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Cu,0O has begun to show its charm and gain popularity in various photoelectrochemical (PEC) processes,
but fast charge recombination and photochemical instability always limit its PEC water splitting activity
and stability. Furthermore, H,O wetting on the Cu,O photocathode is the premise for PEC reaction,
while research on carrier separation, photostability and still wettability has not been brought to the
forefront. Herein, a self-polymerized dopamine coating is employed to directly anchor TiO, (P25) on the
surface of a Cu,O film electrode; nanoscale particles facilitate polydopamine (PDA) conformal assembly
on Cu,O polyhedra. A ternary Cu,O/PDA/TiO, composite photocathode is obtained and shows boosted
PEC activity and stability. The advantages of this unique design are mainly reflected in three aspects: (1)
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the married heterojunction of TiO,/Cu,O provides a persistent driving force for charge separation by PDA
natural adhesive properties; (2) the conversion of hydrophobicity—hydrophilicity is achieved to improve
the wettability of the Cu,O film electrode assisted by conformal PDA coating; (3) the improvement of
PEC stability is due to the inhibition of Cu,O photocorrosion covered by the PDA shelter. This advance

DOI: 10.1039/d2tc03116g

rsc.li/materials-c bodes well for the development of the PEC field founded on multifunctional PDA.

TiO, plays a positive role in alleviating the above photo-

Introduction

corrosion and carrier recombination. By knowing the dominant

Photocatalysis and photoelectrocatalysis have attracted a lot of
attention as an environmentally friendly technology." Cuprous
oxide has attracted great attention in the field of photocatalysis
and photoelectrocatalysis due to its narrow band gap (~2.0 eV),
which is capable of absorbing visible light that maximizes
sunlight harvesting.®® Photochemistry stable Cu,O is the pre-
mise to perform catalytic processes. However, the practical
application of the Cu,O photocathode is still limited by the fact
that it suffers from detrimental photocorrosion. The transfor-
mations of Cu,O to CuO and Cu are unavoidable (eqn (1) and
(2)) because of its self-oxidation and self-reduction.’ Moreover,
photogenerated carrier recombination often exists for most
semiconductors under irradiation, which deeply affects the
utilization of carriers and negatively drives redox reactions.

Cu,O + 2H, + 2e” — 2Cu + H,0 (1)

Cu,0 + H,0 — 2Cu0 + 2H" + 2e” (2)
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deactivation mode of Cu,O, fabricating a chemically inert
coating is an effective way to prevent Cu,O from contacting
the electrolyte solution with redox activity.'®'" A TiO, coating is
an excellent candidate, which allows photogenerated electrons
to transfer through owing to its appropriate conduction band
position.”" An atomic layer deposited TiO, coating can
efficiently improve the stability of the p-n Cu,O photocathode
in aqueous conditions reported by Gong et al.'* Furthermore,
lowering the diffusion energy barrier of photogenerated carriers
can be achieved by constructing a semiconductor heterojunction.
The formed type-Il or direct Z heterojunction by TiO,/Cu,O
provides a strong driving force for charge separation.'”'®
Zhang et al."” reported that the Cu,0/TiO, p-n heterojunction
exhibited better H, production activity and stability than pure
Cu,0 and TiO,.

In addition, the PEC process and performance is deeply
affected kinetically by the adsorption and desorption of reactants
and products.'® Theoretically, proper wettability can promote the
adsorption of reactants.”® H,O attached to the photocathode
serves as a reactant in PEC water splitting. In this case, the
hydrophilicity of the Cu,O photocathode is particularly impor-
tant. Zhao et al®® electrodeposited NiFe hydroxide/NiFe phos-
phate on carbon fiber paper. The phosphate groups improved the
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electrode surface wettability and created more accessible active
sites, which meant that electrons could transfer rapidly. Wang
et al.*" modified a variety of molecular monolayers with different
functional groups on TiO, nanotube arrays. The surface chemical
composition and wettability of the photoelectrode influenced the
oxidation-reduction reaction on the surface and interface.
Takayuki et al.”” observed that the bubble size on the electrode
surface increased with the decrease of the wettability through an
in situ video during the HER. This result means that ohmic loss
was increased and the electrode active surface was blocked. These
reports indicate that the wettability of the electrode surface has
an important effect on catalytic activity. However, efforts to
improve the Cu,O photocathode wettability for PEC water split-
ting have not been brought to the forefront. Almost no work takes
into account photostability, carrier separation and still wettability
for the Cu,O photocathode.

Herein, we report a simple nanoscale TiO,-induced polymeriza-
tion of biology-based dopamine on a Cu,O polyhedron photo-
cathode to enhance the PEC activity and stability. This work
creatively introduces functional nanoparticles to optimize dopa-
mine polymerization on an uneven and hydrophobic Cu,O poly-
hedron photocathode, not only fabricating a novel and married
Cu,O/PDA/TiO, heterojunction structure and creating a hydro-
philic reduction reaction interface by the buried nanoparticle
PDA overlayer for highly efficient PEC H,O reduction, but also
providing a novel strategy for improving the photochemical
stability of Cu,O semiconductors in various applications.

Experimental
Materials

Copper sulfate pentahydrate (CuSO,4-5H,0), sodium hydroxide
(NaOH), lactic acid (C3HgOs3, 80%), dopamine hydrochloride
and tris(hydroxymethyl)Jaminomethane were purchased from
Aladdin (China). Titanium dioxide (TiO,, P25) was purchased
from Sigma (USA). All chemicals were used as received without
further treatment.

Preparation of photocathodes

The pristine Cu,O electrodes were prepared by the electrode-
position method. In a typical experiment, an FTO substrate
(20 x 10 x 1.6 mm, 14 Q) was cleaned in acetone, ethanol and
deionized (DI) water with sonication, sequentially. The electro-
deposition of Cu,O was performed using an IviumStat electro-
chemical workstation with a three-electrode configuration, in
which the FTO substrate served as the working electrode, a
platinum plate as the counter electrode and the Ag/AgCl
electrode as the reference electrode, respectively. The deposi-
tion was conducted at a potential difference of —0.4 V in an
electrolyte solution consisting of 0.4 M CuSO, and 3 M lactic
acid. The pH of the electrolyte solution was adjusted to 11.5 by
the addition of 5 M NaOH solution. Cu,O thin films were
prepared by electrodeposition while the temperature was kept
at 60 °C using a hot water bath with a temperature probe.

This journal is © The Royal Society of Chemistry 2022
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Cu,O/PDA electrodes were prepared by self-polymerization
of dopamine. First, 0.1 g dopamine hydrochloride was fully
dissolved in an appropriate amount of tris-HCI buffer (pH =
8.6, 2 mM) to form a dopamine solution with a concentration of
2 mg mL™". Then, the Cu,O electrode was immersed in the
above solution, and a PDA coating was polymerized on the
electrode surface after 3 h.

The preparation method of the Cu,O/PDA/P25 electrode was
similar to the previous method, but an additional 0.1 g P25 was
added to the solution.

For comparison, Cu,O/P25 electrodes were prepared just by
immersing Cu,O electrodes in the solution by dissolving 0.1 g
of P25 in 50 mL of DI water.

Characterization techniques

The crystal structures of the prepared samples were obtained by
X-ray diffractometer with Cu Ko radiation (X’ Pert Powder,
PANalytical B.V.). A Zeiss-> IGMA field emission scanning electron
microscope (FESEM, Germany) was used to characterize the
morphology of the prepared samples at 10 kV acceleration voltage.
Atomic force microscopy (AFM) measurements were performed on
a Dimension Icon (Bruker) using tapping mode. The chemical
state and elemental compositions were recorded by X-ray photo-
electron spectroscopy (XPS) with a monochromatic Al Ko source at
12 kV operating voltage (Thermo Scientific K-Alpha, UK). The water
contact angles of the as-fabricated electrode thin films were
obtained at ambient temperature conditions utilizing a standard
goniometer (JY-82B Kruss DSA, Germany). UV-vis diffuse reflec-
tance spectra (UV-vis DRS) were measured on a spectrophotometer
(Shimadzu UV-3600, Japan) in the range of 300-800 nm. Photo-
luminescence (PL) spectra were obtained by a spectrophotometer
(Edinburgh FLS1000, UK) with an excitation wavelength of 255 nm
at room temperature.

Photoelectrochemical tests

In this study, all photoelectrochemical performance measure-
ments were completed on the CHI760E electrochemical work-
station (Chenhua, Shanghai). The traditional three electrodes
were composed of 0.1 M Na,SO, aqueous solutions. The pre-
pared samples were used as working electrodes, Pt plate as a
counter electrode, and Ag/AgCl in saturated KCI as a reference
electrode. A 300 W Xenon lamp with the intensity of 100 mW cm 2
(similar to an AM 1.5 sun illumination) was used as the light
source (PLS-SXE300, Beijing Perfectlight). For all the samples, a
scan rate of 10 mV s~ ' was used for the linear sweep voltammetry
measurements in the test range of 0 to 0.6 V. Amperometric -t
curves were obtained by illuminating and avoiding light under the
bias voltage of 0 V.

Electrochemical impedance spectroscopy (EIS) was per-
formed using an AC amplitude of 5 mV and a frequency range
between 100 kHz and 1 Hz. The measured EIS data were
obtained at an open circuit voltage under illumination. All of
the potentials mentioned above were converted to the RHE
reference electrode by the Nernst equation:

Epup(V) = Eagiagai(V) + 0.059 pH + 0.197
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The applied bias photon-to-current efficiency (ABPE) was
calculated as follows:

ABPE — Vrue X |Tigh|

x 100%
where Ijigne and P are the photocurrent density and intensity of
the incident light, respectively.

In Mott-Schottky measurements, potential sweeps were
carried out from 0.5 V to —0.7 V vs. Ag/AgCl. The AC frequency
used in the impedance measurements was 50 Hz. The calcula-
tion of valence band and carrier concentration is based on
previous work.>®

Time-resolved photoluminescence

The data are fitted using a biexponential decay model,
t

y=5 exp<—

T1
averaged carrier lifetime t,, is computed to compare charge
transfer dynamics. 7,, can be estimated as

t
)+B2 exp<—r—), from which an intensity-
2

_ Bi1% + Byt
Bty + Bro

Tav
k. is the charge transfer rate constant. k.. can be estimated as

1 1
ket = —(composite) — —(purity)
T

Tav av

Results and discussion

Fig. 1 records XRD patterns of four electrodes and P25 nano-
particles. The peaks at 36.5° and 60.4° are ascribed to the (111)
and (220) crystal planes of Cu,O crystals. A weak peak belonging
to the anatase (101) crystal plane appears at 25.3°, indicating the
presence of P25 nanoparticles in Cu,O/PDA/P25 and Cu,O/P25.
The XRD pattern of PDA is absent due to the amorphous nature
of the polymer.>*

¢FTO N Cu,0/PDA/P25
*P25
4Cu0 —— Cu,0/PDA
Cu,O
——P25

e |

Intensity (a.u)

10 20 30 40 50 60 70 80 90
20 (Degree)
Fig. 1 XRD patterns of different electrodes and P25 particles.
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XPS analysis was conducted to confirm the surface chemical
state details. Fig. 2(a) exhibits the survey spectrum, where Cu
2p, C 1s and O 1s signals are clearly observed in the obtained
samples. Fig. 2(b) and (d) show typical N 1s spectra of Cu,O/
PDA and Cu,O/PDA/P25. The high-resolution N 1s region is fit
with three peaks assigned to primary (R-NH,), secondary
(R-NH-R), and tertiary/aromatic (—N-R) amine functionalities,
which represent the chemical bonds of polydopamine and its
intermediates, respectively.>*” The two characteristic peaks of
951.72 eV and 931.93 eV in the high-resolution XPS spectrum of
Cu 2p (Fig. 2(b)) correspond to Cu 2p;,, and Cu 2p3,,, respectively,
which are consistent with the characteristics of Cu* in Cu,0.%®
The remaining two peaks at 946.37 and 943.37 eV are satellite
peaks of Cu™.*® The signal of N 1s and Ti 2p peaks can be clearly
observed in Cu,O/PDA/P25, whereas the signal of the Cu 2p peak
became weak after the introduction of PDA, which demonstrated
that the PDA coating can act as a shield, affecting the X-ray
diffraction toward the Cu,O. Two characteristic peaks in the high-
resolution spectrum of Ti 2p at 464.08 eV and 458.38 eV shown in
Fig. 2(d) also correspond to 2p,,, and 2ps,, and the other peak is
a satellite peak. All of the results indicated the successful
encapsulation of P25 nanoparticles into a PDA coating on Cu,O
substances.

The surface morphology and wettability of the electrodes
were analyzed using AFM and the contact angle underwater, as
shown in Fig. 3(a)-(d). The measured roughness values (R,) are
122 nm, 119 nm, 143 nm and 98 nm, respectively. The uniformly
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Fig. 2 (a) XPS pattern full spectra of Cu,O, Cu,O/PDA and Cu,O/PDA/
P25. (b) High-resolution XPS spectra of N 1s in Cu,O/PDA and (c) Cu 2p in
Cu,0O. (d) High-resolution XPS spectra of N 1s in Cu,O/PDA/P25 and
(e) Ti 2p.
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smooth cubic and pyramidal grains of Cu,O can be observed on
the AFM 3D images and SEM image of the Cu,O electrode. The
morphology of Cu,O is similar to that reported previously
(Fig. 3(e)).*° The pristine Cu,O electrode’s contact angle is
92.96°, showing its hydrophobicity (Fig. 3(a)). Self-polymerization
of dopamine onto the Cu,O polyhedron electrode surface forms a
coating with nanoscale thickness, as shown in Fig. 3(b) and (f);
meanwhile the contact angle becomes significantly smaller at
77.12°, which is due to the successful anchoring of numerous
hydrophilic groups arising from the PDA coating.*" PDA-induced
surface modification is again echoed in the XPS results. It is
believed that the transition from hydrophobicity to hydrophilicity
may accelerate the reaction dynamics of water participation,
resulting in improvement of the PEC activity. After introducing
hydrophobic P25 nanoparticles, the contact angle becomes larger
at 120.59°. As is shown in Fig. 3(c), P25 nanoparticles tend to

(a) -160.7 nm (b) 524.4 pm

-1.3um -498.8 nm

526.4 nm

-426.5nm -496.0 nm

6=64.79°

Fig. 3 AFM 3D image of a 10 x 10 pm? region and their contact angle of
(@) Cu,0O, (b) CuO/PDA, (c) Cu,O/P25 and (d) Cu,O/PDA/P25. SEM image
of (e) Cu,O, (f) CuO/PDA, (g) Cu,O/PDA/P25 and its side image (h).

This journal is © The Royal Society of Chemistry 2022
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cluster in the protruding part of the Cu,O pyramidal grains,
resulting in a greater surface roughness. According to the Wenzel
model, the greater the roughness on the hydrophobic surface, the
more hydrophobic it is.*>** Interestingly, the surface hydrophobi-
city reverses when P25 nanoparticles are used in combination with
dopamine. On the one hand, the nanoparticles speed up the
polymerization of dopamine.**”> On the other hand, they would
be drawn into the viscous fluid to fill the gaps of the uneven Cu,O
pyramidal grains, reducing the surface roughness of the electrode.
Nanoscale particles better collaborate surface hydrophilic
modification,*® resulting in a smaller roughness of the Cu,0
pyramidal grains, presenting hydrophilicity with a smaller con-
tact angle of 64.79° on the electrode surface (Fig. 3(d) and (g)).
And the membrane of 3.3 um thickness was observed through
the side image of SEM (Fig. 3(h)). An enhanced interface
hydrophilicity was achieved by polymerizing dopamine assisted
by P25 onto the surface of the Cu,O/TiO, heterostructure. The
novel integration of inorganic and organic materials would
create a synergistic modification effect for the unstable and
hydrophobic Cu,O photocathode to yield enhanced PEC water
reduction performance.

Linear sweep voltammetry (LSV) curves record the photo-
current response impacted by applied potential, as shown in
Fig. 4(a). Pristine Cu,O exhibits 1 mA em™> photoresponse at
0 Vvs. RHE due to the presence of surface recombination sites of
bare Cu,O in practical applications; besides, the photocurrent
density of either Cu,O/PDA or Cu,0/P25 increased remarkably,
indicating that hydrophilic modification, photosensitivity and
the p/n heterojunction are conductive to the carrier separation
and transfer.'”?* In particular, at 0 V vs. RHE, the photocurrent
in Cu,O/PDA/P25 yields 2.3 mA cm 2, which is approximately
2.3 times that of the pristine Cu,O electrode. Accordingly, the
applied bias photon-to-current efficiency (ABPE) reaches up to
0.12%, which is about 4 times higher than that of the Cu,O
electrode (Fig. 4(b)).

Amperometric I-¢ curves are presented in Fig. 4(c), showing
a renewable and fast photocurrent response. The photocurrent
density remains uniform with the LSV curves above mentioned.

0.0

N\

Cu,0
—— Cu,0/PDA

—— Cu,0/PDAP25

0.0 01 0.2 0.3 04 0.5 0.6 0.0 01 0.2 03 04 05 0.6
Potential (RHE) Potential (RHE)

- cu0
» Cu,0/PDAIP2S

Cuz0
——Cuz0/PDA

—— Cuz0/PDAIP2S
50 100 150 200 250 300
Time (s) Potential(RHE)

Fig. 4 (a) Linear sweep voltammetry curves. (b) ABPE. (c) Amperometric
/-t curves. (d) Mott—Schottky test.
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It can be noticed that the photocurrent density of the pristine
Cu,O electrode declines rapidly with test time, implying its
instability under irradiation in electrolyte. A sluggish descent of
photocurrent is observed when introducing a PDA overlayer,
implying that photocorrosion is obviously alleviated. This
improvement is more effective and persistent as the PDA layer
provides shelter for Cu,O, delaying the loss resulting from
photooxidation and photoreduction of Cu,O, but is not thick
enough to have a light-shielding effect to weaken electronic
migration. Nevertheless the PDA after polymerization within a
short time has tiny pinholes,?” so a sluggish photocorrosion
over Cu,O/PDA may still proceed with constant light. Besides,
the formation of the Cu,O/P25 heterojunction promotes the
transfer of photogenerated carriers, which inhibits the photo-
corrosion of Cu,O to a certain extent. On the integration of PDA
and P25, a synchronous promotion of photocurrent density and
stability was obtained. As for the improved photocurrent den-
sity, naturally viscous PDA induced married heterogeneous
junctions between Cu,O and commercial P25 to further pro-
mote carrier separation.®® In addition, modifying the Cu,O
photocathode hydrophobicity by decorating with a PDA coating
buried P25 to improve its hydrophilicity is achieved, enhancing
the adsorption of the reactants (H'/H,0). A Mott-Schottky test
was performed on the electrodes, as shown in Fig. 4(d). The
slope of the linear part of the curve is negative, which also
proves that the Cu,O conductivity type on the electrodeposition
was p-type.*® The flat-band potentials of Cu,O and Cu,O/PDA/
P25 are 0.78 eV and 0.83 eV, and the carrier densities are
1.036 x 10>' cm® and 1.61 x 10~*' em™?, respectively. Thus,
this kinetically facilitates the reaction from promoting the carrier
separation and transfer and thus the photocurrent density
becomes larger. Echoing the results of Fig. 3(d), the best stability
in the photocathode half reaction is on account of the markedly
improved photocorrosion resistance of Cu,0, resulting from the
unique space-filling P25 induced PDA overlayer.

According to the above experimental results, the enhanced
PEC activities are attributed to the unique structure composed
of space-filling P25 induced PDA overlayer. To further prove
this assumption, the photoexcitation process was studied by
photoluminescence (PL) spectra to probe the internal electron
transfer dynamics.’® As shown in Fig. 5(a), all four electrodes
have two distinct emission bands, which are mainly attributed
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to the band gap emission and the radiative transition due to the
defect state.*" The peak nearly at 470 nm is attributed to the band
gap emission. And another emission band centered at 680-710 nm
is the radiative transition due to the defect state. The luminescence
intensity of the Cu,O/PDA/P25 composite electrode decreases shar-
ply compared to the other samples, which shows an efficient
separation of the surface electron-hole pairs and a significant
suppression of the photogenerated carrier recombination. It’s worth
noting that the defect state emission becomes smaller after loading
the PDA overlayer, which is proof of the passivation effect arising
from PDA effectively reducing the electrode surface defects.*
Time resolved photoluminescence (TRPL) spectra were
thereafter recorded and are displayed in Fig. 5(b), providing a
quantitative lifetime of the photogenerated carrier. 7, and 7,
represent the radiative and non-radiative recombination,
respectively, and these two factors determine the electron
dynamics.*®*> Cu,0/PDA/P25 possesses the shortest 7, lifetime
(0.24 ns) compared to Cu,O (0.46 ns), Cu,O/PDA (0.28ns) and
Cu,O/P25 (0.26 ns), which indicates its improved band-to-band
recombination of charge carriers.”> Meanwhile, Cu,O/PDA/P25
also owns the most efficient non-radiative decay pathway, giving
the shortest 7, lifetime (2.09 ns).** The shortening of the average
lifetime (t,,) of Cu,O/PDA/P25 implies that integration of PDA
and P25 allows efficient electron-hole separation and migration.
Due to the synergistic effect of the married Cu,O/P25 heterojunc-
tion glued by PDA, surface passivation and increased wettability,
the Cu,O/PDA/P25 ternary composite electrode possesses the
largest transfer rate of photogenerated charge carriers.”> The
charge transfer rate constants (k) of Cu,O/PDA, Cu,O/P25 and
Cu,O/PDA/P25 are calculated to be 0.57 x 10° s, 0.60 x 10° s™*
and 1.87 x 10° s~ ', respectively. These quantified results provide
strong evidence for the efficient charge transfer of the Cu,O/PDA/
P25 electrode.*® In addition, the electrochemical impedance
spectroscopy (EIS) Nyquist spectrum is shown in Fig. 5(c). The
smaller arc and smaller R values indicate the smaller the charge
transfer resistance between the electrode and electrolyte.*”*® The
wetter Cu,O/PDA/P25 electrode has a significantly lower surface
charge transfer resistance. These charge dynamics results well
match with the results of PEC performance. More efficient
separation of photogenerated carriers and faster interfacial
charge transfer favor higher PEC performance.*® The rational
design of an efficient carrier separation transfer path is

\
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(a) Room temperature PL spectra. (b) Fitted results of TRPL spectra. (c) Nyquist plots at open-circuit voltage under illumination.
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Fig. 6 The UV-vis diffuse reflectance spectra of (a) Cu,O and Cu,O/PDA
and (b) Cu,O and Cu,O/PDA/P25, (c) Tauc plots, and (d) schematic
diagram of charge transfer between Cu,O and P25.

demonstrated by the PL and EIS results to achieve a lower
carrier recombination rate.

The UV-Vis diffuse reflectance spectra are shown in Fig. 6(a)
and (b). Compared with the Cu,O electrode, PDA coating does not
block light absorption because it is the eumelanin polymer that
has high light absorption.>® According to our previous work, the
black PDA exhibits a good capability for light absorption between
200 and 800 nm.*” Moreover, an apparent enhancement of
absorption can be seen for the composites.>® The band gap values
of different electrodes are obtained from the Tauc plots, as shown
in Fig. 6(c). From the calculated valence band and conduction
band energy, a band diagram is presented in Fig. 6(d).>>>*

On the basis of the analysis above, potential mechanisms of
ternary Cu,O/PDA/P25 for PEC enhancement in activity and
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Fig. 7 The schematic of the catalytic reaction promoted by different
wettability of the electrode surface.

Table 1 The functions of PDA in the field of PEC
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stability have been further illustrated in Fig. 7. Under light
illumination, the water reduction process based on the pristine
Cu,0 polyhedron electrode gets a slow reaction kinetics, owing
to its fast carrier recombination and surface hydrophobicity.
Meanwhile, bare Cu,O polyhedrons in direct contact with the
electrolyte are also threatened by photocorrosion. Once the
integration of inorganic P25 and organic dopamine is employed
to modify the Cu,O polyhedron surface, P25 nanoparticles as
connectors are not only involved in accelerating the polymeriza-
tion of dopamine but also they would be drawn into the viscous
fluid to fill the gaps of the uneven Cu,O pyramidal grains,
forming a unique space-filling P25-induced PDA overlayer on
Cu,O. This is verified by both AFM images and contact angle
analysis. The novel heterojunction structure set several favorable
stages for PEC enhancement in activity and stability. Firstly, with
P25 joining, a II-type heterojunction of Cu,O/TiO, is formed.
Under light illumination, both Cu,O and TiO, simultaneously
produce photo-induced electron-hole pairs. The electron and
hole transfers are reversed under internal electric field forces
due to the different energy band positions; electrons are trans-
ferred from Cu,O to P25 and holes are transferred from P25 to
Cu,O. With the boost of PDA, the married coupling interfaces of
the TiO,/Cu,O heterojunction provide a persistent driving force
for charge separation. As a result, a lower charge recombination
rate is achieved as proven by the PL and EIS results. Secondly, as
an electron donor, PDA can also contribute to light absorption,
which echoes the results of UV-Vis diffuse reflectance spectra. In
particular, it is worth mentioning that there is no light-shielding
in the ultrathin PDA layer, whose electronic tunneling effect is
not weakened in the meantime. Thirdly, the gullies of the Cu,O
polyhedron surface were filled up with nanoscale P25 assisted by
dopamine polymerization, causing roughness reduction. Thus,
an improved hydrophilic PDA overlayer with numerous hydro-
philic groups was coated on the Cu,O polyhedron surface to
reverse its hydrophobic disadvantage. This operation improves
the wettability of the electrode surface and absorbs more reac-
tants (H'/H,O), thus kinetically promoting the rate of catalytic
reaction and improving the catalytic activity. Finally, the unique
space-filling P25 induced PDA overlayer provides structurally
optimal shelter to satisfy the inhibition of Cu,O photocorrosion
from active radicals dissolved in the electrolyte, rendering the
improvement sustainable. This echoes the results and discussions
of amperometric I-¢ curves. In conclusion, we have assembled the
multiple effects of polydopamine (Table 1); the integration of P25
and PDA induces a synergistic modification effect for the poor

Materials Function Ref.
Cu,O/PDA/P25 Assisting in heterostructure construction, modulating wettability and inhibiting photocorrosion This work
2-C3;N,@PDA/BiOBr PDA as an efficient electron transfer mediator 55
TiO,/PDA Enhancing the hole-electron separation and harvesting visible light 50
CdS@PDA/TiO, NTAs Photosensitization and inhibition of CdS photocorrosion 27
Ti/TiO,NT@PDA-AgNP PDA coating can act as an in situ reducing agent capable of reducing some metal ions to form 56
metal nanoparticles

PDA;5/Zn0O/C030, The enhanced CO, adsorption/activation capacity by PDA modification 57
Ag/AgCl/polydopamine TiO, The polydopamine acts as a stabilizer and reductant in fabricating the photocatalyst 58
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carrier utilization, hydrophobic and unstable Cu,O photocathode
to yield enhanced PEC water reduction performance.

Conclusion

In summaty, a self-polymerized dopamine coating is employed to
directly anchor P25 on the surface of a Cu,O film electrode. And
P25 particles are introduced creatively to facilitate PDA conformal
assembly on Cu,O polyhedra. The hydrophilic PDA coating pro-
vides a reactant-rich concentration on the electrode surface to tip
the reaction balance toward the synthesis of H,. The concept of
forming a hydrophilic heterostructured Cu,O/PDA/P25 electrode
enables advances in the high carrier utilization and high stability
of Cu,O semiconductor PEC water reduction performance.
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