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Abstract 

Optical absorption and photoluminescence properties of novel lithium borate glasses, (B2O3)-

(MO)-(Li2O)–(Bi2O3) where M stands for Ca, Mg or Sr, doped with Dy and Ce ions have been 

investigated. The fundamental optical absorption edge of these materials is observed in the region of 

315-390 nm, and depends on the nature of alkaline-earth metals used as network modifiers. The 

photoluminescence spectra of Dy-doped glasses reveal two intensive emission bands in the visible 

range, which correspond to 4F9/2 →6H15/2 (486 nm) and 4F9/2 → 6H13/2 (580 nm) transitions of Dy3+ ions. 

Ce-doped glasses show one broad band in the visible range, which corresponds to the 2D → 2F5/2 (340 

nm) transition of Ce3+ ions. Three photoluminescence lines (980 nm, 1010 nm and 1150 nm) attributed 

to the Dy3+ ions electronic transitions are observed in the near-IR region of the spectrum for Dy-doped 

glasses, while only one at 1150 nm is observed for the Dy/Ce co-doped glasses. Peculiarities of 

excitation energy transfer between rare-earth activator ions are discussed. These glasses are shown to 

be a promising host matrix for rare-earth doping.  
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1. Introduction 

Borate glasses have a wide range of applications due to their simple and inexpensive 

production technology as well as high ability to incorporate rare earth ions, which makes them 

effective phosphors [1-6]. Attractive photoluminescence properties of rare earth doped borates create 

opportunities for their use as active media for laser technology and light sources, especially for the 

white light emitting device (WLED) application [5-8]. Rare earth (RE) doped glasses, in general, are 

cheaper in production and possess better ability for chemical modification than crystalline analogs, 

additionally showing better homogeneity, optical transparency in the visible and infrared regions, 

molding flexibility, etc [8,9]. 

Lithium-bismuth borate glasses (B2O3)-(MO)-(Li2O)–(Bi2O3) with alkaline-earth oxides 

(M=Mg, Ca, Sr) possess high chemical stability and transparency in visible and near infra-red (NIR) 

optical regions [4,6]. Alkaline-earth metals can play role of the glass network formers as well as 

network modifiers depending on the composition [1]. Alkali metals, such as Li, Na and K, are usually 

used as network modifiers to improve fundamental properties of oxide glasses, reduce their melting 

and glass transition temperatures, viscosity, increase chemical durability, ionic conductivity, etc. [1]. 

Doping of borate glasses with rare-earth metals turns them into active materials, which can 

significantly increase their use in optoelectronics [1-7]. Large Bi atoms are highly polarizable leading 

to a high degree of asymmetry in the cation-oxygen polyhedral, which helps the overall glass 

formation [10]. 

Cerium and dysprosium ions in the valence state 3+ are promising luminescent centers for the 

development of WLEDs [11,12]. Dy3+ ions possess two sharp emission bands in blue and yellow 

regions of optical spectrum due to 4F9/2→6H15/2 and 4F9/2→6H13/2 electronic transitions, respectively. 

As a result, Dy3+ can emit white light as the combined emission from the blue and yellow bands. Ce3+ 

ions exhibit a broad luminescence band in the near ultraviolet region, which is attributed to the 
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5d1→4f1 (2D→2F5/2) transition [12,13]. So, Ce3+ and Dy3+ co-doping of the borate glasses has a 

potential to improve their luminescent properties. In particular, Ce3+ ions can play a role of a dynamic 

sensitizer for Dy3+ ions. Due to the overlap of Ce3+ ions emission with Dy3+ ions absorption, cerium 

can effectively excite dysprosium ions [12,13]. 

In the present work, the photoluminescence properties of novel stable vitreous materials based 

on Bi-modified alkaline-earth lithium-borate (B2O3)-(MO)-(Li2O)–(Bi2O3) glasses (M=Mg, Ca, Sr) 

doped with Ce and Dy, as well as co-doped with Ce/Dy have been comprehensively studied, and the 

materials are proposed as a new type of tunable efficient phosphors for WLEDs application [5-8]. The 

luminescence properties and CIE (Commission Internationale de l'éclairage, 1931) chromaticity 

coordinates have been analyzed, and the energy transfer processes between the rare earth ions have 

been discussed in terms of radiative and non-radiative transitions.  

 

2. Experimental details 

2.1. The glass synthesis and samples preparation 

The Ce3+ or Dy3+ - doped and Ce3+/Dy3+ co-doped Bi-modified lithium-borate glasses of 

(B2O3)58(MO)20(Li2O)20(Bi2O3)2-x(RE)x composition, where M=Mg, Ca, Sr; RE= CeO2, Dy2O3 and 

x=0 or 1, were prepared using melt quenching technique and powder of high purity precursors: H3BO3 

(Honeywell, 98.5), SrCO3 (Chempur, 99.9%), CaCO3 (Honeywell, 98.5), Li2CO3 (AlfaAesar, 

99.998%), MgO (AlfaAesar, 99.95 %), Bi2O3 (AlfaAesar, 99,99%), CeO2 (AlfaAesar, 99,99%), 

Dy2O3 (AlfaAesar, 99.99%). The compositions of the studied glasses are shown in Table 1. The 

synthesis was performed under an air atmosphere in Al2O3 ceramic crucibles, using a programmable 

furnace (4 h heating up to 600 oC with dwell for 30 min, followed by 2h heating to 800 oC with dwell 

for 30 min to avoid rapid expansion of the batch, and finally heating during 2 h to 1100 oC and dwell 
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for 1 h). The melt was swiftly quenched into carbon mold. In the last stage, the samples were annealed 

in the air atmosphere for 4 h at 400 oC to relieve the internal stresses appeared as a result of rapid 

quenching. 

2.2. Characterization methods 

The density has been measured in ethanol using Archimedes principle: 

𝜌𝜌 = 𝜌𝜌x 
𝑊𝑊𝑎𝑎

𝑊𝑊𝑎𝑎−𝑊𝑊𝑥𝑥
         (1) 

where 𝜌𝜌x is the density of ethanol, Wa is the weight of the sample in air and Wx is the weight in ethanol. 

The molar volume (Vm) has been calculated as Vm = M/𝜌𝜌 where M is a molecular weight of the sample.  

Optical transmission spectra were recorded with 2 nm resolution in 200 – 3200 nm spectral 

range, using Agilent Technologies Cary-5000 UV-Vis-NIR spectrometer and bulk samples polished 

to a high optical quality.  

Raman spectra were obtained with a Renishaw inVia Raman Microscope in the frequency 

range of 50 – 2000 cm-1. Argon laser Stellar-REN with a wavelength of 488 nm and power of 50 mW 

(10% of the power was set during measurements, 10 s exposure time, 2 accumulations, 50x objective) 

was used for excitation. Spectra were obtained in a reflection mode at room temperature. 

Photoluminescence measurements were carried out on a CM2203 spectrofluorometer in the 220-

820 nm spectral range. All luminescence spectra were obtained with a spectral resolution of 1 nm. 

Excitation of luminescence was performed with a 150 W xenon lamp. A Hamamatsu R928 

photomultiplier was used as a luminescence detector. The 3D luminescence maps in the near-IR region 

of the spectrum were obtained at room (TR = 298 K) temperature, using Horiba Fluorolog-3 

spectrofluorimeter equipped with a xenon short arc lamp as a light excitation source. The emission 

spectra were collected in the 850-1600 nm range using liquid nitrogen-cooled Horiba Jobin Yvon 

InGaAs DSS-IGA020L detector. 



5 
 

3. Results and discussion 

The impact of CeO2 and Dy2O3 doping on the visual color of the prepared glasses is shown in 

Figure 1. As it can be seen, all glasses are homogeneous and bubbles-free. Their physical properties, 

such as thickness d, molecular weight M, density 𝜌𝜌, and molar volume Vm, are presented in Table 2. 

The density of undoped glasses increases when alkaline-earth metal Mg is replaced with Ca 

and then Sr. The lowest density is observed for Ce doped Mg-based glass (Mg3:Ce1) and the highest 

one is recorded for Sr-based Dy doped glass (Sr2:Dy1 sample). The increase and decrease of the Vm 

value could be explained by the formation of Bi-O and RE-O bonds and non-bridging oxygens, which 

affect the amount of free volume in the structure of borate glasses [10,14,15].  

3.1. Structural properties – Raman spectroscopy 

Figure 2 shows Raman spectra of undoped (B2O3)58(MO)20(Li2O)20(Bi2O3)2 (M=Mg, Ca, Sr) 

glasses. The spectra show strong bands at 1400 cm-1, 1020 cm-1, 900 cm-1, 768 cm-1, 511 cm-1, and 

two weaker bands at ~370 cm-1 and 663 cm-1. The broad band at 1400 cm-1 is related to stretching 

vibrations of non-bridging oxygen B-O- bonds attached to larger borate groups [16]. Peaks with 

maxima of around 1020 cm-1 and 900 cm-1 have contribution from B-O bond stretching of BO4
-
 

tetraborate and pentaborate units [16-18]. The peak near 1020 cm-1 is changing with alkaline-earth 

substitution and shifts from 1006 cm-1 for glass with Mg to 1026 cm-1 for glass with Sr. So, it must 

also contain a vibrational mode from units containing/neighboring to these alkaline-earth network 

modifiers. The peak at 768 cm-1 is assigned to breathing vibrations of six-member borate rings with 

one or two BO3 triangles replaced with BO4 tetrahedra, whereas a shoulder at 663 cm-1 can be 

attributed to ring and/or chain metaborate groups and BO2O2
3- units [16,19]. Another low-frequency 

peak at 511 cm-1 with a shoulder centered at ~372 cm-1 may be caused by “isolated” diborate units as 

well as Bi-O-Bi bond vibrations in BiO6 octahedral units [20]. 
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3.2. Optical transmission spectra of the studied borate glasses 

The optical transmission spectra of undoped glasses are presented in Figure 3a, showing the 

fundamental optical absorption edge at ~320 nm.  

Figures 3b-f show the transmission spectra of Ce- and Dy-doped Bi-modified lithium-borate 

glasses. Dy-doped glasses (Fig. 3 b-c) have strong absorption bands due to Dy3+ ions, which 

correspond to the electronic transitions from 6H15/2 ground state to higher electronic states. These 

bands are located at 348, 364, 386, 388, 426, 450, 474, 796, 894, 1088, 1262 and 1676 nm. In contrast 

to the transmission spectra of Dy–doped samples, Ce-doped glasses (Fig. 3 d, e) do not show any 

absorption bands in the entire transmission range. Furthermore, the beginning of transmission is 

noticeably shifted from 320 nm, as observed for the undoped and Dy-doped glasses, towards longer 

wavelengths at ~375 nm for Ce-doped and Dy /Ce co-doped samples (Fig. 3 f). This is due to the 

optical absorption of Ce that emerges as a wide band extending from the UV to the visible region [21].  

The obtained transmission curves were used to calculate the absorption coefficient (Fig. 4a-c) 

and estimate optical band gap ∆Eopt using Tauc plots for indirect transitions in the PARAV program 

[22]. The calculated values of the band gap are given in Table 3. As expected, the value of the band 

gap varies and depends on the composition of the glass matrix and the nature of the dopants. The trend 

of optical gap increase is observed when Mg network modifier is replaced with Ca and then with Sr 

(Table 3). Replacing of Bi with Dy dopant leads to an increase of ∆Eopt, while the introduction of Ce 

instead decreases this value significantly (Table 3). 

3.3. Photoluminescent properties in the visible range 

The photoluminescence spectra of Dy- and Ce-doped lithium borate glasses are shown in 

Fig. 5 (a,b). The emission spectra of Dy-doped glasses (Fig. 5 a) under 350 nm excitation have two 

strong visible emission bands located at 486 nm (blue) and 579 nm (yellow), which correspond to a 
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magnetic dipole (4F9/2→6H15/2) and electric dipole (4F9/2→6H13/2) transitions, respectively [12,13]. In 

addition to the mentioned two intense peaks, the spectrum also shows two low-intensity emission 

bands at 458 nm and 667 nm, corresponding to 4I15/2→6H15/2 and 4F9/2→6H11/2 transitions [12,13].  

It is well known that a form of the emission spectrum reflects the local symmetry of rare earth 

ions in the lattice. The magnetic dipole transition usually dominates for the ion in a site with higher 

symmetry, while electric dipole transitions are normally attributed to the ions in sites with lower 

symmetry [23-25]. The important parameter that can be used to identify the symmetry site of Dy3+ 

ions in glasses is the intensity ratio (I579/I486) between electric dipole (intensity I579 of 579 nm yellow 

line) and magnetic dipole (intensity I486 of 486 nm blue line) transitions. The calculated I579/I486 ratio 

is equal to 0.66 for Mg2:Dy1, 0.69 for Ca2:Dy1, and 0.69 for Sr2:Dy1 glasses. For comparison, this 

ratio is in the range of 1.40÷1.43 for the Dy-doped B2O3-SiO2-Gd2O3-CaO glasses, depending on the 

concentration of the dopant [25]. The obtained ratios indicate that highly symmetric environments 

around Dy3+ emission ions are dominated in all three types of glasses.  

Photoluminescence spectra of Ce-doped borate glasses (Fig. 5 b) under 270 nm excitation 

show one broad band at 360 nm (356 nm for Mg3:Ce1) related to 2D→2F5/2 transition of Ce3+ ions 

[9,11]. Nevertheless, all three types of glass prove to be effective hosts for rare earth elements. Broad 

emission bands of Ce3+ ions originated from 4f-5d electric-dipole transitions extend from UV into the 

visible region, which makes cerium a possible dynamic sensitizer for certain rare earth ions [11,12]. 

Thus, Ce3+ ions can excite Dy3+ ions because of a substantial overlap between the emission of Ce3+ 

ion and 4f - 4f absorption of Dy3+ ion [11-13,26], which is demonstrated in Fig. 6.  

The luminescence yield correlates with light emission efficiency and can be estimated by 

comparing the luminescence intensity at specific wavelengths in each sample. As can be seen from 

the figures, the intensity of Dy3+ ions is weakly correlated with the content of Mg/Ca/Sr in the glasses 
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(Fig. 5a). At the same time, the intensity of Ce3+ luminescence in Ca3:Ce1 glasses is the highest (Fig. 

5b). It decreases by approximately 16% for Sr3:Ce1 and 27% for Mg3:Ce1. 

The energy level diagram, which reflects the transfer of excitation energy from Ce3+ to Dy3+ 

ions as well as the absorption and the emission transitions of these ions, is shown in Fig. 7. It should 

be noted that the electronic transitions presented in this diagram correlate with the results presented 

in the Figures 3-6. In particular, part of the Ce3+ ions emission energy can be absorbed by the Dy3+ 

ions (Fig. 6). As a result, the electrons from the ground state 6H15/2 are excited to the 4F7/2 + 4I13/2 or 

higher levels. Then the electrons can non-radiatively relax to the 4F9/2 level, further giving the blue 

and yellow emissions of Dy3+ ions, enhancing the emission intensity of Dysprosium accordingly.  

Photoluminescence spectra of alkaline-earth Bi-modified lithium-borate glasses co-doped 

with 0.5 mol% of CeO2 and Dy2O3 under 270 nm excitation are presented in Fig. 8. Spectra consists 

of broad emission bands of Ce3+ ions peaking at 340 nm for Mg4:(Ce,Dy)0.5 glass, 354 nm for 

Ca4:(Ce,Dy)0.5 and 359 nm for Sr4:(Ce,Dy)0.5 glasses, which can be attributed to 2D→2F5/2 

transition. The following two narrower peaks at 486 and 579 nm are attributed to 4F9/2→6H15/2 and 

4F9/2→6H13/2 transitions of Dy3+, respectively. These peaks of Dy3+ ions may be a consequence of 

energy transfer from cerium ions excited by UV radiation of 270 nm to the excited energy levels of 

dysprosium ions. Under this UV excitation, a part of the Ce3+ ions in the glass absorbs the energy and 

emits light at around 350 nm during their transition to the ground 2F5/2 state. At the same time, the rest 

of the Ce3+ ions transfer their energy to Dy3+ ions. The excited Dy3+ ions undergo non-radiative 

transitions or multiphonon relaxations, eventually populating the 4F9/2 and 4I15/2 energy levels. These 

energy levels are responsible for the visible emission of Dy3+ ions, leading to the blue and yellow 

emissions observed in the photoluminescence spectra (Fig. 5a). 

Overall, the Ce3+→Dy3+ energy transfer mechanism observed in the co-doped lithium borate 

glasses enhances the luminescent properties of the material, leading to efficient visible emissions. This 
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makes studied glasses a promising candidate for applications in different phosphors and other 

optoelectronic devices. Further studies and optimization of the glass composition may lead to the 

development of phosphors with more efficient energy transfer and improved luminescence properties, 

making these glasses even more suitable for various technological applications. 

3.4. Chromaticity diagram analysis 

CIE 1931 chromaticity diagram, as shown in Figure 9, provides essential information about 

the color properties of the studied borate glasses. The color coordinates (x, y), correlated color 

temperature (CCT), and color purity are presented in Table 4. 

The Dy-doped glasses (Mg2:Dy1, Ca2:Dy1, and Sr2:Dy1) exhibit CIE coordinates close to 

the white light point (0.33, 0.33), indicating that they emit balanced white light. This characteristic 

makes them suitable candidates for applications in WLEDs and other light-emitting devices that 

require natural-looking illumination. In contrast, the glasses co-doped with Ce and Dy 

(Mg4:(Ce,Dy)0.5 and Ca4:(Ce,Dy)0.5) demonstrate total emission in the slightly blue or cold white 

region of the chromaticity diagram. Therefore, adding Ce3+ ions shifts the emission toward the blue 

part of the spectrum. The luminescence of the Ce3+-doped glasses (Mg3:Ce1, Ca3:Ce1, and Sr3:Ce1) 

spans a broader range on the chromaticity diagram, indicating a wider variety of colors.  

Overall, the color chromaticity diagram based on the CIE coordinates provides valuable 

insights into the emission properties of the studied Bi-modified lithium-borate glasses. It offers 

guidance for selecting the appropriate glass compositions for different lighting and optoelectronic 

applications that demand specific color characteristics. 

The estimation of CP was carried out based on the formula presented in [27] Among the Ce-

doped glasses exhibiting blue tonality the Ca3:Ce1 sample demonstrates the highest blue color purity 



10 
 

(74%) with a dominant wavelength of 465 nm. The tonality of the Ce/Dy - co-doped glasses can be 

considered bluish-white due to its low color purity ~ 20%. 

3.5. Photoluminescent properties in the near-IR range 

The 3D maps of photoluminescent spectra for Dy-doped and Dy/Ce co-doped lithium borate 

glasses are shown in Fig. 10. Undoped glasses and Ce-doped glasses did not show any significant 

luminescence in the entire 750-1600 nm range of near-IR emission spectrum. Dy-doped glasses show 

3 emission lines: weaker at ~980 nm and ~1010 nm, and stronger at ~1150 nm (Figs. 10a,c,e). The 

first two emission lines correspond to 4F9/26F7/2 and 4I15/26F5/2 radiative transitions, while the third 

one is caused by 4F9/26F5/2 and/or combined 6H9/2 + 6F11/26H15/2 radiative transitions [28, 29] (Fig. 

7). They are observed under the excitation wavelengths 286 nm, 322 nm, 348 nm, 364 nm, 388 nm 

and 450 nm, which correspond to 6H15/26P3/2, 6H15/26P7/2, 6H15/26P5/2, 6H15/24F7/2 and 

6H15/24I15/2 upward transitions in Fig. 7. After these high-energy excitations, the excited electrons 

can undergo multiple non-radiative transitions or multiphonon relaxations populating the 4F9/2 and 

4I15/2 energy levels, which makes possible the observed luminescence in the near-IR region. The 

luminescence intensity of the observed three emission lines increases when Ca is replaced with Mg 

and then Sr in the composition. In the Dy/Ce-co-doped glasses, a noticeable emission is observed only 

at 1150 nm under the same excitation wavelengths: 286 nm, 322 nm, 348 nm, 364 nm, 388 nm and 

450 nm, which correspond to 6H15/26P3/2, 6H15/26P7/2, 6H15/26P5/2, 6H15/24F7/2 and 6H15/24I15/2 

upward transitions in Fig. 7. However, contrary to Dy-doped samples, the strength of 1150 nm 

emission decreases when Ca is replaced with Mg and then Sr (Figs. 10b,d,f), showing opposite 

behavior. 
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4. Conclusions 

Optical properties of Ce3+ or Dy3+ doped and Ce3+/Dy3+ co-doped alkaline-earth Bi-modified 

lithium-borate glasses show their great potential as a novel host medium for rare earth elements. 

Intense broad emissions of Ce3+ ions in the UV part of the spectrum near 350 nm as well as the intense 

emission lines of Dy3+ ions in the visible spectral region at about 486 and 579 nm are detected with 

UV-Vis photoluminescence spectroscopy. The intensity ratio of the electric dipole to magnetic dipole 

transitions suggests that the coordination polyhedron around Dy3+ ions is highly symmetric in all 

investigated glasses. In the near-IR region of the spectrum, the photoluminescence associated with 

4F9/26F7/2 (980 nm), 4I15/26F5/2 (1010 nm), and 4F9/26F5/2, 6H9/2 + 6F11/26H15/2 (both at 1150 nm) 

radiative transitions are observed for Dy-doped and Dy/Ce co-doped glasses. Their intensity shows 

significant dependence on the nature of alkaline network modifiers. The ability to control the CIE 

coordinates by adjusting the composition of lithium-borate glasses and/or co-doping with Ce and Dy 

opens up possibilities for tailoring the emission properties for different light emitting device 

applications. Experimental data reveal that the emission of Dy3+ ions in alkaline-earth borate host 

glasses is located in the white region (from CIE coordinates), which makes them a potential phosphor 

material for WLEDs. In the studied glasses, Ce3+ ions act as sensitizers for Dy3+ ions, absorbing the 

excitation energy and transferring part of it to the Dy3+ ions that emit visible light. The energy transfer 

from Ce to Dy can enhance and tune the visible emission properties of the host material.  
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Table 1. Investigated glass compositions with labels. 

№ Label Composition 

1 Mg1-Bi2 (B2O3)58-(MgO)20-(Li2O)20-(Bi2O3)2 

2 Mg2:Dy1 (B2O3)58-(MgO)20-(Li2O)20-(Bi2O3)1:(Dy2O3)1 

3 Mg3:Ce1 (B2O3)58-(MgO)20-(Li2O)20-(Bi2O3)1:(CeO2)1 

4 Mg4:(Ce,Dy)0,5 (B2O3)58-(MgO)20-(Li2O)20-(Bi2O3)1: (CeO2)0.5/(Dy2O3)0,5 

5 Ca1-Bi2 (B2O3)58-(CaO)20-(Li2O)20-(Bi2O3)2 

6 Ca2:Dy1 (B2O3)58-(CaO)20-(Li2O)20-(Bi2O3)1:(Dy2O3)1 

7 Ca3:Ce1 (B2O3)58-(CaO)20-(Li2O)20-(Bi2O3)1:(CeO2)1 

8 Ca4:(Ce,Dy)0,5 (B2O3)58-(CaO)20-(Li2O)20-(Bi2O3)1: (CeO2)0.5/(Dy2O3)0,5 

9 Sr1-Bi2 (B2O3)58-(SrO)20-(Li2O)20-(Bi2O3)2 

10 Sr2:Dy1 (B2O3)58-(SrO)20-(Li2O)20-(Bi2O3)1:(Dy2O3)1 

11 Sr3:Ce1 (B2O3)58-(SrO)20-(Li2O)20-(Bi2O3)1:(CeO2)1 

12 Sr4:(Ce,Dy)0.5 (B2O3)58-(SrO)20-(Li2O)20-(Bi2O3)1:(CeO2)0.5/(Dy2O3)0,5 

 

Table 2. Physical properties of (B2O3)58(MO)20(Li2O)20(Bi2O3)2-x(RE)x glass samples. 

Sample d, mm 𝜌𝜌, g/cm3 𝑀𝑀, g/mol Vm, cm3/mol 

Mg1-Bi2 2.6 2.585 63.7336 24.66 

Mg2:Dy1 2.1 2.565 62.804 24.485 

Mg3:Ce1 1.8 2.504 60.79521 24.28 

Mg4:(Ce,Dy)0,5 2.5 2.534 61.79961 24.39 

Ca1-Bi2 2 2.597 66.8882 25.76 

Ca2:Dy1 2.5 2.576 65.9586 25.61 

Ca3:Ce1 1.8 2.519 63.94981 25.387 

Ca4:(Ce,Dy)0.5 2 2.587 64.95421 25.108 

Sr1-Bi2 2 2.695 76.3966 28.346 

Sr2:Dy1 2 2.731 75.467 27.633 

Sr3:Ce1 2 2.642 73.45821 27.804 

Sr4:(Ce,Dy)0.5 1.8 2.728 74.463 27.295 
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Table 3. Estimated values of the optical band gap for alkali-earth lithium borate glasses. 

Sample ∆Eopt, eV Sample ∆Eopt, eV Sample ∆Eopt, eV 

Mg1-Bi2 3.66 Ca1-Bi2 3.69 Sr1-Bi2 3.72 

Mg2:Dy1 3.77 Ca2:Dy1 3.71 Sr2:Dy1 3.79 

Mg3:Ce1 3.03 Ca3:Ce1 3.06 Sr3:Ce1 3.08 

Mg4:(Ce,Dy)0.5 2.99 Ca4:(Ce,Dy)0.5 3.02 Sr4:(Ce,Dy)0.5 3.03 

 

Table 4. CIE coordinates (x, y) and correlated color temperature (CCT) of the luminescence. 

Sample x y CCT, K 

Mg2:Dy1 0.3044 0.34197 6844 

Ca2:Dy1 0.31487 0.35271 6260 

Sr2:Dy1 0.31175 0.34787 6431 

Mg3:Ce1 0.20692 0.15362 7591 

Ca3:Ce1 0.18108 0.11276 2860 

Sr3:Ce1 0.20872 0.1686 - 

Mg4:(Ce,Dy)0.5 0.26815 0.28262 11733 

Ca4:(Ce,Dy)0.5 0.27725 0.27919 10865 
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Fig. 1. Photo of the obtained series of borate glasses. 
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Fig. 2. Raman spectra of undoped glass samples: (a) Mg1-Bi2, (b) Ca1-Bi2, (c) Sr1-Bi2. 
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Fig. 3. Transmission spectra of studied glasses (samples thickness is presented in Table 2): 

(a) undoped Mg1-Bi2, Ca1-Bi2 and Sr1-Bi2; (b) and (c) Mg2:Dy1, Ca2:Dy1, Sr2:Dy1; (d) and (e) 

Mg3:Ce1, Ca3:Ce1 and Sr3:Ce1; (f) Mg4:(Ce, Dy)0.5, Ca4:(Ce, Dy)0.5 and Sr4:(Ce, Dy)0.5. 

 



21 
 

2.0 2.5 3.0 3.5 4.0 4.5

0

5

10

15

20

25

30

 

 

Ab
so

rp
tio

n 
Co

ef
fic

ie
nt

 α
, c

m
-1

Energy, eV

 Mg1-Bi2
 Mg2:Dy1
 Mg3:Ce1
 Mg4:(Ce,Dy)0.5

(a)

2.0 2.5 3.0 3.5 4.0 4.5

0

5

10

15

20

25

30

 

 

Energy, eV

 Ca1-Bi2
 Ca2:Dy1
 Ca3:Ce1
 Ca4:(Ce,Dy)0.5

(b)

Ab
so

rp
tio

n 
Co

ef
fic

ie
nt

 α
, c

m
-1

 

2.0 2.5 3.0 3.5 4.0 4.5

0

5

10

15

20

25

30
 

 
Energy, eV

 Sr1-Bi2
 Sr2:Dy1
 Sr3:Ce1
 Sr4:(Ce,Dy)0.5

(c)

Ab
so

rp
tio

n 
Co

ef
fic

ie
nt

 α
, c

m
-1

 

Fig. 4. Absorption coefficient spectra for the investigated series of lithium borate glasses. 
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Fig. 5. Photoluminescence spectra of (a) Mg2:Dy1, Ca2:Dy1 and Sr2:Dy1 glasses under 350 

nm excitation and (b) Mg3:Ce1, Ca3:Ce1 and Sr3:Ce1 glasses under 270 nm excitation. 
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Fig. 6. Emission bands of Ce3+ ions (dash lines) under 270 nm excitation, and excitation 

bands of Dy3+ ions at 486 nm emission registration (straight lines) in the studied borate glasses. 
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Fig. 7. Energy level diagram of Ce3+ and Dy3+ ions with their possible energy transfer. 
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Fig. 8. Photoluminescence spectra of Ce/Dy – co-doped alkaline-earth lithium borate glasses. 
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Fig. 9. CIE 1931 chromaticity diagram of Ce/Dy – co-doped alkaline-earth lithium borate glasses. 
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Fig. 10. Photoluminescence spectra of Ca2:Dy1 (a), Ca4:(Ce,Dy)0.5 (b), Mg2:Dy1 (c), 

Mg4:(Ce,Dy)0.5 (d), Sr2:Dy1 (e), Sr4:(Ce,Dy)0.5 (f) glasses in near-IR region. Lines correspond to 

the harmonics of Rayleigh scattering. 


