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Structure and photoluminescence properties of a 
rare-earth free red-emitting Mn2+-activated KMgBO3 

L. Wu a, B. Wanga, b, Y. Zhangb*, L. Lic, H. R. Wangb, H. Yi a, Y. F. Konga and J. J. Xua   

In this combined X-ray diffraction and photoluminescence study, the coordination environment of 

Mn2+ and the photoluminescence of single Mn2+ doped KMgBO3 phosphors were studied. Mn2+ 

occupies Mg2+ site, which were coordinated by six O2-. The strong absorption of KMgBO3:Mn2+ was 

ascribed to the strong relaxation of spin and parity forbidden of Mn2+. The emission bands were 

centered at 636 nm, regardless of the excitation wavelength and Mn2+ doping concentration. Mn2+ 

activated KMgBO3 could be efficiently excited with the excitation of Mn2+ d-d transitions in the 

wavelength range of 300-475 nm. The red-shift of Mn2+ emission was because of strong crystal field 

environment of Mn2+ afforded by KMgBO3. The potential applications of the phosphors had been 

pointed out based on the absorption spectra, excitation and emission spectra, thermal quenching 

properties, and decay properties.

1. Introduction 

Mn2+, a transition metal ion, has been playing an important role 
in modern lighting and display fields.1-4 Divalent manganese 
(Mn2+) ion has a d 5 configuration. From the Tanabe-Sugano 
diagrams, it can be derived that emission corresponds to the 4T1 
to 6A1 transition. The position of the lowest excited state 
strongly depends on the crystal field strength, which allows 
shifting the Mn2+ emission from green to red, depending on the 
crystal field strength of the substituted sites.5 The emission of 
Mn2+ originates from parity-forbidden d-d transitions. As a 
consequence, the absorption is very weak. Since the excited 
levels of Mn2+ match some energy levels of the lanthanides 
(such as Eu2+ and Ce3+), the efficient energy transfer from the 
codoping lanthanide ions to Mn2+ takes place, resulting in the 
intensities of emission band of Mn2+ ions increasing.6,7 
However, rare earth elements used in these luminescent centers 
of the phosphors are typically expensive. In order to develop 
the inexpensive materials with good luminescence 
performance, great efforts to investigate the Mn2+ single doped 
compounds have been carried out and some Mn2+ doped 
phosphors with very good luminescence properties have been 
synthesized successfully, such as β-Zn3B2O6:Mn2+ [4], 
LiZnPO4:Mn2+,8 MZnOS:Mn2+(M=Ca, Ba),9 
Li2ZnGeO4:Mn2+,10 and so on. These researches indicate that 
the hosts which can afford strong crystal field to Mn2+ ion are 
crucial for the Mn2+ single doped phosphors with good 
properties. However, up to now, the hosts used to synthesize 
the Mn2+ doped phosphors are almost Zn-based compounds. As 
for other ion-based compounds, such as Mg-based compounds, 

there is seldom reported Mn2+ single doped phosphor with good 
performance.11  

Borates constitute attractive classes of host lattices for 
emitting d or f electrons due to their excellent thermal stability, 
chemical stability, and wide band gaps. Phosphors based on 
borates show excellent luminescence performance because of 
their abundant structures which can afford different crystal 
fields for the d or f metal cations to tune the luminescence 
properties.12,13 For example, KSr4(BO3)3 crystallizes in space 
group Ama2, in which there are 4 crystallographically 
independent cation sites with different coordination 
environments.14 It supplies a great potential to design new 
phosphors by doping different ions, such as Eu3+, Dy3+, and 
Tm3+,15,16 and generate phosphor with tunable light from blue, 
white to red color; NaSrBO3 crystallizes in the monoclinic 
space group c/P

1
2 , in which one Sr2+ ion is surrounded by 

nine O2- ions. By doping Ce3+ in Sr2+ sites, a blue-emitting 
phosphor which is used to fabricate LED successfully is 
synthesized.17  

As a member of the borates, KMgBO3 was first reported to 
be crystallized in a cubic system with space group P213 under 
ambient pressure by our group in 2010.18 KMgBO3 offers the 
possible substitution positions for Mn2+ cation considering the 
ionic radius, including K+ site and Mg2+ site. It is interesting 
that K+ and Mg2+ are all coordinated with six O2- to form the 
distorted octahedron, which can afford strong crystal field for 
doped Mn2+. So KMgBO3 will be a good host to be doped by 
Mn2+. In this study, the photoluminescence performance of 
KMgBO3 doped by Mn2+ is studied based on the structure and 
surroundings of Mn2+. An unusual strong absorption is 
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positions of emission bands are independent of the excitation 
wavelength. Efficiently excitation of Mn2+ d-d transition can be 
easily observed in the range of 300-475 nm. The red-shift of 
Mn2+ emission is because of the strong crystal field 
environment. Temperature-dependent PL properties indicate 
that the thermal quenching properties of KMgBO3:Mn2+ is 
nearly the same as the commercial red phosphor SrS:Eu2+ in the 
range from RT to 125 oC. The concentration quenching occurs 
when the Mn2+ doping concentration is above 9 mol % and the 
critical distance is 11.95 Å. The potential applications of the 
KMgBO3:Mn2+ phosphors have been pointed out based on the 
absorption spectra, excitation and emission spectra, thermal 
quenching properties, decay properties, and CIE coordination 
and color saturation. 
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