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Fig. S1 UV-vis spectra of (a) MoS2 QDs and (b) MoSe> QDs.
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Fig. S2 Transmission spectra of FTO, FTO/L-TiO2, FTO/L-TiO2:MoS: and FTO/L-

Ti02:MoSe:.
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Fig. S3 (a) TEM and (b) HRTEM images of L-TiO, nanocrystals.
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Fig. S4 EDS mapping images for L-TiO2:MoS: film.



o}

Map data 433 Map data 438
Bl SE MAG: 50.0kx HV: 15kV WD: 8.6mm SE_MAG: 50.0kx_HV: 15kV_WD: 8. 6mm

Y ohy T TR S NS oo

Mapdatadls . - ? Map data 438

|SE MAG: 50.0Kx HV: 15KV WD 88mm 1 S |l SE MAG: 50.0Kkx HV: 15KV WD: §.6mm

Fig. SS EDS mapping images for L-TiO2:MoSe: film.
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Fig. S6 CV curves of (a) MoS; QDs and (b) MoSe; QDs.
According to Eve = -(4.4 + Eoxonset) €V, Where Eoxonset represents the oxidation
potential, the VB are determined to be -5.78 and -5.15 eV for MoS, and MoSe> QDs,

respectively. According to their optic band gap (Fig. S1), The CB of MoS, and MoSe: QDs

are determined to be -2.98 and -2.48 eV, respectively, which is higher than that of TiO; (~ -
4.0 eV).
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Fig. S7 Electron mobility for L-TiO2, L-Ti02:Mo0S> and L-TiO2:MoSe> ETLs under different

conditions using the SCLC model.
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Fig. S8 SEM images of the CsPbBr3 films fabricated on the surface of (a, d) L-TiO-, (b, €) L-

Ti02:MoS; and (¢, f) L-TiO2:MoSe> ETLs.
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Fig. S9 XRD patterns of CsPbBrs3 films fabricated on the surface of L-TiO2, L-Ti02:MoS: and

L-TiO2:MoSe; ETLs.
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Fig. S10 (a) CV curves and (b) UV-vis spectra of L-TiO2, L-TiO2:MoS: and L-TiO2:MoSe»

films.
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Fig. S11 The statistical distribution of (a) Vo, (b) Jsc and (c) FF for 10 individual devices.
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Fig. S12 The J-V curves of solar cells with and without compact-TiO- layer.
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Table S1 The comparison of photovoltaic parameters for state-of-the-art inorganic CsPbBr3

PSCs.
devices Jse (mA cm?) | PCE (%) | FF (%) | Voc (V) | Ref.
FTO/L-TiO:MoSes/CsPbBrs/C 7.88 002 | 787 | 1615 | M
FTO/c-TiO2/m-
Ti02/CsPbBrs/PTAA/Au 6.70 6.20 730 1.25 S1
FTO/c-TiO2/m-Ti02/CsPbBr3/C 5.70 5.00 68.0 1.29 S2
FTO/ZnO/CsPbBr3-CsPb,Brs/Spiro-
OMeTAD/Au 6.17 6.81 77.2 1.43 S3
FTO/c-Ti0O2/m-Ti02/CsPbBr3/Spiro-
OMcTAD/Au 6.52 6.05 69.0 1.34 S4
ITO/ZnO/CsPbBr3/Spiro-
OMcTAD/Au 6.15 5.98 70.51 1.38 S5
FTO/Ti02/CQD-CsPbBr3 10/Spiro-
OMcTAD/Au 11.34 8.29 69.0 1.06 S6
FTO/c-TiO2/m-Ti02/CsPbBr3/C 7.4 6.7 73.0 1.24 S7
FTO/c-TiO2/CsPbBr3/C 6.46 5.86 68.04 1.34 S8
FTO/mp-TiO»/CsPbBr3/PTAA/Au 6.16 5.72 73 1.28 S9
FTO/c-TiO2/m-
Ti02/GQDs/CsPbBrs/C 8.12 9.72 82.1 1.458 S10
FTO/c-TiO2/m-TiO2/Sm3*-
CsPbBrsy/C 7.48 10.14 85.1 1.594 S11
FTO/SnO,/CsPbBr3/N-CQDs/C 7.87 10.71 80.1 1.622 S12
FTO/c-TiO2/m-TiO2/Sm3*-
CsPbBr3/Cu(Cr,Ba)0s/C 7.81 10.79 85.5 1.615 S13
FTO/c-TiO2/m-
Ti02/CsPbBr3/CulnS,/ZnS 773 10.85 86.3 1.626 | S14
FTO/c-TiO2/m-TiO2/Sr?*-
CsPbBrsy/C 7.71 9.63 81.1 1.54 S15
FTO/c-TiO2/m-TiO2/Rb*-CsPbBr3/C 7.73 9.86 82.2 1.552 S16
FTO/c-TiO2/m-
Ti02/GQDs/CsPbBrs/MnS/C 8.28 10.45 83 | 1>z ) 817
FTO/c-Ti02/m-Ti02/CsPbBr3/Spiro-
OMeTAD/Ag 6.4 6.3 72 1.37 S18
FTO/Ti02/CsPbBr3/C 7.48 6.12 68.8 1.19 S19
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FTO/c-TiOs/CsPbBr3/C 6.89 8.11 79 | 149 | $20
FTO/ C'TigiﬁliTTi%S}r;“/ spiro- 9.78 1091 | 7447 | 1498 | s21
TiOZ/Gggz;gsTI’lk?éZI;3HT/C 7.02 6.49 68 | 136 | 522
Tioz/Snozl/:chffarg/CuPc/c 8.24 8.79 81.4 1 131 823
FTO/c-TiOs/CsPbBr3/C 737 9.35 822 | 1.545 | S24
FTo/ "'Ti%((;i?g“/ TisCo- 8.54 901 | 73.08 | 1444 | 25
FTO/ C‘Eis?jggjéo” Snc*- 7.66 863 | 8222 | 137 | s26
FTO/c-TiOy/m-TiOs/CsPbBry/C 7.40 737 841 | 122 | s27
FTO/TiO./ %ﬁz‘ﬁgfﬁﬁm/ Spiro- 7.45 857 | 8484 | 1357 | s28
CoPoBryCoPbme CapbBrie. | 926 | 1017 | 7539 | 1461 | 829
FTO/ C‘Sﬁéﬁﬁ?ﬁ? spiro- 6.97 6.95 785 | 127 | $30
;g;gg;%ﬁ ’:};L?;{j’zn 775 8.2 7352 | 144 | $31
Cspggr/s j’;gilgf/g;i bﬁﬁ; he 8.48 8.34 759 | 1296 | $32
FTO/c-TiO2/CsPbBrs/spiro- 56 54 62 15 333

OMeTAD/Au
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Table S2 Summary of the trap density and mobility in L-TiO> with and without TMDCs QDs

under different conditions.

ETL Conditions  Trap density (cm™) Mobility (cm? V! s71)
L-TiO, dark 9.13 x 10Y7 3.48 x 107*
illumination 8.75 x 10" 3.66 x 107*
L-TiO2:MoS; dark 7.27 x 1017 534 x 107
illumination 3.04 x 10" 7.30 x 1074
L-TiOxMoSe;  dark 6.81 x 10" 6.36 x 107*
illumination 2.37 x 10" 8.86 x 107*
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Table S3. TRPL decay parameters of various L-TiO2/CsPbBr3 films with and without

TMDCs QDs.
ETLs T1 (ns) ai 72 (ns) a Tave (1NS)
L-TiO; 1.436 37.86%  11.753  62.14%  3.158
L-TiO2:MoS, 1.212 57.65% 10338 42.35%  1.935
L-Ti02:MoSe» 0.1383 68.62%  5.660  31.38%  0.199
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