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Crystal structure simulation

To determine the unit cell the peak positions were manually fit using the CMPR program® by
starting from the unit cell and space group (R3m) for presumably isostructural compounds
reported by Le Bihan et al. and Yu et al.*® After choosing the unit cell parameters we confirmed
our cell thru a Le Bail fit of an analogous structure with a similar space group (LiCoO,) using
EXPGUI and GSAS.*®

Table S1. Fitted unit cell parameters of as-made Co(OH)(OCHs) material.

Space
Group a b ¢ ¢ P 4
R3m 3.165 A 3.165 A 235 A 90 90 120
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Figure S1. TGA result for as-made Co(OH)(OCHs). The end product was found to be Co3z04 and
~25% weight loss was observed during the heat treatment in air to 600°C, which is consistent
with the expected weight loss of Co(OH)(OCHs) to Co3z04 conversion.

S3



g /
8 - O-H |
E O-H (Hzo) C-H
E 1(CoOH)
73]
c
o
S,
- C'H C_O
(OCH,) (OCH,)

4000 3500 3000 2500 2000 1500 1000
Wave number (cm™)

Figure S2. FTIR spectrum for as-made Co(OH)(OCHs). The spectrum agrees with previously
published spectra for NiyMg;.«(OH)OCH3.2°
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Figure S3. (a) SEM and (b) STEM images for layered Co(OH)(OCH?3) after sonication in water.
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Figure S4. Particle size distribution of as-prepared cobalt oxide nanocubanes.
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Table S2. Turnover frequencies (TOFs) for Co-based OER catalysts in photo-driven systems.

. ] . Buffer solution with | Usea

Catalyst material TOF Sensitizer initial pH support? Ref.
Cobalt oxide 2 NaHCO;-NaSiFs, This
nanocubanes 2.3x10 [Ru(bpy)s]Cl, pH =538 N work
6 nm Co030, 3 NaHCO;-NaSiFg, pH This
nanoparticles 2.0<10 [Ru(bpy)]Cl> =58 N work
6 NMm C0304 3 NaHCO3-NaSiF6, pH
nanoparticles 1.3x10 [Ru(bpy)s]Cl. =58 N !
6 nm Mn doped Co30, 3 NaHCO;-NaSiFg, pH
nanoparticles 1.8x10 [Ru(bpy)s]Cl. =58 !
LaCoOs 2.7x10° | [Ru(bpy)s](ClO,), | Phosphate, pH = 7.0 8
Cubic Li,C0,0, 1.0x10° | [Ru(bpy)s]Cl, pNHaH:CSOg + NaSiF, 9
Hollow C0304 4 NaHCO; + NaSiFs,
microsphere 2.7x10 [Ru(bpy)s]Cl. pH=5.8 N 10
Mesoporous CosO, 2.4x10* | [Ru(bpy)s]Cl, pNHaH:CSOg + NaSiFe, N 11
CoSBA (single site) 1.4x10% | [Ru(bpy)s]Cl, pNHa'icsog + NaSiFe, % 12
Co-APO-5 23x10° | [Ru(bpy)sICl, ';'HaH:CGOg + NaSiF, Y% 13
B-Co(OH), anchored on 3 NaHCO; + NaSiFg,
zeolite Y 1.9x10 [Ru(bpy)s]Cl; oH = 6.0 Y 14
3 nm Co50, 3 NaHCO; + NaSiFg,
nanoparticles /SBA-15 1.9x10 [Ru(bpy):]Cl> pH=5.8 Y 15
KIT-6/Co30,-HEX 4.0x10* | [Ru(bpy)s]Cl, pNg'icsog + NaSiFe, Y 16
Co0304 nanoparticles (20- 5 NaHCO; + NaSiFg,
50 nm) 4.9x10 [Ru(bpy)s]Cl, oH = 6 N 17
C0,Se304Cl, 5.4x10°% | [Ru(bpy)s]Cl; pNg'icsog + NaSiF, N 18
Fe,O;@NiO core-shell 4 _
nanoparticles 6.0x10 [Ru(bpy)s](ClO,), | Borate, pH = 8.0 N 19
Mn,03 1.9x10® [Ru(bpy)s]Cl, Phosphate, pH = 7.0 N 20
Co3V,04 4.3x10° [Ru(bpy)s]Cl, Borate, pH = 8.5 N 21
Active MnO, 4.8x10° | [Ru(bpy)s]Cl, Phosphate, pH = 7.2 N 22
[Co4(H20)2(VWo03.).]'"" | 2.2x10° | [Ru(bpy)s]Cl. Borate, pH = 9.0 N 23

& Calculated based on all the Co atoms in the catalyst. The unit is [per second per cobalt atom].
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Table S3. EXAFS fitting parameters corresponding to the fit in Fig. 4c.®

Path Y R N o2 AE, Rf
1.903 0.001 -2.4 0
Co-O | 0.78(0.05) (0.008) 6 (0.0001) (1.1) 2.0%
2.854 0.002
Co-Co (0.008) 5.8 (0.6) (0.0003)

& Uncertainties in parentheses. Bold values are fixed (only the coordination number of Co-0).
Restraints were applied to keep all o2 values in physically meaningful range without arbitrarily
fixing these values. The amplitude reduction factor (S2) was found to be in close agreement with
values used in previous work on small phosphate-derived cobalt oxide nanostructures.?** The
fittingrangeis1 < k < 10,1 <R < 4.
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Figure S5. Real part of the g-space representation of the EXAFS fit to the 1 min. post-reaction
sample.
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