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Experimental Procedures

Material:

Manganese bromide tetrahydrate (MnBr,-4H,0, 99.99%), (R)- or (S)- 6,6'-dimethoxy-[1,1'-biphenyl-2,2'-diyl
bis(diphenylphosphine)], (R)-L and (S)-L, 99.9%, Polymethyl Methacrylate, Toluene (AR), Diethyl ether (AR), and
Hydrobromic acid (HBr, 33 wt%) were purchased from Aladdin. These materials and chemicals were not subjected to
additional purification before use.

Synthesis of (R)-a-Mn, (S)-a-Mn, (R)-a-Mn and (S)-fi-Mn crystals:

The directed synthesis of these crystals was successfully achieved by a temperature-controlled solvent evaporation
method. The specific preparation steps are as follows: In a 20 mL beaker, 0.20 mmol of the (R)-L or (S)-L ligand and
0.10 mmol of MnBr,-4H,0 were sequentially added and dissolved in 2.0 mL of HBr solution. Subsequently, the solution
was divided into two portions. One portion was incubated at room temperature for 5-7 days to obtain (R)-a-Mn or (S)-a-
Mn single crystals, while the other portion was incubated on a heating table at 70 °C for 3-5 days to obtain (R)-f-Mn or
(8)-f-Mn crystal products. The resulting crystals were washed three times with diethyl ether and then dried in a vacuum
drying oven for 12 hours. The dried crystal samples were ground into fine powder for subsequent X-ray diffraction
(XRD) and fluorescence spectroscopy analyses.

Characterizations:

Single-crystal X-ray diffraction (SC-XRD) data were collected on a Bruker DS diffractometer equipped with MoKa
radiation (A =0.71073 A) operating at 50 kV and 30 mA. The chiral manganese(Il) crystal structure was visually analyzed
using OLEX2 and Diamond 3.2 software. Power X-ray diffraction (PXRD) data were collected at room temperature
using a Bruker D8 Advance diffractometer equipped with Cu Ka (A = 0.15405 nm) radiation (operating voltage: 40 kV,
current: 30 mA). The scanning range was set to 5-50° with a scanning speed of 12°/min. Morphology and elemental
analysis were performed using a field-emission scanning electron microscope (FE-SEM, Sigma 300) equipped with an
energy-dispersive spectrometer (EDS). UV-Vis absorbance spectra of the samples were measured using a UV-2600
ultraviolet-visible spectrometer. Steady-state photoluminescence (PL) spectra, PL excitation spectrum,
photoluminescence quantum yields (PLQY), and PL decay time were recorded using an FLS1000 fluorescence
spectrometer at room temperature. Temperature-dependent PL spectra were acquired using an Oxford Optistat DN-V
cryostat. Thermogravimetric analysis (TGA) was performed using a Mettler Toledo TGA2 thermogravimetric analyzer.
Circular dichroism (CD) spectra were measured on a MOS-450 CD spectrometer and circularly polarised luminescence
(CPL) spectra were recorded on JASCO CPL-300 solid-state spectrometer. CD testing was conducted by flipping the
film, with the effects of linear birefringence and linear circular dichroism (LBLD) on the circular dichroism signal
eliminated via the following formula: CDgye = 0.5% (CDyps frone + CDobs pack).! The scintillation characteristics were
assessed utilizing a custom-built CuKa radiation X-ray imaging system, and imaging photographs were captured with a
digital camera. The SHG testing system primarily consists of five components: laser light source, power and polarization
control unit, focusing system, non-linear crystal, and a detection system. By employing a half-wave plate (A/2) and a
quarter-wave plate (A/4), the polarization of the pump beam was modulated between linear and circular states. The
reflected signal was collected from the front surface of the crystal. Under 980 nm laser excitation, power-dependent
SHG spectra were acquired by progressively increasing the incident laser power.

Fabrication of X-ray scintillator thin films:

(R)-a-Mn and (R)-f-Mn crystals were ground into fine powder, and the powder was collected using a 400-mesh
standard sieve. Subsequently, 2.5 mL of toluene containing 0.5 g of polymethyl methacrylate (PMMA) was stirred and
heated at 60 °C for 2 hours to form a homogeneous solution. Then, 0.2 g of the sieved chiral manganese halide powder
(R)-a-Mn or (R)-f-Mn was added, and the mixture was sonicated for 30 minutes to obtain a uniformly dispersed solution.
Finally, the solution was poured into a circular mold with a diameter of 3 cm, left to stand for 20 minutes, and cured to
obtain a transparent scintillating film. The thickness of the scintillator film was measured using a CQ-TOOLS thickness

gauge.

DFT calculations

Density Functional Theory (DFT) calculations were performed using the Castep and Vasp software.” 3 The
exchange-correlation interaction was treated within the generalized gradient approximation proposed by Perdew-Burke-
Ernzerhof (GGA-PBE).* The geometric structures were optimized with a cutoff energy of 570 eV. During the structural
relaxation, the convergence tolerances for energy, maximum force, maximum stress, and maximum displacement were
set to 5.0 x 10-°eV/atom, 0.01 eV/A, 0.02 GPa, and 5.0 x 10 A, respectively. Norm-conserving pseudopotentials were
employed in this study. For relaxation purposes, the Brillouin zone was sampled using a K-point grid of 3 x 3 x 2. To
account for strong electron correlations, the DFT+U approach was applied.> ¢ Spin polarization method was adopted to
describe the magnetic system.



Results and Discussion

Table S1 Crystal date and structure refinement for (R)-a-Mn and (S)-a-Mn crystals.

Identification code (R)-a-Mn (S)-a-Mn
Moiety formula Cs3H340,P>,MnBr, C33H340,P,MnBr,
Formula weight 959.17 959.17
Temperature/K 295 301.44(12)
Crystal system orthorhombic orthorhombic

Space group 222, 222,
a/A 8.870(6) 8.8222(4)
b/A 24.954(17) 24.8809(10)
c/A 18.197(13) 18.1166(7)
al® 90 90
pr° 90 90
p/° 90 90

Volume/A3 4028(5) 3976.7(3)

V4 4 4
Pealcg/cm’ 1.583 1.602
wmm! 4.406 4.462
F(000) 1892.0 1892.0

Crystal size/mm?>
Radiation
20 range for data

collection/®
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Flack paeameter

CCDC

0.23 % 0.23 x 0.2
Mo Ka (A = 0.71073)

3.958 to 49.976

-10<h<10,-29<k<29,-21<1

<21
27857

3566 [Rin = 0.1471, Rgigma =

0.1241]
3566/195/195
1.030
R; =0.0647, wR, = 0.1564
R;=0.1401, wR, =0.1800
-0.020(2)
2450541

0.23 x0.23 x 0.2

Mo Ka (= 0.71073)

4.496 to 52.734

-11<h<10,-26 <k <30,-20 <

1<22
8243

3794 [Rine = 0.0248, Ryigma =

0.0341]
3794/1/218
1.089

R, =0.0466, wR, = 0.1327
R;=0.0574, wR,=0.1379

0.007(16)
2450542




Table S2 Crystal date and structure refinement for (R)-$-Mn and (S)-$-Mn crystals.

Identification code (R)-f-Mn (S)-8-Mn
Moiety formula Cs3H340,P>,MnBr, C33H340,P,MnBr,
Formula weight 959.17 959.17
Temperature/K 303 301
Crystal system monoclinic monoclinic

Space group P2, P2,
a/A 12.3302(11) 12.3199(6)
b/A 11.2740(9) 11.2470(4)
c/A 14.7720(14) 14.7379(6)
al® 90 90
pr° 106.737(3) 106.670(2)
y/° 90 90
Volume/A3 1966.5(3) 1956.29(14)
V4 2 2
Pealcg/cm’ 1.620 1.628
wmm-! 4.512 4.535
F(000) 946.0 946.0
Crystal size/mm?> 0.2x0.2x0.2 0.2x0.2x0.2

Radiation
20 range for data

collection/®
Index ranges
Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Flack paeameter

CCDC

Mo Ka (A = 0.71073)

4.62 to 50.7

-14<h<14,-13<k<13,-17<1

<17
20323

7052 [Rin; = 0.0667, Rgigma =

0.0916]
7052/1/422
1.020
R, = 0.0440, wR, = 0.0926
R; = 0.0720, wR, = 0.1025
-0.015(9)
2450543

Mo Ka (= 0.71073)

4.63 t0 56.614

-16<h<16,-13<k<15,-19<1

<19
22199

8865 [Rint = 0.0648, Rgigma =

0.0959]
8865/1/434
1.0492

R, =0.0470, wR, =0.1016
R;=0.0759, wR,=0.1180

0.030(10)
2450544




Table S3 The gy, PL peak position and PLQY values for known CPL-active Mn(II) complexes.

Chiral compounds Aem (NM) PLQY Zum (1073) Ref
(R)-a-Mn 520 0.98 1.00 This work
(R)-p-Mn 532 0.98 0.21 This work

(R)-MPZMB 530 0.12 1.12 7
(R-2-mpip)MnCl,;-2H,0 660 0.13 1.20 8
(R)-[Me-Pr-DABCO]MnBr, 525 0.87 48.0 o
(R)-XTDPO-MnBr, 540 0.87 2.00 10
(R)-CyoHpsBrsMnN, 519 0.59 25.0 1
H,(R-BDPP)|MnBr, 523 1.00 2.00 12
(R)-Mn(Binapo)Br, 629 0.21 5.10 13
(R)-C,4H7,Cl11oMn;N, 638 0.45 7.10 14
(R-BrMBA );MnBrs 634 0.42 0.90 15
(R)-[MBA-Me;]MnBr, 519 0.98 4.50 16
(R-3-quinuclidinol)MnBr3 620 0.50 23.0 17
(R,R/S,S-DCDA)Mn;_,Zn,Cl4 528 0.86 7.80 18
(R-1-PPA),MnBr, 530 0.09 10.0 19

Table S4 Calculated dipole moments and their ionic and electronic contributions for (R)-a-Mn and (R)-f-Mn crystals.

Sample Contribution x (eA) y (e-A) z (e'A)
(R)-o-Mn lonic -115.31 0.000 0.000
Electronic 0.000 0.000 0.000

Total -115.31 0.000 0.000

(R)-p-Mn lonic 0.000 -52.60 0.000
Electronic 0.000 -2.780 0.000

Total 0.000 -55.38 0.000




Table S5 The gsug.cp value comparison of these Mn-based isomers with previously reported chiral halides.

Chiral compounds A (nm) ZSHG-CD Ref

(R)-a-Mn 980 -0.56 This work

(R)-f-Mn 980 -0.30 This work
(R)-1-(1-NEA),CuCly 880 0.41 20
(R)-1-(2-NEA),CuCly 880 0.10 20
(R)-(3-aminopiperidine)Pbl, 1064 0.21 21
(R-MPEA), sPbBr; s(DMSO)g s 850 0.62 2
(R-MPEA)BAPDbBr, 850 0.80 23
(R)-(MBA)4Bi,Br 1064 0.58 24
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Figure S1 Powder XRD patterns of (R)-a-Mn, (S)-a-Mn, (R)-$-Mn and (S)-f-Mn.

Figure S2 SEM and EDS elemental mapping of (R)-a-Mn crystals.



C

Figure S4 Mn-Mn distance of (R)-a-Mn and (R)-f-Mn crystals.
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Figure S5 Hirshfeld surface and interaction pie diagram for chiral organics in (R)-a-Mn (a) and in (R)-$-Mn (b).
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Figure S6 UV-Vis absorbance spectra of (R)-a-Mn and (S)-a-Mn (a), (R)--Mn and (S)-f-Mn (b). The insets show the
experimental determination of the band gap (Eg).
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Figure S7 PLE and PL spectra of (S)-a-Mn and (S)-5-Mn crystals.
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Figure S9 Tanabe-Sugano diagram for the d° electron configuration.
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Figure S10 PLQY spectra and error plots from multiple measurements of (R)-a-Mn, (S)-a-Mn, (R)-f-Mn and (S)-f-
Mn crystals (Aex = 330 nm, n=3).
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Figure S11 Time-resolved PL profiles of (R)-a-Mn, (S)-a-Mn (Aey, = 520 nm), (R)-f-Mn and (S)-f-Mn (Aep, = 532 nm).
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Figure S12 (a) PLE spectra of (R)-a-Mn crystals by monitoring the emission from Mn?* at different wavelengths. (b)
PL spectra of (R)-a-Mn crystals under excitation at different wavelengths. (c) PLE spectra of (R)-f-Mn crystals by
monitoring the emission from Mn?* at different wavelengths. (d) PL spectra of (R)-5-Mn crystals under excitation at
different wavelengths.
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Figure S13 (a-b) Absorbance spectra of (R)-a-Mn, (S)-a-Mn (a), (R)-f-Mn and (S)-$-Mn (b) samples in KBr pellets.
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Figure S14 CD spectra of (R)-L and (S)-L chiral organic salts.
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Figure S16 CPL spectra (Ax = 330 nm) and DC spectra of (R)-f-Mn and (S)-5-Mn.
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Figure S17 g, factors associated with emission wavelengths for (R)-a-Mn and (S)-a-Mn (a), (R)-f-Mn and (S)-f-Mn

(a)

Intensity (a.u.)

Wavelength (nm)

600
Wavelength (nm)

(b).
—1 (b T
(R)-a-Mn 8 ik s 100K
% @ 120K —_ - :igﬁ
\-:Q§2> @ 140K S > 160K
~ o 160K ©
%\ o 180K b 9 sk
i > @ 200K
% s ek = @ 220K
R 220K »
B, 240K = W 240K
) e K o 3 260 K
i s‘;' 280 K £ " e
-y " > WK e I
T .—' — --;“. T e e g e
0 1 2 3 4 0 1 2 3
Time (ms) Time (ms)

Figure S18 Temperature-dependent PL decay curves of (R)-a-Mn (Aep, = 520 nm) and (R)-f-Mn (Aep, = 532 nm).
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Figure S19 Temperature-dependent PL spectra of (R)-a-Mn and (R)-f-Mn crystals recorded from 300 to 420 K.
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Figure S20 Plot of In(/y/I7-1) versus 1/kgT of the temperature-dependent spectra of (R)-a-Mn and (R)--Mn.
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Figure S21 TGA curves for the powder sample of (R)-a-Mn and (R)-$-Mn.
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Figure S22 Linear regression analysis of radioluminescence (RL) intensity versus dose rate for (R)-f-Mn crystals.
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Figure S23 Thickness distribution of the scintillator film.

Figure S24 X-ray images, showing scissors with plastic handles, the outline of a metal spring inside the capsule.

n
=

ad
)

(a) (b) (¢)

—=— (R)-a-Mn
] = (R)}--Mn
—a— KDP

480 500 520 540 60 480 500 520 540
0 50 100 150 200 250 300 350
Wavelength (nm) Wavelength (nm) Particle Size (um)

g
o

12.03 KDP —(R)-a-Mn
N — (R)-B-Mn
—KDP
1.30 KDP

1.73 KDP ——($)-a-Mn
et —(5)-8-Mn
— KDP

%

0
N
o

-
(3,
-
[5)]
L

1 0.82 KDP
~

-
=}

e
o
:
=
o
o
2]

2
RpOo

o
)
(-]
=1

Relative SHG intensity (a.u.)
-
=Y
Relative SHG intensity (a.u.)
Relative SHG Intensity (a.u.)
o

Figure S25 (a) SHG intensity of (R)-a-Mn and (R)-f-Mn compared with the standard KDP reference.(b) SHG intensity
of (S)-a-Mn and (S)-f-Mn compared with the standard KDP reference. (c) Phase matching curves for (R)-a-Mn, (R)-f-
Mn, and KDP.

16



(a) 3 1.2 (b) 312
2 —o—(R)-a-Mn = ~o—(R)-B-Mn
oy 2
@ 03 @ 0a
£ £
() V)
0.41
5 5 044
(] Q
2 2
T 0.0 5
[} . . . o 0.0 r r .
€ 9 90 180 270 360 ® 9 90 180 270 360
Rotation Angle (°) Rotation Angle (°)

Figure S26 SHG intensity of (R)-a-Mn (a) and (R)-#-Mn (b) samples as a function of the rotation angle of the A/2 plate.
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Figure S27 Polarization-dependent SHG of (R)-a-Mn (a-c) and (R)-$-Mn (d-f) under 980 nm pumping (n=3).
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Figure S28 Polarizability P of (R)-a-Mn and (R)-f-Mn, showing mean + s.d. (n=3).
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Figure S29 SHG intensity of the (R)-a-Mn and (S)-a-Mn samples (a-c), and the (R)-f-Mn and (S)-4-Mn samples (d-f),

measured under LCP and RCP illumination (n=3).
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Figure S30 gsyc.cp values of (R)-a-Mn, (S)-a-Mn, (R)-f-Mn and (S)-5-Mn.
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