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Figures S1 present images of the cell used for electrochemical tests with limited 
capacity of 650 µAh.cm-2. It consists in a commercial El-Cell basis and a custom-made 
stainless steel lid with channels for O2 flow and glass window. 

Figure S1. Scheme and digital images of the cell used for operando Raman tests, with all 
components indicated. [1]

Similarly, Figure S2 shows images of the home-made cell used for deep 
discharge/charge tests with Swagelok-type system for gas flow.

Figure S2. Scheme and digital image of the cell used for electrochemical deep 
discharge/charge test with all components indicated.[2]
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The Raman bands observed in the spectra presented in Figures 2, 3 and 5 of the main 
text are described in Table S1 with their respectively assignment and reference.

 
Table S1. Raman bands assignment related to the spectra presented in Figures 1, 2 and 5. 

Species Wavenumber 
(cm-¹)

Assignment References

Li2O2 790 O-O stretch [3], [4], [5] 

Li2CO3 1090 C-O stretch [3], [6], [7] 

LiO2 1130 O-O stretch [3], [4]

Carbon 
(CNT, CP)

1200
1330
1500
1584
1615

D* band - Related to functional groups
D band - Related to structural defects
D” band - Related to amorphous carbon
G band - From Eg2 mode
D’ band - Related to structural defects

[8], [9], [10], [11]

LiClO4 931 Cl-O stretch [12],[13], [14]

DMSO
(dimethyl 
sulphoxide)

953
1026
1042
1058
1420

CH3 rocking
SO symmetric stretch of dimer
SO antisym. stretch of dimer
SO symm. stretch of monomer
CH3 asymmetric deformation

[15], [12], [3]

DMSO2

(dimethyl 
sulphoxone)

498
698
1004
1128
1428

SO2 deformation
CS2 symmetric stretch
CH3 rock
SO2 symmetric stretch
CH3 deformation

[16]
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Information of the different carbon nanotubes used in this work are presented in Table 
S2 and Figure S3. Table S2 show the physical characteristics and the manufacturer of the 
CNTs, while Figure S3 present XPS and Raman spectra of the electrodes with CNTs.

Table S2. Characteristics of different CNTs used.

Manufacturer     Outside diameter 
(nm)

Length (µm) Carbon content 
(%)

CNT_SA Sigma-Aldrich 7 - 15 0.5 - 10 > 99
CNT_CCL CNT Co., Ltd. 10 - 40 1 - 25 > 95

     

Figure S3. a) XPS and b) Raman spectra of pristine CPCNT_SA and CPCNT_CCL electrodes.

XPS show that both electrodes present C-C, C-O, C=O, CF2, CF3, and Fe-Ce bonding. 
Raman spectra of the CNTs contains D, G, D’, D* and D” bands. Electrode CPCNT_SA present 
higher CF bonds in XPS and higher ID/IG ratio, indicating more structural defects.
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Figure S4. Operando Raman   spectra in carbon range, and ID/IG ratio graph of carbon bands 
with electrochemical discharge/charge profile of electrodes a,c) Carbon paper with CNT from 
CNT Co. Ltd. and Nafion binder, and b,d) Carbon paper with CNT from Sigma-Aldrich and 
PTFE binder in a Li-O2 cell with 0.1 M DMSO/LiClO4 electrolyte at current density j= 65 µA 
cm-2.

The Raman spectra with elapsed time in the carbon region and ID/IG with 
electrochemical profile of the electrodes with different CNTs and binders has the same 
behaviour of the electrode with CNT presented in Figure 3 of the main text. D band increase 
upon charging indicating occurrence of side reactions in the carbon surface. 
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Figure S5. Digital image of discharged carbon paper (CP) and CP with CNT electrodes at 
650 uAh cm-2 in TiOSO4 solution and their respective UV-Vis spectra.

The TiOSO4 solution with CP electrode becomes bright yellow and has a strong 
absorbance at λ= 406 nm, indicating great amount of Li2O2. In the opposite, CP with CNT 
promotes a light change in the solution colour, which present a weak absorbance in the UV-
Vis spectra, indicating small amount of Li2O2. The results in Figure S5 confirms the difference 
in the main discharge product of the electrodes, which are Li2O2 for CP and Li2CO3 for CP with 
CNT electrodes.

Figure S6. (a) Raman and (b) XPS spectra of pristine carbon paper and carbon paper after O2 
plasma functionalization.
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Raman in Figure S6a show that CP submitted to O2 plasma for functionalization present 
D* and D” carbon bands, and higher D band when compared with pure CP, indicating more 
defects. XPS spectrum of CP functionalized present higher peaks of CO bonds than the pristine 
CP. These spectra confirms that the procedure with O2 plasma successfully induced structural 
defects and CO bonds in the carbon paper.

Figure S7. Operando Raman of carbon paper functionalized electrode in battery using 0.1M 
DMSO/LiClO4 electrolyte and applied current density of 65 µA cm-2.

Raman spectra with elapsed time of the CP functionalized in Li-O2 battery with 
DMSO/LiClO4 electrolyte show Li2O2 forming on discharging and decomposing on charging. 
Bands assigned to DMSO decrease during the cycle due to a focus issue in the measurement. 
No band related to lithium carbonate is detected.



S8

 The areas of XPS peaks presented in Figure 4 in the main paper are shown in percentage 
in Table S3. The table shows photoemission data of Fe 2p, C 1s, and F 1s of electrodes carbon 
paper with CNT (CPCNT) pristine and after discharge.

Table S3. Percentage areas of XPS peaks of iron, carbon and fluorine bindings in CPCNT 
pristine and discharged electrodes. 

Photoemission Binding Binding Percentage area
energy (eV) Pristine Discharged

Fe 2p Fe2+ 711.0 11.2 15.9
Fe3+ 714.0 25.7 23.6
Fe2+ 724.0 2.7 3.4
Fe3+ 727.0 0.9 0.9
Fe-C 707.0 27.3 26.7
Fe-C 720.0 22.3 21.9

C 1s C-Fe 284.1 5.7 4.5
C-C 284.5 41.2 42.0
C-O 285.3 14.8 18.3
C=O 288.0 13.7 13.9
CF2 291.9 22.5 19.9
CF3 293.8 2.1 1.3

F 1s CF2 689.0 96.6 91.8
CF3 690.8 3.4 3.5
Fe-F 685.4 - 4.7
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XPS in carbon energy of CP electrode pristine and after discharge were also carried out 
and shown in Figure S8 with the relative percentage area of XPS peaks. Compared to CP 
pristine, a slight decrease in C-C bond and increase in C-O bond are observed in the CP 
discharged. These changes are probably related to the presence of Li2O2 on the discharged CP 
surface and its higher interaction with oxygen from the product.

Figure S8. XPS spectra in C 1s energy of carbon paper electrode pristine and discharged. 
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