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A B S T R A C T

Fluoro-tellurite glasses co-activated with Samarium (Sm3+) ions and silver nanoparticles (Ag NPs) were pre-
pared using melt quenching technique. The nucleation and growth of Ag NPs were controlled by thermal an-
nealing process. X-ray diffraction (XRD), transmission electron microscopy (TEM), differential scanning calori-
metry (DSC), UV–vis–NIR absorption spectroscopy, photoluminescence (PL) and PL lifetime spectroscopy were
used to examine the annealing time dependence of the structural and luminescent properties. The amorphous
nature of glasses has been confirmed by XRD spectra. The transmission electron microscopy images show the
presence of silver NPs having an average diameter in the range of 20–40 nm. Selected area electron diffraction
pattern (SAED), as well as EDX analysis spectrum confirm the presence of Ag NPs. Based on the absorption
results, the intensity parameters Ωt (t=2, 4, 6), the radiative transition probability (AT), fluorescence branching
ratio (βJJ’) and radiative lifetimes (τr) of Sm3+ ions were calculated using Judd-Ofelt theory. The results suggest
that Sm3+ ions have been incorporated into Ag NPs, which intensified the electromagnetic field around Sm3+

ions. The luminescence properties of Sm3+ doped glasses were investigated. It was found that the presence of
silver NPs nucleated and growth during the annealing process, improves the photoluminescence (PL) intensity
and the PL lifetime relative to the transition from the 4G5/2 state to 6H5/2, 6H7/2, 6H9/2 and 6H11/2 states.
Maximum enhancement is observed for the sample heat treated for 8 h. Such enhancement is mainly attributed
to the local electric field created by the SPR of Ag NPs. whereas; the quenching is due to the energy transfer from
Sm3+ ions to the silver nanoparticles as well as to the non-plasmonic, molecule likes Ag-particles (ML-Ag). The
present results indicate that the glass heat-treated for 8 h has good prospect for Laser emissions at 600 nm.

1. Introduction

In recent years, wide attention has been focused on the study of
glasses containing both tellurium oxide and heavy metal fluorides [1,2]
they combine the high resistance against atmospheric moisture, the
chemical durability and the mechanical strength of the tellurite glasses
[3] in addition to the large electronic band gap and the low optical
losses of fluoride glasses [4–9] that makes them useful for a develop-
ment of high power laser materials such as solid-state lasers and optical
amplifiers upon doping with rare earth ions [10].

Among RE ions, samarium ion (Sm3+) with 4f5 configuration ex-
hibits, which is lasing in the glass host, has been known and exploited
for years [11,12]. The suitability of Sm3+ ion in emitting strong in the
visible region makes it a promising candidate for the development of

glasses for applications in solid-state lasers, x-ray radiation detection,
imaging sensors and optical amplifiers [12–16]. On the other hand, Ag
NPs participate strongly to the enhancement of the efficiency of RE ions
and improve the quality of the optical proprieties of the glass and make
it more performing owing to the Surface Plasmon Resonance (SPR)
[9,17] known as the collective oscillation of the conduction band
electrons when they are excited by light [17,18]. The study of tellurite
glasses containing Sm3+ ions coupled with silver NPs has been an ac-
tive subject in the recent years on account of the interaction between
the Sm3+ ions and the high electromagnetic fields induced by the SPR
near the NPs which boost the radiative decay rate [19,20].

To the best of our knowledge, only few studies are found in litera-
ture with the effect of Ag NPs on the fluorescence where embedding
heavy metal fluoride (PbF2) inside Ag-Sm3+ co-doped tellurite glass
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host.
The purpose of this work was to prepare glasses in the TeO2-PbF2-

WO3-Ag2CO3-Sm2O3 system and to study the effect of silver nano-
particles (Ag NPs) on the spectroscopic and the luminescent properties
of Sm3+ ions.

2. Experimental procedure

Series of Sm3+/Ag co-doped tellurite glasses with a chemical com-
position of 69 TeO2−20PbF2−10WO3−0.5Sm2O3−0.5Ag2CO3 have
been prepared by melt quenching technique. All the starting chemical
constituents were more than 99.9% purity. Powders were weighed to
get the required composition and ground in a mortar with a pestle for
30 min to obtain homogeneous mixtures. The well-mixed powders were
melted in an electric furnace at 900 °C for 2 h in alumina crucibles so
that homogeneously mixed melts were obtained. Then, the melt was
rapidly quenched by pouring it into a stainless steel plate maintained at
200 °C to avoid excess thermal shocks. Immediately, after quenching,
the glass (as-prepared sample) was annealed at 300 °C, below the glass
transition temperature for 2 h and then slowly cooled down to room
temperature. The annealing process sought to minimize the internal
mechanical stress and obtain glasses with good mechanical stability.
The obtained samples were sliced and polished carefully for optical
measurements with 8, 6 and 2 mm of width, length and thickness, re-
spectively.

The densities of the glass samples were determined by a simple
Archimedes's method using acetone as an immersing liquid and a digital
balance. Refractive indexes of all the samples were measured from
optical absorption edges using Tauc model. The measured and calcu-
lated physical parameters such as molecular weight, density, refractive
index, molar volume, concentration of samarium, N(Sm) and Ag ions, N
(Ag) and inter-atomic distance are listed in Table 1.

The thermal characterization experiments were realized using dif-
ferential scanning calorimetry (DSC) technique. DSC scans of as-cast
glass specimens were carried out in Metler Toldo DSC823e. The DSC
scans were recorded using 7 mg as-cast glass specimens, which were
powdered and heated at a rate of 10 °C/min from room temperature to
600 °C in a platinum crucible and using the same amount of alumina
powder as the reference material. The crucibles used were matched
pairs made of platinum and the temperature precision was±1 °C. DSC
Instruments Universal Analysis Program was used to determine the
glass transition temperatures Tg. X-ray diffraction (XRD) patterns were
obtained at room temperature with a Philips X'Pert system, using CuKα
radiation (λ = 1.54056 Å), at 40 kV and 100 mA; the diffractometer
settled in the 2ϴ range from 3° to 70° with a step size of 0.02°.
Transmission electron microscopy (TEM) investigations were carried
out using a Philips CM200 equipment operating at 200 kV and
equipped with X-ray energy dispersive spectroscopy (EDS), Bruker
model XFlash 6TI30. The glass samples were crushed in an agate mortar
and dispersed in isopropyl alcohol to which was added in a drop onto
carbon-coated copper. Afterward, the deposited samples are allowed to
completely dry overnight before examination.

The absorption spectra of the glasses were recorded in the range of
200–1800 nm using a Perkin-Elmer-Lambda 950UV/VIS/NIR spectro-
photometer. The excitation, emission and photoluminescence lifetime
measurements were registered by using a Perkin-Elmer spectro-
photometer (LS55) with Xenon lamp (200–900 nm). Slits were adjusted
to lead to a resolution of 2 nm for both excitation and emission. We
mention here that the photon trapping effect in which luminescence
results depend on the sample size and geometry [21] was not examined
in this work and will be investigated in the future work.

All the optical measurements were performed at room temperature
(300 K).

3. Results and discussions

3.1. Physical and structural properties

The DSC curve of R0 glass is shown in Fig. 1. The glass transition Tg

was estimated at 355 °C. The sample R0 was heat-treated above the
glass transition temperature (at 365 °C= Tg +10) for different periods
(4, 8, 12 and 16 h) where the viscosity of glass is low enough for dif-
fusion and growth of Ag NPs. The heat treated samples are denoted as,
R4, R8, R12 and R16.

The x-ray diffraction patterns of the prepared samples are presented
in Fig. 2. The presence of no sharp crystallization peak and a broad halo
between 2θ = 20° and 45° suggests the absence of long range atomic
arrangement or three-dimensional network periodicity which confirms
the amorphous nature of the prepared fluoro-telluride glasses.

Fig. 3(a, b, c) shows TEM images for sample containing 0.5 mol% of

Table 1
Optical band gap (Eg), refractive index (n), density (q), average molecular weight (Mav),
molar volume (Vm), concentration N (ions/cm−3), and inter-atomic distance (d) of pre-
pared glass samples.

Parameters R0 R4 R8 R12 R16

Eg 2.80 2.76 2.74 2.69 2.62
n 2.08 2.09 2.10 2.11 2.13
ρ (g cm−3) 6.446 6.566 6.447 6.564 6.496
Vm(cm3 mol−1) 29,14 28.60 29.13 28.61 28.87
N(Sm3+) (1020 ions cm−3) 1.0334 1.0527 1.03359 1.0523 1.0414
N(Ag) (1020 ions cm−3) 1.0334 1.0527 1.03359 1.0523 1.0414
dAg-Ag (nm) 0.9891 0.9830 0.9890 0.9831 0.9865
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Fig. 1. DSC curve of R0 glass sample.

Fig. 2. X-ray diffraction patterns of glass samples.
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Ag2CO3 and annealed for 8 h (R8) while Fig. 3(d) shows the selected
area electron diffraction pattern (SAED). As we can seem, the amor-
phous structure is evident in Fig. 3(a). Analyzing the images (b) and (c),
dispersed spherical Ag NPs were clearly observed, with particle size
varying from 20 to 40 nm. From SAED pattern (Fig. 3(d)), bright spots
also confirm the presence of silver NPs in crystalline state. The dif-
fraction spots in the SAED pattern correspond to (111) reflection of Ag
NPs. Moreover, Fig. 3(e) shows the EDX spectra of the glass sample
annealed for 8 h (R8) and results confirm the presence of Ag NPs as
observed in the TEM images, in addition to the tellurite, tungsten, lead,
oxygen, fluoride and samarium ions.

It should be noticed that precipitation of Ag NPs into the prepared

glasses takes place during melting procedure. In the first hand the
Ag2CO3 is easily decomposed into Ag2O, CO2 and O2 by the reaction
[22]:

Ag2CO3→Ag2O + CO2 + 1/2O2, (1)

In a second step, Ag2O decomposes to metallic Ag° and to O2

through

Ag2O→2Ag° + 1/2O2, (2)

Moreover, the presence of alkali halides such as PbF2 ensures for-
mation of Ag nanoparticles in the glass network. In fact, a reduction

(a) (b)

(c) (d)

(e)

AgNPs

(111)

AgNPs

Fig. 3. (a) Transmission electron microscopy (TEM) images of tellurite glass containing silver NPs annealed for 16 h. Dispersed silver NPs in the glass network are clearly visible in (b) and
(c). (d) Selected area electron diffraction pattern (SAED) of prepared glass sample. (e) EDX spectrum.
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mechanism was proposed by Tikhomirov et al. [9] in which the abun-
dant F-centers (obvious attractors for Ag+ ions) residing in oxyfluoride
network favor the formation as well as the dispersion of Ag NPs.
However, a portion of silver particles (non-plasmonic particles) can still
be remained as Agmx+ particles such as Ag+, Ag2+ in the glass system
[9].

3.2. Absorption spectra and Judd–Ofelt analysis

Fig. 4 shows the absorption spectra of all samarium-doped fluoro-
tellurite glasses. As we can see, the absorption spectrum of the sample
without Ag NPs consists of eight sharp absorption bands located at 948,
1083, 1231, 1372, 1489, 1552, 1592 and 1943 nm, which correspond
to 4f–4f transitions of Sm3+ from the ground state 6H5/2 to the excited
states 6F11/2, 6F9/2, 6F7/2, 6F5/2, 6F3/2, 6H15/2, 6F11/2 and 6H13/2, re-
spectively [11]. With the addition of Ag NPs, the wavelengths of the
absorption peaks are almost unchanged but the cut-off shift to shorter
wavelengths. In addition, the presence of silver NPs was proved by the
appearance of the SPR band in the range of 475–530 nm. In fact, the
SPR band of Ag NPs develops consistently with heat treatment.

It is interesting to note that the position of the SPR peak is red-
shifted from 498 nm to 531 nm after 16 h of annealing. Generally, the
position of SPR peak depends on several factors, including Ag-Ag inter-
particle distance, particle size, particle shape, refractive index and the
nature of the surrounding medium [23]. As we can see from Table 1,
the Ag-Ag inter-particle distance decreases with the annealing time.
Thus, the red-shift of the SPR bands could be due to the decrease in Ag-
Ag inter-particle distance in glass network due to the increasing size of
Ag NPs [24].

Judd-Ofelt theory (J-O) has been applied to determine the im-
portant spectroscopic parameters of the of Sm3+ doped fluoro-tellurite
glasses. Based on the theory [25,26], the data from the absorption
measurements can be used to predict the intensity parameters Ωt (t = 2,
4 and 6), the radiative transition probabilities, the branching ratio and
the radiative lifetime of different transitions, in particular from 4G5/2

metastable state to the 6Hj/2 { j=5,7,9,11} terminal states. We have used
the values of the reduced matrix elements for the chosen Sm3+ bands
calculated by Carnall et al. [27]. More details about the Judd-Ofelt
analysis are given in our previous work [3]. The calculated values of
ΔSrms and the J-O intensity parameters obtained are listed in the
Table 2.

From, Table 2, the J-O parameters Ωt (t = 2, 4 and 6) change sig-
nificantly in our glass samples with the annealing time. In general, Ω2 is
related to structural change and symmetry of ligand field around the RE
ion site, while the changes in Ω4 and Ω6 are correlated with long-range
effects of glass host [28]. In other words, Ω2 is found to be affected by
the covalence between the ligand anions and the RE ions, while the

other parameters (Ω4 and Ω6) are related to some other properties of
the host such as rigidity, density and refractive index [29,30].

As summarized in Table 2, Ω2 decreased gradually, with the in-
crease of heat treatment temperature. Studies on J-O intensity para-
meters Ω 2,4,6 [28,30] propose that Ω2 is mostly related to the asym-
metry and polarization of the local structure surrounding the RE-ion.
Since Ω2 increases when the polarization and asymmetry of the RE-site
become large [30], the decrease of Ω2 in the present system can be
explained by the fact that, as the heat treatment temperature increases,
the RE ions (in our case Sm3+ ions) into the glass network occupy more
symmetric and less polarized sites [24]. Moreover, the J-O parameter
Ω2 of the heat treated samples for 8, 12 and 16 h is smaller than that of
the corresponding precursor glass, as shown in Table 2, which may be
due to the incorporation of Sm3+ ions into the precipitated Ag NPs
phase. According to previous study, the interaction between RE and Ag
NPs strongly influences the crystal field environment of RE ions [24]. In
fact, the Sm3+ ions might enter into the Ag NPs phase, causing an in-
tensified electromagnetic field around Sm3+ ions which resulted in
decrease of Ω2. Furthermore, Table 2 compares the J-O parameters in
our samples as well as other Sm3+ doped glasses. In this work, Ω2 are
larger than those of borate [34], comparable to silicate [12] and some
fluoro-phosphate glasses [33] and less than some tellurite magnesium
glasses [20,32].

Using the values of the intensity parameters, the spectroscopic
quality factor χ, defined as χ= (Ω4/Ω6) was determined. Such factor is
critically important to predict the stimulated emission for the laser
active medium. The higher spectroscopic quality factor χ, the most
efficient the stimulated emission is [33]. In this work, the spectroscopic
quality factor χ, calculated for glasses is in the range of 0.36–0.75.
These values are quite comparable to other Sm3+ doped glass systems
as presented in Table 2. In other words, we believe that the presence Ag
NPs as sensitizer reduces the quality factor indicating its important role
in the fluorescence dynamics of the Sm3+ doped systems.

Once the values of Ωt were obtained, the other radiative parameters
such as total transition probability (AT) radiative lifetime (τR) and
branching ratios (βR) corresponding to different emission channels from
4G5/2 level, have also been calculated (Table 3). In general, the ob-
tained values are in good agreement with others reported values.

3.3. Excitation and emission spectra

Excitation spectrum of R0 sample was investigated by monitoring
the 4G5/2→

6H7/2 transition of Sm3+ ions (602 nm) and is presented in
Fig. 5. In the spectra, nine excitation bands related to f-f transitions of
Sm3+ ions were observed and assigned to the energy levels 4D3/2, 6P7/2,
6P3/2, 6P5/2, 4I9/2, 4I11/2, 4I13/2, and 4G7/2 and 4F3/2, respectively. The
excitation wavelength of 407 nm corresponding to the transition 6H5/2

→ 6P3/2 has been used for the measurement of emission spectra of
prepared glass samples.

The emission spectra of Sm3+/Ag NPs co-doped different fluoro-
tellurite glass matrices, under 407 nm excitation wavelength and re-
corded at room temperature are shown in Fig. 6. The photo-
luminescence spectra consist of four emission bands attributed to their
electronic transitions 4G5/2→

6H(2j+1)/2 where j = 2, 3, 4, and 5 at
(565 nm: yellow), (602 nm: orange), (647 nm: orange reddish), and
(709 nm: red), respectively. Among all transitions, 4G5/2→

6H7/2

(602 nm) is the most dominant one, with intense orange emission.
Meanwhile, the emission spectra of the heat-treated samples consist of
not only sharp emission peaks from Sm3+ ions but also an additional
broad band from 480 to 560 nm, which may be originated from emis-
sion non-plasmonic, molecule like Ag-particles (ML-Ag) [19]. In fact,
glass without Ag NPs was also prepared and there is no emission can be
detected, which indicates that the broad emission band in the visible
range is not caused by glass matrix. Thus, we can assume that this
emission band originates from ML-Ag-particles. Such type of emission
bands has been observed in Ag-doped glasses with large concentration

Fig. 4. Absorption spectra of heat-treated glass samples.
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of silver, and it can be also attributed to Ag+-Ag+ pairs, otherwise Ag
nanoclusters [35].

From Fig. 7 it can be noted from the variation of the emission in-
tensity as function of the annealing time that, compared to the as-
prepared glass (R0), the sample annealed for 8 h (R8) has maximum
enhancement, in the order of 7.2 times, while further annealing re-
sulted in quenching of the emission intensity. This may be due to the
increase in the local field with annealing time until it becomes satu-
rated. As we know, the oscillations of electrons cause surface plasmon
polariton which move along the surface of metal NPs called surface

plasmon resonance (SPR) [22]. It causes a local field effect (LFE) which
is one of the classical reasons for the enhancement since the relative
permittivities of the host glass and the metal are different from each
other [22]. However, LFE cannot explain the quenching of the emission
intensity. To understand the origin of the PL quenching in the prepared
glasses the integrated intensity ratio has been done. Fig. 7 shows the
integrated intensity ratio R = I602/I565 for different samples. No
changes are observed in the intensity ratio R for R4 and R8 glass
samples. This indicates that the local crystalline field symmetry around

Table 2
Judd-ofelt parameters Ωt (t = 2, 4 and 6), room-mean-square deviation ΔSrms, and spectroscopic quality factor χ (χ= Ω4/ Ω6) of glass samples.

Samples Ω2 Ω4 Ω6 χ ΔSrms

(× 10–20 cm2) (× 10–20 cm2) (× 10–20 cm2) (× 10–20 cm2)

R0 3.47 2.17 2.88 0.75 0.16
R4 3.04 1.57 2.76 0.56 0.21
R8 2.85 1.82 2.63 0.69 0.18
R12 2.49 1.52 2.90 0.52 0.22
R16 2.37 1.08 2.94 0.36 0.25
TZKCSm10 [31] 2.48 2.99 1.82 1.64 –
Magnesium-tellurite [20] 17.1 3.73 2.83 0.75 –
SKBLSm0.5 [12] 2.81 3.05 1.52 2 –
WPbFP [32] 2.02 3.52 1.75 2.01 –

Table 3
spontaneous emission probabilities (AR in s−1), luminescence branching ratios βR and
radiative lifetime (τR) of 4G5/2 state of Sm3+ ion in AgNPs/Sm3+ codoped TWP glasses.

Glass host Level 4G5/2→ AT (s−1) βJJ’ (%) τr (ms)

R0 6H5/2 119.10 21.20 1.78
6H7/2 187.93 33.46
6H9/2 211.92 37.73
6H11/2 42.61 7.58

R4 6H5/2 122.13 23.01 1.88
6H7/2 175.19 33.01
6H9/2 195.85 36.90
6H11/2 37.55 7.07

R8 6H5/2 110.06 23.50 2.13
6H7/2 155.02 33.10
6H9/2 168.63 36.01
6H11/2 34.53 7.37

R12 6H5/2 100.74 24.36 2.41
6H7/2 142.73 34.51
6H9/2 139.91 33.83
6H11/2 30.10 7.28

R16 6H5/2 113.83 31.60 2.79
6H7/2 102.27 28.39
6H9/2 123.65 34.33
6H11/2 20.37 5.65

Fig. 5. Excitation spectrum of R0 glass by monitoring the emission at 602 nm.

Fig. 6. PL spectra under 407 nm excitation wavelength of glass samples. (For inter-
pretation of the references to color in this figure, the reader is referred to the web version
of this article.)

Fig. 7. Normalized intensity and integrated intensity ratio between the emission at 602
and at 565 nm (R=I602 nm/I 565 nm) as a function of the annealing time.
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the Sm3+ ions does not change considerably when the annealing time
increases from 0 to 8 h. However, longer annealing times resulted in
quenching of the intensity ratio; otherwise, the local crystalline field
symmetry around the Sm3+ ions is affected after heat-treatment for R12
and R16 glass samples. This is obviously due to the interaction between
Sm3+ ions and Ag NPs and strongly influences the crystal field en-
vironment of RE ions and the results are in good accordance with J-O
calculations. In fact, during the nucleation and growth process of Ag
NPs, the Sm3+ ions might enter into the Ag NPs phase, causing an in-
tensified electromagnetic field around Sm3+ ions which resulted in
decrease of Ω2 as well as in the intensity of emission bands. Thus, the
quenching of Sm3+ luminescence can be interpreted as due to energy
transfer (ET) from excited Sm3+ ions to silver particles [22]. In other
words, the smaller distance between silver NPs contributes to increase
multipole interactions that favor energy transfer from the RE ions to Ag
NPs and optical re-absorption by non-plasmonic, molecule like Ag-
particles (ML-Ag) which is in resonance with the emissions from Sm3+

ions. Such phenomenon further proves the enhancement of the broad
emission originates from ML-Ag-particles with annealing time.

To understand the mechanisms of fluorescence enhancement, a
simplified energy level diagram of Sm3+ ions in vicinity of Ag NPs is
proposed as depicted in Fig. 8. The excitation, under 407 nm, stimulates
the Sm3+ ions at the ground state to the excited state 4F7/2 by ground
state absorption (GSA), where the multi-phonon non-radiative (NR)
decays populate the excited state 4G5/2. Then it relax from luminescent
level to ground level radiatively which produces yellow emission at
565 nm (4G5/2→

6H5/2), orange emissions at 602 nm (4G5/2→
6H7/2) and

at 647 nm (4G5/2→
6H9/2) followed by red emission at 650 nm due to

the transition 4G5/2 → 6H11/2. The 407 nm excitation light is also re-
sonated due to local field effect (LFE) of Ag NPs which leads to the
energy transfer (ET) from the surface of silver NPs to Sm3+ ions, re-
sulting in fluorescence enhancement of emissions bands. In fact, the
presence of metallic NPs alters the quantity of photons detected and
absorbs by the Sm3+ ions. Thus, the SPR excitation led to the giant and
highly localized electric field around the Ag NPs, consequently enhance
the transition yield of Sm3+ ions in the vicinity of Ag NPs. On the other
hand, LFE cannot explain the quenching of the emission bands of Sm3+.
We believe that it is due to energy transfer from Sm3+ ions to Ag NPs
and optical re-absorption by non-plasmonic, molecule like Ag-particles
(ML-Ag). All the above processes have been illustrated in Fig. 8.

3.4. Life time and quantum efficiency

Fluorescence decay profiles of 4G5/2 level of Ag/Sm3+ doped fluoro-
tellurite glass with 407 nm excitation and 602 nm emissions were

recorded and are shown in Fig. 9. As we can see, the PL decay profiles of
4G5/2 level are found to be quite single exponential which indicate that
the mechanism of energy transfer is homogeneous inside the glass
network, without preferential positions regarding the excitation
transfer towards sites of non-radiative decay [36]. All the normalized
experimental data are fitted with the function:

= ⎛
⎝

− ⎞
⎠

I A t
τ

exp
(3)

Where I is the actual luminescence intensity, A is the luminescence
intensity at the start of the decay process, t is the time and τ is the decay
time. The PL lifetimes obtained from the fit are summarized in Table 4.
It is obvious that the fluorescence lifetime increases greatly from
1.10 ms to 1.87 ms with the increase of heat treatment temperature.
Considering the two kinds of interactions previously described, the
increase in lifetime can be explained by two combined effects: LFE in-
duced by silver NPs while the quenching of fluorescence lifetime is the
result of the reverse energy transfer from Sm3+ to silver NPs as well as
the re-absorption by non-plasmonic particles (ML-Ag).

The quantum efficiency (η) was calculated from the radiative life-
time τrad, obtained from J-O theory, and the measured experimental
lifetime τmes, as given by [24]:

=η τ
τ

(%) mes

rad (4)

Table 4 compares the values of quantum efficiency of precursor
glass and heat-treated samples. The results show a significant increase
of the quantum efficiency of the 4G5/2 level after the increase of heat
treatment time. Notably, it is found that the quantum efficiency in the
R8 (η = 87%) sample is much longer than that in most other glasses
which indicates that this glassy system could be considered as a good
candidate for the realization of a laser emitting at 602. This result in-
dicates that the presence of Ag NPs as sensitizer plays an important role
in the fluorescence dynamics of the Sm3+ doped systems.

4. Conclusion

We reported the impact of heat treatment on the dynamics of energy
transfer between silver NPs and Sm3+ ions co-doped fluoro-tellurite

Fig. 8. Partial energy level diagram showing emission mechanism in Ag NPs-Sm3+ co-
doped glasses. (For interpretation of the references to color in this figure, the reader is
referred to the web version of this article.)
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Fig. 9. Room temperature PL decays curves of Sm3+.

Table 4
Measured lifetime,radiative lifetimes, and quantum efficiency of Sm3+/Ag NPs co-doped
fluoro-tellurite glasses glass of the 4G5/2 state.

Annealing Time 0 4 8 12 16

τmes (ms) 1,10 0,87 1,87 1,29 1,51
τrad (ms) 1,78 1,88 2,13 2,41 2,79
η (%) 61 46 87 53 54
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glass. The amorphous nature of the prepared glass is confirmed by XRD.
Transmission electron microscopy (TEM), selected area electron dif-
fraction pattern (SAED) and EDX analysis indicates the presence of Ag
NPs. A broad absorption band was observed due to surface plasmon
resonance (SPR) of Ag NPs. The Judd-Ofelt intensity parameters Ωt (t =
2, 4, 6), spontaneous emission probability (AT), radiative lifetime (τr)
and branching ratios (βJJ’) of several Sm3+ transitions were calculated.
The results indicate that Sm3+ ions have been incorporated into Ag
NPs, which intensified the electromagnetic field around Sm3+ ions. The
simultaneous influence of the Ag NPs→Sm3+ energy transfer and the
contribution of the intensified local field effect due to the silver NPs
give origin to the enhancement of both the PL intensity and the PL
lifetime relative to the 4G5/2 state to 6H5/2

6H7/2,6H9/2 and 6H11/2 states.
The higher quantum efficiency (η) of R8 samples indicates that this
sample has good prospect for laser application at 602 nm.
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