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Aim of the research project 
 

The white light-emitting diode (w-LED) has been recognized as one of the energy efficient technologies. Most of the 

current phosphor materials for industrial use are synthesized using a doping technique, i.e., incorporation of a trace 

element as an emitting center in the matrix materials. Rare-earth doped nitrides, oxides and fluorides with large band-gaps 

have been applied for the red luminescence center in the w-LED. Rare-earth doped oxides show good properties such as 

high luminescence and high stability for long term use, etc., among these phosphors. However, due to the limitation of the 

rare-earth elements in the earth, rare-earth free phosphor materials have been strongly demanding, and therefore such 

materials have been extensively investigated these years. 3d transition elements are also good dopants for such purpose, 

in which Mn4+ ions are the candidates for the red-emitting phosphor in the coming generation as an emitting center in the 

matrix materials. Iinvestigations of Mn4+ activated red-emitting phosphors in matrix materials have attracted great 

attention in the past decades. Mainly, this interest has initiated the possibility of their wide application in different 

branches of applied science and technology [1-3].  In the current research, we focus on the search of the efficient 

red-emitting phosphors by doping with Mn ions in oxides. For this purpose, we will perform cutting-edge first principles 

calculations and synthesize various kinds of materials with efficient red-emitting property without rare-earth ions by 

collaborating with professor Yamamoto. 
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Contents and results of the research 

 

The first principles calculations of several kinds of oxides doped with Mn4+ ions were carried out to investigate 1) 

geometric structure around doped Mn4+ ions and 2) electronic structure of these materials by members of Tajik 

National University. These target oxide materials were also synthesized with a solid-state reaction method and 

characterized with X-ray diffraction (XRD), scanning electron microscope (SEM), Photo luminescence (PL), diffuse 

reflectance spectra and electron spin resonance (ESR) by students under supervision of Prof. Yamamoto, Waseda 

University. Among wide varieties of these calculations and experiments, we could summarize results on CaAl12O19 

in this year as a joint paper in an international journal [4]. In this work, we focused upon the local environment of 

doped Mn4+ ions in CaAl12O19, which was successfully revealed by a combination of first principles calculations 

and the various analytical experiments such as XRD and ESR. In addition to this work, the influence of the 

co-dopings of additional divalent ions such as Mg2+, Zn2+, Cd2+ and Sr2+ on the luminescence intensity was studied 

this year. From the survey of these co-dopings, the enhancement of the luminescence by 200 to 300 % was found by 

such co-dopings. These results can be applied for the industrial use of the red phosphors without rare-earth 

elements. 

Our study was extended to the studies of fluoride hosts beyond planned oxides. First principles calculations of a 

series of A2XF6, where A = K, Rb, Cs; X = Si, Ti, Ni, Ge, Se, Pd, Sn, Hf, have been carried out. Some of the results 

were additionally published as joint papers in the international journals. These works on fluoride could provide us 

basic understandings of luminescence, which can be applied for the design of new efficient oxide phosphors without 

rare-earth elements. 
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