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Figure S1. DSC curves of PILs for Tg derive, given in Table 1: PIL-5 (black color); PIL-6 (blue); 

PIL-10 (red color), where dotted and solid curves are 1st, 2nd heating respectively.  

 

Table S1. The thicknesses and measured resistance of pure PILs: PIL-5, PIL-6; PIL-10 used for 

the calculation of the ion conductivity given in Table 1 (corresponding Nyquist plots are 

presented in Figure S2) at RT **. 

Dry samples Thickness* [cm] Resistance [kΩ] 

PIL-5 0.1  18.5 

PIL-6 0.1  13 

PIL-10   0.1  6.8 

 

*the thickness of Teflon ring (Figure S25a) was used as a thickness of the samples. 

** room temperature (RT) 
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Figure S2. Nyquist plots of the pure PILs for resistance derive, given in Table S1: PIL-5 (black 

color); PIL-6 (red color); PIL-10 (blue color) at RT.  
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Table S2. The weights, the calculated thicknesses, according to the equation 2 and the 

resistances of PIL-6 and  bicomponent mixture of  PIL-6 with 10, 20, 30 wt% LiTFSI at RT and 

60 °C used for the calculation of ion conductivity (according to equation 1) given in Table 2 

(corresponding Nyquist plots are presented in Figures S3, S4). 

Samples Weight 

[mg]  

Thickness 

[cm] 

Resistance at 

RT [kΩ] 

Resistance at 

60°C [kΩ] 

PIL-6  22  0.039  4.698   0.574  

PIL-6 with 10 wt% 

LiTFSI  

21  0.038  9.406  

 

 1.495  

 

PIL-6 with 20 wt% 

LiTFSI  

20  0.036  55.24 

 

 3.279  

 

PIL-6 with 30 wt% 

LiTFSI 

21  0.038  99.86  

 

 4.709 
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Figure S3. Nyquist plots of PIL-6 (black color) and its mixtures with LiTFSI: 10 wt% (red color), 

20 wt% (green color), 30 wt% (blue color) at RT for resistance derive, given in Table S2. 
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Figure S4. Nyquist plots of PIL-6 (black color) and its mixtures with LiTFSI: 10 wt% (red color), 

20 wt% (green color), 30 wt% (blue color) at 60 °C for resistance derive, given in Table S2. 

Table S3. The thicknesses and the resistances of bicomponent and tricomponent membranes 

of PPC/LiTFSI and PPC/PILs/LiTFSI in 1/0.3 wt/wt and 1/1/0.6 wt/wt/wt ratio respectively, 

used for the calculation of ion conductivity (according to equation 1) given in Table 3 

(corresponding Nyquist plots are presented in Figures S5, S6). 

Samples  Thickness* 

 [cm] 

 Resistance at RT  

 [kΩ] 

PPC/PIL-5/ LiTFSI   0.044  31.10  

PPC/PIL-6/LITFSI   0.044  23.530 

PPC/PIL-10/LITFSI  

PPC/ LiTFSI 

 0.044 

 0.060 

 16.820  

 8102 

* The thicknesses were measured by digital caliper gauge. 
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Figure S5. Nyquist plots of tricomponent membranes of PPC/PILs/ LiTFSI (1/1/0.6 wt/wt/wt)  

with: PIL-5 (black color); PIL-6 (red color); PIL-10 (blue color) on separator Celgard 2500 at RT 

for resistance derive, given in Table S3. 
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Figure S6. Nyquist plots of bicomponent membrane of the PPC/LiTFSI 1/0.3 wt/wt at RT on 

separator Celgard 2500 at RT for resistance derive, given in Table S3. 
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Table S4. The resistance and calculated ion conductivity of tricomponent membrane PPC/ PIL-

6/LiTFSI in various wt/wt/wt at RT (corresponding Nyquist plots are presented in Figures S7a, 

S7b). 

 

PPC/ PIL-6/LiTFSI Resistance 

 [kΩ] 

Thickness* 

[cm] 

Ionic 

conductivity 

[Scm-1] 

3/1/0.4 277  0.047 2x10-7 

3/1/0.8 121 0.05 5x10-7 

3/1/1.2 40 0.07 2 x10-6 

1/1/0.2 90  0.05 7x10-7 

1/1/0.4 61.5 0.05 1x10-6 

1/1/0.6 15 0.07 5 x10-6 

 

* The thicknesses were measured by digital caliper gauge. 
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Figure S7. Nyquist plots of the tricomponent membranes PPC/PIL-6/LiTFSI in various  

wt/wt/wt ratio of components at RT: a) in 3/1/1.2 (blue color); 3/1/0.8 (red color); 3/1/0.4 (black 

a 

b 
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color); b) 1/1/0.6 (black color); 1/1/0.4 (red color); 1/1/0.2 (blue color) for resistance derive, given 

in Table S4.  

 

 Table S5. The thicknesses and measured resistance of the bicomponent  PPC/LiTFSI  (1/0.3 

wt/wt) and tricomponent PPC/PIL-6/LiTFSI  (3/1/1.2 wt/wt/wt) and PPC/PIL-10/LiTFSI (1/1/0.6 

wt/wt/wt) membranes used for the calculation of the conductivity given in Table 4 

(corresponding Nyquist plots are presented in Figure S8, S9). 

Entry Membrane Amount of 

acetonitrile  

[ wt%] 

 Thickness* 

   [cm]  

 Resistance  

  at RT 

 [kΩ] 

#1 

 

PPC/LiTFSI 

 

 10  0.038  27.44 

#2 

 

PPC/LiTFSI   20  0.051  6.4 

 

#3 

 

PPC/LiTFSI  

 

 30 

 

 0.05 

 

 0.062 

 

#4 PPC/PIL-10/LiTFSI 

 

 2  0.068  86.6 

 

#5** PPC/PIL-6/LiTFSI 

 

 8 

 

 0.07 

 

 0.26 

 

#6 PPC/PIL-10/LiTFSI 

 

 30  0.044  0.020 

 

* The thicknesses were measured by digital caliper gauge. 

**The Nyquist plot is given in Figure S10 blue color. 
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Figure S8. Nyquist plots of the bicomponent membranes PPC/LiTFSI (1/0.3 wt/wt) at RT: with 

10 wt% (black color), 20 wt% (red color), 30 wt% (blue color) of acetonitrile for resistance 

derive, given in Table S5 for entry #1- #3. 
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Figure S9. Nyquist plots of the tricomponent membrane PPC/PIL-10/LiTFSI (1/1/0.6  

wt/wt/wt): dry (red curve) and containing 30 wt% acetonitrile (black curve) at RT for resistance 

derive, given in Table S5 for entry #6. 

 

 

Table S6. The resistance and calculated ion conductivity tricomponent membranes of  PPC/ 

PIL-6/LiTFSI with different wt/wt/wt ratio with different wt% of acetonitrile at RT 

(corresponding Nyquist plots are presented in Figure S10). 

Entry PPC/PIL/LiTFSI Amount of 

acetonitrile 

[wt%] 

Resistance, 

 [kΩ] 

Thickness* 

[cm] 

Ionic 

conductivity 

 [Scm-1] 

#1 3/1/0.4   15 0.27  0.047 2x10-4 

#2 3/1/0.8  13 0.14 0.05 4x10-4 

#3 3/1/1.2  8 0.26 0.07 3x10-4 

* The thicknesses were measured by digital caliper gauge 



14 
 

0.0 2.0×104 4.0×104 6.0×104 8.0×104

-2.0×104

0.0

2.0×104

4.0×104

6.0×104

8.0×104

1.0×105

1.2×105

1.4×105

1.6×105

1.8×105

 3/1/0.4

 3/1/0.8

 3/1/1.2

-I
m

(Z
) 

[Ω
]

Re(Z) [Ω]

 

Figure S10. Nyquist plot of the tricomponent membranes PPC/PIL-6/LiTFSI in various 

wt/wt/wt ratio of components at RT: 3/1/0.4 (black color); 3/1/0.8 (red color); 3/1/1.2 (blue 

color), after exposure in acetonitrile vapor for 0,5 hours for resistance derive, given in Table 

S6. 
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Figure S11. Equivalent circuits used as fitting model for Nyquist plots: (a) in Figure 3; (b) in 

Figures S2, S8 (for membranes PPC/LiTFSI in 1/0.3 wt/wt with 20 and 30wt% acetonitrile), S9 

(for membrane PPC/PIL-10/LiTFSI in 1/1/0.6 wt/wt/wt with 30wt% acetonitrile); (c) in Figures 

S3-S6, S9( for membrane PPC/PIL-10/LiTFSI in 1/1/0.6 wt/wt/wt dry); (d) in Figure S7a and 

S7b; (e) in Figure S10. 

a 

b c 

d 

e 
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Figure S12. The typical CV diagram of the PPC/PIL-10/LiTFSI  1/1/0.6 wt/wt/wt  vs. Li/Li+  in 

a Swagelok cell at RT, scan rate 100 mV/s. 
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Figure S13. The viscosity dependence from temperature of tricomponent membrane PPC/PIL-

10/ LiTFSI 1/1/0.6 wt/wt/wt, for viscosity derive at 20 °C and 60 °C, given in Table 6. 
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Figure S14. The viscosity dependence from temperature of bicomponent membrane PIL-

10/PPC (1/1 wt/wt), for viscosity derive at 20 °C and 60 °C, given in Table 6. 
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Figure S15. The viscosity dependence from temperature of PIL-10, for viscosity derive at 20 

°C and 60 °C, given in Table 6. 
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Figure S16. The viscosity dependence from temperature of PPC, for viscosity derive at 20 °C 

and 60 °C, given in Table 6. 

 

Figure S17. Photograph illustrates the process of the removal of the PPC film from the matrix 

of PPC /PIL-10 (1/1 wt/wt) on Si wafer. 
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Figure S18. AFM Quantitative nanomechanical analysis of the tricomponent membrane  

PPC/PIL-10/LiTFSI in 1/1/0.6 wt/wt/wt: (a) DMT Modulus image; (b) Modulus histogram 

analysis; (c) Modulus histogram. 
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Figure S19. DSC curve of the pure PPC: black, blue, red color are 1st, 2nd, 3rd heating 

respectively, for Tg derive given in Table 8. 
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Figure S20. DSC of the bicomponent membrane PPC and PIL-10 1/1 wt/wt: black, blue, red 

color are 1st, 2nd, 3rd heating respectively, for Tg derive given in Table 8. 
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Figure S21. DSC curves of bicomponent membrane PPC and 30wt% LiTFSI: black, blue, red 

color are 1st, 2nd, 3rd heating respectively, for Tg derive given in Table 8. 
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Figure S22. DSC curves of tricomponent membrane PPC/PIL-10/LiTFSI 1/1/0.6: black, blue, 

red color are 1st, 2nd, 3rd heating respectively, for Tg derive given in Table 8. 
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Figure S23: Summary of DSC curves of 2nd heating of all components for Tg derive, given in 

Table 8: PPC (dark blue color); bicomponent membrane PPC with LiTFSI 30 wt% (light blue 

color); PIL-10 (dark green color); PIL-10 with 30wt% LiTFSI (light green color); bicomponet 

membrane PPC/PIL-10 1/1 wt/wt (red color); tricomponent membrane PPC/PIL-10/ LiTFSI 

1/1/0.6 wt/wt/wt (magenta color).  
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Figure S24. TGA curves for Tstart of  dec.  and  Tmax of  dec derive, given in Table 8: pure PPC (dark 

blue color); bicomponent membrane PPC with 30wt% LiTFSI (light blue color); PIL-10  (dark 

green color); PIL-10 with LiTFSi_30 wt% (light green color); bicomponent membrane PPC/PIL-

10 1/1  wt/wt (red color); tricomponent membrane PPC/PIL10/LiTFSI 1/1/0.6 (magenta color). 
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Figure S25. 4 steps procedure of synthesis of PILs. 

* The product of the first step contains the mixture of Compound 2 with bromo- and chlor anions that 

was indicated by the NMR analysis [1]. 

NMR Data of the Compound 2 (product of step 3). 

With X=5 1H NMR (500 MHz, DMSO-d6) δH ppm 1.30 (quin, J=7.30 Hz, 2 H) 1.43 (t, J=7.41 

Hz, 3 H) 1.63 (quin, J=7.01 Hz, 2 H) 1.83 (quin, J=7.50 Hz, 2 H) 4.10 (t, J=6.62 Hz, 2 H) 4.15 

(t, J=7.57 Hz, 2 H) 4.19 (q, J=7.30 Hz, 2 H) 5.93 (dd, J=10.25, 1.42 Hz, 1 H) 6.16 (dd, J=17.30, 

10.20 Hz, 1 H) 6.31 (dd, J=17.18, 1.42 Hz, 1 H) 7.79 (d, J=8.20 Hz, 2 H) 9.17 (s, 1 H) 

With X=6 1H NMR (500 MHz, DMSO-d6) δH ppm 1.28 (quin, J=7.30 Hz, 2 H) 1.36 (quin, J=7.30 

Hz, 2 H) 1.43 (t, J=7.41 Hz, 3 H) 1.62 (quin, J=7.01 Hz, 2 H) 1.81 (quin, J=7.50 Hz, 2 H) 4.10 

(t, J=6.62 Hz, 2 H) 4.15 (t, J=7.57 Hz, 2 H) 4.19 (q, J=7.30 Hz, 2 H) 5.93 (dd, J=10.25, 1.42 Hz, 

1 H) 6.16 (dd, J=17.30, 10.20 Hz, 1 H) 6.31 (dd, J=17.18, 1.42 Hz, 1 H) 7.79 (d, J=8.20 Hz, 2 

H) 9.17 (s, 1 H) 

With X=10 1H NMR (500 MHz, DMSO-d6) δH ppm 1.28 (quin, J=7.30 Hz, 2 H) 1.36 (quin, 

J=7.30 Hz, 2 H) 1.43 (t, J=7.41 Hz, 3 H) 1.62 (quin, J=7.01 Hz, 2 H) 1.81 (quin, J=7.50 Hz, 2 

* 
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H) 4.10 (t, J=6.62 Hz, 2 H) 4.15 (t, J=7.57 Hz, 2 H) 4.19 (q, J=7.30 Hz, 2 H) 5.93 (dd, J=10.25, 

1.42 Hz, 1 H) 6.16 (dd, J=17.30, 10.20 Hz, 1 H) 6.31 (dd, J=17.18, 1.42 Hz, 1 H) 7.79 (d, J=8.20 

Hz, 2 H) 9.17 (s, 1 H)  

NMR Data of PILs 

PIL-5 1H NMR (500 MHz, DMSO-d6) δH ppm 1.27 (bs, 2 H) 1.42 (t, J=7.41 Hz, 3 H) 1.55 (bs, 2 

H) 1.78 (bs, 2 H), 3,93 (bs, 2H) 4.13 (bs, 2 H) 4.19 (q, J=7.57 Hz, 2 H) 4.20 (q, J=7.30 Hz, 2 H) 

7.73 (bs, 1 H) 7.79 (s, 1 H) 9.13 (bs, 1 H) 

PIL-6 1H NMR (500 MHz, DMSO-d6) δH ppm 1.27 (bs, 4 H) 1.42 (t, J=7.41 Hz, 3 H) 1.52 (bs, 2 

H) 1.78 (bs, 2 H), 3,93 (bs, 2H) 4.13 (bs, 2 H) 4.19 (q, J=7.57 Hz, 2 H) 4.20 (q, J=7.30 Hz, 2 H) 

7.73 (bs, 1 H) 7.79 (s, 1 H) 9.13 (bs, 1 H) 

PIL-10 1H NMR (500 MHz, DMSO-d6) δH ppm 1.24 (bs, 12 H) 1.42 (t, J=7.41 Hz, 3 H) 1.52 (bs, 

2 H) 1.78 (bs, 2 H), 3,93 (bs, 2H) 4.13 (bs, 2 H) 4.19 (q, J=7.57 Hz, 2 H) 4.20 (q, J=7.30 Hz, 2 

H) 7.73 (bs, 1 H)  7.79 (s, 1 H) 9.13 (bs, 1 H) 

 
 

                   

 

Figure S26. Photograph of samples: a) pure PIL inside Teflon ring; b) acetonitrile solution in 

glass vial and tricomponent membrane on Teflon mold prepared from PPC/PILs /LiTFSI  

1/1/0.6 wt/wt/wt; c) tricomponent membrane on separator Celgard 2500.  
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