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Figure. S1 XRD result of LaTiO,N and its corresponding zoomed in data from 20 values 27°
to 46°. (# LaTiNO, PDF: 04-014-5881), (+TisOy PDF: 04-005-4465)
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Figure. S2 XRD result of LaTij¢9O,N and its corresponding zoomed in data from 20 values
25° to 57°. (# LaTiNO, PDF: 04-014-5881), (V La,Ti,0; PDF: 00-015-0334), (+ TisOy
PDF: 04-005-4465)
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Figure. S3 XRD result of LaTij¢sO,N and its corresponding zoomed in data from 20 values
26° to 57°. (# LaTiNO, PDF: 04-014-5881), (V La,Ti,O; PDF: 00-015-0334), (+ TisO,
PDF: 04-005-4465)

LaTi, ,O,N

0972

Intensity (a.u.)

Intensity (a.u.)

10 20 30 40 50 60 70 80 90 100 27 30 33 36 39 42 45
26 (deg) 20 (deg)

Figure. S4 XRD result of LaTij¢;0,N and its corresponding zoomed in data from 20 values
26° to 45°. (# LaTiNO, PDF: 04-014-5881), (V La,Ti,O; PDF: 00-015-0334), (+ TisOy
PDF: 04-005-4465)
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Figure. S5 XRD result of LaTij¢s0,N and its corresponding zoomed in data from 20 values
24° to 34°. (# LaTiNO, PDF: 04-014-5881), (+ TisOy PDF: 04-005-4465), (Vv La,Ti,0;
PDF: 00-015-0334)
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Figure. S6 XRD result of LaTij¢;O,N and its corresponding zoomed in data from 20 values
20° to 57°. (# LaTiNO, PDF: 04-014-5881), (T TisO;; PDF: 00-050-0788), (* La,Ti,0O;
PDF: 04-006-7220), (¢ La,TiOs PDF: 04-011-9299), (p La,¢Tip4O3; PDF: 04-001-6803)
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Figure. S7 XRD result of LaTij¢O,N and its corresponding zoomed in data from 20 values
23° to 45°. (# LaTiNO, PDF: 04-014-5881),
PDF: 04-011-9299), (Z La,Ti,0; PDF: 00-017-0451)

(T TigOy; PDF: 00-050-0788),

(8 LazTiO5
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Figure S8. (a), (b), and (c) SAED results of the circled region (al), (b1), and (cl), respectively, for the
sample 5%Cu-LTON. The unlabeled peaks without a symmetrical point on the other side of the beam are
expected to be contaminating phase (identified by XRD) out of zone axis.



Figure S9. SEM-EDS analysis of 5%Cu-LTON.



Figure S10. (a) SEM backscatter image of an agglomerated Cu-LTON support and
EDS elemental mapping of Cu-LTON showing the distribution of (b) La, (c) Ti, (d) O,
(e) N, and (f) Cu.



Au SI-ESC
Cukal ¢yipl

Figure S11. (a) Bright-field TEM image of 5%Cu-LTON and its corresponding, EDX-STEM mapping
showing the distribution of (b) La, (c) Ti, (d) N, (e) O, (f) Cu, and (g) TEM-EDS image.
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Figure S12. (a) SEM image of Ni;5sFe,;/5%Cu-LTON and its (b) EDS analysis.
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Figure S13. Powder XRD patterns of NiyFe;/5%Cu-LTON samples. (# LaTiNO, 04-014-5881),
(V' La,Ti,0,00-028-0517), (* LaTiO,N 00-048-1230), (% FesNiN 00-009-0318), (S Fe,Ni,N 00-050-

1350), (1 FegsNigs 04-004-8867), (o FegqsNipgs 04-024-7186), (& Ni04-010-6148), (6 LasNiy, 04-
017-4192).

11



(b) (c) (d)

Ni 2p Ti 2p 0 1s

878,03y 87183 eV

86043 eV 852,13 eV

456.85 eV

462.6 eV

IntensAity (a.u.)
Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

410 408 406 404 402 400 g@5 8B 875 870 8G5 860 855 850 BA5 466 464 462 460 458 456 454 538 53 534 532 530 528 526
Binding energy (eV) Binding energy (eV) Binding energy (eV) Binding energy (eV)

(e) (f) (g)

N1s C1s 2850V

La 3d
855.25eV 851.6eV

B3BAY gy7ev

404.5eV

Intensity (a.u.)
Intensity {a.u.)
Intensity (a.u})

80 855 B850 845 840 835 830 02 400 398 396 394 294 292 200 288 286 284
Binding energy (eV) Binding energy (eV) Binding energy (eV)

Figure S14. HR- XPS results (a) N 1s, (b) Ni 2p of Ni3;/5%Cu-LTON treated under 5% H, and (c) Ti 2p,
(d) O 1s, (e) La 3d, (f) N 1s, and (g) C 1s for the 5%Cu-LTON catalyst.
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Figure S15. Single layer vs three layer I-V curves of NijsFe 4/5% Cu-LTON anode SOFC.
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Figure S16. XRD results of used DA-SOFC cell Ni,s:Fe,; / 5%Cu-LTON.

(* LaTiO,N PDF: 00-048-1230), (B Ce1sGdosOs75 PDF: 04-020-7979), (1 YaZr;Ou
PDF: 04-002-0211), (V La,Ti,O, PDF: 00-015-0334), (+ TisOy PDF: 04-005-4465)
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Figure S17. Partial pressure curves of NH; and NO, gases of (a) NijsFe;/5%Cu-LTON cell and (b)

NijgFe 7/5%Cu-LTON cell are presented. The curves show the partial pressure of the gases as a function of
time during 24 hours at 750°C temperature. The total pressure in the vacuum system was 6.3*10-Storr.
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Table S1. SEM-EDS elemental analysis results of LaTij¢s0,N.

La Ti (0] N Stoichiometry
Sample 1 17.32 17.88 53.8 10.99 | LajgoT11.0303.10No.63
Sample 2 15.39 16.12 55.96 12.53 | Lay 09T11.0403.63No.81
Sample 3 18.8 17.14 52.71 11.34 | Laj¢oTi091028Noe0
Sample 4 14.52 15.09 58.57 11.82 La; 00T1;.0304Np.g1
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Table S2. SEM-EDX elemental analysis results of 5%Cu/LTON

Cu La Ti 0 N Stoichiometry
Sample1 | 0.96 152 | 16.75 | 51.3 | 15.78 | Cugge-Laj00T11.100337N1.03
Sample2 | 0.9 16.43 | 16.82 | 53.01 | 12.84 | Cugos-La;00Ti1.02032No.78
Sample3 | 1.75 | 19.45 | 22.7 | 42.63 | 13.48 | Cugoo-La;00Ti1.1602.19No.69
Sample4 | 0.86 | 15.71 | 16.38 | 56.61 | 10.44 | Cugos-La;00T11.0403.6Nos6
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Table S3: Peak powder densities of ammonia-fueled SOFCs having YSZ electrolyte.

Cathode Operating YSZ Electrolyte Peak Power
Temperature Thickness [pum] Density
Anode
[°C] [mWem?2]
Ba-Ni-YSZ LSCF 750 10 275 1]
NiO/YSZ LSCF 750 10 195[2]
NiO/YSZ LSM-YSZ 800 15 202 [3]
Ni-YSZ LSF 700 4-6 325 [4]
Ni-YSZ LSM-YSZ 750 30 299 [5]
Ni-YSZ LSM-YSZ 700 -- 38[6]
Ni:Fe/Cu- LSCF-GDC 750 43 230
LTON+GDC

(This study)
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Table S4. SEM-EDX elemental analysis results of used cell Nijs:Fe;1/5%Cu-LTON.

Sitel | 0.17 | 3.86 386 | 65.12 | 046 | 3.59 | 445 | 0.52 | 5.49 | 1248

Site2 | 0.13 | 2.85 286 | 6639 | 0.56 | 2.87 | 4.52 | 033 | 4.11 | 15.39

Site3 | 0.12 | 2.98 2.97 68.71 0.3 3.63 | 6.09 | 039 | 4.82 | 9.98

Site4 | 031 | 3.05 3.14 | 55.57 1.19 | 407 | 697 | 0.8 |11.18| 13.73

Site 5 | 0.04 33 3.35 64.23 | 048 | 334 | 52 | 0.69 | 6.36 13

Site 6 | 0.08 3.1 2.96 64.58 0.53 | 345|489 | 072 | 7.12 | 12.55
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