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1. Physico-chemical characterization of binary IL mixture electrolytes  

The density (ρ) of the neat ILs and their binary mixtures was measured at different 

temperatures from 10 °C to 50 °C (± 0.02 °C) using a density meter (Anton Paar, DMA 

4500 M). The viscosity and electrical conductivity of the samples at different 

temperatures (10 °C − 50 °C) were also measured using a viscosimeter (Brookfield DV-

II+ Pro) and conductivity meter (Seven Compact TM), respectively. 

2. Electrochemical stability windows of the binary IL mixture electrolytes 

    Electrochemical stability windows of the binary IL mixture electrolyte were 

determined on the basis of the method suggested by Weingarth et al [1].  

3. Calculation method 

According to the following equations, the gravimetric specific capacitance (Cs, F 

g-1) of a single electrode, and specific capacitance (Ccell, F g-1), energy density (E, Wh 

kg-1), and power density (P, W kg-1) of the symmetric supercapacitors were calculated 

from the GCD curves. 

                                 (S1) 
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                            (S3) 

                               (S4) 

where I (A) is the discharge current, t (s) is the discharge time, U (V) is the operating 

voltage (excluding the voltage drop), and m (g) is the mass loading of the active material 

on one electrode. 
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4. Supplementary Tables and Figures 

Table S1. Main distribution of pore size and surface area of activated carbon 

Pore size 

range/nm 

Pore 

volume/cm3
 

g-1 

Percentage of 

cumulative pore 

volume/% 

Surface 

area /m2
 g

-1 

Percentage of 

cumulative surface 

area/% 

0.50~ 0.73 0.19 24 554 39 

0.73~2.00 0.46 58 750 53 

2.00~3.18 0.14 18 114 8 

 

Table S2. Densities (ρ) of neat ILs [Emim][BF4]/[Bmim][TFSI] and their binary mixtures 

[Bmim][TFSI]w[Emim][BF4]1-w at different temperatures (t) 

t/°C 
ρ/g·cm-3

 at different mass fraction w  

0 0.2 0.4 0.5 0.6 0.8 1 0 1 

10 1.291 1.320 1.351 1.370 1.391 1.417 1.450   

20 1.284 1.312 1.342 1.362 1.382 1.408 1.441 1.284a 
1.4409c 

30 1.276 1.304 1.334 1.353 1.373 1.398 1.431 1.272 b 1.4316c 

40 1.268 1.296 1.326 1.345 1.365 1.389 1.421 1.268 b 1.4221c 

50 1.261 1.288 1.318 1.336 1.356 1.380 1.411 1.258 b 1.4126c 

The estimated relative standard uncertainty of experimental densities was less than 0.1%. 

(Please refer to the previous literature of our group.[2]). a Taken from ref. [3]. b Taken from ref. 

[4]. c Taken from ref. [5]. 

 

Table S3. Viscosities (η) of neat ILs [Emim][BF4]/[Bmim][TFSI] and their binary mixtures 

[Bmim][TFSI]w[Emim][BF4]1-w at different temperatures (t) 

t/°C 
η/mPa s at different mass fraction w 

0 0.2 0.4 0.5 0.6 0.8 1 0 1 

10 60.97 80.88 83.53 88.91 94.11 99.76 105.20   

20 40.95 49.95 51.44 53.09 56.63 60.24 61.73 41.2 a 62.08c 

30 27.32 32.10 33.31 33.80 35.81 40.29 41.10 27.083b 41.24c 

40 16.34 21.64 22.85 23.57 24.34 27.51 28.12  28.28c 

50 12.17 15.25 16.41 17.06 18.25 19.57 20.13  20.64c 

The estimated relative standard uncertainty of experimental viscosity was less than 0.2%. 

(Please refer to the previous literature of our group.[2]). a Taken from ref. [3]. b Taken from ref. 

[6]. c Taken from ref. [7]. 
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Table S4. Conductivities (σ) of neat ILs [Emim][BF4]/[Bmim][TFSI] and their binary mixtures 

[Bmim][TFSI]w[Emim][BF4]1-w at different temperatures (t)  

t/°C 
σ/ mS cm-1 at different mass fraction w 

0 0.2 0.4 0.5 0.6 0.8 1 0  1 

10 9.9 8.3 6.5 6.4 5.8 3.6 2.5   

20 14.8 11.6 9.8 9.6 9.0 4.8 3.6 12.16 a 3.37 b 

30 19.8 16.1 13.4 13.2 10.2 8.3 5.8  4.72b 

40 26.3 23.0 18.2 18.1 13.4 10.2 7.5  6.839c 

50 34.0 26.7 24.2 23.1 17.7 12.3 9.9  9.24d 

The estimated relative standard uncertainty of experimental conductivities was less than 0.5%. 
a Taken from ref. [3]. b Taken from ref. [7]. c Taken from ref. [8]. d Taken from ref. [9]. 

 

Figure S1. The structure and size of ions of the two ILs [Bmim][TFSI] and [Emim][BF4]. 

HyperChem models of the structure of these ions show their sizes [10]. a Calculated by taking 

the ions as a sphere from ions volume [11,12]. 

 

 
Figure S2. Nitrogen adsorption/desorption isotherm and pore size distribution curve (inset) of 

the commercial activated carbon material. 
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Figure S3. Cyclic voltammograms (50 mV s−1) in [Bmim][TFSI]w[Emim][BF4]1-w electrolytes 

at different temperatures: (a) 10 °C, (b) 20 °C, (c) 40 °C, and (d) 50 °C. 

 

 
Figure S4. GCD at 1 A g-1 in [Bmim][TFSI]w[Emim][BF4]1-w electrolytes at different 

temperatures:(a) 10 °C, (b) 20 °C, (c) 40 °C, and (d) 50 °C. 
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Figure S5. Plots of the specific capacitance vs the mass fraction w of the binary IL mixtures 

([Bmim][TFSI]w[Emim][BF4]1-w) at different temperatures from 10 °C to 50 °C. 

 

 

 

Figure S6. Electrochemical performance in [Bmim][TFSI]0.2[Emim][BF4]0.8 at different 

temperatures from 10 °C to 50°C. (a) Cyclic voltammograms curves at 50 mV s-1. (b) 

Galvanostatic charge/discharge curves at 1 A g-1. (c) EIS spectra. 

 

 

 

Figure S7. Plots of (a) density, (b) viscosity, and (c) conductivity vs. the mass fraction of the binary 

IL mixtures: [Bmim][TFSI]w[Emim][BF4]1-w at different temperatures from 10 °C to 50 °C. 
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