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Figure S1. Synthesis route of ETPM (3D model)

Figure S2. SEM images of perovskite films on (a)control and (b)ETPM modified m-TiO2 substrate.

Figure S3. Exciation spectra (a) emission spectra (b) and transmission spectra (c) of ETPM
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Figure S4. The quantum efficiency of ETPM.

Figure S5. Ultraviolet photoelectron spectra measurements of m-TiO2 with 1 mg/ml or without ETPM 
films based on Si substrate
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Figure S6. Corresponding plots of (αhν)2 and hν for the measurement of the bandgap of m-TiO2 with 1 

mg/ml or without ETPM.

Figure S7. (a) and (b) UPS measurements of perovskite films on Si substrate,(c) corresponding plots of 

(αhν)2 and hν for the measurement of the bandgap of perovskite films.
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Figure S8. Energy diagram of band alignment for devices based on m-TiO2 with 1 mg/ml or 

without ETPM.

Figure S9. Reverse J–V curves of PSCs with different concentrations of ETPM under simulated AM 

1.5G illumination.
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Figure S10. J-V curves of planar devices based on control and ETPM modified c-TiO2 ETLs. 

Figure S11. Schematic diagram of ETPM modified on the mesoporous and planar devices.
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Figure S12. Hysteresis behaviors from J-V curves under different scan directions were measured for 

devices with or without ETPM. The integral areas are used to calculate HIs. (a) Forward scan and (b) 

reverse scan for control devices, (c) forward scan and (d) reverse scan for the ETPM modified devices.
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Figure S13. IPCE enhancements of PSCs with optimized concentration or without ETPM.

Figure S14. Reverse J–V curves of PSCs without ETPM or spin-coated ETPM on the back of FTO.
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Figure S15. PCE values as a function of time for the control and ETPM modified device under continuous 

light irradiation.

Figure S16 The XRD patterns of perovskite films based on control and ETPM modified TiO2 
substrates under 365nm continuous illumination for 100 h.
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Table S1 Atomic content of Eu3+ in TiO2 from XPS.

 Table S2 Photovoltaic performance of PSCs with different concentrations of ETPM under AM 

1.5 illumination.

Concentration of ETPM Jsc(mA/cm2) Voc(V) FF(%) PCE(%)

0  mg/ml 22.02 1.06 72.83 17.00

0.5 mg/ml 22.48 1.08 73.73 17.90

1.0 mg/ml 23.23 1.08 76.01 19.07

1.5 mg/ml 22.89 1.08 73.74 18.23

Different concentrations of EPTM samples

0.5 mg/ml 1.0 mg/ml 1.5 mg/ml

Atomic content of Eu3+ (%) 0.84 1.32 1.49


