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x Manganese acetate 
[mmol]

Cadmium acetate 
[mmol]

x=1 0 0.18

x=0.8 0.036 0.144

x=0.7 0.054 0.126

x=0.5 0.09 0.09

x=0 0.18 0

Table S1: moles of materials use to synthesize Cs4CdxMn1-xBi2X12  
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Figure S1: HR-TEM characterization of DLP (x=1) nanoparticle in two different orientations; (a)- 
zone axis: (1 0 1), (b) zone axis: (1 -1 0). The size distribution histograms of x=1, (c) in zone axis 
(101) the average length is , (d) in zone axis (1 -1 0) the average edge length is 18.1 ± 1.9𝑛𝑚

, (f) the average width is .17.5 ± 3.1𝑛𝑚 7.7 ± 1.8𝑛𝑚

Table S2: Miller Indices and d-spacing for the different FFT patterns

 –zone axis [1 0 1]𝐶𝑠3𝐵𝑖𝐶𝑙6
(figure 4b)

 –zone axis [1 0 𝐶𝑠4𝐶𝑑𝐵𝑖2𝐶𝑙12
1]   (figure 1c)

–zone axis [1 -1 𝐶𝑠4𝐶𝑑𝐵𝑖2𝐶𝑙12
0] ( figure 1e)

(h k l)
d-

spacing 
[nm]

1/d-
spacing
[1/nm]

(h k l)
d-

spacing 
[nm]

1/d-
spacing
[1/nm]

(h k l)
d-

spacing 
[nm]

1/d-
spacing
[1/nm]

 1 1 3 0.362 2.762 1 1 0 0.381 2.624 1 1 0 0.380 2.631

-1 3 2 0.255 3.921 2 0 8 0.267 3.733 1 0 2 0.622 1.607

2 2 0             0.199 5.024



Figure S2: (a) high magnification STEM image  (x=0.8), (b), (c), (d), (e), (f) 𝐶𝑠4𝐶𝑑0.8𝑀𝑛0.2𝐵𝑖2𝐶𝑙12
STEM-EDS element maps for Cs, Cl, Cd, Bi, Mn; squares show the presence of side product 
Cs3BiCl6



Figure S3: TEM characterization of  (x=0.7) in different magnifications.𝐶𝑠4𝐶𝑑0.7𝑀𝑛0.3𝐵𝑖2𝐶𝑙12

VBM (ev) E0 (ev) Work function (ev)

X=0.8 3.16 14.67 6.53

X=0.5 1.93 14.04 7.16

Table S3: VBM, E0 and work function measured by UPS analysis

Density Functional Theory (DFT) Calculations

Computational details. DFT calculations were carried out with the Vienna ab initio 

simulation package VASP 5.4.1 The Kohn-Sham equations are solved using a plane wave 

basis set with an energy cutoff of 350 eV, and the projector augmented-wave (PAW) 

potential was applied.2 A 222 k-point sampling was used for the 221 Cs4MnBi2Cl12 

supercell cell. The trigonal  space group was assumed.3 The initial spin configuration 𝑅3̅𝑚



for Cs4MnBi2Cl12 was set as antiferromagnetic state where spins on Mn are parallel along 

lattice  and antiparallel along lattice .4 Upon Cd substitutional doping, the initial spin 𝑏⃗ 𝑎⃗

on dopant Cd is set to zero. The structures were optimized using the PBE functional5 and 

the zero damping D3 correction of Grimme,6 as inclusion of London dispersion in the 

functional for treating halide perovskites was emphasized,7 and previously applied.8 

Geometries were fully relaxed regarding lattice parameters and interatomic distances 

until forces were less than 0.01 eV/Å. In both optimization and electronic structure 

calculations, spin polarization was included. In the electronic structure calculations for 

pristine Cs4MnBi2Cl12, the PBE revised for solids (PBEsol) exchange-correction is 

adopted.9 
Figure S4: Two tunneling spectra measured on the NPs marked by asterisk with corresponding 

colors shown in the topographic image presented in the inset. Both NPs are ~1o nm in lateral 

dimensions.  
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Figure S4: Two dI/dV-V tunneling spectra measured on two different NPs marked by asterisks  
with corresponding colors shown in the 40×40 nm2 STM topographic image presented in inset. 
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Figure S5: Two I-V characteristics measured on the Au substrate, aside of the NPs, after drop-

casting the NPs in chloroform solution. 

Figure S6: XRD pattern of the nanoparticles which indicate the presence of the desired phases 

(Cs4CdxMn1-xBi2Cl12) and  𝐶𝑠3𝐵𝑖𝐶𝑙6.



h k l d-spacing [nm]

(0 1 1) 0.640

(1 1 0) 0.377

(0 2 5) 0.309

(1 2 4) 0.241

(0 3 0) 0.218

(2 2 0) 0.190

(0 4 1) 0.164

(0 4 4) 0.161

(1 3 4) 0.143

20 nm 100 nm

(a)

(c)

(b)

Figure S7: HR-TEM image and the corresponding electron diffractions of 

Cs4CdBi2Cl12 NPs. (a) Zone axis [-1 -1 3] and (b) electron diffraction on larger area and 

the (c) corresponding h k l crystallographic planes. 
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