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Supporting experiments 

Binding energy calculation: The quantum mechanical computations for the optimized geometries and 

the binding energies of the model system, PS-Li+TFSI-, P2VP-Li+TFSI-, and QP2VP-Li+TFSI-, were 

performed using DFT method as implemented in Gaussian 09 program1 with B3LYP functional2 and 6-

31* Gaussian basis set. In the model systems, only monomeric units of polymer species (Q2VP, 2VP) 

were considered for the sake of computational efficiency. The binding energies were obtained by the 

energy difference between the complex form and the isolated species.    

Reflectance simulation: The FDTD method3 is used to compute the reflectance of BCP layers by 

numerically solving Maxwell’s equation4 for the electric and magnetic fields in the mesh cells modeled 

for BCP PC layer with the perfectly matched layer5 as a free space boundary condition. The BCP 

lamellae consisting 17 A-B bilayers is assumed to be strongly segregated and the refractive indices of A 

domain (nA) and B domain (nB) are given by nA = 1.59 and nB = [nB,o
2/αB+nW

2(1−/αB)]1/2 with nB,o = 

1.62 and nW=1.33 where αB is the swelling ratio of B domain capable of water adsorption.  

Water sorption simulation and NPT MD simulation: Water sorption simulations for model sorbent 

systems (P2VP, P2VP/Li+TFSI- and QP2VP/Li+TFSI-) at fixed temperature and pressure (25 oC, 1 bar 

(fugacity of water = 4.95 kPa)) were performed using Grand Canonical Monte Carlo (GCMC) method 

with Metropolis sampling and COMPASS force field6 (COMPASS II) as implemented in Sorption 

module of Material Studio package.7 For the sorption trial moves to the model sorbent systems, the 

equilibration steps and the production steps were set to 105 and 5×106 Monte Carlo moves. Each model 

sorbent system was generated to consist of n chains (n=10 for P2VP, n=4 for P2VP/Li+TFSI- and 

QP2VP/Li+TFSI-) each with 10 monomeric units and the weight fractions of Li+TFSI- for 

P2VP/Li+TFSI- and QP2VP/Li+TFSI- were set to be 0.5, which were equilibrated by NPT molecular 

dynamics (MD) simulation at 25 oC and 1 bar for 1 ns using Forcite module of Material Studio. The 

same NPT MD simulation methods were employed for the computation of the pair correlation functions 

in the QP2VP/Li+TFSI-/water system where the fraction of water was given according to the water 
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sorption simulation. For all NPT MD runs, the electrostatic potential energy was calculated by the 

Ewald summation and the van der Waals potential energy was calculated by the atom based technique 

with a cutoff distance of 12.5 Å and a spline width of 1 Å. Nose-Hoover thermostat8,9 and Berendsen 

barostat10 were used for maintaining temperature (25 oC) and the pressure (1 bar) with the time step of 1 

fs. 
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Figure S1. Schematic illustration for preparation of bi-layered BCP SC films. 
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Figure S2. The binding energies and the optimized geometries of PS- LiTFSI, P2VP- LiTFSI, and 

QP2VP- LiTFSI, computed by DFT method with B3LYP functional and 6-31* Gaussian basis set. 
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Figure S3. UV-vis spectra of the bi-layered BCP SC film with different polymer matrix: (a) PVDF-
TrFE, (b) PVDF-HFP and (c) PS-PMMA-PS as a function of the time. (d) The bragg diffraction peak 
positions of bi-layered BCP SC films as a function of the time. 
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Figure S4. UV-vis spectra of the bi-layered BCP SC film (a) with different anion species such as BF4
-, 

CF3CO2
-, PF6

-, CF3SO3
-, TFSI-. (Counter ion was Li+) (b) with different cation species such as EMIm+, 

Li+. (Counter ion was TFSI-) 

 

 



 

10

 

 

Figure S5. FDTD simulation in the case of plane wave passing though the BCP SC film. (a) UV-vis 

reflectance spectra with different swelling ratio α (b) A plot of bandgap wavelength as a function of α.  
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Figure S6. UV-vis reflectance spectra of the bi-layered BCP SC film with different IL concentration: 

(a) 200 wt%, (b) 300 wt%, (c) 500 wt%, (d) 700 wt%, (e) 1000 wt% and (f) 1200wt%. Blended 

IL/Polymer layer comprised of LiTFSI and PVDF-TrFE. 
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Figure S7. GISAXS profiles of the neat BCP SC films. The scattering vector q1 appeared at 0.2278 nm-

1.  
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Figure S8. (a) FT-IR spectra of bi-layered BCP SC films as a function of IL concentration. As IL 
concentration increases, Transmittance decreases at 3500 ~ 3600 cm− 1 arising from the vibration of 
hydroxyl group in water molecule. (b) FT-IR spectra of a PS-b-P2VP and a PS-b-QP2VP film. A 
spectrum of bi-layered BCP SC film with 200 wt% IL-polymer layer is shown for comparison. 
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Figure S9. UV-vis reflectance spectra of the bi-layered BCP SC films prepared on poly(ethylene 

terephthalate) substrates with different IL concentration: (a) 200wt%, (b) 300wt%, and (c) 1200wt% as 

a function of the number of bending. 
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Figure S10. (a and b) Cross-sectional SEM images of a switchable solid-type BCP SC device. The 

device was directly milled by focused ion beam. (b) A magnified image of the BCP layer with 

dislocations highlighted by circles. 
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Figure S11. UV-vis reflectance spectra of the switchable solid-type BCP SC device as a function of 

applied voltage.  
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Figure S12. Switching properties of a capacitor type SC device with different applied voltages during 

the 3 cycles. 

 

 


