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1. Materials and Methods 

Lead (II) Bromide (PbBr2, 99%), cesium carbonate (Cs2CO3, 99.9%), oleic acid (OA, 99%), oleyl 

amine (OAM, 70%), 1-octadecene (ODE, 90%) and lanthanum (III) bromide (LaBr3) were 

purchased from Sigma Aldrich. DI H2O and all other chemicals were of analytical standards used 

without purification. For transmission electron microscopy (TEM), the CsPbBr3 PQD’s dropped 

cast onto copper grids with carbon support by slowly evaporating at room temperature. 

Transmission Electron Microscope (TEM) image and energy dispersive spectrometer (EDS) 

spectra were recorded using (Titan Themis 300kV from FEI, now Thermo). Attenuated total 

reflectance infrared (ATR-IR) spectra were recorded with a Bruker Alpha Eco-ATR spectrometer 

in the scan range of 4000-500cm-1 for the entire sample. UV-Vis absorption and PL spectra were 

recorded by Shimadzu UV-1800 spectrophotometer using a 10 mm quartz cuvette and Shimadzu 

RF 5301PC Spectro fluorophotometer respectively. X-ray diffraction patterns were recorded on 

an Ultima-IV X-ray diffraction (Rigaku Corporation, Japan) using Ni-filtered Cu Kα radiation with 

a 2θ scan speed of 2.0° min-1 and a 2θ scan range of 5-80° at 40KV and 30Ma. X-ray photoelectron 

spectra were recorded using multi-technique X-ray photoelectron spectroscopy with XPS-mapping 

capability AXIS ULTRA 165. Time Resolved Fluorescence Spectrometer (TRPL), Horiba Jobin 

Yuvon Fluorocube-01-NL Fluorescence Life time System determined the fluorescence life Time.

2. Synthesis of CsPbBr3 perovskite QDs

All- Inorganics CsPbBr3 perovskite QD’s were synthesized through the hot-injection method by 

the following steps as reported in our previous literature [1]. 

3. Preparation of La3+ metal ion solution

The stock solution (3 μM) was prepared by dissolving 0.1 mM of Lanthanum bromide in 0.5 ml 

ethyl acetate followed by ultrasonic treatment for 10 min to obtain a transparent solution. It was 

then made upto 10mL.

4. Doping of La3+ into CsPbBr3

The synthesized CsPbBr3 perovskite QDs (0.3 mg) dispersed in 2 ml toluene were mixed with 

2μL of 0.4 μM lanthanum ions (in toluene) and made up to 5 mL. The mixture was then loaded 

into the cuvette and characterized after shaking for 60 seconds to ensure complete reaction 

between the perovskite QDs and the enhancer (La3+ ions). 
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5. Structural and optical properties for the CsPbBr3 perovskite QDs

Fig. S1(a) Absorption and emission spectra of CsPbBr3 perovskite QDs dispersed in toluene; 
(b) HRTEM image inset: particle size distribution, SAED pattern 

The CsPbBr3 perovskite QDs were synthesized in the presence of OAM and OA as co-solvent via 

previously reported procedure. From Fig. S1(a) it could be seen that CsPbBr3 PQDs have an 

obvious absorption peak at 508 nm and an intense emission peak at 518 nm. By varying the 

excitation wavelength from 370 to 460 nm, there is no change in the emission wavelength and PL 

intensity of CsPbBr3 perovskite QDs, an indication of their independence property of emission 

wavelength on the excitation energy (Fig. S1(a)). Transmission electron microscopy (TEM) image 

of the as-prepared CsPbBr3 perovskite QDs was measured in Fig. S1(b) from which it could be 

seen that the CsPbBr3 perovskite QDs arranged orderly without any aggregation presented a cubic 

phase with a uniform average edge. The high-resolution TEM (HRTEM) image in inset of Fig. 

S1(b) reveals the well-resolved lattice fringes with the interplanar distance about 3.89 Å, which 

coincides with the (110) plane and demonstrates the high crystalline nature of the QDs. Inset of 

Fig. S1(b) also show cube shaped particles with an average particle size of 16 -19 nm. In our study, 

the XRD pattern of the CsPbBr3 QDs in Fig. S2 indicates the perovskite phase of CsPbBr3 (JCPDS 

No. 96-153-3063). The Cs: Pb: Br atom ratio of the CsPbBr3 PQDs measured by the energy-

dispersive spectrometer (EDS) is consistent with the stoichiometry of 1:1:3 Fig. S4. 



4

Fig. S2 XRD reitveld refinement graphs of CsPbBr3 perovskite QDs and CsPbBr3-La3+ 

perovskite QDs
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Fig S3 High-resolution XPS spectra corresponding to Cs 3d and Br 3d of CsPbBr3 and 
CsPbBr3-La3+ perovskite QDs
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3
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Fig. S4 EDS spectrum and Quantification of elemental composition in CsPbBr3 and CsPbBr3-
La3+ perovskite QDs.

 Fig. S5 Elemental mapping of Cs, Pb, Br and La ions 
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(a) CsPbBr
3
 perovskite QDs
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(b) CsPbBr3-La3+ perovskite QDs
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Fig. S6 DLS and Zeta potential values of CsPbBr3 perovskite QDs and CsPbBr3-La3+ 
perovskite QDs

Fig. S7 Stability measurement by tracking changes in PL intensity
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