
Electronic Supplementary Information

A highly Mn2+-doped narrowband green phosphor toward wide color-gamut display 

applications

Chenyang Zhana,b,c,d, Haomiao Zhu,*a,b,c,d Sisi Liang, c,d Yingping Huang, c,d Zihao Wang, 

c,d and Maochun Hong*a,b,c,d

a. School of Rare Earths, University of Science and Technology of China, Hefei, Anhui 

230026, China

b. Ganjiang Innovation Academy, Chinese Academy of Sciences, Ganzhou, Jiangxi 

341119, China

c. Fujian Science & Technology Innovation Laboratory for Optoelectronic Information 

of China, Fuzhou, Fujian 350108, China

d. Xiamen Key Laboratory of Rare Earth Photoelectric Functional Materials, Xiamen 

Research Center of Rare Earth Materials, Haixi Institute, Chinese Academy of Sciences, 

Xiamen 361021, China

E-mail: zhm@fjirsm.ac.cn

Fig. S1 XRD patterns of the LAO:0.30Mn2+ samples synthesized with the addition of 

various amounts of H3BO3 as flux.
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Fig. S2 XRD patterns of the LAO:xMn2+ (x = 0.00 – 0.40) samples synthesized with the 

addition of 2 wt.% H3BO3 as flux.

Fig. S3 Rietveld refinement on the XRD pattern of the undoped LAO sample. 



Table S1. The obtained crystallographic data for the undoped LAO and LAO:0.30Mn2+ 

samples based on Rietveld refinement. 

Formula LAO LAO:0.30Mn2+

Crystal system hexagonal hexagonal

Space group P63/mmc P63/mmc

a = b (Å) 5.56162 5.57311

c (Å) 22.04610 22.10693

α = β (o) 90 90

γ (o) 120 120

V (Å3) 590.562 592.681

Rwp (%) 8.179 6.338

χ2 1.94 1.34

Table S2. Atomic coordinates of the undoped LAO sample based on XRD Rietveld 

refinement. 

Atom x y z frac Uiso

La(1) 0.6667 0.3333 0.2500 0.4900 0.0155

La(2) 0.7161 0.4321 0.2500 0.1150 0.0033

Al(1) 0.8308 0.6616 0.1069 0.9200 0.0100

Al(2) 0.3333 0.6667 0.0269 1.0000 0.0199

Al(3) 0.3333 0.6667 0.1901 1.0000 0.0142

Al(4) 0.0000 0.0000 0.0000 1.0000 0.0188

Al(5) 0.0000 0.0000 0.2394 0.4250 0.0230

Al(6) 1.0097 1.0194 0.2087 0.0480 0.2096

O(1) 0.1554 0.3108 0.0521 1.0000 0.0120

O(2) 0.5036 0.0072 0.1453 1.0000 0.0196

O(3) 0.6667 0.3333 0.0546 1.0000 0.0164

O(4) 0.0000 0.0000 0.1446 1.0000 0.0242

O(5) 0.1861 0.3712 0.2500 1.0000 0.0356



Table S3. Atomic coordinates of LAO:0.30Mn2+ based on XRD Rietveld refinement. 

Atom x y z frac Uiso

La(1) 0.6667 0.3333 0.2500 0.4900 0.0017

La(2) 0.7094 0.4188 0.2500 0.1150 0.0039

Al(1) 0.8292 0.6583 0.1075 0.9200 0.0056

Al(2) 0.3333 0.6667 0.0305 0.7000 0.0173

Al(3) 0.3333 0.6667 0.1903 1.0000 0.0046

Al(4) 0.0000 0.0000 0.0000 1.0000 0.0090

Al(5) 0.0000 0.0000 0.2376 0.4250 0.0008

Al(6) 0.8436 0.6872 0.1080 0.0480 0.0034

O(1) 0.1529 0.3058 0.0526 1.0000 0.0069

O(2) 0.5044 0.0088 0.1484 1.0000 0.0119

O(3) 0.6667 0.3333 0.0564 1.0000 0.0149

O(4) 0.0000 0.0000 0.1486 1.0000 0.0126

O(5) 0.1768 0.3537 0.2500 1.0000 0.0289

Mn 0.3333 0.6667 0.0305 0.3000 0.0173

Fig. S4 The relationship between log(x) and log(I/x) in LAO:xMn2+ (x = 0.35, 0.40, 0.50) 

samples.



Fig. S5 a) The normalized PL spectra of the LAO:xMn2+ samples. b) CIE 1931 

chromaticity coordinates of the LAO:xMn2+ (x = 0.05 – 0.40) samples.

Fig. S6 a) The measured internal PL QYs of the LAO:xMn2+ (x = 0.05 – 0.40) samples 

under excitation at 450 nm. b) The absorption efficiency and external PL QYs as a 

function of Mn2+ doping concentration.

Table S4. The internal PL QYs, absorption efficiency, and external PLQYs of the 



LAO:xMn2+ (x = 0.05 – 0.40) samples.

x(mol)
Internal 

PL QYs

Absorption 

efficiency

External 

PL QYs

0.05 0.4938 0.0990 0.0489

0.10 0.7487 0.1104 0.0826

0.15 0.8407 0.1338 0.1125

0.20 0.8693 0.1533 0.1332

0.25 0.8458 0.1707 0.1444

0.30 0.8997 0.1789 0.1610

0.35 0.8576 0.1873 0.1607

0.40 0.7509 0.1903 0.1429

Fig. S7 The PL decay curves of the LAO:xMn2+ (x = 0.05 – 0.40) samples by monitoring 

emission at 517 nm under excitation at 450 nm. 



Fig. S8 The Arrhenius plot of the temperature dependence of the integrated emission 

intensity of the LAO:0.30Mn2+ sample.

Fig. S9 The a) electroluminescence (EL) spectra and b) CIE 1931 chromaticity 

coordinates of LED1 under various drive currents (20 – 100 mA). The c) EL spectra and 

d) CIE 1931 chromaticity coordinates of LED2 under various drive currents (20 – 100 

mA). 



Table S5. The comparison of several green phosphors. 

Phosphors
Peak 

(nm)

FWHM 

(nm)

Thermal

stability

Internal/ 

external

PL QYs

CGa)

(NTSC)

CCT

(K)
Ref

β-SiALON:Eu2+ 540 54 81%/473 K 97%/71% 96% 8379 1

Ba[Li2(Al2Si2)N6]:Eu2+ 532 57 70%/473 K –/– – – 2

RbLi(Li3SiO4)2:Eu2+ 530 42 103%/423 K 80%/29% 107% 6221 3

RbNa(Li3SiO4)2:Eu2+ 523 41 102%/425 K 96%/42% 113% 5196 4

Sr2Li(Al, Ga)O4:Eu2+ 512 40 60%/423 K 42%/– 107% 10740 5

γ-AlON:Mn2+, Mg2+ 520 44 76%/473 K 62%/– 102.4% 10611 6

MgAl2O4:Mn2+ 525 36 107%/473 K 45%/– 116% 10342 7

Sr2MgAl22O36:Mn2+ 518 26 82%/473 K 75%/42% 127% – 8

BaZnAl10O17:Mn2+ 516 31 90%/473 K 86%/26% 110% 7804 9

Ba0.75Al11O17.25:Mn2+ 512 28 – –/– 107.3% 6645 10

Zn4B6O13:Mn2+ 540 33 98%/523K 72%/– 75% 3960 11

La0.827Al11.9O19.09:Mn2+ 517 28 89%/473 K 90%/16% 124% 5464
TW

b)

a) CG represents color gamut.

b) TW represents this work.
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