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Figure S1. Chemical structures of the ligands used to synthesize SnO2 QDs.
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Figure S2. Synthetic pathway of urea and methylated urea-based SnO> QDs.

SnO2 QDs formation processes (synthesis steps provided below).

SnClz + H2O — Sn(OH)CI + HCI (hydrolysis) 1)
Sn(OH)CI + H20 — Sn(OH)2 + HCI (hydrolysis) 2
Sn(OH)2 + O2 — SnO2 + H,0 (dehydration and oxidation) 3
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Figure S3. Raman spectra of urea-based ligands and corresponding SnO2 QDs solutions.
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Figure S4. Calculated optical band gap of SnO2 QD (U).



100 pm

Figure S5. Top-view SEM images at low magnification for SnO, QDs derived from (a) thiourea,
(b) urea, (c) NMU, (d) DMU, and (d) DMU deposited on FTO.
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Figure S6. Top-view SEM image of bare FTO.



Figure S8. (a)Transmission electron microscopy (TEM) images of SnO2 QDs (NMU, methylated
urea). (b) SAED pattern of SnO2 QD of SnO2 QDs (NMU), and (c) particle size distribution of

Sn0, QDs (NMU).
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Figure S9. High-angle annular dark-field (HAADF) STEM image maps of SnO, (methylated
urea (NMU).
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Figure S10. (a) XRD patterns of SnO2 QDs on glass annealed at 150 °C.
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Figure S11. Laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS)
elemental distribution of S (34S) SnO2 QDs synthesized from: (a) TU annealed at 150 °C, (b) TU
annealed at 200 °C, and (c) U annealed at 150 °C (Scale bar : 200 pum).
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Figure S12. Thermogravimetric analysis (TGA) curves of: (a) thiourea, (b), urea, (c) methylated
urea (TMU).2*

Figure S13. SEM image of Cso.1FAo.90Pblz on: (a) SnO2 QDs thin film (TU), (b) SnO> QDs thin
film (U), and (c) SnO2 QDs thin film (methylated, NMU).



(a) | ——FT0/5n05 QD (NMU)/perovs kite (b) ——FT0/Sn05 QD (NMU)/perovs kite
——FT0/5n0; QD (DMU)/perovskite — ——FT0/Sn0; QD (DMU)/perovskite
';? | —FT0ISn0; QD (TMU)perovskite = ——FTO/Sn0, QD (TMU)/perovs kite
© o —— Fitting line
o]
Z 1 =
= D
=
s @
2 H
£ £
T T T T T T T 1 L] T T 1 L] T ¥ 1
700 750 800 850 900 100 200 300 400 500 600 700 800
Wavelength (nm) Time (nm)

Figure S14. PL spectra of the FTO/SnO, QDs /perovskite, and (d) TRPL spectra of the FTO/SnO>
QDs/perovskite (for the methylated urea-based SnO. QDs).
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Figure S15. Statistical box plots of the PV parameters obtained from devices using various SnO>
QDs as ETL: (a) Jsc, (b), Voc, (c) FF, and (d) PCE. Boxes show the interquartile range (25th to
75th percentiles), the horizontal line inside boxes show the median, while whiskers show the
lowest and highest values.



Table S1: Photovoltaic parameters of PSCs based on the urea-derived SnO, QDs ETLs at various

annealing temperatures.

Temperature Jsc Voc FF PCE
(°C) (mAcm??) (mV) (%) (%)
70 20.95£0.58 1027+25.9 74.65+x2.89 16.06+0.44
100 21.22+0.43 1078+24.9 75.83x3.20 17.35x0.71
150 22.72+0.70 1079+18.9 78.42+1.92  19.23+0.49
200 21.86+1.02 1068+425 77.96+x1.06 18.20+0.54
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Figure S16. J-V curves of methylated urea-derived SnO, QDs-based PSCs.
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Table S2: Photovoltaic parameters of PSCs based on SnO, QD ETLs (methylated urea, averaged
over 10 devices).

SnO2QDs 5. mAcm?)  Voc (mV) FF (%) PCE (%)

SnO-NMU  20.91+0.63 1038+25.8 74.58+2.08 16.18+0.31

SnO.-DMU  20.84+0.72 1037+25.8 74.53+2.88 16.11+0.32

SnO2-TMU 20.82+0.83 1037+21.9 74.16+1.26 16.00+0.23
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Figure S17. Dark current curves of SnO2 QD-based PSCs.



Table S3: Photovoltaic comparison and synthetic methods of SnO2 QDs as ETLs in PSCs (room

temperature ink synthesis indicated with (r.t.)

Device structure Synthetic Voc Jsc FF PCE Active Ref.
Method (mV) (mAcm?) (%) (%) area
(cm?)
FTO/SnO2 QDs/ SnO; 2-(2- 1.19 2475 78.20 23.00 0.04 [1]
NC/CsMAFAPbDI3Br3- aminoethyl)
xISpiro-OMeTAD/Ag isothiourea
dihydrobrom
ide (r.t)
ITO/SnO2 QDs CH4N2S 1.09 19.50 78.00 16.60 0.1 [6]
/(Cso.05(FA08sMA0.17)0.95  reaction (r.t.)
Pb(lo.s3Bro.17)3 spiro-
OMeTAD/ Au
FTO/SnO2 QDs CH4N2S 1.10 23.02 77.50 1.0 [7]
/(FAPbI3)0.875(CsPbBrsy.  reaction (r.t.) 19.80
125/spiro-OMeTAD/ Au
FTO/TiO2/Sn0O> CH4N2S 1.11  20.70 75.30 17.31 0.09 [8]
QDs/CsMAFAPbDIsBrs-  reaction (r.t.)
xISpiro-OMeTAD/Au
FTO/SnO; CHaN2S 1.06  21.60 7461 1701  NA  [9]
QDs/CH3NH3Pbls/Spiro-  reaction (r.t.)
OMeTAD/Ag
FTO/SnO, QDs/ SnO: CH4N2S 1.08 23.05 81.63 20.32 0.04 [10]
NC/CsMAFAPDI3Brs- reaction (r.t.)
xISpiro-OMeTAD/Ag
FTO/SnO; solvothermal 0.99 18.80 69.00 12.90 0.1 [11]
QDs/CH3NH3Pbls/Spiro-  technique
OMeTAD/MoOy/Al
ITO/SnO2/SNO> CTAB (r.t) 0.85 19.77 70.00 11.76 NA [12]
QDs/MAPDI3/ carbon
FTO/SnO,/ Microwave- 1.14 23.38 76.20 20.24 NA  [13]
QDs/MAPbIs/Spiro- assisted
OMeTAD/Ag
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FTO/SnO,/ QDs/ solution 1.08 23.40 74.00 18.80 0.09 [14]
MAPDI3)o.7(FAPDI3)0.3/S  processing
piro-OMeTAD/Au

FTO/SnO, QDs/ CO(NH2)2 1.04 23.60 8185 20.01 0.16 This
CSo.1FA0.9PbI3/Spiro- reaction (r.t.) work
OMeTAD/Ag
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