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Lithium lutetium fluoride (LiLuF4) single crystals doped with different Dy3+ ion concentrations were grown by 

Bridgman method. The Judd-Ofelt (J-O) strength parameters (Ω2, Ω4, Ω6) of Dy3+ in LiLuF4 crystal are calculated ac-

cording to the measured absorption spectra and the J-O theory, by which the asymmetry of the Dy3+:LiLuF4 single 

crystal and the possibility of attaining stimulated emission from 4F9/2 level are analyzed. The capability of the 

Dy3+:LiLuF4 crystal in generating white light by simultaneous blue and yellow emissions under excitation with ultra-

violet light is produced. The effects of excitation wavelength and doping concentration on chromaticity coordinates 

and photoluminescence intensity are also investigated. Favorable CIE coordinates, x=0.319 3 and y=0.349 3, can be 

obtained for Dy3+ ion in 2.701% molar doping concentration under excitation of 350 nm. 
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Recently, much attention has been paid on Dy3+-doped ma-

terials for their characteristics of ~483 nm (4F9/2→
6H15/2) 

blue and ~574 nm (4F9/2→
6H13/2) yellow emissions for 

the possibility of obtaining white light, which can be 

potentially applied for LEDs[1]. Zhang et al[2] firstly re-

ported the white light emission from Dy3+-doped borate 

glass. After that, some Dy3+-doped glasses for white light 

emission, such as silicate[3], borosilicate[4] and alumina 

silicate[5], have been developed for their advantages of 

homogeneous light emitting, simple manufacture proce-

dure, low production cost and good thermal stability. 

However, the poor mechanical and thermal properties, 

and low emission efficiency of the glasses made them 

difficult for the practical applications in optical devices. 

So far, white light emissions and mid-IR light emission 

from some Dy3+-doped single crystals have been re-

ported[6,7]. However, there are few reports on preparation 

and optical properties of LiLuF4 single crystal doped 

with Dy3+ ions. LiLuF4 is similar to LiYF4, which crys-

tallizes in a scheelite structure. They share a congruent 

melting behavior and present good optical quality. Com-

pared with LiYF4, LiLuF4 crystal has the advantages of 

lower up-conversion loss and laser threshold, which can 

improve the laser efficiency. LiLuF4 crystals also have 

other advantages of good resistance to optical damage, 

no thermally induced birefringence and the output of 

linearly polarized laser. 

In this letter, we report the growth of Dy3+-doped 

LiLuF4 single crystal by Bridgman method and demon-

strate the capability of generating white light by simul-

taneous yellow and blue emissions of phosphorescent 

centers under excitation of ultraviolet light. 

Dy3+-doped LiLuF4 single crystals with the molar 

composition of 50.5LiF-(49.5-x)LuF3-ΧDyF3, where 

x=0.5%, 1.0%, 2.0% and 3.0%, were prepared by the 

Bridgman method. Detailed process for the crystal 

growth was described in Ref.[8]. Fig.1 shows the photo 

of the grown Dy3+:LiLuF4 single crystal with a size of 10 

mm×75 mm. Along the growth direction, a small pale 

opaque matter of approximately several centimeters in 

length at the top of the crystal is observed, corresponding 

to the final portion of the melt-to-freeze transition. The 

small pale opaque matter is the eliguation layer, which 

results from excessive LiF in the starting materials. 

Small pieces of the grown crystals were cut and well 

polished to a thickness of 2.3 mm for the optical meas-

urement. X-ray diffraction (XRD) patterns of the crystals 

were recorded using an XD-98X diffractometer (XD-3, 

Beijing) to investigate the crystals’ structure. Lambda 

950 UV/VIS/NIR spectrophotometer was used to record 
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the absorption spectra. The fluorescence and the excita-

tion spectra were recorded by a fluorophotometer (Cary 

Eclipse, American). The concentrations of Dy3+ ions in 

LiLuF4 single crystals were measured by inductively cou-

pled plasma atomic emission spectroscopy (ICP-AES, 

PerkinElmer Inc., Optima3000). The same experimental 

conditions were maintained to get comparable results. All 

these measurements were carried out at room temperature. 
 

 

Fig.1 The photo of the as grown Dy
3+

-doped LiLuF4 

single crystal  
 

Fig.2 shows the powder XRD pattern of the 0.998% 

Dy3+ single-doped LiLuF4 crystals, which is used to 

identify the crystal phase of the samples. The lattice pa-

rameters calculated from the XRD pattern are 

a=b=0.513 0, c=1.056 2 and also illustrated in Fig.2. By 

comparing the peak positions with those in JCPD 

No.27-1251 of pure LiLuF4, one can conclude that the 

grown crystal is a single tetragonal phase. The similar 

XRD patterns were obtained for 0.471%, 0.998%, 

1.958% and 2.701% (molar concentration) Dy3+ sin-

gly-doped LiLuF4 crystal samples, suggesting that all the 

samples have been crystallized into the pure tetragonal 

phase. The measured concentrations of Dy3+ ions in the 

as-grown LiLuF4 single crystal are shown in Tab.1. 
 

 

Fig.2 Powder XRD pattern of Dy
3+

-doped LiLuF4 single 

crystal and standard card of LiLuF4 (JCPD No.27- 

1251) 
 

Tab.1 Concentration of Dy
3+

 ion in the LiLuF4 single 

crystal (molar ratio) 

Sample i ii iii iv 

Dy3+ 0.471% 0.998% 1.958% 2.701% 

 

Absorption spectra of Dy3+ singly-doped LiLuF4 sin-

gle crystals in the wavelength range of 300—700 nm and 

the absorption bands of Dy3+ corresponding to the transi-

tions starting from the ground state to the higher levels 

are shown in Fig.3. Obvious absorptions around 325 nm 

(6H15/2 → 4M17/2), 350 nm (6H15/2 → 6P7/2), 364 nm (6H15/2 

→ 6P5/2), and 387 nm (6H15/2 → 4I13/2) of the Dy3+-doped 

crystal indicate that the crystal can be efficiently excited 

by UV light. 
 

 

Fig.3 Absorption spectrum of Dy
3+

 singly-doped LiLuF4 

single crystal 
 
Based on the absorption spectrum, the optical parame-

ters of 0.998% Dy3+: LiLuF4 sample are obtained by ap-

plying J-O theory. The spontaneous emission probabili-

ties and the radiative branching ratios for the transitions 

from the 4F9/2 state to the lower ones have been estimated 

using the calculated intensity parameters and the reduced 

matrix elements reported by C. K. Jayasankar[9]. Detailed 

process for the calculation was described in Ref.[10]. 

The calculated J-O parameters Ω2, Ω4, Ω6, spontaneous 

emission probabilities A and radiative branching ratios β 

for the 4F9/2 emitting level of Dy3+:LiLuF4 crystals are 

listed in Tab.2. The calculated J-O parameters are com-

pared with those reported for other crystals activated 

with Dy3+ and listed in Tab.3. 
 

Tab.2 Calculated spontaneous emission probabilities 

A and radiative branching ratios β for the 
4
F9/2 emit-

ting level of Dy
3+

 in LiLuF4 

Final state A (s-1) β 
6
F1/2  0.035 0.000 

6
F3/2  0.064 0.000 

6F5/2  2.320 0.004 

6F7/2 20.646 0.035 

6H5/2  1.722 0.003 

6H7/2 10.459 0.018 

6F9/2 71.132 0.122 

6F11/2 20.444 0.035 

6H9/2  8.153 0.014 

6H11/2 26.524 0.045 

6H13/2 291.948 0.500 

6H15/2 130.655 0.224 

Ω2 =2.14×10-20 cm2 

Ω4 =0.94×10-20 cm2 

Ω6 =1.87×10-20 cm2 
Intensity parameters 

RMS=2.7×10-7 
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The value of the branching ratio for 4F9/2→
6H13/2 tran-

sition is found to be maximum, which suggests that this 

transition could give a good rise to fluorescent action.  
 

Tab.3 Comparison between the intensity parameters 

of the developed compound and other Dy
3+

-activated 

crystals 

 Ω2 (×10-20 cm2) Ω4 (×10-20 cm2) Ω6 (×10-20 cm2) Reference

LiLuF4   2.14 0.94 1.87 This work

LiLuF4   2.04 0.91 1.09 [11] 

CaMoO4 26.6 2.89 1.79 [12] 

KY(WO4)2 23.2 3.33 2.36 [13] 

YAl3(BO3)4 10.8 2.05 3.28 [14] 

 
Generally, the J-O parameters provide an insight into 

the local structure and bonding in the neighbourhood of 

RE3+ ions. In particular, Ω2, magnitude of struc-

ture/environment parameter, which depends on cova-

lency of metal-ligand bond and also explains the symme-

try in the vicinity of RE ion sites, is highly sensitive to 

local structure of the Dy3+ ion. Lower magnitude of Ω2 

can suggest that the Dy3+ ion site has higher asymmetry 

in the host matrix. The Ω4 parameter is related to the bulk 

properties and Ω6 is inversely related to the rigidity of 

host. In the obtained Dy3+:LiLuF4 single crystal, the Dy3+ 

ion takes the place of Lu3+, the asymmetry caused by the 

fact that the radius of the Dy3+ ion is larger than that of 

the Lu3+ ion when they are embedded together in the 

lattice explained the smaller values of Ω2. By the com-

parison of the J-O parameters of Dy3+ ions in different 

hosts as shown in Tab.3, we could find that LiLuF4 has 

the smallest degree of covalency between the Dy3+ ions 

and the surrounding ligands and/or the highest symmetry 

of the coordination structure surrounding the Dy3+ ions 

for it has the smallest values of Ω2. In the obtained 

Dy3+:LiLuF4 single crystal, the Dy3+ ion takes the place 

of Lu3+, the Dy3+ ion is surrounded by six closed packed 

F- ions to form octahedron structure.  

Generally, the Dy3+ ion possesses energy levels for 

486 nm and 576 nm emissions. Fig.4 shows the excita-

tion spectra of the Dy3+ doped LiLuF4 crystal monitored 

at 486 nm and 576 nm, respectively. Two excitation 

spectral curves exhibit similar characteristic bands with 

excitation peaks located at 325 nm (6H15/2→
4M17/2), 350 

nm (6H15/2→
6P7/2), 364 nm (6H15/2→

6P5/2) and 386 nm 

(6H15/2→
4I13/2). When monitored at 486 nm, the intensity 

is slightly weaker than that monitored at 576 nm.  

Fig.5 shows the emission spectra of 0.998% Dy3+ sin-

gly-doped LiLuF4 single crystal under excitation of 325 

nm, 350 nm, 364 nm and 388 nm, respectively. A blue 

band emission centered at 486 nm (4F9/2→
6H15/2) and a 

yellow band centered at 576 nm (4F9/2→
6H13/2) are ob-

served in Fig.5. The emission intensities under 350 nm 

excitation are the strongest in the all spectra. It is indi-

cated that the 350 nm light is the most effective one for 

exciting the obtained Dy3+:LiLuF4 crystal. Fig.6 shows 

the effects of Dy3+ doping concentration on the emission 

spectra in 400—680 nm of Dy3+ singly-doped LiLuF4 

crystal under 350 nm excitation. We can see from Fig.5 

and Fig.6 that for all above UV light excitation, blue and 

yellow emissions can be simultaneously obtained. As the 

Dy3+ ion molar doping concentration increases from 

0.471% to 2.701%, the emission intensities at 461—500 

nm and 553—595 nm bands gradually increase. The 

relative intensity changes between 480 nm and 573 nm 

are slight with various exciting wavelengths and Dy3+ 

doping concentrations. As the doping concentration in-

creases, the relative intensity between 480 nm and 573 

nm increases first and then decreases after the 1.958% 

Dy3+ doping concentration. Similar phenomena could be 

found in the emission spectra with different excitation 

wavelengths. It is indicated that the color of lumines-

cence could be adjusted by varying the excitation wave-

length and the doping concentration of Dy3+, and the 

quenching concentration of Dy3+ in LiLuF4 crystal 

reaches more than 2.701%.  

 

 

Fig.4 Excitation spectra of 0.998% Dy
3+

 singly-doped 

LiLuF4 single crystal monitored at 486 nm and 576 nm 
 

 

Fig.5 Emission spectra in 400—680 nm band of 

0.998% Dy
3+

 singly-doped LiLuF4 single crystal under 

325 nm, 350 nm, 364 nm and 386 nm excitations 

 

The CIE chromaticity coordinates could be calculated 

from their corresponding emission spectra. Figs.7 and 8 

show the CIE chromaticity coordinates of the 0.998% 

Dy3+ singly-doped LiLuF4 crystal under excitation of 325 

nm, 350 nm, 364 nm and 388 nm, and the effects of Dy3+ 

doping concentration on the CIE chromatic coordinate 

diagram under 350 nm excitation are also illustrated. It  
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Fig.6 Emission spectra in 400—680 nm band of 

0.471%, 0.998%, 1.958% and 2.701% Dy
3+

 singly- 

doped LiLuF4 single crystals under 350 nm excitation  
 

 

Fig.7 CIE chromatic coordinate diagram of 0.998% 

Dy
3+ 

singly-doped LiLuF4 single crystal under 325 nm, 

350 nm, 364 nm and 386 nm excitations (The insert 

shows the comparison of the corresponding CIE 

chromaticity coordinates.) 

 

 

Fig.8 CIE chromatic coordinate diagram of 0.471%, 

0.998%, 1.958% and 2.701% Dy
3+ 

singly-doped LiLuF4 

single crystals under 350 nm excitation (The insert 

shows the comparison of the corresponding CIE 

chromaticity coordinates.) 

 

can be seen from Fig.7 that 386 nm is not an appropriate 

exciting wavelength for white light emission of 0.998%  

Dy3+ singly-doped LiLuF4 single crystal due to bad co-

ordinate of x=0.277 6 and y=0.299 1. It can be seen from 

Fig.8 that a favorable chromatic coordinate of x=0.319 3, 

y=0.349 3 can be obtained for 2.701% Dy3+-doped sam-

ple.  

Dy3+-doped LiLuF4 single crystals with good quality 

and optical properties can be grown by Bridgman 

method. The Dy3+ ion site has higher asymmetry in 

LiLuF4 crystal due to the low magnitude of Ω2. The ul-

traviolet 350 nm can effectively excite the Dy3+-doped 

LiLuF4 single crystal to emit the 486 nm blue and 576 

nm yellow light waves. The color of luminescence can be 

adjusted by varying the excitation wavelength and the 

doping concentration of Dy3+. Favorable CIE coordinates, 

x=0.319 3 and y=0.349 3, can be obtained for Dy3+ ion in 

2.701% doping concentration under excitation of 350 nm. 

Our results demonstrate that the crystal is a potential 

candidate for ultraviolet light-excited white light emis-

sion. 
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