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Supplementary Note 1 Characterization data of organic compounds

/T\l
(S)-1-iodo-2-methylbutane
"H NMR (400 MHz, Chloroform-d) 5 3.23 (dd, J = 9.6, 4.6 Hz, 1H), 3.16 (dd, J = 9.6, 5.8 Hz, 1H),
1.45 - 1.35 (m, 2H), 1.29 — 1.23 (m, 1H), 0.97 (d, J = 6.5 Hz, 3H), 0.89 (t, /= 7.3 Hz, 3H). *C NMR
(101 MHz, Chloroform-d) 8 36.40, 29.20, 20.18, 17.46, 11.31. HRMS (ESI) m/z: (M+H)" calcd. for
CsHi2I", 198.9978; found, 198.9937. [a]**p = 0.01 (¢ = 1, CHCL).
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(S)-1-(2-methylbutyl)-1,4-diazabicyclo[2.2.2]octan-1-ium (L1, (S)-2-Me-bu-ted) iodide

"H NMR (400 MHz, DMSO-ds) 6 3.36 — 3.29 (m, 6H), 3.19 — 3.12 (m, 2H), 3.02 (t, J = 7.5 Hz, 6H),
2.11 (s, 1H), 1.45 - 1.34 (m, 1H), 1.32 - 1.23 (m, 1H), 1.02 (d, /= 6.8 Hz, 3H), 0.93 — 0.87 (m, 3H).
3C NMR (101 MHz, DMSO-d) 5 70.13, 52.18, 45.26, 29.34, 27.98, 20.43, 11.31. HRMS (ESI) m/z:

(M+H)" caled. for C11H24IN2", 311.0979; found, 311.1014. [a]*’» = 0.05 (c = 1, CH;0H).

~

(R)-2-iodobutane

"H NMR (400 MHz, Chloroform-d) 5 4.23 —4.10 (m, 1H), 1.91 (d, J = 6.8 Hz, 3H), 1.88 — 1.75 (m,
1H), 1.68 (dqd, J=14.4,7.2, 5.0 Hz, 1H), 1.00 (t, /= 7.2 Hz, 3H). *C NMR (101 MHz, Chloroform-
d) 8 36.00, 32.85, 28.53, 14.24. HRMS (ESI) m/z: (M+H)" calcd. for CsHiol", 184.9982; found,

184.9902. [a]*p = -0.04 (¢ = 1, CHCL).



(S)-1-(sec-butyl)-1,4-diazabicyclo[2.2.2]octan-1-ium (L, (S)-1-Me-pr-ted) iodide

'"H NMR (400 MHz, DMSO-d6) & 3.35 —3.18 (m, 7H), 3.01 (t, J = 7.8 Hz, 6H), 2.10 — 1.94 (m, J =
5.6 Hz, 1H), 1.40 — 1.29 (m, 1H), 1.26 (d, J = 6.6 Hz, 3H), 0.93 (t, J = 7.3 Hz, 3H). *C NMR (101
MHz, DMSO-ds) 6 70.66 (t, J = 2.3 Hz), 49.03 — 48.89 (m), 44.83, 21.86, 12.36, 11.14. HRMS (ESI)

m/z: (M+H)" caled. for C1oH22IN2", 297.0822; found, 297.0865. [a]*°p = 0.05 (c = 1, CH30H).

(R)-2-iodoheptane

'"H NMR (400 MHz, Chloroform-d) 5 4.20 (dqd, J = 8.6, 6.8, 4.7 Hz, 1H), 1.92 (d, J = 6.8 Hz, 3H),
1.89 —1.78 (m, 1H), 1.62 — 1.47 (m, 2H), 1.44 — 1.34 (m, 1H), 0.92 (t, /= 7.2 Hz, 3H). *C NMR (101
MHz, Chloroform-d) & 44.98, 30.46, 28.94, 22.96, 13.16. HRMS (ESI) m/z: (M+Na)" calcd. for
CsHj1INa*, 220.9803; found, 220.9813. [a]**p = -0.11 (¢ = 1, CHCl).
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(S)-1-(pentan-2-yl)-1,4-diazabicyclo[2.2.2]octan-1-ium (L3, (S)-1-Me-bu-ted) iodide

"H NMR (400 MHz, DMSO-de) 6 3.33 —3.20 (m, 7H), 3.05 — 3.00 (m, 6H), 1.92 (d, J= 13.5 Hz, 1H),
1.52 — 1.41 (m, 1H), 1.39 — 1.19 (m, 5H), 0.94 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, DMSO-ds)
8 69.44, 49.31, 45.24, 31.18, 19.98, 14.18, 13.40. HRMS (ESI) m/z: (M+H)" calcd. for Ci1H24IN>",

311.0979; found, 311.0970. [@]**p = 0.02 (¢ = 1, CH30H).
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(S)-1-iodo-4-methylhexane
'"H NMR (400 MHz, Chloroform-d) 5 3.25 — 3.10 (m, 2H), 1.93 — 1.71 (m, 2H), 1.46 — 1.26 (m, 3H),
1.26 —1.09 (m, 2H), 0.90 — 0.83 (m, 6H). '*C NMR (101 MHz, Chloroform-d) 5 37.42, 33.67, 31.33,
29.33, 19.15, 11.34, 7.59. HRMS (ESI) m/z: (M+H)" calcd. for C7Hi6l", 227.0291; found, 227.0214.
[@]**p = 0.03 (c = 1, CHCL).
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(S)-1-(4-methylhexyl)-1,4-diazabicyclo[2.2.2]octan-1-ium (L4, (S)-4-Me-hex-ted) iodide

"H NMR (400 MHz, DMSO-ds) & 3.26 (t, J = 7.5 Hz, 6H), 3.15 (ddd, J= 9.8, 6.2, 2.5 Hz, 2H), 3.02
(dd, J=8.7, 6.1 Hz, 6H), 1.64 (tdd, /= 17.0, 10.5, 5.5 Hz, 2H), 1.41 — 1.30 (m, 2H), 1.27 — 1.20 (m,
1H), 1.18 — 1.03 (m, 2H), 0.92 — 0.79 (m, 6H). *C NMR (101 MHz, DMSO-dq) § 63.87, 51.95, 45.16,
33.91, 32.93, 29.16, 19.36, 19.27, 11.64. HRMS (ESI) m/z: (M+H)" calcd. for Ci3sH»7IN>Na®,

361.1117; found, 361.1080. [@]*’p = 0.11 (¢ = 1, CH30H).
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Supplementary Fig. 1. '"H NMR (400 MHz, Chloroform-d) and *C NMR (101MHz, Chloroform-d)
spectra of (S)-1-iodo-2-methylbutane.
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Supplementary Fig. 2. '"H NMR (400 MHz, DMSO-ds) and *C NMR (101MHz, DMSO-d) spectra
of L.
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Supplementary Fig. 3. '"H NMR (400 MHz, Chloroform-d) and *C NMR (101MHz, Chloroform-d)
spectra of (R)-2-iodobutane.
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Supplementary Fig. 4. '"H NMR (400 MHz, DMSO-ds) and *C NMR (101MHz, DMSO-d) spectra

of L.
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Supplementary Fig. 5. '"H NMR (400 MHz, Chloroform-d) and *C NMR (101MHz, Chloroform-d)
spectra of (R)-2-iodoheptane.
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Supplementary Fig. 6. 'H NMR (400 MHz, DMSO-ds) and '*C NMR (101MHz, DMSO-dj) spectra

of Ls.
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Supplementary Fig. 7. '"H NMR (400 MHz, Chloroform-d) and *C NMR (101MHz, Chloroform-d)

spectra of (S)-1-iodo-4-methylhexane.
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Supplementary Fig. 8. 'H NMR (400 MHz, DMSO-ds) and *C NMR (101MHz, DMSO-d) spectra

of La.
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Supplementary Fig. 9. Experimental and simulated PXRD patterns of Cusla(L1)s*" Cusli2*, Cusl7(L2)q,
Cusl7(Ls)2, and Cusl7(Ls).. Source data are provided as a Source Data file.
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Supplementary Fig. 10. The spatial arrangement of Cuals(L1)4*" Cusli2* hybrid clusters in crystal
lattices along a, b, ¢ axes. Color scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are
obtained by crystallography.
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Supplementary Fig. 11. The spatial arrangement of Cusl7(L2)2 hybrid clusters in crystal lattices along
a, b, ¢ axes. Color scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are obtained by
crystallography.
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Supplementary Fig. 12. The spatial arrangement of Cusl7(L3)2 hybrid clusters in crystal lattices along
a, b, ¢ axes. Color scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are obtained by

crystallography.
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Supplementary Fig. 13. The spatial arrangement of Cusl7(L4)2 hybrid clusters in crystal lattices along
a, b, ¢ axes. Color scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are obtained by
crystallography.
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Supplementary Fig. 14. 4-Fold screw axis of Cusls(L1)s*" Cusli2* hybrid clusters in crystal lattices.
The Cu-I inorganic chains were omitted in the helical arrangement structure of Cuala(L1)4*" Cuslio*
for clarity. Color scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are obtained by
crystallography.
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Supplementary Fig. 15. 3-Fold screw axis of Cusl7(L3)2 hybrid clusters in crystal lattices. Color
scheme: Cu, red; I, yellow; N, blue; C, gray. The crystal structures are obtained by crystallography.
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Supplementary Fig. 16. Angle-dependent CD spectra of Cuals(L1)4*" Cusli2*, Cuslz(Lz)2, Cuslz(Ls):
and Cusl7(L4)2 fully ground single crystal powders. Source data are provided as a Source Data file.
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Supplementary Fig. 17. Circularly polarized luminescent properties of Cusls(L1)s** Cusliz*,
Cusly(L2)2, Cuslz(L3)2, and Cusl(L4)2 single crystal powders. a CPL spectra. b gum spectra. Source
data are provided as a Source Data file.
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Supplementary Fig. 18. Crystalline phases of hierarchically structured polycrystals with
different reaction times. a PXRD patterns of Cusls(L1)s*" Cusli2* polycrystals with different reaction
time ([L1] = 6 mM). b PXRD patterns of Cusl7(L2)2 polycrystals with different reaction time ([L2] =
20 mM). ¢ PXRD patterns of Cusl7(L3)2 polycrystals with different reaction time ([L3] = 25 mM). d
PXRD patterns of Cusl7(La4)2 polycrystals with different reaction time ([L4] =20 mM). Source data are

provided as a Source Data file.
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Supplementary Fig. 19. Morphology and Crystallinity changes of Cusly(L1)s*" Cusli2* polycrystals
with different stages of crystallization. a-h TEM images (a-d) and SAEDs patterns (e-h) of different
stages of crystallization for Cusls(L1)s*" Cugli2* polycrystals with the reaction time of 3 min (a, ), 20
min (b, f), 1 h (¢, g), 6 h (d, h), respectively ([L1] = 6 mM).
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Supplementary Fig. 20. Morphology changes of Cusl7(L2): and Cusl7(L4)2 polycrystals with
different stages of crystallization. a-d SEM images of different stages of crystallization for
Cusl7(Lo)2 polycrystals with reaction time of 3 min (a), 2 h (b), 3 h (¢), 6 h (d), respectively ([L2] =20
mM). e-h SEM images of different stages of crystallization for Cusl;(Ls)> polycrystals with reaction
time as 3 min (e), 1 h (f), 7 h (g), 12 h (h), respectively ([L4] =20 mM).
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Supplementary Fig. 21. TEM images of Cusl7(L4)2 helical nanobelts (a-b).
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Supplementary Fig. 22. Schematic diagram of repulsive forces between assembly units caused by
long (left) and short (right) chains of ligands absorbed on the surfaces, respectively. Blue cuboids
represent the assembly units, and the wavy lines attached to the surfaces of cuboids represent ligands.
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Supplementary Fig. 23. Angle-dependent CD spectra of Cusla(L1)4*" Cuslio*, Cuslz7(Lz)2, CuslZ(Ls)a,
and Cusl7(L4)2 hierarchically structured polycrystals with the concentrations of Li-L4 as 6 mM, 20 mM,
25 mM, 20 mM, respectively. Source data are provided as a Source Data file.
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Supplementary Fig. 24. CD spectra of ligands L1, L2, L3, and Ls. Source data are provided as a Source
Data file.
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Supplementary Fig. 25. Comparison of Cugly(Li)s*" Cusliz* hierarchically structured
polycrystals synthesized by racemic and chiral ligands. a SEM images of (rac)-Cuals(L1)s*" Cusli2*
hierarchically structured polycrystals synthesized by racemic L ligands. b-d CD (b), CPL (¢), and gum
(d) spectra of hierarchically structured polycrystals synthesized by racemic and chiral L; ligands,
respectively. Other conditions: [racemic Li] =[Li] = 6 mM. Source data are provided as a Source Data

file.
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Supplementary Fig. 26. Crystalline phases of hierarchically structured polycrystals with
different concentrations of ligands. a-d PXRD patterns of Cusls(L1)s*" Cusli2* (a), Cuslz(L2)2 (b),
Cusl7(Ls)2 (¢), and Cusl7(Ls)2 (d) polycrystals with different concentrations of ligands. Source data are
provided as a Source Data file.
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Concentration of ligands

Supplementary Fig. 27. Large-scale SEM images of hierarchically structured polycrystals with
different concentrations of ligands. a-d SEM images of Cusls(L1)s*" Cuslio* polycrystals with the
concentrations of L; as 4 mM (a), 5 mM (b), 6 mM (¢), 10 mM (d), respectively. e-h SEM images of
Cusl7(L2)2 polycrystals with concentrations of L as 5 mM (e), 10 mM (f), 20 mM (g), 30 mM (h),
respectively. i-1 SEM images of Cusl7(L3)2 polycrystals with concentrations of L3 as 10 mM (i), 20
mM (j), 25 mM (k), 40 mM (1), respectively. m-p SEM images of Cusl7(L4)> polycrystals with
concentration of L4y as 3 mM (m), 5 mM (n), 10 mM (o), 20 mM (p), respectively.
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Supplementary Fig. 28. Chiroptical properties of Cusls(L1)s** Cusliz* hierarchically chiral
polycrystals with different concentrations of L;. a CD spectra. b CPL spectra. ¢ gum spectra. Source

data are provided as a Source Data file.
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Supplementary Fig. 29. Chiroptical properties of Cusl7(L2); hierarchically chiral polycrystals

with different concentrations of L,. a CD spectra. b CPL spectra. ¢ gum spectra. Source data are
provided as a Source Data file.
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Supplementary Fig. 30. Chiroptical properties of Cusl7(L3): hierarchically chiral polycrystals
with different concentrations of L3. a CD spectra. b CPL spectra. ¢ gum spectra. Source data are
provided as a Source Data file.
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Supplementary Fig. 31. Chiroptical properties of Cusl7(L4): hierarchically chiral polycrystals
with different concentrations of L4. a CD spectra. b CPL spectra. ¢ gum spectra. Source data are

provided as a Source Data file.
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Supplementary Fig. 32. TGA curves of Cusls(L1)s*" Cuslio*, Cusl7(Lz2)2, Cusl7(Ls)2, and Cuslz(La),
hierarchically structured polycrystals. Source data are provided as a Source Data file.
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Supplementary Fig. 33. Schematic illustration of LED polarization measurement system. We
measured the circularly polarized light emitted by the fabricated LED device by dividing the emitted
light into left- and right-handed portions, respectively, using a quarter-wave plate and a linear polarizer
to eliminate the influence of linear polarized light.
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Supplementary Fig. 34. Circularly polarized characteristics of the fabricated LED device based
on racemic Cusls(L1)4*" Cusliz* polycrystals powered by a 2.4 V electric source. a CPL spectra. b
The polarized degree analysis. Source data are provided as a Source Data file.
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Supplementary Note 2. The crystallization process of Cusl7(L4)2 polycrystals. As shown in
Supplementary Fig. 20e and f, in the beginning, Cusl7(L4)2 clusters aggregated into conglobate
particles, and then grew into nanosheets. PXRD patterns of nanoparticles and nanosheets show wide
width of diffraction peaks, indicating low crystallinity of Cusl7(L4)2 at this stage (Supplementary Fig.
18d). Additionally, a strong diffraction peak at 5° does not belong to the phase of Cusls(La)>.
According to Bragg’s law, we speculate that it is owing to the two-dimensional layered structure with
a large distance between two layers due to the long alkyl chain length of L4, which gives rise to the
peak at a small degree of 5°. But, as the reaction time prolonged, nanosheets were avulsed, restructured,
and twisted into M-helical nanobelts (Supplementary Fig. 20g, h). And the helicity of nanobelts can
also be verified by transmission electron microscopy (TEM) images (Supplementary Fig. 21).
Correspondingly, the diffraction peak at 5° in the PXRD pattern is disappeared at this time, indicating
the disappearance of two-dimensional structures and the transformation of nanosheets to nanobelts

(Supplementary Fig. 18d).
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Supplementary Table 1. Crystallography parameters of Cusla(L1)s*" Cusli2*, Cusl7(L2)2, Cusl7(L3)2

and Cusl7(L4)2 single crystals.

Compounds Cugy(L1)¢** Cuslin*  Cusly(La): Cusl7(L3); Cusl7(Ls):
Empirical formula CxHu4s5CuslgNy C24H43Cusl7Ns CxHusCusl7Ny Ca6Hs54Cusl7Ny
Formula weight 1762.06 1626.68 1572.63 1628.73
Temperature/K 100.15 100.00(10) 100.00(10) 100.00(10)
Crystal system tetragonal triclinic trigonal triclinic
Space group P4, Pl P3521 Pl

a/A 22.0722(2) 8.69065(18) 12.1489(5) 11.5081(2)
b/A 22.0722(2) 13.3957(3) 12.1489(5) 11.6450(3)
c/A 8.55280(10) 18.0042(5) 22.9488(9) 16.9677(4)
a/° 90 89.407(2) 90 109.679(2)
p/e 90 89.889(2) 90 95.9038(16)
v/° 90 79.2342(19) 120 98.0117(19)
Volume/A? 4166.77(9) 2059.01(9) 2933.4(3) 2092.61(9)

Z 4 2 3 2

Pealcg/cm’ 2.809 2.624 2.671 2.585

wmm'! 50.026 7.813 8.220 7.686

F(000) 3212.0 1500.0 2166.0 1508.0

Final R indexes R1=0.0615 R1=0.0355 R1=0.0346 R1=0.0307
[[>=2c (I)] wR2=10.1539 wR> = 0.0806 wR> = 0.0637 wR>=0.0719
Final R indexes R1=0.0679 R1=0.0392 R1=0.0362 R1=0.0315
[all data] wR2 =0.1607 wR2 = 0.0834 wR2 = 0.0647 wR> = 0.0724
Flack parameter 0.05(2) 0.00(3) 0.04(3) 0.056(12)
Melting point/°C 212-215 189-191 201-203 189-191
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Supplementary Table 2. Summary of the photoluminescence quantum yield (PLQY) and

luminescence dissymmetry factor (gum) of previously reported CPL materials.

Peak Wavelength

Material types CPL Material PLQY (%) 12,0 Ref.
(nm)
(R-MBA)4Cusly 630 52.8 1.0 x 102
1
(S-MBA),Cuyly 630 59.7 6 x 103
[Cu,(R-BINAP).CO.](‘BuSO,) 605 12 2% 107
2
[Cu,(S-BINAP).CO,](‘BuSO,) 605 1.2 2x10°
Clusters
AgPD, 575 95 442x10°
3
AgPL, 575 95 4.42x10°
[D-valinol(18-crown-6)] [Cu (S Bu)6] 660 47.4 9.77x 10"
4
[L-valinol(18-crown-6)] [Cu (S Bu)6] 660 46.5 9.77x 10~
L-Cysteine capped CaAle 4:Eu,Nd 440 - 2.1 % 107 5
D-Cysteine capped CaAl,O,:Eu,Nd 440 - 1.9 % 107
Coordination ,
[Au(NHC),][Au(CN),] (RC-A) 500 65 1.6 x 107
compounds 6
[Au(NHC), J[Au(CN),] (SC-A) 500 65 1.45 % 10°
CsEu(hfbo), 595 3 1.38 7
P-2-aza[4]helicene 402 - 8.7x10°
8
M-2-aza[4]helicene 402 - 9.5x 10"
Organic ) 4 3
Helical carbazole-based BODIPY analogues  411~532 20.0~36.4 7x10 ~1.9x%x 10 9
molecules
g-BNMe,-Cp 525 53 424 % 10"
10
m-BNMe»-Cp 487 33 -
R-o-octylamine modified CsPbBr, NCs 520 60-70 7 %107
11
S-a-octylamine modified CsPbBr, NCs 520 60-70 6.5x 10"
Nanocrystals LGAM capped CsPbBr; NCs 511 47.4 73%10°
12
DGAM capped CsPbBr, NCs 511 47.4 73x10°
D-cysteine-CdSe/CdS NCs 614 20 517x10" 13
LPF/DPF-2An co-gel 500 18.5 42%10° 14
R-Py/TCNB 508 52 1.7x 107 15
L/D-NDI-GE n-nanotube 546 - 7% 10” 16
Assemblies
Au-L-Cys twisted ribbons 620 - 2%x10°
17
Au-D-Cys twisted ribbons 620 - 2%x10°
NDI™ radical anion gels 560-700 - 0.26-0.20 18
4+ 4- -2
Cu I (L), Cul, polycrystals 544 32 1.5x10
CuL(L,), polycrystals 580 50 4.0x10°
This work
Cu,1(L,), polycrystals 590 7 3.7x10°
Cu,1(L,), polycrystals 620 6 6.0 x10°
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