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X-ray photoelectron spectroscopy (XPS)

Surface properties of as-grown GaP(¢;Sbgs; on Si substrate were inferred from X-ray
photoelectron spectroscopy (XPS). The XPS survey scan (fig. S1 a) shows the expected Ga,
P, Sb, O and C transitions on the surface. Fig S1b shows the Ga 2p transition with the Ga
2ps» peak centred at 1117.0 eV, which matches literature for Ga in the 3+ oxidation state and
bound to species such as P or As.! The Ga 3d peak (Fig S1c) however shows a clear shoulder
and thus can be deconvoluted with two sets of doublets therefore suggesting two different Ga
environments. The primary Ga 3ds/, peak centred at 19.1 eV corresponds to Ga 3+ bound to P
whereas the secondary Ga 3ds), peak centred at 20.6 eV matches Ga bound to O in the native
oxide Ga,03.%3 P 2p region shows two peaks that can be deconvoluted with the primary 2ps;,,
peak at 128.8 eV and matching P in the -3 oxidation state and therefore corresponding to P
bound to Ga in GaP (fig S1d).% 3 The secondary 2p;,, peak at 133.3 eV matches P in the 5+
oxidation state and maybe attributed to native oxide species.> 3 Two Sb environments can be
seen, a Sb 3ds», peak at 530.2 eV corresponding to Sb in the 3+ oxidation state.* > An
additional Sb 3ds/, peak at 527.3 eV is too low in energy to correspond to metallic Sb, which
is often found at 528.0 eV, therefore we believe this peak at 527.3 eV corresponds to Sb in
the -3 oxidation state and in the form of GaSb. Previous XPS studies of GaSb have focused
only on the Sb 4d transition therefore comparison of this peak to literature values is not

possible.%7
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Figure S1. XPS results showing the (a) survey scan showing the expected Ga, P, Sb and O

and C transitions and the high resolution (b) Ga 2p, (c) Ga 3d, (d) P 2p and (e) Sb 3d/O 1s

transitions.



X-Ray diffraction reciprocal space mappings (RSM)

X-Ray diffraction reciprocal space mappings (RSM) around the (224) (Fig. S2 a)) and the
(004) (Fig. S2 b)) Bragg peaks, have been used to assess the crystal structural properties.

A miscut of 6.1+-0.05° is first observed toward the [110] direction, from positions of Si
Bragg peaks, in agreement with the substrate specifications. The Reciprocal space maps
carried out on either (224) and (004) reflections show a full plastic relaxation of the
GaP(¢7Sbg3; layer. The GaPg¢;Sbgs; lattice parameter has been extracted from RSM,
confirming the full plastic relaxation rate and giving a mean lattice parameter of
0.5665+0.0005 nm. A Sb content of 0.33+-0.01 in GaP¢;Sbg 33 is then inferred from these
values, following the Vegard’s law®. The observed position of the GaPg4;Sbg3; peaks
overpasses the relaxation line (bold dashed line in both mappings). This actually corresponds
to a supplementary tilt of the order of 0.4°. This is classically interpreted as the contribution
of the miscut on plastic relaxation process. First, a A2 Nagai angle of 0.25° is calculated

upon:

where @ is the miscut value. %op is the out of plane lattice parameter of the layer (here the
measured value) and % is the substrate lattice parameter®. A supplementary tilt of the order of
0.15° and a large broadening of the reflections are observed in agreement with a large density

of 60°-degree misfit dislocations.
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Figure S2. X-Ray diffraction reciprocal space mappings of the GaPg¢;Sbg 33/Si photoanode
around the (a) (224) and (b) the (004) Bragg positions. The black line represents the full

relaxation line.

Ellipsometry Measurement:

The optical constants of the GaPy 7;Sby 33 alloy was measured by variable angle spectroscopic
ellipsometry (VASE) at room temperature in the 0.85—5 eV photon energy region. The angles
of incidence were set to 60° and 70°. A Tauc-Lorentz model with 2 oscillators was used to fit
the ellipsometry data and extract the absorption coefficient value. Fig. S3 a) shows the fitting
result. The red and blue lines correspond to experimental spectra where I, and I, parameters
are represented. I and I, are related to the well-known ellipsometry variables y (amplitude
component) and A (phase difference) through the following relations: I = sin(2y).sin(A), .=
sin(2y).cos(A). The black lines correspond to the theoretical curves after adjusting the
parameters of the Tauc-Lorentz model. From this model, the refractive index (n), extinction
coefficient (k) and absorption spectrum of the sample were extracted, as shown in Fig.S3 b)

and Fig.S3 c).
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Figure S3. (a) Experimental ellipsometry spectra of I and I, for two incidence angles (red
and blue lines) and comparison with theoretical curves by using a 2-oscillators Tauc-Lorentz
model (black lines). (b) n (optical index real part) and k (optical index imaginary part) optical
constants extracted from the fitting of (a) and (c) optical absorption spectrum deduced from

these measurements, showing a bandgap absorption edge at 1.65 eV.



Photoelectrochemical measurements:

XPS survey scan performed on the TiO, and Ni coated GaPy¢;Sby 33 is shown in Fig S4. It
indicates the presence of only Ti, Ni, O and adventitious C on the surface of the film thus
showing the successful formation of impurity free TiO, and Ni via ALD. Fig S5 shows the
XPS of Ni 2p and confirms the presence of Ni and surface oxide NiO. A survey scan that was

also performed shows that only Ni, O and C were found on the surface.
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Figure S4. XPS results showing the survey scan for GaP4;Sby 33 coating with TiO, 20 nm

and Ni 8 nm photoanode.
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Figure S5. XPS results showing the surface (a) and (b) survey scan for GaP ¢;Sby 33 coating

Ni 8 nm photoanode.
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Figure S6. Current density versus the potential (J-V) curves of GaP 47Sbg 33 photoanodes and

Si wafer versus RHE under AM 1.5G simulated 1 sun illumination in 1.0 M KOH electrolyte.
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Figure S7. (a) Photocurrent density versus potential (/-V) curve for GaP and GaP¢;Sbg 33
without coating photoanodes under one sun illumination in 1.0 M KOH (pH=14). (b)
Spectrum response for GaP and GaP¢;Sby 33 without coating photoanodes in 1.0 M KOH

(pH=14) at 1.23 V vs. RHE under the simulated sunlight using an AM1.5G filter.
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Figure S8. Atomic force microscopy image morphology of GaP¢;Sby 33 grown on Silicon

substrate as grown by MBE.
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Figure S9. Atomic force microscopy image morphology of GaP4;Sbg 33 coating with TiO,

20 nm and Ni 8 nm photoanode before stability test.
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Figure S10. Atomic force microscopy image morphology of GaP ¢;Sbg 33 coating with TiO,

20 nm and Ni 8 nm photoanode after stability test in 1.0 M KOH (pH=14) solution.
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