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1.Experimental section

1.1 Reagents and Syntheses. All chemicals were analytically pure and commercially 

available, which were directly used without any further purification. MnBr4·4H2O 

(0.224 g, 0.1mmol) with 4-2-aminomethylpyridine (0.122 g, 0.1mmol) was first 

dissolved in ethanol (4 mL) and later acidified by adding bromic acid (1 mL). The 

mixture was stirred for 30 min under 60 °C until the solid powder was completely 

dissolved to give a clear aqueous solution. Upon gradual evaporation of the solvent 

over a period of 48 hours, light-yellow crystals of 1 emerged. As the solvent volume 

diminished over time, we observed that after 72 h the resultant crystals (2) emits a 

distinct bright yellow light. We collected the PXRD data and PL spectra of 1, 2, and 

the sample with mixed phases at some point and found that both the peak position and 

bandwidth fall in between 1 and 2 (Fig. S11), indicating that the sample contains two 

kinds of crystal phases and the phase transformation is going on. Moreover, FT-IR 

spectra in Fig. S12 show characteristic peaks at 1572 and 1652 cm-1 corresponding to 

the pyridine ring, indicating that the organic template cations are integrate into the 

hybrids. Thermogravimetric analysis (TGA) demonstrates that two halides have high 

thermal stability up to 571K (Fig. S13). 

1.2 X-ray Crystallographic Study. Single-crystal X-ray diffraction data of 1 and 2 

were collected using an Agilent single crystal diffractometer with Mo Kα radiation 

(λ=0.71073Å). The crystal structure of 1 and 2 was solved directly using the SHELXL-

97 package on the Olex2 software. This was followed by full matrix least-squares 

minimi sation of F2 with anisotropic refinement of Mn, Br, C and N atoms. In theory, 

all of the H atoms in the organic cations are generated on top of C and N atoms using 

isotropic refinement. Table S2 and Table S3 give crystallographic data for some of the 

bond lengths and angles in the structures.

1.3 Photoluminescence measurements. The photoluminescence (PL) measurements 

of 1 and 2, involving excitation spectrum, temperature-dependent PL spectra, and time-

resolved decay data, were performed on an Edinburgh FLS-920 fluorescence 

spectrometer with a picosecond pulsed diode laser. PLQY was also achieved using 



S4

FLS-920 spectrofluorometer equipped with an integrating sphere. The equation: QE = 

IS/(ER – ES) was used to calculate PLQY, where IS stands for the emission spectra of 

the compound, ER is the spectra of the excitation light of the empty integrated sphere, 

and ES is the excitation spectra of the excited sample. The CIE chromaticity coordinates 

were calculated using the CIE calculator software based on the emission spectra. The 

emission spectra, correlated color temperature (CCT), luminous efficacy, and CIE 

coordinates of white LED device were performed on the integrating sphere 

spectroradiometer system (ATA-100, Everfine, EOS, Hangzhou, China).

1.4 Characterization. TU-1950 UV spectrometer was used to record the UV-vis 

absorption curves of two halides at ambient condition, where the standard reference 

was BaSO4. Powder X-ray diffraction (XRD) measurements were measured at 40 kV 

and 100 mA on a Rigaku D/Max-2500 diffractometer with Cu Kα radiation, and the 

powder diffraction patterns were collected in the 2θ range of 5° to 50° with a step size 

of 0.02 min-1.TGA measurement was carried out on a NETZSCH STA 449F3 thermal 

analyzer under N2 at a heating rate of 10 °C/min. 

1.5 Hirshfeld surface analysis. Hirshfeld surfaces and related two-dimensional (2D) 

fingerprints of DMAPH+ cations in the asymmetric unit of 1 and 2 were calculated 

using Crystal Explorer 21.5 program with inputting structure file in CIF format. In this 

work, all the Hirshfeld surfaces were generated using a standard (high) surface 

resolution. The three-dimensional (3D) Hirshfeld surfaces and 2D fingerprint plots are 

unique for any crystal structure. The intensity of intermolecular interaction is mapped 

onto the Hirshfeld surface by using the respective red-blue-white scheme: where the 

white or green regions exactly correspond to the distance of van der Waals contact, the 

blue regions correspond to longer contacts, and the red regions represent closer 

contacts. In 2D fingerprint plots, each point represents an individual pair (di, de), 

reflecting the distances to the nearest atom inside (di) and outside (de) of the Hirshfeld 

surface, and the frequency of occurrence for these points correspond to the color from 

blue (low), through green, to red (highest). The normalized contact distance dnorm is 

based on de, di and the van der Waals (vdW) radii of the two atoms external (re
vdW) and 

internal (ri
vdW) to the surface: 
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𝑑𝑛𝑜𝑟𝑚=
𝑑𝑖 ‒ 𝑟

𝑣𝑑𝑊

𝑟𝑣𝑑𝑊𝑖
+
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𝑟𝑣𝑑𝑊𝑒

dnorm surface is used for the identification of very close intermolecular interactions. The 

value of dnorm is negative or positive when intermolecular r contacts are shorter or 

longer than rvdW, respectively.

1.6 Calculations of Tanabe-Sugano (T-S) Matrices. The crystal field Dq, Racah B 

parameters and tree correction α were obtained using the modified energy terms derived 

by Tanabe and Sugano as follows:
6S → 4A1; 4E(4G) = 10B + 5C + 20α
6S → 4E(4D) = 17B + 5C + 6α
6S → 4T2( 4D) = 13B + 5C + 8α
6S → 4T2(4G) = -10Dq + 18B + 6C - (26B2 /10Dq) + 22α

Calculated results: Dq = 910.06, B = 1647.6, C = 1169.8 and α = 25.3 for 1 and Dq = 

673.4, B = 1194, C = 1847.8 and α = -80 for 2.
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2.Supporting figures

Fig. S1. (a) Synthesis process of two compounds by slow evaporation method. (b) Photographs of 
bulk crystals under natural light and 365 nm-UV lamp.

Fig. S2. Experimental and simulated powder XRD data of (a) 1 and (b) 2.

Fig. S3. 3D packing patterns of (a) 1 and (b) 2, where isolated 0D MnBr4 tetrahedral structures and 
protonated DMAPH+ cations can be linked with each other by intermolecular N-H···Br bindings.

Fig. S4. Asymmetric unit of 2.
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Fig. S5. … stacking interactions between organic cations in (a) 1 and (b) 2.

Fig. S6. Hirshfeld surfaceand 2D fingerprint of the DMPAH+ cations in the asymmetric unit of (a) 
1 and (b) 2.

Fig. S7. UV-vis absorption spectra of 1 and 2.
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Fig. S8. UV-vis absorption and PLE spectra of (a) 1 and (b) 2.

Fig. S9. Mn-Mn distance of (a) 1 and (b) 2.
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Fig. S10. Dependence of the emission wavelength on the bond length distortion in 0D tetrabromide 
hybrids.
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Fig. S11. (a) PXRD data and (b) PL spectra of 1, 2, and the sample with mixed phases.

Fig. S12. FT-IR spectra of two compounds.

Fig. S13. TGA data of two compounds at the temperature range of 25 – 800 °C.
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3. Supporting tables
Table S1. Crystal data of 1 and 2.

Compound 1 Reported 1 [1] 2

Formula C14H22Br4MnN4 C14H22Br4MnN4 C14H22Br4MnN4

Mr 620.93 620.90 1241.87

T/K 293(2) 111(2) 293(2)

Crystal system Triclinic Triclinic Orthorhombic

Space group P-1 P-1 P21212

Z 2 2 4

a/Å 8.1305(3) 7.9747(4) 33.1106(6)

b/Å 8.1462(3) 8.0327(3) 16.5169(3)

c/Å 17.3017(6) 17.1042(5) 7.9113(2)

α/° 95.203(3) 101.556(3) 90

β/° 100.992(3) 94.407(3) 90

γ/° 94.982(3) 96.649(4) 90

V/Å3 1113.97(7) 1060.59(7) 4326.57(16)

ρcalc/gcm-3 1.851 1.994 1.907

μ/mm-1 7.770 8.160 8.001

F(000) 598.0 598.0 2392.0

Size/mm3 0.1 × 0.1 × 0.05 - 0.1 × 0.1 × 0.1

S 1.021 - 1.041

Rint/Rsigma 0.0324/0.0444 0.0937 0.0480/0.0537

Reflections 20080 13049 10876

Data/Para. 5355/0/212 - 10876/0/424

R1
a, wR2

b [I>2σ(I)] 0.0527/0.1305 0.0441/0.0623 0.0441/0.0623

R1
a, wR2

b (all data) 0.0969/0.1528 -/0.1800 0.0966/0.0728

ρmax/ρmin / e Å3 2.27/-0.97 2.65/-0.1.83 0.42/-0.60

aR1 = ∑FoFc/∑Fo. bwR2 = [w(Fo
2Fc

2)2/w(Fo
2)2]1/2
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Table S2. Selective bond lengths and bond angles of 1.

Atom-Atom Length/Å Atom-Atom Length/Å

Mn1-Br1 2.5119(10) Mn1-Br2 2.5098(11)

Mn1-Br3 2.4957(11) Mn1-Br4 2.5116(11)

Atom-Atom-Atom Angle/˚ Atom-Atom-Atom Angle/˚

Br2-Mn1-Br4 105.27(4) Br3-Mn1-Br4 111.72(4)

Br2-Mn1-Br1 111.18(4) Br3-Mn1-Br1 108.89(4)

Br3-Mn1-Br2 109.20(4) Br4-Mn1-Br1 110.56(4)

TableS3. Selective bond lengths and bond angles of 2.

Atom-Atom Length/Å Atom-Atom Length/Å

Mn2-Br3 2.5185(11) Mn1-Br1 2.5001(10)

Mn2-Br6 2.5118(12) Mn3-Br8 2.5036(10)

Mn1-Br2 2.5163(10) Mn2-Br4 2.4935(12)

Mn2-Br5 2.5051(12) Br7-Mn3 2.5008(10)

Atom-Atom-Atom Angle/˚ Atom-Atom-Atom Angle/˚

Br2-Mn1-Br2b 113.85(6) Br4-Mn2-Br3 106.09(4)

Br1-Mn1-Br2 105.23(2) Br4-Mn2-Br6 116.13(5)

Br1b-Mn1-Br2b 105.22(2) Br4-Mn2-Br5 108.89(4)

Br1b-Mn1-Br2 107.74(2) Br8a-Mn3-Br8 117.82(7)

Br1-Mn1-Br2b 107.74(2) Br7-Mn3-Br8 105.58(2)

Br1b-Mn1-Br1 117.37(7) Br7-Mn3-Br8a 105.38(2)

Br6-Mn2-Br3 105.69(4) Br7a-Mn3-Br8a 105.58(2)

Br5-Mn2-Br3 114.62(5) Br7a-Mn3-Br8 105.38(2)

Br5-Mn2-Br6 105.69(4) Br7-Mn3-Br7a 117.76(7)

Symmetric code: (a) 1-x,1-y, +z; (b) 1-x,2-y, +z
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Table S4. Bond length distortion and bond angle variance of MnBr4 units, PL properties, and 
Huang-Rhys factor (S) for 1 and 2.

Comp. Units Δd σ2 ex FWHM  / s S PLQY

1 MnBr4
2- 7.2×10-6 5.44 525 nm 51 nm 198.48 1.12 80%

Mn1Br4
2- 10.4×10-6 24.72

Mn2Br4
2- 1.4×10-5 22.322

Mn3Br4
2- 3.1×10-7 40.43

555 nm 68 nm 236.06 37.40 99.8%

Table S5. Bond length distortion and bond angle variance of previously reported MnBr4 units.

Compound ∆d σ2 em / nm
(DMAPH)2MnBr4 (this work) 8.1×10-6 29.2 555
([C16Py]2MnBr4) [2] 9.3×10−4 25.99 540
(C13H14N)2MnBr4

 [3] 1.78×10-4 24.64 539
([C16mim]2MnBr4) [2] 6.25×10−4 23.38 530
(3AMP)2MnBr4

 [4] 3.3×10-5 21.51 514
Mn(ttpo)Br2

 [5] 0.097 19.41 512
(KC)2MnBr4

 [6] 2.14×10-4 14.72 520
[MeIM]2[MnBr4] [7] 3.89×10-5 12.87 529
(3MP)2MnBr4

 [4] 9.1×10-7 12.77 523
(TMPEA)2MnBr4

 [4] 1.225×10-5 12.59 520
(HTPP)2MnBr4

 [8] 4.83×10-5 12.54 525
[P14]MnBr4

 [9] 1.375×10-5 10.75 520
[PP14]MnBr4

 [9] 2.0×10-5 10.74 527
(Bz(Me)3N)2MnBr4

 [10] 9.94×10-5 10.53 516
(HEP)2MnBr4

 [4] 8.02×10-6 9.35 519
(PrTPP)2MnBr4

 [11] 1.69×10-5 9.3 518
PEA2MnBr4

 [12] 1.24×10-5 8.87 530
[BTEA]2MnBr4

 [13] 3.88×10-6 6.15 521
(C13H26N)2MnBr4

 [3] 2.39×10-4 6.08 515
(BTMA)2MnBr4

 [14] 2.3×10-5 5.8 516
(DMAPH)2MnBr4 (this work) 7.18×10-6 5.44 525
[EtIM]2[MnBr4] [7] 3.78×10-5 5.29 519
[(H2CQCHCH2)(C6H5)3P]2MnBr4

 [15] 4.9×10-6 4.9 516
(MDPA)2MnBr4

 [16] 5.89×10-5 4.32 540
(C10H16N)2MnBr4

 [17] 5.23×10-4 4.3 518
[(CH2)4N(CH2)4]2[MnBr4] [18] 6.49×10-6 4.3 525
DIPA2MnBr4

 [10] 1.18×10-5 2.66 525
(BuTPP)2MnBr4

 [11] 1.4×10-5 1.5 522
(C9H20N)2MnBr4

 [19] 2.63×10-5 / 528
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