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Supplementary Table S1. Li doping amounts obtained by XPS and ICPMS measurements. 

 

Sample Li doping 

(% of Pb-atoms) 

 XPS ICPMS 

Undoped PEA2PbBr4 0 0 

Li-doped PEA2PbBr4 5.4 4.4 

Undoped BA2PbBr4 0 0 

Li-doped BA2PbBr4 3.7 3.8 

 

 

  

Supplementary Figure S1. Measured XRD diffractograms for PEA2PbBr4 and BA2PbBr4 and the 

respective theoretical diffractograms. 



 

 

 

 

 

Supplementary Figure S2. Temperature-dependent RL spectra for the undoped and Li-doped 

PEA2PbBr4 and BA2PbBr4. 



 

 

Supplementary Table S2. FWHM values for the RL peaks at room temperature of the 

investigated perovskites. 

Sample FWHM 

(nm) 

PEA2PbBr4 30 

PEA2PbBr4 Li-doped 41 

BA2PbBr4 27 

BA2PbBr4 Li-doped 35 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S3. Fluorescence spectra for PEA2PbBr4 and BA2PbBr4. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S4. Dark-field image of the pristine (left) and perovskite-filled (right) 

microcapillary template.  



Negative thermal quenching behavior analysis 

 

For our analysis, we apply the simplest case of the analytical model derived by Shibata(1998)1: 

 

‖𝐼(𝑇)‖ =
1+𝐷∙exp(−𝐸1

′/𝑘𝐵𝑇)

1+𝐶∙exp(−E1/𝑘𝐵𝑇)
                                       (SE1) 

 
where ||I(T)|| is the integrated radioluminescence emission intensity at absolute temperature 𝑇 

normalized to the maximum integrated intensity, 𝐷 is the negative thermal quenching coefficient 

which describes the contribution from thermally excited electrons, 𝐶 is the thermal quenching 

coefficient related to non-radiative electron excitation, 𝐸1′ and 𝐸1 are the activation energies for 

negative thermal quenching and typical thermal quenching and 𝑘𝐵 is the Boltzmann constant. The 

fitting parameters are listed in Supplementary Table 2, below.  

 

 

Supplementary Table S3. Fitting parameters of negative thermal quenching of the 

radioluminescence using Equation SE1. 

 

Sample D C E1’ (meV) E1 (meV) 

Undoped 

PEA2PbBr4 

6.69×105 2.46×105 4.38 4.30 

Li-doped 

PEA2PbBr4 

3.01×106 5.93×106 4.87 4.87 

Undoped 

BA2PbBr4 

4.96×105 1.03×106 4.07 4.03 

Li-doped 

BA2PbBr4 

7.09×105 1.43×106 5.20 5.08 

 

  



Supplementary Table S4. Residual radioluminescence after 5 s at 10 K and fit parameters of the 

afterglow decay at 10 K, fitted with a multiple exponential decay, where i is the decay time, Ci is 

the contribution of the decay time and 𝜏 ̅is the mean time of the decay. The decay of undoped 

BA2PbBr4 was too fast to be fitted accurately.  

 

Sample Residual RL 

after 5s (%) 

Afterglow  

Decay parameters 

𝑖 (s) / 𝐶𝑖 (%) 

Afterglow 

Average Decay Time 

𝜏 ̅(s) 

Undoped 

PEA2PbBr4 

< 1 10.3 / 83.3 

82.2 / 16.7 

22.3 

Li-doped 

PEA2PbBr4 

1.7 16.3 / 61.1 

157.6 / 38.9   

71.3 

Undoped 

BA2PbBr4 

< 1 n/a n/a 

Li-doped 

BA2PbBr4 

2.1 17.1 / 80.4 

352.1 / 19.6 

82.8 

 

  



 

 

 

 

 

Supplementary Table S3. 

  

 

 

 

Fitting of the thermoluminescence glow peaks. We start with the assumption that the traps in 

the thermoluminescence spectra can be represented as quasi-continuous trap distributions. We use 

the procedure described by Brylew et al.2 to determine the trap parameters, assuming an arbitrary 

value of the frequency factor for distribution at 1011 s-1. The fit procedures are shown in Figure S5 

and the fit parameters are tabulated in Table S5. 

 

Supplementary Table S5. Parameters of the thermoluminescence peak fitting, where Tmax is 

temperature where the maximum of the peak occurs, E is the trap depth, n0 is the trap concentration 

and s is the frequency factor.2 

 

Sample Tmax 

(K) 

E 

(meV) 

n0 

(a.u.) 

s 

(s-1) 

 

Li-doped 

PEA2PbBr4 

45 10.8 6.95 × 105 0.101 

78 41.7 3.17 × 105 4.54 

114 124 1.94 × 105 4.11 × 103 

 

Li-doped 

BA2PbBr4 

29 40.5 2.08 × 103 5.28 × 105 

91 107 5.47 × 103 2.12 × 105 

113 155 2.01 × 103 2.33 × 105 

Supplementary Figure S5. Thermoluminescence peaks for Li-doped PEA2PbBr4 (left) and 

BA2PbBr4 (right and the corresponding fits. 



 

 

  

Supplementary Figure S6. Current-voltage curves for undoped and Li-doped PEA2PbBr4 (left) 

and BA2PbBr4 (right) measured in dark and under UV light (340 nm, 60 mW). The response to the 

light, particularly for undoped perovskites, is minimal and the curves show overlap with the dark 

ones. 



 

 

 

 

 

 

 

 

 

 

 

Supplementary Table S6. Decay times of the room temperature RL held at constant X-ray 

irradiation (at I= 8 mA). 

 

 

 

 

 

 

 

 

 

 

 

 
Decay Time 

(s) 

Voltage 

(kV) 

PEA2PbBr4 

Undoped 

PEA2PbBr4 

Li-doped 

BA2PbBr4 

Undoped 

BA2PbBr4 

Li-doped 

15 422 1,315 709 1,579 

30 976 10,921 1,458 10,658 

45 1,114 26,450 2,334 20,920 

Supplementary Figure S7. (a) Fitting of a decay curve of BA2PbBr4, using a mono-exponential 

decay function, held at constant X-ray irradiation (source held at 15 kV and 8 mA). (b) Normalized 

decay time, d, for the undoped and Li-doped perovskites held at constant X-ray irradiation (at I= 

8 mA). Data collected at room temperature. 



 

 

  

Supplementary Figure S8. Photoluminescence intensity vs. time of undoped and Li-doped 

PEA2PbBr4 (left) and BA2PbBr4 (right) while exposed to environmental conditions (standard 

atmosphere, 65 % humidity). 



 

 

Supplementary Table S7. Normalized light yield for the undoped and Li-doped perovskites at 

different gamma-ray excitation energies. The values were normalized for the respective undoped 

samples at an energy of 662 keV.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Light Yield 

(normalized to the undoped perovskite at 662 keV) 

Energy 

(keV) 

Undoped 

PEA2PbBr4 

Li-doped 

PEA2PbBr4 
 

Undoped 

BA2PbBr4 

Li-doped 

BA2PbBr4 
 

59.5 0.75 ± 0.10 1.59 ± 0.07 1.10 ± 0.07 0.89 ± 0.07 

511 1.02 ± 0.14 1.74 ± 0.08 1.06 ± 0.07 0.71 ± 0.07 

662 1.00 ± 0.18 1.78 ± 0.07 1.00 ± 0.06 0.80 ± 0.07 

Supplementary Figure S9. Peak values of the normalized RL of the undoped and Li-doped 

perovskites at room temperature at different voltage and current applies to the X-ray source. 



Supplementary Table S8. Energy resolution of the undoped and Li-doped perovskites at different 

gamma-ray excitation energies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy Resolution 

(%) 

Energy 

(keV) 

Undoped 

PEA2PbBr4 

Li-doped 

PEA2PbBr4 

Undoped 

BA2PbBr4 

Li-doped 

BA2PbBr4 

59.5 43.1 ± 2.1 32.6 ± 1.3 41.9 ± 2.6 41.0 ± 2.1 

511 16.8 ± 1.6 15.6 ± 1.9 19.3 ± 2.1 23.4 ± 1.6 

662 11.2 ± 1.7 9.5 ± 2.0 13.0 ± 1.5 10.9 ± 1.7 



 

 

Supplementary Table S9. Fitting parameters for the scintillation decay of the investigated 

perovskites under gamma-ray excitation (E= 662 keV) fitted with a multiple exponential decay, 

where i is the decay time, Ci is the contribution of the decay time and 𝜏 ̅is the mean time of the 

decay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Decay 

parameters 

𝑖 (ns) / 𝐶𝑖 (%) 

Average 

Gamma-ray 

Excited 

Decay Time 

𝜏𝛾 (ns) 

 

Average RL 

Decay Time3 

 

𝜏𝑅̅𝐿 (ns) 

Undoped 

PEA2PbBr4 

13.4 / 94.9 

73.7 / 5.1 

16.5 12.3 

Li-doped 

PEA2PbBr4 

11.2 / 98.1 

100 / 1.9 

12.9 n/a 

Undoped 

BA2PbBr4 

4.73 / 87.1 

20.0 / 11.3  

104 / 1.5 

 

8.0 

 

5.3 

Li-doped 

BA2PbBr4 

4.80 / 87.6 

20.8 / 10.9 

108 / 1.4 

 

8.0 

 

n/a 
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Supplementary Figure S10. The X-ray luminescence intensity of undoped (left) and Li-doped 

(right) octylammonium lead bromide. Insets show the raw imaging data, and the red dotted line 

shows where the data points were taken for the intensity profile. 


