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Table S1. Gas decomposition products of EC/DEC/LiPF6 1 M (a) and EC/DEC/LiPF6 1 M 

containing 1 % of amorphous carbon nanoparticles (b) identified by GC-EI/MS after γ-irradiation at 

17 and 19 kGy respectively. The presence of acetone and ethanol may be attributed to the washing 

of ampoules used for irradiation and not to irradiation. The presence of Si(F)2(CH3)2 can be 

attributed to a reaction between LiPF6 and the chromatographic column. The same decomposition 

products are detected with and without the nanoparticles. 

Gas decomposition product
Number attributed 

in the main text
Retention time (min)

Ar 1.1 - 2.1

CO2 2.4

C2H6 2.6

C2H5F 1 5.6

CH3CH=CH2 2 7.1

C3H8 3 7.8

CH3CHO 4 9.4

CH3CH2OH 5 11.5

Si(F)2(CH3)2 11.7

CH2=CHCH=CH2 12.1

(CH3)2C=CH2 12.6

C4H10 6 12.8

(CH3)2C(=O) 14.1

CH3CH2OCHO 7 15.0

(C2H5)2O 8 15.8

C5H12 9 16.3

c-CH2-O-CH2-O-CH2- 10 16.4

CH3CH2OC(=O)CH3 11 17.9

c-CH2-O-CH(CH3)-O-CH2- 12 18.5

CH3CH2OC(=O)OCH3 13 20.0

DEC 14 22.4

EC 15 23.7
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Figure S1. Gas phase chromatogram obtained after γ-irradiation at a dose of 17 kGy of 

EC/DEC/LiPF6 1 M identified by GC-EI/MS. Except Ar and CO2, the identified species are 

numbered. The corresponding assignments are given in Table 1 in the main text and in Table S1.

Figure S2. Evolution of the main decomposition products formed in the gas phase and measured by 

μ-GC after γ-irradiation of EC/DEC/LiPF6 1 M as a function of the dose.
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Table S2. Radiolytic yields (G, µmol.J-1) of the main gases produced in the irradiated electrolyte 

with/without nanoparticles as determined by μ-GC. The uncertainties were estimated at 10 %.

Gas Without nanoparticles With nanoparticles

H2 0.05 0.05

CH4 0.01 0.01

CO 0.07 0.09

CO2 0.26 0.26
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Figure S3. Comparison of C-1s core level spectra measured on SLP30 (graphite): not irradiated 

(blue) and irradiated at a dose of 1.5 MGy (brown). This last spectrum is similar to ones measured 

after the electrochemical cycling of graphite electrodes.1
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Figure S4. Evolution of the percentage of the area of the species formed upon irradiation with 

respect to the total area of the XPS 1s C spectra as a function of the dose.
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Figure S5. Comparison of deconvoluted F-1s core level spectra measured on (a) pure LiPF6 salt; 

carbon nanoparticles not irradiated (b) and irradiated at a dose of 58 kGy (c). Peak assignments are 

summarized in Table S3.

The F-1s spectrum of the surface of non-irradiated nanoparticles exhibits two major peaks at 687.0 

 0.3 and 688.0  0.3 eV that are assigned to LixPOyFz/LixPFy (salt residues) and the LiPF6 salt, 

respectively (Figure S4).2 The analysis of pure LiPF6 salt (reference) confirms the attribution of 

contribution at 688.0  0.3 eV to LiPF6 chemical environment. LixPOyFz/LixPFy species are due to 

degradation of the salt after the overnight vacuum treatment used for drying and/or during XPS 

measurements, in the presence of carbon nanoparticles. It is worth pointing out that the degradation 
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of the salt was already reported, and that LiPF6 was shown not to be stable under the high vacuum 

conditions used to remove the electrolyte from the anode.3 The authors then suggested that LiPFx 

should be rather used instead of LiPF6, even if it is also due to reduction processes and can be 

formed upon irradiation.3,4 The additional peaks identified on the F-1s spectrum at 685.3  0.3  and 

689.7  0.3 eV are respectively attributed to LiF formation5 and to SiOxFy species due to the 

reaction between fluorinated compounds and the silica walls of the ampoules used for irradiation.4 

All these compounds can be formed upon vacuum and are therefore not specific of irradiation. As a 

quantitative analysis of XPS spectra performed on nanoparticles is very difficult, these spectra are 

not very informative. 

Table S3. X-ray photoelectron spectroscopy binding energies issued from deconvoluted spectra 

together with their assignment for non-irradiated carbon nanoparticles and carbon nanoparticles 

irradiated at doses of 28, 58, 92 and 202 kGy. For the purpose of comparison, data from few articles 

focussed on LIBs are given.

Core 

level

Binding 

energy 

(eV)

References for 

LIBs data, 

with 

corresponding 

binding energy 

(eV)

Non-irradiated 

nanoparticles
Irradiated nanoparticles Assignment

F-1s 
685.5  

0.3

685.0-686.45

● ● LiF

F-1s 
687.0  

0.3

687-6882

● ● LixPOyFz/LixPFy (LiPFx)

F-1s  688.0  6886 ● ● LiPF6 (LiPFx)
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0.3

F-1s 
689.7  

0.3

This work
● ● SiOxFy
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Table S4. Raw electrochemical impedance spectroscopy fitted data of carbon nanoparticles, not 

irradiated and irradiated in EC/DEC/ 1M LiPF6 electrolyte at a total dose of 106 kGy measured in 

symmetrical cell (2 times the same electrode). 

The simulation is based on the following equivalent circuit, which is simply two of the circuits 

diagrammed in the text placed in series (to model the symmetric cell):

The relation between C, Q and R is the following:

Briefly, electrochemical impedance spectroscopy (EIS) measures the response of an 

electrochemical cell to a low amplitude sinusoidal perturbation as a function of frequency. This 

response is measured thanks to the phase shift of the current and voltage, as well as thanks to their 

amplitudes in the frequency domain. It is used to investigate the dynamics of the charges present in 

the volume of interfacial regions. The analysis of the data is based on the use of an Equivalent 

Electrical Circuit (EEC) containing elements such a resistance, capacitance and inductance to model 

the different interfaces.  

Element R0 (Ω) 2 Rf (Ω) Qf/2

(Ω-1 rad- α)

α 2 Rct (Ω) Qdl/2

(Ω-1 rad- α
dl)

αdl

Non 

Irradiated

2.7 71 2.5×10-5 0.8 542 9×10-4 0.6

Irradiated 

(106 kGy)

3.4 147 2.2×10-5 0.8 914 9×10-5 0.7
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Figure S6. Raman spectra in the 1100-1700 cm-1 range of nanoparticles before (a) and after the 

thermal treatment at 400°C (b).The data, together with the global fit (black line), are represented. 

The bands are deconvoluted by using five Lorentzian functions. 

Raman spectra of nanoparticles before and after thermal treatment at 400°C were recorded in order 

to get insight into the organization of carbon atoms inside nanoparticles. The samples were 

analyzed by micro-Raman Spectroscopy (µRS) using a Renishaw InVia spectrometer equipped with 

a frequency doubled Nd:YAG laser at 532 nm. The laser was focused on the sample thanks to a 

LEICA DM/LM microscope. With the ×50 focus used for the acquisitions, the beam diameter was 

1.5 µm and the penetration length was about 2 µm. The spectral resolution given by the CCD 

detector was 2 cm-1. Density filters were used to control the laser power on the sample under 100 

µW. Spectral acquisitions were performed with the Renishaw Wire 3.2 software in an ultra-fast 

mode (StreamLineTM, Renishaw, UK). The spectra are displayed in the 1100-1700 cm-1 range, 

which exhibits first-order Raman bands typical of graphitic-like carbonaceous materials.7-8 The 

most prominent features are the G1 band at 1580 cm-1, corresponding to the vibration of an ideal 

graphitic lattice (E2g-symmetry), and four disorder related contributions (“D” for “Defect” bands, 

D1-D4): D1 (1350 cm−1), D2 (1610 cm−1), D3 (1500 cm−1), and D4 (1250 cm−1).1-2 The D bands are 

characteristic of disordered graphite and their intensity increases with respect to the G band when 

disorder increases. Thus, the D bands are not detected in a highly crystalline graphite. The most 

intense is the D1 band, which corresponds to a disordered graphitic vibration mode with A1g 

symmetry. The D2 band, a disordered graphitic lattice mode with E2g symmetry, is observed as a 

shoulder on the G band. The D3 band corresponds to amorphous carbon. The D4 band corresponds 

to disordered graphitic lattice mode with A1g symmetry. It can also correspond to impurities.1 The 
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Raman spectra clearly indicate that carbon in nanoparticles is poorly organized and that the thermal 

treatment at 400°C has no effect on the organization of the material.

Figure S7. TEM images of the carbon nanoparticles before irradiation. 
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