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Figure S1. SEM images of (a) NCNT, (b) s-Ir/NCNT, (c) m-Ir/NCNT, and (d) l-Ir/NCNT.



Figure S2. Size distribution of s-, m- and l-Ir/NCNTs.



Figure S3. TGA curves of s-, m- and l-Ir/NCNTs in the temperature range of 30–800 °C at a 

heating rate of 10 °C/min in air.



Figure S4. (a) STEM image and EDS mappings of (b) C and (c) N in NCNT and Ir in (d) s-

Ir/NCNT, (e) m-Ir/NCNT and (f) l-Ir/NCNT.
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Figure S5. Illustration of base structures for (a) IrOx/Ir SAC (or IrO2 SAC), (b) m-Ir NP (or Ir6 

NP), and (c) l-Ir NP (or Ir12 NP).



Figure S6. Cycling performance of Li-CO2 cells employing NCNTs in the 2.3–4.5 V voltage 

window under the specific capacity limit of 500 mAh gcarbon
-1.



Figure S7. In situ DEMS results of the rate of evolution of CO2 during charging in cells 

employing NCNTs.



Figure S8. Ex situ measurements on carbon electrodes. XRD, FT-IR and Raman peaks 

obtained from discharged and charged electrodes of s-Ir/NCNT.



Figure S9. All the possible intermediates and reaction mechanisms for Li-CO2 battery reaction, 

with the most feasible reaction pathway highlighted in red.
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Figure S10. Binding energies of intermediates on the different Ir particle systems.



Table S1. Binding energies and relative integrated height and area from the Ir 4f XPS spectra 

of (a) s-Ir/NCNT, (b) m-Ir/NCNT, and (c) l-Ir/NCNT.



(eV) ∆G1 ∆G2 ∆G3* ∆G4* ∆G5 ∆G6* ∆G7 ∆G8* ∆G9* ∆G10 ∆G11* ∆G12* ∆G13* ∆G14

IrO2 0.678 0.558 -2.450 -1.866 0.094 -1.772 -0.502 -3.510 -2.484 0.201 -2.284 -1.782 -3.400 -0.916

Ir6 -0.582 3.307 1.185 -1.151 -0.498 -1.650 0.371 -1.752 -0.862 0.252 -0.611 -0.981 -4.014 -3.152

Ir12 -0.017 3.022 0.845 -1.253 -0.085 -1.338 0.403 -1.774 -2.165 0.897 -1.267 -1.670 -6.173 -4.008

Ir (111) 0.147 2.021 -1.202 -1.434 0.379 -1.055 0.964 -2.258 -2.382 1.177 -1.205 -2.170 -6.469 -4.086

Table S2. All the possible intermediates and reaction mechanisms for Li-CO2 battery reaction 

and the most feasible reaction pathway in red color. * represents the (Li+ + e-) pair transfer 

step.


