Supplementary Information

[2,2] Paracyclophanes-Based Double Helicates for Constructing
Artificial Light-harvesting Systems and White LED Device

Zhe Lian?, Jing He?, Lin Liu?, Yanging Fan', Xuebo Chen?, and Hua Jiang*
1College of Chemistry, Beijing Normal University, Beijing 100875, P.R. China.

Correspondence and requests for materials should be addressed to H. Jiang. (email: jlangh@bnu.edu.cn).



Table of Contents

1. SUPPIEMENTANY FIQUIES......iiiiiiieie sttt eneeene s 3
2. Supplementary TabIes ... 36
3. Supplementary Methods..........ccoo i 46
4. SUPPlemMENTAry RETEIENCES........coi it 48



1. Supplementary Figures
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Supplementary Fig 1. Synthetic routine of rac-PCP, TPy1 and TPy2
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Supplementary Fig 2. Synthetic routine of Rp-PCP
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Supplementary Fig 3. Partial *H NMR spectra (600 M, CDCls, 298 K) of Tpy2 (a-1), PCP-TPy2 (a-1l) and rac-PCP (a-lll). 31P NMR spectra (242 M, CDCls, 298
K) of double helicate PCP-TPy2 (b-Il) and rac-PCP (b-Ill).
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Supplementary Fig 4. Partial 'H NMR spectra (400 M, CDCl3, 298 K) of TPy2 (a-l), Rp,Rp-PCP-TPy2 (a-1l) and Rp-PCP (a-lll). 3P NMR spectra (162 M, CDCl3,
298 K) of double helicate Rp,Rp-PCP-TPy2 (b-I1l) and Rp-PCP (b-III).



2021120802_LZ-O-PCP-5-8-cf3-TPE-4-2Py #82 RT: 019 AV: 1 NL: 1.81E9
T: FTMS + p ESI Full ms [400.0000-6000.0000]

1341.4221

1007

969.8248

2084.6128
2=2

669.3672
157 =1
1 1425.4227
10 701.3379 895.2794 998.3514 1308 (;905
=
z=1 z=3 1482.7908
808.6229 1212.9249 =3
Bl ; 902.2968 1091.6218 =2 z= 1618.7482 1835.9988  1975.6217 2208.6309 2295.1611 2570.8318
- -
=3 z=4 ﬂ —> — —> -
E| { L iz . ) b bl z z z z
L A B B e o o o A o e S P - e
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2300 2400 2500 2600
miz
Supplementary Fig 5. Electrospray ionization mass spectrum of PCP-TPy1
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Supplementary Fig 6. Electrospray ionization mass spectrum of PCP-TPy2



tpy-1#13 RT: 0.10 AV:1 NL: 2.72E
T: FTMS + p ESI Full ms [400.0000-6000.0000]

1005

o

@

E

S

85

80

w » x 9o o 9 o N N
G 6 & o @ & @@ o =
TR NN RY SRR NURTN STRTN ATRTN ATRTN NERTN SRUTNANETN AT

@
-3

710.2462

N
o

660.5581
2=3

N
S

868.7842
z=4

709.2426
-1

808.9536
2=3

«

o

9405505

969.8265
2=4

970.0710
_z=a

971.3110
_z=a

z=1

o

10222980 10232003
z=1

1341.4189
2=3

1342.0867

1156.3595

:nl AJ‘L‘AL »

1527.4302 1529.4325

2=3

1530.4329 2084.6118

1000

1100

1200 1300

1400

T T T
1800 1900 2000 2100 2200 2300 2400

Supplementary Fig 7. Electrospray ionization mass spectrum of Rp,Rp-PCP-TPy1
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Fig 8. Electrospray ionization mass spectrum of Rp,Rp-PCP-TPy2
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Supplementary Fig 9. 2D DOSY NMR (600 MHz, CDCls, 298 K) spectrum of double helicate PCP-TPy1
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Supplementary Fig 10. 2D DOSY NMR (600 MHz, CDCls, 298 K) spectrum of double helicate PCP-TPy2
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Supplementary Fig 11. 2D DOSY NMR (400 MHz, CDCls, 298 K) spectrum of double helicate Rp,Rp-PCP-TPy1
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Supplementary Fig 12. 2D DOSY NMR (400 MHz, CDCls, 298 K) spectrum of double helicate Rp,Rp-PCP-TPy2
Theoretical calculations were performed using the Gaussian 16° program package. All calculations were carried out using the density
functional theory (DFT) method. Harmonic vibration frequency calculations at the same level were performed to verify all stationary

points as local minima (with no imaginary frequency).



Supplementary Fig 13. Gaussian 16 optimized structure of the double helicate meso-PCP-TPy1

Supplementary Fig 14. Gaussian 16 optimized structure of the double helicate Rp,Rp-PCP-Tpy1l
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Supplementary Fig 15. UV absorption spectra and fluorescence emission spectra. (a) UV absorption spectra of PCP-TPy1 (1x10°M) and PCP-TPy2 (1x10"
5M) in the THF solvent, (b) Fluorescence emission spectra of PCP-TPy1 (1x10-M) and PCP-TPy2 (1x10-5M) in the THF solvent (Aex=360 nm).
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Supplementary Fig 16. UV absorption spectra and fluorescence emission spectra. UV absorption spectra (a) and fluorescence emission spectra (b) of Rp,Rp-
PCP-TPy1 (1x10°M) in the THF solvent (Aex=360 nm), UV absorption spectra (c) and fluorescence emission spectra (d) of PCP-TPy1 (1x10°M) and Rp,Rp-PCP-
TPy1 (1x10°M) in the THF solvent (Aex=360 nm).
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Supplementary Fig 17. UV absorption spectra and fluorescence emission spectra. UV absorption spectra (a) and fluorescence emission spectra (b) of Rp,Rp-
PCP-TPy2 (1x10°M) in the THF solvent (Aex=360 nm), UV absorption spectra (c) and fluorescence emission spectra (d) of PCP-TPy2 (1x10°M) and Rp,Rp-PCP-
TPy2 (1x10M) in the THF solvent (Aex=360 nm).
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Supplementary Fig 18. UV absorption spectra. UV absorption spectra of (a) PCP-TPy1 (0.5x10°M), (b) PCP-TPy2 (0.5x10°M) with the different water fraction
in the THF solvent
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Supplementary Fig. 19 The AIE properties of novel double helicate. UV absorption spectra of (a) Rp,Rp-PCP-TPy1 (1x10°M) with the different water fraction
in the THF solvent, Fluorescence emission spectra (b) of Rp,Rp-PCP-TPy1 (1x105M) with different water fraction in THF solvent (Aex =360 nm). The inserted

pictures in b is the Tyndall phenomena of Rp,Rp-PCP-TPy1. All concentrations are 1x10°M.
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Supplementary Fig 20. The AIE properties of novel double helicate. UV absorption spectra of (a) Rp,Rp-PCP-TPy2 (1x10-°M) with the different water fraction
in the THF solvent, Fluorescence emission spectra (b) of Rp,Rp-PCP-TPy2 (1x10°M) with different water fraction in THF solvent (Aex =360 nm). The inserted

pictures in b is the Tyndall phenomena of Rp,Rp-PCP-TPy2. All concentrations are 1x105M.
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Supplementary Fig 21. UV absorption spectra and fluorescence emission spectra. UV absorption spectra (a) and fluorescence emission spectra (b) of PCP-
TPy1 (1x10°M) and Rp,Rp-PCP-TPy1 (1x10°M) in the THF/Water (1:9, v/v) solvent (Aex=360 nm).
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Supplementary Fig 22. UV absorption spectra and fluorescence emission spectra. UV absorption spectra (a) and fluorescence emission spectra (b) of PCP-
TPy2 (1x10°M) and Rp,Rp-PCP-TPy2 (1x10°M) in the THF/Water (1:9, v/v) solvent (Aex=360 nm).

Supplementary Fig 23. Fluorescence photos in glass bottles or cuvette. Fluorescence photos of (a) PCP-TPy1 (1x10°M), (c) PCP-TPy2 (1x10°M) in glass
bottles, Fluorescence photos of (b) PCP-TPy1 (1x105M), (d) PCP-TPy2 (1x10°M) in cuvette.
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Supplementary Fig 24. UV absorption spectra and fluorescence emission spectra. Fluorescence quantum yields of (a) PCP-TPy1 (1x10°M) and (b) PCP-
TPy2 (1x10-°M) with different water contents in THF solvents (Aex=360 nm)
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Supplementary Fig 25. UV absorption spectra and fluorescence emission spectra. UV absorption spectra of (a) PCP-TPy1 (1x10-°M) with the different Hexane
fraction in the DCM solvent, Fluorescence emission spectra (b) of PCP-TPy1 (1x10-°M) with the different Hexane fraction in the DCM solvent (Aex =360 nm).
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Supplementary Fig 26. UV absorption spectra and fluorescence emission spectra. UV absorption spectra of (a) PCP-TPy2 (1x10-°M) with the different Hexane
fraction in the DCM solvent; Fluorescence emission spectra (b) of PCP-TPy2 (1x10-°M) with the different Hexane fraction in the DCM solvent (Aex =360 nm).
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Supplementary Fig 27. The SEM image of PCP-TPy2 (a) in the mixture of THF/water (2:8, v/v). The SEM image of PCP-TPy2 (b) in the mixture of THF/water
(1:9, viv)

(a) (b)

254
| [ PCP-TPy1 401 mmrce-Try2
20+
e 1 " 304
2 15- 2
] 7]
s ] & 20-
£ 104 =
5. 10
0 T . 0 ——rrrr— e —
1 10 100 1000 1 10 100 1000
Diameter/nm Diameter/nm

Supplementary Fig 28. DLS experiment (a) DLS profiles of the double helicate of PCP-TPy1 (1x10-5M) in the mixture of THF/water (1:9, v/v), (b) DLS profiles of
the double helicate of PCP-TPy2 (1x10-5M) in the mixture of THF/water (1:9, v/v).

Supplementary Fig 29. The SEM images of Rp,Rp-PCP-TPy1 (a),(b) in the mixture of THF/water (1:9, v/v).
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Supplementary Fig 30. The SEM images of Rp,Rp-PCP-Tpy2 (a),(b) in the mixture of THF/water (1:9, v/v).
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Supplementary Fig 31. DLS experiment (a) DLS profiles of the double helicate of Rp,Rp-PCP-TPy1 (1x10°M) in the mixture of THF/water (1:9, v/v), (b) DLS
profiles of the double helicate of Rp,Rp-PCP-TPy2 (1x10°M) in the mixture of THF/water (1:9, v/v).

(a) 12 (b) 1.2 (C)

—_— o 44
8.0x10' PeRTRY1 8.0x10' —pepIPy 1.6x10
EsY = NiR
4 | 4
6.0x10 Jos g 6.0x10° {os & . 1.2x10
£ g 2 s 3
£ 4.0x10* 2 £ 35 s
2 2 £ a.0x10° § = 8.0x10™
2.0x10" 04 = 104 <
2.0x10* | 4.0x10°1
0.0
T y T T T 0.0 0.0 r r x : 0.0 0.0-L4 T T T 7 T 0.0
400 450 500 550 600 650 400 450 500 550 600 650 400 450 500 550 600 650 700
Wavelength/(nm) Wavelength/(nm) Wavelength/(nm)

Supplementary Fig 32. UV absorption spectra and fluorescence emission spectra. (a) The absorption spectra of EsY (1x107M) and fluorescence emission
spectrum of PCP-TPy1 (1x10-°M) (Aex = 360 nm) in THF solvent, (b) The absorption spectra of NiR (1x107M) and fluorescence emission spectra of PCP-TPy1

(1%10°°M) (Aex = 360 nm) in THF solvent, (c) The absorption spectra of NiR (107M) and fluorescence emission spectra of PCP-TPy2 (1x10°M) (Aex = 360 nm) in
THF solvent.
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Supplementary Fig 33. Fluorescence emission spectra. Fluorescence emission spectra (a) (b) of PCP-TPy1 (1x10-°M) with different concentrations of EsY(1x10"
M), NiR (1x107M) in THF solvent (Aex = 360 nm, slit widths: ex = 5 nm, em = 5 nm), Fluorescence emission spectra (c) of PCP-TPy1/EsY (1x10°M) with different
concentrations of NiR(1x107M) in THF solvent (Aex = 360 nm, slit widths: ex = 5 nm, em = 5 nm), Fluorescence emission spectra (d) of PCP-Tpy2 (1x10°M) with
different concentrations of NiR(1x10"M) in THF solvent (Aex = 360 nm, slit widths: ex = 5 nm, em = 5 nm).
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Supplementary Fig 34. UV absorption spectra and fluorescence emission spectra. (a) The absorption spectra of EsY (1x10'M) and fluorescence emission
spectrum of PCP-TPy1 (1x10°°M) (Aex = 360 nm) in THF/Water (1:9, v/v) solvent; (b) The absorption spectra of NiR (1x107M) and fluorescence emission spectra
of PCP-TPy1 (1x10°°M) (Aex = 360 nm) in THF/Water (1:9, v/v) solvent.
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Supplementary Fig 35. ALHSs based on Rp,Rp-PCP-TPy1. Fluorescence emission spectra (a) of Rp,Rp-PCP-TPy1 (1x10°M) with different concentrations of
EsY(1x107M) (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm) in the mixture of THF/water (1:9, v/v), Fluorescent intensity changes (b) at 495 and 552 nm.
Fluorescence emission of Rp,Rp-PCP-TPy1/EsY in the CIE (c), Fluorescence emission spectra (d) of Rp,Rp-PCP-TPy1 (1x10°M) with different concentrations of
NiR(1x107M) (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm) in the mixture of THF/water (1:9, v/v), Fluorescent intensity changes (e) at 495 and 630 nm.
Fluorescence emission of Rp,Rp-PCP-TPy1/NiR in the CIE (f), Fluorescence emission spectra (g) of Rp,Rp-PCP-TPy1/EsY (1x10-°M) with different concentrations
of NiR (1x107M) (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm) in the mixture of THF/water (1:9, v/v), Fluorescent intensity changes (h) at 495, 552 and 612
nm.Fluorescence emission of Rp,Rp-PCP-TPy1/EsY/NiR in the CIE (i).
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Supplementary Fig 36. energy transfer efficiency and antenna effect. (a) Fluorescence spectra of Rp,Rp-PCP-TPy1/EsY in THF/water, blue line (acceptor
emission, Aex = 500 nm) (Rp,Rp-PCP-TPy1 = 1x10° M, ESY = 1x107 M, slit widths: ex = 2.5 nm, em = 2.5 nm), the black line represents the fluorescence spectrum
of Rp,Rp-PCP-TPy1, which was normalized according to the fluorescence intensity at 552 nm of the red line, (b) Fluorescence spectra of Rp,Rp-PCP-TPy1 in
THF/water, blue line (acceptor emission, Aex = 530 nm) (Rp,Rp-PCP-TPy1 = 1x10° M, NiR = 1x107 M, slit widths: ex = 2.5 nm, em = 2.5 nm), the black line
represents the fluorescence spectrum of Rp,Rp-PCP-TPy1, which was normalized according to the fluorescence intensity at 630 nm of the red line (c) Fluorescence
spectra of Rp,Rp-PCP-TPy1-EsY/NiR in THF/Water, blue line (acceptor emission, Aex = 530 nm) (Rp,Rp-PCP-TPy1/ESY = 1x10° M, NiR = 1x107 M, slit widths:
ex = 2.5 nm, em = 2.5 nm), the black line represents the fluorescence spectrum of Rp,Rp-PCP-TPy1/EsY, which was normalized according to the fluorescence
intensity at 630 nm of the red line (d) Fluorescence spectra of Rp,Rp-PCP-TPy1/EsY/NiR in THF/Water, blue line (acceptor emission, Aex = 530 nm) (Rp,Rp-PCP-
TPy1/EsY = 1x10° M, NiR = 1x107 M, slit widths: ex =2.5 nm, em = 2.5 nm), the black line represents the fluorescence spectrum of Rp,Rp-PCP-TPy1, which was

normalized according to the fluorescence intensity at 630 nm of the red line.
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Supplementary Fig 37. UV absorption spectra and fluorescence emission spectra. (a) The absorption spectrum of NiR (1x10'M) and fluorescence emission
spectrum of PCP-TPy2 (1x105M) (Aex = 360 nm) in THF/Water (1:9, v/v) solvent, (b) Fluorescence spectra of PCP-TPy2/NiR in THF/water, blue line (acceptor
emission, Aex = 530 nm, slit widths: ex =5 nm, em = 5 nm) (PCP-TPy2 = 1x10° M, NiR = 1x107 M), the black line represents the fluorescence spectrum of PCP-

TPy2, which was normalized according to the fluorescence intensity at 630 nm of the red line.
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Supplementary Fig. 38 ALHSs based on Rp,Rp-PCP-TPy1. Fluorescence emission spectra (a) of Rp,Rp-PCP-TPy2 (1x10-°M) with different concentrations of
NiR(1x10"M) (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm) in the mixture of THF/water (1:9, v/v), Fluorescent intensity changes (b) at 530 and 612 nm.
Fluorescence emission of Rp,Rp-PCP-TPy2/NiR in the CIE (c), Fluorescence spectra (d) of Rp,Rp-PCP-TPy2/NiR in THF/water, blue line (acceptor emission, Aex
=530 nm) (Rp,Rp-PCP-TPy2 = 1x10° M, NiR = 1x107 M, slit widths: ex =2.5 nm, em = 2.5 nm), the black line represents the fluorescence spectrum of Rp,Rp-
PCP-TPy2, which was normalized according to the fluorescence intensity at 630 nm of the red line.
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Supplementary Fig 39. UV absorption spectra and fluorescence emission spectra. (a) The absorption spectra of EsY (1x10-5M), (b) The absorption spectra of
NiR (1x10-5M), (c) Fluorescence emission spectra of EsY (1x107M) and Rp,Rp-PCP-TPy1(1x10°M)/EsY (1x107M) (200:1), (d) Fluorescence emission spectra of
NiR (1x107M) and Rp,Rp-PCP-TPy1(1x10-5M)/NiR (1x107M) (200:1), All experiments were performed in the mixture of THF/water (1:9, v/v), Aex = 360 nm, slit
widths: ex = 2.5 nm, em = 2.5 nm.
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Supplementary Fig 40. SEM image (a) SEM image of the PCP-TPy1(1x10M)/EsY (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (b) SEM image of the
PCP-TPy1(1x10-°°M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (c) SEM image of the PCP-TPy1(1x10°M)/EsY/NiR (1x107M) (2000:10:10) in
the mixture of THF/water (1:9, v/v), (d) SEM image of the PCP-TPy2(1x10-°M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v).
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Supplementary Fig 41. DLS experiment (a) DLS profiles of the system of PCP-TPy1(1x10M)/EsY (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (b)

DLS profiles of the system of PCP-TPy1(1x10°°M)/NiR (1x1077M) (200:1) in the mixture of THF/water (1:9, v/v), (c) DLS profiles of the system of PCP-TPy1(1x10"
SM)/EsY/NiR (1x107M) (2000:10:10) in the mixture of THF/water (1:9, v/v).

Supplementary Fig 42. SEM image (a) SEM image of the Rp,Rp-PCP-TPy1(1x10°5M)/EsY (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (b) SEM image
of the Rp,Rp-PCP-TPy1(1x10-°°*M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (c) SEM image of the Rp,Rp-PCP-TPy1(1x10-°°M)/EsY/NiR (1x10°

M) (2000:10:10) in the mixture of THF/water (1:9, v/v), (d) SEM image of the Rp,Rp-PCP-TPy2(1x10-°M)/NiR (1x10"M) (200:1) in the mixture of THF/water (1:9,
VIv).
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Supplementary Fig 43. DLS experiment (a) DLS profiles of the system of Rp,Rp-PCP-TPy1(1x10°*M)/EsY (1x107M) (200:1) in the mixture of THF/water (1:9,
vIv), (b) DLS profiles of the system of Rp,Rp-PCP-TPy1(1x10°°M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v), (c) DLS profiles of the system of
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Rp,Rp-PCP-TPy1(1x10M)/EsY/NiR (1x10"M) (2000:10:10) in the mixture of THF/water (1:9, v/v).

Supplementary Fig 44. SEM image (a) SEM image of the PCP-TPy2 (1x10-*M)/NiR (1x10-"M) (200:1) in the mixture of THF/water (1:9, v/v), (b) SEM image of the

Rp,Rp-PCP-TPy1(1x10°M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v).

(2)

Intensity%
e

1 EEEPCP-TPy2/NIR

12

) l

o T T T
10

100 1000
Diameter/nm

Supplementary Fig 45. DLS experiment (a) DLS profiles of the system of PCP-TPy2(1x10-M)/NiR (1x10"M) (200:1) in the mixture of THF/water (1:9, v/v), (b)
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DLS profiles of the system of Rp,Rp-PCP-TPy2(1x10°M)/NiR (1x107M) (200:1) in the mixture of THF/water (1:9, v/v).
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Supplementary Fig 46. Fluorescence decay experiments. (a) Change in the fluorescence decay profiles of the PCP-TPy2, PCP-TPy2/NiR (200:1) in THF/Water
(1:9; vlv), (b) Change in the fluorescence decay profiles of the Rp-PCP-TPy2, Rp-PCP-TPy2/NiR (200:1) in THF/Water (1:9; v/v).
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Supplementary Fig 47. UV absorption spectra. UV absorption spectra of (a) TPyl (1x10°M), (b) TPy2 (1x10-°M) with the different water fraction in the THF
solvent.
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Supplementary Fig 48. Fluorescence emission spectra. Fluorescence emission spectra of (a) TPyl (1x10°M), (b) TPy2 (1x10°M) with the different water
fraction in the THF solvent (Aex=360 nm)
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Supplementary Fig 49. Fluorescence emission spectra. Fluorescence emission spectra of (a) TPy1 (2x10-M) and PCP-TPy1 (1x10-5M), (b) TPy2 (2x10-5M)
and PCP-TPy2 (1x10°5M) in the THF/Water (1:9, v/v) solvent (Aex=360 nm).
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Supplementary Fig 50. Fluorescence emission spectra. Fluorescence emission spectra (a) (b) of TPy1 (1x10-M) with different concentrations of EsY(1x10
"M),NiR (1x107M) in the THF/Water (1:9, v/v) solvent (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm), Fluorescence emission spectra (c) of TPy1/EsY (1x10°
5M) with different concentrations of NiR (1x107M) in the THF/Water (1:9, v/v) solvent (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm), Fluorescence emission
spectra (d) of Tpy2 (1x10-5M) with different concentrations of NiR(1x107M) in the THF/Water (1:9, v/v) solvent (Aex = 360 nm, slit widths: ex = 2.5 nm, em = 2.5 nm).
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Supplementary Fig 51. CD spectra and CPL spectra. (a) The CD spectra of Rp,Rp-PCP-TPy1 (1x10-5M) in the THF solvent, (b) The CPL spectra of Rp,Rp-PCP-
TPy1 (1x10°°M) in the THF solvent, (c) The CD spectra of Rp,Rp-PCP-TPy2 (1x10-5M) in the THF solvent, (d) The CPL spectra of Rp,Rp-PCP-TPy2 (1x10°M) in

the THF solvent.
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Supplementary Fig 52. CD spectra and CPL spectra. ( a) The CD spectra of Rp,Rp-PCP-TPy1 (1x10-°M) in the mixture of THF/water (1:9, v/v), (b) The CPL
spectra of Rp,Rp-PCP-TPy1 (1x10-5M) in the mixture of THF/water (1:9, v/v), (c) The CD spectra of Rp,Rp-PCP-TPy2 (1x10-5M) in the mixture of THF/water (1:9,

v/v), (d) The CPL spectra of Rp,Rp-PCP-TPy2 (1x10-°M) in the mixture of THF/water (1:9, v/v).
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Supplementary Fig 53. Under 365nm UV lamp, the films of PCP-TPy1 (green) and PCP-TPy2 (yellow). (PMMA =10 mg/ml, PCP-TPy1 = 1mg/ml, PCP-TPy2
= 1mg/ml)

Supplementary Fig 54. Under 365nm UV lamp, the PCP-TPy2 film with a doping percentage of 0.075% NiR

Supplementary Fig 55. Under 365nm UV lamp, the PCP-TPy1 film with a doping percentage of 0.5% NiR (pink); the PCP-TPy2 film with a doping percentage
of 0.5% NiR (orange)

Supplementary Fig 56. (1), (Il) Photo of a 460 nm LED chip integrated with PCP-TPy1; (Ill), (IV) Photo of a 460 nm LED chip integrated with Rp,Rp-PCP-
TPyl
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Supplementary Fig 57. *H NMR of Compound 1, CDCls, 298 K
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Supplementary Fig 58. 13C NMR of Compound 1, CDClIs, 298 K
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Supplementary Fig 59. *H NMR of Compound 3, CDCl3, 298 K
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Supplementary Fig 60. 13C NMR of Compound 3, CDClIs, 298 K
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Supplementary Fig 61. 3P NMR of Compound 3, CDCls, 298 K
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Supplementary Fig 62. 'H NMR of rac-PCP, CDCls, 298 K
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Supplementary Fig 63. 13C NMR of rac-PCP, CDCls, 298 K
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Supplementary Fig 64. 3P NMR of rac-PCP, CDCls, 298 K
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Supplementary Fig 65. *H NMR of PCP-TPy1, CDCls, 298 K
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Supplementary Fig 66. 13C NMR of PCP-TPy1, CDCls, 298 K
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Supplementary Fig 67. 3P NMR of PCP-TPy1, CDCls, 298 K
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Supplementary Fig 68. 'H NMR of PCP-TPy2, CDCls, 298 K
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Supplementary Fig 69. 13C NMR of PCP-TPy2, CDCls, 298 K
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Supplementary Fig 70. 3P NMR of PCP-TPy2, CDCls, 298 K
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Supplementary Fig 72. 3P NMR of Rp-PCP, CDCls, 298 K
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2. Supplementary Tables

Supplementary Table 1. Uncorrected and thermal-corrected(298K) energies of the meso-PCP-TPy1 and Rp,Rp-PCP-TPyl. (Hartree)?2

Optimized structure E(H) G(H) Epem(H) Gpem(H)
meso-PCP-TPy1 -9930.55612340 -9927.937440 -9930.94985424 -9928.331171
Rp,Rp-PCP-TPy1 -9930.55332060 -9927.934864 -9930.94932791 -9928.330871

a) E:electronic energy; G: sum of electronic and thermal free energies. Epem: electronic energy corrected by PCM; G: sum of electronic and thermal free energies
corrected by PCM.

Supplementary Table 2. Optical properties of PCP-TPy1 and PCP-TPy2 in DCM/Hexane system

Aabs 2P (nm) Aex®C (nm) solvent @k (%) ¢
PCP-TPy1 365 435 DCM 0.6
PCP-TPy1 386 505 DCM/Hexane (1/9,V/V) 5.2
PCP-TPy2 377 450/525 DCM 1.0
PCP-TPy2 387 560 DCM/Hexane (1/9,V/V) 13.2

a UV-Vis absorption and fluorescence spectra were measured in DCM (1x10-M) and DCM/Hexane (1/9,V/V) (1x10-5M) at room temperature. b Absorption maximum
at the longest wavelength. c Emission maximum (Aex=highest intensity of absorption plus 10 nm). d Fluorescence quantum yield.

Supplementary Table 3. Energy transfer efficiency comparison table of one-step systems.

One-Step Energy
Energy transfer transfer efficiency
systems
42+EsY system® 65.0%
(3-4)-6 system’ 53.1%
6a/ NAP system® 83.0%
DBT@CSU system® 64.3%
PCP-TPy1/ESY system 63.5%
(this work)
Rp,Rp-PCP-TPy1/EsY 83.8%

system (this work)

PCP-TPy1/NiR system 67.3%
(this work)
Rp,Rp-PCP-TPy1/NiR 73.1%

system (this work)

PCP-TPy2/NiR system 74.8%
(this work)
Rp,Rp-PCP-TPy2/NiR 79.9%

system (this work)
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Supplementary Table 4. Energy transfer efficiency comparison table of Sequential systems.

Sequential Energy
Energy transfer systems transfer efficiency
M1-EsY-SR101 system?*® 59.5%
PPTA-BSC4+EsY+SR1011 40.8%
system
PyTPE/WP5:SR101: AlPcS4 84.2%
system??
WP5 D TPEDA - EsY -NiR 74.7%
system?®?
3a2-ESY-NiR system®* 64.6%
3ab-ESY-NiR system4 29.7%
PCP-TPy1/ESY/NIR system 89.3%
(this work)
Rp,Rp-PCP-TPy1/ESY/NiR 87.8%

system (this work)

Supplementary Table 5. Fluorescence lifetimes of PCP-TPy1 and Rp,Rp-PCP-TPy2 in aggregated states and their ALHSs.

systems 1/ns
PCP-TPy2 1.25+0.13
Rp,Rp-PCP-TPy2 1.20+0.15
PCP-TPy2/NiR (200:1) 0.64+0.10

Rp,Rp-PCP-TPY2/NiR (200:1)  0.54+0.13

Supplementary Table 6. Gaps and Gum of Rp,Rp-PCP-TPy1 and Rp,Rp-PCP-TPy2 in different solutions.

solvent |Qabs| |Gium|
Rp,Rp-PCP-TPy1 THF 2.0x10°% 1.7x10°
Rp,Rp-PCP-TPy1 THF/Water (1/9,V/V) 1.7x10% 1.4x103
Rp,Rp-PCP-TPy2 THF 2.4x10° 2.4x10°
Rp,Rp-PCP-TPy2 THF/Water (1/9,V/V) 2.2x10°% 4.4x10*

Supplementary Table 7. Cartesian coordinates of optimized species. Optimized S0 geometry of heterochiral helicate (at the B3LYP-D3/6-31G(d))

Coordinates (Angstroms)

Center Number Atomic Number Atomic Type
X Y z
1 C 0 -17.048462 -0.835044 1.683992
2 C 0 -18.174465 -1.296238 1.657794
3 C 0 -19.508497 -1.782577 1.605325
4 C 0 -19.783867 -3.161751 1.684913
5 C 0 -21.096638 -3.616932 1.613155
6 C 0 -22.148960 -2.709313 1.462597
7 C 0 -21.884530 -1.339329 1.384915
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-1.438981

-1.100480

1.043698

0.725803

-0.239688

0.511500

2.243169

3.216921

2.430998

1.719287

1.900237

-1.664318
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2.789575

0.807564

2.831069

4.323526

3.779320

1.777138

9.139461

7.649564

9.206806

10.554380
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10.552300
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-0.725608
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1.790265
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1.644091

1.759663

0.267437
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14.536725

14.571562

15.778640

15.731485

14.556029

14.567047

13.687386

15.448540

13.684174

15.448663
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13.684394
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13.378976

12.439323
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-2.718390
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4.576536

3.732935

1.713640

-1.713616

-0.713249

-1.185499

-1.684241

-3.052417

-3.521009

-2.637835

-1.278519

-0.799210

-3.733011

-4.576577

-3.008066

-0.589141

0.253591

-0.779803

-1.789773

-1.643248
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3. Supplementary Methods

As shown in Supplementary Fig 1 and 2, compound TPy1 and TPy2 were synthesized through Suzuki-Miyaura reaction and
Sonogashira coupling according to literature reports.

Synthesis of Rp-PCP

A 35 mL round-bottom Schlenk flask was charged with compound Rp-3 (40mg, 0.021 mmol) and 10 mL of dichloromethane, then
the solution was added AgNO3 (40 mg, 0.23 mmol) at once, resulting in a yellowish precipitate of Agl. After 12 h at room temperature,
the suspension was filtered through a glass fiber and the volume of the solution reduced to 3mL. Subsequent addition of diethyl ether
resulted in the precipitation of the compound Rp-PCP as a slightly yellow crystalline powder (28mg, 84%). 'H NMR (400 MHz, CDCls,
298K) & 7.63 (s, 8H), 7.05 (s, 2H), 6.67 (s, 2H), 3.47 (dt, J = 16.3, 11.3 Hz, 4H), 3.06 — 2.94 (m, 2H), 2.92 — 2.82 (m, 2H), 1.98 (qt, J =
7.6, 3.5 Hz, 24H), 1.28-1.21 (m, 36H). "*C NMR (100 MHz, CDCls, 298K) & 141.9, 140.5, 134.5, 133.7, 131.6, 130.0, 129.7, 129.5,
127.6, 125.5, 125.5, 125.4, 125.4, 92.5, 91.9, 33.0, 32.6, 14.8, 14.6, 14.5, 7.9. 3P NMR (162MHZ, CDCl3, 298K) & 20.79 (*Jpip =
2482.08 Hz). MS (ESI-MS): m/z calcd for [M — 2NOg] *: 726.2205, found: 726.0387.

Synthesis of Rp,Rp-PCP-TPy1

The Compound Rp-PCP (30 mg, 0.019 mmol) and TPy1 (9.6 mg, 0.019 mmol) were weighed accurately into a glass vial. To the vial
were added 10 mL of acetone and 10 ml of dichloromethane, and the reaction solution was then stirred at 60 °C for 12 h to yield a
homogeneous yellow solution. Then the addition of a saturated aqueous solution of KPFg into the bottle with continuous stirring (10
min) precipitated the product. The reaction mixture was centrifuged, washed several times with water, and dried. Grey solid product of
helicate Rp,Rp-PCP-TPy1 was obtained by removing the solvent under vacuum (35mg, 88%)."H NMR (400 MHz, CDCls;, 298K) & 8.65
(d, J=5.7 Hz, 4H), 7.90 (d, J = 6.6 Hz, 4H), 7.65 (d, J = 2.1 Hz, 8H), 7.57 (d, J = 8.0 Hz, 4H), 7.18-7.14 (m, 10H), 7.10 (s, 6H), 6.67 (s,
2H), 3.51 (d, J = 32.0 Hz, 4H), 3.04 (s, 2H), 2.87 (d, J = 13.6 Hz, 2H), 1.83 (s, 24H), 1.21 (d, J = 8.1 Hz, 36H). '*C NMR (150 MHz,
CDCls, 298K) 6 152.5, 151.2, 146.4, 142.8, 141.8, 140.3, 134.4, 134.2, 133.0, 132.5, 131.6, 131.3, 129.8, 129.2, 128.1, 127.6, 127.3,
127.0, 125.5, 125.5, 125.3, 122.0, 92.6, 91.9, 33.2, 32.7, 14.6, 14.5, 14.4, 8.8, 8.0. 3P NMR (162 MHZ, CDCls, 298K) 6 16.04 (}Jpt.p =
2356.22 Hz). MS (ESI-MS): m/z calcd for [M — 2PFg] 2*: 2084.9582, found: 2084.6118; m/z calcd for [M — 3PFg] 3*: 1341.6505, found:
1341.4189; m/z calcd for [M — 4PF¢] #*: 969.9967, found: 969.8265.

Synthesis of Rp,Rp-PCP-TPy2

The Compound Rp-PCP (30 mg, 0.018 mmol) and TPy2 (10 mg, 0.018 mmol) were weighed accurately into a glass vial. To the vial
were added 10 mL of acetone and 10 ml of dichloromethane, and the reaction solution was then stirred at 60 °C for 12 h to yield a
homogeneous yellow solution. Then the addition of a saturated aqueous solution of KPFs into the bottle with continuous stirring (10
min) precipitated the product. The reaction mixture was centrifuged, washed several times with water, and dried. Y ellow solid product
of helicate Rp,Rp-PCP-TPy2 was obtained by removing the solvent under vacuum (33mg, 82%). '"H NMR (400 MHz, CDCl;, 298K) &
8.66 (d, J = 5.6 Hz, 4H), 7.91 (s, 4H), 7.65 (t, J = 3.1 Hz, 8H), 7.58 (s, 4H), 7.17 (d, J = 1.8 Hz, 3H), 7.11 (d, J = 1.8 Hz, 2H), 7.01 (d, J
= 1.8 Hz, 3H), 6.69 (d, J = 10.8 Hz, 5H), 3.71 (s, 6H), 3.55 (s, 4H), 3.04 (s, 2H), 2.92 — 2.83 (m, 2H), 1.84 (d, J = 9.6 Hz, 24H), 1.22 (d,
J = 8.3 Hz, 36H). '*C NMR (150 MHz, CDCl3, 298K) & 158.8, 152.4, 151.3, 147.1, 143.0, 141.8, 140.3, 135.4, 134.4, 134.2, 132.7,
132.6, 132.6, 131.6, 129.2, 127.6, 127.1, 125.5, 125.5, 125.2, 124.9, 123.1, 122.0, 113.4, 92.6, 91.9, 69.6, 55.2, 53.8, 33.2, 32.7, 31.8,
29.3, 14.6, 14.5, 14.4. 'P NMR (162 MHZ, CDCls, 298K) & 16.05 (}Jpp = 2351.46 Hz). MS (ESI-MS): m/z calcd for [M — 2PFg] 2*:
2145.0102, found: 2144.6331; m/z calcd for [M — 3PFg] %*: 1381.6852, found: 1381.4335; m/z calcd for [M — 4PF¢] 4*: 1000.0227, found:
999.8368.

Energy transfer efficiency and antenna effect

Calculation of energy transfer efficiency (®er): The energy transfer efficiency (®er), which indicating the fraction of the absorbed
energy transferred to the acceptor, is experimentally measured as a ratio of the fluorescence intensities of the donor in the absence
and presence of the acceptor (Io and Ipa)

Gpr=1-22 (1)
D
Calculation of antenna effect of PCP-TPy1-EsY: The antenna effect under certain concentrations of donor and acceptor equals the

ratio of the emission intensity at 552 nm of the acceptor upon excitation of the donor. Where Ipasso (Aex = 360 nm) and Ipa, so0 (Aex = 500
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nm) are the fluorescence intensities of excitation of the donor at 360 nm and direct excitation of the acceptor at 500 nm, respectively.

1 -1
Antenna effect = 243602360 ()

Ipasoo
Calculation of antenna effect of PCP-TPy1-NiR: The antenna effect under certain concentrations of donor and acceptor equals the
ratio of the emission intensity at 630 nm of the acceptor upon excitation of the donor. Where Ipa sso (Aex = 360 nm) and Ipa, so0 (Aex = 530

nm) are the fluorescence intensities of excitation of the donor at 360 nm and direct excitation of the acceptor at 530 nm, respectively.

1 -1
Antenna effect = 243602360 (3)

Ipasso
Calculation of antenna effect of Rp,Rp-PCP-TPy1-EsY: The antenna effect under certain concentrations of donor and acceptor
equals the ratio of the emission intensity at 552 nm of the acceptor upon excitation of the donor. Where Ipa3sso (Aex = 360 Nm) and Ipa,
500 (Aex = 500 nm) are the fluorescence intensities of excitation of the donor at 360 nm and direct excitation of the acceptor at 500 nm,

respectively.

1 -1
Antenna effect = 24360 D360 (4)

Ipasoo
Calculation of antenna effect of Rp,Rp-PCP-TPy1-NiR: The antenna effect under certain concentrations of donor and acceptor
equals the ratio of the emission intensity at 630 nm of the acceptor upon excitation of the donor. Where Ipa3sso (Aex = 360 nm) and Ipa,
s00 (Aex = 530 nm) are the fluorescence intensities of excitation of the donor at 360 nm and direct excitation of the acceptor at 530 nm,

respectively.

Ipa,360—ID360

Antenna effect = (5)

Ipas3o
PMMA films
PMMA films were obtained by drop casting a solution (200 pl) containing 10 M fluorophore in chlorobenzene (50 ul) and 20% PMMA

solution in chlorobenzene (150 pL).
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