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Calculations of specific capacity and energy density of PDPAPF6

Specific capacity (QPDPAPF6) and energy density (EPDPAPF6) of PDPAPF6 were calculated by 
division of corresponding values obtained for PDPA (QPDPA and EPDPA, respectively) by the 
ratio of molecular weights for monomeric units of PDPAPF6 (M.DPAPF6.) and PDPA (M.DPA.) 
which was 1.868 (1).

𝑄𝑃𝐷𝑃𝐴𝑃𝐹6 =
𝑄𝑃𝐷𝑃𝐴

𝑀.𝐷𝑃𝐴𝑃𝐹6./𝑀.𝐷𝑃𝐴.
=
𝑄𝑃𝐷𝑃𝐴
1.868 (1)

Similarly, specific capacities and energy densities for PAniPF6 and PTPAPF6 were 
calculated (Table S2).  

Calculations of active material energy density, average discharge potential and 
realistic energy density of cathode composite
Experimental values of energy density were extracted from BTSDA 7.6.0.249 software 
which was used for the processing of the data of galvanostatic charge-discharge cycling 
performed using Neware BTS3000 station. The values of energy density (E) for the 
materials reported in literature were calculated as an area under the corresponding 
charge-discharge (voltage (V) vs. specific capacity (q)) curve from 0 mAh g-1 to the 
highest achieved value of specific capacity (Q) (2), if not directly stated.

𝐸=
𝑄

∫
0

𝑉𝑑𝑞 (2)

Average discharge potential (Vav.) was calculated by division of energy density (E) by 
specific capacity (Q) of the material (3).

𝑉𝑎𝑣. =
𝐸
𝑄 (3)

Realistic energy density (Ereal.) was calculated by multiplication of energy density (E) of 
active material on its content (ω) in the cathode composite (Tables S3-S4) (4).

𝐸𝑟𝑒𝑎𝑙. = 𝐸 ∗ 𝜔 (4)
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Figure S1. The DFT calculated structure of PDPA trimer (a) and comparison of the computed 
FTIR spectra for PDPA trimer and hexamer (b).

Figure S2. Comparison of the experimental and computed FTIR spectra of PAni (a) and PTPA (b).
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Figure S3. MAS 13C ssNMR spectrum of PDPA (a) and reproduced from Spectral Database for 
Organic Compounds (SDBS) 13C NMR spectrum of N,N'-diphenylbenzidine1 (b).
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Figure S4. Cyclic voltammograms of Li (left column: a, c, e) and K (right column: b, d, f) half-cells 
with PAni (a, b), PDPA (c, d) and PTPA (e, f) cathode active materials.
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Figure S5. Reaction scheme for chemical oxidation of PDPA by 0.5M NO2PF6 in acetonitrile (a) 
and FTIR spectra of pristine (PDPA) and oxidized (PDPAPF6) samples of PDPA (b).
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Figure S6. Electrochemical impedance spectra of Li half-cells with PAni (a), PDPA (b) and PTPA 
(c) cathode active materials.



S8

Figure S7. Capacity versus current density behavior of PDPA//Li cell with various electrode 
compositions.
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Figure S8. Appearance of the cell separator: initial state (a) and after ~100 charge-discharge 
cycles while composites PDPA:Super-P:PVDF (50:40:10) (b), PDPA:Super-P:PVDF (70:20:10) (c), 

PDPA:Super-P:PVDF (80:10:10) (d) and PDPA:MWCNTs:PVDF (80:10:10) (e) were used as 
cathodes.
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Figure S9. Evolution of specific capacity for cathodes with different composition upon charge-
discharge cycling at the current density of 0.1 A g-1 (a, c) and 1 A g-1 (b, d) for lithium (a, b) and 

potassium (c, d) half-cells with PAni cathode active material
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 Figure S10. Charge-discharge profiles obtained at the current density of 0.1 A g-1 for cathode 
compositions PAni:conductive additive:PVDF (80:10:10) with super-P carbon (a, c) and 

MWCNTs (b, d) conductive additives in lithium (a, b) and potassium (c, d) half-cells.
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Figure S11. Evolution of specific capacity for cathodes with different composition upon charge-
discharge cycling at the current density of 0.1 A g-1 (a, c) and 1 A g-1 (b, d) for lithium (a, b) and 

potassium (c, d) half-cells with PDPA cathode active material.
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Figure S12. Charge-discharge profiles obatined at the current density of 0.1 A g-1 for cathode 
compositions PDPA:conductive additive:PVDF (80:10:10) with super-P carbon (a, c) and 

MWCNTs (b, d) conductive additives in lithium (a, b) and potassium (c, d) half-cells.
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Figure S13. Evolution of specific capacity for cathodes with different composition upon charge-
discharge cycling at the current density of 0.1 A g-1 (a, c) and 1 A g-1 (b, d) for lithium (a, b) and 

potassium (c, d) half-cells with PTPA cathode active material.



S15

Figure S14. Charge-discharge profiles obtained at the current density of 0.1 A g-1 for cathode 
compositions PTPA:conductive additive:PVDF (80:10:10) with super-P carbon (a, c) and 

MWCNTs (b, d) conductive additives in lithium (a, b) and potassium (c, d) half-cells.
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Figure S15. Evolution of the coulombic efficiencies of Li (a, c, e) and K (b, d, f) half-cells using 
active material:conductive additive:PVDF (80:10:10) cathodes with PAni (a, b), PDPA (c, d) and 

PTPA (e, f) active materials.
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Figure S16. Evolution of the average discharge potentials of Li (a, c, e) and K (b, d, f) half-cells 
using the active material:conductive additive:PVDF (80:10:10) cathodes with PAni (a, b), PDPA 

(c, d) and PTPA (e, f) active materials.



S18

Table S1. Assignment of signals in NMR spectra of N,N'-diphenylbenzidine (dimer) and PDPA 
(polymer). See the Figure S2 for spectra images and carbon atoms numbering.

Chemical shift, ppmCarbon atom 
no.

Dimer1 polymer

1 143.32 141.01

2 142.01 141.01

3 131.52 129.54

4 129.12 126.68

5 126.44 124.73

6 119.67 119.93

7 117.13 115.79

8 116.75 115.79
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Table S2. Experimental specific capacities and energy densities of reduced (discharged) forms 
of PAni, PDPA and PTPA measured for cathode compositions: active material:MWCNTs:PVDF 
(80:10:10) and calculated values for oxidized (charged) forms with PF6

- anions.

Specific capacity (mAh/g) Energy density (Wh/kg)

Material
Discharged Charged 

(anion: PF6
-) Discharged Charged 

(anion: PF6
-)

PAni 131 51 453 175

PDPA 145 77 523 280

PTPA 91 57 338 211
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Table S3. Comparison of the results obtained in this work with the selected literature data on 
the polymeric cathode materials for dual-ion batteries.

Entrya) Active 
material

Cathode 
compositionb)

Current 
density 
(mA/g)

Specific 
capacity 
(mAh/g)

Energy 
density 
(Wh/kg)

Realistic 
energy 
density 
(Wh/kg)

Average 
discharge 

potential (V)
Ref.

1 (This 
work) PDPA AM:MWCNTs:PVDF 

(80:10:10) 100 145 523 418 3,61 -

2 (10) PTPA AM:AB:PTFE 
(70:20:10) 50 103 387 271 3,76 2

3 (11) p-DPPZ AM:SP:PVDF 
(75:15:10) 105 150 530 398 3,53 3

4 (12) Poly(Ph-
PZ)-10

AM:SP+CMK3:PVDF 
(30:60:10) 1045 223 769 230 3,45 4

5 (12) Poly(Ph-
PZ)-10

AM:SP+CMK3:PVDF 
(60:30:10) 209 167 576 340 3,45 4

6 (13) PHTPA AM:AB:PVDF 
(40:50:10) 80 64 225 90 3,52 5

7 (13) PHTPA AM:AB+SWCNTs:
PVDF (80:10:10) 80 67 235 188 3,51 5

8 (14) PAni AM:CB:PTFE 
(70:20:10) 10 138 415 291 3,01 6

9 (18) PDPPD AM:SP:PVDF 
(50:40:10) 105 102 362 181 3,55 7

10 (21) PDPA-AQ AM:AB:PVDF 
(40:50:10) 21 159 362 145 2,28 8

11 (22) PTTPAB AM:AB:PVDF 
(50:40:10) 20 86,7 327 164 3,77 9

12 (23) PTDATA AM:AB:PVDF 
(50:40:10) 20 133 410 205 3,08 10

13 (24) PTPA-
TEMPO

AM:AB:PVDF 
(50:40:10) 20 140 483 242 3,45 11

14 (25) p-DPPZ AM:SP:PVDF 
(50:40:10) 200 162 593 297 3,66 12

15 (26) PTPA-
NO2

AM:AB:PTFE 
(70:20:10) 40 72 259 18 3,60 13

16 (27) Cu-TCA AM:SP:PVDF 
(80:10:10) 73 102 297 238 2,91 14

a) The references specified in the Figure 5 and in the reference list of the main article text are given in the brackets;
b) The following acronyms were used: AM – active material, PVDF – polyvinylidene fluoride, PTFE – polytetrafluoroethylene, AB 
– acetylene black, CB – carbon black, SP – super-P carbon, SWCNTs – single-walled carbon nanotubes, MWCNTs – multi-walled 
carbon nanotubes, CMK3 – carbon mesostructures at KAIST – 3 (special type of carbon naterial); the materials content is given 
in the brackets.
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Table S4. Comparison of the results obtained in this work with the selected literature data on 
the polymeric cathode materials for dual-ion batteries (continuation).

Entrya) Active 
material

Cathode 
compositionb)

Current 
density 
(mA/g)

Specific 
capacity 
(mAh/g)

Energy 
density 
(Wh/kg)

Realistic 
energy 
density 
(Wh/kg)

Average 
discharge 

potential (V)
Ref.

17 
(28)

Poly-PPDA-
PYR

AM:MWCNTs:PVDF 
(30:50:20) 20 113 360 108 3,19 15

18 
(29) PTPA AM:MWCNTs:PVDF 

(65:25:10) 20 82 297 193 3,61 16

19 
(30) PTh AM:CB:PTFE 

(85:10:5) 100 62 241 205 3,87 17

20 
(31) Poly(exTTF) AM:VGCF:PVDF 

(10:80:10) 132 108 338 34 3,13 18

21 
(32) PV2T AM:SP:PVDF 

(40:55:5) 110 105 411 16 3,91 19

22 
(33) PDDTB AM:CB:PTFE 

(40:40:20) 50 363 712 285 1,96 20

23 
(34) PTVE AM:VGCF:PTFE 

(20:70:10) 81 114 358 72 3,14 21

24 
(35)

PPy-C-
TEMPO

AM:AB:PVDF 
(50:40:10) 20 115 368 184 3,20 22

25 
(36) PTMA AM(60%):SP:PVDF 111 79 271 163 3,43 23

26 
(37) PFFAL2 AM:VGCF:PVDF 

(10:80:10) 82 89 307 31 3,47 24

27 
(38) H-MPTN AM:SP:PVDF 

(15:40:10) 50 80 255 59 3,19 25

28 
(38)

H-MPTN-
TCNE

AM:SP:PVDF 
(15:40:10) 50 146 408 94 2,79 25

29 
(39) SPTPA AM:AB:PVDF 

(30:50:40) 200 93 335 84 3,60 26

30 
(40)

PT-DMPD-
10%

AM:SP:PVDF 
(30:60:10) 773 150 501 150 3,340 27

31 
(40)

PT-DMPD-
10%

AM:SP:PVDF 
(75:15:10) 773 132 453 340 3,43 27

a) The references specified in the Figure 5 and in the reference list of the main article text are given in the brackets;
b) The following acronyms were used: AM – active material, PVDF – polyvinylidene fluoride, PTFE – polytetrafluoroethylene, AB 
– acetylene black, CB – carbon black, SP – super-P carbon, MWCNTs – multi-walled carbon nanotubes, VGCF – vapor grown 
carbon fiber; the materials content is given in the brackets.
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