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Figure S1.Comparison of low and high energy XRD patterns of Sm2Co7( a&b) and SmCo5(c&d) 
intermetallic compounds with simulated patterns
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Figure S2. . Comparison of low and high energy XRD patterns of Sm2Co7_550 (a&b) and 
Sm2Co7_550_H2 (c&d).
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Figure S3. Comparison of low and high energy XRD patterns of SmCo5_550 (a&b) and 
SmCo5_550_H2 (c&d).
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Figure S4. XRD pattern a) Sm2Co7 b) SmCo5 c) Sm5Co7 compounds synthesized by HT1 and 
HT2 hydrothermal methods. d) Comparison of XRD patterns of SmCoO3 with simulated one 
before reaction and after reaction (AR). 
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Figure S5. SEM images, particle size distribution, color mapping (Blue-Sm, Yellow, Co, 
Green -O) and EDAX spectra of a) SmCo5 b) SmCo5_550, and c) SmCo5_550_H2.
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Figure S6. a) Co 2p3/2 XPS spectra, b) SEMand c) TEM images of SmCoO3_H2 
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Figure S7. HAADF-STEM images and elemental color mapping of Sm2Co7_550
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Figure S8. HAADF-STEM images and elemental color mapping of Sm2Co7_550_H2
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Figure S9. HAADF-STEM images and elemental color mapping of SmCo5_550_H2
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Figure S10. HAADF-STEM images and elemental color mapping of SmCo5_HT2.
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Figure S11. N2 adsorption-desorption isotherms of SmxCoy catalysts synthesized from 
hydrothermal method.
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Figure S12. XPS of all the Co/Sm2O3 catalysts synthesized by hydrothermal method.
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Figure S13. Comparison of XRD patterns of Sm2Co7 and SmCo5 after reaction with simulated 
SmO and SmN. 
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Figure S14. Energy profile of hydrogenation steps of NH3 synthesis on the Co(111) surface. 
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Figure S15. XRD patterns of all the Co/Sm2O3 after oxidation at 600 °C a) IMC derived, b&c) 
hydrothermally synthesized and d) Perovskite derived. In case of all the HT catalysts a small 
amount of SmCoO3 is formed along with Co3O4/Sm2O3, but for IMC derived catalysts only 
Co3O4/Sm2O3 phase is observed instead. For perovskite derived Co/Sm2O3 catalyst the 
perovskite structure is completely restored.
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Table S1. Crystalite size of SmxCoy catalysts calculated using the Scherrer equation.

Entry Catalysts Crystallite Size(nm)
Intermetallic Sm2O3 Co3O4 Co

1 Sm2Co7 34 -- -- --
2 Sm2Co7_550 -- 5* 11
3 Sm2Co7_550_H2 -- 10* -- 19
4 SmCo5 29 -- -- --
5 SmCo5_550 -- 11* 13
6 SmCo5_550_H2 -- 15* -- 23
7 Sm2Co7_550_HT1 -- 26 -- 25
8 Sm2Co7_550_HT2 -- 17 -- 23
9 SmCo5_550_HT1 -- 22 -- 19
10 SmCo5_550_HT2 -- 24 -- 30
11 Sm5Co7_550_HT1 -- 27 -- 25
12 Sm5Co7_550_HT2 -- 23 -- 12
13 SmCoO3_550 -- 19 -- --

*determined by high energy synchrotron XRD.
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Table S2. Fitted components of TPR-H2 spectra of SmxCoy catalysts.

Table S3. Comparison of catalytic activity of the Co/Sm2O3 catalyst with other reported 
cobalt-based catalysts

Entry Catalyst Surface 
Area

[m2 /g]

Temperature
[°C]

Pressure 
[MPa]

NH3 yield 
[μmole/g/h]

Ea 
[kJ/mole]

Ref

1 Co-LiH 42 300 1 4800 52.1 [24]
2 Co-BaH2/CNT 53 300 1 4800 58.0 [25]
3 Co/BaTiO2.35H065 05 400 5 550 69.0 [50]
4 Co/C12A7:e- 01 340 0.1 912 49.5 [26]
5 LaCoSi 01 400 0.1 1250 42.0 [51]
6 Co3Mo3N 18 400 0.1 489 59.0 [51]
7 Co/CeO2-dopamine 61 425 1 19200 72.0 [22]
8 Co/CeO2 60 425 1 3810 107 [22]
9 LaCoO3 05 450 1 4600 -- [33]
10 Sm2Co7_550_H2 13 350 0.4 250 77.0 Present work

400 0.4 500
450 0.4 1600
500 0.4 3850

11 Co/SmO 01 350 0.4 150 52.0 Present work
400 0.4 300
450 0.4 550
500 0.4 1000

Catalysts Tα Tβ Tγ

Sm2Co7_550 361 417 471
SmCo5_550 346 394 446
Sm2Co7_550_HT1 318 365 418
Sm2Co7_550_HT2 328 401 472
SmCo5_550_HT1 319 366 401
SmCo5_550_HT2 320 358 399
Sm5Co7_550_HT1 340 432 502
Sm5Co7_550_HT2 355 437 496


