43 oM Kot R Vol. 43 No.9
202249 A CHINESE JOURNAL OF LUMINESCENCE Sept. , 2022

XEHES: 1000-7032(2022)09-1446-13

Bi** {5 2Tk 110 5 Y HLBI : 55— PEBPB 5
BERT, 7 R

(1. FEPRMR AL K2 S TR A e, K 4000655 2. EFLER R KE WHERE, 48 A 230026)

FEEE ¢ B R RE A R )L B8 1 AT LA A PR A AT LT A 0T 2T A0 X KOG L 20 R R AR A5 28 RO R R
TR BT o X BB 2% B RE LA AL AN A LR S AT B TR R AR R BT R RE Bk o AR SR 4
R 1A 5F — e TR BT 530 (R 56y ik N8 SR AT A3 AT LA I T BT A4 A AR B A RN A 25 14 SRy B 4 A R e
T AR, £ BT A AR I 3 AT 01E TS MRNBUR IR L R R SR s el AR . TP R R R S
P T BiTHY 6s'6p' L T 4LZS ACAR-1B 2 8 T AT I BE 25 6s76p" TR 248 25 7 3 - 3 J L A T B 25 65 i R 28
B DL R TR O AL RS JE ALY BBt R X A 4 R A L 4 SCT IR Bt OB S R AL 9 52 56 15 A
S, I S A RO I T A B P S B A, LU T AR T A A ARAE SRR A O B AT S0 S
WG AT ANFE S IVE AT (RIS R T8 T e O JR B A A R BT B L BB AR S BT T RO
Z AR AR o

*x 8 O\ B -MEM; BB R BAS
FEDES: 0482.31 XERERIRAD : A DOI: 10. 37188/CJL. 20220245

Luminescence Mechanism of Bi** Doped Materials: First Principles Studies

LOU Bi-bo", YIN Min*
(1. School of Optoelectronic Engineering , Chongqing University of Posts and Telecommunications, Chongqing 400065, China;
2. School of Physical Sciences, University of Science and Technology of China , Hefei 230026, China)

# Corresponding Authors, E-mail: loubb@cqupt. edu. cn; yinmin@ustc. edu. cn

Abstract: The trivalent bismuth ions can produce, depending on the host, luminescence in deep ul-
traviolet, visible and even near-infrared wavelengths, which are often adopted as activators for vari-
ous luminescent materials. The theoretical studies on energy level structures and the luminescence
mechanism of Bi** dopants can support the design and performance improvement of new luminescent
materials. Here, after providing a brief summary of the calculation methods developed and the for-
mula derived to bridge the data from calculations based on density functional theory, we presented
the theoretical results from the first-principles calculations on several prototype systems and provided
an interpretation of the reported experimental results. The configurational coordinate diagrams with
structures and energies from first-principles calculations played a central role in the analyses. Four
different types of excited states of Bi'" ions are covered: the internal excitation of 6s'6p' electron con-
figuration, the ligand-dopant charge transfer excitation of 6s’6p' plus a localized hole, the metal to
metal charge transfer excitation of 6s' plus a bound electron, and the inter-valent Bi*’-Bi*" state as an
excited state of a Bi’* pair. Great efforts have been done to provide detailed quantitative predictions

on the spectroscopy of Bi** ions in solids. The results clearly show the role played by theoretical studies
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in designing and optimizing novel luminescent materials. In addition, the relationship of lumines-

cent properties of Bi** ions with local coordination environment of dopant centers, band gap of hosts

and defect levels was briefly discussed.
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(a) The configuration coordinate diagram : the black and blue lines indicate the absorption and the emission transitions,
and the red and purple dashed lines indicate the fictitious emission transitions from the MMCT and CT states, respectively.
(b) The charge transition level diagram : the black bidirectional solid lines are zero phonon lines of various transitions ( A
band, MMCT, CT and IVCT), €(+4/+3) and e(+3/+2) are the hole and electron trap levels provided by Bi** ions, re-
spectively. The hole and electron trap depths are given by €(+4/+3) minus VBM and CBM minus €(+3/+2), respective-

ly. Whereas € (+4/+3) and €(+4/+3") can be also regarded, correspondingly, as the locations of 'S, and °P, , states of the

0.1

Bi* ion in the band gap in the sense of adiabatic ionization.
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scribed by the Seitz’s multi-electron and single-elec-
tron Kohn-Sham (KS) orbital models of the density
functional theory. The spin-orbit coupling has been

considered.
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Fig.3 Configurational coordinate diagrams of the CaMO,: Bi'*(M = Ti, Sn, Zr). Along M = Ti, Sn, Zr, the band gap of the sys-

tem increases, and the relative position between MMCT and P

., excited state changes, which leads to the switch from

MMCT emissions in the first two systems to A band emission in the third system.
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Fig.4 Configuration coordinate diagrams of YPO,: Bi**(a) and LaPO,: Bi* (b) systems. The difference in excitation and relax-

ation processes in the two systems leads to A band emission in YPO,:Bi* but CT emissions in LaPO,: Bi'".
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Fig.5 The local environment of three types of Bi’* pairs in GdAlO,: Bi"'. The Bi,-Bi, distances are 0.372, 0.378, 0.384 nm.
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Fig.6 The charge-density contours of the Bi'" pair in GdA1O,: (a)the electron of 6s orbital of the (Bi**-Bi**) ground state, (b)

the electron of 6p orbital(yellow) and 6s orbital(green) of Bi*" pair of the (Bi**-Bi*") excited state.
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Fig.7 Photoluminescent mechanism of Bi'* pair in GdAlO,: Bi**, where Gd™* ions form an energy migration network to connect

excited Bi’" ions with a Bi’" pair to promote the latter to the Bi*-Bi*" type excited state, from which the emission is pro-

duced.
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Fig.8 The charge transition level diagrams of Bi’* doped systems that produce dominantly A band, MMCT or CT emission as
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confirmed by experiments. Wherein the VBMs are determined by their vacuum referred binding energies, 6s and 6p are

the electron and hole trap states provided by Bi' in the hosts. The relative energies of 6s to VBM and CBM to 6p give the
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