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Fig. S1 FFT patterns of (a) CsPbBr3 NCs (b) Ni2+ doped CsPbBr3 NCs showing spots 

corresponding to (011) and (002) planes. 

 

Fig. S2 (a-b) EDX showing the constituent elements of CsPbBr3 NCs and Ni2+ doped CsPbBr3 

NCs. Insets show the atomic percentage of the elements confirming the effective doping of Ni2+ in 

CsPbBr3 NCs. The EDX shown in right panel corresponds to Ni/Pb ratio of 0.34 (corresponding 

Ni/Pb molar ratio used in synthesis is 0.5). 
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Table S1. Ni/Pb molar ratio used in the synthesis for the variation of Ni dopant concentration and 

the elemental ratio measured using ICP-AES showing Ni-incorporation in CsPbBr3 NCs.   

Fig. S3 XPS spectra for CsPbBr3 NCs (red, Ni/Pb=0) and Ni2+ doped CsPbBr3 NCs (blue, 

Ni/Pb=0.38 and green, Ni/Pb=0.53) showing the change in octahedral environment upon 

increasing Ni2+ concentration. The Ni/Pb ratio from ICP-AES is used in legends. For Ni/Pb=0.53, 

Ni/Pb Elemental Ratio (from 
ICP) 

Ni/Pb Molar Ratio   Used in 
the Synthesis 

0 0 

0.075 0.1 

0.18 0.25 

0.26 0.35 

0.38 0.5 

0.53 0.7 
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an additional peak for Ni 2p appears at ~854.7 eV due to the surface Ni-O bonds which may relate 

to the bonding between surface Ni2+ and ligands.1  

 

 

 

 

 

 

 

 

 

 

 

Fig. S4 133Cs NMR spectra for both CsPbBr3 (red line) and Ni2+ doped CsPbBr3 (blue line) NCs 

showing change in local environment of [PbBr6]4- octahedra upon Ni2+ incorporation in CsPbBr3 

NCs. 

 

Fig. S5 TGA curves for both CsPbBr3 (red line) and Ni2+ doped CsPbBr3 (blue line) NCs showing 

extent of thermal stability. 



S-5 
 

Fig. S6 Lattice parameters versus Ni/Pb elemental ratio (obtained from ICP-AES) shows linear 

relationship.  

Fig. S7 Variation of PL intensity with changing the Ni/Pb elemental ratio (obtained from ICP-

AES). 

 

Fig. S8 The images of the doped and undoped CsPbBr3 NCs in hexane with changing Ni/Pb 

elemental ratio (obtained from ICP-AES). 
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Table S2. Comparison of PLQY with increasing dopant concentration measured from ICP-AES 

and Ni/Pb molar ratio used in the synthesis. 

 

 

Table S3. Comparison of PLQY with dopant (Ni2+) concentration obtained from literatures. 2–8 

 

Ni/Pb Elemental Ratio 
(from ICP-AES) 

Ni/Pb Molar ratio   

used in the synthesis 
PLQY (%) 

0 0 68 

0.075 0.1 72 

0.18 0.25 78 

0.26 0.35 81 

0.38 0.5 98 

0.53 0.7 72 

Literature Material PLQY Ni Concentration 

2 Ni2+ doped CsPbCl3  96.5%  11.9%  

Ni2+doped CsPbCl2.4Br0.6 
 

92% 
 

2.8% 
 

Ni2+ doped CsPbCl2Br 93% 2.2% 

3 Ni2+ doped CsPbCl3 72% 6.1% Ni 
Ni2+ and Pr3+ doped CsPbCl3 89%  

4 Ni2+ doped CsPbBr3 82.9% Feed molar ratio Ni/Pb=2.5 
5 Ni2+ doped CsPbBr3 powder 39.27% 8.5% 
6 Ni2+ doped CsPbBr3 nanoplatelets 78% From Ni-Br mixed solution 

(0.2 mmol NiBr2 in 0.2 ml 
HBr) 0.35 µL used 

7 Ni2+ doped CsPbBr3 nanocrystals  Not 
available 

- 

8 Ni2+ doped CsPbBr3 quantum dots 70.62% 22%  
90.77% after Pb3(PO4)2 coating 

Our work Ni2+ doped CsPbBr3 nanocrystals  98% ~5.6%  
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Ni/Pb Elemental 
Ratio (from ICP-

AES) 

τ1 (ns) τ2 (ns) τ3
 
(ns) A1 A2 A3 τavg(ns) 

0 11.6 61.0 2.6 0.20 0.02 0.78 5.4 

0.075 8.7 3.9 34.0 0.30 0.67 0.03 5.4 

0.18 7.8 2.2 32.2 0.25 0.02 0.73 4.8 

0.26 6.7 23.6 2.0 0.29 0.03 0.68 4.6 

0.38 5.1 1.4 15.9 0.5 0.4 0.09 4.0 

0.53 10.5 38.6 3.1 0.24 0.02 0.74 5.6 

 

Table S4. Time-resolved photoluminescence decay parameters of the CsPbBr3 and Ni2+ doped 

CsPbBr3 NCs while varying the amount of dopant.   

 

 

 

 

 

 

 

 

Table S5. Radiative (Kr) and non-radiative (Knr) decay rate of the CsPbBr3 and Ni2+ doped 

CsPbBr3 NCs while varying dopant concentration. 

*Equation 1,2 have been followed to calculate the Radiative (Kr) and non-radiative (Knr) decay 
rates:  

𝑘௧௢௧ ൌ 𝑘௡௥ ൅ 𝑘௥ ൌ 1 𝜏௔௩௚⁄ ……ሺequation 1ሻ;     𝑘௥ ൌ 𝑃𝐿𝑄𝑌 𝜏௔௩௚ … … ሺequation 2ሻ⁄  

 

 

 

 

Ni/Pb Elemental 
Ratio (from ICP-

AES) 

Kr(s-1)×109 Knr(s-1)× 109 

0 0.125 0.185 

0.075 0.133 0.052 

0.18 0.1625 0.0458 

0.26 0.2025 0.0475 

0.38 0.213 0.0044 

0.53 0.128 0.05 



S-8 
 

Fig. S9 (a-b) Temperature dependent PL confirming the trends in reduction of PL with temperature 

is similar with the luminescent ink. The extent of drop of PL is maximized for pristine one 

compared to the doped CsPbBr3 NCs (elemental ratio of Ni/Pb=0.38). This observation supports 

the fact that Ni2+ doped CsPbBr3 NCs show enhanced temperature stability. 

 

 

 

 

 

 

Fig. S10 The thin glass-film of the fluorescent ink placed on paper shows its transparency (left- 

side). The right-side image shows the luminescence nature of the thin film under the UV light 

illumination at 365 nm after several heating-cooling cycles. 
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Fig. S11 Images of luminescence of the thin film of the fluorescent ink stored in water for several 

days (under UV light illumination). 
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