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1. Synthesis and characterization of TASiW-12.

0.33 g (C8H17)4NBr and 0.50 g H4SiW12O40 were dissolved in 15 mL methanol, respectively, 

and the molar ratio of the organic cations to H4SiW12O40 was controlled by ~ 3.5:1 (charge 

ratio: ~ 3.5:4). Under vigorous stirring at room temperature, the (C8H17)4NBr solution was 

added dropwise to the H4SiW12O40 solution with no significant change in the solution. After 

stirring at room temperature for 2 h, 30 mL H2O was added dropwise, generating a white 

precipitate. The resulted precipitate was filtered, washed with 30 mL H2O for three times and 

then dried in vacuum to give TASiW-12([(C8H17)4N]4[SiW12O40]). Elemental analysis (%) 

calculated for C128H272N4SiW12O40 (4741.7 g mol‒1): C 32.42, H 5.78, N 1.18; Found: C 32.26, 

H 5.50, N 1.18, corresponding to the chemical formula [(C8H17)4N]4[SiW12O40].

2. Ultraviolet-visible absorption spectrum of TASiW-12 film. 

Figure S1. Ultraviolet-visible absorption spectrum of TASiW-12 film.
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3. Ionized potential measurements of PDINO film and TASiW-12 film using UPS.

Figure S2. UPS spectra of 15 nm PDINO and 15 nm TASiW-12 films on ITO in the secondary 

electron cutoff region (left) and valence band region (right). HOMO versus vacuum level of 

PDINO is 6.0 eV and valence band of TASiW-12 is 7.0 eV.

4. Conductivity measurement of TASiW-12 film.

Figure S3. I-V curve of the device for ITO/TASiW-12 (23 nm)/Al in the dark. The conductivity 

of TASiW-12 is 8.76×10-5 S/m.
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5. AFM images of H4SiW12O40, TOAB and TASiW-12 on the PTB7:PC71BM.

Figure S4. AFM images of the PTB7:PC71BM film (a), H4SiW12O40 on the PTB7:PC71BM film 

(b), TOAB on the PTB7:PC71BM film (c) and TASiW-12 on PTB7:PC71BM film (d).

6. SEM and SEM-EDS images of TASiW-12 on the PTB7:PC71BM.
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Figure S5. SEM and SEM-EDS images of TOAB on the PTB7:PC71BM film (a for SEM and 

c for SEM-EDS) and TASiW-12 on PTB7:PC71BM film (b for SEM and d for SEM-EDS). The 

green dots (c) signify bromine element; The light blue dots (d) signify tungsten element.

7. Performance parameters of different PSCs with error bars.

Figure S6. Performance parameters of different PSCs with error bars.

Device 1: ITO/PEDOT:PSS/PTB7:PC71BM/Al,
Device 2: ITO/PEDOT:PSS/PTB7:PC71BM/LiF/Al,
Device 3: ITO/PEDOT:PSS/PTB7:PC71BM/PDINO/Al,
Device 4: ITO/PEDOT:PSS/PTB7:PC71BM/TASiW-12/Al,
Device 5: ITO/PEDOT:PSS/PTB7:PC71BM/TASiW-12/Ag
Device 6: ITO/PEDOT:PSS/PTB7-Th:PC71BM/TASiW-12/Al,
Device 7: ITO/PEDOT:PSS/PTB7-Th:PC71BM/TASiW-12/Ag.
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8. Device stability of the PTB7:PC71BM based PSCs with TASiW-12/Al as cathode.

Figure S7. J-V characteristics of PTB7:PC71BM based PSCs with TASiW-12/Al measured at 

different time after encapsulation.

Table S1. Photovoltaic parameters of TB7:PC71BM based PSCs with TASiW-12/Al at 

different time after encapsulation.

Time
(h)

VOC
(V)

JSC 
(mA cm-2)

FF
(%)

PCE
(%)

0 0.745 16.78 71.6 8.95

100 0.745 16.53 69.4 8.55

220 0.750 16.32 69.0 8.45

360 0.750 16.33 67.1 8.22

500 0.745 16.11 65.3 7.84
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9. J-V curves of the PSCs based on PTB7:PC71BM with different cathodes in the dark.

Figure S8. J-V curves of the PSCs based on PTB7:PC71BM with different cathodes in the dark.

Equation S1

𝐽𝑖𝑛𝑗= 𝐽0,𝑛𝑒𝑥𝑝(
𝑞𝑉
𝑛𝑇𝑘𝐵

)

J0,n is reverse saturation dark current density, n is diode ideality factor, kB is Boltzmann constant, 

T is tempreture, q is elementary charge. Jinj is current density of PSCs in the dark.

10. Transient photocurrent measurements of the PSCs based on PTB7:PC71BM.

Figure S9. (a) Transit photocurrent and (b) the integrated photocurrent of PTB7:PC71BM based 

devices with different cathodes.
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11. Mobility measurements of electron and hole using space charge limited current (SCLC) 

method.

Figure S10. J0.5versus V-Vbi-VR plots for the electron-only (a) and the hole-only (b) 

devices with different CILs.

Equation S2

𝐽=
9
8
𝜀0𝜀𝑟𝜇

𝑉2

𝐿3

0 is the permittivity of free space, r is the dielectric constant of the active layer,  is the carrier 

mobility, V is the voltage drop across the device, L is the active layer thickness.

12. Work function measurements of Al, Al/LiF, Al/PDINO and Al/TASiW-12 using UPS.
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Figure S11. UPS spectra of bare Al, Al covered by 1 nm LiF, 10 nm PDINO and 10 nm 

TASiW-12 in the secondary electron cutoff region.

13. Certified device performance of the PSC based on PTB7-Th:PC71BM with TASiW-12/Al 

as a cathode.
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Figure S12. Certified J-V curve and device parameters of the PSC based on PTB7-Th:PC71BM 

with TASiW-12/Al as a cathode by National institute of metrology, China.

14. J-V curves of the PSCs based on PCDTBT:PC71BM with TASiW-12.

Figure S13. J-V curves of PCDTBT:PC71BM based PSCs with TASiW-12/Al or Ag under 100 

mW cm-2 AM 1.5G illumination.
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Table S2. photovoltaic parameters of PCDTBT:PC71BM based PSCs with differnt cathode.

15. X-ray photoemission spectroscopy (XPS) measurements of Ag/TASiW-12.

Figure S14. (a) Ag3d, (b) W4f, (c) O1s and (d) N1s core-level XPS spectra of Ag, Ag covered 

by 8 nm TASiW-12 and 40 nm TASiW-12 on ITO.

Cathode VOC
(V)

JSC
(mA cm-2)

FF
(%)

PCE
(%)

Al 0.885 10.43 46.6 4.30
TASiW-12/Al 0.905 12.10 65.3 7.15

Ag 0.800 11.98 49.3 4.73

PCDTBT:PC71BM

TASiW-12/Ag 0.890 12.26 65.4 7.14
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16. UPS measurements of ITO/TASiW-12.

Figure S15. UPS spectra of ITO (black line), 8 nm (blue line), 15 nm (green line) and 20 nm 

(red line) TASiW-12 on ITO. Insets show the valence band spectra blown up from -0.5 to 2.5 

eV.


