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Figure S1. Core CulnS; Emission and Absorbance Spectra

Figure S1 shows the emission (black) and absorbance (red) for CulnS, core NCs. The emission
spectrum shows a clear defect at approximately 530 nm, which is not present after the NCs
are treated with zinc. Furthermore, the absorption of the core NCs is more towards the
infrared region as apposed to the zinc treated NCs being more towards the visible region.
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Figure S2. a) TEM of CulnS2/ZnS NCs with 20 nm scale, inset: particle size distribution histogram b) DLS in r.nm for
CulnS,/ZnS NCs

Figure S2a shows an additional TEM image over a slightly larger area supporting the size and
shape of the NCs. The inset shows a histogram for the average particle size, which was found
to be 12.20 £ 0.05 nm. Figure S2b shows the DLS for hydrodynamic radius of the NCs, slightly
larger sizes may be attributed to the MAA stabilising ligands.
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Figure S3. XRD for CulnS,/ZnS NCs and SAED indicating diffraction patterns

The XRD for CulnS,/ZnS NCs with corresponding JCPDS-file 00-047-1372 (roquesite, CulnS,) is
shown in Figure S3. The SAED with corresponding miller indices for the NCs are shown in the
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Figure S4. EDXS for bare NiO photocathode films (a) and CulnS,/ZnS NC sensitised films-(b)

The EDXS spectroscopy for the unsensitised NiO photocathodes is shown in Figure S4a.
Figure S4b shows the NC sensitised NiO photocathodes revealing the presence of Cu, In, S
and Zn. This supports the covalent attachment of the NCs to the NiO photocathodes.
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Figure S5. SEM for NiO photocathode films at 400 uM (a) and 40 uM (b)

Figure S5 shows an overview (a), and high resolution (b) SEM for the NiO photocathode films.
The films show to have some cracking but since the films were several microns thick, the
photovoltaic performances of the devices were not affected.
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Figure S6. XPS survey spectra for CulnS,/ZnS NCs on NiO Photocathodes, (b) NiO 2p high resolution
spectra for bare NiO phocathodes

The XPS survey spectra for the CulnS,/ZnS NC sensitised NiO photocathodes is shown in
Figure S6a. High resolution Ni 2p XPS for unsensitised NiO photocathodes is shown in Figure

S6b. The sensitising of NiO photocathodes did not affect he bulk surface properties of the
NiO.
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Figure S7. +SIMS depth profile (a) and —SIMS depth profile (b) for CulnS,/ZnS NC sensitised NiO photocathode films.

Figure S7 shows positive (a) and negative (b) charged depth profiles for the sensitised NiO
photocathodes. The ToF-SIMS supports the presence of CulnS,/ZnS NCs to NiO.

S8 a. Redox potentials for photocathode system

The redox potentials for CulnS,/ZnS NCs used in this study were estimated to be
Ecs(CulnS,/ZnS) =-0.5 V and Ey5(CulnS,/ZnS) = + 1.55 V vs NHE. This is with respect to the
direct band gap of bulk chalcopyrite (CulnS,) 1.5 eV and CB of 0.3 eV 2. The VB maximum
for CulnS, NCs generally rests 0.2-0.3 eV below that of the selenides making them analogous
to systems consisting of the recently studied NiO/CdSe combination 34. The VB of NiO has
been reported to be +0.54 V vs NHE, which is located between the CB and VB of the
synthesised CulnS,/ZnS NCs. In addition, the redox potential of the CB for NiO has been
reported to be -3.06 V vs NHE, which is above the CB of CulnS,/ZnS NCs °. The CB for the NCs
is also above that of the iodide/triiodide redox couple (0.35-0.45 eV vs NHE) 6. An electronic
energy diagram is illustrated below, indicating the possible charge transfer processes.

NiO

-5
-4 —
3
-2
-1
07
+1
+2
+3 —
+4 —

+5 ~3.6eV ~2.05eV ~0.35 eV

~.. CulnS2/ZnS

Saa
Sa

V vs NHE

Figure S8 b. Schematic diagram illustrating the charge transfer/recombination processes of the CulnS,/ZnS NC sensitised
NiO photocathodes. Upon illumination, a charge transfer takes place from the CB of the CulnS2/ZnS and the NiO (blue
lines). The prompts a hole injection from the VB of the NCs to the VB of the NiO. The NCs are subject to recombination that
occurs between the NC/redox mediator and the NC/NiO (green lines). Regeneration of NCs occurs by the accepter species I-.
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Figure S9. Light JV-Curves for CulnS,/ZnS NC sensitised NiO (blue) and C343-Dye sensitised NiO (red). The dark JV-Curves are
represented by the dotted lines. The Jsc values for the NCs and C343-Dye were 0.56 mA/cm? and 0.98 mA/cm?, respectively.

Dark (dotted line) and light (solid line) photocurrents for NC and dye-sensitised NiO
photocathodes are shown in Figure S9. This confirms the photoresponse from both
sensitised photocathodes with respect to their dark currents. Small voltages are present due
to the diode characteristics of NiO. The inset shows a zoomed illustration of the dark and
light currents from Figure S9. High dark currents can be observed and have been previously
attributed to the recombination of holes in the NiO with the donor species (I37) in the redox
mediator /.

$10. Stability of NC and C-343 photocathodes

The devices were subject to testing at the end of a working day. The table below shows the
average photocurrents for the devices after a 6 hour time period. Generally, the devices
maintained good photocurrents throughout the day.

Table S1: 6 Hour stability test for NC and C-343 photocathodes

Sample Voc (mV) Jsc (mA/cm?) FF % n% Rseries (Ohms)
NiO + C343 0.1 0.95 29 0.03 182

(6 hour)
NiO + NCs 0.057 0.52 25 0.01 202

(6 hour)




S11. Photovoltaic expressions

Jsc: Short circuit current density at an applied potential of zero volts
Voc: Voltage at open circuit when the cell current is zero

FF: Fill factor is defined as

JV

max” max
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- ]SCVOC
n : Efficiency is defined as
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