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Supplementary Fig. 1, XRD patterns of Co(OH)F/CF and p-Co/CF.

Supplementary Fig. 2 Magnified HRTEM images of p-Co.
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Supplementary Fig. 3, F 1s XPS spectra of Co(OH)F and p-Co/CF.
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Supplementary Fig. 4 a-e, Energy dispersive spectroscopy (EDS) mapping of Co(OH)F/CF; f,

Element concentration of Co(OH)F/CF.
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Supplementary Fig. 5 a-d, Energy dispersive spectroscopy (EDS) mapping of p-Co/CF; e, Element

concentration of p-Co/CF.
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Supplementary Fig. 6, XRD patterns of Co nanoparticles (Co np) and p-Co nanoparticles (p-Co np).
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Supplementary Fig. 7 CV curves of a, p-Co/CF, b, Co(OH)F/CF, and ¢, Cu foam, d, PtC/CP, e, Co

np/CP, f, p-Co np/CP at different scan rates.
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Supplementary Fig. 8 ECSA normalized polarization curves in 1 M KOH with 0.05 M N,H,.
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Supplementary Fig. 9 a, XRD pattern of p-Co(OH)F after electrolysis. b, Normalized Co K-edge

spectra. ¢, Fourier-transform spectra from EXAFS.
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Supplementary Fig. 10 a, FESEM image of p-Co after electrolysis. b, TEM image of p-Co after
electrolysis. ¢, HRTEM image of cubic structure of p-Co after electrolysis. d, HRTEM image of
nanoneedle structure of p-Co after electrolysis. e, TEM image and SAED pattern of nanoneedle
structure of p-Co after electrolysis. f, TEM image and SAED pattern of cubic structure of p-Co after

electrolysis.
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Supplementary Fig. 11 a, Co 2p XPS of p-Co/CF after 1h and 20 h chronopotentiometry test, b, O 1s

XPS of p-Co/CF after 1h and 20 h chronopotentiometry test, ¢, F 1s XPS of p-Co/CF after 1h and 20

h chronopotentiometry test.
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Supplementary Fig. 12 a-e, Gibbs free energy diagram of HzOR. a b, At zero cell potential! (U =0

Reaction Coordinate

eV). c-e, At the equilibrium potential (U = Ueq). f, Computational model for d-Co.

Supplementary Fig. 13 a-f, Computational model of Co(111) and different adsorption configurations

of intermediate species. h-m, Computational model of Pt(111) and different adsorption configurations

of intermediate species.

S10




d o

——Co —Co [E— at
5 ——free N.H —— adsoibed Ni‘ 5_—free MH, —— acsarbed N H, <] } l
° =T I o ¥ 01 S
= = -1.23 =
% 59 = -5 > 5]
- — e Z —| _== -
u i ur = = = —
{103 + 104 + 10
il w
15 15 A5 - .
3 —
+203 20 20
I ——NHp | —NH.p, | —NH.p. ~— NJH, total
.25 -25 -25

6§ 4 2 0 2 4 B -4 -2 0 2 & 6 6 -4 2 0 2 4 B 4 -2 0 2 4 8 A5 0.0 15 15 00 15-15 00 15 4202 4
Dos DoSs DOS DOS DoS

Supplementary Fig. 14 a, b DOS for Co(111) and Pt(111) surfaces before and after hydrazine

adsorption. ¢, PDOS and total DOS for free hydrazine molecule.

Supplementary Fig. 15 Differential charge density of N,H4 adsorbed on a, d-Co(111) and b, Co(111).

Cyan and yellow represent charge depletion and accumulation, respectively.
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Supplementary Fig. 16 Schematic diagrams of a, MEA set up and b, device operation.
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Supplementary Table 1 Fitted Parameters of Co K-Edge EXAFS Curves for p-Co.

Sample Path N R (A) 02 (103 A2  AE,(eV)
Co foil
Co-Co 12.0 2.51 - —
theoretical
p-Co Co-Co 9.2 2.49 6.479 5.2

Supplementary Table 2 Comparison of HZOR onset potential (potential at 1 mA cm-1) and Tafel
slope with other catalysts.

Onset Tafel slope  Stability C (N,H;) E (at0.2 A cm?)

Catalyst
potential (V) (mV dec™) (h) ™M) %)
This work -0.15 8.83 29 0.05 -0.068
Co;Ta/C? -0.1 56.9 33 0.2 -
Co/LaCo0O,@
-0.17 80 20 0.1 --
N-C3
Ni-Zn/rGO* 0 335 10 0.5 0.14
PW-Co3;N/NF3 -0.05 14 10 0.1 0.025
Ni-Co/NF® -0.16 14.5 10 0.5 -0.01
V-Ni;N? 0.002 31 10 0.1 0.07
P-CoCO3/CF? -0.055 27.78 18 0.3 -0.025
NiCo-
-0.05 37.9 40 0.1 0.11
MoNi,/NF°
Ni NCNAs!® -0.026 32.6 20 0.3 -
A-Ru-KB!! -0.01 12.9 20 0.1 --
Ni-Zn!2 -0.05 44.58 10 0.1 --
RP-CPM "3 -0.1 47.6 20 0.3 --
Ni3N-C03N
-0.1 21.6 40 0.1 --
PNAs/NF14
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Supplementary Table 3 The free-energy change (eV) of each elementary reaction for alternating

pathway (path1) of HzOR on the surfaces at U =0 V.

Co(111) Pe(111) d-Co(111)
AG, -1.06 -0.53 -0.79
AG, 0.11 0.58 -0.1
AG, 0.11 -0.41 -0.16
AG, -0.48 -0.92 -0.23

AG -1.32 -1.28 -1.28

Supplementary Table 4 The free-energy change (eV) of each elementary reaction for distal pathway
(path2) of HzZOR on the surfaces at U =0 V.

Co(111) Piy(111) d-Co(111)
AG, -1.06 -0.53 -0.79
AG, 0.11 0.15 -0.19
AG, 0.11 0.02 -0.07
AG, -0.48 -0.92 -0.23

AG -1.32 -1.28 -1.28
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Supplementary Table 5 The adsorption energies of intermediates on d-Co(111), Co(111) and Pt(111).

Eads N, H,* NoH;*  N,Hy* (path 1)  N,H,* (path2)  N,H*
Co(111) -1.34 -2.63 224 -3.82 236
Pt(111) -1.63 228 -1.43 -3.46 2.12

d-Co(111)  -1.86 -2.49 237 -4.05 2.77

Supplementary Table 6 Performance comparison of homemade DHzFCs.

Catalyst OCV(V) Puux(mWem?) JAcm?) CNH) M) Temp. (°C)
This work 1.1 185.9 0.36 1.5 25
PW-Co;N/NF> 0.98 46.3 0.1 0.5 25
Nanostructured
1 160.8 04 6.25 80
-Cu film's
Ni3N-CO3N
1 60.3 0.14 0.5 25
PNAs/NF*
RP-CPM !} 1.01 64.77 0.175 0.5 25
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