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Chemical and Materials. Bismuth nitrate pentahydrate (Bi(NO3)>-5H>0), potassium titanium
oxalate (K2TiO(C204)2)) were purchased from Shanghai Macklin Biochemical Co., Ltd. Cupric
(IT) acetate monohydrate (Cu(OAc)2'H>O) was purchased from Xilong Scientific Co., Ltd.
Ethylene glycol, pure ethanol and methanol were purchased from Beijing Chemical Reagents
Company. P-benzoquinone was purchased from Sinopharm Chemical Reagent Co., Ltd. All of
these chemicals were analytical reagents and used without further purification. Fluorine-doped tin
oxide substrates (FTO) (F: SnO., 8.0 Q-sq!, transparency 80 %, 2.00 cmx3.00 cm) were purchased

from Asahi Glass, Japan.

Figure S1. Typical SEM images of the (a) Bi, (b) Bi2O3, and (¢) CuBi204 dendrites.
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Figure S2. Typical cross-sectional SEM images of the Bi dendrites with the repeated

electrodeposition cycle of (a) 16 and (b) 20 times.
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Figure S3. SEM images and optical images (inset) of (a) the Bi film after drop-coating with
Cu(OAc)> methanol solution and drying in air, and (b) the corresponding CuBi204 film after

thermal solid state reaction.

The above SEM images clearly shows that, if the metal Bi dendrites were not converted into Bi2Os
and were directly drop-coated with Cu(OAc): solution, the dendritic structure would no longer
existed. In fact, the Bi dendritic structure was destroyed by the dissolution of Bi because Bi could
be oxidized by Cu*" due to the following reaction Bi + Cu®" — Bi*" + Cu.! As the released Bi*"
ions were ready to form yellow BiOOH via hydrolysis, the yellow film obtained after drop-coating

and drying (the inset of Figure S3a) confirms the above reactions.
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Figure S4. XRD patterns of the CuBi20O4 dendrites prepared at different temperatures for 2 h: (a)

450 °C, (b) 550 °C, (c) 650 °C.

Figure S5. SEM images of the CuBi,O4 dendrites prepared at different thermal reaction

temperatures for 2 h: (a) 450 °C, (b) 650 °C.
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Figure S6. Linear sweep voltammetric curves of the dendritic CuBi2O4 photocathodes prepared at
different repeated cycles during the electrodeposition of Bi dendritic template in 0.10 M Na>SO4

solution at a potential sweep rate of 10 mV s under chopped illumination (100.0 mW cm™).
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Figure S7. Linear sweep voltammetric curves of the planar and the dendritic CuBi2O4
photocathodes in 0.10 M NaOH solution at a potential sweep rate of 10 mV s™' under chopped

illumination (100.0 mW cm™).
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Figure S8. Linear sweep voltammetric curves of the dendritic CuBi20O4 photocathode before and
after PEC HER measurement in 0.10 M Na>SOs at a potential sweep rate of 10 mV s under
chopped illumination (100.0 mW c¢m™). The PEC HER measurements were carried out in 0.10 M

Na>S04at 0.200 V vs. RHE under 100.0 mW c¢m for 1000 s.
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Figure S9. The current density-time response during the electrodeposition of TiO2 overlayer.
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Figure S10. TEM images of the CuBi,O4 dendrites coated with the TiO; protective layers with
different thickness. The TiO» protective layers were prepared by electrodeposition with controlled
deposition charges: (a) 0.10 C cm?, (b) 0.20 C cm™ and (c) 0.30 C cm™. (d) Dependence of the

average thickness of TiO> protection layer on the deposition charges.
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Figure S11. The XRD pattern of the dendritic CuBi204/TiO2 film prepared on FTO substrate.
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Figure S12. UV-vis absorption spectra of the bare CuBi204 and the CuBi204/T10, dendrites.

S9



0.0' ~MARE

g |Hh

«-0.41

é M J ah

3’ 2

'2-08 H iﬂ

%]

; b, ——0.10 C em™

£-1.24 ,J ——0.20 C em?

S :' ——0.30 Cem?
e ——0.40 C em™
0.0 0.2 0.4 0.6 0.8 1.0

Potential (V vs. RHE)

Figure S13. Effect of the different thicknesses of TiO» overlayer determined by passing charges

on PEC photoactivity in 0.10 M NaxSOg4 of its corresponding composite photocathode.
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Figure S14. (a) at 0.400 V vs. RHE in 0.10 M Na>SO4 and (b) at 0.600 V vs. RHE in 0.10 M NaOH
under chopped illumination (100.0 mW cm™2). The TiO» protective layer was prepared by

electrodeposition with the deposition charge of 0.20 C cm™.
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Figure S15. Typical top-view SEM images of (a) the bare CuB1,04 and (b) the CuB1,04/T10> after

stability measurements.
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Table S1. Photocurrent density (Jpn) at required potential of the CuB1204 based photocathodes for HER in neutral electrolyte reported in literature.

Photocathode Morphology Electrolyte pH Jph [mA cm?] at 0.2 V vs. RHE Ref.
CuBi204 Dendrites 0.10 M NaxSOq4 6.8 0.83 This work
CuB1,04/T102 Dendrites 0.10 M NaxSOq, 6.8 0.90 This work
Au/ CuBi»04/Pt Polyhedral shape 0.1 M NaxSOs, 6.8 1.00 2
CuBi1204/ZnS/TiO2 Porous film 0.3 M K;SO4+0.2 M PBS  6.65 0.60 3
CuO/CuBi204 Flower shape 0.1 M NazSOsq, 6.8 0.60 4
CuB1204/Au/carbon nanosheet Porous film 0.1 M K>SO4+0.2 M PBS  6.68 0.52 >
CuBi,04/Polythiophene Porous film 0.3 M K>SO4+0.2 M PBS  6.66 0.51 6
CuBi,04/BiVO4 Porous film 0.1 M NaxSO4 6 0.48 7
CuBi204 Nanotextured film 0.1 M NaxSOg4, 6.8 0.46 8
CuO/CuBi204 Irregular shape 0.1 M NaxSOsq, 6.8 0.30 ?
CuBi204/rGO Irregular shape 0.5 M NaxSOs, 6.8 0.25 10
CuO/CuBi204/Pt Irregular shape 0.3 M KoSO4+0.1 MPBS 6.8 0.24 i
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CuBi,04/Ag,N co-doped graphene quantum dots

Submicron rods

0.5 M Na>SO4

6.6

0.08

12

(1) PBS represents phosphate buffer solution.
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Table S2. Photocurrent density (Jpn) at required potential of the CuB1204 based photocathodes for HER in neutral electrolyte with electron scavenger reported

in literature.

Photocathode Morphology Electrolyte sI;:zllice:tll;(g):r pH  Jph[mA cm?] at 0.6 V vs. RHE Ref.

CuBi,04 Dendrites 0.10 M NaxSO4 H>O, 6.8 3.21 This work

Cu doped NiO/ CuBi204 Planar film 0.3 M K»2S04+0.2 M PBS H>0» 6.65 2.83 13

CuBi204 Porous film 0.3 M K2S0O4+0.2 M PBS H>0, 6.65 2.66 14

Gradient CuBi204/CdS/TiO»/Pt Planar film 0.3 M K2S04+0.2 M PBS H,0, 6.65 2.50 13

CuBi2O4 Planar film 0.2 M K2SO4+0.1 M PBS H20, 6.8 2.30 6

CuBi,04 (Bi:Cu=1.5) Planar film 0.1 M KHCO3 NazS>08 8.2 1.21 17

CuB1204/Cu1 5Ti0, Planar film 0.1 M KHCO;3 NaxS>0g 8.2 1.40 18

(1) PBS represents phosphate buffer solution.
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