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Figure S1. Preliminar data taken on a sample of CuV20e Nanobelt(NB), with 6 mg of C0304
nanoparticles (NP) deposited by drop-casting. The presence of the NP on the sample was confiremd
by Raman spectra (a); the shoulder at around 700 cm™ can be related to the presence of the NP(a).
The sample was tested also for the pholuminesence, and the addition of the nanoparticles significantly
reduced the charge recombination with radiative processes (b). The Mott-Schottky plot (c) evidences
the successful formation of a p-n junction and the favorable band alignment (d).
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Figure S2. FE-SEM images for: (a) the NB specimen after annealing in air at 450°C for 1 h; (b,d) the
NB 1h and NB 2h samples; (c) cross-sectional EDXS analysis of the NB 2h sample. Color codes: V,
(green; Cu, red; Co, blue).
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Figure S3. X-ray Diffraction (XRD) spectra of the target specimens before and after thermal
treatment in air at 450°C for 1 h. The peaks from the substrate (Fluorine Tin Oxide FTO) are
labelled with (*).
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Figure S4. Representative SEM images of samples prepared with different ratios between copper,
vanadium precursors and polyvinylpyrrolidone (PVP). (a) Image from a sample deposited using a

Cu:V:PVP=1:2:1; (b) image from a sample deposited using a Cu:V:PVP=1:1:2 and (c) image from
a sample deposited using a Cu:V:PVP=1:1:1.
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Figure S5. UV-Vis spectra of the working solution after the hydrothermal synthesis (Sol. NB). Upon

ethylenediamine (en) introduction (red curve), the absorption band of the [Cu(en)2(H20)2]**complex
centered at A ~ 550 nm appears.
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Figure S6. (a) X-ray Photoelectron Spectroscopy (XPS) survey scans before and after the
PhotoElectroChemical (PEC) tests. (b) Bar plot of the corresponding atomic percentages (at.%). (c)
Cu/Co and Cu/V at.% ratios for the different target specimens. The thickness of CoOx overlayer was
aproximately calculated by XPS data (Co 2p/Cu+V 2p) and found close to 0.8 equivalent nm 1.
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Figure S7. High resolution V 2p XPS spectra. In the figure are marked the position of the peaks 2pz
and 2p12 of vanadium and the satellite related to the oxygen contamination of the X-ray source.
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Figure S8. High resolution Co2ps» XPS spectra and Wagner plot for Co a-parameter. As can be
observed, the annealing process has only a modest influence on the peak shape.
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Figure S9. Tauc plots of the extrapolation of sample band gap values.?
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Figure S10. Incident Photon Conversion Efficiency (IPCE) plots acquired for samples NB and NB

2h 350°C.
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Figure S11. Intensity Modulated Photocurrent Spectroscopy (IMPS) Nyquist plots for the CuV20e
NB sample, NB 1h, NB 2h and NB 1h 200. The reported data were normalized by multiplication by
the factor [Cn/(Cu+Csc)]3. This factor is close to 1 when Csc << Cn. Csc is estimated from the time
constant of the cell (the frequency corresponding to the minimum of the imaginary part of H (®)
TceII:RcZIICsc) and Cu is assumed around 20pF/cm? as for semiconductor with intermediate carrier
density*”.
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Gartner Equation

The Gartner equation describes the hole flux that reaches the surfaces of a n-type semiconductor
under illumination.®® The holes are generated both in the field-free and in the space charge zone. The
first type of holes can migrate only through diffusion processes, whereas the second type migrates

towards the surface due to the electric field present in the space charge region:

jH e~ Wsc
EQOF =—=1———— 1
¢ qP, 1+ alLp (1)
—In(1 — EQE) = aWsc + In(1 + aLp) (2)
26,6o(V —Vpp)
W = J o 3)

EQE is the external quantum efficiency, that gives an indication on the goodness of the conversion
of the photon flux to hole current, considering the absorption characteristic of the material.

In this equation ju indicates the photogenerated holes due to the photon flux Po. The ratio between
these quantities is defined as the external quantum efficiency (that is very similar to HFI value). In
addition o iss the material absorption coefficient, Lo is the hole diffusion length, and Wsc denotes the
width of the space charge region inside the material. This value depends on the applied potential (V)
with respect to the flat band potential (Vrs), on the dielectric constant of the material and on the donor

concentration (Np). In IMPS measurements, the value of HFI is interpreted as an estimation of EQE®.
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Figure S12. EQE dependence on the band bending of a real photoanode material (where loss
mechanisms are also present), compared with the trend predicted by the Gartner equation.



1.2V vs. RHE 1.5V vs. RHE

Vanadate phase V onset i]m@;/%:ri\zl) kree (1/s) Kt (51 mer kree (1) ket (st)  mer  Reference
CuV206 1.2 0.2 6
CuxV20; 1.1 0.12 6
CuxV>207 1.1 0.06 7 30 81 0.5 30 98 7
CusV>0g 1.0 0.12 15 50 77 2 60 97 7

Cu11Vs0a26 1.0 0.1 30 45 60 7 70 91 7

CusV2019 13 0.025 200 5 2 80 28 26 7
NB (CuV20s) 1.2 0.09 11 2 14 0.01 0.06 87  This work
NB+1h 350 14 0.03 2.7 0.07 3 0.15 0.12 44 This work
NB+2h 350 14 0.02 1.3 0.02 2 0.15 0.43 74 This work
NB+1h 200°C 1.3 0.04 0.9 0.04 4 0.28 0.37 57  Thiswork

Table S1. Comparison of PEC performances of the present copper vanadate specimens with selected
literature data.
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