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Figure S1. Sample photographs (top) and respective chromatic diagrams (bottom).
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Figure S2. Influence of the precursors ratio on CIS QD emission properties.
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Figure S3. Energy dispersive spectra (EDX) for CIS-1 (a) and CIS-2 (b).

exc 300 nm
= exCc 325 Nm
= eXC 350 NM
exc 350 nm

PL Intensity

350 400 450 500 550
Wavelength, nm

Figure S4. Excitation wavelength dependence of the PL emission spectra of the 3rd fraction CIS-3.
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Figure S5. IR spectrum of CIS-3. A band at around 2085 cm™! related to the presence of isothiocyanate
is distinguishable, which possibly comes from the unreacted thiourea.
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Figure S6. X-ray diffractogram of the CIS-3.

Rs R rec ch
c” Cce

Scheme S1. Standard model used for fitting the Nyquist plots with Nova software according to a
standard fitting model [1].
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Figure S7. Nyquist plot of QDSSCs using CIS fractions as sensitizers at applied potential of 0.55 V
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Figure S8. Chemical capacitance of QDSSCs using CIS fractions as a function of bias potential.
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Figure S1. Recombination resistance for several CIS QDSSC devices as a function of applied potential
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Figure S10. Absorption spectra of the TiO: electrodes sensitized with fractionated and non-
fractionated CulnS2 QDs.

ZnO nanowires synthesis. ZnO nanowires were directly grown on fluorine-doped tin oxide-
coated (FTO) substrates (Figure S11) by electrochemical deposition in aqueous medium. For this, 0.01
M solutions of hexamethylenetetramine and zinc nitrate were prepared. About 80 mL were used for
deposition. After careful cleaning of the substrates, electrochemical deposition was carried out in an
electrochemical cell, using Pt wire as a counter-electrode, Ag/AgCl as reference, and FTO substrate
as working electrode. The system was then heated to 90 °C, and a potential of -1 V was applied for
30 min. After the synthesis, the samples were annealed at 300°C for 1 h.
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Figure S11. SEM image of ZnO nanowires grown on fluorine-doped tin oxide-coated (FTO)

substrates.
Table S1. Reported hydrothermal syntheses of CulnS2 QDs.

QDs Ligand* Synthesis temperature Size, nm Quantum yield Ref

CulnS: MPA 150° 2-4 3.3% [2]

CulnS2/ZnS TGA 116° 3-5 40% [3]

CulnS: L-cys 150° - - [4]

CulnZnS/ZnS GSH 150° 2-3 35% [5]

GSH + o o

CulnZnS/ZnS PSSA-co-MA 200 4 27% [6]

CulnS2/ZnS L-cys 100° 3-5 0.1% [7]

CulnZnS MPA 120-180° 4-8 11.3% [8]
CulnS: MPA 150° 2-4 1-9% This work

* MPA: 3-mercaptopropionic acid, TGA: thioglycolic acid, L-cys: L-cysteine, GSH: glutathione, PSSA-
co-MA: poly (styrenesulfonic acid-co maleic acid).

Table S2. Solar cells using CulnS2 QDs synthesized in water as sensitizers.

Ligand  Synthesis conditions Voc (V) Jsc (mA/cm?) FF 1 (%) Ref
TGA Heating up 0.60 9.6 42  8.152 [9]
TAAP Heating up 0.90 14.2 49  6.33 [10]
TGA Microwave 0.91 14.0 48  6.12 [11]

CYS Microwave 0.65 19.2 47 5.90 [12]
TGA Heating up 0.58 19.3 48  5.38 [13]
MPA Hydrothermal 0.52 14.0 64 4.67  This work
TGA Heating up¢ 0.86 9.8 52 4.39 [14]
TGA Heating up 0.75 8.7 53 3.54 [15]

TAAmMA Hydrothermal 0.73 4.7 58  2.09 [16]

TGA Heating up 0.49 8.1 37 147 [17]

2 Light intensity: 0.3 Sun; ® TAA: thioacetic acid;  Mn-doped QDs; ¢ TAAm: thioacetamide.

Table S3. Ratios between the charges of QD core-forming ions ([Cu]+[In]*3)/([S]*2).

Ratio CIS-1 CIS-2
Qcat/Qan 0.98 0.31

Table S4. Zeta potential measurements data.

Sample  Zeta Potential (mV) Mobility (cm?/Vs) Conductivity (mS/cm)
CIS-1 -38.12 1.86 x 10 11.34
CIS-2 -45.00 2.20 x 10 2.85




CIS-3 -50.83 2.48 x 10+ 0.32

Table S5. Photovoltaic parameters of TiO2 based solar cells sensitized by CIS NCs using CuS counter-
electrodes.

Fraction Voc (V) Jsc (mA/cm?) FF 1 (%)
NF 0.55 11.7 0.42 2.69
CIS-1 0.53 7.9 0.50 2.10
CIS-2 0.52 7.6 0.49 1.94

Table S6. Stability of the QDSSCs based on unpurified CulnSz2 QDs using CuS counter-electrode.

Days after fabrication Voc (V) Jsc (mA/cm?) FF n (%)
0 0.55 11.65 0.42 2.69
1 0.55 11.70 0.42 2.67
21 0.57 11.20 0.50 3.19

Table S7. Electrical properties of the TiO2/CIS cells as measured by EIS from the literature and those
obtained in this work.

QD CE Vappl Rs Rce Rrec Cu Tn Ref

synth. (V) (Q.cm?) (Q.cm?) (Q.cm?) (mF.cm?) (ms)
Org Cu2S/Brass 0.55 5.48 2.09 30.1 21.74 654 [18]
Org Cu2S/Brass 0.55 15 - 73.1 5.04 438 [19]
Org Cuz2S/Brass 0.60 17.33 5.94 258.6 3.95 1022 [20]
Aq CuxS/Brass  0.60 1.7 0.22 67 11 737 This
Aq CuS/FTO 0.55 1.8 0.29 222 7.9 1778  work

Table S8. Photovoltaic performance of the QDSSCs based on ZnO nanowires.

Sample Voc (V) Jsc (mA/cm?) FF (%) n (%)

CIS-1 0.10 0.59 29 0.017

CIS-2 0.05 0.12 20 0.001

CIS nf 0.03 4.03 27 0.032
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