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Figure S1. Representation of a cubic Prussian blue-type structure (transition metal,
turquoise/pink; C, dark yellow; N, blue).
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Figure S2. PXRD patterns of Co3[Co(CN)g]2, Mn;3[Co(CN)s], and Fe;[Co(CN)g], precursor

nanocubes.
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Figure S3. FTIR spectra of Cos3[Co(CN)g],, Mn;3[Co(CN)s], and Fe;[Co(CN)g], precursor
nanocubes.
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Figure S4. TGA curve of Co3;[Co(CN)g], nH,O precursor nanocubes in air flow with a ramp of 10

°C min’!.
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Figure S5. TGA curve of Mn;[Co(CN)s],-nH,O precursor nanocubes in air flow with a ramp of

10 °C min‘!.
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Figure S6. TGA curve of Fe;[Co(CN)s],'nH,O precursor nanocubes in air flow with a ramp of 10

°C min!.
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Figure S7. FTIR spectra of Co3;0, (a), Mn,Co3.,O,4 (b) and Fe,Co;.,O,4 (c) nanocubes.



-prepared (a) Co;04 nanocages, (b) Mn,Coz;—,O4 nanocages and

Figure S8. HRTEM images for as

(c) FexCos3.<O4 nanocages.
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Figure S9. N, adsorption/desorption isotherm (77 K) curves for Co;O, porous nanocages. Inset:

The pore-size distribution of the Co;04 nanocages.
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Figure S10. N, adsorption/desorption isotherm (77 K) curves for the Mn,Co;O4 nanocages.

Inset: The pore-size distribution of the Mn,Co3;-O4 nanocages.
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Figure S11. N, adsorption/desorption isotherm (77 K) curves for the Fe,Co; 4O4 nanocages. Inset:

The pore-size distribution of the Fe,Co; 1O4 nanocages.

Table S1. Determination of metal elements ratio in porous nanocages oxides obtained by ICP-

AES and EDX.
Catalyst Estimated Mn/Fe to Co Mn/Fe to Co Mn/Fe to Co ratio
formula ratio (Theo.) ratio (EDX) (ICP-AES)
Co504 Co;04 N/A N/A N/A
Mn,Co;-,O4 Mn; 3Co0;,04 1.5:1 1.48:1 1.52:1
Fe,Co;.,04 Fe; 3Co1,04 1.5:1 1.47:1 1.48:1
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Figure S12. EDX measurements of Co, Mn and Fe in (a) Co304, (b) Mn,Co;-,O4 and (c) Fe,Cos.
«Oa.
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Figure S13. Co 2p (top), Mn 2p (middle) and O Is (bottom) XPS spectra of Mn,Co3,O4
nanocages.
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Figure S14. Co 2p (top), Fe 2p (middle) and O 1s (bottom) XPS spectra of Fe,Coz;—,O4 nanocages.
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Figure S15. Steady-state luminescence spectra (Aex = 450 nm) of 1 mM [Ru(bpy);]Cl, in 100 mM
phosphate buffer (pH 7.0) containing 5.0 mM persulfate or 0.2 g L' catalyst.
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Figure S16. UV-vis spectral changes during the photocatalytic O, evolution with or without
catalyst. (absorption of [Ru(bpy);]Cl, at 450 nm).
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Figure S17. Observed and theoretical relative abundances of '®0-labeled and unlabeled oxygen
evolved during the photocatalytic oxidation of a buffer solution (4.5 mL) prepared with H,'#0-
enriched water (10.8% H,!%0) containing Co;0,4 porous nanocages (0.50 g L), [Ru(bpy);]Cl,
(1.0 mM) and Na,S,05 (5.0 mM) (green, observed mass intensity; red, calculated values assuming
that evolved O, results exclusively from water).
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Figure S18. The per mole of transition metal normalized plot of photochemical water oxidation of
a phosphate buffer solution (pH 7.0, 15.0 mL) containing Na,S,0s (5.0 mM), [Ru(bpy);]Cl, (1.0
mM) and catalyst (0.50 g L™!) at room temperature.
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Figure S19. The surface-area normalized plot of photochemical water oxidation of a phosphate
buffer solution (pH 7.0, 15.0 mL) containing Na,S;0g (5.0 mM), [Ru(bpy);]Cl, (1.0 mM) and
catalyst (0.50 g L™!) at room temperature.
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Figure S20. HRTEM images of Co;04 porous nanocages after photocatalytic water oxidation.
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Table S2. TOFs of some recently-reported Co-based heterogeneous water oxidation catalysts
under visible light irradiation.

BET surface ~ Apparent TOF TOF (molp;
Catalyst ref
area (m?/g)  (umol s! m?2)? MOlyera ! )

Co504 nanocages 46.2 8.6 X 102 3.2 X 104 This work
Mn,Co;-404 nanocages 61.4 3.8 X 102 23 X 10+ This work
Fe,Co3.404 nanocages 74.8 3.2 X 102 1.9 X 10* This work

Co0304 supported in 12 X 104~ 4.
304 Supp e 550-660 ) 2.12 X 10*~4.05 12

mesoporous silica X 10#

Mesoporous Mg-Substituted
102.1 - 24 X 10+ 3
CO304

Hollow C0304 180 - 2.7 X 104 4
Co30,4 micelle 12 - 1.45 X 103 5
MnCo0,0, 37 - 1.23 X 103 6
CoMn,0y4 11 - 5.3 X 104 6
LaCoO; 13 - 6.5 X 10# 7

aApparent TOF= mole of oxygen produced in 1 min/( BET ¢ 60 s)

Table S3. TOFs of some recently-reported Co-based heterogencous water oxidation catalysts

under cerium (IV)-driven condition.

BET Apparent
TOF (1’1’10102
Catalyst surface TOF ref
rn()lmetaf1 Sil)
area (umol s' m?)

Co5;04 nanocages 46.2 0.96 3.6 X 103 This work
Mn,Co3-,0O, nanocages 61.4 8.9 X 102 42 X 10*% This work
Fe,Co;.,04 nanocages 74.8 1.9 X 102 1.1 X 10 This work

Mesoporous Mg-

. 102.1 2.2 X 10 3

Substituted Co3;04

KIT-6/C0304 3.4-53 X 10+ 2
Co30,4 micelle 12 - 1.49 X 103 5
MHC0204 37 - 3.5 X 10'4 6
COMH204 11 = 1.6 X 10'4 6
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Table S4. Summary of the electrochemical water oxidation activities of cobalt oxides.

overpotential (mV)  overpotential (mV)

Catalyst pH ref
at 0.5 mA cm™ at 1.0 mA ¢cm™
Co504 porous nanocages 350 420 7 This work
Co;0,4 nanoparticle (< 5 nm) 314 — 14 8
Co30,4 micelle 410 — 7 5
Co-P film — 410 7 9
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