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Table S1 Refined structural parameters and cell parameter values of Y3ScAl4O12:0.10Cr3+ from 

Rietveld refinement.

Formula Y3ScAl4O12

Crystal system cubic

Space group 𝐼𝑎3 𝑑

Cell parameters a = b = c = 12.189 Å

Alpha = Beta = Gamma = 90°

Cell volume 1793.167 Å3

Reliability Rp = 4.725%

factors Rwp = 7.05%

χ2 = 1.4785

Atom x y z Uiso / Å2 occupancy

Al1 0.000 0.000 0.000 0.00102 0.8

Al2 0.375 0.000 0.250 0.00266 0.8

Sc1 0.000 0.000 0.000 0.00102 0.2

Sc2 0.375 0.000 0.250 0.00266 0.2

Y1 0.125 0.000 0.250 0.00368 1

O1 -0.039396 0.054699 0.157297 0.00132 1
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Figure S1 The magnification XRD image.

Figure S2 The SEM imaging of YSAO:0.10Cr3+.



Figure S3 The corresponding deconvoluted peaks in the high-resolution spectra for Y-3d, Al-2p, Sc-2p, 

C-1s, O-1 s, and Cr-2p elements.

Figure S4 Cr 2p XPS spectrum of the YSAO:0.10Cr3+.



Figure S5 PL spectra of YSAO: xCr3+ (x = 0.04-0.16) for different Cr3+ concentrations.

Supporting Note S1:

The following equation can be used to calculate the critical distance for energy transfer which 

helps understand the mechanism of concentration quenching of Cr3+ in YSAO[1]:
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Where, xc is the critical concentration value of doping ions in the matrix, V is the cell volume 

of the matrix, and N is the number of atoms contained in the unit cell. It is known that the cell 

volume V = 1793.167 Å, N = 16. and xc = 0.10. The calculated values are Rc = 13.30 Å. It is suggested 

that the concentration quenching of Cr3+ in YSAO is not due to the exchange interaction, but may 

be caused by the electric multipole interaction.

According to the energy transfer theory of Dexter and Uitert, when the doping amounts of 

activated ions is large, there is a relationship between the emission intensity and the mole fraction 

of activated ions[2]:
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Where I represents the emission intensity, I represent the emission intensity corresponding to 

the ion concentration, x represents the ion concentration. As shown in Figure S4, the relation 

between Log I/x and Log x can be fitted as a line by processing formula (2). The relationship 

between Log I/x and Log x is line with a slope of 1.38 (− θ/3 = − 1.38). Therefore, the calculated θ 

is 4.14, which θ is approximately equal to 6. The result reveals that the main concentration 

quenching mechanism of Cr3+ in YSAO is the dipole-dipole interaction.

Figure S6 Linear relationship between Log(x) and Log(I/x).

Figure S7 Luminescence decay curves of YSAO:xCr3+ (0.04 ≤ x ≤ 0.16) phosphors.



Supporting Note S2:

The activation energy can be calculated using the following equation[3]:
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where I0 is the initial emission intensity, I(T) is the intensity at a given temperature T, k is the 

Boltzmann constant (8.617 × 10-5 eV K-1), A is a constant, and ΔE is the activation energy leading 

to thermal quenching. The relationship between ln (I0/I(T) - 1) and 1/kT is shown in Figure S5. The 

calculated ΔE value is 0.25 eV.

Figure S8 Calculated activation energy fitting curves for YSAO:0.10Cr3+.

Supporting Note S3:

The internal quantum efficiency (IQE) and external quantum efficiency (EQE) of the 

YSAO:0.10Cr3+ phosphor were further determined, and the IQE can be calculated by the following 

formula[4]:

                                                 (4)
S

R S

L
IQE

E E





 
where LS is the emission spectrum of the sample under study, ES is the spectrum of the light 

used to excite the sample, and ER is the spectrum of the excitation light without the sample in the 

integrating sphere.



Figure S9 Fitting curves of I0/I versus Cn/3 (n = 6, 8, 10).

Figure S10 Schematic representation energy transfer.
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