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Figure S1. Liquid state FT-IR spectroscopy comparative analysis of the PEDOT: PSS, DMOALI, and

DMOAI-PEDOT:PSS complex of C-H stretching mode.
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Figure S2. Liquid state '"H NMR full spectra of DMOAI and Snl;»>DMOAI complex in

DMSO-ds.
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Figure S3. Experimental result of '"H NMR spectrum of DMOAI with estimated chemical

shifts.
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Figure S4. Simulated "H NMR spectrum of DMOAL, including its molecular structure and

estimated chemical shifts.
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Figure S5. Experimental result of "TH NMR spectrum of Snl.>DMOAI complex with

estimated chemical shifts.
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Figure S6. XPS core spectra (a) Sn of control and target Sn-HP films.
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Figure S7. XPS core spectra (a) Sn of control and target Sn-HP films.
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Figure S8. Cyclic voltammetry measurement of PEDOT:PSS and PEDOT:PSS.DMOAI

complex films.
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Figure S9. UPS spectrum of Sn-HP.
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Figure S10. (a) UV-vis absorption spectrum of the Sn-HP film (b) Tauc plot derived from the

absorption spectrum.
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Figure S11. Schematic energy band diagram comparing valence band maximum (VBM) of HTL

(PEDOT:PSS) or HTL/DMOALI with Sn-HP layer.
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Figure S12. SS-PL dependent on annealing time for Sn-HP growth on (a) PEDOT:PSS

(control) and (b) PEDOT:PSS/DMOALI bilayer (target).
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Figure S13. Enlarged XRD pattern corresponding to the (100) plane peak for control and

target films.
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Figure S14. Contact angle of (a) PEDOT:PSS and (b) PEDOT:PSS/DMOAI films using

diiodomethane as the solvent.
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Figure S15. Schematic illustration of crystal collisions during nucleation, induced by an

increased density of nuclei.
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Figure S16. Low-magnification FE-SEM top view image of (a) Control and (b) Target.
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Figure S17. J-V characteristic curves for various concentrations of DMOAI based Sn-

HPSCs.
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Figure S18. J-V characteristic curves of DTMACI based Sn-HPSC.
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Figure S19. EQE and integrated Jsc of DTMACI based Sn-HPSC.
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Figure S20. Schematic illustration of wide-bandgap Sn-HPSC structure.
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Figure S21. J-V characteristic curves for wide-bandgap Sn-HPSCs without and with

DMOAL
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Figure S22. EQE and integrated Jsc of wide-bandgap Sn-HPSCs without and with DMOAL
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Figure S23. Nyquist plots for control and target devices, with an equivalent circuit diagram

representation in the high-frequency region.
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Figure S24. Illustration of the device structure for HTL-only devices used to measure the

conductivity of the HTL.
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Figure S25. Vertical conductivity measurements of HTL-only devices with varying DMOAI

concentrations, based on the structure shown in Figure S24.
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Figure S26. C-V measurement of Sn-HPSC.
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Figure S27. Enlarged dark J-V characteristic curves in region A for control and target Sn-

HPSCs.
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Figure S28. Normalized PCE graphs for control and target Sn-HPSCs stored under N>

atmospheric conditions without encapsulation (measured under ambient conditions).



Table S1. Steady state photoluminescence peak position dependent on annealing time for Sn-
HP growth on (a) PEDOT:PSS (control) and (b) PEDOT:PSS/DMOALI bi-layer (target) based

on Figure S3.

Time (s) 0 10 20 30 60 90 120 180 600

Peak Control  860.5 867.5 869.5 870.5 872.0 873.0 874.0 8755 876.0

position
Target 860.0 865.0 868.0 868.5 870.5 §871.5 873.0 8745 876.0

(nm)

Table S2. Key parameters obtained from Scherrer formula analysis of the (100) plane peak

for control and target films, as shown in Figure S4.

Parameter Control Target
FWHM (°) 0.072 0.065
Peak angle (°) 14.081 14.053

Crystallite size (nm) 111.024 122.343




Table S3. Disperse (y,”) and polar components (y,F) of surface energy for water and diiodo-

methane.
Solvents ¥, P2 (mN/m) y.F (mN/m)
I Water I 21.8 I 72.8 I
Diiodo-methane 50.8 0

Table S4. PV parameters for Sn-HPSCs with various concentrations of DMOAL

Voc (V) Jsc (mA cm?) FF (%) PCE (%)
Without DMOAI 0.69 22.23 67.93 10.42
DMOAI 0.5mg/ml 0.73 22.75 71.75 11.88
DMOAI 1 mg/ml 0.75 23.68 75.24 13.39

DMOALI 1.5mg/ml 0.74 22.43 70.47 11.66




Table SS. PV parameters of wide-bandgap Sn-HPSCs without and with DMOAL.

Voc (V)  Jsc(mAem?)  FF (%) PCE (%)

Without DMOALI Champion 0.76 15.13 72.69 8.35
Average 0.74 £0.02 15.09 £ 0.45 70.74+£2.94  7.87+0.44
With DMOAI Champion 0.89 16.43 80.47 11.78

Average 0.88 £0.01 16.06 + 0.31 80.72+1.35 11.37+0.27




