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Abstract
Lanthanide ions doped glasses are studied by researchers for upconversion luminescence. Rare earth
doped bismuth tellurite glasses codoped with and without silver nanoparticle were synthesized by melt and
quench procedure for the study of enhanced upconversion luminescence. Physical parameters as molar mass,
molar volume, and density were evaluated. Amorphous nature of samples was verified by x-ray diffraction. DSC
is carried for information of thermal properties. UV-Visible absorption and fluorescence spectra is obtained to
get detail information of upconversion luminescence. Upconversion mechanism of rare earth erbium and
ytterbium ions discussed. Three prominent upconversion luminescence is observed two in green region and
one is in red.
Key words : rare earth ions; upconversion; luminescence.
1. Introduction

The upconversion phenomenon has been observed in transition metals, actinides, but mainly in the
rare earth (RE) elements, which contain the lanthanide (Ln) series, yttrium, scandium1, ytterbium and erbium2
and ytterbium and thulium ions3. Ln3+ ions have special 4fn 5d0-1 inner shell configurations that are wellshielded by outer shells and have abundant and unique energy level structures. These Ln 3+ ions can exhibit
sharp luminescence emissions via intra-4f or 4f-5d transitions. Their remarkable luminescence properties, such
as narrow bandwidth, long-time emission, and anti-Stokes emission, have been widely applied in lasers, solar
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cells, analytical sensors, optical imaging, photodynamic therapy, and so on. At present, the low luminescence
efficiency is one of the main limiting factors. Therefore, to obtain the highest upconversion luminescence
efficiency, it is critical to choose an appropriate host material with lower phonon energy (high phonon frequencies
of the host lattice lead to nonradiative relaxation). To date, host materials, including fluoride, chloride and
bromide, have been shown to enhance upconversion luminescence intensity. Most of chlorides and bromides
are sensitive to moisture, and thus are not suitable for labeling biomolecules (used mostly in aqueous solutions)4.
RE fluorides, mainly REF3 and AREF4 (A = alkali), have been considered as an excellent host material due to
their high refractive index and high transparency arising from low-energy phonons. These two advantages
further lead to low probability of nonradiative decay and increased luminescence quantum yield. Most fluorescent
materials, including dye molecules, quantum dots, and dye-doped silica/gold nanomaterials, emit light by the
downconversion process (emitting lower-energy photons under higher-energy irradiation). Although the uses
of a conventional organic dye molecule or quantum dot (QD) based biomarker have achieved significant
progress in real-time detection and bioimaging, they still have drawbacks. These fluorescent materials are
generally excited by ultraviolet (UV) or visible light, which may induce autofluorescence and photodamage to
biological samples, resulting in low signal-to-noise ratio and limited sensitivity. These limitations prompted the
development of a new type of high-quality and well-shaped nanomaterials known as upconversion nanomaterials
(UCNs). These UCNs usually consist of an inorganic host that is doped with Ln 3+ ions. They show good
biocompatibility and generally low cytotoxicity, and are in fact non-cytotoxic to a broad range of cell lines5,6.
Furthermore, surface modification by ligand engineering7–9, ligand attraction10, surface polymerization5,11–15,
self-assembly16–18 or layer-by-layer assembly technology17 , broadens their application fields. Surface
modification by a silica shell is by far the most popular, common, and practical approach 5,13,20–22. Proteins,
DNA, biological macromolecules or other desirable targets can be easily linked to UCNs. In particular, the
UCNs’ unique property of emitting visible light under NIR irradiation makes them a suitable candidate both for
in vivo and in vitro bioimaging23–25. Theoretically, most lanthanide ions can undergo the NIR-to-visible
upconversion process; however, relatively efficient upconversion is only possible with a few trivalent lanthanide
ions (e.g., Er3+ and Tm3+) under low pump densities (980 nm excitation). Up to now, the most often-used
upconversion nanoparticles are Yb3+ -Er3+ or Yb3+ -Tm3+ co-doped NaYF4 nanomaterials. In this review, we will
briefly discuss the mechanisms of upconversion phenomenon, but mainly focus on the recent progress in
UCNs’ chemical syntheses and their applications in different areas, especially in the biological field.
The properties of the host lattice and its interaction with the dopant ions have a strong influence on
the upconversion process, because the lattice of host materials determines the distance between the dopant
ions, their relative spatial position, coordination numbers, and the type of anions surrounding the dopant.
Therefore, selection of appropriate host materials is also essential in the design of UCNPs with favorable
optical properties such as high efficiency and tunable emission color. Ideal host materials should have low
lattice phonon energies, which have a great influence on the upconversion efficiency. In order to minimize nonradiative loss and maximize the radiative emission.
This article deals with upconversion properties of rare-earth doped bismuth tellurite glasses with and
without codeped silver nanoparticls (AgNPs).
2. Synthesis :
Without and with silver nano particle rare earth doped bismuth tellurite glasses with batch
compositions78%TeO2-10%Bi2O3-10%Na2CO3-1%Er2O3-1%Yr2O3 (BTEY) and77.9%TeO2-10%Bi2O3- 10%Na2CO31%Er2O-1%Yb2O3-0.1%AgNO3(BTEYA) have been synthesized by meting and quenching technique. All the
required compounds were taken in powder form mix well mechanically. Alumina crucible was used for melting,
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first of 18-20 gram was put in furnace at 400 oC for 30 minutes then increases temperature upto 900 oC for one
hour. In between molten liquid is mechanically stirred. Then melt poured in pellet shaped die. Different annealing
treatment had been done with both the samples. BTEY is kept in oven at 350 oC for one hour whereas BTEYA
was kept two and half an hour. Prepared samples are transparent and pinkish in color.
3. Physical Properties :
Physical parameters as heaviness, mol. Mass and Volume were evaluated (Table 1)
Table 1. The physical properties of synthesized bismuth tellurite glasses doped with erbium- ytterbium
(BTEY) and erbium- ytterbium- silver (BTEYA)
Name of the Sample
BTEY
BTEYA
Molar Mass (M) gm/mol
188.96
184.63
3
Density ρ (g/cm )
5.12
5.11
Vm (cm3/ mol)
36.90
36.13
4. Characterization
4.1 XRD

Fig.1. XRD of BTEY and BTEYA samples
X-ray differaction of samples were carried by Rigaku Miniflex II in 20o to 90o two degree angle range. The
pattern obtained does not have spikes, justified the amorphous nature only a wide hill like structure is seen near
30 o region.
4.2. Differential Scanning Calorimery :
Differential scanning calorimery of base sample BTEYA is carried out by Perkin Elmer (Pyris 6 DSC)
and TA Instruments in the United States instruments (figure 2). DSC of BTEYA is carried between 40 oC to 460
o
C. Glass transition temperature is observed at 322 oC.
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Figure 2. DSC of BTEYA glass sample.
5. Optical Properties :
The UV-VISIBLE-IR absorption spectra were carried out by using Research India Spectrophotometer
in 300– 1000 nm spectral range . The fluorescence spectra werecarried out by Horriba, Jobin Vyon (Fluorofoge3). All the studies carried out at room temperature.
The UV-VISIBLE-IR absorption of 78%TeO2-10%Bi2O3-10% Na2CO3-1%Er2O3-1%Yr2O3 (BTEY) and
77.9%TeO2-10%Bi2O3- 10%Na2O-1%Er2O-1%Yb2O3-0.1%AgNO3 (BTEYA) sample were shown in Fig. 3.

Fig. 3. UV-VISIBLE-absorption spectra of BTEY and BTEYA samples
Six clear absorption bands were observed in the spectra . both the samples having similar bands indicated by
1,2,3,4,5 and 6. The transition band are identified as1.At 485 nm 4I15/2 to 4F7/2 of Er3+ ions
2. At 520 nm 4I15/2 to 2H11/2of Er3+ ions
3. At 540 nm 4I15/2 to 4S3/2 of Er3+ ions
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4. At 652 nm 4I15/2 to 4F9/2 of Er3+ ions
5. At 795nm 4I15/2 to 4I9/2 of Er3+ ions
6. At 980nm 2F7/2to 2F5/2 of Yb3+ ions

All the above transitions are very clear and prominent.
Upconversion spectra of BTEY and BTEYA samples were carried outat 980 nm excitation wavelength
at room temperature shown in the figure 4. Prominent three colors were observed two is in green regions and
one is in red region. In the observed upconversionions of erbium and ytterbium are responsible. With Ytterbium
ions concentration, the lifetime of Erbium ionscited state was increased significantly benefited from the energy
sensitization effect of Ytterbium ions, indicating the important role of the ET process on the
Upconversionamplication. Further it is clearly observed that AgNPS enhance the intensity of upconversion.

Figure 4. Upconversion of BTEY and BTEYA samples.
With the help of results, it is concluded that Ytterbium ions are acceptabe sensitizer to increase
upconversion emission in Erbium ions doped bismuth tellurite glasses. Ytterbium ions can enhance the absorption
of input energy and hand over energy to Erbium ions. Hence Ytterbium ions increase the number of Erbium ions
excited to the 4 I11/2 level. As a result, an increased upconversion emission was observed in Erbium/Ytterbium
doped bismuth–tellurite glasses. The mechanism of Erbium- Ytterbium ions doped BT glasses shown in figure
5.

Fig.5 upconversion mechanism in Er-Yb doped BT glass

Yogesh K. Jayaswal, et al., JUSPS-A Vol. 34(1), (2022).

11

6. Upconversion Mechanism :

(i)
(ii)
(i)
(ii)
(iii)
(i)
(ii)
(iii)

At 980 nm excitation radiationErbium and Ytterbium ions get excited, the process were as
Yb get excited from 2F7/2 to 2F5/2
Er3+ get excited from 2I15/2 to 2I11/2
Further excited Yb3+ ion transfer its energy from 2F5/2 to Er3+ excited ions in three levels as
2
F5/2(Yb3+) to 4I13/ 2(Er3+)
2
F5/2(Yb3+) to 4F9/ 2(Er3+)
2
F5/2(Yb3+) to 4F7/ 2(Er3+)
Finally, Erbium ions get come down in ground state and releases energy in following steps
2
H7/2 to4I15/ 2 green emission
4
S3/2 to4I15/ 2 green emission
2
F9/2 to4I15/ 2 red emission
With use of silver nano particles upconversion emission in BTEYA glasses were observed enhanced.
3+

7. Conclusion
The Erbium Ytterbium ions doped bismuth tellurite glasses with and without silver nanoparcle
synthesized via melting and quenching procedure. The hydrothermal method, and the upconversion emission
of Erbium Ytterbium ions doped bismuth tellurite observed. Silver nano-particles enhance the upconversion.
The upconversion emission of BTEYA was constructively increases due to coupling surface plasmons of silver
particles with optical energy band gap. Clear and intense green and red upconversion were obtained. Synthesized
glasses claimed their candidature as light emitting, and display devices.
Tellurite base glasses are excellent host for rare earth ions. Frequency upconversion luminescence
phenomenon is used to convert IR electromagnetic radiation in visible region. In the present work green and
red color is achieved by 980nm excitation. By doping of combination of three suitable rare earth ions, white light
can be achieved. Future scope of research and applications of the upconversion luminescence nanoparticles
is in bioimaging and making contrast against biomaterials.
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