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1. Choosing the supporting electrolyte and solvent 

 

 

Fig. S1. Electrochemical impedance spectra (EIS) of different blank electrolytes (left). 

Photographs of blank electrolytes before and after adding Nap together with Na metal (right). 

It seems that NapÅ- cannot form in 0.5 M NaTFSI / DME solution, which could be induced by 

the passivation of Na metal surface and thus forbid the reaction between Nap and Na metal. 

 

 
Fig. S2. Electrochemical impedance spectra (EIS) and photographs of blank electrolyte (1 M 

NaPF6 / DME), 0.1 M Nap contained electrolyte and 0.1 M Na-Nap contained electrolyte. 
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2. Determination of the concentration of redox-active species 

 

Fig. S3. Photographs of unsaturated (upper) and saturated (lower) PAH (PAH = Bp, Nap, Phe, 

Ant, Tet, Pyr, Per) DME solutions. The solution volume increased significantly when preparing 

saturated Bp, Nap and Phe solutions. Therefore, itôs difficult to determine the saturated 

concentration just by the amount of solute added into the solution until the appearance of 

precipitation. 

 

 

Fig. S4. UV-vis spectra (a) and calibration curve (b) of Bp in DME solution 
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Fig. S5. UV-vis spectra (a) and calibration curve (b) of Nap in DME solution. The solubility of 

Nap in 1 M NaPF6 / DME (3.95 M) is slightly lower than that of in DME (4.04 M). 

 

 

Fig. S6. UV-vis spectra (a) and calibration curve (b) of Phe in DME solution 

 

 

Fig. S7. UV-vis spectra (a) and calibration curve (b) of Ant in DME solution 
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Fig. S8. UV-vis spectra (a) and calibration curve (b) of Tet in DME solution 

 

 

Fig. S9. UV-vis spectra (a) and calibration curve (b) of Pyr in DME solution 

 

 

Fig. S10. UV-vis spectra (a) and calibration curve (b) of Per in DME solution 
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Fig. S11. UV-vis spectra (a) and calibration curve (b) of TEMPO in DME solution 

 

 

Fig. S12. (a) The concentrations of Na (c(Na) in Na-PAH contained DME solutions determined 

by ICP calibration curve method. (b) Photographs of Na-PAH contained DME solutions with 

given and saturated concentrations. 

 

 

Fig. S13. Saturated concentration of FcPF6 in 1M NaPF6 / DME determined by ICP calibration 

curve method. Insert is the photograph of FcPF6 saturated 1M NaPF6 / DME solution. 

 

 

 



S7 
 

Table S1. A summary of the saturated concentrations of redox species determined by UV-vis 

or ICP analysis. 

Redox 

species 

Unsaturated solution Saturated solution 

c(PAH) / M c(Na) / M c(Na)/c(PAH) c(PAH) / 

M 

c(Na) / M c(Na)/c(PAH) 

Bp 0.1 0.0809 0.81 3.9 2.3615 0.61 

Nap 0.1 0.0910 0.91 4 4.0585 1.01 

Phe 0.1 0.0791 0.79 3.145 2.1688 0.69 

Ant 0.01 0.0174 1.74 0.093 0.1525 1.64 

Tet 0.001 0.0020 2.02 0.002196 0.005009 2.28 

Pyr 0.1 0.1087 1.09 1.2572 0.7742 0.62 

Per 0.01 0.0196 1.97 0.01628 0.02521 1.55 

 

  c / M 

FcPF6  0.55 

TEMPO  5.9 

 

4. Electrochemical performance of PAH / PAHÅn- redox species 

 

 
Fig. S14. CV curves for PAH (a) and Na-PAH (b) contained electrolytes at the potential range 

from 0 V to 4.5 V (vs. Na/Na+) and a scan rate of 20 mV/s. PAH = 0.1 M Bp, 0.1 M Nap, 0.1 

M Phe, 0.01 M Ant, 0.001 M Tet, 0.1 M Pyr and 0.01 M Per; Na-PAH = 0.1 M Na-Bp, 0.1 M 

Na-Nap, 0.1 M Na-Phe, 0.01 M Na-Ant, 0.001 M Na-Tet, 0.1 M Na-Pyr and 0.01 M Na-Per. 

For CV curves in Pyr or Na-Pyr contained electrolytes, the reduction current below 1.5 V (vs. 

Na/Na+) was much larger compared with other systems owing to the electrochemical 

polymerization of Pyr as reported by Bachman et al. (Nat. Commun. 2015, 6, 7040). The 

resulting polymer films were clearly observed after several CV cycles (Fig. S15). 
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Fig. S15. Photographs of Pt RDE before (a) and after CV measurement (with an upper potential 

limit of 4.5 V vs. Na/Na+) in Pyr contained electrolyte (b) or Na-Pyr contained electrolyte (c). 

A polymer film formed onto the surface of Pt RDE was clearly observed after several CV cycles. 

 

 

Fig. S16. iR-corrected CV curves for 0.1 M Bp (a) and 0.1 M Na-Bp (b) contained electrolytes 

at different scan rates. linear relationship between ip and v1/2 obtained from CV curves (c, d). 
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Fig. S17. iR-corrected CV curves for 0.1 M Nap (a) and 0.1 M Na-Nap (b) contained 

electrolytes at different scan rates. linear relationship between ip and v1/2 obtained from CV 

curves (c, d). 

 

Fig. S18. iR-corrected CV curves for 0.1 M Phe (a) and 0.1 M Na-Phe (b) contained electrolytes 

at different scan rates. linear relationship between ip and v1/2 obtained from CV curves (c, d). 
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Fig. S19. iR-corrected CV curves for 0.01 M Ant (a) and 0.01 M Na-Ant (b) contained 

electrolytes at different scan rates. linear relationship between ip and v1/2 obtained from CV 

curves (c, d). 

 

Fig. S20. iR-corrected CV curves for 0.001 M Tet (a) and 0.001 M Na-Tet (b) contained 

electrolytes at different scan rates. linear relationship between ip and v1/2 obtained from CV 

curves (c, d). 
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Fig. S21. iR-corrected CV curves for 0.1 M Pyr (a) and 0.1 M Na-Pyr (b) contained electrolytes 

at different scan rates. linear relationship between ip and v1/2 obtained from CV curves (c, d). 

 
Fig. S22. iR-corrected CV curves for 0.01 M Per (a) and 0.01 M Na-Per (b) contained 

electrolytes at different scan rates. linear relationship between ip and v1/2 obtained from CV 

curves (c, d). 
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Table S2. The diffusion coefficient (D, cm2/s) calculated by the Randle-Sevcik equation. 

 D, ×10-6 cm2/s  D, ×10-6 cm2/s 

PAH PAHÅ- PAHÅ2- PAHÅ- PAHÅ2- PAHÅ3- 

Bp 5.52   Na-Bp 1.85   

Nap 5.98   Na-Nap 2.23   

Phe 4.14   Na-Phe 2.21   

Ant 6.88 10.0  Na-Ant 1.85 0.42  

Tet 5.49 2.68 5.62 Na-Tet 3.99 1.84  

Pyr 3.53   Na-Pyr 2.37   

Per 3.21 3.91  Na-Per 4.06 1.96  

 

 

Fig. S23. iR-corrected LSV curves for 0.1 M Bp (a) and 0.1 M Na-Bp (b) contained electrolytes 

at various rotation speeds. Insert is the Levich plot of diffusion-limited current (id) vs. square 

root of rotation (ɤ1/2). 

 

 

Fig. S24. iR-corrected LSV curves for 0.1 M Nap (a) and 0.1 M Na-Nap (b) contained 

electrolytes at various rotation speeds. Insert is the Levich plot of diffusion-limited current (id) 

vs. square root of rotation (ɤ1/2). 
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Fig. S25. iR-corrected LSV curves for 0.1 M Phe (a) and 0.1 M Na-Phe (b) contained 

electrolytes at various rotation speeds. Insert is the Levich plot of diffusion-limited current (id) 

vs. square root of rotation (ɤ1/2). 

 

 

Fig. S26. iR-corrected LSV curves for 0.01 M Ant (a) and 0.01 M Na-Ant (b) contained 

electrolytes at various rotation speeds. Insert are the Levich plots of diffusion-limited current 

(id) vs. square root of rotation (ɤ1/2). 

 

 

Fig. S27. iR-corrected LSV curves for 0.001 M Tet (a) and 0.001 M Na-Tet (b) contained 

electrolytes at various rotation speeds. Insert are the Levich plots of diffusion-limited current 

(id) vs. square root of rotation (ɤ1/2). 
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Fig. S28. iR-corrected LSV curves for 0.01 M Pyr (a) and 0.01 M Na-Pyr (b) contained 

electrolytes at various rotation speeds. Insert are the Levich plots of diffusion-limited current 

(id) vs. square root of rotation (ɤ1/2). 

 

 

Fig. S29. iR-corrected LSV curves for 0.01 M Per (a) and 0.01 M Na-Per (b) contained 

electrolytes at various rotation speeds. Insert are the Levich plots of diffusion-limited current 

(id) vs. square root of rotation (ɤ1/2). 

 

 

Fig. S30. iR-corrected CV curves of Pt and glass carbon RDE in 0.1 M Na-Nap contained 

electrolyte at different scan rates (a) and different rotation speeds (b) 

 

 

 



S15 
 

 

Fig. S31. iR-corrected CV curves for 0.1 M FcPF6 contained electrolytes at different scan rates 

(a). Linear relationship between ip and v1/2 obtained from CV curves (b). iR-corrected LSV 

curves for 0.1 M FcPF6 contained electrolytes at various rotation speeds (c). Insert is the Levich 

plot of diffusion-limited current (id) vs. square root of rotation (ɤ1/2). Plot of potential versus 

log10(ik) and the corresponding ýtted Tafel plot (d). 
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Fig. S32. iR-corrected CV curves for 0.1 M TEMPO contained electrolytes at different scan 

rates (a). Linear relationship between ip and v1/2 obtained from CV curves (b). iR-corrected LSV 

curves for 0.1 M TEMPO contained electrolytes at various rotation speeds (c). Insert is the 

Levich plot of diffusion-limited current (id) vs. square root of rotation (ɤ1/2). Plot of potential 

versus log10(ik) and the corresponding ýtted Tafel plot (d). 

 

Table S3. The rate constant (k0, cm/s) of as-studied redox species 

 k, ×10-3 cm/s  k, ×10-3 cm/s 

PAH/ 

PAHÅ- 

PAHÅ-/ 

PAHÅ2- 

PAHÅ2-/ 

PAHÅ3- 

PAHÅ-/ 

PAH 

PAHÅ2-/ 

PAHÅ- 

PAHÅ3-/ 

PAHÅ2- 

Bp    Na-Bp 6.16   

Nap    Na-Nap 10.4   

Phe    Na-Phe 9.70   

Ant 7.97   Na-Ant 5.00 1.95  

Tet 6.05   Na-Tet 4.94 4.02  

Pyr 15.3   Na-Pyr 4.56   

Per 8.07   Na-Per 5.64 15.7  

 

FcPF6 5.24   

  TEMPO 4.91 
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5. Stability, Conductivity and Viscosity 

Nap is a stable molecule. The durability of Nap/NapÅ- based anolyte depends on the stability of 

NapÅ-. In order to evaluate the stability of NapÅ-, CV was performed in 0.1 M Na-Nap contained 

electrolyte (ca. 0.5 ml) at a potential range of 0 ~ 0.4 V (vs. Na/Na+) with a scan rate of 20 mV/s 

in glovebox. Both the working and counter electrodes were Pt wire, and the reference electrode 

was also a homemade Na/Na+ electrode. As shown in Fig. S33, the CVs shows negligible decay 

after 4000 cycles (over 40 hours), indicating a good stability of NapÅ-. 

 

 
Fig. S33. CV curves for 0.1 M Na-Nap contained electrolyte after different cycles at a scan rate 

of 20 mV/s. Both working electrode and counter electrode are Pt wire. The CVs shows 

negligible decay after 4000 cycles (over 40 hours), indicating a good stability of Nap.-. 

 

The conductivity of Nap and Na-Nap contained electrolytes with various concentrations were 

studied using AC impedance inside glovebox (Fig. S34). A two-electrode system was used. 

Both the working and counter electrodes were Ni foil (1 cm2) and the distance between the two 

electrodes was 1 cm. the conductivity was calculated according to the following equation: 

ʍ  
ὰ

ίὙ
 

where ɟ is the ionic conductivity (S/cm), l is the distance of working and counter electrodes (1 

cm), s is the electrode surface area (1 cm2), and R is the solution resistance (ɋ) which obtained 

from the AC impedance analysis. 
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Fig. S34. Electrochemical impedance spectra (EIS) and conductivities of blank electrolyte (1 

M NaPF6 / DME), Nap contained electrolytes and Na-Nap contained electrolytes. 

 

The viscosities of Nap and Na-Nap contained electrolytes with various concentrations were 

measured on a Brookfield DV-II+Pro viscometer under air atmosphere at room temperature 

(Fig. S35). Spindle SC-21 was used in this viscometer. Na-Nap saturated electrolyte would 

react with oxygen or moisture and formed an insoluble film on the surface, thus restricting the 

rotation of spindle and resulting a sharp rise of viscosity. The real viscosity for Na-Nap 

saturated electrolyte should be lower than the measured value. 

 
Fig. S35. The viscosities of Nap and Na-Nap contained electrolytes with various concentrations. 

The obtained viscosities for Nap and Na-Nap contained electrolytes were very low, which could 

facilitate the flow of electrolyte and mass transfer of redox-active species. 
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6.  Battery test 

 

Fig. S36. H-type Na-Nap||FcPF6 battery and the separator (Celgard M824) after cycling test. 

 

 

Fig. S37. Photograph and scheme of the cylinder type Nap||TEMPO battery. 

 

Fig. S38. Photograph and scheme of flow-mode Na-Nap||FcPF6 RFB (a). Polarization curve 

and corresponding power density of the Na-Nap||FcPF6 RFB at a flow rate of 5 ml/min and 10 

ml/min, respectively (b). Anolyte is 8 ml 0.1 M Na-Nap 1 M NaPF6/DME and catholyte is 8 ml 

0.1 M FcPF6 1 M NaPF6/DME. The separator is a Celgard M824 membrane. The polarization 

curves were collected by multi-step constant current method and each current step was 1 min. 


