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Table S1. Comparison of a present work with previously reported results for syntheses of LaTiO,N
particles and the resulting water splitting activities in neutral electrolytes.
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Figure S1. XRD patterns for BalLaTi4O;5 prepared via flux-assisted calcination at different
temperatures of (a) 1173, (b) 1273, (c¢) 1373, and (d) 1473 K for 20 h and subsequent washing by

distilled water.
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Figure S2. XRD patterns for LasTi4O, prepared via flux-assisted calcination at different temperatures
of (a) 1273 and (b) 1373 K for 20 h and subsequent washing by distilled water.
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Figure S3. XRD patterns for LaTiO,N prepared by nitridation of LasTi4O, at 1123 K for (a) 30, (b)
40, and (¢) 50 h and (d) after subsequent acid treatment.



Table S2. Elemental compositions of LaTiO,N prepared by nitridation of layered perovskite oxides,
namely, (a) La,Ti,05, (b) BaLaTi;0,s, and (c) LasTi40,, at 1123 K for 20 h and subsequent acid
treatment, which were determined by ICP-MS analysis with an error range of 0.5%.

Elemental composition

Ba/Ti La/Ti K/Ti
La,Ti,0, - 0.99 0.004
BaLa;Ti4015 0.18 0.89 n.d.
LasTi,0, - 1.24 0.004




Figure S4. pH determination of the waste water resulted from the washing of LaTiO;N, as-prepared
by nitridation of BaLa,Ti40,5, with deionized water. The washing procedure in 500 mL of deionized
water for 1 h was repeated five times. The pH values measured after each washing were compared
with that of deionized water (last photo).
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Figure S5. (A) XRD patterns for (a) BaTiO3 and corresponding derivatives prepared by nitridation
at 1123 K for (b) 10 and (c) 20 h and (d) after acid treatment. Single-crystalline BaTiO; was
synthesized by flux-assisted calcination of BaCO;—TiO, mixture at 1273 K for 20 h. BaTiO; remained
even after nitridation for 20 h, accompanied by TiN impurity traces. (B) DRS spectra of BaTiO; and
corresponding derivative prepared by nitridation at 1123 K for 20 h. The TiN impurity led to the light
absorption of visible light. (C) LSV data for Co(OH),/BaTiO;/FTO photoanodes during seawater
splitting under chopped AM 1.5 G simulated sunlight in 0.5 M NaCl electrolyte buffered with 0.2 M
KPi at pH 6.4. In the photoanode, BaTiO; indicates the derivative prepared by nitridation at 1123 K
for 20 h and after acid treatment.
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Figure S6. XRD patterns for Rietveld refinement of LaTiO,N prepared by nitridation of BaLasT140;5
at 1123 K for 20 h and after subsequent acid treatment. Dotted and solid curves represent observed
and calculated patterns, respectively. Differences between patterns are shown at the bottom.

Reliability factors were summarized in Table S2.



Table S3. Rietveld refinement results using XRD patterns for LaTiO,N prepared by the nitridation
of layered perovskite BalLa,Ti405 at 1123 K for 20 h and subsequent acid treatment. Background
and profile fitting were determined by B-spline and split pseudo-Voigt functions, respectively. During
the refinements, constraints are that same atomic coordinates and temperature factors was set, and
total occupancy was specified (1.000).

LaTiO,N
Structure type Perovskite
Ryyp (%) 20.5
R, (%) 16.6
Rexp 6.65
Rpragg 6.099
12 9.50
crystal system orthorhombic
space group I-1
a(A) 5.596629
b (A) 7.914129
c(A) 5.613168
a (°) 89.991
B (°) 89.972
v () 89.981
volume (A3) 269.944
Z 4
Radiation CuK a radiation
Wavelength, A A= 1.540590, A= 1.544310
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Figure S7. UV-Vis DRS spectra of LaTiO,N and intermediate derivatives during nitridation of (A)
La,Ti,07 (B) BaLasTisO,5, and (C) LasTisO, at 1123 K for (a) 0, (b) 1, (¢) 5, (d) 10, and () 20 h (50
h in the case of LasTi40,) and (f) after subsequent acid treatment.
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Figure S8. Mott-Schottky plots at a frequency of 1 kHz for bare LaTiO,N/FTO photoanodes
prepared by nitridation of (a) La,Ti,05, (b) BaLa;Ti40;s, and (c) LasTi4O, synthesized by flux-

assisted calcination. The measurements were performed in an Ar-saturated 0.5 M NaCl electrolyte
buffered with 0.2 M KPi at pH 6.4 under dark conditions.
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Figure S9. SEM images of LaTiO,N particles prepared by nitridaton of (A) La,T1,07, (B)
BalLa,Ti40,s, and (C) LasTi40, at 1123 K for 20 h (50 h in the case of LasTi,O).
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Table S4. BET surface areas of LaTiO,N prepared by nitridation of layered perovskite oxides,
namely, (a) La,Ti,07, (b) BaLasTi4O;s, and (¢) LasTi4O,, at 1123 K for 20 h (50 h in the case of
LasTi4O,) and subsequent acid treatment.

BET surface area /m? g'!

(a) LazTi207 14.0
(b) BaLa4Ti4015 16.3
(C) La5Ti4Ox 12.8
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Figure S10. (A) N, adsorption-desorption isotherms at 77 K and (B) pore size distributions in
LaTiO,N prepared by nitridation of layered perovskite oxides, namely, (a) La,Ti,O; (b)
Bal.a;Ti40,s, and (c¢) LasT140,, at 1123 K for 20 h (50 h in the case of La;Ti40,) and subsequent acid
treatment. The pore size distributions were deduced from the N, desorption isotherms using BJH

procedures.
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Figure S11. Narrow-scan Ti 2p XPS spectra acquired on LaTiO,N surfaces prepared by nitridation
of La,Ti,0; for (a) 5 and (b) 10 h, LasTi,O, for (c) 5 and (d) 50 h, BaLa,;Ti40,5 for (e) 1, (f) 5, (g)
10, (h) 15, and (i) 20 h and (k) after subsequent acid nitridation. All the nitridation were carried out
at 1123 K.
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Table S5. Surface cation defects on LaTiO,N surfaces prepared by nitridation of La,Ti,O; for (a) 5
and (b) 10 h, LasTi4O, for (¢) 5 and (d) 50 h, BaLa,Ti40;5 for (e) 1, (f) 5, (g) 10, (h) 15, and (i) 20 h
and (k) after subsequent acid nitridation. All the nitridation were carried out at 1123 K. The surface
fractions were estimated based on the narrow-scan Ti 2p XPS spectra in Figure S11.

Fractions of surface Ti species
Ti*/ Tiotal Ti3*/Tigotal
(a) La,Ti,07—5h 0.46 0.54
(b) La;Ti,07—10 h 0.39 0.61
(c) LasTi4,O,—5h 0.53 0.47
(d) LasTi4O,—50 h 0.45 0.55
(e) BaLa;Ti405—1 h 0.63 0.37
(f) BaLayTi4015—5 h 0.56 0.44
(g) BaLasTi4015—-10 h 0.65 0.35
(h) BaLasTi4Oy5—15h 0.53 0.47
(i) BaLasTi;O5—20 h 0.50 0.50
(k) BaLa4Ti40,5—acid 0.69 0.31
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Figure S12. (A) XRD patterns and (B) UV-Vis DRS spectra for LaTiO,N particles prepared by
nitridation of Bala,Ti;O;5 at 1123 K for 20 h, followed by acid treatment (a) as-prepared and
subsequent annealing in Ar flow at different temperature (b) 873, (c) 923, (d) 973, and (e) 1073 K for
1 h. and (C) LSV data for the corresponding Co(OH),/LaTiO,N/FTO photoanodes during seawater
splitting in 0.5 M NaCl electrolyte buffered with 0.2 M KPi at pH 6.4 under chopped AM 1.5 G
simulated sunlight.
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Figure S13. LSV curves acquired on bare LaTiO,N/FTO photoanodes prepared by the nitridation of
different layered perovskites, namely, (a) La,Ti,07, (b) BaLa,Ti;,0,5, and (¢) LasTi,O,, at 1123 K for
20 h and subsequent annealing in Ar flow at 973 K for 1 h, during seawater splitting under chopped
AM 1.5G simulated sunlight. All curves were acquired by sweeping the potential from 1.4 to 0.6
Vrue at a scan rate of 10 mVs™! in an Ar-saturated 0.5-M NaCl aqueous solution buffered with 0.2-
M KPi at pH 6.4.
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Figure S14. LSV data for the Co(OH),/LaTiO,N/FTO photoanodes, nitrided from La;Ti40O, at 1123
K for (a) 20, and (b) 50 h and followed by acid treatment and subsequent annealing in Ar flow at 973
K for 1 h, during seawater splitting in 0.5 M NacCl electrolyte buffered with 0.2 M KPi at pH 6.4
under chopped AM 1.5 G simulated sunlight.
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Figure S15. Chronoamperometry curves acquired using Co(OH),/LaTiO,N/FTO photoanodes,
prepared by nitridation of BalLa,Ti,O;s at 1123 K for 20 h, during seawater splitting at an applied
potential of 1.23 Vgyg for 1 h under chopped AM 1.5 G simulated sunlight in stirred Ar-saturated 0.5
M NaCl aqueous electrolytes buffered with 0.2 M KPi at (a) pH 6.4 and (b) 13.
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Figure S16. Cyclic voltammograms of Co(OH),/LaTiO,N/FTO photoanodes prepared from (A)
La,Ti,04, (B) BaLasTi4Oys, and (C) LasTiyO,, measured in a stirred Ar-saturated 0.5-M NaCl
buffered with 0.2-M KPi at pH 6.4 in the potential range of 0.9+0.05 Vyyg at different scan rates of
10, 20, 50, 100, 200 and 300 mV s in darkness and (D) Charging current density difference (AJ=J,-
J.) between the anodic current (J,) and cathodic current (J.) of the corresponding
Co(OH),/LaTiO,N/FTO photoanodes measured in the potential range of 0.9+0.05 Vyyg versus scan

rates (v). Double-layer capacitance (Cq)) values, i.e., halves of the linear slopes of AJ-v plots, are
provided for each photoanode.
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Table S6. The EIS fitting results of Co(OH),/LaTiO,N/FTO photoanodes, nitrided from (a) La,Ti,07,
(b) BaLa,Ti;0,5, and (c) LasTi40O, synthesized by flux-assisted calcination. The EIS measurements
were performed in a stirred Ar-saturated 0.5 M NaCl aqueous electrolyte buffered with 0.2 M KP1i at
pH 6.4 under AM 1.5G simulated irradiation at the applied potential of 1.23 Vyyg.

(fé) Cpg_fn)’ Q cpEI -P*; n (1222) CP(Eé]Zn; 0 CPE2-P*; n (15!32)
(a)La,Ti,0, 0.024  1.0x10%  0.75 4.4 9.8x10° 0.95 0.40
(b)BaLa,Ti;O;s  0.029  1.0x104 0.79 0.67 9.8x10- 0.95 0.10
(c)LasTi4O, 0.026  1.0x104  0.80 4.8 9.9x10-5 0.90 0.50

*CPE-T and CPE-P refer to the constant phase element parameters, amplitude and value range,

respectively.
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Figure S17. LSV data for Co(OH),/LaTiO,N/FTO photoanodes prepared by nitridation of different
layered perovskite oxides, (a) La,Ti,07, (b) BaLasTi,0;s, and (¢) LasTi40,, during water splitting at
pH 6.7 under chopped AM 1.5G simulated sunlight. All photoelectrochemical data were acquired by

sweeping the potential from 1.4 to 0.6 Vryg at a scan rate of 10 mVs! in an Ar-saturated 0.2 M KPi
aqueous electrolyte.
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Figure S18. LSV data for Co(OH),/LaTiO,N/FTO photoanodes prepared by nitridation of different
layered perovskite oxides, (a) La,Ti,0, (b) BaLayTi;,0,5, and (c¢) LasTi40O,, during seawater splitting
at pH 13 under chopped AM 1.5G simulated sunlight. All photoelectrochemical data were acquired
by sweeping the potential from 1.4 to 0.6 Vryg at a scan rate of 10 mVs! in an Ar-saturated 0.5 M
NaCl aqueous electrolyte buffered with 0.2 M KPi adjusted to pH 13.

25



—_

>

~—
~
o

h ML,

B) 10

= o
o @
L 1

Absorbance / a.u.
o
B

0.2

T T T
900 1200 1500
Wavelength / nm

T
1800

(a)
(b)

— )

2100

AM 15G
3
o 187
£
=
x 12
=1
2
Pl
‘@
So0s8
o
>
=
2
Soa
0.0 .
300 600
(©) s
0.8
>
[+
)
2
£
® 06
o
£
w
2
S 0.4
¥ =
s
o
S
0.2 4
0.0

(a)
(b)
(c)

0.04 o

Current flux / mA cm™? nm™'
o
8

0.00

300

T
400

560
Wavelength / nm

T
600

T T T T
700 300 350 400 450 500
Wavelength / nm

T
550

T
600

Integrated current / mA cm?

Figure S19. (A) Energy density flux for the standard solar spectrum (AM 1.5 Global). (B)
Absorbance, (C) light harvesting efficiency (LHE) spectra, and (D) calculated current density flux
and integrated current density for LaTiO,N/FTO photoanodes prepared by nitridation of different
layered perovskite oxides, (a) La,Ti,O7, (b) BaLasTi40;5, and (c) LasTi4O,. According to DRS
spectra result, the light absorption wavelength edge of the oxynitride photoanodes was estimated at
610 nm, leading to photon absorption rate J,,, of 11.0, 10.0, and 10.0 mA cm2, respectively.
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