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Supporting Information

Asymmetric iron—titanium pairs within ultrathin TiO2 nanosheet enable high-

efficiency nitrate reduction to ammonia
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Fig. S1. Schematic diagram of the synthetic procedure of Fe;—TiO> nanosheet. Blue,

cyan and red balls represent Fe, Ti and O atoms, respectively.
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Fig. S2. (a) SEM image of KosTiie7Li023Fe0.104 nanosheet. (b) SEM image of

Ho sTi1.67010.23Fe0.104 nanosheet.
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Fig. S3. The corresponding thickness of the marked sections in Fig. 1c.
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Fig. S4. Raman spectra of Fe;-TiO> and TiO; nanosheet.
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Fig. SS. Infrared spectrogram of Fe;-TiO; and TiO> nanosheet.
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Fig. S6. XPS spectra of Fei-TiO2 and TiO; nanosheet in the O 1s regions.
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Fig. S7. The current density collected at —0.85 V vs. RHE for Fe;—TiO> and TiO> upon
the addition of KSCN.
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Fig. S8. The standard adsorption spectra of ammonia (a) and their linear fitting (b).
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Fig. S9. (a) The adsorption spectra of ammonia after NRA on Fe;-TiO> nanosheet at
each given potential. (b) The adsorption spectra of ammonia after NRA on TiO:

nanosheet at each given potential.
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Fig. S10. The standard '"H NMR spectra of '“NH4" at various concentration (a) and their
linear fitting (b). (c) The 'H NMR spectrum of the product obtained by electrocatalysis
for 2 hours at —0.85 V vs. RHE.
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Fig. S11. NH3 yields rate and FEs of Fe;-TiO> and TiO> nanosheet at —0.85V.
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Fig. S12. NH3 yields rate and FEs of Fe;-TiO2 with varied Fe loading amount. The
collected LSV curves (a) and the corresponding FEs and ammonia yield rates (b) for

Fei-TiO2 (0.5), Fei-TiOz (1), Fei-TiO2 and Fei-TiOz (5).
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Fig. S13. The corresponding FEs and ammonia yield rates for Fe;-TiO> when varying

the concentration of nitrate at 0.01, 0.05, 0.1 and 0.5 M.
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Fig. S14. CV curves obtained at various scan rates at non-Faradic potential windows
for Fe;—TiO> (a) and TiO: (b). The extracted ECSA of Fe;—TiO> and TiO; from Fig.
Sllaandb.
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Fig. S15. (a) The collected LSV curves of Cu;-TiO2 and Ru;-TiO> at the conditions of
with and without nitrate. (b) The corresponding FEs and ammonia yield rates for Cu;-

TiO; at different potentials.
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Fig. S16. Atomic arrangement diagram of Fe;-TiO> (a) and TiO2 (b) nanosheet upon

adsorption of proton.
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Fig. S17. (a) The differential charge density for TiO; interface. Cyan and yellow
isosurfaces (at level of 0.01 e Bohr>) represent electron depletion and accumulation,
and light blue, red, and green spheres denote the Ti, O, and nitrate atoms, respectively.

(b) Projected DOS (pDOS) profile of TiO2 nanosheet upon adsorption of nitrate.
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Fig. S18. The involved intermediates for nitrate reduction over Fe;—TiO».
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Fig. S19. The involved intermediates for nitrate reduction over TiO».
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Fig. S20. The calculated Gibbs free energy of hydrogen evolution over Fe;—TiO> and
TiOs.
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Table S1. Structural parameters of Fe—TiO: extracted from the EXAFS fitting.

(S0?>=0.8). The C.N. represents coordination number.

C.N.

R (A)

o? (103A2)

Sample Scattering pair AEp (eV)

Fei—TiO2 | Fe-O | 52+0.5 | 1.94 +0.02 | 6.0+1.5 | —49+1.6

So? is the amplitude reduction factor So>=0.8. C.N., R, 6 and AE are coordination

number, scattering distance, Debye-Waller factor, and edge-energy shift, respectively.
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Table S2. Comparison of nitrate-reduction performance of Fe;—TiO; with the reported

catalysts in the previously literatures.

Sample FEnH3 Yield Rate Potential vs. RHE Ref.

Fe1-TiO; 97.4% 02 jzmnq“;f;lhhlfzi B 085V VTVZ‘S(
Co/TiO2 NSs 97.4% 0.22 mmol cm 2 h™! -0.72V !
FeOOH/CP 92% 901 pgh™! cm2 0.5V 2
FeCoNiAITi  95.23% 0.52mgh ! cm™2 0.5V 3
I\Iflgss/_g; 94.43% 0.22 mmol h™! em™ ~12Vvs.SCE  *
F-NFs/CF 81.5% 602.8 pg h™! cm 2 —0.54V 5
Cu;O-NCs  92.9% 56.2 mg h™! mgea! —0.85V 6
10CWTiOry  81.34% 0.11 mmol h ™' mg™! 075V 7
a—RuO» 97.46% 0.12 mmol h™! cm ™ -0.35V 8
Cu,0 85.26% 0.07 mmol h ™' mg"! :;Igg' 9
Zn/Cu-2.3 5.8molg'h’! —0.85V 10
C0304/Co-h 88.7 % 0.26 mmol h™! cm ™2 -0.8V =
TiO2 « 85.0% 0.05 mmol h™! mg™! ~1.6 Vvs. SCE 12
V—Cu NAE 95.1% 7.85mgh! cm ™2 03V 13
Cu nanotubes 85.7% 778.6 pgh ' mg™! —-1.3 Vvs. SCE 14
Fe@CuiFeOx 95.4% 1.98mgh ' cm™ —-1.3 Vvs. SCE 15
Co-Fe@Fe:03  85.2% 0.8 mgh!cm™ —-0.75V 16
Fe SAC 75% 0.52 mgh ' mgea ! -0.66 V 17
Fe-PPy SACs  ~100% 2.75mgh ! cm™ -0.7V 18
Pd-TiO» 92.1% 0.07 mmol cm 2 h™! —0.7V 19
TiOr— 78.0% 0.10 mmol cm 2 h™! -1.0V 20
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