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Fig. S1. X-ray photoelectron spectra for MABI thin films spin coated on molybdenum foil. (a) 

Overview spectrum with the individual spectra superimposed, and (b)-(f) individual spectra for C 

1s (b), O 1s (c), N 1s (d), Bi 4f (e), and I 3d (f). All spectra were acquired at room temperature and 

referenced to the Mo 3d5/2 at 228 eV. The splitting of the C 1s peak observed in (b) was previously 

reported for MAPbI3.1 The deconvoluted C 1s peak at 286.5 eV is attributed to carbon bonded to 

nitrogen (C-N) and the peak at 284 eV is due to carbon bonded to other carbon or hydrogen (C-C, 

C-H). The O 1s peak at 532 eV corresponds to adsorbed surface species. Hoye et al. observed a Bi-

O peak at 530.4 eV in MABI films which could be removed by ion etching,2 indicating that it is a 

surface layer. Also, they observed that the surface O-Bi peak became more pronounced after 1 

month of air exposure.2 In the results shown here, the samples were prepared and then measured 

by XPS the following day, and (c) indicates that the surface oxide layer had not yet formed due to 



the absence of the Bi-O peak at 530.4 eV.  The data shown in this figure is previously published 

elsewhere.3

Fig. S2. (a) Current density-voltage (J-V) characteristic for MABI devices produced with Au (red 

line) and Ag (grey line) contacts. The scan rate for the J-V measurement was 150 mV/s. (b) The 

corresponding solar cell device, with Ag and Au contacts deposited on the same device to compare 

the performance of the solar cells in terms of the type of metal contacts directly.



Fig. S3. External quantum efficiency for the champion MABI solar cell (red) with Au contacts and 

the reference cell without MABI (blue) to highlight that there is no contribution from the transport 

layers. The structure of the reference cell is ITO/compact-TiO2/mesoporous-TiO2/spiro-

MeOTAD/Au.

Fig. S4. (a) MABI solar cell aging with Ag contacts over a 12-day period when stored in ambient 

conditions, with photographs of the corresponding Ag metal contacts as-prepared and after 12 

days.



Fig. S5. Performance statistics for devices produced on the same day for 8 MABI devices (black 

circles) and 8 MABI devices with incorporated silicon nanocrystals (red triangles), displaying (a) the 

short-circuit current (JSC), (b) the open-circuit voltage (VOC), (c) the fill factor (FF) and (d) the power 

conversion efficiency (PCE). The significance of comparing devices produced on the same day is 

due to the variance in humidity between days. All current density-voltage measurements were 

performed at a scan rate of 150 mV/s.



Fig. S6. Performance statistics for the devices shown in Fig. S5 after 16 days of storage in the dark 

in open air conditions for 8 MABI devices (black circles) and 8 MABI devices with incorporated 

silicon nanocrystals (red triangles) displaying (a) the short-circuit current (JSC), (b) the open-circuit 

voltage (VOC), (c) the fill factor (FF) and (d) the power conversion efficiency (PCE). All current 

density-voltage measurements were performed at a scan rate of 150 mV/s.



Fig. S7. Comparison of the median performance of MABI devices without SiNCs (black) and with 

SiNCs (red) displaying (a) the short-circuit current (JSC), (b) the open-circuit voltage (VOC), (c) the fill 

factor (FF) and (d) the power conversion efficiency (PCE) for devices measured immediately after 

fabrication as shown Fig. S5 and then after 16 days stored in open air conditions in the dark as 

shown in Fig. S6. All devices shown were fabricated on the same day due to ensure that the 

humidity conditions were the same for all devices. All current density-voltage measurements were 

performed at a scan rate of 150 mV/s.



Fig. S8. Scanning electron microscope images of (a,b) MABI layer and (c,d) MABI layer 

incorporated with SiNCs. The layers were deposited onto glass substrates which were coated with 

compact TiO2 and mesoporous TiO2 to replicate the solar cell structure. The final structure was 

glass/compact-TiO2/mesoporous- TiO2/MABI for (a,b) and glass/compact-TiO2/mesoporous- 

TiO2/MABI + SiNCs for (c,d). The hexagonal structures are MABI crystals.
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