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1 Newns−Anderson model1, 2

To explain the interfacial coupling, Newns−Anderson approach was employed to 

compute the hybridization of the highest occupied molecular orbital (HOMO) on ionic 

liquid with the manifold occupied orbitals on PEDOT. Accordingly, this hybridization 

possesses a Lorentzian distribution: 
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where εi, EH(IL), and ћΓ in denominator separately describes ith molecular orbital (MO) 

energy in the IL-PEDOT complexes, the HOMO energy of IL after coupling with 

PEDOT, and the broadening width taken as the mean deviation of the HOMO levels of 

IL and it can be viewed as a critical item to illustrate the hybridization quantitatively. 

Accordingly, the EH(IL) and ћΓ are defined as follows:2 

                             H(IL) i i
i

E p 

                        H(IL)i i
i

p E  h

where pi is the portion of ith MO for IL, and it is evaluated by: 
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The calculation of reorganization energy (λ)

The reorganization energy (λ) is related to the energy change with the geometry 

relaxation during charge transport, which can be evaluated by the adiabatic potential 

energy surface method (the four-point method) and normal mode analysis. The former 

is expressed as:3

λ = λ1 + λ2 = (E+
0 - E0) + (E0

+ - E+
+)    

where E+
0 is the energy of the neutral molecule calculated on top of the optimized 

cationic state, E0 is the energy of the optimized neutral molecule at ground state, E0
+ is 

the energy of the cation calculated on top of the optimized neutral state, and E+
+ is the 

energy of the optimized cation, respectively. 

And the normal mode analysis assigns the λ to the contribution from each 

vibrational mode:4
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where λ1i and λ2j stand for the contributions to the λ from vibrational modes i and j of 

the neutral and cationic geometries separately, ωi and ωj represent for the vibrational 

frequencies of modes i and j, and ΔQi and ΔQj are the displacements along the ith and 

jth mode coordinates between the equilibrium positions of neutral and cationic states, 

respectively. By contrast to the Vij, a minimized λ potentially ensures a large kij. And in 

this work, we used these two methods to calculate λ separately.
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The calculation of hole mobility

The hole mobility (μ) can be obtained based on the non-adiabatic Marcus charge 

transfer theory:5-7 
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where ħ is reduced Planck’s constant, Vij is the transfer integral, kB is Boltzmann’s 

constant, T is temperature in Kelvin, λ is the reorganization energy, and ΔGij is the 

energy difference in sites i and j, respectively. Accordingly, the hole mobility (μ) is 

estimated by Einstein equation:8
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where e and D in numerator represent for the unit charge and diffusion coefficient. 

Correspondingly, to calculate D, a spatial dimensionality d should be defined (here 

taken as 1 for amorphous morphology), and associated centroid to centroid distance 

(rn), kn, as well as the hopping probability for the nth hopping pathway (

) should be as the input to obtain the diffusion coefficient. /n n n
n

p kk 
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-11.63 eV -10.41 eV -9.85 eV
HOMO

-4.82 eV -4.81 eV -4.73 eV
LUMO

ΔEg=6.81 eV ΔEg=5.60 eV ΔEg=5.12 eV

Fig. S1. The HOMO and LUMO orbitals of series of cations (the ΔEg represents for the 
energy gap between the HOMO and LUMO).
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[BMIM]:[BF4]-PEDOT [BuPhIM]:[BF4]-PEDOT [BnPhIM]:[BF4]-PEDOT

Fig. S2. The C2 site of imidazolium ring and the configurations of IL-PEDOT interface 
(only the interface of IL-PEDOT complexes has been plotted).

C2 site
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[BMIM]+ [BuPhIM]+ [BnPhIM]+

[BF4]- Tos

PEDOT

[BMIM]:[BF4]-PEDOT

[BuPhIM]:[BF4]-PEDOT

[BnPhIM]:[BF4]-PEDOT

Fig. S3. Electrostatic potential (ESP) distribution mapped onto a surface of total 
electrons for different components (Isovalue=0.1 a.u.).
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(a)

(b)
Fig. S4. Dynamic evolution of hole mobility of PEDOT after modulated by (a) 
[BMIM]:[BF4] and (b) [BuPhIM]:[BF4], respectively.
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H-8 H-11

H-12 H

L
[BMIM]:[BF4]-PEDOT

H H-12

L
[BuPhIM]:[BF4]-PEDOT

H H-5

H-6 H-11

H-14 L
[BnPhIM]:[BF4]-PEDOT

Fig. S5. IL involved transition orbitals during excitation (H and L represent for the 
HOMO and LUMO, respectively).



S11

    (a) [BnPhIM-oOCH3]:[BF4] (d) [BnPhIM-oOCH3]:[B(CN)4]

     (b) [BnPhIM-mOCH3]:[BF4] (e) [BnPhIM-mOCH3]:[B(CN)4]

     (c) [BnPhIM-pOCH3]:[BF4] (f) [BnPhIM-pOCH3]:[B(CN)4]
Fig. S6. The last snapshots of PEDOT in [BnPhIM-oOMe]+, [BnPhIM-mOMe]+, and 
[BnPhIM-pOMe]+ combined with [BF4]- and [B(CN)4]- modified solution.
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(a)

(b)
Fig. S7. Histogram of the angle between neighboring thiophene ring in each PEDOT 
chain (a) and the dπ-π of neighboring PEDOT chains (b) for [BnPhIM-pOMe]:[B(CN)4]-
PEDOT system.
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(a) (b)
Fig. S8. (a) The density of states and Lorentzian distribution of the HOMO level of 
[BnPhIM-pOMe]:[B(CN)4] IL. And (b) The HOMO energy level of PEDOT, the 
LUMO energy level of [BnPhIM-pOMe]:[B(CN)4], and the energy gap between the 
two orbitals in IL-PEDOT complexes. 
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Fig. S9. Dynamic evolution of hole mobility of PEDOT after modulated by [BnPhIM-
pOCH3]:[B(CN)4].
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