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Figure S1. Size distribution of (CgHyoN),Zn; . Mn,Br, (a) x =0, (b) x = 0.1, (c) x = 0.2, and (d) x =
0.3.
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Figure S2. (a) SEM image and (b) size distribution of (CgHpoN),MnBr;. (¢) SEM image and (d) size
distribution of (CgHpN),Zng,MnygBry. (e) SEM image and (f) size distribution of

(CgH20N)2Zng sMng sBry.
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Figure S3. XPS survey spectra of (a) (CgHpN),Zng ;Mng 3Br4 and (b) (CgHpoN),MnBry. (¢) HR-XPS

spectra of (CgH,oN),Zny7;Mny 3Br4 and (CgH,(N),MnBr, of Mn 2p, the satellite peak also belongs

to Mn?*
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Figure S4. (a) PL spectra of (CgH,oN),MnBr, and (b) (CgHoN),Zny ;Mng 3Bry triggered by different

excitation wavelengths.
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(c) PL spectra of (CgHyoN),ZnBry. (d) Absorption spectra of
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Figure S5. PLQY results of (CgHyoN),Zn; ,Mn,Br, (x = 0.1, 0.3, 0.7, and 1.0) at 460 nm excitation.
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Figure S6. Decay curves of (a) (CsHyoN),Zng7Mng3Bry and (b) (CsH,oN),MnBr4 overtime during
the stability experiments. (¢) XRD patterns of (CgHyoN),Zng ;Mng 3Bry and (CgHyoN),MnBry4 during

the stability experiments.



a —103K 278K b — 103K 278 K

(CgH,,N),MnBr, bR — 308K (CgH,N),Zn, ,Mn, Br, 128K —— 298K

—— 153K —— 323K —— 153K —— 323K

178K ——348K 178K —— 348K

= ——203K —373K = ——203K ——373K

3 —— 208K ———3e0h 5 ——228K ——398K

S 253K o 253K ——423K

> = —— 448K

= = ——473K
= £

475 500 525 550 575 600 475 500 525 550 575 600
Wavelength (nm) Wavelength (nm)

& (Cs HzDN)zzno,aMno,zBr4 : }gg E = %g § d (CstoN)zzno,sMntra : lgg E — g;g i

—— 153K ——323K — 153K ——323K

178 K —— 348K 178 K —— 348K

- ——203K ——373K . ——203K ——373K

3 —228K ——398K 5 228K ——398K

o 253K ——423K o 253K —— 423K

= —— 448K g —— 448K

= ——473K = ——473K
{ = =
2 o

= =
475 500 525 550 575 600 475 500 525 550 575 600
Wavelength (nm) Wavelength (nm)

Figure S7. Temperature-dependent PL spectra of (a) (CgH2oN),MnBry, (b) (CsH;0N),Zng7Mng 3By,
(C) (C8H20N)2ZHOA8MH0_2BI'4 and (d) (CgHgoN)zzno_gMnohlBIq (T: 103—473 K, )"ex =361 nm).
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Figure S8. Temperature-dependent emission peak position and integrated PL intensity and the
corresponding  fitting curves of (a) (CgHpoN),MnBry, (b) (CgHyN),Zng;Mng3Brs, (c)
(CgHzoN)QZHO.gMHOQBm and (d) (CgHzoN)zZl’l()‘gMno'lBM in the range of 103 ~473 K.
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Figure S9. (a) M-H loops of (CgHpN),Zn;  Mn,Brs (x = 0.3, 0.7, and 1.0). The inset shows the
magnified area near the zero magnetic field of M-H loops. (b) Temperature-dependent PL spectra
of (CgH,oN),MnBr, after being fully illuminated in the temperature range of 30 °C to 120 °C and

120 °C to 30 °C. The inset shows the relative emission intensity at different temperatures. (c)

Thermo-luminescent spectra of (CgHzN),Zng ;Mng 3Brg and (CgH,oN),MnBry.
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Figure S10. (a) Color gamut range (CsH»oN),Zngy;Mng3Br, contrast NTSC standard. (b) The change

of color coordinate of the WLED under different currents.
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Figure S11. (a) PLQY of (CgHyoN),Zng;Mny;Bry powder under 450 nm excitation. (b)
Electroluminescence spectra of the W-LED device under different power efficiencies. The inset
shows the external quantum efficiency (EQE) versus luminance characteristics for WLED devices

based on (C gHng)ZZn0,7Mno,3Br4.

1.2{ —(CH,N),Zn, ,Mn,_Br, powder

1 0]~ (CaHN)Zn, Mn, Br, @PDMS fim

B
59;0.8- .
2
c

480 500 520 540 560 580
Wavelength (nm)
Figure S12. PL spectra of a flexible and luminescent film encapsulated by the

(CgHpoN)2Zng 7Mn, 3Bry powder and polydimethylsiloxane (PDMS). Illustration: photos of the film

under visible light and 365 nm light.



Table S1. Crystal data and structure refinement of (CgH,N),Zn,_,Mn,Br, (x =0,
0.3,0.5,and 1)

Empirical

(CsHN);MnBry (CgHyN);ZngsMngsBry (CgHyoN),Zng;Mng3Bry (CsH;oN);ZnBr,
formula
Temperature/ 293 150 293 303
K
Crystal color Green Green Green Colorless
Crystal system Tetragonal Tetragonal Tetragonal Tetragonal
Space group P-421m P-421m P42/nmc P42mmc
a/A 13.3908(6) 13.2487(2) 8.9998(4) 9.0097(5)
b/A 13.3908(6) 13.2487(2) 8.9998(5) 9.0097(5)
c/A 14.4477(9) 14.3725(5) 15.9725(7) 16.0020(10)
a/° 90 90 90 90
pre 90 90 90 90
v/° 90 90 90 90
Volume/A3 2590.7(3) 2522.78(12) 1293.7(11) 1298.96(17)

Table S2. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic
Displacement Parameters (A2x10°) for (CsH2N)2ZngsMng sBry. U is defined as

1/3 of the trace of the orthogonalized Uy, tensor.

Atom x y z U(eq)
Br01 8677.3(13) 6322.7(13) 6959.0(15) 30.4(5)
Br02 7555.8(13) 7444.2(13) 9474.8(16) 35.0(5)
Br03 5730.9(13) 7045.3(14) 7235.3(13) 37.4(4)
Mn04 7478.3(16) 7521.7(16) 7732.0(2) 23.2(6)
NO0O05 5000.0 10000.0 -42(19) 27(5)
NO006 7074.0 7926.0(9) 4209(12) 22(3)
NO007 5000.0 5000.0 0 24(5)
C008 6242(13) 7468(13 3633(11) 31(3)
C009 7890(15) 7110(15) 4457(19) 39(5)
CO00A 5523(19) 6220(2) 1316(17) 56(5)
C00B 5687(16) 6577(15) 4096(14) 43(4)
C00C 8378(17) 6622(17) 3600(2) 48(7)
C00D 5923(14) 9077(14) 1293(18) 36(5)
COOE 6723(14) 8277(14) 5157(19) 37(5)
COOF 5900(2) 9100(2) 5080(3) 62(9)
NO00G 9090(3) 5910(3) 1350(3) 109(15)
CO0H 5910(2) 5340(2) 592(19) 60(6)



Atom x y z U(eq)

CO0I 5070(3) 9020(3) 570(3) 98(11)

Table S3. Bond Lengths for (CstoN)zZﬂo.sMno_sBl].

Atom Atom Length/A
Br01 Mn04 2.506(4)
Br02 Mn04 2.509(4)
Br03 Mn04 2.503(2)
NO005 CO00I 1.56(4)
NOO05 CO00I 1.56(4)
NO005 C00I 1.56(4)
NO005 CO00I 1.56(4)
NO006 C008 1.507(19)
NO006 CO008 1.507(19)
NO006 C009 1.57(3)
NO006 COOE 1.51(3)
NO007 CO0H 1.54(3)
NO0O7 COOH 1.54(3)
NO007 CO0H 1.54(3)
NO007 CO00H 1.54(3)
C008 C00B 1.54(3)
C009 CooC 1.54(4)
CO0A CO0H 1.65(4)
C00D CO00I 1.54(4)
C00D CO00I 1.54(4)
COOE COOF 1.54(5)
CO00I C00I 1.96(8)

C001 CO0I 1.69(8)




Table S4. Bond Angles for (CsH;N),ZngsMngsBr,.

Atom Atom Atom Angle/* Atom Atom Atom  Angle/’
Br01 Mn04 Br02 112.99(14)  COOH N007 COOH 107.7(10)
Br03 Mn04 Br0l1 107.45(9) COOH N007 COOH 113(2)
Br03 Mn04 Br0l 107.45(9) COOH N007 COOH 113(2)
Br03 Mn04 Br02 108.19(9) COOH NO007 COOH 107.7(10)
Br03 Mn04 Br02 108.19(9) COOH N007 COOH 107.7(10)
Br03 Mn04 Br03 112.64(14)  NO006 C008 C0O0B 114.8(14)
C00I NO0O5 Co0I 78(3)  C00C C009 NO06 113(2)
C00I NO05 Co00I 112(3) C00I CO00D €001 67(3)
C00I NO05 Co00I 65(3) NO006 COOE COOF 112(2)
C00I NO05 €001 65(3)  NO007 COOH CO00A 108.2(18)
C00I NO0O5 Co00I 78(3)  NO005 CO00I CO00I 51.1(15)
C00I NO05 Co00I 112(3)  N005 C00I CO00I 57.3(15)
C008 NO006 €008 106.7(16)  CO0D CO00I N0O5 113(3)
C008 NO006 C009 110.6(11)  C00D CO00I CO0I 119.1(17)
C008 NO06 C009 110.6(11)  C00D CO00I CO0I 56.6(15)
C008 NO006 COOE 113.1(11) C00I CO00I CO00I 89.999(1)
C008 NO006 CO0OE 113.1(11)  COOE NO006 C009 102.7(17)

Table SS. Torsion Angles for (CsH;N),ZnysMng sBr,.

A B C D Angle/®
C008  NO006 C008 C00B 178.8(11)
C008  NO006 C009 C00C -59.0(11)
C008  NO006 C009 C00C 59.0(11)
C008  NO006 COOE COOF 60.8(12)
C008  NO006 COOE COOF -60.8(12)
C009  NO006 C008 C00B 58.5(19)
C009  NO006 COOE COOF 179.999(8)
COOE  NO006 C008 C00B -56(2)
COOE  NO006 C009 Co0C 179.999(5)
COOH  NO007 CO0OH  CO0A -173.4(19)
COOH  NO007 CO0OH  CO0A 64.4(10)
COOH  NO007 CO0OH  CO0A -54.5(14)
C001 NO005 C001 C00D -53(2)

10



€001l NO005 C00I C00D 11(3)

CO0I  N005  CO0I  COOD -110(2)
CO0I  NO05  CO0I  COOI 121(2)
CO0I  NO05  CO0I  COOI 57(2)

A B C D Angle/”
CO0I  N005  CO0I  COOI -121(2)
CO0I  N005  CO0I  COOI -64.3(17)
CO0I  COOD  COOI  NOO5 -11(3)
CO0I  CO0D  CO0I  COOI -68.4(17)

Table S6. Fractional Atomic Coordinates (x104) and Equivalent Isotropic
Displacement Parameters (A2x103) for (CsH;oN),ZnBr. Uyq is defined as 1/3 of the
trace of the orthogonalised Uy, tensor.

Atom x y z U(eq)
Zn01 2500 7500 2500 55.7(6)
Br02 2500 5330.1(13) 1625.5(7) 100.9(6)
NO003 2500 2500 4145(5) 65(2)
C004 2500 4788(16) 5048(10) 156(8)
C006 2500 4230(30) 4175(14) 96(6)
C2 2500 2500 4970(20) 208(16)
Cl -50(40) 2500 3420(30) 168(14)
c3 830(20) 2500 4150(20) 211(13)
C3A 1860(30) 1780(30) 3397(12) 93(7)
Cl1A 390(50) 2110(70) 3050(30) 160(20)

Table S7. Anisotropic Displacement Parameters (A2x103) for (CsH;oN),ZnBr,.
The Anisotropic displacement factor exponent takes the form: -
2n2[h2a*2U11+2hka*b*U12+...].

Atom Un Uz Uss Uz Uiz Un
7001 62.9(8) 62.9(3) 41.4(8) 0 0 0
Bro2  1329(11)  83.2(8) 86.6(9) 31.8(5) 0 0
NO03  83(7) 61(5) 51(5) 0 0 0
C004  250(20) 101(10)  120(12) -51(9) 0 0
C006  106(10) 92(9) 91(9) -8(8) 0 0
C2 220200 26020)  147(19) 0 0 0
cl 166(15) 172(15) 167(15) 0 L4(5) 0
C3 208(15)  219(15)  205(15) 0 L4(10) 0

11



Atom Un Uz Uss Uy Uz Up
C3A 96(10) 97(10) 85(9) -11(7) -11(7) 12(8)
Cl1A 160(20) 170(20) 170(20) -7(10) -10(10) 0(10)

Table S8. Bond Lengths for (CgH»,N),ZnBr,.

Atom Atom Length/A Atom Atom  Length/A

Zn01 Br02  2.4042(10) N003 C3A 1.476(18)

Zn01 Br02! 2.4042(10) NO003 C3A* 1.476(18)

Zn01 Br022 2.4042(10) C004 C006 1.49(2)

Zn01 Br02® 2.4042(10) Cl C3 1.41(4)

NO003 C006* 1.56(2) C3A C3A° 1.29(5)

N003 C006 1.56(2) C3A C3A* 1.73(4)

N003 C2 1.31(3) C3A C3AS 1.15(5)

N003 C3 1.51(2) C3A CIA 1.47(5)

NO003 C34 1.51(2) C3A CI1AS 1.75(5)

NO003 C3A° 1.476(18) ClA C1A> 0.70(12)

NO003 C3A° 1.476(18)

Table S9. Bond Angles for (CsH;0N),ZnBr,.

Atom Atom Atom Angle/ Atom Atom Atom Angle/*
Br02 Zn01 Br02! 109.80(3) Cl C3 NO003 124(3)
Br02 Zn01 Br022 109.80(3) N003 C3A C3A* 54.1(9)
Br023 Zn01 Br02? 109.80(3) N003 C3A CIA> 108(2)
Br02! Zn01 Br023 109.80(3) C3A% C3A NO003 67.1(10)
Br02! Zn01 Br02? 108.82(6) C3A5 C3A NO003 64.0(10)
Br02 Zn01 Br023 108.82(6) C3A* C3A CIAS 94(3)

C006* N003 C006 176.4(18) C3A°> C3A CIAS 55(2)
C2 NO003 C3A 144.1(9) C3A5 C3A Cl1A 78(2)
C3% NO003 C006* 90.00(5) C3A% C3A CIAS 139(2)
C3 NO003 C006 90.00(5) C3A% C3A Cl1A 154.6(19)
C3 N003 C006* 90.00(5) CIA C3A N003 125(3)
C3% N003 C006 90.00(5) ClA C3A CIA? 23(4)
C3* N003 C3 180(3) C1A5 C1A C3A 102(2)

C004 C006 NOO3

111.7(16)

12



Table S10. Torsion Angles for (CsH,(N),ZnBr,.

A B C D Angle/* A B C D Angle/*
N003 C3A ClA C3A! 47(2) C3A' NO003 C3A C3A? 47.6(18)
N003 C3A ClA CIlA! 47(2) C3A3 1NO003 C3A C3A%* -54.3(17)
C006> NO003 C3 C1 -91.8(9) C3A3 N003 C3A ClA -154(3)
C006 NO003 C3 C1 91.8(9) C3A! NO003 C3A ClA -52(3)

C2 N003 C3A C3A' 132.4(13) C3A? N003 C3A ClA -100(3)

C2  N003 C3A C3A3 -125.7(17) C3A? NO003 C3A CIlA! -83(3)

C2 N003 C3A C3A% 179.999(3) C3A! NO003 C3A CIA! -35(2)

C2 N003 C3A ClA 80(3) C3A3 NO003 C3A CIA! -137(2)

C2 N003 C3A CIlA! 97(3) C3A? C3A Cl1A C3A' -16.7(19)

C3  N003 C006 C004 89.9(15) C3A3 C3A CIA C(C3A! -64(6)

C32  NO003 C006 C004  -89.9(15) C3A3 C3A ClA ClA! -64(6)

C3A! NO003 C3A C3A3 101.9(6) C3A! C3A ClA CI1A'" -0.004(9)
C3A3 NO003 C3A C3A' -101.9(6) C3A%2 (C3A CIlA Cl1A!  -16.7(19)
C3A%2 NO003 C3A C3AS 54.3(17) CIA! C3A ClA C3A' 0.004(11)
C3A%2 NO003 C3A C3A' -47.6(18)

Table S11. Fractional Atomic Coordinates (x10%) and Equivalent Isotropic
Displacement Parameters (A2x10%) for (CsH3N),Zng7Mn 3Br. Ugq is defined as
1/3 of the trace of the orthogonalised Uy, tensor.

Atom X y z U(eq)
Zn0 0.7500 0.2500 0.2500 0.057
Br02 0.9666 0.2500 0.3374 0.102
NO003 1.2500 0.2500 0.0869 0.066
C004 0.7500 -0.0188 0.5060 0.184
Cl1 1.3250 0.3272 0.0039 0.353
C2 1.2500 0.5105 0.1716 0.202
C3 0.7500 -0.0809 0.4166 0.155
C5 1.2500 0.4382 0.0840 0.199
C4 1.3219 0.3208 0.1583 0.208

MnO01 0.7500 0.2500 0.2500 0.057

13



Table S12. Comparison of optical properties and particle size of Mn-based hybrid compounds.

Material Peak position/FHWM PLQY Size Ref.
CsMnCl;3(H,0), 618 nm/70 nm N/A >1cm 1
Cs;MnBr; 520 nm/42 nm 49% N/A 2
PefH,[MnBry] 521 nm/48 nm 45% N/A 3
(CgHoN),MnBr, 515 nm/47 nm 85.1% 5cm 4
(CsHgN),MnBr, 521 nm/42 nm 95% 20 um 5
(C1oH16N)2Zn;«Mn,Bry 518 nm/46 nm 0-89.91% N/A 6

x=0-1)

(CHgN3)>,MnCly 650 nm/86 nm 55.9% 10 pm 7
CsHsNOMnCl,-H,O 656 nm/94 nm 24% 1 mm 8
(NR4),MnX, 511-539 nm/47-62 nm <75% 10-100 mm 9

(CgHoN),MnBr, 517 nm/47 nm 85% 1.5 ym This

work

(CgHng)zZHO.7Mn0'3Br4 517 nm/47 nm ~80% 0.7 pm This

work

N/A: not available
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Table S13. Comparison of the thermal stability, photostability of other Mn-emitting hybrid

compounds.
Material Thermal stability Photostability Ref.
Cs3Mng 96Zng 04Br5 120 °C, 84% N/A 2
(CsHgN),MnBr4 N/A <85%/14 Days 5
(CoH5N3)ZnCly:Mn2* 120 °C, 65% N/A 10
[(CH3)4N],Mng 6Zn 4Bry N/A 50%/6 Days 11
Cs3Mng ¢Zng 4Brs 120 °C, 50% 50%/6 Days 12
(ABD);MnBr4:5%2Zn?* 120 °C, 61.6% 95%/30 Days 13
(CsHaoN),MnBr, 125 °C, 70% ~50%/30 Days | Lhis work
(CgHaoN)2Zng sMng 3Brs 125 °C, 80% ~150%/30 Days | Lhis work

N/A: not available
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