05 

104.56 ±
5.22 

0.63 ± 0.03 2.17 ±
0.11 

5.39 ± 0.30 335.83 ±
16.8 

356 4.02 0.13 2.17 

BDAg- 
0.1 

3.30 ±
0.16 

20.96 ±
1.05 

104.37 ±
5.21 

1.25 ± 0.06 1.73 ±
0.09 

4.30 ± 0.22 527.55 ±
26.4 

374 3.93 0.26 2.18 

BDAg- 
0.3 

3.29 ±
0.16 

21.14 ±
1.06 

103.29 ±
5.16 

3.74 ± 0.19 1.20 ±
0.06 

2.98 ± 0.15 1095.24 ±
54.8 

388 4.22 0.25 2.13 

BDAg- 
0.5 

3.31 ±
0.16 

21.08 ±
1.05 

103.40 ±
5.17 

6.29 ± 0.31 1.01 ±
0.05 

2.51 ±.12 1545.70 ±
77.3 

411 4.02 0.25 2.17 

BDAg-1 3.34 ±
0.17 

21.14 ±
1.06 

102.64 ±
5.13 

12.72 ± 0.64 1.60 ±
0.08 

1.98 ± 0.10 1740.32 ±
87.0 

428 3.92 0.26 2.12  

Fig. 1. XRD pattern of Dysprosium doped zinc borate glass system.  
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4.3. DSC studies 

Fig. 4 shows the DSC measurements of the zinc borate glass system. 
Characteristic temperatures of the glasses such as glass transition tem-
perature (Tg), onset crystallization temperature (To), peak crystalliza-
tion temperature (Tp), and melting temperature (Tm) were estimated 
from the DSC measurements. Estimated values are 441 ◦C, 565 ◦C, 
594 ◦C, and 688 ◦C correspond to Tg, To, Tp, and Tm respectively. 
Therefore, the post-annealing temperature is selected to be at 500◦C for 
5 h. This annealing temperature is higher than the Tg, where the vis-
cosity of the glass is suitable for the diffusion, aggression, and growth of 
silver nanoparticles [28]. Annealing was done slightly above the glass 

transition temperature; however, no crystalline peaks were observed, 
which is confirmed by XRD measurements. 

The glass thermal stability factor (TSF) was calculated as ΔT=Tp-Tg 
= 153 ◦C. Thermal stability of the glasses is described by ΔT >100 ◦C 
[29]. This glass stability factor indicates that the glass has greater 
thermal stability which suggests that the glass can be used as a promi-
nent material for optical fibers. Our glass system is having the thermal 
stability for usage in fibers for telecommunications. So, it can be 
considered as a potential material for telecommunications industry. 
Hruby parameter indicates the stability of the glass, which is calculated 
as 

Fig. 2. SEM images of BDAg glass system.  

Fig. 3. EDS spectra of BDAg glass system.  
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Hr =
Tp − Tg
Tm − Tp

(11) 

Where Hr is used to measure the ability of the formation of the 
glasses. A higher value of H indicates the higher ability of the formation 
of glasses [30] i.e. The Hruby parameter calculated for the present 
glasses is Hr = 1.63 this suggests that these glasses possess higher glass 
forming ability. 

4.4. UV–Vis-NIR spectroscopy studies 

Fig. 5. shows the absorption spectra of Dy3+ doped Ag NPs of the 
BDAg glass matrix in the wavelength range of 250–1350 nm. Several 
absorption bands are observed for the samples in the range of 250–1350 
nm due to transition from a lower energy ground states to higher energy 
excited states respectively [31]. It is observed that the growth of Ag 
nanoparticles has enhanced with an increase in Ag composition from 
0.05 to 0.3 mol%. The absorption bands in the UV–Vis region at 396 nm 
and 411–420 nm correspond to 6H15/2 to 4I13/2, 4F7/2, and 6H15/2 to 
4G11/2 electronic transitions [32]. In Fig. 5, observed absorption bands 
in NIR region at 840–890, 911–936, 1080–1090,1257–1268 nm corre-
sponds to 6H15/2 to 7F5/2, 6H15/2 to 6F7/2, 6H15/2 to 6F9/2, and 6H15/2 to 
6F11/2 electronic transitions respectively [32]. These observed bands are 
tabulated in Table 3. Fig. 5 shows the strong absorption peak around 
400 nm represent surface plasmon resonance (SPR) of Ag NPs in the 
samples. The luminescence properties have enhanced in the presence of 
the NPs, which is attributed to huge localized electric field in or near the 
area of rare earth ions. This process is induced by surface plasmon 
resonance of NPs. The electric field is increased to maximum value at 
particular separation of NPs [29,33]. The size of NPs has increased as the 
increase of Ag concentration from 0.05 to 0.3% by aggregation of NPs, 

which results in formation of the non-spherical particles. The growth of 
NPs is saturated and high intensity SPR band is observed at Ag of 0.3% 
(Fig. 5). Beyond Ag concentration of 0.3%, the intensity of SPR bands 
decreased as increase in the Ag concentration [29,33]. The possible 
reason is that the incorporation of silver as ion (Ag+) into the glass 
network at higher Ag concentration and formation of metallic silver is 
reduced. This could be the reason for the decrease in the intensity of SPR 
band at 0.5 and 1% of Ag concentration compare to 0.3% of Ag. 

4.5. Fourier transform infrared (FTIR) spectroscopy 

Fig. 6. shows the FTIR absorption spectra of different concentrated 
Ag of Dy3+ doped (60-x-y-z) B2O3 – 20 ZnO – 10 Na2O – 10 Li2O – x SnO 
– y Dy2O3 – z Ag2O glass matrix. FTIR spectra of samples were measured 
in the wavenumber range 1600–400 cm− 1 at room temperature. FTIR 
band positions of the BDAg glass samples, their band positions and 
assigned vibrational bands are listed in Tables 4. For the BDAg glass 
matrix, it was observed that the prepared samples show different bands 
around 680–690 cm− 1, 920–1000 cm− 1, 1230–1250 cm− 1, and 
1360–1380 cm− 1 [21,26]. The observed band around 680- 690 cm− 1 

corresponds to the bending vibration of B-O and B-O-B modes in 
penta-borate groups. The band positions at 920–1000 cm− 1 are ascribed 
to the symmetrical stretching mode of BO4 units and it is attributed to 
metal and oxygen vibrations. It is observed that the bands are shifting 
towards higher wavenumber as the composition of the glass is varied. 
The bands are ascribed to 1230–1250 cm− 1 related to stretching vibra-
tions of B-O bond, vibrations of BO−

4 tetrahedra, symmetric stretching 
vibration of BO−

3 and B-O bridge the B3O6 rings and BO3 triangles [21]. 
The FTIR results also supports the absorption spectra by shifting of the 
band position of glasses to lower wavenumber side from higher wave-
number at high concentration. 

4.6. Raman spectroscopy 

Raman spectra of Dy3+ doped (60-x-y-z) B2O3 – 20 ZnO – 10 Na2O – 
10 Li2O – x SnO – y Dy2O3 – z Ag2O glasses with different concentrations 
of Ag were shown in Fig. 7. The deconvoluted spectra of BDAg glass 

Fig. 4. DSC Thermogram of Dysprosium doped BDAg glass system.  

Fig. 5. Absorption spectra of BDAg glass system.  

Table 3 
Optical absorption spectra of Dy3+ doped BDAg glass system.  

Composition (Sample codes) Absorption band positions (nm) 

BDAg-0.05 —- 858 1088 1269 
BDAg-0.1 411 867 1096 1265 
BDAg-0.3 419 887 1098 1266 
BDAg-0.5 419 874 1091 1269 
BDAg-1 411 906 1096 1261  

Fig. 6. FTIR spectra of BDAg glass system.  
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system in the wavenumber range of 200–1000 cm− 1 is shown in Fig. 8. 
Raman spectroscopy is used to study the presence of different structural 
units and the additional modifier ions of the glass matrix. The Raman 
spectra of the glass system are complementary to the FTIR spectrum. The 
peak positions and assignments of the Raman bands are tabulated in 
Table 5. Four major Raman bands are observed and the assigned Raman 
bands are in the following ranges: band 1: 403- 408 cm− 1, band 2: 685- 
712 cm− 1, band 3: ~774 cm− 1 and band 4: 949- 958 cm− 1 [34,35]. In 
case of lower frequency regions, the band 1 around 410 cm− 1 is attrib-
uted to B-O-B of borate unit. The bands around 680–710 cm− 1 corre-
sponds to the chains and rings-type metaborate contained non-bridging 
oxygen (O) group. The band 3 ~774 cm− 1 is due to vibrations of a 
six-membered rings containing both BO3 and BO4 [21,36]. The band 
around 950 cm− 1 corresponds to the B-O stretching mode of tetrahedral 

BO4 in B3O3−
9 (orthoborate) units [34,35]. In the present glass matrix, it 

is found that several bands of glass matrix are observed in Raman 
deconvoluted spectra and these wider bands indicate amorphous nature 
of the glass system. Luminescence of the material varies with structural 
arrangement of atomic groups and concentration of the oxides present in 
the glass network. In this present glass system, as the Ag2O concentra-
tion is increased, some of the bonds could be observed and rearranged, 
the BO3 units are converted into BO4 units. This also results in the for-
mation of non-bridging oxygen (NBOs), this attributes to the variation in 
the intensity of emission bands. 

4.7. Photoluminescence 

Fig. 9 shows the photoluminescence emission spectra of Ag con-
centration of dysprosium ions doped BDAg glass system in the wave-
length limit of 400–680 nm by excitation wavelength of 349 nm. Three 
distinct emission peaks were found at 484, 575 and 665 nm, which 
corresponds to 4F9/2 to 6H15/2, 4F9/2 to 6H13/2, and 4F9/2 to 6H11/2 
transitions respectively [37]. It was observed that the position of the 
emission band has not changed, however, the intensity of the peaks has 
increased with increase in concentration of Ag from 0.05 to 1% in the 
Dy3+ doped BDAg glass matrix. These results are in good agreement with 
the previously published research on Dy3+ doped glasses [13,21,38]. 
The most intense emission is observed for 4F9/2 to 6H13/2 (yellow) 
transitions at 575 nm and followed the 4F9/2 to 6H15/2 (blue) transitions 
at 484 nm. Whereas a small intensity band is observed for 4F9/2 to 6H11/2 
transition at 665 nm. The high intensity of the emission band at 575 nm 
due to electric dipole transition and it is hypersensitive transition as it 
follows the selection rules ΔL =± 2 and ΔJ =± 2 for transitions and it is 
very sensitive to the environment of rare earth ions [34,39–41]. This 
transition depends on local symmetry and electric field around Dy3+ and 
this emission band depends strongly on the ligand environment. 
Whereas 4F9/2 to 6H15/2 (blue) transition at 484 nm due to magnetic 
dipole transition and follows the selection rules ΔL = 0 and ΔJ = 0, ± 1 
[34,39–41]. These transitions are less sensitive to the local coordination 

Table 4 
FTIR band assignments of Dy3+ doped Ag NPs of BDAg glass system.  

Wave number 
(cm− 1) 

Assignments 

688 B-O bonds bending vibration and B-O-B bonds bending vibration 
from pentaborate groups 

854–985 Symmetrical stretching vibration of BO4 units 
1255 B-O bond stretching vibrations and B-O bridging between B3O6 

rings and BO3 triangles, vibrations of pentaborate along with 
BO4

− tetrahedral, pyroborate units, symmetric stretching 
vibration of BO3

−

1344 Asymmetric stretching vibrations of B-O bond in trigonal BO3 

units from various types (meta,pyro,ortho,penta) of borate 
groups  

Fig. 7. Raman spectra of BDAg glass system.  

Fig. 8. Deconvoluted Raman spectra of BDAg glass system.  

Table 5 
Raman band assignments of Dy3+ doped Ag NPs of BDAg glass system.  

Wave number 
(cm− 1) 

Assignments 

~410 ring angle bending (B-O-B) from borate units 
680–710 Chain and ring type metaborate containing non-bridging 

oxygen groups. 
~774 ring breathing vibration of six membered ring contains both 

BO3 triangles and BO4 tetrahedral 
950 B-O stretching mode of tetrahedral BO4 in B3O9

3- (orthoborate) 
units  

Fig. 9. Luminescence spectra (λex = 575 nm) of BDAg glass system.  
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environment and the emission band at 484 nm is independent of local 
crystal field around Dy3+ ions in glass matrix in the BDAg host glass 
matrix. The high intensity of the emission band at 575 nm is stronger 
than the emission band at 484 nm due to Dy3+ ions positioned at locally 
sited low and high symmetries for yellow and blue emission respectively 
[34,39]. The PL features of Dy3+ doped BDAg glasses have been affected 
by network structures and locally sited symmetries of Dy3+ ions [26]. 
Intensity of the electron dipole transition has increased when the Dy3+

ions interact strongly with its host matrices, which results in host matrix 
becomes more asymmetric in nature [34,39]. The electron dipole 
interaction is higher than the magnetic dipole transition in all synthe-
sized BDAg glasses, this indicates that asymmetric nature of glasses. The 
wavelength corresponds to an intense emission bands that exhibit 
intense excitation spectra. Fig. 10 shows the photoluminescence exci-
tation spectra of Ag concentration and doping with dysprosium ions of 
BDAg glass system in the wavelength of 320–500 nm by the emission 
wavelength of 575 nm. It was observed that eight distinct peaks at 323 
nm, 337 nm, 349 nm, 363 nm, 384 nm, 425 nm, 452 nm and 472 nm 
correspond to [6H15/2 to 4M17/2, 6P3/2], [6H15/2 to 4I9/2], [6H15/2 to 
6P7/2], [6H15/2 to 4I11/2, 6P5/2], [6H15/2 to 4I13/2, 4F7/2], [6H15/2 to 
4G11/2], [6H15/2 to 4I15/2] and [6H15/2 to 4F9/2] transitions of Dy3+ ions 
respectively [42]. It was observed that the position of the excitation 
bands has not considerably changed, however, the intensity of the bands 
has increased as an increase in the concentration of Ag from 0.05 to 1 
mol% in Dy3+ doped BDAg glass matrix. The most intense excitation 
band was observed for 6H15/2 to 6P7/2 transition at 349 nm among all 
other bands, this wavelength corresponds to intense excitation band 
exhibits intense emission spectra [43]. 

The luminescence intensity of excitation and emission peaks as a 
function of Ag concentration were plotted and shown in Figs. 11 and 12 
respectively. It was observed that the intensity of the peaks is increased 
as increase in the concentration of Ag from 0.05 to 0.1 mole% and then 
slightly decreased up to 0.3 mol%. Further the luminescence intensity 
has increased up to Ag concentration of 1 mol% in the Dy3+ doped 
BDAg glass matrix. The slight decrease of intensity of peaks from 0.05 to 
0.3% of Ag could be due to the reverse energy transfer from Dy3+ ions to 
Ag nano particles. It is evident that the overall intensity of the peaks has 
increased as increase in the concentration of Ag. 

It was reported in the literature that the high intensity emission 
bands are observed around 483 nm (blue) and 574 nm (yellow) corre-
sponds to the 4F9/2→6H15/2 and 4F9/2→6H13/2 transitions respectively 
for Dy3+ doped borate glass matrix. Another small intensity band is 
observed around 665 nm (red). The intensity of emission spectra has 
increased up to 0.5 mol% of Dy3+ ions and then decreased. These Dy3+

doped borate glass system emits white light [38,44,45]. It is reported 
that the luminescence intensity ratios of Eu3+ and Dy3+ ions of red and 
yellow/blue emission values correspond to 5D0–7F2/5D0–7F1 and 

4F9/2–6H15/2/4F9/2–6H13/2 transitions were increased as increase in the 
metallic content and this suggest that higher asymmetry and covalent 
bonding nature between the rare earth ions and oxygen ions. In the case 
of Pr3+ doped borate glass matrix, the high intense peak is observed at 
663 nm due to energy transfer from to Pr3+ to Dy3+ [46]. The lifetime of 
the transitions was decreased when composition of glass varied and also 
contains modifier in the glass matrix. Observed decay curves are 
non-exponential for higher concentrations due to non-radiative energy 
transfer among excited Dy3+ ions [47]. Dy3+/Tb3+codoped glasses 
shown yellowish green regions as a function of the different concen-
trations Dy3+ with 350 and 395 nm excitation [48]. The emission 
probabilities from the 4F9/2→6H15/2 and 4F9/2→ 6H13/2 transitions were 
increased and their lifetimes were decreased by adding Na2O to glass 
system[49]. On the other hand, lifetime of the 4F9/2 level has increased 
as increase in temperature of glass matrix [49]. The average lifetime of 
Dy3+ was found to be about 2.95 ns and 4.94 ns for blue and yellow 
emission bands respectively [50]. At higher concentration of Dy3+, 
quenching of luminescence intensity was observed and also found that 
dipole–dipole interactions between the Dy3+ ions in glass matrix [39]. It 
is reported that the Dy3+ ions have been located in the higher sym-
metrical ligand environments when the ratio of yellow to blue is low 
[51]. 

In our studies, concentration of 0.5% Dy3+ is fixed and varied the 
concentration of Ag in the BDAg glass matrix. The XRD measurements 
shows that prepared glass matrix has amorphous nature. BO3 and BO4 
and several other functional groups also found by Raman and FTIR 
measurements. These findings are highly comparable and well matched 

Fig. 10. Luminescence spectra (λex = 349 nm) of BDAg glass system.  

Fig. 11. Peak intensity as a function of Ag concentration of BDAg glass system.  

Fig. 12. Peak intensity as a function of Ag concentration of BDAg glass system.  

A. Ande et al.                                                                                                                                                                                                                                    



Journal of Non-Crystalline Solids 559 (2021) 120702

8

with reported research so far. The compositional analysis and their 
distribution in the glass matrix was performed by SEM and EDS analysis. 
SPR phenomena was observed in the UV–Vis absorption spectra and it 
was found that the intensity of SPR band is increased up to 0.3% of Ag 
and then decreased. The high intensity emission bands are observed 
around 483 nm (blue) and 574 nm (yellow) corresponds to the 4F9/ 

2→6H15/2 and 4F9/2→6H13/2 transitions respectively for Dy3+ doped 
borate glass matrix. Small intensity band observed around 665 nm (red) 
correspond to 4F9/2 to 6H11/2 transition. Position of these emission bands 
is comparable and excellently matched with reported literature of Dy3+

doped borate glass matrix. It is found the intensity of these emission 
bands has increased as increase in the concentration of Ag in BDAg glass 
system. These results suggest that this BDAg glass system is very useful 
for white light emitting diodes. 

5. Conclusions 

In this study, the glasses with (60-x-y-z) B2O3 – 20 ZnO – 10 Na2O – 
10 Li2O – xSnO – yDy2O3 – zAg2O composition were prepared by con-
ventional melt-quenching technique. The effect of formations of silver 
nano particles in Dy3+ doped glass system was investigated. The thermal 
stability factor was reported from the DSC thermogram. From DSC re-
sults, it is obvious that glass has greater thermal stability ΔT  >100 ◦C 
which suggests that these glasses can be used as a prominent material for 
optical fibers. The optical absorption spectra showed four absorption 
bands with hypersensitive transition corresponding to 6H15/2 to 6F11/2 at 
1260 nm. The band present at 420 nm explains the SPR phenomenon of 
BDAg glass system and a series of physical properties such as ion con-
centration, polaron radius, inter-nuclear distance, oscillator strength, 
energy bandgap, refractive index and other parameters are calculated 
for each composition of glass system. Interesting results of presence of 
BO3 and BO4 structural units were confirmed from FTIR and Raman 
spectroscopic studies. Photoluminescence measurements suggest that 
the Dy3+ doped glasses exhibit a strong yellow emission at 575 nm and 
other blue emission at 483 nm correspond to transitions of 4F9/2 to 6H13/ 

2 and 4F9/2→6H13/2 due to electric dipole moment and magnetic dipole 
moment transitions respectively. In addition to that, the small intense 
emission band was observed for 4F9/2 to 6H11/2 at 665 nm (red). 
Observed results demonstrated that the luminescence properties of these 
glasses have been enhanced in the presence of silver nano particles. 
These results indicate that the prepared glasses can be widely used in 
solid state devices and lasers. It is also observed that the intensity of 
excitation bands has increased as increase in the concentration of Ag. 
The most intense excitation band was observed at 349 nm for 6H15/2 to 
6P7/2 transition. These results indicate that the prepared glasses can be 
widely used in solid state devices and lasers. 
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