
Luminescence Properties and Energy Transfer of
Tm3+-Eu3+ double Doped LiLaSiO4 Phosphors
Xiulan Wu 

shaanxi university of science and technology
Liang Du  (  duliang199425@163.com )

Shaanxi University of Science and Technology Xi\'an Campus: Shaanxi University of Science and
Technology https://orcid.org/0000-0002-1901-7377
Qiang Ren 

shaanxi university of science and technology
Ou Hai 

shaanxi university of science and technology

Research Article

Keywords: LiLaSiO4:yTm3+, zEu3+; Quantum yield; Energy transfer; Luminescent color

Posted Date: February 16th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-192683/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-192683/v1
mailto:duliang199425@163.com
https://orcid.org/0000-0002-1901-7377
https://doi.org/10.21203/rs.3.rs-192683/v1
https://creativecommons.org/licenses/by/4.0/


Luminescence properties and energy transfer of Tm3+-Eu3+ double 

doped LiLaSiO4 phosphors 

Xiulan Wu, Liang Du, Qiang Ren, Ou Hai* 

School of Materials Science and Engineering, Shaanxi Key Laboratory of Green 

Preparation and Functionalization for Inorganic Materials, Shaanxi University of 

Science and Technology, Xi’an, 710021, People’s Republic of China 

Abstract： 

A series of LiLaSiO4:yTm3+, zEu3+ phosphors were prepared by high temperature 

solid-phase reaction. The microstructure, luminescence performance and quantum yield 

of the phosphors are characterized by XRD, SEM and fluorescence spectrometer. When 

the monitoring wavelength is 360 nm, LiLaSiO4:yTm3+ phosphors showed a sharp 

emission peak at 460 nm, corresponding to the 7F0→5D2 energy level transition, and the 

concentration quenching point of Tm3+ ions was y=0.015. When the monitoring 

wavelength is 360 nm, LiLaSiO4:yTm3+, zEu3+ phosphors have emission peaks of Tm3+ 

and Eu3+ ions at 460 and 618 nm, respectively. As the molar mass fraction of Eu3+ ions 

doped increases, the luminous intensity of Tm3+ ions gradually decrease, and the 

luminous intensity of Eu3+ ions increases first and then decreases, and the concentration 

quenching point of Eu3+ ions was z=0.08. The energy transfer of Tm3+→Eu3+ ions 

through electric dipole- electric dipole interactions is demonstrated by the luminous 

intensity variation law and fluorescence lifetime. By changing the doping ratio of Eu3+ 
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and Tb3+ ions, the full-color control of the phosphor luminescent color from blue to red 

can be achieved. 

Keywords: LiLaSiO4:yTm3+, zEu3+; Quantum yield; Energy transfer; Luminescent 

color 

1. Introduction 

The rapid development of solid-state lighting has made revolutionary progress in 

the field of lighting, providing a solid foundation for the global economy and energy 

security. Solid-state lighting products have many advantages such as high luminous 

efficiency, good durability and easy maintenance[1,2]. At present, the market generally 

uses yellow phosphor YAG:Ce3+ to coat blue light-emitting LED chips to produce white 

light[3]. Although this method is simple and quick, it has disadvantages such as easy 

aging, low color rendering index and high color temperature[4]. In order to solve these 

problems, the sensitizer and the activator are co-doped into the same matrix to prepare 

a single matrix phosphor, which has the advantages of good stability, no phase 

separation, and simple preparation process[5,6]. In recent years, driven by the 

development of solid-state lighting w-LEDs, a variety of single matrix w-LEDs 

phosphors have appeared, and their luminous performance has also been improved[7]. 

Rare earth ions are shielded by the outer layers of 5s and 5p electrons, resulting in 

sharp spectral lines and high color purity in the 4f layer emission spectrum[8,9]. 

Because of its special 4f energy level structure, it can exhibit different electronic 

transition forms and rich energy level transition modes, so it can absorb or emit light of 

various wavelengths from ultraviolet to infrared[10]. It is known as “a treasure house 



of luminescent materials”, widely used in modern lighting, display, testing and 

biomedical diagnosis and other fields[11]. In rare earth ions, Eu3+ ions have the 

electron configurations of 4f6, 5s2 and 5p6. which can produce 5D0→7FJ (J=1,2,3,4) 

energy level transition under the excitation of ultraviolet light or cathode ray, and the 

main emission peak located in the red region, it is often used as a red emitting 

center[12,13]. The Russell-Saunders coupling in the 4f configuration of the rare earth 

Tm3+ ions has a strong deviation, resulting in complex energy levels and different 

energy level transition[14,15]. Therefore, the relaxation of the highly excited states of 

Tm3+ can occur through a large number of relaxation pathways. So produces infrared 

radiation, visible light and medium-intensity ultraviolet rays[16]. By doping Tm3+ ions 

in inorganic compounds and under appropriate ultraviolet light excitation, the 1D2→3F4 

energy level transition of Tm3+ ions appear in the emission band of the blue region[17]. 

Doping Tm3+ ions in crystal and glass laser materials, the 3H4→3H6 energy level 

transition produces 1.9 nm laser emission, which can be used in medical treatment, and 

the 3H4→3F4 energy level transition produces 1.47 nm laser emission, which can be 

used in optical communication and fiber amplifier[18,19].  

Silicate matrix has the advantages of low cost, stable physicochemical stability 

and environmental friendliness[20]. Most of the silicate phosphors have good 

absorption for near-ultraviolet chips or blue chips. The rich crystal structure not only 

provides a good basis for dimming, but also provides a variety of crystal field 

environments for rare earth ions, which in turn affects the luminescence performance 

of rare earth ions[21,22]. Wang et al[23]. studied tunable luminescence and energy 



transfer in Y2BaAl4SiO12:Tb3+,Eu3+ phosphors and found Tb3+ and Eu3+ double doped 

Y2BaAl4SiO12 phosphor has the energy transfer from Tb3+→ Eu3+, realizing the 

adjustable luminescence from green to yellow and finally to red, with the highest energy 

transfer efficiency up to 67%. Li et al[24]. studied luminescence properties and energy 

transfer of Dy3+/Tm3+ co-activated SrCaAl2SiO7 phosphor and found under the 

excitation of 350 nm, Tm3+/Dy3+ co-activated SrCaAl2SiO7 phosphor emits white light. 

By properly adjusting the ratio of Tm3+/Dy3+, the light emission color can be changed 

from blue to yellow, including the white light area. The white light CCT is 5622 K, and 

the color coordinate value (0.3296, 0.3284) is close to the standard white light (0.33, 

0.33). The structure of the LiLaSiO4 compound is a very stable [SiO4]4-tetrahedron, in 

which silicon atoms occupy the center and four oxygen atoms occupy the four 

corners[25]. In the ultraviolet region, it has strong absorption and transfer to the 

activated ions, and then emits the characteristic light of the activated ions[26].  

A series of Tm3+/Eu3+ double doped LiLaSiO4 fluorescent materials were 

synthesized by high temperature solid-phase reaction. The samples were analyzed and 

characterized by XRD, SEM, EDS and fluorescence spectrophotometer. Based on the 

principle of three primary colors, the panchromatic control of luminescent color from 

blue to red is realized by adjusting the relative concentration of Eu3+ and Tm3+ ions. 

2. Experiment and characterization 

2.1 Experimental process 

A number of LiLa1-y-zSiO4:yTm3+, zEu3+ (y and z are the molar mass fractions) 

phosphors were prepared by high temperature solid-reaction reaction. All the raw 



materials used were purchased from lithium carbonate (Li2CO3, AR), silicon dioxide 

(SiO2, AR), lanthanum oxide (La2O3, 99.99%), (Tm2O3, 99.99%), europium oxide 

(Eu2O3, 99.99%) produced by Sinopharm Chemical Reagent Shanghai Co., LTD. 

Weigh the raw materials according to their corresponding stoichiometric ratios, and 

then transfer them to an agate mortar for full grinding. Add a small amount of absolute 

ethanol during grinding to make the materials evenly ground, then put it into Al2O3 

crucible and send it into the muffle furnace. Raise the temperature from room 

temperature to 850℃ for 8 hours. At this stage, moisture and CO2 and other gases in 

the material can be removed. Then continue to heat up to 1175℃ for 8 hours. After the 

sample is naturally cooled, it will be fully ground into fine powder for characterization 

test. 

2.2 Performance characterization 

The phase composition of the sample was analyzed by the Japanese D/max2200PC 

X-ray diffractometer. The microstructure of the sample was measured on FEI Tecnai 

G2 20 TEM in the United States. The surface morphology of the samples was observed 

by high resolution field emission SEM of FEIVerios460 and analyzed qualitatively by 

EDS elements. The excitation and emission spectra data of the samples was obtained 

by Hitachi F-4600 fluorescence spectrometer. Fluorescence lifetime and quantum yield 

data was obtained at FS5 fluorescence spectrometer in Edinburgh, UK. The color 

coordinates of the sample is calculated by CIE1931 software. 

3. Analysis and discussion 

3.1 Phase analysis 



Fig. 1 shows the XRD pattern of LiLaSiO4:yTm3+, zEu3+. It can be seen from the 

figure that the diffraction peak of the sample when doped with Tm3+ and Eu3+ ions 

matches well with the standard card of LiLaSiO4 (JCPDS No.48-0006). The ionic radii 

of La3+, Tm3+ and Eu3+ ions are 1.061 Å, 0.880 Å and 0.947 Å, respectively. Since Eu3+ 

and Tm3+ ions have the same valence as La3+ ions and the ionic radius is close, thus 

Eu3+ and Tm3+ ions replace La3+ ions sites in LiLaSiO4. It was also found that the 

diffraction peaks of the samples as a whole are shifted toward a large angle, based on 

Bragg equation 2dsinθ = nλ, when the dopant ions Tm3+ and Eu3+ ions occupy the 

position of La3+ ions in the matrix, resulting in a smaller crystal plane spacing and thus 

shifting the diffraction peaks toward a large angle. 

Fig. 2 (a-b) shows SEM images of LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor. It 

can be seen from the SEM images that the phosphors are like cylindrical spheres with 

regular morphology and uniform size. The surface morphology of the phosphors has a 

great influence on the luminescence. The cylindrical spherical shape not only has a 

higher packing density, and the dense particles reduce the light scattering loss to 

improve the luminescence efficiency, but also have a smaller force area, making the 

irregular luminescent layer minimize. The lattice stripes can be clearly seen in Fig. 2(c), 

indicating that the crystallization performance of the phosphors prepared under the 

experimental conditions is excellent, and the (112) crystal plane of LiLaSiO4 

corresponds to a crystal plane spacing of d=2.9411 Å. Fig. 2(d) shows the results of the 

qualitative analysis of the EDS in the region of Fig. 2(a). The analysis results showed 

that there were Si, O, La, Tm and Eu elements, and the content of Si, O and La elements 



was significantly higher than that of Tm and Eu elements. Li is not found because of 

the beryllium window of the Si(Li) detector in the spectrometer limits the measurement 

of ultra-light elements. Fig. 2(e) shows the mapping of Si, O, La, Tm, and Eu elements 

in LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor. It can be seen from the figure that the 

doped elements are uniformly distributed in the phosphors. Combined with the XRD 

analysis results in Fig. 1, it strongly proves that doping a small amount of Tm3+ and 

Eu3+ ions have little effect on the crystal structure of LiLaSiO4. 

3.3 Spectral discussion 

The curve on the left side of Fig. 3 shows the excitation spectrum of 

LiLaSiO4:0.015Tm3+ phosphor. When the monitoring wavelength is 460 nm, only has 

a sharp excitation peak at 360 nm, which corresponds to the 3H6→1D2 energy level 

transition of the Tm3+ ions from the ground state to the excited state[27]. The curve on 

the right side of Fig. 3 shows the emission spectrum under the monitoring of 360 nm 

wavelength. It emits blue light at 460 nm, corresponding to the 1D2→3F4 energy level 

transition of Tm3+ ions[28]. 

Fig. 4 shows the emission spectrum of LiLaSiO4:yTm3+ (y=0.005, 0.01, 0.015, 

0.02, 0.04 and 0.06) phosphors. When the monitoring wavelength is 360 nm, it can be 

seen from the figure that with the change of the molar mass fraction of doped Tm3+ ions, 

there is no significant change in the position and shape of the emission spectrum, only 

the luminous intensity changes significantly. As the molar mass fraction of Tm3+ ions 

increase from y=0.005, the luminous intensity continues to increase. When the molar 

mass fraction of doping y=0.015, the luminous intensity reaches the maximum, and 



then the luminous intensity decreases due to the concentration quenching effect. 

The occurrence of concentration quenching indicates that the excited Tm3+ ions 

energy has a non-radiative dissipation process. At higher concentrations, the energy 

transfer between Tm3+ ions are greatly increased, making the excited state energy more 

likely to be captured by the quenching center in the crystal lattice, and non-radiative 

transitions lose effective energy. According to reports in the literature, the energy 

transfer mechanism includes two categories: exchange interactions and electric 

multipole interactions[29]. Blasse formula (1) can be used to link the critical distance 

(RC) with concentration quenching[30]. 𝑅𝐶 = 2( 3𝑉4πX𝐶𝑍)1/3                                                  (1) 

Where, V is the unit cell volume, XC is the quenching concentration of the activator 

Tm3+ ions, and Z is the number of ions in the unit cell. In LiLaSiO4 matrix, V=580.4 

Å3, Z=4, and XC=0.015 were substituted into formula (1) to calculate that RC=20.98 Å, 

which was much larger than 5 Å, and the Tm3+ ions concentration quenching was 

caused by electric multipole interaction[31]. 

According to the Dexter concentration quenching theory, the luminous intensity 

of Tm3+ ions and the molar mass fraction of Tm3+ ions can be expressed by formula 

(2)[32]. 1𝑦 = 𝐾[1 + 𝛽(𝑦)𝑄/3]−1                                           （2） 

Where y is the concentration of Tm3+ ions, K and β are constants under a given 

crystal, and θ=6, 8 or 10, respectively representing electric dipole-electric dipole 

interaction, electric dipole-electric quadrupole interaction, and electric quadrupole-



electric quadrupole interaction. Because β(y)Q/3≫1, formula (2) is transformed into 

formula (3)[33]. lg (𝐼𝑦) = 𝐾 − 𝜃3 𝑙𝑔𝑦 (𝐾 = 𝑙𝑔𝑘 − 𝑙𝑔𝛽)                                (3) 

In Fig. 5, lg (𝐼𝑦) − lg (𝑦) is used as the coordinate axis to express the linear fitting 

of the doping point after concentration quenching. The slope of the linear fitting 

equation is Slope=-1.62439, so it can be calculated θ=4.87317≈6. This indicates that 

concentration quenching of Tm3+ ions is dominated by electric dipole-electric dipole 

interaction. 

Fig. 6(a) shows the excitation and emission spectra of LiLaSiO4:0.08Eu3+ 

phosphor. The excitation spectrum of the phosphor is composed of a series of peaks 

originating from the f-f transition of Eu3+ ions. The series of spikes are located at 362, 

383, 395, 465, and 535 nm and are attributed to the 7F0→5D4, 7F0→5L7, 7F0→5L6, 

7F0→5D3, and 7F0→5D2 energy level transitions of Eu3+ ions, respectively[34]. The main 

excitation peak is at 395 nm. Therefore, LiLaSiO4:0.08Eu3+ phosphor can be effectively 

excited by near-ultraviolet light. Under the monitoring of 395 nm wavelength, the 

emission spectrum of LiLaSiO4:0.08Eu3+ consists of four characteristic emission peaks 

located at 598(5D0→7F1), 618 (5D0→7F2), 654 (5D0→7F3) and 707 nm(5D0→7F4)[35]. 

The main peak is located at 618 nm, and its intensity is much higher than that of other 

emission peaks. Based on the parity selection rule, when Eu3+ ions occupy the center of 

inversion symmetry in crystal lattice, the 5D0→7F1 energy level transition radiation is 

dominant, if it is not in the inversion center, 5D0→7F2 energy level transition radiation 

is dominant. The main emission peak of LiLaSiO4:0.08Eu3+ phosphor was derived from 



5D0→7F2 transition, indicating that Eu3+ ions mainly occupied the lattice of non-

inversion center in the matrix lattice[36]. Fig. 6(b) shows the emission spectra of 

LiLaSiO4:0.08Eu3+ phosphors under different monitoring wavelengths 

(λex=362,383,395,465 and 535 nm). It can be found from the figure that all emission 

peaks have the same shape and position, but the luminous intensity is different, and the 

magnitude of the luminous intensity corresponds to the intensity of the excitation peak. 

Fig. 7(a) shows the excitation spectrum of LiLaSiO4:0.08Eu3+ phosphor on the left 

and the emission spectrum of LiLaSiO4:0.015Tm3+ phosphor on the right. According to 

Dexter theory, effective energy transfer requires that the excitation spectrum of Eu3+ 

ions and the emission spectrum of Tm3+ ions overlap partially. When the main emission 

peak of Eu3+ ions is used as the monitoring wavelength, the excitation spectrum should 

have a characteristic excitation peak of Tm3+ ions. It can be clearly seen from Fig. 7(a) 

that the excitation spectrum of Eu3+ ions and the emission spectrum of Tm3+ ions 

partially overlap between 450～480 nm. So the first condition of Dexter energy transfer 

is satisfied. Fig. 7(b) shows the excitation and emission spectra of LiLaSiO4:0.015Tm3+, 

0.08Eu3+ phosphor. When the monitoring wavelength is 360 nm, the emission spectrum 

of LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor not only shows a characteristic emission 

peak of Tm3+ ions at 460 nm, but also a characteristic emission peak of Eu3+ ions at 618 

nm. When the monitoring wavelength is 395 nm, only shows a characteristic emission 

peak of Eu3+ ions at 618 nm. When the monitoring wavelength is 618 nm, the excitation 

spectrum not only shows the characteristic excitation peak of Tm3+ ions at 360 nm, but 

also the characteristic excitation peak of Eu3+ ions at 395 nm. When the monitoring 



wavelength is 460 nm, only shows a characteristic excitation peak Tm3+ ions at 360 nm. 

So the second condition of Dexter energy transfer is satisfied. Therefore, there is the 

possibility of Tm3+→Eu3+ energy transfer in LiLaSiO4:yTm3+, zEu3+ phosphors. 

Fig. 8 shows the emission spectrum of the LiLaSiO4:0.015Tm3+, zEu3+ sample 

(z=0.02, 0.04, 0.06, 0.08 and 0.10). It can be seen from the figure that the molar mass 

fraction of Eu3+ ions doping has a greater impact on the luminous intensity of the 

phosphors. With the increase of the doped molar mass fraction of Eu3+ ions, the 

luminous intensity of Tm3+ ions decrease gradually, while the luminous intensity of 

Eu3+ ions increases first and then decreases. When the doping molar mass fraction of 

Eu3+ ions is z=0.08, the luminous intensity of Eu3+ reaches the strongest, and then the 

concentration quenching causes the luminous intensity of Eu3+ ions to decrease. This is 

because when the Eu3+ ions doping molar mass fraction in phosphors is too large, there 

is a cross-relaxation process between the ions, which leads to the quenching of high 

energy level luminescence. In addition, since the molar mass fraction of Tm3+ ions 

doping is fixed, the luminous intensity of Tm3+ ions decreases with the increase of the 

molar mass fraction of Eu3+ ions doping, which is caused by the existence of 

Tm3+→Eu3+ energy transfer. 

3.4 Fluorescence lifetime   

Fig. 9(a) shows the fluorescence decay curve of LiLaSiO4:0.015Tm3+, zEu3+ 

phosphor at 460 nm when the monitoring wavelength is 360 nm. The curve is fitted by 

the double exponential function (4)[37]. 𝐼𝑡 = 𝐴1𝑒𝑥𝑝(−𝑡 𝜏1⁄ ) + 𝐴2𝑒𝑥𝑝(−𝑡 𝜏2⁄ )                                （4） 



In formula (4), It refers to the luminous intensity at time t, A1 and A2 are the fitting 

parameters, 𝜏1 and 𝜏2 are the fast and slow lifetimes fitted in the exponential part, 

and t refers to the time. Calculate the average fluorescence lifetime by formula (5)[38]. 𝜏𝑎𝑣 = 𝐴1𝜏12+𝐴2𝜏22𝐴1𝜏1+𝐴2𝜏2                                                  (5) 

Fig. 9(b) shows the change curve of fluorescence lifetime and all the calculated 

results are listed in Table 1. It can be seen that as the Eu3+ ions molar mass fraction z 

increases from 0 to 0.1, the fluorescence lifetime slowly decreases from 0.0161ms to 

0.0085ms. This is because with the increase of the molar mass fraction of Eu3+, the 

Tm3+→Eu3+ ion spacing gradually shortens, and the interaction gradually increases, so 

the fluorescence lifetime of Tm3+ ions decreases continuously. This is consistent with 

the change of luminous intensity of Tm3+ ions in Fig. 8. 

3.5 Tm3+→Eu3+ energy transfer 

According to formula (6), luminous intensity data were used to calculate the 

energy transfer efficiency between Tm3+→Eu3+[39]. 𝜂𝐸𝑇 = 1 − 𝐼𝑠𝐼𝑠0                                                   (6) 

Where 𝐼𝑆 is the luminous intensity of Tm3+ ions in the presence of Eu3+ ions, and 𝐼𝑆0  is the luminous intensity of Tm3+ions in the absence of Eu3+ ions. The energy 

transfer efficiency in Fig. 10 shows that as the Eu3+ ions doping molar mass fraction 

increases, the Tm3+→Eu3+ energy transfer efficiency gradually increases. When the 

Eu3+ ions doping molar mass fraction is z=0.1, the transfer efficiency reaches the 

highest 𝜂𝐸𝑇 =68.01%. 

Normally, the energy transfer from the sensitizers to the activators is achieved 



through exchange interactions and electric multipole interactions. Whether energy 

transfer undergoes electric multipole interactions depends on the critical distance (RC) 

between the sensitizers and activators. When RC is greater than 5 Å, electric multipole 

interactions occurs. In 3.3, RC=20.98Å has been calculated, indicating that the 

possibility of energy transfer through exchange interaction is very small. In this case, 

electric multipole interactions play a major role. According to the Dexter energy level 

transfer of the electric multipole interactions, the relationship (7) is given[40]. 𝐼𝑆0𝐼𝑆 ≈ 𝜂0𝜂 ∝ 𝐶𝑛/3                                                  (7)        

Where η0  and η  are the quantum efficiency of Tm3+ ions in the absence and 

presence of Eu3+ ions, respectively, and the value of 𝜂0/𝜂 can be calculated by the 

ratio of luminous intensity (𝐼𝑆0/𝐼𝑆), C is the total concentration of Tm3+ and Eu3+ ions, 

n=6, 8 or 10 correspond to electric dipole-electric dipole, electric dipole-electric 

quadrupole, or electric quadrupole-electric quadrupole interactions, respectively[41]. 

By comparing the values of the fitting factor R2, the optimal linear relationship between 𝐼𝑆0/𝐼𝑆 and Cn/3 was obtained from Fig. 11, that is, n=6, R2=0.95238, indicating that the 

energy transfer from Tm3+→Eu3+ follows the electric dipole-electric dipole interaction. 

3.6 Quantum yield 

Fig. 12 is the use of the reference method to determine the standard material BaSO4 

and the test sample LiLaSiO4:0.015Tm3+,0.08Eu3+ fluorescence integrated intensity, 

and compare the integrated intensity of the emitted light (∫LS) and the integrated 

intensity difference of the absorbed light (∫ER-) ∫ES), to obtain the fluorescence internal 

quantum efficiency QY, which can be calculated by formula (8)[42]. 



𝜂𝑄𝑌 = ∫ 𝐿𝑆∫ 𝐸𝑅−∫ 𝐸𝑆                                                 （8） 

When the monitoring wavelength is 360 nm, the absolute quantum yield of 

LiLaSiO4:0.015Tm3+, 0.08Eu3+ was 38.8%. 

3.7 Color coordinates 

Because people have subjective differences in color judgment, it is necessary to 

use scientific methods to accurately measure the color. The luminescent color is usually 

described by the CIE coordinate diagram. By importing the emission spectrum data of 

LiLaSiO4:yTm3+, zEu3+ into the CIE1931 software. It can be seen from Fig. 14 (a) that 

the color coordinates of LiLaSiO4:0.08Eu3+ phosphors under different monitoring 

wavelengths are located in the red region. It can be seen from Fig. 14(b) that the color 

coordinates of LiLaSiO4:yTm3+, zEu3+ phosphors gradually transition from blue to red 

as the mole mass fraction of doped Eu3+ ions increase, realizing the regulation of 

phosphor luminescent color, and all the calculation results are listed in Table 2.  

4. Conclusion 

In summary, a series of LiLaSiO4:yTm3+, zEu3+ phosphors were prepared by high-

temperature solid-phase reaction. The phosphor has high phase purity and excellent 

crystallization property, and its morphology is like cylindrical spheres. The phosphor 

can be effectively excited by near-ultraviolet light. Under the monitoring of 360 nm 

wavelength, LiLaSiO4:yTm3+ phosphors appears Tm3+ ions 7F0→5D2 energy level 

transition at 460 nm. The optimal doping amount of Tm3+ ion is y=0.015. 

LiLaSiO4:yTm3+, zEu3+ phosphors have emission peaks of Tm3+ and Eu3+ ions at 460 

nm and 618 nm, respectively. As the molar mass fraction of Eu3+ ions doped increases, 



the Tm3+ ions luminous intensity gradually decreases, and the Eu3+ ions luminous 

intensity first increases and then decreases, The optimal doping molar mass fraction of 

Eu3+ ions is z=0.08. It is proved that the electric dipole-electric dipole interaction leads 

to the energy transfer of Tm3+→Eu3+ through the change of Tm3+ and Eu3+ ions 

luminous intensity and the change of Tm3+ ions fluorescence lifetime. The maximum 

transfer efficiency is 𝜂𝐸𝑇=68.01%. The quantum yield QY=38.8%. By changing the 

doping ratio of Eu3+ and Tb3+ ions, the intensity of characteristic emission peaks of Eu3+ 

and Tb3+ ions can be changed, so as to realize panchromatic control of luminescent 

color from blue to red. LiLaSiO4:yTm3+, zEu3+ phosphors have regular morphology and 

tunable luminescence characteristics, indicating that it has potential application 

prospects in lighting, display, detection and other fields. 
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Figure captions: 

Fig. 1 X-ray diffraction patterns of LiLaSiO4:yTm3+, zEu3+ phosphors and the standard 

card of LiLaSiO4 (JCPDS NO. 48-0006). 

Fig. 2 （a-b）SEM images of LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor, (c) TEM of 

LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor, (d) EDS of LiLaSiO4:0.015Tm3+,0.08Eu3+ 

phosphor, (e) element distribution of LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor. 

Fig. 3 Excitation spectra and Emission spectra of LiLaSiO4:0.015Tm3+ phosphor. 

Fig. 4 Emission spectra of LiLaSiO4:yTm3+ phosphor. 

Fig. 5 lg (𝐼𝑦) − lg (𝑦) relationship of Tm3+ ions in LiLaSiO4:yTm3+ phosphor 

Fig. 6 (a) Excitation and emission spectra of LiLaSiO4:0.08Eu3+ phosphor, (b) 

emission spectra of LiLaSiO4:0.08Eu3+ phosphor at different monitoring wavelength 

(λex=362, 383, 395 465 and 535nm) 

Fig. 7 (a) Excitation spectra of LiLaSiO4:0.08Eu3+ phosphor and emission spectra of 

LiLaSiO4:0.015Tm3+ phosphor, (b) excitation and emission spectra of 

LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor. 

Fig. 8 Emission spectra of LiLaSiO4:0.015Tm3+, yEu3+ phosphors. 

Fig. 9 (a) Decay curves of LiLaSiO4:0.015Tm3+, yEu3+ phosphors, (b)variation in decay 

times of phosphors with different Eu3+ doping rates.  

Fig. 10 Energy transfer efficiency of Tm3+→Eu3+ and changes in luminous intensity of 

Tm3+ and Eu3+ ions 

Fig. 11 Fitting relationship of IS0/IS of Tm3+ on (a) C(Tb3++Eu3+)6/3, (b) C 

(Tb3++Eu3+)8/3 and (c)C(Tb3++Eu3+)10/3. 



Fig. 12 Excitation and emission spectra of LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor 

reference sample for QY measurement 

Fig. 13 (a) Color coordinates of LiLaSiO4:0.08Eu3+ phosphors at different monitoring 

wavelength (λex=362, 383, 395 465 and 535nm), (b) color coordinates of 

LiLaSiO4:0.015Tm3+, yEu3+ phosphors,  
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Table 1 

The value of average lifetime (τav) of LiLaSiO4:yTm3+, zEu3+ phosphors. 

N0. Sample compositions A1 τ1(ms) A2 τ2(ms) τav(ms) 

1 LiLaSiO4:0.015Tm3+ 36410.05 0.0131 4238.86 0.0283 0.0161 

2 LiLaSiO4:0.015Tm3+,0.02Eu3+ 31065.74 0.0108 5904.55 0.0245 0.0149 

3 LiLaSiO4:0.015Tm3+,0.04Eu3+ 23632.30 0.0097 3323.70 0.0239 0.0135 

4 LiLaSiO4:0.015Tm3+,0.06Eu3+ 20107.94 0.0074 3973.52 0.0196 0.0116 

5 LiLaSiO4:0.015Tm3+,0.08Eu3+ 19245.68 0.0064 1779.42 0.0205 0.0096 

6 LiLaSiO4:0.015Tm3+,0.10Eu3+ 18853.62 0.0061 1395.15 0.0190 0.0085 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table2 

The color coordinate of LiLaSiO4:yTb3+, zEu3+ phosphors. 

No. Sample compositions CIE coordinates (x, y) 

A LiLaSiO4:0.015Tm3+ （0.139,0.046） 

B LiLaSiO4:0.015Tm3+,0.02Eu3+ (0.258,0.205) 

C LiLaSiO4:0.015Tm3+,0.04Eu3+ (0.386,0.272) 

D LiLaSiO4:0.015Tm3+,0.06Eu3+ (0.428,0.296) 

E LiLaSiO4:0.015Tm3+,0.08Eu3+ (0.463,0.313) 

F LiLaSiO4:0.015Tm3+,0.10Eu3+ (0.475,0.321.) 

G LiLaSiO4:0.08Eu3+ (0.656,0.344) 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 1 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 2 L. Du et al. 

 

 

 

 

 

 

 

 

 

 



Fig. 3 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 4 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 5 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 6 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 7 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 



Fig. 8 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 9 L. Du et al. 

 

 

 

 



Fig. 10 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 11 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 12 L. Du et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. 13 L. Du et al. 

 

 

 



Figures

Figure 1

X-ray diffraction patterns of LiLaSiO4:yTm3+, zEu3+ phosphors and the standard card of LiLaSiO4
(JCPDS NO. 48-0006).



Figure 2

a-bSEM images of LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor, (c) TEM of
LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor, (d) EDS of LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor, (e)
element distribution of LiLaSiO4:0.015Tm3+,0.08Eu3+ phosphor.



Figure 3

Excitation spectra and Emission spectra of LiLaSiO4:0.015Tm3+ phosphor.



Figure 4

Emission spectra of LiLaSiO4:yTm3+ phosphor.



Figure 5

Please see the Manuscript PDF �le for the complete �gure caption



Figure 6

(a) Excitation and emission spectra of LiLaSiO4:0.08Eu3+ phosphor, (b) emission spectra of
LiLaSiO4:0.08Eu3+ phosphor at different monitoring wavelength (λex=362, 383, 395 465 and 535nm)



Figure 7

(a) Excitation spectra of LiLaSiO4:0.08Eu3+ phosphor and emission spectra of LiLaSiO4:0.015Tm3+
phosphor, (b) excitation and emission spectra of LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor.



Figure 8

Emission spectra of LiLaSiO4:0.015Tm3+, yEu3+ phosphors.



Figure 9

(a) Decay curves of LiLaSiO4:0.015Tm3+, yEu3+ phosphors, (b)variation in decay times of phosphors
with different Eu3+ doping rates.



Figure 10

Energy transfer e�ciency of Tm3+Eu3+ and changes in luminous intensity of Tm3+ and Eu3+ ions



Figure 11

Fitting relationship of IS0/IS of Tm3+ on (a) C(Tb3++Eu3+)6/3, (b) C (Tb3++Eu3+)8/3 and
(c)C(Tb3++Eu3+)10/3.



Figure 12

Excitation and emission spectra of LiLaSiO4:0.015Tm3+, 0.08Eu3+ phosphor reference sample for QY
measurement



Figure 13

(a) Color coordinates of LiLaSiO4:0.08Eu3+ phosphors at different monitoring wavelength (λex=362, 383,
395 465 and 535nm), (b) color coordinates of LiLaSiO4:0.015Tm3+, yEu3+ phosphors,


