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S1. Comparison of permittivities of dry and soaked samples with carbon black CB1 

The carbon black powder denoted CB1 was supplied by Alfa Aesar with a specific surface 
area of about  80 m2.g−1. 
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Figure S1. Frequency dependent real part of permittivity e’ at 293 K for dry (+++) and soaked (+++) samples 
with the following CB1 volume fractions: a) φCB = 5.3 % and b) φCB = 7.8 %. 

 

 

 

 

  



S2. Comparison between Electrochemical Impedance Spectroscopy (EIS) and Broadband 
Dielectric Spectroscopy (BDS) 

The carbon black (CB1) mass MCB is: 

MCB = M×cM            (S1) 

where M is the sample (pellet) mass and CM the mass fraction of CB1. The carbon black (CB1) 
total surface is: 

SCB = Ssp×MCB            (S2) 

where Ssp = 80 m2.g-1 is the specific surface of CB1. The resistivity ρ50kHz measured at 50 kHz 
by EIS is given by 

𝜌𝜌50𝑘𝑘𝑘𝑘𝑘𝑘 = 𝜌𝜌′50𝑘𝑘𝑘𝑘𝑘𝑘 − 𝑖𝑖𝜌𝜌"50𝑘𝑘𝑘𝑘𝑘𝑘  = 𝜋𝜋𝑟𝑟𝑝𝑝2

𝐿𝐿 𝑆𝑆𝐶𝐶𝐶𝐶
(𝑍𝑍′50𝑘𝑘𝑘𝑘𝑘𝑘 − 𝑖𝑖𝑍𝑍"

50𝑘𝑘𝑘𝑘𝑘𝑘) (in Ω.m)   (S3) 

where Z'50kHz (in Ω.m2) is the real part of impedance at 50 kHz, L the sample thickness and S = 
πrp2 the geometric surface of the sample with radius rp = 3.5 mm. The real part of the complex 
conductivity is 

𝜎𝜎′50𝑘𝑘𝑘𝑘𝑘𝑘 = 𝜌𝜌′50𝑘𝑘𝑘𝑘𝑘𝑘
�𝜌𝜌′50𝑘𝑘𝑘𝑘𝑘𝑘

2 +𝜌𝜌"50𝑘𝑘𝑘𝑘𝑘𝑘
2 �

 (in S.m-1)        (S4) 

Since there is no overlap between EIS and BDS measurements, conductivity values at the 
highest frequency 50 kHz (σ'50kHz) and the lowest frequency 1 mHz (σ’1MHz) of EIS are 
compared in Table S1. 

Table S1. Parameters (sample mass and thickness, CB1 mass and surface) for determining the real part of the 
conductivity at 50 kHz vs. the CB1 fraction 

 

 

 

 

 

 

 
 

CB1 % 
Mass 

Volume 

Sample mass 
M (mg) 

Sample surface 
L (mm) 

CB1 mass 
MCB (mg) 

CB1 surface 
SCB (m2) 

Z’50kHz 
Z”50kHz 

 
(Ω.m2) 

Z’1mHz 
Z”1mHz 

 
(Ω.m2) 

 
σ'50kHz 

 
(S.m-1) 

 
σ'1mHz 

 
(S.m-1) 

8.0 
5.3 

51 
0.89 

4.08 
0.33 

15 
5 

195 
105 

0.5 0.07 

10.0 
6.9 

54 
0.88 

5.40 
0.43 

20 
8 

225 
115 

0.4 0.03 

12.5 
7.8 

53 
0.96 

6.6 
0.53 

8 
7 

185 
100 

1.0 0.06 

15.0 
9.2 

59 
1.04 

8.9 
0.71 

12 
4 

195 
105 

1.5 0.08 


