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Abstract 

The spectroscopic and radiative properties of the Sm-doped borate glasses with Li2B4O7, LiKB4O7, CaB4O7, and LiCaBO3 

basic compositions as new luminescent materials have been investigated and analysed. The borate glasses of high chemical 

purity and optical quality, doped with Sm2O3 in amounts of 0.5 and 1.0 mol. % were obtained from corresponding 

polycrystalline compounds in the air atmosphere using standard glass synthesis technology. The spectroscopic properties of 

obtained Sm-doped glasses were studied using electron paramagnetic resonance (EPR), optical absorption, 

photoluminescence, and decay kinetics techniques. The Judd–Ofelt theory had been used for analysis of the optical 

absorption spectra and calculation of the phenomenological intensity parameters (Ω2, Ω4, Ω6). Radiative properties such as 

transition probabilities (Arad), branching ratios (βexp and βrad), stimulated emission cross-sections (σe), and radiative lifetimes 

(τrad) were estimated for 4G5/2 → 6HJ (J = 5/2, 7/2, 9/2, and 11/2) emission transitions of the Sm3+ ions in the Li2B4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm glasses containing 1.0 mol. % Sm2O3. The luminescence kinetics of Sm3+ centres in the 

investigated glasses are characterised by a single exponent decay with typical lifetimes, which depend on the basic glass 

composition and Sm impurity concentration. Experimental lifetimes (τexp) have been compared with those calculated (τrad) 

and quantum efficiencies (η) of the Sm3+ emission transitions were estimated. The calculated high quantum efficiencies (~ 80 

%) and measured high quantum yields of luminescence (~ 14 – 21 %) clearly show that the investigated glasses belong to 

very promising materials for luminescent and laser applications. Copyright © 2017 VBRI Press. 

 

Keywords: Borate glasses, Sm3+ ions, optical absorption, luminescence spectra, Judd–Ofelt analysis, luminescence kinetics, 

radiative properties. 

 

Introduction 

In the last decade, the investigation of borate glasses 

presents significant practical interest due to their 

attractive physical, optical, and luminescence properties 

[1–8]. This interest is caused with simple and inexpensive 

producing technology of the borate glasses in comparison 

with their crystalline analogues as well as their good 

thermal stability, high transparency in wide spectral 

range, and possibility of doping by rare earth (RE) and 

transition elements in wide concentration range.  

Attractive optical and spectroscopic properties and 

high quantum yield of luminescence of the RE doped 

materials allow their wide applications for laser 

technique, energy transformation, telecommunication, 

display devices, sensors, etc. [9,10]. In particular, the un-

doped and doped borate compounds represent very 

promising materials for nonlinear optics and laser 

techniques [5,11–15], scintillates and 

thermoluminescence dosimeters [16–18], detectors and 

transformers of ionising radiation [19,20], and many other 

applications [21–22]. This especially concerns to the 

single crystals of lithium tetraborate (Li2B4O7), which are 

characterised by high transparency in very wide spectral 

region (from vacuum ultraviolet (UV) to middle infrared 

(IR)) [23] and extremely high stability to the ionising 

radiation [24,25]. Thus, perspectives of wide applications 

of the RE doped borate glasses and crystals stimulate the 

synthesis of new boron-containing optical materials and 

intensive study of their luminescent and spectroscopic 

properties and parameters.  

The intensity of optical absorption bands 

corresponding to the RE ions in different hosts can be 

calculated with usage the Judd–Ofelt (J–O) theory 

[26,27]. This theory defines a set of three 

phenomenological intensity parameters (Ω2, Ω4, Ω6), 

http://www.vbripress.com/aml
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which are very sensitive to the local structure of the RE 

ions in the crystal lattice or glass network. The intensity 

parameters (Ω2, Ω4, Ω6) can be used for calculations of 

the following parameters of various emission lines for RE 

impurity ions: probabilities of the radiative transitions, 

radiative lifetimes of the excited states, branching ratios, 

and stimulated emission cross-sections. All these 

parameters are required in order to evaluate the obtained 

ion-host configuration and the luminescence efficiency of 

the specific electronic transitions at developing novel 

materials for lasers and other optical devices with desired 

optimal luminescent characteristics.  

Crystals and glasses, activated with Sm3+ ions are 

well-known as efficient luminescent materials, which 

characterised by high quantum yield at room temperature 

as well as good thermal and chemical stability in the air 

atmosphere [9,28]. The Sm3+ ions in oxide crystals and 

glasses reveal characteristic intense green, orange, and red 

emission bands, which correspond to the 4G5/2 → 6H5/2, 
4G5/2 → 6H7/2, and 4G5/2 → 6H9/2 emission transitions, 

respectively and can be used in modern light sources, 

display panels, UV-sensors, and visible lasers [29–32]. 

The quantum efficiency of luminescence of the Sm3+ 

centres is relatively high, because large energy gap 

between the 4G5/2 metastable state and the next lower level 

leads to low rate of multiphonon relaxation for Sm3+ [33].  

At present time, spectroscopic and luminescence 

properties of the Sm3+ ions already have been investigated 

in the borate glasses with various compositions [29–44]. 

It should be noted that the influence of glass host and Sm 

concentration are essential for obtaining luminescent 

properties and parameters suitable for practical 

applications. The variation of local structure of the Sm3+ 

ions in alkali or alkaline earth borate glasses [4] allows 

investigating the relationship between the basic glass 

composition, Sm impurity concentration, and efficiency 

of their luminescence. In this aspect, special scientific and 

practical interest represents a series of Sm-doped glasses 

with Li2B4O7, KLiB4O7, CaB4O7, and LiCaBO3 basic 

compositions, which correspond to their crystalline 

analogues [4-8].  

This article presents spectroscopic and luminescence 

properties for a series of Sm-doped borate glasses with 

Li2B4O7, LiKB4O7, CaB4O7, and LiCaBO3 compositions, 

which were investigated using conventional spectroscopy 

methods, including electron paramagnetic resonance 

(EPR), optical absorption, photoluminescence, and decay 

kinetics. The J–O analysis of Sm3+ ions in the borate 

glasses has been carried out for predicting radiative 

properties and parameters such as probabilities of 

emission transitions, lifetimes, branching ratios, and 

emission cross-sections. Present article especially is 

focused on the evaluation of luminescent materials based 

on the investigated borate glasses activated with Sm3+ 

ions, which exhibit superior optical and radiative 

properties and can be used for effective UV – visible 

converters of sun radiation in the Si-based solar cells.  

 

Experimental 

Technology of the Sm-doped borate glasses 

The Sm-doped borate glasses with (Li2O – 2B2O3), 

(0.5Li2O – 0.5K2O – 2B2O3), (CaO – 2B2O3), and 

(0.5Li2O – CaO – 0.5B2O3) basic compositions were 

obtained in air atmosphere from corresponding 

polycrystalline compounds of the Li2B4O7, LiKB4O7 

CaB4O7, and LiCaBO3 compositions, respectively using 

standard glass synthesis and technological conditions, 

which have been described in [4].  

Carbonates (Li2CO3, K2CO3, and CaCO3) and boric 

acid (H3BO3) of high chemical purity (99.999 %, Aldrich) 

have been used for solid-state synthesis of the Li2B4O7, 

LiKB4O7 CaB4O7, and LiCaBO3 polycrystalline 

compounds. The samarium dopant has been added to the 

raw materials as Sm2O3 oxide of chemical purity (99.99 

%) in amounts of 0.5 and 1.0 mol. %.  

Solid-state synthesis of the polycrystalline borate 

compounds has been done using multi-step heating 

chemical reactions [4], which can be described by the 

following equations:  

 
H3BO3 = -НВО2 + H2O (170oC)                                    (1) 

2(-НВО2) = B2O3 + H2O (250oC)                                    (2) 

Li2CO3 + 2B2O3 = Li2B4O7 + CO2↑ (800oC)                            (3) 

Li2CO3 + K2CO3 + 4B2O3 = 2LiKB4O7 + 2CO2↑ (720oC)    (4) 

CaCO3 + 2B2O3 = CaB4O7 + CO2↑ (900oC)                             (5) 

Li2CO3 + 2CaCO3 + В2О3 = 2LiCaBO3 + 3СО2↑ (700oC)       (6)                                  
 

Large bulk samples of the Sm-doped Li2B4O7, 

LiKB4O7, CaB4O7, and LiCaBO3 glasses have been 

obtained by fast cooling of the corresponding melts. 

These melts were heated more than 100 K above the 

melting points (Tmelt = 917oC (1190 K), 807oC (1080 K), 

980oC (1253 K), and 777oC (1050 K) for Li2B4O7, 

LiKB4O7, CaB4O7, and LiCaBO3 compounds, 

respectively) for blocking of the undesirable 

crystallisation process [4]. The glass samples for optical 

measurements were cut and polished to the approximate 

size of 542 mm3.  

 

Experimental equipment and short characterisation of the 

investigated borate glasses 
 

The paramagnetic impurities in the investigated Sm-

doped borate glasses were detected in the 4 ÷ 50 K 

temperature range with usage commercial X-band EPR 

spectrometer BRUKER (model ELEXSYS E-500) 

completed with helium-flow cryostat (OXFORD 

Instruments) as well as modernised X-band spectrometers 

RADIOPAN (models SE/X-2013 and SE/X-2544) that 

working at room temperature (RT).  

The optical absorption spectra were registered using a 

Cary 5000 (Agilent Technologies), Varian (model 5E 

UV-VIS-NIR), and SHIMADZU (model 2450 UV-VIS) 

commercial spectrophotometers. The photoluminescence 

spectra (emission and excitation) as well as luminescence 

decay curves were recorded in the UV – visible spectral 

ranges at RT with usage a HORIBA (model FluoroMax-

4) spectrofluorimeter. The luminescence quantum yields 

were measured using a Hamamatsu Absolute PL quantum 

yield measurement system (model C9920-02G).  

The X-ray diffraction (XRD) investigations were 

carried out with usage a computer-controlled X-ray 
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diffractometer of DRON-3 type and monochromatic Cu 

Kα line (λ = 1.544 Å). The X-ray diffractograms have 

been recorded in the 10° < 2θ < 110° range with step 

scanning of 0.015° and rate of 2°/min. Typical XRD 

patterns for CaB4O7:Sm, LiKB4O7:Sm, and LiCaBO3:Sm 

glasses containing 1.0 mol. % Sm2O3 are presented in   

Fig. 1a. The absence of discrete sharp peaks in the 

obtained XRD patterns confirms disorder glass structure 

of the investigated materials. The average interatomic 

distances in the investigated Sm-doped borate glasses 

were derived from pair correlation functions, which were 

obtained by Fourier transformation of XRD patterns and 

published in [8].  

 

 
 
Fig. 1. (a) The XRD patterns of borate glasses with Li2B4O7:Sm, 
LiCaBO3:Sm, and CaB4O7:Sm compositions containing 1.0 mol. % 

Sm2O3; (b) The EDS spectrum of the CaB4O7:Sm glass containing 1.0 

mol. % Sm2O3.  

 
The un-doped Li2B4O7 glasses are transparent in the 

281 ÷ 2760 nm spectral range [20], whereas the un-doped 

single crystals with same composition are characterised 

by high transparency in the spectral region of 167 ÷ 3200 

nm [23]. Our un-doped glasses with Li2B4O7, LiKB4O7, 

CaB4O7, and LiCaBO3 compositions are transparent in the 

spectral range of 300 ÷ 2500 nm. The Sm-doped borate 

glasses are almost uncoloured and characterised by a high 

optical quality. The Sm concentrations have been proved 

by method of X-ray energy dispersive spectroscopy 

(EDS) using scanning electron microscope of the 

REMMA-102-02 type (Selmi, Ukraine). The EDS of 

obtained glasses confirms presence of the Sm2O3 in 

amounts 0.5 and 1.0 mol. % for corresponding samples. 

Hence, the coefficient of incorporation of the Sm impurity 

into the network of investigated glass is close to unity. 

Obtained EDS spectrum for CaB4O7:Sm (Sm2O3 – 1.0 

mol. %) glass sample is presented in Fig. 1b. One can 

notice that besides Sm, the Ce non-controlled impurity 

was detected by EDS in amounts 0.05 ÷ 0.07 and 0.10 ÷ 

0.15 mol. % in the glass samples containing 0.5 and 1.0 

mol. % Sm2O3, respectively. Thus, our Sm-doped borate 

glasses are self-co-doped with cerium.  

For Li2B4O7:Sm, LiCaBO3:Sm, and CaB4O7:Sm 

glasses containing 1.0 mol. % Sm2O3 the refractive 

indices, measured at λ = 632.8 nm are equal 1.524, 1.528, 

and 1.544, respectively. The densities of investigated 

glasses, measured by the Archimedes method, are equal 

2.22, 2.47, and 2.48 g/cm3, respectively for Li2B4O7:Sm, 

LiCaBO3:Sm, and CaB4O7:Sm glasses containing 1.0 mol. 

% Sm2O3.  

 

Results and discussion 

The results of spectroscopic study of the Sm-doped 

lithium tetraborate (Li2B4O7:Sm) glasses for the first time 

have been presented in [45]. Previous results of the EPR 

and optical spectroscopy for Li2B4O7:Sm, LiKB4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm glasses were reported in 

[46] and published in [8,47]. In this article are 

summarised our results of spectroscopic investigations of 

the Sm-doped borate glasses as a new perspective 

luminescent materials, especially for UV – visible 

converters of the sun radiation in the Si-based solar cells.  

 
The EPR spectroscopy of Sm-doped borate glasses 
 

The Sm impurity can be incorporated into the structure of 

oxide compounds as paramagnetic Kramers Sm3+ (4f5, 
6H5/2) ions or non-Kramers Sm2+ (4f6, 7F0) ions. The Sm 

ions can be identified due to their characteristic EPR, 

optical absorption, and luminescence spectra. Up to now 

the EPR spectra of Sm3+ and other rare-earth non-S-state 

Kramers ions in glasses and other disordered solids are 

studied insufficiently. The X-band EPR spectra of the 

non-S-state Kramers rare-earth ions (Ce3+, Nd3+, Dy3+, 

Er3+, Yb3+) in zeolites and glasses according to [48] 

consist of extremely broad asymmetric signals, which can 

be observed at liquid helium temperatures only. The 

referenced data on EPR spectroscopy of the Sm3+ ions in 

glasses and other disordered solids are absent at present 

time [48].  

The EPR spectra, registered in all our un-doped borate 

glasses at RT are almost identical and contain intense line 

with effective g-factor, geff ≅ 4.26 and weak line with geff 

≅ 2.00 (Fig. 2a, spectrum 1). The EPR line with geff ≅ 

4.26 that denoted as Fe3+(1) in Fig. 2, is characteristic for 

glasses and belongs to single (isolated) Fe3+ (3d5, 6S5/2) 

ions of the iron non-controlled impurity localised in the 

octahedral and/or tetrahedral sites with a strong rhombic 

distortion [49–53]. The weak EPR line with geff ≅ 2.00 

that denoted as Fe3+(2) in Fig. 2, belongs to the Fe3+ 

isolated (single) centres, located in the glass network sites 

with nearly cubic local symmetry [49,51].  
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Fig. 2. (a) The X-band (ν ≅ 9.433 GHz) EPR spectra of un-doped 

CaB4O7 glass and CaB4O7:Sm glasses with 0.5 and 1.0 mol. % Sm2O3, 

registered at T = 300 K; (b) The X-band (ν ≅ 9.457 GHz) EPR spectra 
of the Li2B4O7:Sm glass with 0.5 mol. % Sm2O3, registered in the 

temperature range 4 ÷ 50 K.  

 

Besides the Fe3+ EPR lines with geff ≅ 4.26 and geff ≅ 

2.00 in the EPR spectra of all examined by us Sm-doped 

borate glasses at RT have been registered new broad 

signals with geff ≅ 2.11 and geff ≅ 2.25 for samples 

containing 0.5 and 1.0 mol. % Sm2O3, respectively (see 

Fig. 2a, spectra 2 and 3). Increasing of the Sm2O3 content 

in the investigated glasses leads to the following effects 

for this new broad EPR signal: increasing of integral 

intensity, lowering of resonance field, and some 

decreasing of linewidth (Fig. 2a, spectra 2 and 3). Based 

on the observed effects one can assumed that this new 

EPR signal, observed in all Sm-doped glasses at RT, 

belongs to the Sm3+ – Sm3+ pair centres, which are 

coupled by magnetic dipolar and exchange interactions.  

The additional broad EPR signal was observed in all 

investigated Sm-doped borate glasses at low 

temperatures. The new asymmetric EPR signal with geff ≅ 

9.7 that has been observed in the 4.2 ÷ 20 K temperature 

range in Li2B4O7:Sm glass containing 0.5 mol. % Sm2O3 

is presented in Fig. 2b. This EPR signal is associated with 

the single Sm3+ centres. The EPR signal of single Sm3+ 

centres disappear about T = 20 K (see Fig. 2b) due to 

shortening of their spin-lattice relaxation time. Thus, EPR 

spectroscopy at room and liquid helium temperatures 

demonstrates presence of the Sm3+ single and Sm3+ – 

Sm3+ pair centres in all investigated Sm-doped borate 

glasses.  
 

 
 

Fig. 3. The optical absorption spectra of glasses with Li2B4O7:Sm (black 

curves), CaB4O7:Sm (red curves), and LiCaBO3:Sm (green curves) 

compositions containing 1.0 mol. % Sm2O3, recorded at RT in the 
visible (a) and infrared (b) regions.  

 

Optical absorption spectra of the Sm-doped borate 

glasses and J–O analysis for Sm3+ centres 
 

Typical absorption spectra, which were registered in the 

Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm glasses with 

1.0 mol. % Sm2O3 are presented in Fig. 3, a and b. The 

intense broadband absorption about 350 nm (Fig. 3a) 

belongs to the edge of fundamental absorption of the glass 

host. In accordance with [54,55] all other observed 

absorption bands, were assigned to following f – f 

transitions of the Sm3+ centres: 6H5/2 → 4D3/2, 6P7/2, 6P3/2, 
4M17/2, 4I13/2, 4I11/2, 4M15/2, 4I9/2, 4F3/2, and 4G5/2 (UV – 

visible region) (see Fig. 3a) as well as: 6H5/2 → 6F11/2, 
6F9/2, 6F7/2, 6F5/2, 6F3/2, 6H15/2, and 6F1/2 (infrared region) (see 

Fig. 3b). Transitions from ground 6H5/2 state to the 6H, 6F, 

and 6P levels are spin-allowed. Therefore, all observed IR 

absorption bands and visible band that corresponds to the 
6H5/2 → 6P3/2 transition are most intense. Other observed 

visible absorption bands are weak, because correspond to 

the spin-forbidden transitions.  

The Sm3+ experimental oscillator strengths (fexp) were 

calculated using measured area under the observed 

absorption bands and the following relation [56],  
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where m is the mass of electron, c is the light velocity, NA 

is the number of Avogadro, e is the electron charge, ε(ν) 

is the molar absorption coefficient at wavenumber ν. All 

values in formula (7) are given in the CGS units. The ε(ν) 

was taken from the Beer–Lambert’s law:  
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                                (8) 

 

where c is the Sm concentration in mol/l, l is the sample 

thickness or the optical path length that is given in cm and 

0log
I

I

 
 
 

 is the absorbance or optical density that is taken 

at wavenumber ν. Obtained values of the experimental 

oscillator strengths for Sm3+ optical absorption bands in 

the Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm glasses 

are presented in Table 1.  

Calculated (theoretical) values of the oscillator strength 

(fcal) for an induced transition between the ground (ψJ) 

and excited (ψ′J′) states is given by the relation:  

 
2 2 2

2

8 ( 2)

3 (2 1) 9
cal ED MD ED MD

mc n
f f f S nS

he J n

   
    

  
          (9) 

 

where fED and fMD are the electric and magnetic dipole 

contributions, h is the constant of Planck, J is the total 

angular momentum of the ground state, n is the refractive 

index, (n2 + 2)2/9n is the local field correction for electric 

dipole transitions, n is the local field correction for 

magnetic dipole transitions, SED and SMD are the electric 

and magnetic dipole line strengths, which are calculated 

using the following formulas [57]:  
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where Ωλ (λ = 2, 4, 6) are the phenomenological J–O 

intensity parameters [26,27] and ||Uλ||2 are squared 

reduced matrix elements for the ψJ → ψ′J′ transition. 

Because the reduced matrix elements are independent of 

the host, in our calculations were used the reduced matrix 

elements reported in [54].  

The electric dipole line strength (SED) depends on the 

host, since the J–O parameters depend on the host. The 

magnetic dipole line strength (SMD) is independent of the 

host. 

Therefore, the magnetic dipole oscillator strength can 

be written as follow: fMD = n × fMD′, where fMD′ is the 

magnetic dipole vacuum oscillator strength. The fMD′ 

values for magnetic dipole transitions of the Sm3+ ions 

were given in [58]. Magnetic dipole oscillator strengths 

for following 6H5/2 → 6F3/2, 6F5/2, 4G5/2, 4F3/2 transitions 

were used for calculations of total oscillator strengths 

(fcal). Thus, the formula (9) can be rewritten as:  
 

2 2 2
2

2,4,6

8 ( 2)

3 (2 1) 9
cal MD

mc n
f J U J nf

h J n





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 




   


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The intensity parameters were evaluated with usage 

Eq. (7) and Eq. (12) as well as least-square fitting 

procedure [59]. The fit accuracy between the 

experimental and calculated spectral intensities is given 

by root mean square (rms) deviation:  
 

Table 1. The observed band positions (ν), experimental (fexp) and calculated (fcal) oscillator strengths as well as the root mean square deviation (σrms) 

for Sm3+ ions in glasses with Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm compositions containing 1.0 mol. % Sm2O3. 

 

Transitions 

from 

ground 

level, 
6H5/2 ?  

Li2B4O7:Sm 

(1.0 mol. %) 

CaB4O7:Sm 

(1.0 mol. %) 

LiCaBO3:Sm 

(1.0 mol. %) 

Sm3+  

aqua-ion 

[54] 

ν 

(cm-1) 

fexp 

(×10-

6) 

fcal 

(×10-

6) 

ν 

(cm-1) 

fexp 

(×10-

6) 

fcal 

(×10-

6) 

ν 

(cm-1) 

fexp 

(×10-

6) 

fcal 

(×10-

6) 

ν 

(cm-1) 

6F1/2 6311 0.85 0.87 6310 0.45 0.45 6308 0.81 0.95  
6F3/2 6814 2.56 1.85 6831 2.24 1.68 6796 2.18 2.08 6630 
6F5/2 7315 2.69 2.75 7334 2.64 3.03 7301 3.18 3.14 7100 
6F7/2 8167 2.99 2.99 8189 4.15 4.15 8162 4.73 4.73 8000 
6F9/2 9297 2.51 1.62 9308 2.96 2.52 9297 3.25 3.04 9200 
6F11/2 10648 0.38 0.25 10600 0.43 0.40 10602 0.39 0.49 10500 
4G5/2 17779 0.02 0.02 17802 0.02 0.02 17786 0.01 0.02 17900 
4F3/2    19075 0.01 0.01 18966 0.02 0.01 18900 
4I9/2 20503 0.16 0.06 20584 0.23 0.05 20583 0.21 0.08  

4M15/2 20991 0.74 0.28 20949 0.34 0.46 20999 0.67 0.56 20800 
4I11/2 21370 0.36 0.10 21281 0.67 0.16 21327 0.64 0.20 21100 
4I13/2 21700 0.22 0.30 21715 0.21 0.44 21680 0.30 0.52 21600 

4M17/2 23703 0.09 0.06 23691 0.07 0.08 23633 0.07 0.09  
6P3/2 24860 5.19 5.19 24860 5.90 5.90 24799 5.94 5.94 24950 
6P7/2 26685 0.63 0.93 26738 0.50 0.98    26750 
4D3/2 27740 0.46 0.87       27700 

σrms 

(×10-7) 
σrms = 3.53 σrms = 2.90 σrms = 1.61  
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                               (13) 

 

where, N is the number of levels included in the fitting 

procedure. The obtained by us small rms deviation 

indicates good coincidence between the experimental and 

theoretical spectral intensities (see Table 1).  

Intensity parameters (Ω2, Ω4, Ω6) for Li2B4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm glasses containing 1.0 mol. 

% Sm2O3 are presented in Table 2, where for comparison 

are presented the Sm3+ intensity parameters for other 

borate glasses. One can notice that the Ω2 parameter is 

similar for LiCaBO3:Sm3+ and Li2B4O7:Sm3+ glasses, 

whereas the Ω6 value is similar for LiCaBO3:Sm3+ and 

CaB4O7:Sm3+ glasses.  

The Ω2 parameter is sensitive to the local structure of 

the RE3+ ions in crystal lattice or in glass network and 

strongly depends on the covalency of bond between RE3+ 

ions and ligand anions. The Ω4 and Ω6 parameters are 

related to the host matrix properties such as rigidity and 

viscosity [60]. Large parameter Ω2 indicates high 

covalency of the Sm – O bond and significant asymmetry 

of the oxygen polyhedra, which coordinated the Sm3+ 

ions. The value of Ω2 parameter for Li2B4O7:Sm glass (Ω2 

= 3.19×10-20 cm2) is larger than that for CaB4O7:Sm glass 

(Ω2 = 1.66×10-20 cm2) due to more asymmetric local 

environment for Sm3+ ions in the Li2B4O7:Sm glass 

caused by differences in compensation of the excess 

charge by cationic vacancies at the following 

heterovalence substitutions: Sm3+  Li+ (for Li2B4O7:Sm 

glass) and Sm3+  Ca2+ (for CaB4O7:Sm glass). The 

larger Ω2 value (Ω2 = 3.81×10-20 cm2), obtained for the 

mixed LiCaBO3 alkali/alkaline glass, shows significant 

asymmetry of the oxygen polyhedra, which coordinated 

Sm3+ ions in this glass.  

As we can see from Table 2, the values of Ω2 

parameter in the investigated glasses are comparable with 

Ω2 parameters reported for other borate glasses, in 

particular, for lithium zinc [39], bismuth [42], and zinc 

bismuth [43] borate glasses. The obtained Ω2 values for 

investigated glasses are lower than the reported for 

lithium fluoroborate [36], sodium fluoroborate [32,41], 

and lithium calcium barium borate [38] glasses that 

allows to suggest that the symmetry of local environment 

for Sm3+ ions in our glasses is higher than that for these 

reported glasses.  

For characterisation the optical quality of material 

often has been used the spectroscopic quality factor (χ = 

Ω4/Ω6). For all investigated borate glasses the χ values are 

greater than unity (χ = 2.84 for Li2B4O7:Sm, χ = 1.99 for 

CaB4O7:Sm, and χ = 1.64 for LiCaBO3:Sm), which 

indicate that these glasses are sufficiently stable and rigid. 

Generally, the stability and rigidity as well as 

spectroscopic quality factor of material decrease with 

increasing of amount of the heavy oxides in a glass 

composition. The obtained by us highest χ value (2.84) 

for Li2B4O7:Sm glass is larger than the χ values for other 

Sm-doped borate glasses with different basic 

compositions reported in [32,33,36-44].  

 

Photoluminescence spectra and radiative parameters of 

the Sm-doped borate glasses 
 

The luminescence emission spectra of glasses with 

Li2B4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, and 

LiCaBO3:Sm compositions containing 0.5 and 1.0 mol. % 

Sm2O3 registered at same experimental set-up (λex = 402 

nm, T = 300 K) are presented in Fig. 4a. The emission 

spectra consist of three intense and one weak emission 

bands in the 550  750 nm spectral range. According to 

the Dieke energy level diagram for RE ions and 

referenced data [54, 55], the observed emission bands 

belong to following f – f transitions of the Sm3+ ions: 4G5/2 

→ 6HJ (J = 5/2  11/2), which are denoted in Fig. 4a. 
 

Table 2. Comparison of the intensity parameters (Ωλ × 10-20 cm2) for Sm3+ centres in the Sm-doped borate glasses with different basic compositions. 

  

Basic glass composition Ω2 Ω4 Ω6 Reference 

Li2B4O7 (or 33.33 Li2O–66.66B2O3) 3.19 5.68 2.00 [47] our data 

CaB4O7 (or 33.33CaO–66.66B2O3) 1.66 6.34 3.19 [47] our data 

LiCaBO3 (or 25Li2O–50CaO–25B2O3) 3.81 6.20 3.79 [47] our data 

Borate 6.36 6.02 3.51 [34] 

30Bi2O3–70B2O3 3.639 5.66 4.468 [42] 

20Li2O–10CaO–68H3BO3 0.975 5.044 4.73 [37] 

10Li2O–20PbO–68H3BO3 0.845 3.513 3.540 [37] 

20Li2O–10CaO–70H3BO3 4.77 10.79 6.22 [38] 

10Li2O–10CaO–10BaO–70H3BO3 15.45 9.23 14.1 [38] 

29.50Li2CO3–69.5H3BO3 6.81 10.16 6.93 [36] 

24.75Li2CO3–49.5H3BO3–24.75LiF 5.56 9.21 5.50 [36] 

20ZnO–15Bi2O3–64B2O3 1.93 1.87 1.79 [43] 

49B2O3–25Li2O–25NaF 3.92 8.17 5.82 [41] 

49B2O3–25CaO–25NaF 4.18 8.30 6.38 [41] 

25Li2CO3–64H3BO3–10ZnF2 1.73 9.47 8.93 [39] 

53.33PbO–13.33PbF2 –33.33B2O3 3.41 2.92 2.17 [40] 

8Li2O–7BaO–15La2O3–70B2O3 6.81 4.43 2.58 [35] 

49B2O3–20Bi2O3–15Li2O–10SrO–5SrF2 2.77 5.28 5.74 [33] 
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Fig. 4. The luminescence emission (a) and excitation (b) spectra of Sm3+ 

centres in the CaB4O7:Sm, LiCaBO3:Sm, Li2B4O7:Sm, and LiKB4O7:Sm 

glasses (Sm2O3 content – 0.5 and 1.0 mol. %), recorded at T = 300 K. 

The increasing of relative emission intensity with increasing Sm2O3 

content from 0.5 to 1.0 mol. % for glasses with Li2B4O7:Sm (1), 
LiKB4O7:Sm (2), CaB4O7:Sm (3), and LiCaBO3:Sm (4) compositions is 

shown in the inset of Fig. 4a.  

 

The observed different intensities of the Sm3+ emission 

bands is caused by influence of the basic glass 

composition and Sm impurity concentration. One can 

notice that the emission intensity for alkaline earth borate 

glasses (CaB4O7:Sm and LiCaBO3:Sm) is more than two 

times higher than that for alkali borate glasses 

(Li2B4O7:Sm and LiKB4O7:Sm). With increasing the 

Sm2O3 content from 0.5 to 1.0 mol. % the relative integral 

intensity ((I – I0) / I0, where I and I0 are integral intensities 

of the emission band corresponding 4G5/2 → 6H7/2 

transition for samples containing 0.5 and 1.0 mol. % 

Sm2O3) approximately increases on 10, 12, 16, and 19 % 

for glasses with Li2B4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, 

and LiCaBO3:Sm compositions, respectively (inset in     

Fig. 4a). This effect is related to considerable number of 

the Sm3+ – Sm3+ pair centres in the investigated glasses 

containing 1.0 mol. % Sm2O3 that also reveals in their 

EPR spectra (see Fig. 2). Based on the presented results 

one can state that the optimal content of the Sm2O3 in 

glasses with Li2B4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, and 

LiCaBO3:Sm compositions is about 1.0 mol. %.  

In Fig. 4b are presented the Sm3+ luminescence 

excitation spectra in the Li2B4O7:Sm, LiKB4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm glasses containing 0.5 and 

1.0 mol. % Sm2O3, which were recorded at the same 

experimental conditions (λmon = 598 nm, T = 300 K). The 

influence of basic glass composition and Sm impurity 

concentration on the Sm3+ luminescence properties causes 

different intensities of their excitation bands like for 

emission bands that was discussed above. All observed 

luminescence excitation bands were assigned to the 

appropriate f – f transitions of the Sm3+ ions in accordance 

with their energy level diagram and referenced data      

[54, 55]. The excitation spectra show that 

photoluminescence of Sm-doped borate glasses can be 

efficiently excite using near UV and violet – visible light. 

Most intense luminescence excitation band at 402 nm 

belongs to the 6H5/2 → 6P3/2 transition. The weak 

resolution of some Sm3+ excitation bands is connected 

with inhomogeneous broadening [61], caused by 

disordering of the glass structure that leads to slight 

differences in the local environments and crystal field 

parameters for Sm3+ centres in the glass network.  

Thus, the luminescence (emission and excitation) 

spectra clearly prove that the Sm impurity are 

incorporated into the network of Li2B4O7, LiKB4O7, 

CaB4O7, and LiCaBO3 glasses as Sm3+ ions, exclusively. 

This result well agrees with published data for other Sm-

doped borate glasses of different compositions [29, 35, 

36, 40], which also demonstrate presence in glass network 

the Sm3+ ions, exclusively.  

Obtained J–O intensity parameters Ωλ (λ = 2, 4, 6) were 

used for calculations radiative parameters of the 

investigated glasses such as probabilities of the emission 

transitions, luminescence lifetimes, branching ratios, and 

emission cross-sections [59]. According to [59], the 

spontaneous emission rates from an excited state ψ′J′ to 

the final state ψJ (or probabilities of the radiative 

transitions, Arad) can be calculated with usage the relation:  

 

 
4 3 2 2

364 ( 2)
,

3 (2 1) 9
rad ED MD ED MD

n n
A J J A A S n S

h J

 
 

 
      

  
 (14) 

 

where, AMD and AED are the magnetic and electric dipole 

contributions, n3 and n(n2 + 2)2/9 are the local field 

corrections for the magnetic and electric dipole emission 

transitions, SED and SMD are strengths of the electric and 

magnetic dipole lines, which are given by formulas (10) 

and (11).  

The magnetic dipole term can be represented as AMD = 

n3 × AMD′, where AMD′ is the rates of the magnetic dipole 

vacuum spontaneous emission. The AMD′ values for the 

Sm3+ magnetic dipole transitions are given in [58]. Thus, 

the relation (14) can be rewritten as:  

 

 
4 2 3 2 2

2
3

2,4,6
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,

3 (2 1) 9
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e n n
A J J J U J n A

h J






 
   




      


 (15) 

 

In particular, formula (15) was used for calculation the 

Arad value for emission transitions 4G5/2 → 6H5/2, 6H7/2 of 

the Sm3+ centres (see Table 3), because these transitions 

belong to mixed and contain the electric dipole and 

magnetic dipole contributions.  
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The total probabilities of radiative transitions (AT) for 

an excited state ψ′J′ were obtained by summation of the 

Arad (ψ′J′,ψJ) values for all emission transitions to the ψJ 

final states [59] according to relation:  

 

 ( ) ,T rad

J

A J A J J


                      (16) 

 

The values of Arad and AT were used for calculation the 

branching ratio (βrad) that is given by formula:  

 

 ,
( , )

( )

rad

rad

T

A J J
J J

A J

 
  



 
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 
                (17) 

The stimulated emission cross-section, σe (ψ′J′,ψJ), was 

calculated using the following relation:  

 
4

2
( , ) ,

8

p

e rad

p

J J A J J
cn


    

 
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                (18) 

 

where λp is the emission peak wavelength taken at 

maximum intensity and 
( )

p

max

I d

I

 
 

  is the effective 

linewidth. Positions of the emission peaks (λp), effective 

linewidths (Δλp), probabilities of the radiative transitions 

(Arad), experimental (βexp) and calculated (βrad) branching 

ratios, and stimulated emission cross-section (σe) obtained 

for emission transitions 4G5/2 → 6HJ (J = 5/2, 7/2, 9/2, 

11/2) in the glasses with Li2B4O7:Sm, CaB4O7:Sm, and 

LiCaBO3:Sm compositions containing 1.0 mol. % Sm2O3 

are presented in Table 3. It should be noted that all 

calculated radiative parameters depend on the basic glass 

composition (see Table 3).  

The values of branching ratio (β) are used for 

characterisation of distribution of the emission transitions 

in the luminescence spectra. The β value higher than 0.5 

for specific emission transition indicates that the most part 

of emission energy corresponds to this transition that 

potentially can be used for obtaining of the laser 

generation [62]. Thus, the calculated β values in the 

investigated glasses (see Table 3) show that the emission 

band at 598 nm corresponding to the 4G5/2 → 6H7/2 

transition of the Sm3+ ions can be used for efficient laser 

generation in the visible region.  

 The cross-section of stimulated emission (σe) is very 

important parameter for evaluation of the efficiency of 

emission energy of the laser material. Highest emission 

cross-section (σe = 8.09×10-22 cm2) is obtained for 4G5/2 → 
6H7/2 transition in the CaB4O7:Sm glass containing 1.0 

mol. % Sm2O3. The σe value for CaB4O7:Sm glass (Sm2O3 

content – 1.0 mol. %) is slightly lower than the σe value 

for Sm3+ centres in lithium calcium barium [38], lithium 

zinc [39], and zinc bismuth [43] borate glasses, 

comparable with the σe values for Sm3+- doped lithium 

calcium borate [37], lithium strontium bismuth borate 

[33], sodium fluoroborate [41] glasses and larger than that 

the σe values for Sm3+- doped lithium fluoroborate [36], 

sodium fluoroborate [32], lead borate [37], lead 

fluoroborate [40], zinc alumina bismuth borate [44] 

glasses.  

 

The luminescence kinetics of Sm3+ centres 

The luminescence decay curves for Sm3+ centres in the 

glasses with Li2B4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, and 

LiCaBO3:Sm compositions, obtained for most intense 

orange-red emission band (4G5/2 → 6H7/2 transition) at the 

same experimental set-up (λexc = 402 nm, λmon = 598 nm, 

T = 300 K) are presented in Fig. 5a using a semi-

logarithmic scale. All obtained decay curves can be 

satisfactory described in the framework of single 

exponential approximation with lifetime values (τexp), 

which are presented in Fig. 5a.  

 

Table 3. The emission peak positions (λp), effective linewidths (Δλp), probabilities of the radiative transitions (Arad), which include the electric dipole 

(AED) and magnetic dipole (AMD) contributions, experimental (βexp) and calculated (βrad) branching ratios, and stimulated emission cross-sections (σe) for 
emission transitions 4G5/2 → 6HJ (J = 5/2, 7/2, 9/2, 11/2) of the Sm3+ centres in the glasses with Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm 

compositions containing 1.0 mol. % Sm2O3.  

 

Basic glass  

composition 
Transition λp (nm) 

Δλp 

(nm) 

AED  
(s-1) 

AMD  

(s-1) 

Arad  
(s-1) 

βexp βrad 
σe 

(×10-22 cm2) 

Li2B4O7 

4G5/2 → 6H5/2 562 10.6 8.31 13.42 21.73 0.18 0.08 1.14 
4G5/2 → 6H7/2 598 13.7 105.36 11.11 116.47 0.54 0.43 6.05 
4G5/2 → 6H9/2 645 16.2 98.55  98.55 0.25 0.37 5.86 

4G5/2 → 6H11/2 704 29.2 33.07  33.07 0.03 0.12 1.55 

CaB4O7 

4G5/2 → 6H5/2 562 10.4 8.55 13.95 22.50 0.17 0.08 1.24 
4G5/2 → 6H7/2 598 13.6 137.01 11.56 148.57 0.55 0.50 8.09 
4G5/2 → 6H9/2 645 16.0 88.74  88.74 0.25 0.29 5.34 

4G5/2 → 6H11/2 704 29.0 40.74  40.74 0.03 0.13 1.92 

LiCaBO3 

4G5/2 → 6H5/2 563 11.4 9.52 13.52 23.04 0.17 0.07 1.12 
4G5/2 → 6H7/2 599 14.0 145.82 11.20 157.02 0.56 0.47 7.98 
4G5/2 → 6H9/2 646 17.6 115.73  115.73 0.24 0.34 6.33 

4G5/2 → 6H11/2 706 28.2 41.74  41.74 0.03 0.12 2.02 
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Fig. 5. (a) Luminescence decay curves for Sm3+ centres (4G5/2 → 6H7/2 

transition, λmon = 598 nm) in the Li2B4O7:Sm, LiKB4O7:Sm, CaB4O7:Sm, 
and LiCaBO3:Sm glasses with 0.5 (curves 1, 3, 5, and 7) and 1.0 (curves 

2, 4, 6, and 8) mol. % Sm2O3, registered at T = 300 K under excitation 

with λexc = 402 nm (6H5/2 → 6P3/2 transition); (b) Diagram of the partial 
energy levels for Sm3+ centres in the Li2B4O7:Sm glass that shows also 

channels of excitation, emission and cross relaxation.  

 

The obtained results show that the luminescence lifetimes 

strongly depend on the basic glass composition, local 

structure, and concentration of the impurity Sm3+ ions. 

Various lifetime values for identical amount of the Sm2O3 

in the borate glasses with different compositions are 

caused by some differences in local environments of the 

Sm3+ centres in the glass network. Dependence of lifetime 

on the Sm3+ local structure in the Li2B4O7, LiKB4O7, 

CaB4O7, and LiCaBO3 glasses in detail was considered 

and discussed in [8].  

In general case, the experimental lifetime (τexp) of an 

excited state can be defined by relation [63]:  

exp

1 1
MPR CR

rad

W W
 

     (19) 

where τrad is the radiative lifetime, WMPR and WCR are rates 

of multiphonon relaxation and cross-relaxation. The WMPR 

for our borate glasses is very small due to large energetic 

gap between the 4G5/2 level and next lower level of the 

Sm3+ ions that is greater than the phonon energies of 

borate glasses. Therefore, the resonance energy transfer 

through cross-relaxation processes between Sm3+ – Sm3+ 

pair centres, which are coupled by electric multipolar 

interactions is responsible for lifetime quenching in the 

investigated glasses containing relatively high 

concentration of the Sm3+ ions.  

EPR spectroscopy confirms presence of the Sm3+ 

isolated and Sm3+ – Sm3+ pair centres in the investigated 

glasses (see Fig. 2). Decreasing of the experimental 

lifetimes for Sm3+ centres with increasing of the Sm 

concentration in the investigated glasses (Fig. 5a) shows 

good correlation with corresponding increasing of EPR 

signal of the Sm3+ – Sm3+ pair centres (Fig. 2). The 

obtained results show inhomogeneous distribution of the 

Sm3+ impurity centres in the glass network that leads to 

clustering of the Sm3+ ions in the glass host. As a result, it 

is possible the transfer of energy between the nearest 

Sm3+ impurity centres through the cross-relaxation and 

resonance energetic channels.  

The diagram of partial energy levels along with 

radiative emissions and non-radiative relaxation from the 
4G5/2 level to different lower levels is presented in Fig. 5b, 

where four different cross-relaxation channels are shown. 

For luminescence quenching in the investigated borate 

glasses are responsible the following cross-relaxation 

channels: 4G5/2 → 6F5/2 ↔ 6H5/2 → 6F11/2 (10500 cm-1), 
4G5/2 → 6F7/2 ↔ 6H5/2 → 6F9/2 (9500 cm-1), 4G5/2 → 6F9/2 ↔ 
6H5/2 → 6F7/2 (8300 cm-1) and 4G5/2 → 6F11/2 ↔ 6H5/2 → 
6F5/2 (7200 cm-1).  

Radiative lifetimes of the excited (ψ′J′) state have 

been calculated using relation given in [59]:  
 

1
( )

( )
rad

T

J
A J

 


  
                                 (20) 

 

where, AT (ψ′J′) is the total probability of radiative 

transitions from an excited state (ψ′J′). The calculated 

radiative lifetime values (τrad) for the Sm3+ level 4G5/2 are 

presented in Table 4 for glasses with the Li2B4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm compositions containing 

0.5 and 1.0 mol. % Sm2O3.  
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Table 4. Experimental (τexp) and radiative (τrad) lifetimes, cross-relaxation rates (WCR), and quantum efficiencies (η) for the 4G5/2 level of Sm3+ centres in 

the Sm-doped glasses with Li2B4O7, CaB4O7, and LiCaBO3 basic compositions.  
 

Glass composition 
Sm2O3 content  

(mol. %) 

τexp  

(ms) 
τrad (ms) WCR (s-1) η (%) 

Li2B4O7:Sm 
0.5 2.65 ± 0.02 

3.32 
76 80 

1.0 2.57 ± 0.02 88 77 

CaB4O7:Sm 
0.5 2.52 ± 0.02 

3.03 
67 83 

1.0 2.37 ± 0.02 92 78 

LiCaBO3:Sm 
0.5 2.31 ± 0.02 

2.67 
58 86 

1.0 2.13 ± 0.02 95 79 
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 Quantum efficiency and quantum yield of luminescence 

of the investigated glasses 
 

The experimental lifetime values (τexp), evaluated from 

decay curves, are shorter than the radiative lifetimes (τrad), 
which have been calculated with usage the J–O theory 

and relation (20) (see Table 4). The ratio of the 

experimental lifetime to the calculated radiative lifetime 

is defined as quantum efficiency (η = τexp/τrad) of the 

corresponding level. Calculated values of quantum 

efficiency for glasses with Li2B4O7:Sm, CaB4O7:Sm, and 

LiCaBO3:Sm compositions (Sm2O3 content – 0.5 and 1.0 

mol. %) are presented in Table 4. Quantum efficiencies 

for all investigated glasses containing 0.5 mol. % Sm2O3 

are higher than quantum efficiencies for glasses 

containing 1.0 mol. % Sm2O3 due to lower their non-

radiative rates. The highest value of quantum efficiency 

(η ≈ 86 %) was obtained for LiCaBO3:Sm glass 

containing 0.5 mol. % Sm2O3. High quantum efficiencies 

(about 80 %), obtained for all investigated Sm-doped 

glasses clearly show that these glasses can be considered 

as a promising materials for lasers and other luminescent 

devices.  

 
Table 5. Quantum yields (QY) of luminescence for Sm3+ centres in the 

investigated glasses and some other Sm-doped oxide glasses, obtained 

by different authors.  
 

 

The quantum yield (QY) is used as a selection criterion 

for practical applications of luminescent materials. The 

QY is defined as ratio of photons emitted to photons 

absorbed. The measured quantum yields for our Sm-

doped glasses are presented in Table 5. The highest 

values of quantum yields were obtained for Li2B4O7:Sm 

glasses containing 0.5 mol. % Sm2O3 (QY = 21.1 %) and 

1.0 mol. % Sm2O3 (QY = 19.8 %). For CaB4O7:Sm glass 

containing 0.5 mol. % Sm2O3 that show highest value of 

the stimulated emission cross-section (σe) for Sm3+ centres 

(4G5/2 → 6H7/2 transition) the corresponding quantum yield 

equals 13.83 %.  

 

 

 
 

Fig. 6. The summarised luminescence excitation and emission spectra as 
well as schematic representation of the UV – visible down-conversion 

layer for Si solar cell, based on the Sm-doped borate glass. 

 

The obtained quantum yields for Li2B4O7:Sm and 

CaB4O7:Sm glasses are considerable larger than those in 

the Sm3+- doped germanotellurite (Na2O–ZnO–PbO–

GeO2–TeO2) (QY = 6.0 %) [64], heavy metal tellurite 

(Li2O–K2O–BaO–Bi2O3–TeO2) (QY = 7.55 %) [65], and 

lithium yttrium aluminum silicate (Li2O–Y2O3–Al2O3–

SiO2) (QY = 11.58 %) [66] glasses and it is comparable 

with quantum yield of the Sm3+-doped alkaline-earth 

borate (Li2O–K2O–ZnO–BaO–Sb2O3–B2O3) glass (QY = 

13.29%) [67] (see Table 5).  

Thus, relatively simple and inexpensive producing 

technology of the investigated Sm-doped borate glasses, 

their high transparency in the wide spectral range, 

dominant orange – red emission, large stimulated 

emission cross-section, high quantum efficiency and 

quantum yield of luminescence allow to consider these 
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Glass composition 
QY, 

% 
References 

Li2B4O7 (Li2O–B2O3):Sm  

(0.5 mol. %) 
21.1 this work 

Li2B4O7 (Li2O–B2O3):Sm  

(1.0 mol. %) 
19.8 this work 

CaB4O7 (CaO–B2O3):Sm  

(0.5 mol. %) 
13.8 this work 

LiCaBO3 (Li2O–CaO–

B2O3):Sm (0.5 mol. %) 
9.5 this work 

Na2O–ZnO–PbO–GeO2–TeO2 6.0 [64] 

Li2O–K2O–BaO–Bi2O3–TeO2 7.6 [65] 

Li2O–Y2O3–Al2O3–SiO2  11.6 [66] 

Li2O–K2O–ZnO–BaO–

Sb2O3–B2O3 
13.3 [67] 
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borate glasses as perspective luminescent and laser 

materials in the visible spectral range. Based on 

experimental results we can state that the UV radiation 

that absorbed by Sm-doped borate glasses could be 

efficiently down-converted into the visible light. Hence, 

the investigated Sm-doped borate glasses can be 

successfully used as down-conversion (UV – visible) and 

protection layers in the Si solar cells (see Fig. 6), working 

in the regions with intense UV-radiation. The layer of the 

Sm-doped borate glass placed on the front side of solar 

cell could efficiently convert UV photons into visible 

light, where the Si-based solar cells exhibit a better 

spectral response and efficiency. 
 

Conclusion 

A series of Sm-doped glasses with Li2B4O7, LiKB4O7, 

CaB4O7, and LiCaBO3 compositions of high optical 

quality have been obtained and detailed investigated using 

EPR and optical spectroscopy techniques as well as Judd–

Ofelt analysis. Basing on the obtained results it was 

shown the following:  

• The Sm impurity is incorporated into the Li2B4O7, 

LiKB4O7, CaB4O7, and LiCaBO3 glass network 

exclusively as Sm3+ (4f5, 6H5/2) ions and forms the Sm3+ 

single and Sm3+ – Sm3+ pair centres with characteristic 

EPR, optical absorption and photoluminescence 

spectra.  

• The EPR and optical (absorption, emission and 

luminescence excitation) spectra as well as 

luminescence kinetics of the Sm3+ centres in the 

Li2B4O7:Sm, LiKB4O7:Sm, LiCaBO3:Sm, and 

CaB4O7:Sm glasses were investigated studied and 

analysed in comparison with borate glasses of other 

compositions.  

• Optical absorption spectra of the Sm3+ centres in 

Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm glasses 

were analysed in the framework of Judd–Ofelt theory. 

Experimental and theoretical oscillator strengths as well 

as J–O intensity parameters have been calculated.  

• Radiative parameters such as probabilities of 

transitions, branching ratios, stimulated emission cross-

sections, and radiative lifetimes were evaluated for 4G5/2 

→ 6HJ (J = 5/2, 7/2, 9/2, and 11/2) emission transitions 

of the Sm3+ centres.  

• The experimental emission decay curves for Sm3+ 

centres (4G5/2 → 6H7/2 transition) in all investigated 

glasses were satisfactory described in the framework of 

single exponent approximation. Obtained experimental 

lifetimes show typical values for Sm3+ centres and 

depend on the basic glass composition and Sm 

concentration. Quantum efficiencies have been 

calculated and quantum yields of luminescence have 

been measured for Sm3+ emission transitions in 

Li2B4O7:Sm, CaB4O7:Sm, and LiCaBO3:Sm glasses.  

• Appropriate optical and luminescence properties, high 

quantum efficiency (η ≈ 80 %) and quantum yield (QY 

= 14 – 20 %) of the Sm3+ emission in Li2B4O7:Sm, 

CaB4O7:Sm, and LiCaBO3:Sm glasses clearly show that 

these glasses represent very promising luminescent 

materials, especially for UV–visible photo-conversion 

layers, which can be used in the Si solar cells working 

in the regions with intense UV-radiation including outer 

space.  
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