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Aim of the research project
Smart search for advanced optical materials can be efficiently aided by detailed studies of the relations between their
structure and emission properties. In particular, local structure around impurity ions is of paramount importance for
enhancement of the phosphors’ brightness. The main aim of the proposed research is to understand the mechanisms of the
emission enhancement of the Mn4+-doped phosphors and photon up-conversion in the rare-earth ions doped materials.
These topics are now extremely actively studied by many research groups worldwide, which is explained by numerous
practical applications of these materials for solid state lighting, photovoltaics, agriculture etc. Despite high research
activity in this field, the mechanisms underlying these phenomena have not yet been understood with strong experimental
and theoretical evidences. In the present joint research with Prof. Yamamoto, we would like to focus on the experimental
and theoretical studies of the Mn4+ -doped (and co-doped with other cations) phosphor materials and rare-earth ions
doped oxide powders, which will include the X-ray diffraction, UV-Vis spectroscopy, photoluminescence measurements
and theoretical density functional theory (DFT)-based calculations to understand the local structure effects on the optical
properties.
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Contents and results of the research

1. A series of the detailed first-principles calculations of the structural and electronic properties of the Mn4+ doped A2SiF6

(A= K, Rb, Cs) phosphors was performed to identify the location of the Mn4+ energy levels in the host’s band gap
and crystal field splitting of its 3d orbitals. The obtained results have been accepted for publication in Optical
Materials with a proper acknowledgment of the research funding.
2. A series of Mn4+ singly doped and co-doped with several divalent ions (Mg, Zn, Cd) oxides were prepared using a
conventional solid-state reaction method in a group of Prof. Yamamoto. Their structural properties were examined by the
X-ray diffraction to confirm the phase purity. Detailed studies of their excitation and emission spectra were performed;
the influence of the second co-dopant on the Mn4+ emission intensity was analyzed.
3. First-principles calculations of the Mn4+ site occupation in CaAl12O19 phosphor were performed in order to identify the
most probable site occupied by the impurity ions. The obtained results are being finalized now and will be submitted for
publication soon.
4. The results of the first-principles studies of co-doped strontium aluminum oxides (i.e. doped with Mn4+ ions and one of
these divalent ions: Mg, Zn, Cd) are being finalized now and will be submitted for publication soon.
5. The crystal field calculations of the Mn4+ energy levels in CaMO3 (M=Ti, Sn, Zr) are being performed now.
6. Several presentations on the project topic have been delivered at the international conferences (which were held online
due to the current situation in the world); the details are given in the next section.
7. Active involvement of young researchers from Tajikistan has remained one of the project directions. Close e-mail
contact between them, Professor Yamamoto and Professor Brik were kept during this year, interesting results on the
pressure effects on the optical properties of the Mn4+-doped phosphors were obtained by using the first-principles
calculations. The summary of the obtained results will be prepared for publication.
8. Despite absence of the usual “on site” meetings and discussions, communications between the project participants was
kept using electronic means. Several topics emerged as a result of this intensive e-mail exchange; we hope that they will
give rise to interesting results in the near future.

Outputs of the project (publications, presentations, patents)

The paper entitled “First-principles investigations of geometrical and electronic structures of Mn4+ doped
A2SiF6 (A= K, Rb, Cs) red phosphors” by Mekhrdod Subhoni, Umar Zafari, Alok M. Srivastava, William
W. Beers, William Cohen, Mikhail G. Brik, Tomoyuki Yamamoto is now an article in press in Optical
Materials (Elsevier), https://doi.org/10.1016/j.optmat.2021.110986

The following conference presentations were delivered at the Pacific Rim Meeting on Electrochemical
and Solid State Sciences, PRiME 2020, October 4-9, 2020 (held online):

J01-2736 Experimental and Theoretical Analysis of Photoluminescence from Mn-Doped Oxide Phosphors
T. Yamamoto (Waseda University), M. G. Brik (University of Tartu), M. Sagayama, Y. Togashi (Waseda
University), M. Subhoni, and U. Zafari (Academy of Sciences of the Republic of Tajikistan) – an oral
presentation

J01-2719 Transition Metal Ions for Solid State Lighting and Optical Thermometry
M. G. Brik (Chongqing University of Posts and Telecommunications, University of Tartu), A. M. Srivastava
(Consultant to GE Current, a Daintree company), W. W. Beers, and W. Cohen (GE Current, a Daintree
company) – an oral presentation

J01-2731 Influence of Additional Doping of Divalent Ions on Emission Intensity of Mn-Doped CaAl12O19

M. Sagayama (Waseda University), U. Zafari, M. Subhoni (Academy of Sciences of the Republic of
Tajikistan), M. Brik (Chongqing University of Posts and Telecommunications), and T. Yamamoto (Waseda
University) – a poster presentation

The following presentations were delivered at the online meeting for the joint research at ZAIKEN, Waseda
University, March 2 (Tue), 2021

First principles calculations of structural, electronic and optical properties of the Mn4+ -doped phosphors for white

LED - Mikhail G. Brik （University of Tartu, Estonia)


