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Calculation of Na+/Na potential:

𝐸𝑎𝑏𝑠(𝑁𝑎 + /𝑁𝑎) =  𝐸𝑎𝑞𝑢𝑒𝑜𝑢𝑠
𝑎𝑏𝑠 (𝑁𝑎 + /𝑁𝑎) + (𝐸(𝑁𝑎 +

𝑠𝑜𝑙𝑣𝑒𝑛𝑡) ‒ 𝐸(𝑁𝑎 +
𝑎𝑞𝑢𝑒𝑜𝑢𝑠))

where  [1]; 𝐸𝑎𝑞𝑢𝑒𝑜𝑢𝑠
𝑎𝑏𝑠 (𝑁𝑎 + /𝑁𝑎) = 𝐸 °

𝑎𝑏𝑠(𝑆𝐻𝐸) + 𝐸°(𝑁𝑎 + /𝑁𝑎) = 4.44 ‒ 2.71 = 1.73 𝑉

 and  are the total energies of Na+ calculated in the solvent and the 𝐸(𝑁𝑎 +
𝑠𝑜𝑙𝑣𝑒𝑛𝑡) 𝐸(𝑁𝑎 +

𝑎𝑞𝑢𝑒𝑜𝑢𝑠)
aqueous solution, respectively. In this work, the difference between  and 𝐸(𝑁𝑎 +

𝑠𝑜𝑙𝑣𝑒𝑛𝑡)
 is ~0.01 V, which was computed similarly as in Ref. [2]. Therefore, 𝐸(𝑁𝑎 +

𝑎𝑞𝑢𝑒𝑜𝑢𝑠)
.𝐸𝑎𝑏𝑠(𝑁𝑎 + /𝑁𝑎) = 1.74 𝑉

Table S1. MD annealing and equilibration processes for amorphous PANI solid. The time 
step is set at 1 fs for all MD simulations.

Stage Ensemble Temp 
(K)

Time 
(ps)

Pressure 
(GPa)

Stage Ensemble Temp 
(K)

Time 
(ps)

Pressure 
(GPa)

1 NVT 750 30 9 NPT 298 100 3
2 NVT 600 20 10 NVT 600 20
3 NVT 450 20 11 NVT 450 20
4 NVT 298 100 12 NVT 298 100
5 NPT 298 100 0.1 13 NPT 298 100 0.5
6 NVT 600 20 14 NVT 600 20
7 NVT 450 20 15 NVT 450 20
8 NVT 298 100 16 NVT 298 100

17 NPT 298 1000 0.0001



Figure S1. The periodic simulation cell of NaClO4 in the solvent – propylene carbonate (PC), 
computed in DFTB+. Atom color code: C – brown, H – pink, Cl – green, O – red, Na - 
yellow.



Figure S2. Lowest-energy structures of PANI oligomers coordinated to different numbers of 
ClO4 anions, computed with different functionals (see the main text for ωB97XD structures).



Figure S3. Optimized structures of PANI at different degrees of oxidation from 4 % in (a) to 
100% in (p).



Figure S4. Optimized structures of PANI functionalized with cyano groups at different 
degrees of oxidation from 4 % in (a) to 100% in (d).



Figure S5. Computed structures for different distributions of counter ions in 24 % oxidized 
PANI. (a) to (d) show the structures containing 5 oligomer chains and (e) to (i) those 
containing 10 oligomer chains.
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