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Figure S1 Bulk structure, Density Of States (DOS) and exposed crystal plane used in the slab
calculations for CeO, (a, b and c), and CoO (d, e and f). For CoO, the DOS presented is relative to
the Anti Ferro Magnetic II configuration (AFM II) to highlight the bandgap, thus the validity of
the employed Hubbard parameters.
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Figure S2 Kinetic profiles for the batch N,H,;-H,O decomposition reaction at different
temperatures. All the experiments were performed at 1400 rpm, with 300 puL of a 3.3 M hydrous
hydrazine solution in 5 mL of 0.5 M NaOH and an N,H, - H,O: Ir molar ratio of 1000:1.
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Figure S3 Stability trends for the IrCoCeOj catalyst in terms of activity, calculated with respect to

1 wt% Ir, and H, selectivity.

Figure S4 STEM-HAADF image of CoCeO, with corresponding XEDS mapping for Co and Ce.
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Figure S5 XRD patterns of the catalyst highlighting that the Ir introduction did not introduce any

significant modification in the catalyst structure.
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Figure S6 STEM-HAADF images of IrCeO, and particle size distribution showing sub-nanometric
Ir species interacting with holes and irregularities of the support
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Figure S7 STEM-HAADF image of [rCoCeO, with corresponding XEDS mapping for Co, Ce and
Ir and corresponding particle size distribution as obtained for Ir.
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Figure S8 HR-XPS for the catalysts of the a) Ce 3d, b) Co 2p and c) Ir 4f edge.
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Figure S9 XAFS analysis for IrCoCeO,. Best a) k>-weighted FT-EXAFS and b) EXAFS fittings.
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Figure S10 Stochastic search of supported cluster morphologies a) Irg/CeO, (111) and b) Iry/CoO
(100). Radial Distribution Function evolution of Ir with the slabs atomic components (Ce and O
for CeO,, and Co and O for CoO) for the last 200 structures of the stochastic search, and putative
global minima at frozen support geometry, with corresponding charge density difference plot
(CDDP) after cluster adsorption. Yellow and green iso-surfaces denote gain and depletion of
electron density respectively, i.e., accumulation of positive and negative charge, and the iso-
surface value is 2 x 107 e~ A2 Insets in the RDF evolution plots are the bond distances as
obtained from the CIF files of reference structures (IrO,, Ir-Ce and Ir-Co intermetallic compounds).
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Top and side view of the a) most stable Irg geometry on

CeO, (111) and b) corresponding charge density difference plot (CDDP) after cluster adsorption.
Yellow and green iso-surfaces denote gain and depletion of electron density respectively, i.e.,

accumulation of positive and negative charge, and the iso-surface value is 2 x 107 e~ A2

Figure S11 Interaction of Ir with CeO,.

Figure S12 Top and side view for the most stable adsorption configuration of the probe molecule

on Iry/CeO, (111).
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Figure S13 Most stable adsorption configuration of the probe molecule on CoO (100).
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Figure S14 Ex-situ FT-IR spectra of the main reactants employed in the ME-ATR-IR experiments.
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Figure S15 ME ATR-IR experiment of N,H,-H,O pulses in water on [rCoCeQO,. a) Phase-resolved
ATR-IR spectra, b) time and c) phase evolution of the peaks labelled in a).
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Figure S16 ME ATR-IR experiment of N,H,-H,O pulses in NaOH solutions for CeO, (left panel)

and IrCeQ, (right panel).
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Figure S17 ME ATR-IR experiment of N,H,-H,O pulses in aqueous NaOH solution on IrCoCeO,.
a) Phase-resolved ATR-IR spectra, b) time and c) phase evolution of the peaks highlighted in a).

Figure S18 STEM-HAADF image of spent [IrCoCeO, with corresponding XEDS mapping for Co,
Ce and Ir.
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Table S1 Structural parameters of the optimized bulk structures for CeO, and CoO.

Structure alA b/A y/°
CeO, 5.477 5.477 90.0
CoO 4.254 4.254 90.0

Table S2 Catalytic activities of different bimetallic supported catalysts used in hydrazine hydrate

decomposition reaction.

TOF H, selectivity T
Catalyst Solvent Ref
(h") (%) (K)
[rCoCeOx 2029 68 Aqueous NaOH 343 This work
Rh, 4Ni@graphene 28 100 Aqueous NaOH 323 !
Rhy sNig/MXene 857 100 Aqueous NaOH 323 2
Nigslr;s@MIL-101 464 100 Aqueous NaOH 323 3
Nig;Iry/CeO, 97 100 Aqueous NaOH 323 4
Pd;Ni/rGO 8400 100 Aqueous NaOH 323 3
Nig gPtoo/MIL-101-NH, 137 100 Aqueous NaOH 303 6
NisPts-CeO, 416 100 Aqueous NaOH 303 7
Nig gPto »/DT-T5C, Ty 1220 100 Aqueous NaOH 323 8
NizFe-(CeOy)o.15/rGO 126 100 Aqueous NaOH 343 9
NiRh/V,C 987 100 Aqueous NaOH 323 1
Ni Pt;-ZrO, 296 100 Water 303 12
Ni/TiO, 265 100 Aqueous NaOH 343 13
NisPt/CeO, 515 100 Aqueous NaOH 323 14
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Ni;(MoCo,/Mo-Ni-O 461 100 Aqueous NaOH 343 15

Table S3 Surface composition of the catalysts from the XPS survey scans.

O1s Ce3d | Co2p Ir 4f Cls
(at.%) | (at.%) | (at.%) | (at.%) | (at.%)

CeO, 41.51 8.42 / / 50.07
IrCeO, 33.24 6.81 / 0.52 59.42
CoCeOy 30.95 6.65 6.44 / 55.96
IrCoCeO, | 42.21 4.29 2.45 0.83 54.33

Table S4 Summary of the EXAFS best fit parameters for the [rCoCeQ, catalyst. For each scattering
path, R denotes the path length, N defines the coordination number, AEO is the energy-shift and

02 is the Debye-Waller factor.

Scizlrlmg R N AE, o
Ir-Ir | 2722001 | 23+04 | 27216 | 0.0069 +0.0002
Ir-O 196+0.02 | 1401 | 27+1.6 | 0.01180.0005
Ir-Co | 258+001 | 25+03 | 27+1.6 | 0.0069 % 0.0002
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Table S5 Adsorption energies for the most stable configurations of the probe molecule for each
slab model, metal-nitrogen (d(M-N)), average (d(N-H)) nitrogen-hydrogen, longest nitrogen-
hydrogen (max(N-H)) bond-distances, spin multiplicity (Spin) and Bader charges of the metal-

nitrogen couple..

e d d Max pin q/led
M-N H) | (N-H
€y | MM | &) | o
JeV /A /A /A M N
1.03
IWCeO, (111) | =022 | 2157 | 1032 | 045 | -1.22
.53 103
CoO (100) 2086 | 1029 | 125 | -1.25
(-0.57)
-5.50 o4
It/CoO (100) 2053 | 1032 | 115 | -1.25
(-2.82)
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