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Introduction of the nanoparticles in the bulk glass received a large 
interest due to their versatile application. The composition of Er+3-doped 
Zinc-Lead-Phosphate glass samples are prepared by melt-quenching 
technique. The structural and optical properties of phosphate glass have 
been examined by x-ray diffraction, field emission scanning electron 
microscopy, photoluminescence spectroscopy and UV-Vis-NIR scanning 
spectrophotometer. The x-ray diffraction pattern has confirmed their 
amorphous nature and the field emission scanning electron microscopy 
micrograph showed the distribution of nanoparticles in glass. The study 
indicates that doped SnO2 nanoparticles have an influence on the band 
gap energy that decreases with the increasing amount of nanoparticles. 
The photoluminescence spectra showed three peaks at the green-orange 
region of the visible spectrum and four times enhancement for doped 
0.25% SnO2 nanoparticles. The enhancement in the luminescence intensity 
of the green-orange region is found to be due to the effective local field of 
nanoparticles. The optical properties motivate to use these glassed as novel 
luminescent optical materials.

INTRODUCTION
     Recently, the rare-earth (RE) has been extensively 
studied due to its strong luminescence and high-
brightness in the glass matrix, which has frequently 
used in optical communications [1-4]. However, 
the cross sections for optical excitation of RE ions 
are usually quite small and the radiative lifetimes 
of the excited states are long, resulting in low 
emission efficiency [5]. To overcome this problem 
and enhance the luminescence, nanoparticles can 
be used as co-doped with (RE) ions, which act as 
sensitizers (donor), so compensate the small cross-
section of transitions of (RE) by energy transfer 
from nanoparticles to (RE) [6-10].
 In recent, the synthesis and properties of heavy 
metal glasses co-doped nanoparticles (NPs) with 

rare earth have attracted several interests for 
optical applications [11-18]. The objective of the 
present work we have study influences of SnO2 
nanoparticles of Er+3 -doped Zinc-Lead-Phosphate 
glass on optical properties systems.

MATERIALS AND METHODS
     The glass samples were prepared with a nominal 
composition of (59-x) P2O5-20ZnO -20Pb-1Er2O3-
xSnO2 with x = (0, 0.1, 0.25 and 0.5) by using melt 
quenching technique. The SnO2 nanoparticles 
of size about 22-31 nm were synthesized by 
sol-gel method [19]. Table 1 shows the various 
composition of the sample. The batches of 15 
g of the mixed raw materials of phosphoric acid 
(H3PO4, 99%), zinc oxide (ZnO, 99.7%), lead oxide 
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(PbO, 99%), erbium oxide (Er2O3, 99.8%) were put 
in a platinum crucible and melted at 990C for one 
hour in a furnace under atmospheric pressure. 
The samples were placed between two brass 
plates for quenching and then cooled down at 
room temperature. The phase purity and phase 
structure of powder samples were characterized 
by the X-ray powder diffraction (patterns) with 
Cu-Kα radiation operating at 40 kV, 30mA at 
room temperature using Siemens Diffractometer 
D5000, equipped with diffraction software 
analysis. The morphology was examined by using 
field emission scanning electron microscopy. The 
measurement of the optical absorption and the 
absorption edge were done by using the UV-Vis-
NIR scanning spectrophotometer. The Perkin 
Elmer LS55 Luminescence spectrometer was used 
to determine the photoluminescence properties 
of the doped glass.

RESULTS AND DISCUSSION
     Fig. 1 shows the result of x-ray Diffraction (X-ray) 
of the glass sample. This pattern (the presence 
of diffuse peak and absence of the sharp peak) 

indicates that the glass is totally amorphous. The 
FE-SEM images of a glass are used to investigate 
the microstructures of the Er+3 doped of ZnO–Pb-
P2O5 with co-doped SnO2 nanoparticles. The cross-
sectional FE-SEM image of the glass is presented 
in Fig. 2(A) which shows the absence of SnO2 
nanoparticles in the glass. The high magnification 
image (Fig. 2(B)) reveals the same sample and 
confirms the presence of SnO2. Fig. 2(c) depicts 
the average and uniform size distribution of SnO2 
nanoparticles (~21nm).
     Absorption spectrum of Er+3doped of ZnO–Pb-
P2O5 glasses with and without SnO2 nanoparticles 
is illustrated in Fig. 3. The six absorption peaks in 
the range of 485 to 1536 nm can be seen clearly. 
The peaks at 1536, 979, 799, 650, 523, and 485 
nm correspond to absorption from 4I15/2 ground 
state to 4I13/2, 

4I11/2, 
4I9/2, 

4F9/2, 
2H11/2 and 4F7/2 energy 

levels of Er3+ ions respectively. No peaks shift was 
observed after embedding SnO2 nanoparticles in 
the host matrix. The indirect energy band gaps are 
plotted between (aE)1/2 and (E) for each sample 
(Fig. 4(A)). The direct, indirect energy band gaps 
and Urbach energy values for glass composition 
are listed in Table 2. Fig.4(B) shows the indirect 
band gaps decreases with increasing content 
of SnO2 nanoparticles. This behavior in band 
gaps is attributed to the change in structure, i.e. 
increase in non bringing oxygen with the addition 
of SnO2 nanoparticles. Furthermore, the SnO2 
nanoparticles can produce a new energy levels 
located in the gap of glass.
   The photoluminescence spectra of Er+3 doped of 
ZnO–Pb-P2O5 with co-doped SnO2 nanoparticles 
glasses was measured at excitation 797 nm. Fig. 
5A shows the influence of various concentration 
of SnO2 on emission spectra of Er+3. The 
enhancement in intensities of the up conversion 
emissions were increased (`4 times) with 
increasing SnO2 concentrations from 0.1to 0.25. 

 P2O5 (%) ZnO (%) PbO (%) Er2O3 (%) SnO2(%) 

G1 59 20 20 1 0 

G2 58.9 20 20 1 0.1 

G3 58.75 20 20 1 0.25 

G4 58.5 20 20 1 0.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Nominal composition in percentage (%) of (59-x) P2O5-20ZnO -20Pb-1Er2O3-xSnO2 glass system

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD pattern obtained for Er+3 doped of ZnO–Pb-P2O5   
glass with SnO2 nanoparticles.
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This behavior is may be due to following defects 
in the host material. The most common defect of 
the oxygen vacancies act as radiative centres in 
the host and the energy transfer process between 
SnO2 nanoparticles and Er+3 ions. Moreover, the 
quenching phenomena were observed with an 
increasing content up to 0.5. This phenomenon 
is due to the increasing agglomeration of 
nanoparticles, decreasing the surface-to-volume 
ratio, and the energy transfer from Er+3 to the 
surface of SnO2 nanoparticles. Furthermore, the 
three emission bands in the wavelength ranging 
from 470 to 650 nm observed at 502, 545 and 606 
respectively. Fig. .5B reveals the enhancement 
factor of the different transitions.
     The energy level diagram (Fig.6) for Er+3shows 
the up-conversion emission, excited state 
absorption (ESA) and energy transfer (ET). The 
excitation energy converts to up-conversion 
luminescence spectra by sequential absorption 

of photons from ground state (4I15/2 →4I9/2). The 
non-radiative losses and multi-phonon relaxations 
can be observed at (4I9/2 → 4I11/2, 

4I11/2 → 
4I13/2, 

4I7/2→ 
2H11/2 and 2H11/2 → 4S3/2). The probability of energy 
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Fig. 3. Absorption spectra of Er+3 doped of ZnO–Pb-P2O5 glass 
with co-doped SnO2 nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 (A). Cross-sectional FE-SEM image of the 1 mol% Er+3 and 0.25 mol% SnO2 co-doped, (B) high resolution FE-SEM image of 
the same sample, and (C) size distribution of SnO2 nanoparticles.
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Fig. 4.(A) indirect optical band gap plot of glass with different 
concentration of SnO2 nanoparticles, (B) Variation of band gap 

with different concentration of SnO2 nanoparticles.
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transfer (ET) between two neighboring Er+3 ions 
is indicated at (4I11/2 →

4I15/2) non-radiative decay, 
and (4I13/2 →

9F9/2), (
4I11/2 →

4I7/2) transfer the energy 
to another one. Moreover, the three prominent 
emission spectra are observed according to the 
following transitions (green: 2H11/2→

4I15/2), (green: 

4S3/2→
4I15/2) and (orange: 4I9/2→

4I15/2).

CONCLUSION
       The Er+3-doped Zinc-Lead-Phosphate Glass with 
co-doped SnO2 nanoparticles were synthesized 
using melt quenching technique. Their optical 
absorption and luminescent properties were 
studied here. The direct and indirect band gap 
decreases with increasing the SnO2 concentration. 
The emission spectrum (green at 502nm, green at 
545nm and orange at 606nm) has been observed 
with excitation at 797nm of Er+3. The enhanced 
intensity with increasing SnO2 nanoparticles has 
also been observed. These glasses could be used 
for the development of solid-state lasers.
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Fig. 5.(A) Up-conversion emissions of Er+3 doped ZnO–Pb-
P2O5 glass with co-doped SnO2 nanoparticles. (B) Normalized 
intensity of fluorescence related to different SnO2 concentration.

 

 

 

 

 

 

 

 

 

Fig. 6. Absorption and Emission energy levels diagram Er+3 
doped P2O5 - ZnO -Pb glass with co-doped SnO2 nanoparticles.
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