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1. Electrochemical Characterization.
A three-electrode system was adopted in the electrochemical measurement 

conducted on an electrochemical workstation (CHI760E, Chenhua Shanghai) at room 

temperature. To prepare the working electrode, the catalyst (1.1 mg) was dispersed in 

the mixture solution containing ethanol (560 μL) and Nafion solution (40 μL, 5 wt%, 

Du Pont). Then, 3.4 μL of the solution was transferred onto a glassy carbon electrode 

(GCE) with a working area of 0.07 cm2. Carbon rod and the saturated calomel electrode 

(SCE) served as the counter electrode and reference electrode, respectively. All 

electrodes were activated and stabilized by cyclic voltammetry before testing. To 

evaluate the OER activities, linear sweep voltammetry (LSV) was conducted in N2-

saturated 1 M KOH (or 0.5 M H2SO4) electrolyte at 25 °C with a scan rate of 5 mV·s−1 

under 620 rpm without the iR compensation. The electrochemical impedance 

spectroscopy (EIS) tests were carried out in the frequency range between 100 kHz and 

0.01 Hz at 1.6 V (vs. RHE). Long-term stability performance of the catalyst was 

measured in 40 mL of 1 M KOH (or 0.5 M H2SO4) electrolyte using 

chronopotentiometry measurement at a constant current density of 10 mA·cm−2. 

Potentials in this work were all referred to the reversible hydrogen electrode (RHE) 

through the Nernst equation as follows eq. (1):

E (vs RHE) = E (vs. Hg/HgO) + 0.099 + 0.0591 *pH     (1)

The electrochemically active surface areas (ECSAs) were studied based on the 

electrochemical double-layer capacitance (Cdl) according to eq. (2). To obtain Cdl, 

cyclic voltammetry (CV) curves were collected at different scan rates (20, 40, 60, 80, 

and 100 mV·s–1) in a non-Faradaic potential window. By establishing the relationship 

between the difference between anodic and cathodic currents at 0.1 V (vs. RHE) and 

the scan rate, a linear trend was obtained. Cdl was equal to one-half of the slope of the 

fitting line.
Cdl = (Δj = (ja - jc))/2       (2)

Turnover Frequency (TOF) is a measure of catalytic activity. It refers to the number of 

times a catalytic site converts a substrate into a product per unit time1. It's a critical 

parameter for evaluating the efficiency of catalysts in chemical reactions2.
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TOF=I/4nF      (3)

where I is the current density at a definite overpotential; F is the Faraday's constant 

(96,485 C·mol−1); and n, the number of moles of the electrochemical materials on the 

electrode. The factors 4 are based on the assumption that four electrons are necessary 

to form on oxygen molecules.
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Fig. S1. (a) XRD patterns of the Au/C, Ir/C, AuIr/C and Au2Ir/C NPs.
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Fig. S2. (a) Au and (b) Ir 4f XPS spectra of the AuIr/C after OER test under alkaline conditions, 
respectively. (c) Au and (d) Ir 4f XPS spectra of the AuIr/C catalysts after OER test under acidic 
conditions, respectively. 
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Fig. S3. TEM images and size distributions of (a) AuIr and (b) Au2Ir alloy NPs.
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Fig. S4. (a) TEM, (b) EDS mapping and (c)HRTEM images of the AuIr alloy NPs. (d) TEM and (e) 

HRTEM images of the Au NPs. (f) TEM and (g) HRTEM images of the Ir NPs (inset is the fast 

Fourier transform (FFT) patterns).
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Fig. S5. Elemental compositions of the AuIr NPs (a) before and (b) after the OER test under alkaline 

conditions. EDS Mapping images of the AuIr catalysts after OER tests under (c) alkaline and (d) 

acidic conditions, respectively.



9

Fig. S6. TEM images of (a-b) AuIr/C, (c) Au2Ir/C, and (d) Vulcan XC-72 carbon.
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Fig. S7. TEM images of the AuIr/C catalysts after stability tests under (a and b) 1.0M KOH and (c 

and d) 0.5M H2SO4 conditions, respectively.
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Fig. S8. CV curves of the (a) RuO2, (b) AuIr/C, (c) Au2Ir/C, (d) Ir/C, and (e) Au/C at different scan 

rates in 1.0 M KOH solution.
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Fig. S9. TOFs calculated in (a) alkaline and (b) acidic solutions.



13

Fig. S10. (a-e) CV curves of the (a) RuO2, (b) AuIr/C, (c) Au2Ir/C, (d) Ir/C, and (e) Au/C at different 

scan rates in 0.5 M H2SO4 solution.
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Fig. S11. The possible electrocatalytic mechanism of as-obtained AuIr/C for OER. The red and 

yellow lines indicate the reaction routes in acid and alkaline medium, respectively; the pink line 

explains the intermediate species (MOH, MO, MOOH) involved in the OER.
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Table S1. Detailed information on the size, time, and temperature of synthesized AuIr 
NPs.

Sample size (nm) Temperature Time References

AuIr 1.96 80 ℃ 3h This work

Au2Ir 2.11 80 ℃ 3h This work

Au@AuIr2 7.94 ± 1.6 220 ℃ 3h 3

Au3Ir 5 250 °C 3h 4

AuIr 2.3-4.2 ice-water 4h 5

Au5Ir5 10 1.0 Pa (magnetron 
sputtering method) - 6
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Table S2. XPS data of the AuIr alloy NPs.

Samples Binding 
Energy Au0 
4f 7/2 (eV)

Binding 
Energy Au0 
4f 5/2 (eV)

Binding 
Energy Ir0 
4f 7/2 (eV)

Binding 
Energy Ir0 
4f 5/2 (eV)

Binding 
Energy Ir4+ 
4f 7/2 (eV)

Binding 
Energy Ir4+ 
4f 5/2 (eV)

Au2Ir 83.38 86.92 61.20 64.09 61.96 64.80

AuIr  83.63 87.23 60.89 63.96 62.41 64.82
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Table S3. ICP data of the AuIr alloy NPs.

Samples CAu(mg/mL) CIr（mg/mL) Au/Ir Mole ration

AuIr 1.53 1.56 1.04:1

Au2Ir 2.84 1.35 1.88:1



18

Table S4. Catalytic properties for OER of noble metal electrocatalysts in electrolyte.

Catalysts electrolyte
OER

η(mV)@j(mA/cm
2)

Tafel slope
(mV·dec-1)

References

1.0 M KOH 230@10

1.0 M KOH 255@20AuIr/C

1.0 M KOH 344@50

59.0 This work

0.5 M H2SO4 299@10

0.5 M H2SO4 330@20AuIr/C

0.5 M H2SO4 340@50

127.8 This work

RuCrFeCoNiOx 1.0 M KOH 239@10 62.7 7

Ir-NiMoO4/Ir-
Co1Mn1 LDH

1.0 M KOH 287@10 99.1  8

Ru-CoO 1.0 M KOH 340@10 84.1 9

IrNi/NiO HT  0.05 M H2SO4 329@10 64.0 10

Au-IrCo 0.1 M HClO4 330@10 79.0 11

Ir-Pi 0.1 M phosphate 320@0.3 - 12

IrCo13.3O20.1 1.0 M KOH 152@10 60.5 13

Ir2Cu 0.1 M HClO4 349 @10 56.8 14

Pt62Co23/Ir15 
FBNWs/C

0.1 M HClO4 308@10 - 15

Ir0.30Cu0.70 0.1 M HClO4 292@10 100 16
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