Author’s Accepted Manuscript

SOLID STATE

. . . . CHEMISTR
Theoretical and experimental studies of electronic,
optical and luminescent properties for Tb-based
garnet materials
Shoujun Ding, Haotian Zhang, Renqin Dou,
Wenpeng Liu, Dunlu Sun, Qingli Zhang |8
gl e

www.elsevier.convlocate/yjssc

PIIL: S0022-4596(18)30169-5
DOI: https://doi.org/10.1016/j.jssc.2018.04.028
Reference: YJISSC20196

To appear in:  Journal of Solid State Chemistry

Received date: 21 March 2018
Revised date: 20 April 2018
Accepted date: 21 April 2018

Cite this article as: Shoujun Ding, Haotian Zhang, Renqin Dou, Wenpeng Liu,
Dunlu Sun and Qingli Zhang, Theoretical and experimental studies of electronic,
optical and luminescent properties for Tb-based garnet materials, Journal of Solid
State Chemistry, https://doi.org/10.1016/].jssc.2018.04.028

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/yjssc
https://doi.org/10.1016/j.jssc.2018.04.028
https://doi.org/10.1016/j.jssc.2018.04.028

Theoretical and experimental studies of electronic, optical and

luminescent properties for Tb-based garnet materials

Shoujun Ding**®", Haotian Zhang®®, Rengin Dou?, Wenpeng Liu?, Dunlu Sun?, Qingli Zhang®"

®Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, PR
China

®University of Science and Technology of China, Hefei 230026, PR China

Chemistry and Biochemistry, Utah State University, Logan 84322, USA

* corresponding author e-mail: dsjqgy@mail.ustc.edu.cn, zgl@aiofm.ac.cn

ABSTRACT

Terbium-aluminum (Tb3Als012: TAG) as well as Terbium-scandium-aluminum (Th3Sc,Al301,:
TSAG) garnet materials have attracted tremendous attention around the world owing to their
multifunctional applications. However, the electronic structure, optical and luminescent
properties for TAG and TSAG are still requiring elucidation. To solve these intriguing problems,
firstly, a systematic theoretical calculation based on the density functional theory methods were
carried out on them and their electronic structure and optical properties were obtained. The
calculated results indicating that both TAG and TSAG belongs to direct band gap materials
category with band gap of 4.46 and 4.05 eV, respectively. Secondly, we compared the calculated
results with the experimental results (including band gap, refractive index and reflectivity) and
found that they were in good coincident. Lastly, we investigated the luminescence properties of
TSAG and evaluated its probability for using as visible phosphor and laser matrix. In addition, a
Judd-Ofelt theory calculation was performed on TSAG to reveal the radioactive transition of Th-
4f configuration and the three Judd—Ofelt intense parameters were obtained to be 4.47, 1.37 and
4.23x10%° cm?, respectively. All of the obtained results can provide an essential understanding of
TAG and TSAG garnet materials and also useful for the further exploration of them.
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The structure and luminescent properties for TSAG crystal.
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