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Chemicals.

Ethanol (AR., Aladdin), borane tert-butylamine complex (BTB, 98%, Aladdin),
commercial iridium oxide (99.9 %, Aladdin), cyclohexane (99.5%, Aladdin), dibenzyl
ether (95%, Aladdin), dodecyl trimethyl ammonium bromide (DTAB, 99%, Aladdin),
ethylene glycol (99%, Aladdin), ethylene Pyrrolidone (PVP, Aladdin), hexadecanediol
(98%, Aladdin), iridium acetylacetonate (99.95%, Aladdin), iron acetylacetonate (98%,
Aladdin), Nafion (5%, Aladdin), n-hexane (AR., Aladdin), oleic acid (AR., Aladdin),
oleylamine (OAm, 80%~90%, Aladdin), perchloric acid (AR., Aladdin), Vulcan XC-
72R (Aladdin). The water used in all experiments was deionized (18.2 MQ-cm). All the
reagents were used as received without further purification.

Synthesis of Ir nanoparticles (NPs).

40 mg of Ir(acac); and 10 mL of OAm were mixed into a three-necked flask and
heated to 150 °C for 10 mins under a N, atmosphere. Then, 3 mL of OAm containing
200 mg of BTB were injected, and the solution was heated to 240 °C and kept at the
temperature for 60 mins. After cooling to room temperature, ethanol was added to the
solution to obtain Ir NPs precipitates. The product was washed with a mixture of hexane
and ethanol several times and dissolved in hexane for further use.

Synthesis of Fe;O4 NPs.

25 mL of dibenzyl ether, 2 mL of oleylamine, and 2 mL of oleic acid were added
to a three-necked flask and and heated to 90 °C for 30 min in vaccum. Then, the solution
was cooled to room temperature and added with a mixture of 2.3 g of hexadecanediol
and 0.7063 g of iron acetylacetonate. After that, the solution was heated up to different
temperatures for various times successively under a N, atmosphere (i.e., 120 °C for 60
min, 210 °C for 120 min, and 280 °C for 60 min). After cooling to room temperature,
the Fe;O4 NP product was collected by adding ethanol and centrifuging.

Preparation of Spherical Assemblies.

65 mg of DTAB was dissolved in 5 mL of water to form a solution, and the hexane
solution containing the NP mixture (My, : Mg, ¥ 1:1) was added to the solution. The
solution was stirred to form the microemulsion, heated to 50 °C, and kept at the

temperature for 2 hours. 10 mL of ethylene glycol containing 1.1 g of PVP was added



to the evaporated solution, shake for 10 min, heated to 80 °C under the protection of
nitrogen, and kept at the temperature for 6 hours. The assemblies were finally acquired
by centrifugation.

Preparation of carbon-supported catalysts

40 mg of carbon powder in cyclohexane was dispersed in hexane and sonicated
for 10 min. A catalyst-contained n-hexane solution was added and sonicated for 30 min.
The solid was obtained by filtration and dried at 60 °C for 2 hours. The dried catalyst
was annealed in the air at 300 °C for 5 hours to remove the surfactants.

X-ray Photoelectron Spectroscopy (XPS) Measurements

The XPS spectra were recorded on a Thermo Fisher ESCALAB 250Xi XPS
system with a monochromatic Al Ko X-ray source. The binding energies derived from
XPS measurements were calibrated to the C 1s at 284.8 eV. The obtained spectra were
fitted using XPS PEAK41. The major contributions and corresponding satellites were
considered to fit the Irdf region: the peaks at 61.0 and 64.0 eV were attributed to
metallic Ir, those at 61.8 and 64.8 eV were assigned to Ir(IV) species and those at 62.4
and 65.4 eV were ascribed to Ir(IIl) species ,those fitting at 63.1 and 66.1 eV were
attributed to Ir(IIl) satellites, Ir S5p1/2 and Ir(V) species give distinct contributions and
an energy region at ca. 64 and ca. 67 eV were assigned to Ir(IV) satellites. The doublet
separation between Ir 4f7/2 and Ir 4f5/2 was considered to be 3.0 eV and the height
ratio between Ir 4f7/2 and Ir 4f5/2 peaks was 0.75. The results of the above peak fitting
refer to the works of F. Claudel et al.l'l and S. J. Freakley et al. [}, respectively.
Physical Characterizations.

The XRD patterns were obtained on a Rigaku D/Max 2500 VB2+/PC X-ray
powder diffractometer equipped with Cu Ka radiation (A = 0.154 nm) operating at 40
kV and 40 mA. The diffraction data were collected at a scanning rate of 10° min~!. The
TEM images were conducted by a HITACHI HT7700 transmission electron
microscope. The elemental composition of Ir was detected by an inductively coupled
plasma optical emission spectrometer (ICP-OES, Optima 7300 DV). The HRTEM
image, EDS mapping, and EDS face scanning were performed on a JEOL JEM-2010F

transmission electron microscopy. The elemental leaching amounts of Ir were detected



by an inductively coupled plasma mass spectrometry (ICP-MS, Agilent 7700). The
contact angle tests were shot by a high-speed CCD camera (X-Motion, AOS
Technologies). The specific surface area was determined using Brunauer-Emmett-
Teller (BET) analysis and pore size distributions was calculated by performing Barret-

Joyner-Halenda (BJH) analysis using the desorption branch of the isotherms.

Electrochemical tests.

The electrochemical performance of the catalysts was tested using a conventional
three-electrode system. The reference electrode is a saturated calomel electrode (SCE),
the counter electrode is a carbon rod, and the surface of the working electrode is coated
with catalyst. For the preparation of the working electrodes, the as-prepared sample
(containing 5 mg of carbon-supported nanocatalysts) was dispersed in 1000 uL. of
mixed solution (985 pL of isopropanol and 15 pL of Nafion (5 wt %)). Then the ink
was sonicated into homogeneous dispersion. Then, 15 pL of the as-obtained ink was
dropped onto a glassy carbon electrode to cover an area of 0.19625 cm™? resulting in
the catalyst loading of 0.375mg-cm™2. Electrochemical measurements were performed
on a CHI 760E potentiostat (CH Instruments, Inc., Shanghai, China)., the electrolyte
was 0.1 M HCIOy solution, the rotation speed was 1600 rpm, and the scan rate was 50
mV-s! or 5 mV-s! At the same time, it is necessary to ensure that oxygen in the

electrolyte is saturated.
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Figure S1. (a) The TEM image and (b) the XRD pattern of the Ir NPs; (c) The TEM
image and (d) the XRD pattern of the Fe;04 NPs.
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Figure S2. (a) The TEM image and (b) the XRD pattern of the Ir- Fe;04-SAs. The
inset is the enlarged TEM image.
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Figure S3. (a) The N, ad/desorption isotherm, and (b) the pore size distribution of the
p-Ir-SAs (no carbon support). The pores at 2-3 nm and 10 nm might be attributed to
the interparticle space and the cavity of the assemblies, respectively.
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Figure S4. The XRD patterns of the p-Ir-SAs.
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Figure S5. The TEM images of the (a) It/C, (b) Ir- SAs/C, (c) Ir- Fe34-SAs/C, and
(d) Fe;04-SAs/C.
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Figure S6. (a) The CO-stripping voltammograms, and (b) the normalized specific
activity of Ir/C, Ir-SAs/C, and p-Ir-SAs/C. Electrolyte: 0.1M HCIO,4 aqueous solution;
test temperature: 30 °C; scan rate: 10 mV/s.
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Figure S7. The contact angle tests of It/C, p-Ir-SAs/C, and ¢-IrO,/C. Typically, a
hydrophilic surface shows a low liquid contact angle and can yield a rapid expulsion
of gas, beneficial to the mass transfer of gas evolution reactions.
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Figure S8. (a) The Tafel plots and (b) the Nyquist plots of Ir/C, Ir-SAs/C, Ir-Fe;04-
SAs/C, p-Ir-SAs/C, c-IrO,/C. All the samples showed similar internal resistances of
24 Q, suggesting similar test conditions.
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Figure S9. The high-resolution core-level Ir 4f XPS spectra before and after the AST
for (a) the c-IrO,/C and (b) the Ir/C.



Table S1. Contents of the synthesized iridium-based catalysts determined by ICP-OES

in weight percentages.

Contents(Ir) Contents(Fe) Ir-Loading

Ir/C 15.2% / 57 ug/cm?

Ir-SAs/C 13.1% / 49 ug/cm?

Ir- Fe;04-SAs/C 2.0% / 7.5ug/cm?
p-Ir-SAs/C 10.3% 0.9% 37.5 ug/cm?

c-Ir0,/C 20% / 75 ug/cm?




Table S2. Summary of OER activities of the synthesized Ir-based catalysts.

catalysts ECSA js @1.53 V (mA cm” jm @1.53V(A g ) Tafel slope (mV dec™) Mo
(em?) %)

Ir/C 9.07 0.36 278 59 284

Ir-SAs/C 2.37 0.48 115 65 319

Ir- Fe;04-SAs/C / / 107.6 83 387

p-Ir-SAs/C 4.00 1.07 554 49 284

c-Ir0,/C / / 14.7 49 347




Table S3. Comparison of OER activities of the Ir-based catalysts reported in the
literature.

Catalyst Loading  Electrolyte n (mV) n (mV) Mass activity Ref.
(pglr cm®) @10mA @50 mA (A gupom ')
cm? cm?

Ir/Fe,N 76.5 0.5M 316 / 120 @1.54 V (3]
H,SO,4

[rO-Ir 133 0.5M 295 / 8 @1.48V (4]
H,S0,4

Irg 7Nig 3Oy 102 0.5M 340 440 198@1.6V [5]
H,SO,4

TiN/IrO, 79 0.5M 313 350 874@1.6 V (6]
H,SO,4

IrNiCu 20 0.1 M 303 / 460 @1.53 V [7]
DNF HCI1O,4

Ir film / 0.1 M 293 / 39@1.525V (8]
HCI1O4

Ir-Ni bulk / 0.1 M 300 / 325@1.525V 9]
HCI1O4

p-Ir-SAs 37.5 0.1 M 284 326 554@1.53 V This

HCI10, work




Table S4 TheXPS fitting parameters and results of the Ir 4f spectra for all the tested samples before

and after the ASTs.
Content  Content  Content Content  Content
Peak B.E. Content
(p-Ir-SAs  (p-Ir-SAs (Ir (c-IrO, (c-IrO,
Assigment  (eV)" (Ir after)
before) after) before) before) after)
Ir 4£7/2
61.0
Ir(0)
4% 0% 10% 0% 0% NA
Ir 4£5/2
64.0
Ir(0)
Ir 4£7/2 61.8
Ir(IV) (62.3)
61% 38% 51% 67% 71% NA
Ir 4£5/2 64.8
Ir(IV) (65.3)
Ir 4£7/2 62.4
Ir(11I) (63.0)
28% 44% 28% 21% 16% NA
Ir 4£5/2 65.4
Ir(11I) (66.0)
Ir 4£7/2 63.1
Ir(V) (63.7)
7% 18% 11% 12% 13% NA
Ir 4£5/2 66.1
Ir(V) (66.7)

*The binding energies in the parentheses are the fitting values for the c-IrO,/C. The values shifted

0.6 eV to the high B.E. as compared with the other two catalysts due to the high oxidation status.
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