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Spectral properties of Dy3+-doped potassium 
niobate silicate glasses for white light 

emission 
M. Murali Mohan1 

 

Abstract— this paper reports on the preparation and characterization of different concentrations of Dy3+-doped potassium nio-
bate silicate glasses (KNbSi). Raman spectrum was recorded to find the structural units in the present glass. The Judd- Ofelt (JO) theory 
has been used to determine the intensity parameters (Ω2, Ω4  and Ω6) from the spectral intensities of absorption bands. The emission spec-
tra revealed two sharp peaks at 485 nm (blue) and 577 nm (yellow) by the excitation with 378 nm radiations. The CIE co-ordinates (x, y) for 
different concentration of Dy3+- doped glasses were calculated along with the correlated color temperatures (CCT). In addition, the lifetimes 
of 4F9/2 level were measured by monitoring the 4F9/2 → 6H15/2 emission transition (486 nm). The decay times of the 4F9/2 level for different 
Dy3+ ion concentrations are found to be single exponential at lower concentrations (≤ 0.5 mol %) and gradually changed to non-exponential 
for higher concentrations (≥ 1.0 mol %). The non-exponential nature of decay curves fitted to Inokuti-Hirayama model for S = 6, confirmed 
that the energy transfer between the excited Dy3+ (donor) and unexcited Dy3+ (acceptor) ions is of dipole-dipole type. From the magnitudes 
of yellow to blue (Y/B) intensity ratios, CIE chromaticity coordinates and correlated color temperatures (CCT) it is concluded that Dy3+-
doped KNbSi glasses are potential for the development of white light emission. 

Index Terms— Color coordinates, Dy3+ ions, Decay rate, Emission spectra, Judd–Ofelt theory, Raman spectra 

——————————      —————————— 

1 INTRODUCTION                                                                     
Luminescence materials play an important functional role in 
many fields, such as lasers, solid state lighting, display 
screens, sensors and optical communications etc, [1-4]. In this 
technological aspect mostly, several rare earth (RE) doped 
crystalline and non-crystalline luminescencent materials have 
been extensively studied [5-8]. Glasses activated with RE ions 
play significant role in the development of lasers, fiber am-
plifiers and white light emitting diodes (WLED), because of 
their relative features of easy preparation, shaping and doping 
flexibility of active ion concentrations. Generally, the lumines-
cence efficiency of the RE ions mainly depends on energy 
transfer, excitation path, host material and phonon energy of 
host materials. Fluoride matrices posses low phonon energies 
and hence favorable for the enhancement of radiative transi-
tion rates and quantum efficiencies. But, fluoride matrices 
have poor glass forming ability, chemical durability and me-
chanical stability. In addition fluoride glasses are toxic, corro-
sive and also unstable for practical applications. Because of 
these reasons, conventional oxide glasses are preferred due 
their wide applications in various fields such as optoelectron-
ics, thermo chemical, nuclear and solar energy technologies [9-
13]. Among different glass matrices, the silicate glasses posses 
low thermal expansion coefficient, low nonlinear refractive 
index, high surface damage threshold, large tensile fracture 
strength, easy fiber drawing ability and good chemical dura-
bility. Silica based optical fibers are widely used for telecom-
munications which operates at 0.8μm, 1.31μm and 1.55μm for 
first, second and third windows respectively [14 -17]. The ad-
dition of K2O and Nb2O5 modifies the field strength of cations 
and to improve the mechanical strength which is prerequisite 
for a good laser glass [18]. 

  In this paper spectral properties of Dy3+ doped potas-
sium niobate niobate silicate glasses were reported. Usually, 
Dy3+ ions have two dominant emission bands one correspond-
ing to 4F9/2 → 6H13/2 (yellow) and another corresponding to     
4F9/2 → 6H15/2 transition (blue). Judd- Ofelt [19, 20] theory, anal-
ysis, concentration dependent emissions, excited state life-
times, chromaticity color coordinates (x, y) and correlated col-
or temperatures (CCT) evaluated from the emission spectra of 
Dy3+- ions doped in KNbSi glasses have been systematically 
analyzed and discussed.  

 
2. Experimental details 
2.1. Materials and methods 

Dy3+- doped KNbSi glasses with a chemical composi-
tion of 30 K2O - 25 Nb2O5 – (45- x) SiO2 – x Dy2O3 (KNbSiDy), 
where x = 0.05, 0.1, 0.5, 1.0 and 2.0 mol %, were prepared by 
conventional melt quenching technique which are referred as 
KNbSiDy005, KNbSiDy01, KNbSiDy05, KNbSiDy10 and 
KNbSiDy20, respectively. The starting materials of K2CO3, 
Nb2O5, SiO2 and Dy2O3 (99.9%) with the batch quantities of   
∼15 g were mixed and grinded in agate mortar. The homoge-
neous mixtures were taken in a platinum crucible and melted 
in electric furnace at 1350oC for about 3 hs. The melts were 
then poured onto a preheated brass mould at a temperature of 
450oC and the glass samples were annealed for 12 hs to re-
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move the thermal stress and strain. 
2.2. Physical and spectral measurements 

For the 1.0 mol % Dy3+- doped KNbSiDy10 glass, 
physical quantities such as density (d = 3.75 g cm-3), concentra-
tion (C = 1.506X 1020 ions/cm3) and the refractive index (n = 
1.797) were determined. The Raman spectrum of the undoped 
sample was measured by Renishaw invia Raman microscope 
using 785 nm diode laser. The optical absorption spectrum of 
KNbSiDy10 glass was recorded on a Perkin Elmer Lambda- 
950 UV-Vis-NIR spectrophotometer in the wavelength range of 
360- 1900 nm. The emission and the decay measurements were 
done by exciting the samples at 387 nm using Jobin Yvon 
Fluorolog-3 spectrofluorimeter with xenon arc lamp as an exci-
tation source.  

3. RESULTS AND DISCUSSION 
3.1. Analysis of Raman spectrum  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Raman spectrum of undoped KNbSi glass with 785 nm laser exci-
tation 
The undoped KNbSi glass has been studied using Raman 
spectroscopy. The unpolarized Raman scattering spectrum 
measured using the 785 nm laser excitation exhibits four 
bands centered at 241, 882, 1379 and 3281 cm-1 as shown in 
Fig.1. It is noticed from Fig.1 that, the high intensity phonon 
band at 882 cm-1 posses lesser energy  than that of pure SiO2 
glass, which has a maximum phonon band around 1100 cm-

1[21]. The stretching modes of the Si-O-Si bands of SiO4 tetra-
hedral with non-bridging oxygen atoms occur are active in the 
region 800-1300 cm-1 [22, 23] and the stretching modes of the 
Nb-O bonds in the NbO6 octahedral occur in the 300-900 cm-1 

region [24-26]. Particularly, the bands of SiO4 occur at 1200, 
1100, 950, 900, 850 cm-1, while for the Nb-O in octahedral 
symmetry occurs at 870, 730, 625, and 340 cm-1. The structural 
role of Nb2O5 in silicate, borate, germanate and gallate glasses 
has been investigated and found that NbO6 groups exist in the 
glass network [27, 28]. Fukumi et.al[26] investigated the struc-
tural position of NbO6- groups in K2O- Nb2O5- SiO2 glass sys-
tems and noticed the Raman band in the 800- 900 cm-1 region, 
which is attributed to NbO6 octahedral with non-bridging 
oxygen and with much distortion. The broad bands in the 600- 
800 cm-1 region are attributed to less distorted NbO6 octahe-

dral without non- bridging oxygen’s. The bands at 815- 870 cm-

1 are related to the Nb- O stretching modes of distorted NbO6 
octahedral sharing a corner with SiO4 tetrahedral. As the Nb 
content increases, the NbO6 octahedral as well as cluster start 
to appear, while the tetrahedral disappear. The characteristic 
intense band at 882 cm-1 is attributed to the presence of Si- O- 
Si and the band at 241 cm-1 is assigned to the presence of Nb- 
O. The characteristic bands around 1379 cm-1 and 3281 cm-1 are 
assigned to H- O- H vibrational mode. 

3.2. Optical absorption 

The observed optical absorption bands of Dy3+ ions in 
the UV- VIS and NIR regions for KNbSiDy10 glass due to 4f-4f 
transitions are shown in Figs.2& 3, respectively. Eight absorp-
tion bands centered at 384, 424, 453, 473, 797, 892, 1086, 1256 
and 1664 nm in the spectral range  correspond to the           
6H15/2 → 4F7/2, 4G11/2, 4I15/2, 6F5/2, 6F7/2, 6F9/2, 6H9/2 and 6H11/2 transi-
tions, respectively. The assignments of the absorption transi-
tions are done according to our earlier reported work [29]. The 
wavelengths of absorption bands along with their assignments 
are given in Table 1.  

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Optical absorption spectrum of KNbSiDy10 glass for UV-Vis 
region 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.Optical absorption spectrum of KNbSiDy10 glass for NIR 
region. 
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Table1: Assignment of absorption transitions, peak positions 
(λ, nm) experimental (fexp) and calculated (fcal) oscillator 
strengths (x 10-6) for KNbSiDy10 glass. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
3.3. 

Judd–Ofelt analysis  
The exprimental oscillator (fexp) strengths of the ab-

sorption bands of Dy3+ ions in KNbSiDy10 glass are deter-
mined by measuring the integrated areas under the absorption 
bands. The Judd–Ofelt (JO) [19, 20] theory has been successful-
ly used for the theoretical estimation of the intensities of the 
absorption bands of Dy3+ ions in KNbSiDy10 glass. This theory 
defines a set of three intensity parameters Ωλ (λ= 2, 4, 6) which 
are dependent on host material. The JO parameters have been 
determined from the experimental oscillator strengths (fexp) 
using the least square fit method. From Table 1, it is noticed that 
there exists good agreement between experimental oscillator 
(fexp) and calculated oscillator (fcal) strengths with small rms 
value of ± 0.52 x10-6. From these JO parameters, important op-
tical properties such as radiative transition probabilities for 
spontaneous emission, radiative lifetime of the excited states 
and branching ratios are calculated. In order to enhance the 
emission efficiency of a particular transition, the stimulated 
emission cross section (σe) should be as large as possible. 
Hence it is therefore important to optimize the relation be-
tween the glass composition and the Ωλ parameters to obtain 
favorable spectroscopic properties for laser applications.  

The evaluated JO parameters of Dy3+ ions in KNbSi-
Dy10 are compared [30-33] in Table 2 and found that all the 
parameters follow the same trend as Ω2>Ω4>Ω6. It is well 
known that, the parameters of Ω4 and Ω6 values are related to 
the bulk properties, such as viscosity and rigidity of the glass 
and the magnitude of Ω2 is indicates the covalent na-
ture/structural changes in the vicinity of the Dy3+ ions [34].  
The higher value of Ω2 parameter indicates the more cova-
lence between the Dy3+ - O2- bands. 
 
 
 
 

 
 
 
Table 2: Comparison of Judd-Ofelt parameters (Ωλ, ×10−20 cm2) 
and their trends in different Dy3+: doped glasses. 

 
 
 
 
 
 
 
 
 
 
 
 
3.4. 

Emission spectra and radiative properties 
Fig. 4 shows the visible emission spectra for different concen-
trations of Dy3+ doped KNbSi glasses under 387 nm excitation 
in the 430-700 nm region. The spectra consist two strong peaks 
in the blue (486 nm) and yellow (577 nm) regions and a weak 
band in the red region (666 nm) corresponding to the            
4F9/2 → 6H15/2, 4F9/2 → 6H13/2 and    4F9/2 → 6H11/2 transitions, re-
spectively. The relative intensities of these bands can be varied 
by changing the excitation wavelength, host composition and 
Dy3+ion concentration. The 4F9/2 → 6H15/2 transition is magnetic-
dipole in nature, which hardly varies with the crystal-field 
strength of the host matrix, whereas the 4F9/2 → 6H13/2 transi-
tion is hypersensitive    (∆L = ±2 and ∆J = ±2) and moreover, its 
intensity strongly depends on the host. Normally the Dy3+ ions 
are located lower symmetry and hence the yellow emission is 
more predominant. The emission intensities of all the three 
bands increase as the Dy3+ ions concentration increases from 
0.05 to 1.0 mol % and then quenches at higher (>1.0 mol %) 
concentrations. The concentration quenching of emission in-
tensity has been attributed to the migration of excited energy 
to the quenching centers (traps) or to the donars by the cross- 
relaxations process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .4 Emission spectra for different concentration of Dy3+ ions in 

Transition 
6H15/2 → 

Peak 
position 
(λ) 

Oscillator 
strengths 
fexp fcal 

6H11/2 1664 1.32 1.47 
6H9/2 1256 9.12 9.69 
6F9/2 1086 2.73 2.57 
6F7/2 892 2.02 2.12 
6F5/2 797 1.66 1.35 
4I15/2 453 0.42 0.51 
4G11/2 424 0.17 0.11 
4F7/2 384 0.07 0.05 
 δrms = ± 0.52 

Glass Ω2 Ω6 Ω4 Order 
KNbSiDy10 
[Present work] 

10.26 2.03 2.38 Ω2>Ω4>Ω
6 

Oxyfluoride 
silicate glass[30]  

2.69 1.64 1.64  Ω2>Ω4=Ω
6 

Fluoroborate[31] 2.90 0.98 1.09 Ω2>Ω4>Ω
6 

PKBAFDy10[32] 12.30 2.30 2.67 Ω2>Ω4>Ω
6 

Sodium zinc 
 phosphate[33] 

2.69 0.12 0.29 Ω2>Ω4>Ω
6 
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KNbSi glasses 
Radiative parameters such as emission band positions 

(λp, nm), effective bandwidths (Δλeff, nm), experimental 
branching ratios (βexp) and the peak stimulated cross- sections 
(σe(λp) of emission bands of Dy3+ ions in KNbSiDy10 glass are 
presented in  Table  3.  
 
Table 3: Emission peak positions (λp, nm), effective band-
widths (Δλeff, nm), radiative transition probabilities (AR, s-1), 
peak stimulated emission cross-sections (σ(λp), × 10-21 cm2), 
experimental (βexp) and calculated branching ratios (βR) of Dy3+ 

ions in KNbSiDy10 glass. 
 
3.5. CIE Chromaticity coordinates and color purity 
  The CIE [35] chromaticity diagram (Commission In-
ternational del’ Eclairage 1931) is shown in Fig.5. The color 
coordinates calculated from emission spectra of different con-
centration of Dy3+- doped KNbSi glasses are (0.35, 0.38), (0.34, 
0.38),    (0.36, 0.39), (0.36 0.39) and (0.35, 0.39) for KNbSi-
Dy0.05, KNbSiDy0.1, KNbSiDy0.5, KNbSiDy10 and KNbSi-
Dy20 glasses, respectively. It is observed that all the chromatic-
ity co-ordinates (x, y) fall in the white light region of CIE dia-
gram. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 The CIE chromaticity diagram showing the color coordinates 
for different concentration of Dy3+ ions in KNbSi glasses. 

The color purity of light source is defined as, the distance in 
the chromaticity diagram between the square root of emission 
color co-ordinates and co-ordinates of equal energy point, di-
vided by the distance between the equal energy point and the 
dominant wavelength point which is indicated in Fig. 4. Thus, 
the color purity is given by  

Color purity =  
22

22

)()(

)()(

eedeed

eeee

yyxx

yyxx

−+−

−+−
 (1)                             

where ),(),,( eeee yxyx and ),( dd yx  are the chromaticity 
co-ordinates of the emitted light, equal energy point and the 
dominant wavelength points, respectively. To get the white 
light emission, the color purity of test source should be as low 
as possible.  The color purity value of ‘0.15’ calculated for the 
present KNbSiDy10 glass indicates that the titled glass can be 
considered as a suitable candidate for the white light emission. 
Table 4: Yellow to blue (Y/B) intensity ratios and CIE chroma-
ticity color coordinates for different concentrations of Dy3+ 
ions in KNbSi glasses. 
 
 
 
 
 
 
 
 
 

T
he 
qual
ity of light emitted by the light source can also be evaluated in 
terms of correlated color temperatures (CCT), which illustrates 
the temperature of a closest Plankian black – body radiator to 
the operating point in the chromaticity diagram [35]. The CCT 
values are calculated using the color coordinates by the 
McCamy empirical formula [36]           

      CCT = - 449 n3+ 3525n2- 6823n + 5520.33                              (2) 

where n = ( x - x e)/(y-ye) is the inverse slope line and  xe = 
0.332, ye = 0.186 the epicenter. The CCT values obtained for the 
present titled glasses are in the range of 4923-4955K. Table 4 
shows the values of Y/B ratios, color coordinates (x, y) and 
correlated temperature (CCT) for different concentrations of 
Dy3+ ions in KNbSiDy glasses.  

3. 6. Decay curves and lifetime measurements 

 

 
 
 
 
 
 
 
 
 
 

Transi-
tion    

4F9/2 → 
λp Δλeff AR 

σ 
(λp) 

     Branching 
ratios 
βexp 

 
      βR 

 
6H15/2 486 17.93 229 1.15 0.32 0.15 
6H13/2 577 15.3 1359 5.78 0.59 0.64 
6H11/2 666 16.2 160 0.98 0.03 0.05 Glass Y/B ratio 

Color coordinates CCT 
(K) 

x y 

KNbSiDy005 0.70 0.35 0.38 4923 
KNbSiDy01 0.76 0.34 0.38 5251 
KNbSiDy05 0.78 0.36 0.39 4656 
KNbSiDy10 0.68 0.36 0.39 4656 
KNbSiDy20 0.69 0.30 0.35 4955 IJSER
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Fig.6. Decay profiles of 4F9/2 level for different concentration of Dy3+ 
ions in KNbSi glasses 

various concentrations of Dy3+ ions. The measured lifetimes of 
4F9/2 excited state determined are found to be 0.32, 0.35, 0.37, 
0.29 and 0.24 ms for 0.05, 0.1, 0.5, 1.0, and 2.0 mol % Dy2O3 
doped glasses, respectively. The decay curves exhibited single 
exponential at lower Dy3+ ions concentrations (≤ up to 0.1 mol 
%) and turned into non-exponential nature at higher concen-
trations (≥ 0.5 mol %) due to energy transfer between Dy3+ ions 
through cross-relaxation processes.  

The theory of energy transfer process was first inves-
tigated by Forster [37] and Dexter [38]. Inokuti and Hirayama 
[39] modified the theory to account for ET between f4  shells 
of trivalent RE3+ ions. They showed that the luminescence de-
cay due to energy transfer can be described by the formula  
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where ‘t’ is the time after excitation, 0t  is the intrinsic decay 
time of the donors in the absence of acceptors.  The ET param-
eter Q is defined as        
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                  (4)  

Q depends on S and the gamma function Γ(x). Γ(x) is equal to 
1.77 for dipole-dipole (S = 6), 1.43 for dipole-quadrupole (S = 
8) and 1.3 for quadrupole-quadrupole (S = 10) interactions. NA  
is the acceptors concentration, which is almost equal to total 
concentration of RE ions, and R0 is the critical radius, defined 
as the donor–acceptor separation for which the rate of ET to 
the acceptors is equal to the rate of intrinsic decay of the do-
nors. The dipole-dipole interaction parameter CDA is related to 
R0 as    

      0

0 )(
t

S

DA
RC =                                              (5)  

The average distance between the donor and acceptor ions can 
be obtained from the following equation 

        
3/1

4
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=

C
R

π
                                                   (6) 

The non-exponential nature of the decay curves are well-fitted 
to the Inokuti-Hirayama (IH) model [39] for S = 6, indicates 
that the energy transfer between the donor (excited ion) and 
the acceptor (ground state ion) ions is of dipole-dipole type. 
The energy transfer parameters (Q), donor-acceptor interac-
tion parameters (CDA) and critical distances (R0) calculated 
from the IH models are presented in Table 5. The possible reso-
nant cross-relaxation channels responsible for this energy transfer 
process are:  

CR1: 4F9/2 + 6H15/2 → 6H5/2 + 6H7/2 
CR2: 4F9/2 + 6H15/2 → 6F3/2 + 6H9/2 

These cross-relaxation channels are indicated in the partial 
energy level diagram of Fig. 7 by the dotted arrows as CR1 
and CR2, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.7. Partial energy level diagram showing the energy transfer 
cross-relaxation channels of Dy3+ ions in KNbSi glasses 

 
4. CONCLUSIONS 

Dy3+- doped potassium niobate silicate glasses with 
chemical composition of 30K2O- 25Nb2O5 -(45-x)SiO2 -xDy2O3 
were prepared by the melt quenching technique and are char-
acterized by the Raman, absorption, emission and lifetime 
measurements. The Raman spectrum revealed the basic struc-
tural units related to the presence of Si- O- Si and Nb- O bands 
which are attributed to NbO6 octahedral with non-bridging 
oxygens. The magnitudes evaluated JO parameters follow the 
order as Ω2> Ω4> Ω6 and the higher value of Ω2 for indicates 
the higher asymmetry around the Dy3+ ion in KNbSiDy glass-
es. The emission spectra exhibited two intense bands at 486 
nm and 577 nm corresponding to 4F9/2→6H15/2 (blue) and 
4F9/2→6H13/2 (yellow) transitions of Dy3+ion, respectively. The 
luminescence intensity ratios (Y/B) were determined from the 
emission spectra of Dy3+ions. The decay curves of 4F9/2 exhibit-
ed single-exponential at 0.05 mol% and turned to non-
exponential at higher concentrations (≥ 0.1 mol %). The de-
crease in fluorescence intensities as well as lifetimes at higher 
concentrations has been attributed to the energy transfer 
through cross-relaxation channels between the Dy3+ - ions. 
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