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ITO/TiO,/Sb,S,

Figure S1: Dewetting of ShyS3 on ITO / TiOy without ZnS.

FTO/TiO,/ZnS/Sb,S, ITO/TiO,/ZnS/Sb,S,

Figure S2: SbyS; grains formed upon annealing with 1.5 nm ZnS on a) FTO / TiO,. and b)
sputtered ITO / TiOs,.
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Figure S3: XPS surveys for a) highly pure SbyS3 and b) oxygen containing SbyS3_,O,. The
O 1s signal overlaps with the Sb 3ds/, signal.
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Table S1: Raman band center positions observed experimentally and assignments with sym-
metry and phonon mode descriptions as stated in the corresponding references. Literature
references are for the pure, crystalline phases SbeSs (stibnite) and ShoO3 (kermesite).

Observed wave-
number [cm ™|

Assignment

Wavenumber from
literature [cm ™|

Antimony sulfide

156 A, (lattice mode) 155;1 1582
101 By, (antisymmetric  189;' 186;2 190;°
bending) 192;4 1885
907 Big (antlsymmetrlc 90734
bending)
238 Big (symmetric 237,135 23924
bending)
989 A, (antisymmetric 281;15 282,23
stretching) 2831
By, (antisymmetric 299;2 300; 3
301 . Reacl
stretching) 301;° 303
By, (symmetric 306;3 310; 145
313 . 2
bending) 312
Antimony oxide
946 Big (antlsymmetrlc 9451
bending)
By (symmetric 1
288 bouing) 289
A, (antisymmetric 1
305 stretching) 303
B, (antisymmetric 1
317 stretching) 317
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Figure S4: Photovoltaic parameters a) Ve, b) Je, ¢) FF and d) Power conversion efficiency
of the solar cell devices with SbsS3_,O,, ZnS / SbyS3_,0,, SheSs and ZnS / ShyS;.
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Figure S5: Transient absorption spectra recorded at negative time and four distinct pos-
itive times for each of the four semiconductor stack configurations. a) Configuration A,
ZnS/SbsS3, b) Configuration B, TiOy/ZnS/ShyS3, ¢) Configuration C,ZnS/SbyS;/P3HT, ¢)
Configuration D, TiOs/ZnS/SbsSs.
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Table S2: Summary of lifetimes (and associated uncertainties) obtained for each DADS of
each configuration.

Sample Structure 71 [ps] Ty [ns] T3 [ns]
A ZnS / ShySs 1.69 (0.02) - 10.3 (0.2)
B TiO, / ZnS / SbySs 26 (0.2) 49(08) 14 (2)
C ZnS | SheS; / P3HT 11(02)  03(0.1) 10 (2)
D TiO, / ZuS / SheSs / PSHT 22 (0.2)  0.41 (0.08) 13 (2)
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Principal Kinetic Traces - Femtosecond TA
a-i) ZnS/Sb,S; b-i) TiO,/ZnS/Sb,S; i) ZnS/Sb,S;/P3HT d-i) TiO,/ZnS/Sb,S;/P3HT
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Figure S6: Results of the global analysis fitting for a) ZnS/SbySs, b) TiO2/ZnS/SbseSs, c¢) ZnS/SbeS;/P3HT, and
d) TiOy/ZnS/SbyS3/P3HT samples from Figure 6 with the principal kinetic traces for each data set. The solid lines of the
principal kinetics traces represent the multiexponential fit to the data, which are shown as the dotted lines, for both the (i)
femtosecond transient absorption (TA) data (1 and 2°¢ rows) and (ii) nanosecond TA data (3" row). The red and purple lines
represent the 1st and 2nd principal components from the femtosecond dataset. Femtosecond principal kinetic traces are shown
for the entire 5-ns window (2" row) as well zoomed in for the first 300 ps (2"¢ row) to show that the fit captures the entire
temporal range. The nanosecond TA data shows only one principal component that is shown in purple.
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Figure S7: Photovoltaic parameters of solar cell devices with SbyS3 thicknesses of 36, 54, 72,
90 and 162 nm: a) V., b) Jg, ¢) FF and d) Power conversion efficiency. The bars represent

average values and the error bars the standard deviation.
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