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Table S1 Number of Mn?*-Mn?* dimer, average Mn?*-Mn?* distance, total energy (E) and formation
enthalpy (AH) of three different substitution geometry models for a 3x3x3 supercell of RbZnF; with

two Zn?* replaced by two Mn?* (coverage x'=2/27)

Models for Number of Average MnZ*-Mn?*
. . o E (eV) AH (eV)
x=2/27 MnZ*-Mn?* dimer distance (A)
M1 1 4.1887 -564.8166 0.0384
M2 0 5.9238 -564.7370 0.1180
M3 0 7.2551 -564.7356 0.1194

Table S2 Number of Mn?*-Mn?* dimer, average Mn?*-Mn?* distance, total energy (E) and formation
enthalpy (AH) of ten different substitution geometry models for a 3x3x3 supercell of RbZnF; with

three Zn?* replaced by three Mn?* (coverage x'=3/27)

Models for Number of Average Mn?*-Mn?*
. . o E (eV) AH (eV)
x=3/27 MnZ*-Mn?* dimer distance (A)

M1 2 5.584993 -569.7340 0.1250
M2 2 4.767087 -569.8025 0.0565
M3 1 5.345433 -569.7240 0.1350
M4 1 5.789213 -569.7304 0.1286
M5 1 6.232993 -569.7264 0.1326
M6 0 5.92378 -569.6415 0.2175
M7 0 5.92378 -569.6405 0.2185
M8 0 7.25512 -569.6398 0.2192
M9 0 6.81134 -569.6390 0.2200
M10 0 7.25512 -569.6373 0.2217




Table S3 Number of Mn?*-Mn?* dimer, average Mn?*-Mn?* distance, total energy (E) and formation
enthalpy (AH) of thirty-four different substitution geometry models for a 3x3x3 supercell of RbZnF;

with four Zn?* replaced by four Mn?* (coverage x'=4/27)

Models for Number of Average MnZ*-Mn?*
. E(eV) AH (eV)
x=4/27 MnZ*-Mn?* dimer distance (A)

M1 4 4.767087 -574.7123 0.14972
M2 3 5.50004 -574.6430 0.21904
M3 4 4.767087 -574.8499 0.01208
M4 3 5.05626 -574.7701 0.09192
M5 2 5.345433 -574.6886 0.17339
M6 3 5.05626 -574.7569 0.10509
M7 3 5.27815 -574.7744 0.08761
M8 2 5.567323 -574.6917 0.17031
M9 2 5.567323 -574.6989 0.16313
M10 2 5.789213 -574.6955 0.16652
M11 2 6.011103 -574.6931 0.1689
M12 2 5.345433 -574.6846 0.17739
M13 1 5.634607 -574.6119 0.25014
M14 1 5.856497 -574.6161 0.24592
M15 2 5.789213 -574.7073 0.15474
M16 1 6.078387 -574.6156 0.24642
M17 1 6.078387 -574.6138 0.24818
M18 2 6.011103 -574.7137 0.14834
M19 2 6.011103 -574.7106 0.15138
M20 1 6.078387 -574.6237 0.23834
M21 1 6.300277 -574.6189 0.24311
M22 1 6.078387 -574.6218 0.24025
M23 1 6.300277 -574.6204 0.24159
M24 1 6.522167 -574.6167 0.24529
M25 2 6.232993 -574.7014 0.16064
M26 1 6.522167 -574.6143 0.24766
M27 0 6.14567 -574.5299 0.33215
M28 0 5.92378 -574.5300 0.33205
M29 0 6.14567 -574.5289 0.33308
M30 0 6.36756 -574.5284 0.33362
M31 0 6.58945 -574.5273 0.33469
M32 0 6.36756 -574.5275 0.33451
M33 0 6.58945 -574.5269 0.33506
M34 0 6.58945 -574.5267 0.33528




Table S4 Number of Mn?*-Mn?* dimer, average Mn?*-Mn?* distance, total energy (E) and formation
enthalpy (AH) of one hundred and five different substitution geometry models for a 3x3x3 supercell

of RbZnF; with five Zn?* replaced by five Mn?* (coverage x'=5/27)

Models for Number of Average Mn?*-Mn?* E (eV) AH (eV)
x=5/27 Mn2*-Mn?* dimer distance (A)
M1 4 5.322528 -579.7559 0.10907
M2 6 4.882756 -579.5917 0.27327
M3 5 5.05626 -579.6740 0.19101
M4 4 5.229764 -579.6647 0.20034
M5 5 5.189394 -579.6773 0.18773
M6 5 5.322528 -579.6861 0.17887
M7 4 5.496032 -579.2931 0.57186
M8 4 5.496032 -579.5999 0.26513
M9 4 5.629166 -579.6048 0.26023
M10 4 5.7623 -579.6339 0.23112
M11 4 5.7623 -579.6166 0.24845
M12 3 5.935804 -579.5355 0.32946
M13 3 5.935804 -579.5363 0.32871
M14 3 6.068938 -579.5340 0.33101
M15 4 5.229764 -579.7216 0.14338
M16 5 5.189394 -579.8008 0.06422
M17 4 5.496032 -579.7314 0.13357
M18 4 5.7623 -579.7284 0.13659
M19 4 5.229764 -579.7211 0.14391
M20 4 5.362898 -579.7202 0.1448
M21 4 5.496032 -579.7324 0.1326
M22 3 5.536402 -579.6543 0.21073
M23 3 5.669536 -579.6505 0.21453
M24 3 5.80267 -579.6526 0.21239
M25 3 5.536402 -579.6363 0.22872
M26 3 5.669536 -579.6516 0.21343
M27 2 5.709906 -579.5707 0.29427
M28 2 5.84304 -579.5731 0.29186
M29 2 5.84304 -579.5724 0.2926
M30 3 5.80267 -579.6649 0.20007
M31 3 5.536402 -579.6448 0.22021
M32 3 5.669536 -579.6424 0.22261
M33 3 5.80267 -579.6387 0.22627
M34 3 5.935804 -579.6348 0.23022
M35 4 5.496032 -579.7400 0.12501
M36 3 5.80267 -579.6590 0.20604
M37 3 5.669536 -579.6563 0.20874
M38 4 5.629166 -579.7340 0.13098
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Ma83 2 6.109308 -579.5916 0.27345
M84 1 6.282812 -579.4959 0.36911
M85 1 6.282812 -579.4956 0.36944
M86 2 6.109308 -579.5768 0.2882
M87 2 6.109308 -579.5988 0.26625
mM88 2 6.375576 -579.5895 0.27551
M89 2 6.242442 -579.5928 0.27218
M90 2 6.242442 -579.5913 0.27373
M91 1 6.149678 -579.5052 0.35982
M92 1 6.415946 -579.4992 0.36579
M93 1 6.415946 -579.4971 0.36787
M94 1 6.282812 -579.5023 0.36268
M95 1 6.415946 -579.4998 0.36517
M96 2 6.375576 -579.5815 0.28353
M97 0 6.190048 -579.4125 0.4525
M98 0 6.190048 -579.4131 0.45189
M99 0 6.190048 -579.4137 0.45133
M100 0 6.323182 -579.4128 0.45217
M101 0 6.323182 -579.4121 0.45286
M102 0 6.456316 -579.4087 0.45634
M103 0 6.456316 -579.4096 0.4554
M104 0 6.456316 -579.4092 0.45585
M105 0 6.456316 -579.4071 0.45791
Table S5 Rietveld refinement data for RbZnF;
Formula RbZnF3
space group Pm3m
a=b=c (A) 4.11248(6)
a=p=y (°) 90
YA 1
Vv (A3) 69.5525(18)
Rwp (%) 7.02
R, (%) 5.32
7 4.365

Note: The refinements are stable and give low R-factors.



Table S6 The fitting parameters of the Mn K-edge EXAFS curves in RoMnF;

CN

Chemical o . 02(A?) AE, (eV)
(Coordination R (A) .
bond (Debye Waller Factor) (Edge-energy shift)
number)
Mn-F 6.2 2.160 0.0077 -7.9
Mn-Rb 8.2 3.733 0.0162 -7.9
Mn-Mn 6.2 4,418 0.0019 -7.9

Error bounds of the structural parameters were estimated as CN+15%; R+1%; 02+20%;AE,+20%. Mn

K-edge fitting range: K-space range: 3.5-10.5; R-space range: 1.1-4.5 A.

Table S7 The fitting parameters of the Mn K-edge EXAFS curves in RbZnF;: 20%Mn?2*

CN .
Chemical L . o2(A?) AE, (eV)
(Coordination R (A) .
bond (Debye Waller Factor) (Edge-energy shift)
number)
Mn-F 5.8 2.152 0.0064 -8.2
Mn-Rb 7.8 3.680 0.0153 -8.2
Mn-Mn/Zn 5.8 4.370 0.0012 -8.2

Error bounds of the structural parameters were estimated as CN+15%; R+1%; 02+20%;AE,+20%. Mn

K-edge fitting range: K-space range: 3.5-10.5; R-space range: 1.1-4.5 A.
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Fig. S1 The dependence of formation enthalpy (AH) on the number of Mn2*-Mn?* dimer for a certain

Mn?* coverage x' in a 3x3x3 RbZnF; supercell: (a) x'=2/27, (b) x'=3/27, (c) x'=4/27, (d) x'=5/27.



(a) b 240
Coverage x'=2/27 ( ) Coverage x"=3/27
1204 o & 220+
200+
1004 1804
— )
% % 160
g 801 g 1401
E’ E 1204
< 601 <« 1004
80+
40 o 60+
T T T T 40 M L] v T M L v L v T M
4 5 6 7 8 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Average Mn**-Mn*" distance Average Mn**-Mn"" distance
(c) 350 Coverage x'=4/27 & B (d)600- Coverage x'=5/27
300+ i
250 C o8 o O 1
s —_—
= 0] & > 4004
o ]
E 0] o ¢ g g o g 300
5 100+ 8 o 5 2004
501 1004
o] © |
T T T T v T L4 T 0 T T T !
4.5 5.0 5.5 6.0 6.5 5.0 5.5 6.0 6.5
Average Mn”*-Mn’* distance Average Mn’"-Mn"" distance

Fig. S2 The dependence of formation enthalpy (AH) on the average Mn?*-Mn?* distance for a certain

Mn?* coverage x' in a 3x3x3 RbZnF; supercell: (a) x'=2/27, (b) x'=3/27, (c) x'=4/27, (d) x'=5/27.
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Fig. S3 UC emission spectra of RbZnF;:0.5%Yb3*, 5%Mn?* upon excitation with a 980 nm LD and the

sensitivity curve of the human eye (dashed line).

10



0.5%Yb>",50%Mn**

=
-
=
) —
>
~
@
=
<P
N
=
o

M Prpen,

450 500 550 600 650 700 750 800 850

Wavelength (nm)

Fig. S4 UC emission spectra of RbZnF;: 0.5%Yb3*, 50%Mn?* upon excitation of 980 nm laser.
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