Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

i B TFEKMF 0K B RS B O 2 A L

FX g WMEF BB FMT T

Mechanisms of rare earth ion distribution in fluoresilicate glass containing KMnF; nanocrystal
Li Wen-Hao  Xie Yu-Qing  Shi Hai-Zheng Lu Peng-Fei  Ren Jing

5| {5 B, Citation: Acta Physica Sinica, 71, 084205 (2022) DOI: 10.7498/aps.71.20211953
TEZL I View online: https:/doi.org/10.7498/aps.71.20211953
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

TR BRI AR I HA SCEE

Articles you may be interested in

B T H I TE O L MO B LB 25— P

First—principles study of rare—earth—doped cathode materials Li,MnO, in Li—ion batteries

WIFEAEA. 2019, 68(13): 138201 https://doi.org/10.7498/aps.68.20190509

Hi L ABAXTLiFePO P RERZ A (19 2 — PRI BB 7S
First—principles study of properties of rare—earth—doped LiFePO,,
YIHLEEHz. 2021, 70(15): 158203 https://doi.org/10.7498/aps.70.20210227

VB “HEMoS, TR R AR R RE Y 55— P BB 7

First—principles investigations on gas adsorption properties of V-doped monolayer MoS,
YIHLEEHT. 2021, 70(8): 080701  https://doi.org/10.7498/aps.70.20202043

FETAE BTN I BLIBORLA 22K A RO i IR

Modulation of upconversion luminescence spectrum of single rare—earth—doped upconversion nanocrystal based on plasmonic

nanocavity

WyFEEEAR. 2022, 71(2): 027801  hitps://doi.org/10.7498/aps.71.20211438

His b BOLBR AL B R W5 ok
Research progress in rare earth doping photoluminescent ferroelectric thin films

YIBR2A4R. 2020, 69(12): 127712 hitps://doi.org/10.7498/aps.69.20200738

Ho " B 4B MUBORL SALAD OR S S5 M) Tt e

Upconversion luminescence characteristics of Ho™* ion doped single—particle fluoride micron core—chell structure

YIBR2A . 2022, 71(3): 034207  https://doi.org/10.7498/aps.71.20211719



) 32 % 3R Acta Phys. Sin. Vol. 71, No. 8 (2022) 084205

W1 BFE KMoF; kR ESHKIEH
RIS 5 Fn AL EE

FXEY HEFRY

% (ED

= TRV

1) (MR TR RSP S TR, B/RE  150001)

2) (ALl R eHLE B 46, JLsT 100876)

(2021 4E 10 H 20 Hik#l; 2021 4E 12 H 30 H U2 E )

HA B (2) (BRSO R SR E R SO R, A B =4 B IRIT AR | R BER ) A KDL
Fi e A BH 38 L Yt s FR A 480 A0 R A5 TS B T, 32 BIFSE N R I2 OG 3. AR BT S 3 A B Bk BT R 1 T
2, TEM LB T Y3/ Erd a8 1 Sk R £k 3O vh R A AR K T A5 BT B B KMnF JRA6 W 98 oK A A, I L
B0 R B0 AR Ok B AL (RO, SRR 3 AR A A E T R 3 0 A B AR R — e B
RS G, OFFE T £ B 778 KMnF, 9K i 8 5 50w B8 948 2 BL, I e 1 8 1 ROs 23 A A
RE et 1% 3 RN X HE b B e RO PERE RO 2 . S B A5 AR I M B Tl A I S U KMInF g R TR K
A% AL 9 Ty R T A A EL A I 1 RE S Y S M oK R R b, I o IR 0 38 iR b s A ol

KRB AREOE, BRI, Wb TRge, RS

PACS: 42.70.-a, 42.70.Ce, 71.20.-b, 71.15.Dx

1 5 =

AT SRR (4) (0 L5545 & SRR AR
FF B G BEA AT R 2T AN B 46
RICHBHE =2 2R 6 5N R Tigair. &
YRR YIS | SR A K DL R R PH
b ' L A0 A0 3 A U ELA T 1 g A 1 .
i LB (Er*, Tm®, Ho) 8242 858k 7 9
k¥ iik AXF4(A = Na, K, Rb, Cs; X = Mg, Zn,
Mn, Cd), HA S R AL 40 o i b 2 (i I
T RE I PR 29 KRG Y X = Mn?tHf, AMnF,
A A BE I8 o) BB A% 38 1 7 R P B b i
RGBT, R R, 183 T % EIFA
N2 2 -0 SR, AMnF, fbiAfi LG

DOI: 10.7498/aps.71.20211953

P BRI B R e e I, SO HFR ) T A
E A R RO AR AT ) P (7. KA 27 B
T B TS AMnF; Q0K SR (B R ) 72 R &
Pyrbral LA A PO U (B s DR oL AR IR
i, h TREYL. PERREMN B, ST
RE W LR RO R BE A A2 xfE LY S )R
e, Tk R SRR E A ZEK.

M T BT LA TIEARARZS, A X8
BT AL, RIVZERS i T B AR A T R P —
SE [T, AT DLAE B 3 o B A R AR UK
8 AR B9, S A o ] 4 Ak BT i 5 R 5 Y
AR TS WU B, R B R T —
PR, RT3 T 2 SR 00T BERLIEOTE 1Y el
i (1240 R PR A =17 S, — LR JE e )
REBEBE U RS HET, A BFRIER 118

* ERK ARRIE RS (HEES: 51872055) HY R m AR SEAR BT 55 9% B I (AL HES: 3072020CF2515) Fl i S5 2E AL 2RI 5 1 & 1

R (S B13015) ¥R
t BIE1E#E. E-mail: ren.jing@hrbeu.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

084205-1


http://doi.org/10.7498/aps.71.20211953
mailto:ren.jing@hrbeu.edu.cn
mailto:ren.jing@hrbeu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 8 (2022) 084205

LR ER PR R P AR AXF, 0K AT,
I K BUAE SO B P P (M2t Ni2*) Rk 4
JE BT (YD) B A KK o 38 15l 15200 iy T
AXFy A X2 AR 5 4 e s T e AL A &S
IR TA2 5 TV P BE R, I A — R A e R A
MU, BB 2 i R B T el i
AR X7 R R A SR, R AR T Y b A
Be BREE AR O 5. (0 LB 75 X EM S
B E2ESREOR, NI, X TR LB 5 1E AXF,
AR OK: it S A BB R ) A 8 ) RS 2R LR 1
FAAERR YA XFitl, FATHl & 1 #8780
KMnF; 0K G & OB, AH SR M H
W& T W B AR B TP R OV ) A 1S
Ob, I 2 — PR E BT R TR e T U
KMnF; i A R FH 21 SRS 1 AT REVE. F5E
JERAS T BRI A BA R b s et
REAUATRLEA —E IS 1R SO {E.

2 L 5K

T A% G v R VR VR R A BB AR 2
R (B JR A 530 810 70810,-15KF-15MnF - 1SnCl,-
1YbF3-0.2ErF,, v i J5 5] SnCl, B 5] AT A
RCRE A M2 4 4846 i M3+ 51 B 3k 58 o 20 %
. W E A E AR (99.99%) H2 R ZH C RS A Ak
i E IR b R IR G, B B R 4l
(99.9%) Wl EH R h ) i A B L TR E] 1550 C 1)
w i, RS ARURE, Rl 35 min J5 R
TE 300 °C AR HIAR % . B RD 56 A %R
K 7E 400 °C PR 3 h, A EIRTIRIADIEE (prec-
ursor glass, PG). fuJ&, ¥ ATIKIABESTE 550 C T
PALFE 10 b A5 B S B (glass ceramic, GC).
PBERES I EI A 1 emx 1 emx0.2 em B3 F 73647
FMMOGSE & HE M. 75238 AR, FRA10F
FE T AR A B BE R R A BT A I 0. 25 AR R
FESRAE 450 °C F1500 C FHUE BT 5, (HEW
PO R E R 600 °C, WIRES KA A, TTHE
B 5 R 1 i X = B N 2 A 1
[ A & B 600 °C #AAbHR B RE i 2z i i PR 22
FE Y 5 R 1 AT R AR AL, R, 2 IR A SRR N
HOO B IR A I R, A R T SR
AT R A RIESE.

FIH X 547 1Y (Shimadzu, LabX XRD-

6100) PMaAEE i Y XOFPERATI AT, SR H AT 22
A (745 UV-2450 (1 UV-VIS Z0606 R T
R AYIE G, KA PTI QuantaMasterTM 8000
2 HNHTEIL (Horiba, Canada) Il iURE & )6 EUE
bin (photoluminescence, PL). U152V
TROR, AT SR &, ASHE 51
R AL I Al 45°. R HISEE FEI A R FEI
Talos F200x BIAHZE S T W05 (BCARERE 1Y,
energy-dispersive spectrometer, EDS) Il i 3%
BERE S TR AR SR TR S ST 2R A O B 5T
FL B 0 3 A ot R AR 1 8 R FS A i, ST
P ATl 1A M 2 B GATAN & F)AE = py il
54 GATAN PIPS 11 695 A4S % B Fus i, B
TRRT S B FiT ) T AR 2.

foft L T B2 R ) 3 — 1 R B3R v
HA1) Vienna Ab-initio Simulation Package (VASP)
HATHELS TR P2 OSSR BB ¥ (pro-
jector augmented wave, PAW) BUBAKIE S (ultra-
soft pseudopotentials, USPP) ik, H 1 bk
B — R Y 0T T pRESURR T . R RS i il
1 (local density approxiamtion, LDA)P3 aff)™ SU
FEIT{PL (general gradient approximation, GGA)?4
AR B TR TSSO E . fET RS R,
o8 FH 8 B2 JEE SN2 0% (projector augmen-
ted wave, PAW), B FllH ¥ 2 [H] ) 28 30 CIAE
R H Perdew and Wang 91 7%, K IERHY
HUBTEE I E N 520 eV, G5 LAk R FH A 1 55 vk
WATE T8, TS RERE A 5 x 102 eV/A,
SEETTE T AT R RZERE N 10 eV, RS
JEVRE T A ef 8 E Brillouin X A9 AR 431 H8E 1 H
1) kA& R 8 x 8 x 6.

3 X5t
3.1 BIEFENSTE g Seres

AL FRRT S BRI X GRS A 1(a)
JiR, o, BSKAR PG ORE i Ry S 18 Sk W, R
WRAERE RS TR BSOS GC BEf
TS Pl epe] LU 0 B 8 AT 506, S SRR A P oy
A AT H S8 S X G A AR BRI XA R
(A5 PDF#17-0116), AT LLHIBiA 54 S ARk
KMnF . 38 128 75 5 i 45 0k i S 10 ot 38 30 v A 1
B55 G  EHIRARH 20 nm FOAPKITRE (8 1(b)).

084205-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 8 (2022) 084205

—~
o
g

GC

PG

PDF#17-0116
. e KMnF3

Intensity/arb. units

10 20 30 40 50 60 70 80 90
20/(%)

Bl 1 (a) BTORIADE IS PG RIS BEEE GC RE 5L LI K KMnF, S (PDF#17-0116) () X ST A7 5 B R BE IR S 59 (b) K53 A0
(¢) B33 TEM E%; (A) ™ f FRIE 5 3 a5 1% fe A3t GC RE S P 2851 (o) Ex Al (f) Yb 434 . AR B R 500

2R B AR G

Fig. 1. (a) X-ray diffraction (XRD) patterns of the precursor glass (PG) and the glass ceramic (GC) samples. Also shown is the
standard XRD pattern of the KMnF; crystal (PDF#17-0116); (b) dark field and (c) high resolution TEM images of the GC sample;
(d) high-angle-annular-dark-field (HAADF) TEM image of the GC sample, and the corresponding elemental mappings of (e) Er and

(f) Yb, with their concentrations reflected by the brightness in colors.
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Fig. 2. (a) Transmission spectra of the PG and GC samples; (b) schematic energy-level diagram illustrating the energy transfer pro-

cesses between Mn?>", Yb** and Er**; (c) up-conversion luminescence (UCL) spectra of the samples. The excitation source is a

976 nm laser diode (LD) with a power density of 1 W/ cm?. Inset images: photos of the samples taken under the irradiation of a

976 nm LD and the log-log plot of UCL intensity vs. the excitation light intensity; (d) decay curves of the 658 nm red UCL emis-

sion of the samples.
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Fig. 3. The crystal structure of KMnF3 used for the calcula-
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Fig. 4. (a), (b) Binding and (c), (d) formation energies of rare earth ions RE** substituting for Mn?* and K* in the KMnF; crystal.
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Abstract

Luminescent materials with an efficient single-(pure) color up-conversion luminescence (UCL) are expected
to be applied to three-dimensional (3D) display, lighting, biological imaging, promoting plant growth and
improving the photoelectric conversion efficiency of solar cells. In this work, perovskite-type KMnF; fluoride
nanocrystals (NCs) are grown in situ in a fluorosilicate glass co-doped with rare earth (RE) ions Yb3"/Er®* by a
controlled thermal treatment. Compared with precursor glass (PG), the nano-glass composites (also referred to
as glass ceramics, or GC in short) thus obtained exhibit a significantly enhanced (by 6 times) red UCL
emission. Although a weak green UCL emission can be also observed in the GC, the intensity ratio of the red
UCL emission to green UCL emission is as high as 30, implying a good color purity. It is suggested that the
dramatic enhancement of UCL emissions in the GCs is due to the doping of RE ions into the KMnF3; NCs with
a much lower phonon energy (330 cm!) than that of the silica glass matrix about 1100 ¢ml. However, the
doping mechanisms of RE ions into KMnF; nano-glass composites are not yet conclusive, mainly because of the
charge and ionic radius mismatch between RE ion dopants and cations of KMnF;. This work combines the
high-resolution transmission electron microscopy (HR-TEM) analysis technology and the first principles
calculation, to unravel the doping mechanism of RE ions in KMnF; nano-glass composites. First, the HR-TEM
study provides straightforward evidence that RE ions are preferentially accumulated in KMnF3; NCs embedded
in the glass matrix. Then, through the first-principles calculation considering the charge balance, it is found
that the formation energy of RE ions substituting for K* is lower than for Mn?* lattice sites in KMnF;, which is
most likely related to the fact that the ionic radius of the eight-fold coordinated K™ is larger than that of the
six-fold coordinated Mn?** and thus is more conductive to accommodating the large size RE ions. The electronic
densities of states at the top of the valence band and the bottom of the conduction band of KMnF; increase
after doping the RE ions. It is inferred from the profile of partial density of state that RE ions have a strong
bonding tendency with F~ in the crystal. Benefiting from the efficient energy transfer between RE ions and
Mn?* in KMnF;, the green UCL emission is dramatically quenched, and consequently, the GC is endowed with
a highly pure red UCL emission. The present study is expected to deepen the understanding of RE ions doping

mechanisms in NCs and facilitate the design of highly efficient UCL materials based on nano-glass composites.
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