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Abstract 
Eu, Er, Yb-Er, and Dy-doped phosphate glasses were prepared by a wet-route processing of chemical 

precursors followed by melt-quenching and annealing. XRD measurements highlighted the 

amorphous nature of the investigated glasses. UV-Vis absorption spectra revealed peaks specific to 

f-f electronic transitions of the doping ions whereas FTIR and Raman spectroscopy proved the

vitreous network forming role of phosphorous pentoxide. Luminescence spectra in the Vis domain,

at RT, showed emission bands characteristic to the ion transitions from the excited states to the ground

state. The luminescence spectra collected in the ~(25--160oC) range exhibited a decrease of the

emission intensity with temperature rise. In the case of Eu and Dy-doped glasses no significant

changes were noticed by comparison with Er and, respectively, Yb-Er-doped glass where a significant

change of the emission intensity is observed. The change of the emission characteristics upon

temperature rise recommends Er and Yb-Er-doped glasses as - promising candidates for sensing

devices.

Keywords: rare-earth ions, phosphate glass, optical absorption, Fourier Transform Infrared 

spectroscopy, Raman spectroscopy, photoluminescence 

1. Introduction

Recently, Eu2O3-doped glasses and glass ceramics were investigated for orange and red emission

devices. Rare earth-doped transparent glass ceramics have lately appealed extensive attention due to 

their outstanding properties for laser and optoelectronic device applications [1,2]. Glass ceramics are 

useful composite materials that gather the significant optical properties of the nano-crystalline phase 

and the remarkable mechanical properties as well as chemical stability of the glass phase [3]. Thus, 

Eu-doped calcium aluminosilicate glass and glass-ceramics have been synthesized and 532 nm 

excitation revealed peaks in the 570–750 nm range attributed to 5D0→
7FJ (J=0–4) transitions of Eu3+. 

The broad band emission due to 4f65 d1→4f7 for 473 nm excitation, showed that Eu2+ is incorporated 

into the crystalline phases after reduction of Eu3+ during annealing [4]. Eu3+-doped bismuth 

borosilicate glasses were synthesized by the melt quenching technique. Varying Eu2O3 concentration 

from 0 to 5 mol. %, the emission spectra revealed that Eu3+-doped glasses present the strongest 

emission at 613 nm (5D0 → 7F2) wavelength when excited with 465 nm, thus making these glasses 

promising materials for reddish orange emission devices [5]. Luminescence emissions of 1 mol. % 

Eu2O3 embedded in sodium lead phosphate glass matrix have been reported. Upon 393 nm excitation, 

seven emission bands are revealed: 5D1→
7F1 (535 nm), 5D1→

7F2 (554 nm), 5D0→
7F0 (579 nm), 

5D0→
7F1 (592 nm), 5D0→

7F2 (612 nm), 5D0→
7F3 (653 nm) and 5D0→

7F4 (700 nm) respectively. The 
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most intense one is that from 612 nm, being highly enhanced in lead sodium phosphate glass matrix 

in comparison to other host matrices reported [6]. 

The white light emission properties of Dy3+ doped glasses and glass ceramics have been lately 

reported. The emission spectrum of Dy3+ doped ZBAN (zirconium-barium-aluminum-sodium) 

fluoride glasses excited by ultraviolet light at 350 nm shows two strong emission peaks (480 and     

575 nm) and one weak emission peak at 660 nm that belongs to 4F9/2→
6H15/2, 

4F9/2→
6H13/2, 

4F9/2→
6H11/2 transitions, respectively [7]. Recently, bismuth-tellurium-dysprosium-boron silicate 

glasses (SiBBiTe) have been reported as adequate for WLEDs applications. Two intense bands of 

luminescence were found at 480 and 575 nm, which correspond to the 4F9/2→
6H15/2 and 4F9/2→

6H13/2 

transitions, respectively, and one lower intensity band at 664 nm corresponding to the transition 
4F9/2→

6H11/2 [8]. Researchers have found that in Dy3+ doped NaO-BaO-Bi2O3-SiO2 glass system the 

band from 385 nm exhibited the highest absorption in the visible light, while the strongest emission 

band is centered at 575 nm. Increasing the concentration of Dy3+ to 1.5 mol. % leads to two other 

emission bands 482 nm and 662 nm [9]. Other authors have prepared and characterized single doped 

(Dy3+) and co-doped (Dy3+/Eu3+)-doped potassium-zinc-aluminum-dysprosium phosphate glasses for 

white luminescence applications. Dy-doped glasses exhibit blue, green and red emission when excited 

by 350 nm. Luminescence spectra of co-doped Dy3+/Eu3+ glasses at different excitation wavelengths 

(364, 383, 394 and 463 nm) show six emission bands at 483, 575, 593, 615, 662 and 700 nm. The 

bands at 483 and 575 nm are ascribed to the transitions 4F9/2→
6H15/2 and, respectively, 4F9/2→

6H13/2 

due to the Dy3+ ion and the rest of the bands are ascribed to the transitions 5D0→
7F1, 

5D0→
7F2, 

5D0→
7F3 and 5D0→

7F4, respectively, due to Eu3+ ion [10]. 

Much work was done on the near infrared (NIR) luminescent properties of Er3+-doped glass 

matrices, which includes chalcohalide glasses [11,12], tellurite glasses [13,14], germanate glasses 

[15], and borate glasses [16]. Most works found that near-infrared (NIR) luminescence appears at 

about 1525 nm under 808 nm excitation with an increase in the intensity of the luminescence 

following an equal increase of Er dopant up to 2 mol. % [17]. For Er-doped lithium‑bismuth-boron-

phosphate glasses the NIR emission spectra measured by 980 nm excitation is found to be placed at 

1532 nm for the 4I13/2→
4I15/2 transition, which demonstrates that the investigated oxide systems are 

promising candidates for the broadband amplifiers [18]. Other studies, such as Er3+-doped cadmium-

vanadium-phosphate glass samples showed that upon 980 nm diode laser excitation, a near infrared 

emission is observed, showing a broad band extending from 1440 to 1650 nm, attributed to the Er3+: 
4I13/2→

4I15/2 transition, the highest intensity being noticed for 2.5 mol. % Er3+ concentration. For 

higher Er3+ concentrations, the emission intensities were progressively reduced due to the non-

radiative and cross relaxation processes highlighting a dipole-dipole electric interaction [19]. 

Other types of doped glasses are promising candidates for application in NIR optical amplifiers. 

Thus, Li et al. prepared transparent glass ceramics containing nano-crystalline Er, YbEr-doped 

Bi2ZnB2O7 by high-temperature melting. Yb3+ ions improved the symmetry and the coordination field 

degree around Er3+ as well as the emission efficiency of the glass ceramic material. Under 980 nm 

excitation (corresponding to the transition 4I13/2→
4I15/2), the samples produced a wide-band 

fluorescence between 1400-1700 nm [20]. Yb3+/Er3+ co-doped lithium phosphate glass ceramics 

doped with 0.05Er2O3-0.25Yb2O3 (mol. %) synthesized by annealing of the glass at 600 oC for 24 h, 

exhibit a strong infrared emission at 1.53 µm [21]. Potassium-niobium germanate glasses and glass 

ceramics doped with up to 4 mol. % Er2O3 show an amplification of the emission intensities at1.5 μm 

in glass-ceramics with higher erbium contents compared to the precursor glasses. The devitrification 

of the glass favors the emission around 1.5 μm in relation to the precursor glass while higher erbium 

contents (> 2 mol. %) quench this emission. This consideration is important because it influences the 

performance of these materials as optical amplifiers and NIR laser [22]. The near infrared emission 

of Er3+-doped, Er3+-Yb3+ co-doped and Er3+-Mn2+-Yb3+ tri-doped aluminum-barium-lanthanum-

titanium silicate glasses and glass ceramics was investigated. The forming of Mn2+–Yb3+ dimer and 

the energy transfer processes Mn2+–Yb3+ and Mn2+-Er3+ has led to a significantly increased NIR 

emission of Er3+-doped at ∼1.54 μm [23]. Previous works of the coauthors related to optical and 

structural properties of rare-earth-doped aluminophosphate glasses were reported in [24-28]. 



There are various luminescent materials employed as optical thermometers, and most of them are 

based on the competition of electron population in the thermally coupled states (TCS) of rare-earth 

(RE) ions or transition metal (TM) ones. Optical studies reveal the fact that the radiative properties 

of RE ions in glasses strongly depend on the host matrix and can be modified by proper choice of 

network forming and network modifying ions [29-31]. Nowadays, Dy3+ ion doped glasses such as, 

boro-tellurite, fluorophosphate, oxyfluoroborate, lead tellurofluoroborate, lead silicate and zinc 

alumino bismuth borate glasses are receiving more attention [29]. Eu3+-doped tellurite glasses 

embedding CsPbBr3 PQDs (perovskite quantum dots) were successfully prepared by Xiaoyan Li and 

co. The obtained nanocomposite exhibited excellent temperature sensing performance in the 

temperature range of 93–383 K [32]. High measurement accuracy and wide measurement temperature 

range can be achieved with Er3+/Yb3+ co-doped transparent glass-ceramics containing NaZnPO4 

which has potential application in optical temperature sensor [33]. The thermally coupled up-

conversion green emission of Er3+ ion can be used for temperature sensing, which suggests that the 

Er3+ and Yb3+ co-doped zinc phosphate glass might be qualified candidate for temperature sensing 

[34]. Yb3+/Er3+ co-doped phosphate glasses are an efficient up-conversion material with potential 

application in optical thermometry [35]. 

In the present paper, phosphate glasses doped by rare-earth ions were synthesized and structural 

as well as photoluminescence characterization from room temperature to ~160oC was performed. The 

photoluminescence sensitivity of Er3+, Yb3+-Er3+, Eu3+ and Dy3+-doped glasses with temperature 

variation was investigated for sensing device applications. 

The originality of the work is related to the application of the non-conventional method of 

processing reactants in solution that guarantees a high chemical and optical homogeneity of the final 

doped glasses, as presented in previous papers [25,36,37]. At the same time, the reported 

investigations sustain new rare-earth-doped alumino-phosphate glass compositions having a high 

chemical stability [36,37], a reduced crystallization tendency together with interesting optical and 

structural properties which have been investigated in detail. The dependence of photoluminescence 

on temperature is the base research direction of the present work highlighting the potential application 

of these vitreous materials for sensing devices.   

2. Materials and Methods 

In this study, an un-doped phosphate glass and phosphate glasses doped with Eu3+, Dy3+, Er3+and 

Yb3+-Er3+, respectively, were synthesized by a non-conventional wet route of starting reagents 

processing followed by melt quenching. The homogenization of the chemical reagents in H3PO4 

solution, accompanied by continuous mechanical stirring of the starting batch as well as of the glass 

melt ensures a high optical quality of the final vitreous materials [36-40]. Vitreous and glass ceramics 

materials synthesized from liquid precursors are also presented in [41]. The nominal molar 

composition of the synthesized glasses is presented in Table 1. 

Table 1. Molar composition of rare-earth-doped phosphate glasses. 

Glass code Molar composition 

Etalon 60LiPO3 30Al(PO3)3 10 Ba(PO3)2 

Eu 58LiPO3 29Al(PO3)3 10 Ba(PO3)2 3Eu2O3 

Dy 58LiPO3 29Al(PO3)3 10 Ba(PO3)2 3Dy2O3 

Er 58LiPO3 29Al(PO3)3 10 Ba(PO3)2 3Er2O3   

Yb-Er 58LiPO3 29Al(PO3)3, 10 Ba(PO3)2 2.5Yb2O3 0.5Er2O3 

As raw materials the following ultra-grade purity reagents have been used: Li2CO3, BaCO3, Al2O3, 

Eu2O3, Dy2O3, Er2O3, Yb2O3, and H3PO4 solution, concentration 85 %, density 1.71 g/cm3. 

As shown in Table 1, the metaphosphate molar composition of the un-doped glass is similar with 

that of the base vitreous matrix from REPGs, related to LiPO3/Al(PO3)3 ratio and Ba(PO3)2 content. 



X-Ray Diffraction (XRD) patterns were recorded with a Bruker D8 Advance device, (CuKα, λ = 

1.54056 Å). The XRD data were acquired at room temperature using a step scan interval of 0.020° 

and a step time of 10 s. All samples were scanned between 10° and 70° 2 (2θ range). 

Optical absorption was investigated in the range 300-1800 nm using a Perkin Elmer Lambda 1050 

spectrophotometer with a scan rate of 2 nm/min.  

Fourier Transform Infrared (FTIR) spectra were recorded with a Perkin Elmer 

Spectrophotometer-Spectrum 100 provided with Universal Attenuated Total Reflectance (UATR) 

accessory, in the range 400–4000 cm−1, 4 cm-1 resolution, the number of scans 20 and a measurement 

error of ±0.1%. 

Raman spectra were collected with a LABRAM-HR 800 Horiba Jobin Yvon spectrometer, in the 

200–2000 cm−1 range, Ar+ laser excitation (λ=514.5 nm), laser power at the sample surface 2.33 mW, 

without attenuation filter, accumulation time 5 sec/point, resolution 1 cm−1. 

Photoluminescence emission of rare-earth-doped-phosphate glasses (REPGs) was collected with 

a Horiba Jobin-Yvon Fluorolog 3 spectrofluorometer in the range 400-700 nm, at room temperature, 

measurement angles 45o and 60o, respectively. The most intense emission was noticed at 45o for all 

the REPGs. The luminescence measurements in the range ~(25--160oC) were done by excitation with 

a laser diode at 365 nm in the case of Eu and Dy-doped glasses and a laser diode at 980 nm in the 

case of Er and Yb-Er-doped glasses. 600 µm-core bifurcated optical fibers were used to excite and 

collect the emission, the measurement fiber and the thermocouple being positioned on the glass 

surface. An USB2000FLG spectrophotometer was used to measure the emission of Eu and Dy-doped 

glasses (from 350 nm to 800 nm), while the NIR emission of Er and Yb-Er-doped glasses was 

acquired with the NIR512 spectrophotometer (from 850 nm to 1700 nm). All the spectra were 

recorded with Spectra Suite software: the integration time was fixed at 1 s, whereas each measurement 

consisted of the average of three subsequent acquisitions. Both spectrophotometers, as well as the 

software were purchased from Ocean Optics. 

3. Results and Discussion 

The results and discussion will be presented in this work in the series: un-doped glass, followed 

by Eu, Dy, Er and Yb-Er-doped glasses, as the rare-earth elements are found in the 4f lanthanide 

periodic table, taking into account the decreasing of the ionic radii and increasing of the ionic mass. 

3.1. X-ray Diffraction 

In Fig. 1, XRD patterns of the un-doped and RE-doped glasses are presented. It is evidenced an 

amorphous character of the investigated glasses. 

 

Fig. 1. XRD patterns of un-doped glass, Eu, Er, Dy, and Yb-Er-doped glasses, respectively. 



3.2. Optical absorption 

Optical absorption of the un-doped and REPGs in the UV-Vis-NIR domain is presented in the 

Figs. 2a, 2b, 2c and, respectively, 2d. As expected, the un-doped glass does not exhibit absorption 

bands in the UV-Vis-NIR domain. The absorption spectra of the REPGs reveal peaks specific to f-f 

electronic transitions of RE doping ions. The glass doped by Eu3+ does not exhibit absorption bands 

located in the NIR domain (Fig.2b) as noticed in the case of Dy3+, Er3+ and Yb3+-Er3+ -doped glasses 

(Figs. 2c and 2d). In the visible light region, Eu-doped glass absorb photons at 362, 382, 394, 415, 

465, 525 and 532 nm wavelength, corresponding to the transitions 7F0 → 5D4, 
7F0 → 5G2, 

7F0 → 5L6, 
7F1 → 5D3, 

7F0 → 5D2, 
7F0 → 5D1 and 7F1 → 5D1, respectively [35]. The absorption spectrum of Dy-

doped glass (Fig.2c) consists in inhomogeneous absorption bands located at 324, 349, 364, 387, 425, 

452, 751, 801, 897, 1092, 1270, and 1677 nm, which are assigned to the transitions from the ground 

state, 6H15/2 to the following excited levels: 6P3/2, 
6P7/2, 

6P5/2 +
6P3/2, 

4F7/2, 
4G11/2, 

4I15/2, 
6F3/2, 

6F5/2, 
6F7/2, 

6F9/2, 
6F11/2+

6H9/2 and 6H11/2 [10]. 

In the case of Er3+-doped glass (Fig.2d), the electronic transitions take place from the ground state 
4I15/2 to the following energy levels: 4G11/2 (364, 378 nm),2G9/2, 

2H9/2, 
4F9/2 (406 nm), 4F5/2 (450 nm), 

4F7/2 (488 nm), 2H11/2 (520 nm), 4S3/2 (544 nm), 4F9/2 (650 nm), 4I9/2 (798 nm), 4I11/2 (978 nm), and 4I13/2 

(1534 nm) [18, 19]. The only absorption band (978 nm) of Yb3+ ions corresponds to the transition 
2F7/2 → 2F5/2 [43, 44] (Fig.2d). 

 
a 

 
b 

 
c 

 
d 

Fig. 2. Optical absorption of a) un-doped; b) Eu; c) Dy and d) Er and Yb-Er doped glasses, 

respectively. 

3.3. Structural analysis 

3.3.1. FTIR and Raman spectroscopy 



Structural information on the un-doped and REPGs are provided by FTIR and Raman 

spectroscopy, in the range 450-1500 cm-1 and, respectively, 200-1800 cm-1. FTIR and Raman spectra 

of the un-doped glass are presented in Fig.3a and, respectively, Fig.4a. The deconvolution of the FTIR 

and Raman bands highlights the bending and stretching vibration modes specific to various phosphate 

units and bonds. Figs.3b and 4b present FTIR and, respectively, Raman spectra of the un-doped glass 

compared to the spectra of the REPGs revealing the influence of the dopant ions on the local 

symmetry. Both FTIR and Raman spectra show peaks characteristic to the phosphate network, 

emphasizing the network forming role of P2O5. Wavenumbers and assignment of both FTIR and 

Raman bands are given in Table 2. 

 
a 

 
b 

 

c 

Fig. 3. FTIR spectra of a) un-doped glass in the range 450-1500 cm-1; b) REPGs in the range 

450-1500 cm-1; c) REPGs in the range 1500-3500 cm-1. 



 
a 

 
b 

Fig.4. Raman spectra of a) the un-doped glass; b) REPGS. 

 

Table 2. Assignment of FTIR and Raman bands for REPGs 

 

 

Attributions 

FTIR wavenumbers (cm-1) Raman wavenumbers (cm-1)  

Un-

doped 

glass 

Eu-

doped 

glass 

Dy-

doped 

glass 

Er-

doped 

glass 

Yb-

Er-

doped 

glass 

Un-

doped 

glass 

Eu-

doped 

glass 

Dy-

doped 

glass 

Er-

doped 

glass 

Yb-

Er-

doped 

glass 

σ(O-P-O)  

(phosphate 

polyhedra) 

628 628 - 630 630 285; 

336; 

396; 

296; 

327; 

382; 

485; 

625 

342; 

406; 

446; 

493; 

610 

220; 

281; 

316; 

347; 

369 

213; 

275; 

309; 

353; 

383 

ν(P-O-P)sym 

(between Q1 

and Q2 

units) 

719 722 720 717 717 693; 

722 

704; 

738 

708; 

746 

487; 

600; 

630; 

689; 

751 

475; 

541; 

578; 

626; 

695; 

733 

ν(P-O-P)sym 

(within Q2 

and Q1 

units) 

782 785 778 780 783 795 778; 

820 

786 - 787 

ν(P-O-P)asym 891; 

920 

893; 

958 

899; 

946 

886; 

920 

884; 

919 

- 935 945 - 953 

ν(P-O-P)asym/ 

ν(PO4)sym (Q0 

units) 

997 1013 988 988 988 978 - 1013 978; 

1015; 

1038 

987; 

1004; 

1030 

ν(PO3)
2-

asym 1074 1097 1085 1073 1074 - - - 1086 1086 

ν(O-P-O)sym/ 

ν[(PO3)
2-

]asym 

- - - - - 1120 1102 - 1120 1122 

ν(O-P-O)sym 

(Q2 units) 

- - - - - 1185; 

1211 

1143; 

1195 

1136; 

1182 

1135 1138; 

1204 

ν(O-P-O)asym 

(Q2 units)/ 

1247 1238 1208 1242 1248 - - - - - 



ν(P=O) (long 

phosphate 

chains) 

ν(P=O)sym - - - - - 1257 1253 1233 - 1261 

ν(O-P-O)asym 1285 - - 1340 1338 1295; 

1344 

1289 

1335 

1296 1305; 

1352 

1318; 

1369 

ν and σ 

vibration 

modes and 

combined 

vibrations of 

H-OH 

bonds 

- - - - - - - - 1380; 

1423; 

1482; 

1537; 

1726; 

1791; 

1845 

1406; 

1437; 

1501; 

1707 

σ= bending vibration mode 

ν=stretching vibration mode 

In the following, the discussion of bands assignment will be done comparatively between the un-

doped glass and REPGs, taking into consideration the peaks assignment reported in [45-51, ,53,54] 

for FTIR and, respectively in [48,49,51,55-57] for Raman vibration modes. In the range 220-630 cm-

1, bending vibration modes specific to the phosphate polyhedra are noticed. The next range between 

640-840 cm-1 evidences intense symmetrical stretching vibration modes of P-O-P bonds (bridging 

oxygen atoms) specific to Q1 and Q2 tetrahedra. The Raman peaks specific to these vibration modes 

are shifted towards lower wavenumbers in the case of Er and Yb-Er-doped glasses possibly due to 

the modification of the local symmetry, taking into account the increased ionic mass and decreased 

ionic radii of Er3+ and Yb3+ ions. The range 830-1200 cm-1 for FTIR spectra and 830-1400 cm-1 for 

Raman spectra present intense asymmetrical stretching vibration modes specific to P-O-P bonds and 

symmetrical stretching vibration modes of (PO4)
3- units from Q0 tetrahedra (orthophosphate groups). 

Also, asymmetrical stretching vibration modes of (PO3)
2- units (metaphosphate groups) and 

symmetrical stretching vibration modes of O-P-O units (non-bridging oxygen atoms) are observed.  

At higher wavenumbers, symmetrical stretching vibration modes of P=O bonds in long chains, O-P-

O asymmetrical stretching vibration mode and bending and stretching vibration modes of H-OH 

bonds are revealed. The RE ions embedded in the phosphate network, acting as vitreous network 

modifiers, generate a depolymerization of the metaphosphate chains and an increasing of the non-

bridging oxygen atoms number. The FTIR band specific to (PO3)
2- units from 1085 cm-1 in the case 

of Dy-doped glass is more pronounced by comparison with the other glasses. This is possibly due to 

Dy3+ ions that favor the formation of P-O-P bonds (bridging oxygen atoms) composed of 

metaphosphate groups (PO3)
2- on account of O-P-O (non-bridging oxygen atoms), the effect of 

depolymerization of the phosphate chains being reduced as compared to the other RE ions. The lowest 

intensity is noticed in the case of Yb-Er-doped glass, possibly due to the increasing of the atomic 

mass and decreasing of the ionic radius in the series Eu-Dy-Er-Yb, which causes a significant change 

of the local symmetry. The FTIR band from 1247 cm-1 in the case of the un-doped glass is more 

intense than in the case of REPGs, being almost negligible in the case of Dy-doped glass. Hence, it 

is possible to ascertain that the vibration mode of O-P-O units (non-bridging oxygen atoms) is almost 

missing due to the reduced depolymerization effect of Dy3+ ions.  

The optical phonons of the non-bridging oxygen atom linked by the vitreous modifier ions (Li+, 

Ba2+, Al3+, and rare-earth ions) are not observed in FTIR spectra as they present vibration modes at 

wavenumbers lower than 400 cm-1. 

The FTIR spectra of the un-doped and REPGs, in the range 1500-3500 cm-1 are presented in Fig. 

3c. All the absorption bands are assigned to stretching and bending vibration modes of O-H bonds 

as well as combined vibrations [50,52,53]. 

In Fig.4b it is noticed that the Raman peak from 336 cm-1 specific to the un-doped glass is shifted 

towards lower wavenumbers accompanied by the decreasing of its intensity in the series Eu, Dy, 



Yb-Er, Er-doped glasses. Thus, the bending of the phosphate network is less intense with increasing 

of the RE ions mass and decreasing of their ionic radius in the up-mentioned series. The symmetrical 

stretching vibration modes of O-P-O units are shifted towards lower wavenumbers in the case of Er 

and Yb-Er-doped glasses compared to the other glasses, possible due to the change of the local 

symmetry caused by these heavy ions. The intense Raman bands from 1086 cm-1 specific to (PO3)
2- 

units and O-P-O Raman bands from 1352 and 1369 cm-1 in the case of Er and, respectively, Yb-Er-

doped glasses certify the change of the local symmetry. 

3.4. Photoluminescence 

Photoluminescence spectra of Eu, Dy, Er, and Yb-Er-doped glasses are presented in Figs. 5a, b, c, 

and d, respectively. Different excitation wavelengths were used, corresponding to the absorption 

bands from UV-Vis domain, presented in Figs. 2b, c, and d. In the following, only the spectra 

containing the most intense emission bands of the REPGS and the corresponding excitation 

wavelengths are presented. 

 
A 

 
b 

 
C 

 
d 

Fig. 5. Photoluminescence spectra of a) Eu; b) Dy; c) Er and d) Yb-Er-doped glasses. 

The un-doped glass would certainly produce no photoluminescence in the UV-Vis domain as no 

absorption occurs as it results from Fig. 2a. Eu-doped glass exhibits visible emission bands by365 nm 

excitation (Fig.5a), the peaks are situated at 534, 552, 589, 608, 616, 650 and 698 nm. These maxima 

correspond to the following transitions: 5D1→
7F1, 

5D0→
7F2, 

5D0→
7F0, 

5D0→
7F1, 

5D0→
7F2,

 5D0→
7F3,

 

5D0→
7F4 [5,6,58]. 

In the case of Dy-doped glass (Fig. 5b), several emission peaks were found by 365 nm excitation. 

Thus, the peaks placed at 414, 434, 453, 481, 571, and 661 nm are assigned to the following optical 



transitions: 4F7/2→6H15/2, 
4G11/2→6H15/2, 

4I15/2→6H15/2, 
4F9/2→6H15/2, 

4F9/2→6H13/2, and 4F9/2→6H11/2 

[7,10,59]. 

Er-doped glass exhibits luminescence in the green domain of the visible spectrum, collected by 

379 nm excitation (Fig. 5c). Thus, two emission bands are noticed in the visible domain, namely 521-

526 nm, 542-550 nm, corresponding to the 2H11/2→4I15/2 and 4S3/2→4I15/2 transitions, respectively [59]. 

In the case of Yb-Er-doped glass, excited by 379 nm (Fig. 5d), the emission spectrum presents 

only bands specific to Er3+ ions, 519-527 nm and 542-549 nm corresponding to 2H11/2→4I15/2 and 4S3/2

→4I15/2 transitions, respectively. Yb3+ ions do not exhibit absorption bands in the UV-Vis domain 

except the band at 980 nm, corresponding to the transition 2F7/2→2F5/2 [59]. So, in the case of Yb-Er-

doped glass, the green emission intensity is reduced in comparison with Er-doped glass emission, due 

to the low amount of Er2O3, 0.5 mol. % in the co-doped glass. The most intense emission band is 

noticed at 616 nm in the case of Eu-doped glass, followed by the peak at 571 nm in the case of Dy-

doped glass and the less intense peak at 542 nm observed in both Er and Yb-Er-doped glasses. 

In Fig. 6 is presented the experimental set-up for luminescence measurements in the temperature 

range ~(25-~-160oC) using optical fibers (see Materials and Methods section). The glass sample was 

positioned on the heater plate and the bifurcated optical fiber as well as the thermocouple were 

situated on the sample surface. The thermocouple is connected to a multimeter, which displays 

permanently the temperature from the glass surface. The bifurcated fiber was used both to excite the 

glass sample from a light source (laser diode) and to collect the emission light. 

 

Fig.6. Experimental set-up used to measure the luminescence at room temperature as well as in the 

range ~(25-~160oC). 

In Figs. 7a and b, the emission spectra of Eu and, respectively, Dy-doped glasses, collected by 365 

nm excitation, in the range ~(25-~160oC), using optical fibers, are presented. The highest intensity 

peaks are noticed at 613 nm in the case of Eu-doped glass and, respectively, at 572 nm in the case of 

Dy-doped glass. In both cases, a relatively small decrease of the emission intensity with temperature 

is observed. 



  
A b 

Fig.7. Luminescence spectra of a) Eu and b) Dy-doped glasses, collected in the temperature 

range ~(25-~160oC). 

In Figs. 8a and b, the emission spectra of Er and, respectively, Yb-Er-doped glasses, collected by 980 

nm excitation, in the range ~(25-~160oC), using optical fibers, are presented. In both cases, the most 

intense peaks are found at 1538 nm and a decrease of the emission intensity was detected with 

temperature, being more important in the range ~(25-~100oC) in the case of Er-doped glass and ~(25-

~125oC) in the case of Yb-Er-doped glass. . 

 

Fig.8. Luminescence spectra of a) Er and b) Yb-Er-doped glasses, collected in the temperature 

range ~(25-~160oC). 

Thus, Er3+ ions are excited from 4I15/2 to 4I11/2 level, then the ions pass by non-radiative relaxation to 
4I13/2 and, further on to the ground state by 1538 nm emission [59]. Yb-Er-doped glass was also 

excited by 980 nm laser diode in the temperature range ~(25-~160oC) and a relative intense emission 

band was noticed at 1538 nm [59]. The increase of the emission intensity in the case of Yb-Er-doped 

glass is due to the energy transfer from Yb3+ to Er3+ ions, ytterbium ions being excited from the 

ground state 2F7/2 to the upper 2F5/2 level, the latter corresponding to 4I11/2 excited level of Er3+ ions. 

After the energy transfer, due to a larger absorbance cross-section of Yb3+ ions as compared to Er3+ 

ions, Er3+ ions are excited from 4I11/2 to upper energy levels followed by non-radiative relaxation to 
4I13/2 and from this level to the ground state 4I15/2, by radiative emission at 1538 nm. At the same time, 

by energy transfer from Yb3+ ions to Er3+ ions, an increased number of Er3+ ions are excited from the 

ground state 4I15/2 to the excited level 4I11/2, then by non-radiative relaxation the ions pass to 4I13/2 and, 

 
a 

 
b 



from here to the ground state by 1538 nm emission [42,59,60]. Briefly, the most intense emission 

peak is noticed at 1538 nm, in the case of Yb-Er-doped glass followed by the peak at 1538 nm in the 

case of Er-doped glass, a less intense peak of Eu-doped glass from 613 nm and the peak from 572 nm 

in the case of Dy-doped glass. 

In Figs.9 a and b, the dependence of the emission peaks intensity of Eu and Dy-doped glasses with 

temperature is presented.  

  

a b 

Fig.9. Luminescence intensity versus temperature for a) Eu (613 nm) and b) Dy (572 nm)-doped 

glasses. 

An approximate polynomial decrease of the luminescence intensity at 613 nm and 572 nm is taken 

into consideration in the case of Eu and, respectively, Dy-doped glass. 

Figs.10 a and b, the dependence of the emission peaks intensity of Er and Yb-Er-doped glasses 

with temperature is presented. An approximate polynomial decrease of the luminescence intensity at 

1538 nm is taken into account in the case of Er and, respectively, Er-Yb-doped glass. The correlation 

factors for all the fitted curves are indicated in the Figs. 9 and 10. A very accurate polynomial fitting 

is noticed in the case of Yb-Er-doped glass, the correlation factor being 1. 

 

 
 

a b 

Fig.10. Luminescence intensity versus temperature for a) Er (1538 nm) and b) Yb-Er (1538 nm)-

doped glasses. 

As seen from Fig.8b and 10b, Er-doped glass and, especially Yb-Er-doped glass are more sensitive 

to the temperature change as compared to the other rare-earth-doped glasses, which makes these co-

doped materials potential candidates for sensing devices. 



4. Conclusions 

This study presents the synthesis, structural and optical characterization of the un-doped and Eu, 

Dy, Er, Yb-Er-doped glasses. Optical absorption in the case of REPGs shows bands characteristic to 

electronic f-f transitions, specific to each rare-earth dopant. FTIR and Raman spectroscopy evidenced 

some changes of the intensity and shifts of the respective bands in the case of REPGs compared to 

the un-doped glass. Eu and Dy-doped glasses show emission bands in the visible domain by UV 

excitation, at room temperature, corresponding to specific optical transitions of the doping ions. Er 

and Yb-Er-doped glasses exhibit a NIR emission band at room temperature by 980 nm excitation 

wavelength. In the case of Yb-Er-doped glasses, a considerable change of the luminescence intensity 

is noticed with temperature increase, by comparison with Eu and Dy-doped glasses. Therefore, Er 

and Yb-Er-doped glasses are promising materials for temperature sensing devices. 
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Table captions 

Table 1. Molar composition of rare-earth-doped phosphate glasses. 

Table 2. Assignment of FTIR and Raman bands for REPGs. 

  



Figure captions 

Fig. 1. XRD patterns of un-doped glass, Eu, Er, Dy, and Yb-Er-doped glasses, respectively. 

Fig. 2. Optical absorption of a) un-doped; b) Eu; c) Dy and d) Er and Yb-Er doped glasses, 

respectively. 

Fig. 3. FTIR spectra of a) un-doped glass in the range 450-1500 cm-1; b) REPGs in the range 450-

1500 cm-1; c) REPGs in the range 1500-3500 cm-1. 

Fig.4. Raman spectra of a) the un-doped glass; b) REPGS 

Fig. 5. Photoluminescence spectra of a) Eu; b) Dy; c) Er and d) Yb-Er-doped glasses. 

Fig.6. Experimental set-up used to measure the luminescence at room temperature as well as in the 

range ~(25-~160oC). 

Fig.7. Luminescence spectra of a) Eu and b) Dy-doped glasses, collected in the temperature range 

~(25-~160oC). 

Fig.8. Luminescence spectra of a) Er and b) Yb-Er-doped glasses, collected in the temperature range 

~(25-~160oC). 

Fig.9. Luminescence intensity versus temperature for a) Eu (613 nm) and b) Dy (572 nm)-doped 

glasses. 

Fig.10. Luminescence intensity versus temperature for a) Er (1538 nm) and b) Yb-Er (1538 nm)-

doped glasses. 


