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Figure S1. High-resolution XPS spectra of pure Rb,SnClg for (a) C 1s; (b) Rb 3d; (c) Sn 3d;
and (d) Cl 2p high-energy discrimination spectra.

S2



- 3

S <

= © b

] Q 1641 cm

o c -

c © v 1302 cm

8 =

£ y

= / E on

5 T T T g \‘\ 2851 cm v CH 1377_': P ety
c vNH ve CH 5CO-H © 2924 cm” vasCH 166em 35,
© v N-H i 3s CH,

I: vas C-H : = m

Rb,SnCl, 1-Octadecene (ODE)
L) L) L L] L L]
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™) Wavenumber (cm™)

(d)

(c)

3 3
= = |
e o
g ] 330 em” R
H l g / 1150 cm
= v b= vnd P
E 3005em” \ W 1 1284 em” v C-0 = 3005em Y S N-H VN
| \ 2854 ¢cm vs C-H A E \‘ 2850¢em™ vs C-H 1378em p CH,
= VECH  3530m” vas CH 1412em S C-OH g VC=CH 2020 cm vas CH 1466 em 8¢ oH,
E o 1705em v C=0 © HN
PN Oleic acid (OA) HiC Oleylamine (OLAM)
T L} T L) L) L) T L} T L) L) L)
4000 3500 3000 2500 2000 _11500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™) Wavenumber (ecm™)

Figure S2. FT-IR spectra of (a) Rb,SnClg perovskites; (b, ¢, and d) reference spectra of 1-
octadecane (ODE), oleic acid (OA), and oleylamine (OLAM) for comparison.

S3



(a) (b)
3 5
S «
g 3
g c
= T Ve g vese| || VEN
E v =0 = eec | PO
g v E:E-I v C=C § pCH; E vesen X
g T © 85 CHy
. to.
. ’W CH 5 = Tvs CH
vas CH Rb>SnClg:2% Bi vas C-H Rb,SnClg:4% Bi
L) L} T L) T L) T L] L) L L) L)
4000 3500 3000 2500 2000 11500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm”) Wavenumber (cm™)
(c)
3
s
[+]
Q
=4
g v C=C v N
= pCHy
v C=C
E v C=C-H
= 85 CHy
@©
to.
= T\'s C-H
vas CH Rb,SnClg:6% Bi

L] L) L) L] L) L]
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm '1)

Figure S3. FT-IR spectra of newly developed perovskite nanocrystals Rb,SnClg:X%Bi of (a)
X=2;(b) X=4;and (c) X=6.
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Figure S4. Excitation and emission spectra of (a) Rb,SnCls:2%Bi; (b) Rb,SnClg:6%B1, & (¢)
location of Rb,SnCls:X%Bi in CIE 1931 chromaticity diagram.
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Table S1. Structural parameters of Rb,SnClg nanocrystals determined by Rietveld refinement

of the corresponding XRD pattern.

Cell Parameters
Space group: Fm-3m (225) Reliability values
a(A) 10.1218 (3) Ryyp (%) 8.64
V (A3) 1037.00 (2) R, (%) 5.61
4 4 Rexp (%) 4.09
Rb-Cl 3.580 (1) ya 2.11
Sn-Cl 2.443 (2) R (F?) (%) 7.05
Fractional atomic coordinates
Atoms X y z Occ Usio Site
Rb 0.25000 0.25000 0.25000 1.000 0.088 8
Sn 0.00000 0.00000 0.00000 1.000 0.070 4
Cl 0.24133 0.00000 0.00000 1.000 0.081 24

Table S2. Binding energy of Rb, Sn, Cl, and Bi among Rb,SnClg and Rb,SnCls:4%Bi

nanocrystals.
Binding Energy (eV)
Cpd. Rb Sn Cl Bi
3dsp 3ds 3ds; 3dy, 2psn 2p3n 4f7n 4fs
Rb,SnClg 110.1 111.5  487.8 4963 198.3 199.6 - -
Rb,SnCls:4%Bi 109.7  111.1  487.1 4956 1984 199.8 159.6 164.8

Table S3. Position of Rb,SnCls:X%Bi (X =0, 2, 4, and 6) in CIE 1931 chromaticity diagram.

Nanocrystals
Rb,SnClg
Rb,SnClg:2%Bi
Rb,SnCls:4%Bi
Rb,SnCls:6%Bi

X-axis on CIE diagram
0.1924
0.1934
0.2235
0.2038

Y-axis on CIE diagram
0.1911
0.1941
0.2360
0.2101
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Table S4. Fluorescence decay analysis of Rb,SnClg perovskites nanocrystals.

Parameter Value Conf. | ower Conf. yyper
A (Cnts) 3950.51 -74.1987 +74.1987
71 (ns) 0.73334 -0.01166 +0.01166
A, (Cnts) 4454.36 -47.9737 +47.9737
7, (ns) 2.73395 -0.06077 +0.06077
Aj; (Cnts) 1537.33 -60.7045 +60.7045
73 (ns) 9.02262 -0.21564 +0.21564

Table S5. Fluorescence decay analysis of Rb,SnClg:4%Bi perovskites nanocrystals.

Parameter Value Conf. 1 gwer Conf. ypper

A (Cnts) 5745.19 -32.4380 +32.4380
71 (ns) 0.93414 -0.01059 +0.01059

A; (Cnts) 446.412 -32.6435 +32.6435

T, (ns) 10.6624 -1.61286 +1.61286
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