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Fig. S1 XRD results of CsEuBr3 NCs synthesized under different conditions: (a) Addition 

ratio of Eu/Cs (45 min at 280 °C). (b) The reaction temperature for 45 min reaction 

time (Eu/Cs=4:1). (c) Reaction time at 280 °C (Eu/Cs=4:1).

In order to explore the synthesis conditions for obtaining pure phase CsEuBr3 NCs, we 

characterized CsEuBr3 NCs synthesized under different conditions using XRD. The 

results showed that the ratio of Eu/Cs was 4:1, and the XRD was pure phase after 

reacting at 280 °C for 45 min.
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Fig. S2 (a) PL for different reaction time. (b) PL at the different reaction temperatures.

 

Fig. S3 (a) XRD, (b) PL and PLE of CsBr:Eu2+ NCs. 

The XRD pattern of CsBr:Eu2+ NCs in Fig. S3a is consistent with the standard cards of 

CsBr (PDF# 061-071-495), and the PL spectrum of CsBr:Eu2+ NCs with an emission peak 

at 441 nm in Fig. S3b.
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Fig. S4 PL and PLE of EuBr2.

The huge difference between EuBr2 and CsEuBr3 NCs can rule out the influence of 

EuBr2 on luminescence.
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Fig. S5 PLQY variation of CsEuBr3 NCs synthesized with varying conditions of the 

reaction
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Fig. S6 (a) UV−vis absorption spectra of the NCs prepared at 280 °C with various 

reaction times. (b) decay of CsEuBr3 NCs for different reaction times. (c) Urbach 

energies in different reaction time.

The change in the Urbach energies (EU) is related to the change in defect density. The 

larger the EU, the larger the density of defect states. According to the formula, 
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where α(E) is the absorption coefficient as a function of photon energy E, E0, and α0 

are the characteristic parameters of the material, σ(T) is the steepness factor, kB is the 

Boltzmann constant, and T is the absolute temperature. The EU is defined as EU = 

kBT/σ(T). When the reaction time increases from 15 min to 45 min, EU decreases from 

356.21 to 355.11 meV. When the reaction time further increases to 60 min, EU 

decreases to 355.49 meV. When the reaction time is 45 min, the corresponding EU of 

CsEuBr3 NCs is the smallest, indicating that the defects are the least at this time. The 

results are consistent with the PL, PLQY, and TRPL characterization. The results show 

that as the reaction time increases, the electron disorder and defect density in the NCs 

will increase, and the optimal reaction time is beneficial for reducing the defect 

density of CsEuBr3 NCs.
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Fig. S7 TRPL of CsEuBr3 NCs for different reaction times.

The TRPL curve was fitted using a double exponential decay curve:
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where τ1 and τ2 represent the fast and slow decay processes, associated with the 

lifetimes of de-trapping to defect states and radiative recombination, respectively. A1, 

A2, and I0 are constants. τave represents the average PL lifetime.

As the reaction time increases, the TRPL exhibits a trend of first increasing and then 

decreasing. τave was fitted using eq 2, and the results show that τave increases from 

179.1 ns to 455.7 ns, indicating that CsEuBr3 NCs at this reaction temperature have 

the lowest defect density. When the reaction time increases to 60 min, more organic 

ligands are replaced on the surface of NCs, resulting in the loss of a certain length of 

organic ligands as spacing. This promotes their fusion and defect density increase, 

leading to a loss of good photoelectronic performance. 
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Fig. S8 TEM images of CsEuBr3 NCs synthesized by reaction at different temperatures: 

(a) 240 oC; (b) 260 oC; (c) 300 oC.
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Fig. S9 The FFT images shown correspond to the RHTEM images of CsEuBr3 NCs 

synthesized at 280 °C for different reaction time: (a) 15 min; (b) 30 min; (c) 45 min; (d) 

60 min.
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Fig. S10 Energy dispersive spectroscopy (EDS) spectrum and the composition analysis 

of CsEuBr3 NCs.
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Fig. S11 XPS spectrum of CsEuBr3 NCs.
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Fig. S12 XPS spectra and the relevant results of different elements: (a) Cs 3d, (b) Eu 

3d, (c) Br 3d of CsEuBr3 NCs, and CsBr:Eu2+.
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Fig. S13 (a) [EuBr6]4− cluster octahedral structure. (b) [(Eu&Cs)Br8]6− cluster cubic 

structure.

To distinguish the red-shift of the emission peaks of CsEuBr3 NCs compared to 

CsBr:Eu2+ NCs, we introduce a distorted lattice to explain the red shift of the emission 

spectrum of CsEuBr3. The distortion index D can be expressed as,1
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where n denotes the number of ligands, dav denotes the average distance, and di 

denotes the distance between Eu2+ and the i-th ligand Br−. The distortion index of 

CsEuBr3 is calculated as 3.88×10−4, which is greater than the distortion index of 

CsBr:Eu2+, resulting in a red shift of the emission peak of CsEuBr3 NCs.
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Fig. S14 CsEuBr3 NCs deep blue emission in CIE coordinates.
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Fig. S15 (a) Detection of emission spectra corresponding to different excitations. (b) 

Detection of the excitation spectra corresponding to the different emissions. 
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Fig. S16 FWHM of CsEuBr3 NCs at 80 K.
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Fig. S17 TRPL decay curves of CsEuBr3 NCs upon 340 nm excitation monitored at 443 

nm from 80 to 300 K.

Fig. S17 shows a typical PL decay curve of CsEuBr3 NCs monitored at 443 nm emission 

at 88-300 K. The results indicate that the PL lifetime of CsEuBr3 at 80 K is longer than 

that at 300 K, which may be related to the thermally assisted escape route and 

temperature-dependent rapid non-radiative recombination.
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Fig. S18 (a) Temperature-dependent PLE spectra of CsEuBr3 NCs. (b) Pseudocolor map 

of temperature-dependent PLE spectra of the CsEuBr3 NCs. (c) Normalized 

temperature-dependent PLE spectra of CsEuBr3 NCs.
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Fig. S19 (a) The band structure and (b) PDOS of CsEuBr3 hosts calculated with the PEB0 

functional with spin-up electrons, respectively. (c) The band structure and (d) PDOS of 

CsEuBr3 hosts calculated with the PEB0 functional with spin-down electrons, 

respectively. 
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Fig. S20 (a) The band structure and (b) PDOS of CsEuBr3 hosts calculated with the 

PEB0+SOC functional, respectively.
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Fig. S21 CsEuBr3 NCs films placed in an air environment (25–30 °C, 20–30% humidity) 

for 50 h of a) PL and b) XRD.
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Fig. S22 (a) “Rose”, (b) “coconut tree”, (c) “flounder”, (d) “turtle leaf”, (e) “seahorse”, and (f) 

“clover” patterns made with composite film ink print.
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Fig. S23 (a) PL integral intensity and (b) peak luminescence of WLED with different driving 

currents.

The PL intensity and drive current follow a linear relationship equation:

\* MERGEFORMAT (6)y ax b 

x is the drive current, a and b are constants.
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Table S1 Summary of different experimental conditions.

Experiment 
number

Reaction 
temperature Reaction time Eu to Cs molar feed 

ratio
1 280 °C 45 min 4:1
2 280 °C 45 min 4:2
3 280 °C 45 min 4:3
4 280 °C 45 min 4:4
5 240 °C 45 min 4:1
6 260 °C 45 min 4:1
7 280 °C 45 min 4:1
8 300 °C 45 min 4:1
9 280 °C 15 min 4:1

10 280 °C 30 min 4:1
11 280 °C 45 min 4:1
12 280 °C 60 min 4:1
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Table S2 Comparison of the properties of CsEuBr3 NCs with lead-based perovskites.

Fluorescent materials
Emission 

peak 
(nm)

PLQY 
(%)

exciton 
lifetime 

(ns)

Huang-
Rhys 

factor
Ref.

CsPbCl3 NCs 460 80 – – 2
CsPbBr3 NCs 454 70 – – 3

CsPb(BrxCl1-x)3 NCs 488 82.19 32.9 – 4
CsPbBr2Cl NCs 475 37.2 13.21 – 5
CsPbBr3 NCs 459 90 3.84 – 6

CsPb(BrxCl1-x)3 NCs 488 82.19 5.27 – 7
CsPb(BrxCl1−x)3 NCs 488 95 21.08 – 8

CsPbBr3 NCs – – – 0.38 10
CsPbBr3 NCs – – – 0.38 11
CsEuBr3 NCs 443 93.51 455.8 1.54 This work
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Table S3 Comparison of the mobility and exciton activation energy of CsEuBr3 NCs with lead-

based perovskites.

Fluorescent materials

hole 
mobility 
(cm2 V−1 

s−1)

electron mobility 
(cm2 V−1 s−1)

exciton 
binding 
energy 
(meV)

Ref.

CsPb(Brx/Cl1−x)3 NCs 1.06×10–9 1.74×10–10 8
CsPbI3 NCs 2.03×10–2 1.87×10–2 9

FAPbBr3 NCs 8.91 × 10–9 5.67 × 10–8 12
CsPbBr3 NCs 2.43×10–3 13
CsPbI3 NCs 2.3×10–1 5×10–1 14

CsPbBr3 NCs 47 15
CsPb(Br0.75Cl0.25)3 NCs 50.44 16

FAPbBr3 NCs 57.55 17
CsPbBr3 NCs 43.7 18
CsPbBr3 NCs 38 19
CsPbBr3 NCs 40 20
CsPbBr3 NCs 40 21
CsEuBr3 NCs 3×10–1 5.0 49.69 This work

In terms of mobility parameters, Luo. et al. calculated the hole and electron mobilities of 

CsEuBr3 to be 0.30 and 5.0 cm2 V−1 s −1,22 higher than those of the currently reported lead-

based perovskite NCs. The exciton binding energy of CsEuBr3 NCs is 49.69 meV, similar to lead-

based perovskites NCs. Moderate exciton binding energy creates better conditions for carrier 

transport and exciton coincidence. 
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Table S4 The color gamut of WLEDs.

Fluorescent materials Color gamut (% NTSC 
in CIE 1931) Ref.

CsPbX3 103 23
A2NaScF6(A = K, Rb, Cs):Mn4+ 108.4 24

CsPbBr3:Sr/PbBr(OH)/molecular 124 25
CsPbX3@glass 127 26

Cs3MnBr5 104 27
Cs4PbBr6 121.3 28

CsPb(Br/I)3 126 29
h-BN@(PMA)2MAn−1PbnBr3n+1 106.1 30

CsEuBr3 NCs 127.1 This work
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