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Figure S1. SEM images of Co-based NSs.
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Figure S2. XRD pattern of Co-based NSs. As we can note that the diffraction peaks
are identical with JCPDS No. 07-0169 (CoOOH). In detail, peaks located at 20.4°,
36.9°, 38.9°, 50.6°, and 65.3° are consistent with (003), (101), (012), (015), and (110)
facet, respectively. The XRD pattern of Co;04 NSs shows that peaks located at 19.0°,

31.3°,36.9°,44.8°, 55.6°, 59.4°, and 65.2° are contributed by (111), (220), (311), (400),

20 (Degree)

(422), (511), and (440) facet, respectively (JCPDS No. 43-1003).



Table S1. Comparison of OER activity of some Au/Co-based electrocatalysts on

glassy carbon electrode.

Overpotential
Tafel
Sample electrolyte  at 10 mA/cm? Ref.
slopes
(mV)
Au/NiFe-LDH 1 M KOH 230 160 !
Pt/Fe-Au 1 M KOH 330 - 2
Ni;Sy/Au-Graphene | 1 M KOH 280 106 3
AuFe 1 M KOH 800 - 4
Au@Ni,Ps 1 M KOH 340 49 2
Au@CoFeO, 1 M KOH 328 - 6
Ni—Co—-P 1 M KOH 270 76 U
CoSe, 1 M KOH 430 - 8
NiCo-P 1 M KOH 330 -- <
Au-CoSe; 1 M KOH 303 -- 10
Au@Co;0, 1 M KOH 370 60 1
Au@Ni;S, 1 M KOH 280 70 12
CoOOH 1 M KOH 300 -- =
Au-Co(OH), NSs | 1M KOH 260 52 This work

--. No specific value is mentioned in Ref.
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Figure S3. Electrooxidation of Co(OH), at 1.49 V vs. RHE for 10 h.
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Figure S4. XPS data of Au-Co(OH), NSs after use. Co 2p (a) and O 1s fine spectrum.

The Co?*/Co** ratio is 1.8:1, near to the initial value in as-prepared Au-Co(OH), NSs.
This result verifies that not all Co cations in Au-Co(OH), NSs is participated into OER,
which is different with pure Co(OH), NSs, indicating Au doping on Co(OH), NSs can
change the oxidation state of Co cations. The Adsorbed O/OH- group peaks show
increased intensity after use, indicating that electrooxidation activated Co cations
become more active with OH- in alkaline solution, which could promote the
electrooxidation of Co at high potential. Adsorbed water molecules occurs on Au-
Co(OH), NSs surface after use, more likely because water molecules !“would
contribute to the reconstruction of Au-Co(OH), NSs in OER. The enhanced Co-O

bonding could be resulted by the increased ratio of Co3" in NSs.
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Figure S5. Ex-situ XRD of Au-Co(OH), NSs after use. The red curve shows that
Co(OH); is sustained after use, demonstrating the selected electrooxidation process in
Au-Co(OH), NSs during OER. With the help of ex-situ TEM resluts in manuscript, we
conclude that the Co surrounded Au is prefrentially oxidized during OER. Meanwhile,
this result demonstrates the Au doping can promote the oxidation process of Co?" to

Co*". This promoted formation of Co?" is also proved by XPS data by comparing the

ratio of Co?"/Co3".
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Figure S6. Electrochemical characterization of Au-Co(OH), NSs with different Au

doping.
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Figure S7. Electrochemical characterization of electrooxidation process of Co** to
Co’*" and Co*" to Co*'. Au doping will lead the oxidation peak (Co?"/Co3") red shift

and area increase, as shown in Figure S7b (around 1.1 V).
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Figure S8. The free energy profiles of high-valence Co cations formation.



Table S2. Average electron numbers of Co, O and H.

number of
electrons (e) Co(OH)2 Au-Co(OH)2
Co 791 7.80
01 7.09 7.02
02 7.08 7.07
H1 0.46 0.46
H2 0.46 0.42

Here, to illustrate how Au atoms affect the behaviors of Co, we adopt the transition
state theory to look inside the reaction mechanism. As shown in Figure S8 and Table
S2, after the decoration of Au, Co(OH), is facing a smaller barrier changing to CoOOH,
in our calculation, the intermediate ought to be CoO,. Besides, according to Bader
Charge Analysis, we got the number of electrons around each atoms. It is clear that Co

is exposed to less electrons with Au, which means the Co owns a higher valence.



Free energy calculation:

1.The calculations of Gibbs free energy changes in AEM pathway are as follows:

DGy =AG , ~AG, ~eU+AG,y

H
AGjp=AG , ~AG ., ~eU+AGyy

*

AGy3=AG . ~AG , ~eU+AG,,
AGM:AGOZ* ~AG . ~eU+AG,,
AGu5=AG, -AG , —eU+AG,,

02
2. The calculations of Gibbs free energy changes in LOM pathway are as follows:

MG =AG .-G ., ~eU+AGyy,

0 OH
MG, =AG ., ~AG_ ., ~eU+AGy,
MGz =AG —=AG ., -—eU+AGy
AGL=AG . ~AG ., —eU+AGy,

AGis=AG , ~AG . —eU+AG,,

The analysis is at standard condition (T = 298.15 K, P = 1 bar, pH = 0) and U=0.
The Gibbs free energy differences of these intermediates include zero-point energy
(ZPE) and entropy according to AG; = AE; + AZPE; - TAS;, where the energy differences
AE; are calculated with respect to H,O and H, (at U = 0 and pH = 0). And the AG, = -

ksT In(10) x pH.
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Figure S9. The reaction pathway of AEM and its OER models. Gold balls are

Au atoms. Blue balls are Co atoms. Red balls are O atoms. White balls are H atoms.

Figure S10. The differential charge densities of Au-Co(OH), model with and without
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Figure S11. The reaction pathway of LOM and its OER models



Table S3. The calculated zero-point energy and entropy.

E(eV) ZPE(eV) TS(eV)
H, -6.88 0.28 0.40
0, -9.86 0.1 0.63
H,0 -14.23 0.57 0.67
*OH 0.37

*O 0.04

*OO0H 0.43

*02 0.15
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