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ABSTRACT: We studied a type of nanostructured silicon
photocathode for solar water splitting, where one-dimensionally
periodic lamellar nanopatterns derived from the self-assembly of
symmetric poly(styrene-block-methyl methacrylate) block copolymers were incorporated on the surface of single-crystalline silicon
in conﬁgurations with and without a buried metallurgical junction.
The resulting nanostructured silicon photocathodes with the
characteristic lamellar morphology provided suppressed frontsurface reﬂection and increased surface area, which collectively
contributed to the enhanced photocatalytic performance in the
hydrogen evolution reaction. The augmented light absorption in the nanostructured silicon directly translated to the increase of
the saturation current density, while the onset potential decreased with the etching depth because of the increased levels of
surface recombination. The pp+-silicon photocathodes, compared to the n+pp+-silicon with a buried solid-state junction, exhibited
a more pronounced shift of the current density−potential curves upon the introduction of the nanostructured surface owing to
the corresponding increase in the liquid/silicon junction area. Systematic studies on the morphology, optical properties, and
photoelectrochemical characteristics of nanostructured silicon photocathodes, in conjunction with optical modeling based on the
ﬁnite-diﬀerence time-domain method, provide quantitative description and optimal design rules of lamellar-patterned silicon
photocathodes for solar water splitting.
KEYWORDS: solar water splitting, nanostructured silicon, lamellar diblock copolymer, block copolymer lithography,
artiﬁcial photosynthesis

1. INTRODUCTION
Photoelectrochemical (PEC) solar water splitting has gained
much attention due to its potential to convert solar energy into
storable forms of chemical fuels.1−3 A variety of inorganic
semiconductor materials have been investigated for photoelectrodes in solar-driven water splitting. In particular, silicon
represents one of the most attractive candidate materials owing
to its natural abundance, environmental safety, appropriate
bandgap energy and band-edge alignment, as well as wellestablished research and manufacturing infrastructures for
large-scale production.4−7 With recent advances in materials
growth and processing technologies, micro- and nanostructured
forms of silicon prepared by a variety of bottom-up8−11 or topdown12−15 fabrication techniques have been extensively studied
for solar water splitting, with potential advantages in reduced
materials cost, enhanced light absorption, as well as eﬃcient
charge-carrier collection and transport.16−18 Among various
methods for creating nanoscale features on silicon, selfassembled block copolymers have already shown signiﬁcant
promise for advanced lithographic applications due to the
relative ease of attaining characteristic dimensions less than 50
© 2015 American Chemical Society

nm, the diverse range of one-, two-, and three-dimensionally
(1D, 2D, and 3D, respectively) periodic morphologies that can
be readily achieved via tunable molecular parameters, and
simple, high-throughput processing schemes.19−21 In this paper,
we investigated a type of nanostructured single-crystalline
silicon as a photocathode in solar water splitting, in which 1D
periodic nanoscale surface morphologies derived from the selfassembly of lamellar forming diblock copolymers were
implemented onto the silicon with and without a buried
metallurgical junction. The silicon nanostructures fabricated
from the block copolymer lithography provide advantages over
“black silicon”13,14 via metal-assisted wet chemical etching
including facile control of etched geometries, mechanical
robustness, as well as the lack of metal residues that might
degrade their electrical, optical, and catalytic properties. To
elucidate the eﬀect of etching depth upon the optical and
photoelectrochemical (PEC) characteristics of nanostructured
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Figure 1. (a) Schematic illustration of the processing steps to fabricate nanostructured silicon photocathodes incorporating 1D periodic lamellar
morphology derived from the self-assembly of symmetric poly(styrene-b-methyl methacrylate) diblock copolymers. (b) Schematic energy band
structures for pp+ (left) and n+pp+ (right) Si photocathodes at equilibrium, where q, EF, Ecb, Evb, and E°(H+/H2) are the electronic charge, Fermi
level, energy levels at the conduction band and valence band edge, and reduction potential for the hydrogen evolution reaction, respectively. (c) Tiltview scanning electron microscope (SEM) image of a representative silicon photocathode with lamellar surface nanopatterns after the reactive ion
etching and removal of Cr. (inset) A photographic image of the completed nanostructured silicon photocathodes mounted on a slide glass.
atmosphere) of boron (BN-1250, Saint Gobain) and phosphorus (PH1000, Saint Gobain) solid-state doping sources, respectively, where
silicon nitride (∼600 nm) deposited by plasma-enhanced chemical
vapor deposition (PECVD, Plasmalab) was used as a selective doping
mask. The doped substrate was then cleaned in a piranha solution
(H2O2/H2SO4 = 3:7 by volume at 70 °C for 20 min) and pretreated
with 10 nm of a random copolymer brush (poly(styrene0.58-randommethyl methacrylate0.31-random-glycidyl methacrylate0.11), Mn = 15 kg
mol−1), followed by spin-coating of a symmetric poly(styrene-blockmethyl methacrylate) diblock copolymer (Mn = 100 kg mol−1,
polydispersity index (PDI) = 1.12, and 50.0 vol % PS, Polymer
Source). Self-assembly of the lamellar morphology was achieved by
thermal annealing at 190 °C for 24 h under vacuum. To transfer the
resulting block copolymer nanopattern to the silicon wafer, the
poly(methyl methacrylate) (PMMA) domain was selectively removed
by UV exposure (UVP CL-1000 with λ = 254 nm and 1 J/cm2) and
development in acetic acid, followed by thermal evaporation of Cr (10
nm, CVC 3-boat thermal evaporator).22,23 Sonication in warm toluene
(Fisher Scientiﬁc FS30H, 70−80 h) lifted oﬀ the PS template24 to
yield nanostructured Cr wires that were used as an etch mask for
inductively coupled plasma reactive ion etching (ICP-RIE, SF6/C4F8 =
10/25 sccm, 10 mTorr, 50 W RF, and 500 W ICP). After the ICP-RIE,

silicon photocathodes, this study intentionally focused on the
system of pure silicon without additional passivation layers or
metal cocatalysts, both of which are expected to boost
signiﬁcantly the eﬃciency of silicon photocathodes in water
splitting. The silicon photocathode with randomly oriented
lamellar nanopatterns exhibited improved PEC performance in
solar water splitting compared to the bare silicon owing to the
combined eﬀects of reduced surface reﬂectance and enlarged
surface area. Systematic studies of the morphology, optical
properties, and PEC performance of the nanostructured silicon
photocathodes in the hydrogen half reaction, together with
optical modeling based on a ﬁnite-diﬀerence time-domain
method (FDTD), quantitatively describe the reported system
and provide optimal design rules for lamellar-patterned silicon
photocathodes.

2. EXPERIMENTAL SECTION
The fabrication of nanostructured silicon photocathodes began with
doping of the rear and front surfaces of p-type (100) silicon (10−20
Ω·cm, WRS Materials) wafers by thermal diﬀusion (1000 °C in N2
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the remaining Cr and organic residue (e.g., C4F8) were removed by
wet chemical etching (CE-8040P, Transene) and oxygen reactive ion
etching (O2-RIE, 27.4 sccm, 100 mTorr, 10 W, 3 min), respectively. A
metal ohmic contact was formed on the back surface of the silicon by
electron beam evaporation of metal (Cr/Au = 20 nm/100 nm,
Temescal), to which a copper wire was connected using silver paint
(SPI Supplies). The reﬂectance spectra of etched silicon samples were
obtained on a spectrophotometer (PerkinElmer Lambda 950)
equipped with an integrating sphere using Spectralon (SRM-99) as a
100% reﬂectance standard. The completed silicon photoelectrode was
then mounted and sealed on a slide glass (VWR) using thermally
curable epoxy (Hysol 9460, Loctite). All PEC measurements were
performed in an aqueous solution (0.5 M, pH = 0.45−0.25, T = 20−31
°C) of sulfuric acid (H2SO4, EMD Chemicals Inc., GR ACS, 95−98%)
in a glass container under AM 1.5G standard solar spectrum (1000 W/
m2) provided by a full-spectrum solar simulator (94042A, Oriel),
where the optical path length of light in the water was ∼2 cm. Linear
sweep voltammetry data were collected by a potentiostat (Reference
600, Gamry) using a three-electrode conﬁguration at a scan rate of 50
mV/s, with Ag/AgCl (RE-5B, Bioanalytical Systems Inc.) and
platinum wire (MW-1032, Bioanalytical Systems Inc.) as a reference
and counter electrode, respectively. A small amount of surfactant
(Triton X-100, SPI Supplies) was added to the electrolyte to facilitate
the release of generated hydrogen bubbles from the sample surface.
For the conversion of electrode potential from Ag/AgCl to the
reversible hydrogen electrode (E(vs RHE) = E(vs Ag/AgCl) + 0.250
V), a linear sweep voltammetry scan was performed using a platinum
electrode (MF-2013, Bioanalytical Systems Inc.) as a cathode to
determine the onset potential of hydrogen production under what
were otherwise the same conditions described above. The PEC data
were taken after the same number (e.g., 20) of linear voltammetry
scans to eliminate the eﬀect of natural oxide (SiO2) formation.

mTorr, 10 W, 3 min) to remove organic residues. Figure 1c
depicts a representative tilt-view scanning electron microscope
(SEM) image of the etched silicon surface with the characteristic lamellar morphology of BCPs. The fabrication of the
silicon photocathodes was completed by connecting a copper
wire on the metal-deposited (Cr/Au = 20 nm/100 nm) back
surface of the silicon using a silver paint, followed by mounting
the entire unit on a glass substrate and sealing with thermally
curable epoxy (Figure 1c, inset).
Figure 2a shows top-down and cross-sectional view SEM
images of the nanostructured pp+-silicon with BCP lamellar
morphologies obtained at various etching times of 30, 45, 60,
and 90 s, in which the bright and dark regions of the width of
∼20−25 nm correspond to the PMMA (unetched) and PS
(etched) nanodomains, respectively. The average heights of the
silicon nanostructures measured from the cross-sectional SEM

3. RESULTS AND DISCUSSION
Figure 1a illustrates the processing steps to fabricate nanostructured silicon electrodes for solar water splitting via block
copolymer self-assembly. For photocathodes with a buried
metallurgical junction (referred to as n+pp+-photocathode), the
front and rear surfaces of a p-type (100) silicon substrate (10−
20 Ω·cm) were doped by thermal diﬀusion of solid-state
phosphorus (1000 °C for 15 min in N2) and boron (1000 °C
for 20 min in N2) sources to incorporate a pn-junction and a
back surface ﬁeld (BSF), respectively. For photocathodes
without a buried junction (referred to as the pp+-photocathode), only the rear-surface of the silicon was doped with
boron (1000 °C for 20 min in N2) to form a BSF and a heavily
doped region for the deposition of a metal ohmic contact (i.e.,
Cr/Au). Doping conﬁgurations and corresponding energy band
diagrams of pp+ and n+pp+ silicon electrodes at equilibrium are
schematically illustrated in Figure 1b. The front surface of the
doped silicon substrate was pretreated with 10 nm of a random
copolymer brush (poly(styrene0.58-random-methyl methacrylate 0.31 -random-glycidyl methacrylate 0.11 ), PS-r-PMMA-rPGMA), Mn = 15 kg mol−1) to implement a “neutral-wetting”
surface, on which a 40 nm thick poly(styrene-block-methyl
methacrylate) block copolymer (PS-b-PMMA, Mn = 100 kg
mol−1, PDI = 1.12, 50.0 vol % PS) thin ﬁlm was spin-coated
and annealed under vacuum (190 °C for 24 h) to form a
perpendicularly oriented lamellar morphology.25−28 The selfassembled 1D periodic nanopatterns were transferred to the Si
wafer by the selective removal of the PMMA domains, metal
(i.e., Cr, ∼10 nm) deposition and liftoﬀ, and inductively
coupled plasma reactive ion etching (ICP-RIE, SF6/C4F8 = 10/
25 sccm, 10 mTorr, 50 W RF and 500 W ICP). Subsequently,
the remaining Cr mask was removed by wet chemical etchant
(CE-8040P, Transene), followed by an oxygen RIE (O2, 100

Figure 2. (a) Top-view SEM images of the nanostructured surface of
the pp+-silicon at various etching times of ICP-RIE using a thin (∼10
nm) layer of Cr patterned through block copolymer lithography as an
etch mask. (inset) Cross-sectional-view SEM images. (b) Plot of the
measured etch depth (red) and corresponding calculated ratio of the
surface area (blue) for the nanostructured silicon (ABCP) at various
etching times with respect to that of a bare silicon substrate (Abare). (c)
Measured total (specular + diﬀuse) reﬂectance spectra of nanostructured and bare silicon at various etching times, measured on a
spectrophotometer equipped with an integrating sphere at nearnormal incidence (θ = 8°) using Spectralon as a 100% reﬂectance
standard.
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Figure 3. (a) Simulated reﬂectance spectra (solid lines) of pp+-silicon at normal incidence from semi-inﬁnite silicon with model nanostructured
surfaces of BCP lamellae at various etching times, overlaid with experimentally measured spectra (dotted lines) for comparison. To construct the
model 3D nanostructured surface, top-view SEM micrographs of etched silicon over the area of ∼3.0 × 5.0 μm2 were imported, where the height of
the nanostructured region was matched with the etch depth in experiments. (b) Simulated reﬂectance spectra from the same nanostructured silicon
as in (a) yet in water as a superstrate medium. (c) The corresponding integrated S_abs calculated by eq 1 over AM1.5G standard solar illumination.
(d) Comparison of S_abs in semi-inﬁnite silicon incorporating the BCP surface nanostructure (red) and a perfectly aligned 1D periodic grating
(blue) as a function of the height of the nanostructures, both at normal incidence. In the case of the 1D grating (inset), the periodicity (50 nm) and
duty (50%) were assumed to be approximately same as those of the block copolymer lamellae, and the calculation was averaged over transverse
electric (i.e., electric ﬁeld parallel to the direction of the trench) and transverse magnetic (i.e., electric ﬁeld perpendicular to the direction of the
trench) polarizations (Figure S6). (e) Corresponding reﬂectance (R(λ)) and absorption (A(λ)) spectra for BCP nanostructure and 1D periodic
grating in water at the optimum heights that maximize S_abs for each case (80 nm for 1D grating, 90 nm for the block copolymer lamellae).

Comparable morphological and optical characteristics were also
obtained from n+pp+-silicon processed under the same etching
conditions as with the pp+ samples (Figure S1). It is notable
that the band bending for charge-carrier separation is provided
by the silicon/liquid junction in pp+-silicon, in which the
junction area varies with the height of the etched nanostructures. By contrast, in n+pp+-silicon, the depth (more than ca.
300 nm) of the solid-state pn-junction deﬁned by the thermal
diﬀusion of a doping source is deeper than the etching depth
employed in this study, and therefore the junction area is nearly
invariant as schematically illustrated in Figure 1b.
To further elucidate the underlying optical eﬀects of BCP
nanostructures upon the absorption of incident solar light in
water, we performed semiempirical numerical modeling based
on FDTD methods, where the top-view SEM micrographs (∼3
× 5 μm2) of nanostructured silicon (Figures S2 and S3) were

images are approximately 45, 65, 85, and 110 nm, respectively,
at the etching times of 30, 45, 60, and 90 s, respectively. The
introduction of BCP morphologies on the front surface of the
silicon was accompanied by the apparent modiﬁcation of the
surface area, which was increased by up to ∼6.2 times the area
of bare silicon as summarized in Figure 2b. Another important
advantage of nanostructured silicon in solar water splitting is
the lowering of the reﬂectance of incident light due to the
reduced mismatch of the refractive index between the
surrounding medium (i.e., water) and the silicon. The total
(i.e., specular and diﬀuse) reﬂectance (R(λ)) of nanostructured
silicon at near-normal incidence (θ = 8°) was measured on a
spectrophotometer equipped with an integrating sphere using a
ﬂuoropolymer-based reﬂectance standard (Spectralon). As
expected, the reﬂectance monotonously decreased as the height
of the lamellar nanostructure increased with etching time.
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Figure 4. (J)−(E) plot (E with respect to the RHE) of nanostructured silicon photocathodes (a) without and (c) with a buried pn-junction,
measured under AM1.5G simulated standard solar spectrum in 0.5 M aqueous sulfuric acid. (b−d) Comparison of corresponding PEC characteristics
including onset potential (Vonset), potential (V20) at the current density of 20 mA/cm2, and saturation current density (Jsat).

We also calculated and compared the absorption of silicon
having BCP lamellar morphologies with silicon that incorporates a 1D periodic grating, in which geometrical parameters
such as the periodicity and duty cycle of the grating were
assumed identical to those in the lamellar BCPs. The
absorption spectra for the 1D grating were averaged over
transverse electric and transverse magnetic polarizations
(Figure S6). As summarized in Figure 3d, silicon with the
randomly oriented BCP lamellar nanostructures exhibited
higher absorption in water than the perfectly ordered 1D
gratings under the simulated standard solar radiation, with the
maximum integrated absorption of ∼93% at the etching time of
90 s. Figure 3e depicts the corresponding reﬂectance and
absorption spectra of the BCP nanostructures and 1D gratings
at the optimum height (i.e., ∼ 80 nm for the 1D grating and
∼90 nm for the BCP) that maximizes the integrated S_abs.
The PEC performance of nanostructured silicon photocathodes was measured on a potentiostat (Reference 600,
Gamry) with a three-electrode conﬁguration, using an aqueous
solution of sulfuric acid (0.5 M) under AM1.5G standard solar
illumination (1000 W/m2), in which a Pt wire and Ag/AgCl
were used as a counter and reference electrodes, respectively.
Figure 4a,c shows current density (J)−potential (E) curves
obtained from linear sweep voltammetry with bare and BCPpatterned silicon photocathodes with pp+- and n+pp+-doping
conﬁgurations, respectively. In both cases, the silicon photocathodes implemented with surface nanostructures exhibited
higher saturation current density (Jsat) than the bare silicon
mainly due to the reduced front-surface reﬂectance and
increased solar ﬂux absorption. The increase in Jsat with
nanostructured silicon electrodes over the bare silicon at the
etching times of 30, 60, and 90 s were 11, 11, and 13% for the
pp+-silicon and 5, 9, and 9% for the n+pp+-silicon, respectively,
consistent with the trend of the calculated absorption (S_abs)
enhancement (14, 21, and 22% for the pp+-silicon and 18, 22,
19% for the n+pp+-silicon). The comparatively smaller increase

imported to generate a model silicon photocathode with BCP
lamellar morphologies at a semi-inﬁnite thickness (Figure
S4).29 More details for the numerical modeling appear in the
Supporting Information. Figure 3a shows simulated total
reﬂectance spectra (solid lines) from the pp + model
nanostructure as a function of etching time at normal incidence,
which matched fairly well with experimental data (dotted lines;
see Figure S5a for n+pp+ silicon). A small discrepancy is
attributed to the slightly nonvertical proﬁle of etched
nanostructures especially for samples with longer etching
time (e.g., more than 60 s), the limited area of simulation, as
well as optical losses in the calibration standard. On the basis of
the quantitative agreement between the simulated and
measured data, the calculation was extended to the case
where the medium is water (n = 1.33) to evaluate the
corresponding absorption of BCP-patterned silicon photocathodes in the electrolyte. Owing to the reduced contrast in
refractive index, the overall magnitude of reﬂectance spectra
decreased in water as shown in Figure 3b (see Figure S5b for
n+pp+ silicon). The calculated absorption spectra (A(λ) = 1 −
R(λ)) were then used to obtain a total absorbed photon ﬂux
integrated over the AM1.5G standard solar spectrum, S_abs,
given by
S_ abs =

1100 λ
A(λ)I1.5G(λ)dλ
hc
1100 λ
I (λ)dλ
400 hc 1.5G

∫400

∫

(eq 1)

where h, c, and I1.5G are Planck’s constant, the speed of light,
and the standard solar irradiance (AM 1.5G; ASTM G-173),
respectively.29,30 The S_abs for bare silicon in air was 65%,
while it increased to 76% in water due to the reduced index
diﬀerence. The S_abs of silicon in water further increased upon
etching to 87, 91, 93, and 93% for the pp+-silicon (Figure 3c)
and to 90, 92, 93, and 91% for the n+pp+-silicon (Figure S5c) at
etching times of 30, 45, 60, and 90 s, respectively.
26047

DOI: 10.1021/acsami.5b08661
ACS Appl. Mater. Interfaces 2015, 7, 26043−26049

Research Article

ACS Applied Materials & Interfaces

Table 1. Measured Photoelectrochemical Characteristics of Bare and Nanostructured Silicon Photocathodes in Water Splitting,
Extracted from Figure 4a,c
pp

+

n+pp+

etching time (s)

Jsat (mA/cm2)a

Vonset (V vs RHE)

V20 (V vs RHE)

Jsc (mA/cm2)

ﬁll factor

η (%)b

0
30
60
90
0
30
60
90

−28.0
−31.2
−31.2
−31.6
−28.0
−29.3
−30.6
−30.5

0.130
0.110
0.070
0.070
0.420
0.380
0.380
0.420

−0.701
−0.472
−0.429
−0.398
−0.574
−0.500
−0.473
−0.455

−0.0195
−0.148
−0.100
−0.075
−0.099
−0.206
−0.337
−0.684

0.174
0.084
0.101
0.123
0.128
0.091
0.083
0.067

0.000 48
0.001 49
0.000 81
0.000 74
0.005 31
0.007 16
0.010 58
0.019 31

The saturation current density was obtained by averaging J between −1.75 and −1.0 V (vs RHE). bThe system eﬃciency (η) was calculated by
η(%) = ((−Jmax × Emax(vs RHE))/(Pin(100 mW/cm2))) × 100, where Jmax and Emax (vs RHE) are the current density and the potential at a
maximum power point.
a

in Jsat in experiments over the calculations is attributed to the
associated parasitic losses in the experimental system including
carrier recombination, series resistance in metal wires, and/or
the reﬂection of light at the water/air interface. In particular,
the eﬀect of surface recombination was more pronounced at a
higher etching depth due to the increasing density of surface
dangling bonds, which is also evidenced by the gradual decrease
of the onset potential (Vonset) at longer etching times. In both
electrode conﬁgurations (i.e., with and without a buried
metallurgical junction), the nanostructured surface of the
silicon photocathodes caused a shift in the JE curves to the
right along the x-axis (i.e. V vs RHE) with little change in the
curve shape, which is the result of the increased surface area
relative to the bare silicon, and the decreased local current
density and overpotential to drive the hydrogen half-reaction.14
The shift of the JE curve in this study was quantiﬁed by the
electrode potential (V20) at a ﬁxed current density (20 mA/
cm2), which monotonously increased with etching time (Figure
4b,d and Table 1). As expected, the Vonset of n+pp+-silicon
photocathodes was higher than pp+-silicon owing to the built-in
metallurgical junction. It is also noteworthy that the tendency
of the curve shift with the nanostructured surface is diﬀerent
between the two electrode conﬁgurations. The JE curves of the
nanostructured pp+-silicon exhibited a larger shift from the bare
silicon possibly due to the corresponding increase in the
electrolyte/silicon junction area and decrease in the overpotential. However, the junction area in nanostructured n+pp+silicon remained nearly invariant to the bare silicon, as the
junction is positioned below the etched region, consistent with
the preservation of Vonset. Consequently, the magnitude of the
JE curve shift was smaller than in pp+-silicon under the applied
cathodic potential, where the main eﬀect of nanostructured
surface was to suppress the front-surface reﬂectance and
improve the light absorption. In the reported system of
nanostructured silicon photocathodes without metal cocatalysts, the overall enhancement of PEC performance in n+pp+silicon by the buried solid-state junction is not signiﬁcant
compared to the pp+-silicon, which is partially attributed to the
formation of a “bucking” junction at the n+-Si/water interface
that adds the energy barrier opposing the charge transport
(Figure 1b). More detailed PEC characteristics extracted from
Figure 4a,b are summarized in Table 1.

surface passivation and metal cocatalysts. The characteristic
surface morphology of silicon derived from randomly oriented
BCP lamellae provided higher absorption under unpolarized
solar illumination than bare silicon, or silicon nanopatterned
with a perfectly ordered 1D periodic grating, owing to the
decreased refractive index contrast, suppressed front-surface
reﬂection, and reduced polarization dependence. The nanostructured surface also eﬀectively increased the interfacial area
of silicon with liquid electrolytes to reduce the local current
density and the overpotential required to drive the hydrogen
evolution reaction in solar water splitting. The pp+-silicon,
upon the introduction of the nanostructured surface, exhibited
a comparatively larger shift of the JE curves than n+pp+-silicon
with a buried metallurgical junction owing to the corresponding
increase in the liquid/silicon junction area. Further studies are
currently underway for the implementation of additional metal
cocatalysts (e.g., Pt) and passivation layer (e.g., TiO2), as well
as implementation of BCP lamellae with higher etching depth.
Materials and fabrication concepts presented in this work are
also readily applicable to other materials systems (e.g., III−V or
oxides) that can take advantage of nanostructured morphologies in light absorption and photocatalysis, thereby contributing
to the continuing progress toward the development of highperformance, low-cost semiconductor photoelectrodes in solardriven water splitting through scalable and cost-eﬀective
fabrication routes based on block copolymer lithography.
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NOTE ADDED AFTER ASAP PUBLICATION
A correction was made in the 4th paragraph of the Results and
Discussion section and the revised version was reposted on 11/
18/15.
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