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1. Synthesis of Cs(OH)y

The Ceo(OH), was prepared with a modified procedure according to the literature [1]. Firstly, Ceso
(100 mg) was dissolved into a 250 ml flask containing 100 ml of toluene. Then 2 ml of TBAH and 10
ml of H>O> were added to the purple solution of Ceo. After continuously stirring at 60 °C for 36 h, the
upper toluene layer turned into a colorless transparent solution. The bright yellow and muddy water

solution at the bottom of flask was separated by separatory funnel. When 50 ml of MeOH was added, a

brown turbid precipitate formed immediately. After centrifugation and 0, the precipitate was

autoclave. After hydrothermal treatm C the solid pre€cursor of CoORu@N-CNTs was

obtained by extraction filtration i der was carbonized in a tube furnace under

The synthesis pro me to CoRu@N-CNTs without addition of
Ceo(OH)n.

4. Synthesis of

The synthesis

CoCl; was 1 mmol wit
5. Synthesis of Ru@NC

The synthesis process of Ru@NC was the same to CoRu@N-CNTs except that the amount of

RuCls; was 1 mmol without CoCl,.



) TEM, (b) and (c) HRTEM, (d) the corresponding

elemental m u, O, C and N for CoRu@NC. Scale bar in (a-f) are 200 nm, 2 nm, 2 nm,

100 nm, respec



%) TEM, (b) and (c) HRTEM, (d) the
corresponding elemen i N Tor Co@N-CNTs. Scale bar in (a-d) are 200 nm,



elemental mapping of . bar in (a-d) are 200 nm, 20 nm, 5 nm, 50 nm,

respectively.
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Fig. S4. XPS survey spectra of
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Fig. S5. XPS spectrum of CoRu@N-C
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Fig. S6. Polarization curve of the Hg/HgO reference &tro

alibrateWEvin H»-saturated

IM KOH electrolyte. Potential scan rate at 1
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Fig. S8. The ECSA-normalized LSV curves o > Co@N-CNTs,
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Table. S1. Element atomic content (%) of CORu@N-CNTs, CoRu@NC, Co@N-CNTs and Ru@NC

Co Ru C N O
CoRu@N-CNTs 2.92 3.27 78.58 6.88 8.35
CoRu@NC 1.49 11.41 68.68 3.64 14.77
Co@N-CNTs 2.68 - 80.96 9.88 6.49
Ru@NC - 4.48 74.2 6.96 14.36
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Table S2. The performance of CoORu@N-CNTs compared with the recently-reported Co/Ru-based HE

electrocatalysts measured in 1 M KOH.

Catalyst Nio (mV) Reference
(Ru-N)@Pt 10 J. Mater. Chem. A, 2021, 9(26): 14941-14947
Ru/Co@OG 13 Angew. Chem., 2021, 133(29): 16180-16186

Ru/MoC@NC 13 J. Mater. Chem. A, . 20518-20529
Ru-SNC 14 -16973
Ru S/DAs+Ru 15
NCs
Rul/DNiFe LDH 18 Y . ): 4587
Ru-Ru,P 18

Ru/Co-N-C-800 9 v. Mater., 2022, 34(21): 2110103

CoRu@N-CNTs This work

. Chem. Int. Ed., 2021, 60(41): 22276-

Ru/Ni-MOF 22782

Chinese J.Catal., 2022, 43(4): 1148-1155
Adv. Mater., 2022, 34(21): 2110103
This work

Angew. Chem. Int. Ed., 2021, 60(41): 22276-

CosRu;@NCNT/P 28

22282
Ru/MoO».« 29 Appl. Catal. B-Environ., 2022, 307: 121204
Ru@NC 29 Catal. Sci. Tech., 2020, 10(13): 4405-4411
Ru-NiFeP/NF 29.3 Appl. Surf. Sci., 2021, 536: 147952
Ru/np-MoS» 30 Nat. Commun., 2021, 12(1): 1687
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