
Supplementary Information

A strain-modulated CoRu alloy supported on nitrogen-doped 

carbon nanospheres for defect-driven industrial chlorine 

evolution electrocatalysis

Bo Zhang a,1, Qiqi Zhang a,1, Ru Xiao a, Xiaoxuan Min a, Huiqi Jia a, Kang Liu a, 
Ying Deng a,*, Zhenyu Xiao a,*, Lei Wang a,*

a Key Laboratory of Eco-chemical Engineering, Ministry of Education, International 
Science and Technology Cooperation Base of Eco-chemical Engineering and Green 
Manufacturing, College of Chemistry and Molecular Engineering, Qingdao University 
of Science and Technology, Qingdao 266042, P. R. China.

E-mail: dengyingchem@163.com; inorgxiaozhenyu@163.com; 
inorchemwl@126.com.

1 These authors contributed equally.

Supplementary Information (SI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2026

mailto:dengyingchem@163.com
mailto:inorchemwl@126.com


Supplementary electrochemical tests

The overpotential (η) is computed using the formula: η = ERHE – ECER. In addition, 

the  of the CER is sensitive to temperature, implying that𝐸 0
𝐶𝐸𝑅

𝐸 0
𝐶𝐸𝑅 = (1.358 𝑉 +  

𝑅𝑇 𝑙𝑛10
𝐹

 𝑝𝐻)−(0.001248 
∂𝐸
∂𝑇)(𝑇 −298.15𝐾) 𝑣𝑠 𝑅𝐻𝐸

where R is the gas constant (8.314 J K-1 mol-1), T is temperature in Kelvin (K), and F is 

the Faraday constant (96,485.3 C mol-1). 

The equilibrium potential of the CER (ECER) can be calculated using the Nernst 

equation, incorporating chloride ion activity and chlorine gas partial pressure:

 ECER (T, α(Cl2), α(Cl-)) vs RHE = 
𝐸 0

𝐶𝐸𝑅−(𝑅𝑇
𝐹 )𝑙𝑛𝛼(𝐶𝑙−) +  (𝑅𝑇

2𝐹)𝑙𝑛𝛼(𝐶𝑙2)

where α(Cl2) is 0.01, corresponding to the partial pressure of evolving Cl2 under an Ar 

atmosphere, and α(Cl-) is defined by the experimental conditions (e.g., α(Cl-) = 5.0 for 

5.0 M NaCl).



Supplementary Figures 1 to 20

Figure S1. The SEM image of PDA NSs.

Figure S2. The SEM image of CoRu@PDA.



Figure S3. Geometric Phase Analysis strain of CoRu@CN.

Figure S4. XRD pattern of Co@CN and Ru@CN.



Figure S5. O 1s XPS spectra of CoRu@CN.

Figure S6. Cyclic voltammetry curves of the (a) Co@CN, (b) CoRu@PDA , (c) 

CoRu@CN and (d) Ru@CN under different scan rate in a region of 0.4 to 0.5 V vs. 

RHE.



Figure S7. EIS of Co@CN, Ru@CN, CoRu@PDA, and CoRu@CN. 

Figure S8. Post-stability SEM.

Figure S9. Post-stability XPS.



Figure S10. Comparison of ECSA of CoRu@CN before and after stability test.

Figure S11. LSV curves of CoRu@CN with different durations.

Figure S12. The SEM image of CoRu@CN-3h.



Figure S13. LSV curves of CoRu@CN with different Ru doping amount.

Figure S14. LSV curves of CoRu@CN with an oxidation rate of 2℃·min-1 and 

different oxidation temperatures.



Figure S15. The LSV curves of OER and CER for CoRu@CN and CoRu@CN-low 

strains.

Figure S16. In situ Raman spectra of (a) Co@CN, (b) Ru@CN and (c) CoRu@CN 

recorded in a solution of H2SO4 with pH = 2 5 M NaCl from OCP to OCP + 0.25 V.



Figure S17. The kinetic potential is affected by the electrolyte environment. Schematic 

diagram illustrating the potential composition and product selectivity mechanism of the 

OER and the CER. The blue area represents the thermodynamic equilibrium potential 

of OER/CER, while the purple area represents the potential contribution from the 

kinetic process. The hollow blue circle and green circle correspond to the actual 

potential changes of O2 and Cl2 generation, respectively. The red annotation indicates 

the number of electron transfers in the reaction, the trend of product selectivity 

dominated by kinetics, and also shows the regulatory effect of the electrolyte 

environment (pH, Cl- concentration, etc.) on the potential difference (△V) between 

OER and CER.



Figure S18. LSV curves of OER and CER (solid line is in H2SO4 with pH = 2 + 5 M 

NaCl; dashed line is in H2SO4 with pH = 2).

Figure S19. The overpotentials of CoRu@CN and RuO2 at 10 mA·cm-2 about CER and 

OER processes, respectively.



Figure S20. Current density percentage of Cl2 selectivity of CoRu@CN in 5.0 M NaCl 

(pH = 2).



Supplementary Tables 1 to 3

Table 1. Detailed structural information of CoRu@CN derived from Rietveld 

Refinement.

Lattice type = F Space group = F m -3 m Space group number = 225

R = 1.02% Rwp = 1.28% R - bkg = 1.50%

Rwmin = 1.40% GOF = 0.91 a(Å) = 3.5541

b(Å) = 3.5541 c(Å) = 3.5541 V(Å3) = 44.893



Table 2. Comparison of catalytic activity with reported catalysts in the chlorine 

evolution reaction.

Catalyst Solution Overpotential (mV) Ref.

CoRu@CN
5 M NaCl 

(pH = 2)
η10 = 67 η100 = 154 This work

(CoZn)2V2O8@C
4 M NaCl 

(pH =0.5)
η10 = 69 η50 = 173 1

Ag0.15Ru0.85O2

5.0 M NaCl 

(pH = 2)
η10 = 105 2

Ti0.35V0.35Sn0.25Sb0.05-oxide

5 M NaCl + 

0.01 M 

HCl（pH = 

2）

η10 = 138 η100 = 208 3

1% Ru@Ti4O7

5.0 M NaCl 

(pH = 1)
η10 = 96.5 4

Ru-Ni-Sb-SnO2/ND-2
1.0 M NaCl 

(pH = 1)
η10 = 130 5

Ru-Ir-Ce-Ni-Sb-SnO2 0.3 M NaCl η10 = 80 η100 = 124 6



(pH = 6)

Catalyst Solution Overpotential (mV) Ref.

HPC-0.05
4 M NaCl 

(pH = 2)
η10 = 94 η100 = 269 7

IrB1.15

4 M NaCl 

(pH = 2)
η10 = 75 8

Cu1@FeN@TiFelt
4 M NaCl 

(pH = 2)
η10 = 238 η100 = 432 9

Ni1/aniCNT

0.1 M 

HClO4 + 1.0 

M NaCl (pH 

= 1)

η10 = 70 10

Ru0.09Co2.91O4

0.6 M NaCl 

(pH = 7)
η10 = 70 η100 = 120 11



Table 3. The CER stability at a current density of 10 mA cm-2 is compared against the 

stability of benchmark catalysts documented in prior studies.

Catalyst Solution

Current 

density 

(mA cm-

2)

Stability 

(h)
Ref.

CoRu@CN 5 M NaCl (pH = 2) 10 100 This work

m-CNP/CC 2 M NaCl (pH = 6) 10 24 12

CC/350 0.6 M NaCl (pH = 

6)

10 60 13

Na0.7CoO2 HCl or HNO3 

electrolyte (pH = 2)

10 20 14

IrB1.15 4 M NaCl (pH = 2) ＜10 90 8

RuTi2/MXene@C

C

4 M NaCl (pH = 2) 10 80 15

Ir2-ONC 0.1 M HClO4 + 4 

M NaCl.

10 20 16



Ni79Mo21@IrO2

Ru1 TiOx/Ti

4 M NaCl (pH = 1)

4 M NaCl (pH = 2)

10

10

10

24

17

18

Catalyst Solution

Current 

density 

(mA cm-

2)

Stability 

(h)
Ref.

Pt1/CNT
0.1 M HClO4 + 1 

M NaCl.
＜10 12 19

PtNP/CNT
0.1 M HClO4 + 1 

M NaCl.
＜10 12 19

Pt-2
0.1 M HClO4 + 1 

M NaCl.
＜10 24 20
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