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1. Experimental Details Regarding the Synthesis and Characterization. 
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Scheme S1. Synthesis of the compound CEP. 

Synthesis of compound N-(2-cyanoethyl)-2-phenyl [60]fulleropyrrolidine (CEP). A 
mixture of C60 (0.05 mmol, 36 mg), benzaldehyde (0.1 mmol, 10.5 μL), N-(2-cyanoethyl) 
glycine (0.2 mmol, 32 mg) was dissolved in anhydrous chlorobenzene (10 mL) under the 
inert gas protection. The reaction mixture was stirred at reflux for 1.5 h (detected by TLC). 
The crude product was concentrated in vacuo and purified on a chromatographic column 
using toluene as the eluent to afford the desired product of CEP. After precipitation with 
methanol and drying, the brown solid of CEP was obtained with an isolated yield of 41.5% 
(18.5 mg). Our previous work reported the compound CEP, [1] so its structure was iden-
tified only by 1H and 13C NMR spectra. 1H NMR (600 MHz, CS2/CDCl3): δ (ppm), 7.85 (s, 
2H), 7.47–7.44 (m, 2H) 7.38–7.36(m, 3H), 5.21 (s, 1H), 5.17 (d, J = 9.0 Hz, 1H), 4.29 (d, J = 9 
Hz, 1H), 3.64–3.59(m, 1H), 3.02-2.96(m, 2H), 2.94–2.89(m, 1H). 13C NMR (150 MHz, 
CS2/CDCl3): δ (ppm), 155.81, 153.60, 153.02, 152.85, 147.49, 146.73, 146.49, 146.45, 146.43, 
146.39, 146.33, 146.30, 146.28, 146.11, 146.09, 146.02, 145.88, 145.76, 145.69, 145.63, 145.56, 
145.47, 145.42, 145.32, 144.85, 144.74, 144.52, 144.50, 143.31, 143.13, 142.85, 142.74, 142.73, 
142.72, 142.40, 142.34, 142.31, 142.30, 142.24, 142.19, 142.14, 142.13, 142.03, 142.00, 141.82, 
141.65, 140.35, 140.32, 140.03, 139.60, 137.02, 136.81, 136.28, 135.95, 135.86, 129.15, 129.11, 
118.62, 82.05, 76.33, 68.75, 66.65, 48.18. 



 
Scheme S2. Synthesis of the compound CEPE. 

Synthesis of compound N-(2-cyanoethyl)-2-phenethyl [60]fulleropyrrolidine (CEPE). 
A mixture of C60 (0.05 mmol, 36 mg), 3-phenylpropanal (0.1 mmol, 13.0 μL), N-(2-cyano-
ethyl) glycine (0.2 mmol, 32 mg) was dissolved in anhydrous chlorobenzene (10 mL) un-
der the inert gas protection. The reaction mixture was stirred at reflux for 1.5 h (detected 
by TLC). The crude product was concentrated in vacuo and purified on a chromato-
graphic column using toluene as the eluent to afford the desired product of CEPE. After 
precipitation with methanol and drying, the brown solid of CEPE was obtained with an 
isolated yield of 38.1% (17.5 mg). 1H NMR (600 MHz, CDCl3): δ (ppm), 7.37–7.31 (m, 4H), 
7.25–7.24 (m, 1H), 4.99 (d, J = 10.8Hz, 1H), 4.54 (t, J = 6Hz, 1H) , 4.47 (d, J = 10.8H, 1H), 
4.01–3.96 (m, 1H), 3.57–3.52 (m, 1H), 3.30–3.20 (m, 2H), 2.95-2.82 (m, 3H), 2.78–2.72 (m, 
1H). 13C NMR (150 MHz, CDCl3): δ (ppm), 155.60, 154.76, 154.67, 152.78, 147.36, 147.32, 
146.45, 146.42, 146.33, 146.32, 146.24, 146.24, 146.21, 146.19, 146.16, 146.16, 145.98, 145.73, 
145.67, 145.63, 145.55, 145.53, 145.50, 145.46, 145.40, 144.77, 144.64, 144.56, 144.53, 143.38, 
143.27, 142.85, 142.83, 142.82, 142.32, 142.28, 142.24, 142.19, 142.00, 141.97, 141.39, 140.45, 
140.43, 140.15, 139.98, 137.09, 136.26, 135.51, 135.46, 128.87, 128.70, 126.51, 118.73, 76.54, 
76.31, 71.78, 66.46, 48.42, 33.63, 33.51. APCI-MS: m/z calcd for C73H16N2: 920.1 [M]−, found: 
920.6. 

 
Scheme S3. Synthesis of the compound CECB. 

Synthesis of compound N-(2-cyanoethyl)-2-(4-chlorobutyl) [60]fulleropyrrolidine 
(CECB). A mixture of C60 (0.05 mmol, 36 mg), 5-chloropentanal (0.1 mmol, 10.5 μL), N-(2-
cyanoethyl) glycine (0.2 mmol, 32 mg) was dissolved in anhydrous chlorobenzene (10 mL) 
under the inert gas protection. The reaction mixture was stirred at reflux for 1.5 h (detected 
by TLC). The crude product was concentrated in vacuo and purified on a chromato-
graphic column using toluene as the eluent to afford the desired product of CECB. After 
precipitation with methanol and drying, the brown solid of CECB was obtained with an 
isolated yield of 39.8% (18.0 mg). 1H NMR (500 MHz, CS2/CDCl3): δ (ppm), 4.99 (d, J = 
11Hz, 1H), 4.48 (t, J = 6.5Hz, 1H), 4.44 (d, J = 10.5Hz, 1H), 3.99–3.94(m, 1H), 3.63(t, J = 6.5Hz, 
2H), 3.54–3.49(m, 1H), 2.93(t, J = 6.5Hz, 2H), 2.59–2.44(m, 2H), 2.18–2.05(m, 2H), 2.04–
1.95(m, 2H). 13C NMR (125 MHz, CS2/CDCl3): δ (ppm), 155.33, 154.32, 154.30, 152.46, 
147.10, 147.07, 146.23, 146.20, 146.11, 146.09, 145.99, 145.96, 145.93, 145.74, 145.50, 145.40, 
145.38, 145.37, 145.35, 145.32, 145.30, 145.21, 145.15, 144.56, 144.41, 144.32, 144.29, 143.16, 
143.06, 142.65, 142.63, 142.61, 142.08, 142.07, 142.05, 142.04, 142.02, 141.98, 141.78, 141.73, 
140.28, 140.26, 140.02, 139.77, 136.87, 136.03, 135.34, 135.26, 117.60, 76.94, 76.25, 71.35, 66.53, 
48.56, 44.52, 32.99, 31.21, 24.80, 18.58. APCI-MS: m/z calcd for C69H15ClN2: 906.1 [M]−, 
found: 905.9. 



 
Figure S1. 1H NMR spectrum (600 MHz) of compound CEP with CDCl3 as the internal lock. 

 
Figure S2. 13C NMR spectrum (150 MHz) of compound CEP with CDCl3 as the internal lock. 



 
Figure S3. 1H NMR spectrum (600 MHz) of compound CEPE with CDCl3 as the internal lock. 

 
Figure S4. 13C NMR spectrum (150 MHz) of compound CEPE with CDCl3 as the internal lock. 



 
Figure S5. APCI-MS spectrum of compound CEPE conducted in the mode of negative ions. 

 
Figure S6. 1H NMR spectrum (500 MHz) of compound CECB in CS2 with CDCl3 as the internal 
lock. 



 
Figure S7. 13C NMR spectrum (125 MHz) of compound CECB in CS2 with CDCl3 as the internal 
lock. 

 
Figure S8. APCI-MS spectrum of compound CECB conducted in the mode of negative ions. 



 
Figure S9. The comparison of NMR spectra between MeCN and the mixture of MeCN + PbI2 in 
DMSO-d6 contains 0.03% (v/v) TMS. The peak at 0.00 ppm was attributed to TMS which was an 
inner reference for the measurement. 

The comparison of liquid state 1H NMR spectra between MeCN and mixture of 
MeCN + PbI2 are shown in Figure S9. With the addition of Pb2+ to the solution of MeCN, 
protons H on the methyl moieties display a slight downfield shift. The variation of chem-
ical shift indicate the interaction between -CN and Pb2+. [2] 



 
Figure S10. The comparison of NMR spectra between PhCH3 and the mixture of PhCH3 + PbI2 in 
DMSO-d6 contains 0.03% (v/v) TMS. The peak at 0.00 ppm was attributed to TMS which was an 
inner reference for the measurement. 

The comparison of liquid state 1H NMR spectra between PhCH3 and the mixture of 
PhCH3 + PbI2 are shown in FigureS10. With the addition of Pb2+ to the solution of PhCH3, 
protons H on the phenyl moieties display a slight downfield shift, while protons H on the 
methyl moieties display no shifts. These differences on chemical shift are attributed to the 
cation–π interaction between Pb2+ and π-conjugated benzene ring structure. [3] 



 
Figure 11. The comparison of NMR spectra between n-BuCl and the mixture of n-BuCl + PbI2 in 
DMSO-d6 contains 0.03% (v/v) TMS. The peak at 0.00 ppm was attributed to TMS which was an 
inner reference for the measurement. 

The comparison of liquid state 1H NMR spectra between n-BuCl and the mixture of 
n-BuCl + PbI2 are shown in Figure S11. Different peaks corresponding to different 1H are 
clearly marked. With the addition of Pb2+ to the solution of n-BuCl, protons H marked “1” 
adjacent to Cl atom display a slight downfield shift, and other protons H on the alkyl chain 
display no shifts. These different chemical shifts are attributed to the influence of the in-
teraction between Pb2+ and Cl. [4] 

 

 
Figure S12. UV-Vis absorption spectra of CEP in toluene solution. 



 
Figure S13. UV-Vis absorption spectra of CEPE in toluene solution. 

 
Figure S14. UV-Vis absorption spectra of CECB in toluene solution. 

Table S1. Electrochemical and optical properties of CEP, CEPE and CECB. 

Compound Eo, red (V)a LUMO (eV)b λo, max (nm) Eg (eV) HOMO (eV) 
CEP −1.06 −3.74 718 1.73 −5.47 

CEPE −1.06 −3.74 718 1.73 −5.47 
CECB −1.05 −3.75 718 1.73 −5.48 

a Values are versus Fc/Fc+. 

b Estimated using the following equation: LUMO = −e (Eo, red + 4.8) (eV), where Eo, red is the onset 
reduction potential in volt vs Fc/Fc+. [5]. 



 
Figure S15. J-V curves of CECB-based device under different scan directions. 

Table S2. Photovoltaic performance and stability of fulleropyrrolidine-based PSCs in the litera-
ture. 

Device Structure PCE (%)  Stability Ref. 
FTO/PEDOT:PSS/Perovskite/DMEC70/LiF/Al 16.4 10 days, RT, air [6] 

ITO/PEDOT:PSS/Perovskite/C60-N/Al 16.6 200 hours, RT, air [7] 
ITO/CPTA/Perovskite/Spiro-OMeTAD/Au 18.4 100 days, RT, N2 [8] 
ITO/PEDOT:PSS/Perovskite/α-DMEC70/Al 18.6 10 days, RT, air [9] 

FTO/NiOx/Perovskite/C60-BPy/BCP/Ag 16.8 1600 hours, RT, air [10] 
ITO/P3CT/Perovskite/CPTA-E/Al 17.4 7 days, RT, air [11] 

FTO/PTEG-1/Perovskite/Spiro-OMeTAD/Au 16.2 1000 hours, 60°C, air [12] 
ITO/P3CT-Na/Perovskite/PDI-C60/BCP/Ag 18.6 500 hours, RT, air [13] 

FTO/NiOx/Perovskite/C60-3-Py/BCP/Ag 17.6 1400 hours, RT, air [14] 
ITO/NiOx/PTAA/Perovskite/F4/BCP/Ag 20.4 1056 hours, RT, air [1] 
ITO/PTAA/Perovskite/CECB/BCP/Ag 19.1 1800 hours, RT, N2 This work 

 
  



Table S3. Photovoltaic performance of 20 devices based on different fullerene ETMs. 

ETM Voc (V) Jsc (mA cm-2) FF (%) PCE (%) Rs* (Ω cm2) Rsh* (Ω cm2) 

CEPE 1.05±0.01 
(1.05)* 

22.94±0.20 
(22.94)* 

73.54±1.45 
(74.81)* 

17.95±0.40 
(18.33)* 1.55 2153.39 

CEP 1.05±0.01 
(1.05)* 

23.05±0.34 
(23.04)* 

75.27±0.65 
(76.85)* 

18.21±0.28 
(18.68)* 1.52 3588.13 

CECB 1.05±0.01 
(1.05)* 

23.33±0.41 
(23.55)* 

75.72±0.79 
(77.01)* 

18.36±0.42 
(19.05)* 1.43 5284.94 

* Photovoltaic parameters of the champion device recorded by source meter. 
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