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Figure S1: The XRD of the CB-treated and untreated (S-BA),PbBr, films with different
concentration chiral perovskite precursors.
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Figure S2: The XRD of the CB-treated and untreated (S-BA),Pbl, films with different
concentration chiral perovskite precursors.
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Figure S3: The (a,c) FWHM and (b,d) average crystallite size of the CB-treated and untreated
(S-BA),PbBr4 and (S-BA),Pbl,films with different concentrations of chiral perovskite.
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Figure S4: The AFM image of (S-BA),PbBr, films(a) without and (b) with CB treatment for
different concentration of chiral perovskite
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Figure S5: The AFM image of (S-BA),PbBr, films (a) without and (b) with CB treatment for
different concentration of chiral perovskite
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Figure S6: The AFM image of (S-BA),Pbl, films(a) without and (b) with CB treatment for
different concentration of chiral perovskite
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Figure S7: The AFM i 1mage of (S-BA),Pbl, films (a) without and (b) with CB treatment for
different concentration of chiral perovskite.
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Figure S8: The top view SEM image of (S-BA),PbBr, films (a) without and (b) with CB
treatment for different concentration of chiral perovskite.
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Figure S9: The incline view of SEM image of (S-BA),PbBr; films (a) without and (b) with
CB treatment for different concentration of chiral perovskite.
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Figure S10: The(a) CD, (b)absorbance, and(c) gabs of the CB-treated (S-/R-BA),PbBr, films
for different concentration of chiral perovskite
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Figure S11: The(a) CD, (b)absorbance, and(c) gabs of the untreated(S-/R-BA),PbBr, films for
different concentration of chiral perovskite.
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Figure S12: The (a) CD,(b) absorbance, and(c) gabs of the CB-treated (S-/R-BA),Pbl, films
for different concentration of chiral perovskite
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Figure S13: The (a) CD, (b)absorbance, and(c) gabs of the untreated(S-/R-BA),Pbl, films for

different concentration of chiral perovskite



Q
S—
—
Z

(c)

—| Pb4f —CB 3d

5 r ——CB 13d Brad Brad, 'Brad,
=t 5 ! ) I‘?’dm ir‘i. ey
c = f [l 5 | [——untreated ;
2 & I | o g
£ e I s T '
3| 3 2 | ‘
< 8 s |
£ £ =
z R :

' L s i 1 1 1 1 L L 1 1 L
150 145 140 135 130 640 635 630 625 620 615 74 72 70 68 66 64

Binding energy (eV) Binding energy (eV) Binding energy (eV)

Figure S14: High-resolution XPS of (a) Pb 4f, (b) I 3d, and Br 3d peaks for the untreated and
CF-treated films.
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Figure S15: UV-vis absorption spectra of the CB-treated and untreated (R-BA),PbBr, film
with various concentration of 8 wt%, 12wt%, 16wt% and 24wt%.
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Figure S16: The CD, absorbance, and gabs of the CB-treated (S-BA),PbBr, films with CB
treatment for different concentrations of chiral perovskite at the presence of a magnetic field.
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Figure S17: The CD, absorbance, and gabs of (S-BA),PbBr, films with CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S18: The CD, absorbance, and gabs of (S-BA),PbBr, films without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S19: The CD, absorbance, and gabs of (S-BA),PbBr, films without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S20: The CD, absorbance, and gabs of (R-BA),PbBr, films with CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S21: The CD, absorbance, and gabs of (R-BA)ZPbBr4 films with CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S22: The CD, absorbance, and gabs of (R-BA)ZPbBr4 films without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S23: The CD, absorbance, and gabs of (R-BA)ZPbBr4 films without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S24: The CD, absorbance, and gabs of (S-BA)ZPbI4fiIms with CB treatment for different
concentrations of chiral perovskite at the presence of a magnetic field.
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Figure S25: The CD, absorbance, and gabs of (S-BA), Pbl, films with CB treatment for different
concentrations of chiral perovskite at the presence of a magnetic field.
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Figure S26: The CD, absorbance, and gabs of (S-BA)ZPbI4fiIms without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S27: The CD, absorbance, and gabs of (S-BA), Pbl, films without CB treatment for
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Figure S28: The CD, absorbance, and gabs of (R-BA)ZPbI4 films with CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S29: The CD, absorbance, and gabs of (R-BA),Pbl, films with CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S30: The CD, absorbance, and gabs of (R-BA)ZPbI4fiIms without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S31: The CD, absorbance, and gabs of (R-BA),Pbl, films without CB treatment for
different concentrations of chiral perovskite at the presence of a magnetic field
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Figure S34: A schematic illustration of charge and spin polarization in a chiral molecule when
the molecule is exposed to an electric field acting along its axis (black arrow). The electric
field induces spin-selective electron movement, resulting in transient spin polarization at the
poles (8(+) and 6(—) at the ends of the helix). The spin correlated with each pole depends on
the handedness of the molecule.



p—
g
=]

—=— 88 nm
500 - —s— 70 nm
i 58 M
ook —»— 48 nm

=
=z

Current density {mNcrnzj
= ]
=1 =

L=

- 5 6
Voltage (V)

B
L]

EEE

Luminance {cd.frnz}

- 8 8

> 11

L=l T T - = ]
T T

2 3 4 5 6
Voltage (V)

Luminous current efficienc

Figure S35: The electric performance of OLED device without chiral perovskites with various

thickness of the emissive layer

—
O

Intensity (normalized)

(f

e

Luminous efficacy (Lumen/Watt)

External quantum efficiency (%)

o

L)

—s— B4 nm
—a— T nm

Voltage (V)

1.0}
D&F
0&L
04 L
0.2t
0.0
9
8 -
r o, =
Tt el s
r i ™
6 | ——
18 _‘_J-.'_‘:‘-h.._.___:_\_\_\_
- b
4 b ﬂ\%
3 —a—86 e s
nm T
2t —s—T0nm gt
{ —a— 08 nm

1F »— 48 nm

—a— 24 nm
0 ; L i :

F4 3 4 5 ] i

Voltage (V)




—
Q

o o
o ©

-
=)

Current density (mAdcr’)
a -

10°

5 f-[0- SYIS-7 wi%

<L

o [—0O-5YI5-T wi%

E-{3-8YIS-5 wt%

- sws—w/

6
Voltage (V)

E—(O-SYIS-5 wik%
—\- S5YIS-2 with

5 6
Voltage (V)

35
o SYIST with
30l —o— SYISE wi
s SYIS2 Wit
25l A/A/\A
£ 20 \
— &
g 15k
g ;
1.0pP%y
Y
05y
0.0 . - .
0 100 200 300 400
Current density (mA/cm®)
(e)
3.5
—o— SYIS-T Wit
3.0 e svis s
25 /\ —A— SY/8-2 wt%
g 2.0 /l \
w
1.5 .
o \A
104+
B
0.5
0.0 I R
0 100 200 300 400 500 600

Current density (mA/cm®)

(c)

—— SYIS-T wit%
= —— SYIS-5 wit%
T ——SYIS-2 wi%
N
©
£
6
=
=
‘@

c
@
E
3
w L L
400 500 600 700 800

—

—+
S

Wavelength (nm)

—— SYIS-T wi%
= —— SYIS-5 wt%
@ —— SY/5-2 wt%
N
©
£
[}
£
=
@
cC
[}
=
1
L L 1 1
400 500 600 700 800

Wavelength (nm)

Figure S36: Performance of device based on (a,b,c) CB-treated and (d,e,f) untreated (S-
BA),Pbl,,(a,d) J-V-L curves as a function of voltage (b,e) EQE as a function of current density
and (c,f) normalized EL as a function of wavelength.
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Figure S41: Performance of device based on (a,b) CB-treated and (c,d) untreated (S-

BA),Pbl, (a,c) power efficacies (Cd/A) and (b,d) luminous efficacies (Lm/W) as a function of
voltage
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Figure S42: Performance of device based on (a,b) CB-treated and (c,d) untreated (R-
BA),PbBr, (a,c) power efficacies (Cd/A) and (b,d) luminous efficacies (Lm/W) as a function of
voltage



12 —

11 || —=—SY/S-8 wit% ' ' :
—_ —8—SY/S5-4 wi%
<L 10F —s—svis-2wi%
3 9
L.
- 8
e 7t
QL 5
£ 5f
e
D 3
5 2
1
0 s L

5 6 7

3 4
Voltage (V)
(c)
10
—8— SY/5-8 wi%
Q 8 —=— SY/S-4 wi%
% i —a— SY/S-2 wi%
L
> 6
c
0 -
o
£ 4t
(]
g
3 2
o
0
3

Voltage (V)

Luminous efficacy (Im/Watt)

—a—SY/S-8 wi%
- —8—SY/S-4 wi%
—m—SY/S-2 wi%

Voltage (V)

—8—SY/S-8 wit
—#—SY/5-4 wi%
—a—SY/S-2 wi%

Voltage (V)

Figure S43: Performance of device based on (a,b) CB-treated and (c,d) untreated (S-
BA),PbBr, (a,c) power efficacies (Cd/A) and (b,d) luminous efficacies (Lm/W) as a function of

voltage
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Figure S44: The g _, ., of various precursor concentration as a function of wavelength, (a),
(b)and (c) for the OLED devices based on (S-/R-BA)ZPbI4fiIms with CB treatment and (d),
(e)and (f) for the OLED devices based on (S—/R—BA)ZPbI4 films without CB treatment.
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Table S1: The grain size and roughness of the CB-treated and untreated (S-BA),PbBr, films for
different concentration of chiral perovskite

(S-BA)ZPbBr4 film Film type Size or roughness (S-BA)szBr4 film | Film type Size or
with CB treatment without CB roughness
treatment
80 wt% Smooth RMS=14.7nm 80 wt% rough RMS=73.5nm
film film
64wt% Smooth RMS=11.5nm 64wt% nanosheets | 7um x 7um x
film 425nm
48 wt% Smooth RMS=10.7nm 48 wt% nanosheets | 7um x 7um x
film 350nm
32 wt% Smooth RMS= 8.56 nm/ 32 wt% nanosheets | 4um x 4um x
film (141.7 nm) 275nm
24 wt% Smooth RMS=7.56 nm/ 24 wt% nanosheets | 4um x 4um x
film (98.6 nm) 225nm
16 wt% nanosheets lum x lum x 16 wt% nanosheets | 3um x 3um x
70nm 140nm
12 wt% nanosheets lum x lum x 12 wt% nanosheets | 2um x 2um x
40nm 90nm
8 wt% nanosheets lum x 1um x 8 wt% nanosheets | 1um x lum x
30nm 70nm
4 wt% nanosheets 0.9um x 0.9um x 4 wt% nanosheets | 0.8um x 0.8um
30nm x 30nm
2 wt% nanosheets 0.8um x 0.8um x 2 wt% nanosheets | 0.5um x 0.5um
30nm x 30nm




Table S2:The gabs of the CB-treated and untreated (S-BA),PbBr, films for different
concentration of chiral perovskite in the presence of a magnetic field

(S-BA)ZPbBr4 film 8wico under +1.6T/- (S-BA)ZPbBr4 film 8mcp under
with CB treatment 1.6T without CB treatment | +1.6T/-1.6T
80 wt% -0.0042/0.0038 80 wt% -0.0016/0.0007
64 wt% -0.0041/0.0034 64 wt% -0.0019/0.0018
48 wt% -0.0031/0.0028 48 wt% -0.0029/0.0029
32 wt% -0.0043/0.004 32 wt% -0.0018/0.0018
24 wt% -0.005/0.0047 24 wt% -0.0023/0.0024
16 wt% -0.0057/0.0052 16 wt% -0.0029/0.003
12 wt% -0.0034/0.0034 12 wt% -0.0023/0.0022
8 wt% -0.0021/0.002 8 wt% -0.0019/0.0019
4 wt% -0.001/0.0011 4 wt% -0.0016/0.0017
2 wt% -0.0013/0.0014 2 wt% -0.0011/0.0011




Table S3: The gabs of the CB-treated and untreated (S-BA),Pbl,films for different
concentration of chiral perovskite in the presence of a magnetic field

(S-BA)ZPbI4 film with | gmcp under (S-BA)ZPbI4 film without | gycp under

CB treatment +1.6T/-1.6T CB treatment +1.6T/-1.6T

80 wt% -0.0002/0.0022 80 wt% -0.00156,/0.00151
60 wt% -0.0029/0.0028 60 wt% -0.00159/0.00173
30 wt% -0.0032/0.0029 30 wt% -0.00157/0.0016
25 wt% -0.0015/0.0016 25 wt% -0.00108/0.00122
20 wt% -0.0015/0.0015 20 wt% -0.00089/0.00105
15 wt% -0.0011/0.0013 15 wt% -0.00115/0.0013
10 wt% -0.0014/0.0011 10 wt% -0.0009/0.00117
7 wt% -0.0014/0.0015 7 wt% -0.0011/0.0011

5 wt% -0.001/0.0013 5 wt% -0.001/0.0012

2 wt% -0.0011/0.0011 2 wt% -0.001/0.0012




Table S4: The gucp of the CB-treated and untreated (R-BA),PbBryfilms for different

concentration of chiral perovskite in the presence of a magnetic field

(R-BA)ZPbBr4fiIm

8wico under +1.6T/-

(R-BA)ZPbBr4 film

8wico under +1.6T/-

with CB treatment | 1.6T without CB 1.6T
treatment

80 wt% -0.0031/0.0034 80 wit% -0.0007/0.0019
64 Wt% -0.0021/0.0026 64 Wt% -0.0023,/0.0023
48 Wt% -0.0027/0.0035 48 wt% -0.0028/0.0025
32 wt% -0.0034/0.0038 32 wt% -0.0017/0.0018
24 wt% -0.0039/0.0039 24 wt% -0.002,/0.002
16 wt% -0.005/0.0049 16 wt% -0.0023/0.0023
12 wt% -0.0025/0.0025 12 wt% -0.0026,/0.0026
8 wt% -0.0023/0.0022 8 wt% -0.0019/0.0019
4 wt% -0.0022/0.0021 4 wit% -0.0015,/0.0014
2 wt% -0.0005/0.0006 2 wt% -0.0002/0.0006




Table S5: The gumcp of the CB-treated and untreated (R-BA),Pbl,films for different

concentration of chiral perovskite in the presence of a magnetic field

(R-BA)ZPbI4 film with

8wico under +1.6T/-

(R-BA),Pbl, film

gwico under +1.6T/-

CB treatment 1.6T without CB 1.6T
treatment

80 wt% -0.0008/0.0008 80 wt% -0.0016/0.0015
60 wt% -0.003/0.0032 60 wt% -0.0014/0.0015
30 wt% -0.0008/0.0013 30 wt% -0.0013/0.0014
25 wt% -0.0015/0.002 25 wt% -0.0015/0.0015
20 wt% -0.0013/0.0014 20 wt% -0.0015/0.0017
15 wt% -0.0008/0.0012 15 wt% -0.0011/0.0013
10 wt% -0.0007/0.0012 10 wt% -0.00082/0.0011
7 wt% -0.0009/0.0011 7 wt% -0.00088/0.001
5 wt% -0.001/0.0013 5 wt% -0.00087/0.0013
2 wt% -0.0011/0.0012 2 wt% -0.0005/0.0007




Table S6: The Rashba splitting and Zeeman splitting of the CB-treated and untreated (S-
BA),PbBr1, films for different concentration of chiral perovskite

(S-BA)ZPbBr4 Rashba splitting | Zeeman (S-BA)ZPbBr4 film | Rashba | Zeeman
film with CB AE splitting AE without CB splittin | splittin
treatment under 0 Tesla under +-1.6 treatment g AE g AE
Tesla under 0 | under
Tesla +1.6
Tesla
32 wt% 299 neV +-315 peV 32 wt% ~10 +-286
ueV neV
24 wt% 20.3 ueV +-240 peV 24 wt% ~10 +-
ueV 370 e
\Y
16 wt% 12.4 neV +-380.3peV 16 wt% ~10 +-
ueV 372ue
\Y%
12 wt% ~10 ueV +-376peV 12 wt% ~10 +-355
ueV ueV
8 wt% ~10 ueV +-334 peV 8 wt% ~10 +-339
ueV ueV




Table S7: Summary on EL parameters of spin OLED device based on CB-treated and
untreated (S-/R-BA),Pbl, films as CISS layer

Luminancemax EQE Power efficiency luminous
max ..

d 2 [%] [Cd/A] efficiency

[cdm | [Im/W]

CB-treated R form- 336 1.51 3.46 1.36

7wt% devices

CB-treated R form- 715 1.82 4.8 1.94

5wt% devices

CB-treated R form - 16803 3.47 10.63 5.17

2wt% devices

untreated R form - 208 1.49 3.73 1.47

7wt% devices

untreated R form - 639 1.82 4.8 1.9

5wt% devices

untreated R form - 11520 2.4 7.48 3.35

2wt% devices

CB-treated S form - 438 1.22 3.62 1.62

7wt% devices

CB-treated S form - 938 1.63 4.3 1.67

5wt% devices

CB-treated S form - 18063 3.07 9.4 4.89

2wt% devices

untreated S form - 772 0.69 2.11 0.83

7wt% devices

untreated S form - 1889 1.2 2.92 1.15

5wt% devices

untreated S form - 18722 2.63 8.14 3.65

2wt% devices




Table S8: Summary on EL parameters of spin OLED device based on CB-treated and
untreated (S-/R-BA),PbBr, films as CISS layer

Luminance EQE_ Power efficiency | luminous
2 Cd/A efficienc
[Cd m ] [%] [ / ] Yy
[Im/W]
CB-treated R form - 309 1.14 3.5 1.47
8wt% devices
CB-treated R form - 2339 2.75 6.89 2.71
4wt% devices
CB-treated R form - 19098 2.94 8.92 452
2wt% devices
untreated R form - 772 1.2 3.43 1.43
8wt% devices
untreated R form - 2416 1.82 4.81 1.94
4wt% devices
untreated R form - 18746 2.93 9.03 4.05
2wt% devices
CB-treated S form - 1900 1.33 3.61 1.43
8wt% devices
CB-treated S form - 3223 2.53 6.65 2.61
4wt% devices
CB-treated S form - 17563 3.68 11.1 5.69
2wt% devices
untreated S form - 79 0.163 0.55 0.25
8wt% devices
untreated S form - 3578 1.791 4.89 1.94
4Awt% devices
untreated S form - 16201 2.69 8.37 3.67
2wt% devices




Table S9: Relevant chiroptical properties reported for the chiral perovskite applied to spin-

LEDs.
Spin filter Emissive layer EQE luminous Power Luminescence | Ref.
[%](max) | efficiency efficiency dissymmetry
max[Im/W] | [cd/A](max) | factor
gCPEL(max)
CB-treated (R- | Organic 1.51 5.17 3.46 0.016 This
BA),Pbl,-7wt% | polymer work
CB-treated (S- Organic 1.22 1.62 3.62 -0.026 This
BA),Pbl, - polymer work
Twt%
CB-treated (R- | Organic 3.47 1.36 10.63 0.0055 This
BA),Pbl, - polymer work
2wt%
CB-treated (S- Organic 3.07 4.89 9.4 -0.0048 This
BA),Pbl, - polymer work
2wt%
CB-treated (R- | Organic 1.14 1.47 3.5 0.015 This
BA),PbBr, - polymer work
8wt%
CB-treated (S- Organic 1.33 1.43 3.61 -0.017 This
BA),PbBr, - | polymer work
8wt%
CB-treated (R- | Organic 2.94 4.52 8.92 0.0041 This
BA),PbBr, - | polymer work
2wt%
CB-treated (S- Organic 3.68 5.69 11.1 -0.0039 This
BA),PbBr; - | polymer work
2wt%
(R-MBA),Pbl; | QDs(CdSe) 0.9 - - 0.02 [24]
(S-MBA),Pbl; | QDs(CdSe) 1 - - -0.005 [24]
- MAPDLBr; NCs - - - +-0.006 [95]
with with a chiral
low-dimensional
perovskite shell
- Quasi-2D chiral 3.7 - - +0.004 [96]
perovskites
- Quasi-2D chiral 3.7 - - -0.0032 [96]
perovskites
(R-MBA),Pbl; | CsPbl;/Br;NCs 10 - - +0.026 [19]
(S-MBA),Pbl; | CsPbl;/Br; NCs 10.5 - - -0.026 [19]




