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1. Structural characterization
—BiVO, (a) Cu,0/MoS, (b)
Mo-BivVO, Cu,0/TiO/MoS, g
=)
Mo—BiVOJ’FeOOH Q
Mo-BiVO /TiO 2
- 4 2 -t ot
= Mo-BiVO /TiO,/FeOOH . =
= 819.94 cm I
= z
: 2
£ =
= E
— =

T T T
400 420 440

Raman Shift (cm'l)

T T T T e m
750 800 850 200

700 )
Raman shift (em )

650

Figure S1, Raman Spectra indicating the presence of Mo doping related peak in Mo-BiVOa,
Mo-BiVO4/FeOOH, Mo-BiVO4/TiO2 and Mo-BiVO.4/TiO2/FeOOH photoanodes and (b)
Raman spectra indicating the presence of MoS, co-catalyst in Cu.O/MoS; and
Cu20/TiO2/MoS; photocathodes

2. Morphological characterisation
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Figure S2, Cross-sectional FESEM micrograph of (a) Mo-BiVO4/TiO2/FeOOH photoanode
and (b) Cu20/TiO2/MoS; photocathode



Figure S3, EDS mapping spectra of Mo-BiVO4/TiO2/FeOOH photoanode
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Figure S4, EDS mapping spectra of Cu20/TiO2/MoS; photocathode



3. Photoelectrochemical characterization
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Figure S5, Chopped LSV response of (a) BiVOs, (b) M0-BiVOg4, (¢) Mo-BiVO4/FeOOH, (d)
Mo-BiVO4/TiO2 and (e) Mo-BiVO4/TiO2/FeOOH photoanodes in 0.1 M Na>SO4 (pH 6) tested
using 300 W Xenon lamp corrected to power intensity 100 mW cm™



Table S1, Comparison of various PEC performance of BiVO4 based photoanodes reported in

literature
. Current density
Photoanode Prﬁ%?gccllon EIeE;tIr_(I))Iyte (mA cm?)at | References
P 1.23 V vs RHE
: . Electrodeposition 02M
BiVO4/TiO2/FeOOH phosphate 3.28 mA cm™ !
method
buffer (pH 8)
0.5 M NazSOq
W doped BiVO4 Spray pyrolysis | + 0.09M 1.5 mA cm? 2
KH2PO4
BiVO4/NIO Electrodeposition | 0.5 M Na;SOs | 1.2 mA cm™ 3
method (pH 7)
BiVO.4/ Cu Electrodeposition | 0.1 M Na;SO4 | 1.25 mA cm™ 4
porphyrin method
Mo doped BiVO4 Hydrothermal 0.5 M NazSO4 | 0.8 mA cm™ °
method
Li doped BiVO, Pulsed laser Phosphate 0.8 mA cm™ 6
deposition buffer solution
WO3/BiVO4 Metal organic 0.1 mol/L 0.9 mA cm™ !
deposition phosphate
method buffer solution
(pH 7.2)
WO3/BiVOq Spin coating 0.5 M NazSO4 | 0.43 mA cm™ 8
method
BiVO, Electrodeposition | 0.5 M Na;SO4 | 1 mA cm™ o
method +20 mM
Fe2(S04)3 (pH
2.4)
W, Mo doped Drop casting 0.1 M Na2SO4 | 0.85 mA cm-2 10
BiVO4/FeOOH (pH 7)
W doped Dip coating 1 M NaOH 0.6 mA cm™ 1
BiVO./FeCoW
Mo doped Spin coating 0.1 M Na,SO4 | 0.81 mA cm™ THIS
BiVO4/TiO,/FeOOH (pH 6) WORK
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Figure S6, Chopped LSV response of (a) Cuz0, (b) Cu20/MoS,, (¢) Cu20/TiO2/MoS; and (d)
Cu20/Ti02/MoS; photocathodes 0.1 M Na2SO4 (pH 6) tested using 300 W Xenon lamp
corrected to power intensity 100 mW cm

Table S2, Comparison of various PEC performance of Cu20O based photoanodes reported in

literature
Photocathode Prfnpeigitéon Ele(cgll’_cl))lyte Cuz’rl;:agtctrjﬁ_r;)s 'ty References
05M
NaxSO4
Cu/Cu2O/AZOITiO2/ | Electrodeposition | +0.1 M 2 12
RuOx method phosphate “6.5mAcm
buffer (pH
9)
02M
Electrodeposition | phosphate 2 1
Cu20 method P Euffee (pH -18mAcm
8)
Cu.0 Electrodeposition | 0.5 M Na- | -1.7 mAcm?2at0 |
method 2S04 V vs RHE
Cu20/AZO[TiO,/Pt | Electrodeposition | 0.5 M -ImAcm?atoVv |
method Na2SO4 vs RHE
Cu20 nanoparticle | Wet chemical 1M -0.2mAcm?at- |1
process Na2SO4 0.6 V vs Ag/AgCl
Cu,0 Thermal 05M -1.6 mA cm=2at - 16
micro/nanostructures | decomposition Na2SO4 0.6 V vs Ag/AgCl
method
Cu,0/MoS; Hydrothermal 0.5M -1.7mAcm?at- | Y
method Na2SO4 0.6 V vs Ag/AgCl
Cu,0/Cu0 Electrodeposition | 0.1 M -1.2mAcm?at0 |8
method Na2SO4 V vs RHE
(pH 6.25)




Carbon modified Thermal 05M -0.4 mA cm=2at - 19
Cu20 nanoneedles decomposition Na,SOs+ | 0.5V vs Ag/AgClI
method 0.1M
KH2PO4
(PH 5)
Cu,0/NiO/CuzMoS, | Electrodeposition | 1 M -1.25mAcm?at0 |2
method Na2SO4 V vs RHE
(pH 5)
CuO/NiFE LDH Electrodeposition | 0.5 M -0.4 mA cm=2at - 21
method Na2SO4 0.2 V vs Ag/AgCl
Au@Cu0 core shell | Wet chemical 05M -30 pA cm?at 0.38 | 22
nanocrystals process Na2SO4 V vs RHE
(pH 6.5)
Cu20/TiO2/MoS; Electrodeposition | 0.1 M -1.88 mA cm2at0 THIS
method Na2SO4 V vs RHE WORK
(pH 6)
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Figure S7, Chronoamperometric stability tests (j vs t) of (a) Bare BiVO4, Mo-BiVO4/FeOOH,
and Mo-BiVO4/TiO2/FeOOH photoanodes at 1.23 V vs RHE (b) Bare Cu20, Cu,0/MoS; and
Cu20/TiO2/MoS; photocathodes at 0 V vs RHE using 0.1 M NaSOa4 (pH 6) under 300 W Xenon
lamp corrected to power intensity of 100 mW cm2. The illumination was chopped for every 500
seconds.

The stability tests (j vs t) was performed for BiVO4 photoanodes and Cu.O photocathodes at
1.23 V vs RHE and 0 V vs RHE, respectively for 2000 seconds (figure S7). Light was not
illuminated for the initial 10 seconds and the illumination was chopped for every 500 seconds.
During dark condition, the photoanode show very low current density on the order of few pA
cm2. When illumination was switched on after 10 seconds, a transient spike in current density
was noticed due to the recombination effect. After some time, the current density remains stable
for Mo-BiVO4/TiO2/FeOOH. The values of retention % of BiVO4 photoanodes are tabulated
in table S3. Similarly, Cu20, Cu20/MoS; and Cu,O/TiO2/MoS;, photocathodes was tested at
water reduction potential for 2000 seconds. Bare Cu,O photocathode produces very low current
density in the j vs t test. The addition of TiO2 protective layer and MoSz co-catalyst increased



the stability and minimized the recombination by showing the retention percentage of 82.2 %
and 84.4 % for Cu20/MoS; and Cu>O/Ti02/MoS; photocathode, respectively (Table S4).

Table S3, Tabulation of retention percentage obtained from chronoamperometric stability tests
( vs t) (from figure S6 (b)) of BiVOs, Mo0-BiVO4/FeOOH and Mo-BiVO4/TiO2/FeOOH

photoanodes
d eriﬁ”;?ioo Current density at
Photoanodes y 2000 seconds (mA Retention (%0)
seconds (mA P
2 cm)
cm)
BiVO4 0.268 0.223 83.2
Mo- BiVO4/FeOOH 0.511 0.397 77.6
Mo- BiVO4/TiO2/FeOOH 0.867 0.826 95.2

The retention percentage was calculated by dividing the current density obtained at 2000 s
with the current density at 100 s.

Table S4, Tabulation of retention percentage obtained from chronoamperometric stability
test (j vs t) (from figure S6 (b)) of Cu20/MoS; and Cu20O/TiO2/MoS; photocathodes

Current density at

Current density at

Cu20/TiO2/MoS2

Photocathodes 100 seconds (MA 2000 seconds (mA Retention (%)
cm-?) cm-?)
Cu20/MoS; -0.582 -0.488 82.2 %
-1.637 -1.382 84.4 %

Analysis of BiVO4 based photoanodes in Na2SOs hole scavenger
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Figure S8, (a) LSV response of BiVO4 photoanodes recorded in 0.1 M Na>SO4 + 0.1 M Na>SO3
hole scavenger, (b) Charge separation efficiency, (c) hole injection efficiency and (d)
Calculated applied bias photon-to-current (ABPE) efficiency measured in 0.1 M Na>SO4 (pH
6) using 300 W Xenon lamp corrected to power intensity of 100 mW cm
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Figure S9, LSV response of front-side and back-side illumination of (a) Mo-
BiVO4/TiO2/FeOOH photoanode and (b) Cu20O/TiO2/MoS; photocathode

Electrochemical impedance spectroscopy studies
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Figure S10, Equivalent circuit obtained by fitting EIS spectra of BiVO4 photoanodes, Cu20
photocathodes using Z View software. The equivalent circuit was obtained by using quick fit
option and the equivalent circuit of all photoanodes and photocathodes is similar to Randle’s
circuit



Table S5, Tabulation of obtained equivalent circuit parameters of all BiVO4 photoanodes
and Cu20 photocathodes

Photoanode Rs (Q) Rct (Q) Cre-T Cpe-P
BiVO4 361.79Q | 9349Q 6.457x10°° 0.856
Mo-BiVOs4 13420 | 6103Q 7.101x10° 0.823
Mo-BiVO4/FeOOH 1305Q | 499.7Q | 6.4122x105 0.892
Mo-BiVO4/TiO: 83.38Q | 4469Q | 9.6228x105 0.884
Mo-BiVOJ/TIO2/FeOOH | 4 83 0 416 Q 0.00013607 0.827

Photocathode Rs () Ret () Cre-T Cre-P
Cuz0 89.79 Q 1619 Q 0.000199 0.48721
Cu20/MoS: 75.65 Q 812.5Q 3.067x10° 0.73933
Cuz0/TiO2 79.86 Q 1091 Q 5.807x10° 0.66102
Cu20/Ti02/MoS2 7296 Q | 823.2Q 0.000234 0.69017

Mott-Schottky analysis

1 2 (E E kT)
Céc ETEOAZQNDopant fb e

The Mott-Schottky plot is a measure of capacitance of space charge layer (Csc) of the
photoelectrodes as function of applied potential. where & is the relative permittivity of the
photoelectrode, €o is the permittivity in vacuum, A is the surface area of the electrode, e is the
charge of an electron, Npopant IS the free carrier density, k is the Boltzmann constant, T is the
temperature and E is applied potential.

The Mott Schottky plot of photoanodes and photocathodes were recorded in dark condition at
1 kHz frequency. The result of M-S plot is presented in figure S11 and S12. From the M-S plot,
the type of the semiconductor material, flat band potential (Erg) and donor density can be found
which is paramount for analysing photoelectrochemical behaviour of the photoelectrodes. For
BiVO4 photoanodes (figure S11), the slope of the curve indicated the n-type behaviour. The x-
intercept of the curve provides the Erg. The variation in the flat band potential of BiVO4 based
photoanodes is little with respect to the addition of layers. The Ers value of bare BiVO4 was
similar to the reported values in the literature 2 that is, ~ 0.048 V vs RHE. The major shift in
the M-S plot was observed after the addition of TiO> protective layer and FeOOH catalyst. The
Ers was cathodically shifted to ~ -0.164V vs RHE for Mo-BiVO4/TiO2/FeOOH. The negative
shift indicates the improvement in the overpotential of the water oxidation. The addition of
FeOOH improves current density at a minimum applied potentials which in turn improves the
overall efficiency of the tandem cell by increasing the operating points of the tandem cell. The
Cu20 based photocathodes showed anodic slope indicating p-type behaviour (figure S12). The



Ers of Cu20 based photocathodes was calculated using the corresponding x-intercept. The
observed Erg of the bare Cu20 was 0.52 V vs RHE which is close to the reported value. The
Ers of Cu20/TiO2/M0S: photocathode was shifted cathodically to 0.64 V vs RHE. The shift in
the Erg is attributed to the addition of TiO2 protective layer as well as MoS; catalyst. The table
S6 shows the measured flat band potential and the dopant density of all the prepared
photoanodes and photocathodes. The more cathodic flat band values of Mo-
BiVO4/TiO./FeOOH among all the prepared photoanodes and the more anodic flat band values
of Cu20/TiO2/MoS2 among all the prepared photocathodes could be better suitable for tandem
cells as it can improve the current density at lower potentials due to reduced charge carrier
recombination.
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Figure S11, Mott-Schottky plots of (a)BiVOa, (b) Mo-BiVOs4, (c) Mo-BiVO4/FeOOH, (d) Mo-
BiVO4/TiO2, Mo-BiVO4/TiO2/FeOOH photoanodes measured in 0.1 M NazSO4 (pH 6) under
dark condition
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Figure S12, Mott-Schottky plots of (a) Cu20, (b) Cu.O/MoS,, (c) Cu2O/TiO2, (d)
Cux0/TiO2/MoS; photocathodes measured in 0.1 M Na>SOs (pH 6) measured under dark
condition

Table S6, Tabulation of obtained parameters from Mott-Schottky plot of BiVO4 photoanodes
and Cu20 photocathodes

Flat band
Photoanode potential Ers Slope Dopant density (cm)
(V) vs RHE
BiVO4 -0.038V 1.77x10° 7.96x10%
Mo-BiVOs4 -0.039 vV 1.66x10° 8.49x10%
Mo-BiVO4/FeOOH -0.087 V 1.63x%10° 8.65x10?

11
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Figure S13, Photograph of the constructed tandem cell (Mo-BiVO4/TiO2/FeOOH-
Cu20/TiO2/MoS,)

Table S7, Comparison of reported BiVOs based tandem cells for unassisted solar water

splitting
Unassisted Electrolyte
Photoano | Photocathod . . current (pH)
de e Operating points density Ref.
(mA cm)
0.3MK2S04 |2
. . +02M
W:BiVO4/ | CuBi204/CdS | 0.3 mA cm? 5
: . ’ 0.1 mAcm phosphate
CoPi ITiO2/RuOx | 0.64 V vs RHE buffer (pH
6.8)
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0.1M

12

H:BiVO4/ | Cu,0/Ga20s/ | 2.45 mA cm?, 0.6 25 mA cm2 Na,COs3 +0.1
NiFeOx TiO2/NiMo V vs RHE ' M NaHCO3
_ (PH9) |
BiVO4 Cu,0/ B R 0.1 M KPi
nanostruct H:TisCoTs 0.45 mA cm 0.28mAcm= | (pH 7)
ures '
BiVO, 05M 26
nanostruct | CuBi>QOa4/ 0.11 mA cm?,0.2 36 uA em? | NazS0a (pH
ures/ Co- | Co-Bi V vs RHE H 9.2)
Bi
27
Mo doped 0;)1ta|\s/|sium
BiVO4/Co | CuBi,Ou/Pt | 0.15 mA cm? 0.1mAcm? |P
Pi phos_phate
(KPi) buffer
28
CIGS/CdS/ I%’ol\t/lassium
BiVO, AlL,O3/TiO2/ | 1 mA cm™ 0.8 mA cm™
Pt borate (pH
9.2)
29
Mo- 0.6 mA cm?, 0.38 gé)ltal\s/éium
. . . y U -2
-BPIi\/O4/C0 Si/Pt V Vs RHE 0.15 mA cm phosphate
(pH 5.5)
BiVO./Ti 5 02 M I
02/Fe00 | Cu20 (\)/3:/2 EQEC M= 0371 5.1 mA cm? phosphate
H buffer (pH 8)
0.2M 30
. CZTS/HfO,/ | 25 mAcm?, 0.6 V o | phosphate
BIVO: | g/t vs RHE 2.3 MACMT | tfer (pH
6.5)
0.1M 31
W-BiVO. | Si/Pt 2.5 mA cm?0.55 V 25 mA cm? potassium
' 4 vs RHE ' phosphate
(pH 7.3)
) 0.5M NazSOy4 | 2
2
W:BivO, | SUO/AZOl | 06mACM™, 045 | 44 A cm2 | 4001 M
TiO2/RuOx V vs RHE
KoHPO4
Mo- 0.1 M THIS
BiVOJTi | Cu;O/TiO2/ | 0.129 mA cm’?, 653 uA o2 | NazSOa(pH | WORK
0./Fe00 | MoS; 0.66 V vs RHE D HAC 6)
H
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4. Characterization of photoanodes and photocathodes after PEC test

4.1 Structural characterization
Mo-BiVO /Ti0,/FeOOH hefore PEC test (a) Cu,0/Ti0 /MoS, before PEC test m
Mo-BivVO /TiO,/FeOOH after PEC test Cu,0/Ti0 /MoS, after PEC test
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Figure S14, XRD spectra of (a) Mo-BiVO4/TiO2/FeOOH photoanode and (b)
Cu20/TiO2/MoS; photocathode before and after PEC tests

XRD spectra of Mo-BiVO4/TiO2/FeOOH photoanode and Cu2O/TiO2/MoS; photocathode is
presented in figure S14. After conducting PEC performances such as LSV, j vs t (Stability),
EIS and Mott-Schottky analysis were conducted on the photoanode and photocathode, the XRD
spectra was again recorded. The XRD spectra of Mo-BiVO4/TiO2/FeOOH before and after
PEC test (figure S14 (a)) are matched and well-indexed with JCPDS card no. 014-6888 2. The
peak at 18° and 29° corresponds to the signature peak of monoclinic scheelite BiVO4. No
significant peaks was observed for TiO, and FeOOH catalyst layers. Similarly, after the PEC
tests, no shift in peak was observed in the XRD spectra of Mo-BiVO4/TiO2/FeOOH
photoanodes. Similarly, XRD spectra of Cu2O/TiO2/MoS; photocathode before and after PEC
test (figure S14 (b)) corresponds to JCPDS card no.: 65-3288 *. The majority peak at 36.3°
corresponds to the formation of Cu2O (111) orientation. No shift or additional peaks obtained
for TiO layer because of the lower content of TiO2. MoS; catalyst coated on the photocathode
produced a major peak at 14.1°, 43.2° and 60.11° correspond to JCPDS card no.: 96-101-1287.
Even after the PEC tests, the XRD spectra of photocathode matches well with the above
mentioned JCPDS cards indicating no change in crystal phase.

4.2 Morphological characterization

FESEM micrograph of Mo-BiVO4/TiO2/FeOOH photoanode and Cu20/TiO2/MoS;
photocathode are presented in figure S15 (a to d). The Figure S15 (a) and (b) are the FESEM
micrograph of Mo-BiVO4/TiO2/FeOOH before and after PEC test, respectively. The
translucent film observed on top (S15 a) was attributed to FeOOH film which was further
confirmed by EDS mapping shown in figure S16 and S17. After PEC test, the FeOOH layer
on the photoanode was reduced due to improper adhesion and/or the prolonged exposure of the
catalyst to the electrolyte. Figure S15 (c) and (d) show the FESEM micrograph of
Cu20/TiO2/MoS; before and after PEC test, respectively. The morphology of the photocathode
before PEC tests was nano-sheets like morphology which was assigned to MoS; co-catalyst
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layer. After PEC tests, the MoS; co-catalyst was reduced from the photocathode as evidenced
from the EDS mapping presented in figure S18 and S19.

Figure S15, FESEM micrograph of Mo-BiVO4/TiO2/FeOOH photoanode and
Cu20/TiO2/MoS; photocathode (a and c) before and (b and d) after PEC test
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Figure S16, EDS Colour mapping of Mo-BiVO4/TiO2/FeOOH photoanode before PEC test
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Figure S17, EDS Colour mapping of Mo-BiVO4/TiO2/FeOOH photoanode after PEC test
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Figure S18, EDS Colour mapping of Cu,O/TiO2/MoS; photocathode before PEC test
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Figure S19, EDS Colour mapping of Cu20/TiO2/MoS; photocathode after PEC test

4.3 X-ray photoelectron spectroscopy (XPS) analysis
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Figure S20, XPS survey spectra of (a) Mo-BiVO4/TiO2/FeOOH photoanode and
Cu20/TiO2/MoS; photocathode before and after PEC test

The XPS spectra was analyzed for Mo-BiVO4/TiO2/FeOOH photoanode and Cu2O/TiO2/MoS;
photocathode before and after PEC test to understand the chemical states. The survey spectrum
indicates the presence of Mo, Bi, V, O, Ti and Fe in figure S20 (a), which originates from Mo-
BiVO4/TiO2/FeOOH photoanode. Figure S21 shows the core level XPS spectra of Mo 3d, Bi
4f, V 2p, O1s, Ti 2p and Fe 2p. The Mo 3d peaks at 232.38 eV and 236.63 eV before and after
PEC tests was assigned to Mo 3ds;2 and Mo3ds2, respectively confirming Mo®* oxidation state
34 The Bi 4f spectrum presents two peaks before and after PEC test around binding energies
of 158.99 eV and 164.32 eV corresponding to Bi 4f7 and Bi 4fsj, respectively and the result
proves the presence of Bi®* oxidation state. The V 2p spectrum peaks around 516.90 eV and
524.37 eV before and after PEC test was assigned to V 2ps2 and V 2pa,, which represents V°*
oxidation state®. The O 1s spectrum exhibits two peaks at 530.34 eV and 531.80 eV which are
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doublet peaks because of lattice O and surface hydroxyl group (Fe — OH) on BiVO4 . It was
observed that surface hydroxyl group peak at 531.80 eV is reduced in intensity after PEC test
due to loss of FeOOH catalyst. The observed binding energies signify the core level formation
of BiVOs. The Ti 2p spectrum yields peaks at 458.87 eV and 464.45 eV corresponding to core
level of TiO, layer (Ti*" oxidation state). The result proves the presence of TiO; layer on
photoanode before and after PEC test. Binding energies peaks at 711.35 eV and 724.34 eV was
attributed to Fe 2p1/, and Fe 2ps; confirming Fe®* oxidation state. The intensity of photoanode
after PEC test is reduced which exhibits the lower content of FEOOH on the surface of
photoanode.

Mo 3d After PEC test (a) Bi 4f after PEC test (b)

232.38 \Mo 3dsy 158.99 Bi 4f
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Intensity (a.u)
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Figure S21, High resolution XPS spectra of Mo-BiVO./TiO/FeOOH photoanode performed
before and after PEC test in which (a) Mo 3d, (b) Bi 4f, (c) V 2p, (d)O 1s, (e) Ti 2p and (f) Fe
2p of photoanode

The survey spectrum in figure 20 (b) indicates the presence of Cu, O, Ti, Mo and S for
Cu20/Ti02/M0S; photocathode. Figure S22 (a to d) shows the core level XPS spectra of Cu
2p, O 1s, Ti 2p, Mo 3d of Cu20, TiO> protective layer and MoS; catalyst before and after the
PEC test. Before PEC test, the observed Cu 2p spectra at 932.96 eV and 952.75 eV are ascribed
to Cu 2ps2 and Cu 2p12. The result signifies the presence of Cu* oxidation state in CuzO ¥.
After PEC test, in addition to the existing the Cu* oxidation state, the Cu?* oxidation state of
CuO is also observed at 935.05 eV in the XPS spectra due to possibly photooxidation of Cu,O
3839 The result indicates that the TiO; protection layer might have some non-uniformity as well
as porosity. The O 1s spectrum exhibits a single peak at 530.95 eV which is the lattice oxygen
of Cu,0%. The presence of TiO: layer before and after PEC test was confirmed by the peaks
at 458.29 eV and 464.32 eV which corresponds to Ti 2p12 and Ti 2p state from core level TiO».
The oxidation state was Ti** for Ti in TiO; layer. The presence of MoS; was confirmed by Mo
3d spectrum with peak at 232.28 eV and 235.71 eV which points 2H phase of MoS; *'. The
intensity of Mo 3dz/. peaks are greatly reduced after PEC test which signifies the loss of MoS>
catalyst after PEC test. The presence of peaks at 161.47 eV and 162.78 eV confirms the
presence of sulfur in MoS; before and after the PEC test 42,
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Figure S22, High resolution XPS spectra of Cu2O/TiO2/MoS; photocathode performed
before and after PEC test in which (a) Cu 2p, (b) O 1s, (c) Ti 2p and (d) Mo 3d and (e) S 2p
of photocathode
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