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S1. Relationship between various defects and Li-ion diffusivity 
We investigated the relationship between various defects and Li-ion diffusivity in 

Li{N(SO2F)2}(NCCH2CH2CN)2 (Li(FSA)(SN)2). Four models were considered. 

(1) Perfect-crystal model consisting of a perfect-crystalline structure (108 Li + 108 FSA + 216 SN). 

(2) Li-vacancy model consisting of a crystalline structure with one Li-ion removed (107 Li + 108 

FSA + 216 SN). 

(3) FSA-vacancy model consisting of a crystalline structure with one Li-ion removed (108 Li + 107 

FSA + 216 SN). 

(4) Li-interstitial model consisting of a crystalline structure in which one Li-ion is added to a suitable 

interstitial site (109 Li + 108 FSA + 216 SN), as shown in Fig. S1(a). 

Fig. S1(b) shows the Li-ion mean-square displacements (MSDs) of the above-mentioned models. The 

MSD exhibiting the largest change with time was along the c-axis in the Li-ion vacancy model. This 

result demonstrates that the conduction of Li(FSA)(SN)2 is anisotropic, and that the conduction is 

predominantly promoted by the Li-ion vacancies along the c-axis. 

 

 

Fig. S1. (a) Snapshot of the Li-ion interstitial model. The pink atom is the interstitial Li-ion. (b) Li-

ion MSDs as a function of time in the Li-ion vacancy, Perfect-crystal, FSA-ion vacancy, and Li-ion 

interstitial models. The notation in the graph takes the form of “Model” / “direction (c-axis or ab-

plane)”. 
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S2. Calculation of the Li-ion self-diffusion coefficient 
We calculated the self-diffusion coefficient using the slope of the MSD, as shown in Eq. (1): 

𝐷 =	 lim
!→#

'
1
2𝑑𝑡MSD

(𝑡)1 (1) 

where d is the dimension of diffusion (= 1 along the c-axis) and t is the time. There are two problems 

in calculating the slow Li-ion diffusion promoted in the single Li-ion vacancy model. First, there are 

only five Li atoms acting as carriers in the defective c-axis channel. As a result, a considerable 

sampling is required to reach statistical convergence. Second, high temperature simulations cannot be 

applied to organic crystals because of their low melting temperatures. Therefore, many steps are 

required to reach the diffusive regime. Owing to these limitations, we performed long simulations on 

the order of microseconds. The MSD in the diffusive regime is proportional to t1 (MSD(t)	∝	t1). In 

other words, the onset of the diffusive regime (tdiff) occurs when the slope of the log-log plot of MSD(t) 

is 1. We determined the values of tdiff and self-diffusion coefficient, as shown in Figs. S2 and S3. The 

MSD(tdiff) is approximately 0.26 nm2 = (5.1 Å)2, which is consistent with the Li hopping distance along 

the c-axis. Further, we obtained the self-diffusion coefficient by fitting MSD(t) from tdiff to the time of 

arrival of the MSD at 1.0 nm2. We also checked for the convergence of the arrival time of the MSD at 

0.26 and 1.0 nm2. 
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Fig. S2. Log-log plots of Li-ion MSDs in the defective channel, MSDs and fitting lines, and the 

arrival times when the MSDs reach 0.26 nm2 and 1.0 nm2 at (a) 320 K and (b) 310 K. 
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Fig. S3. Log-log plots of Li-ion MSDs in the defective channel, MSDs and fitting lines, and the 

arrival times when the MSDs reach 0.26 nm2 and 1.0 nm2 at (a) 300 K, (b) 290 K, and (c) 280 K.  
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S3. Differences among GAFF2, Rigid-dihedral force field (FF), and All-trans 
FF 
The function of the second generation of the general AMBER force field (GAFF2)1 is expressed by 

the following equations: 
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(2) 

The torsional potential (Etorsion(φ)) as a function of the dihedral angle of NC-C-C-CN (φ) in GAFF2 is 

given by:  

𝐸=)5,3)*(𝜑) = 𝑘+;[1 + cos(𝑛+𝜑 − 𝛿+;)] + 𝑘+'[1 + cos(𝑛+'(𝜑 + 120	°) − 𝛿+')] + 𝐸>> (3) 

where {kd1, nd1, δd1} and {kd2, nd2, δd2} are the force field parameters of the dihedral angle d1 (C1-C3-

C3-C1) and d2 (HC-C3-C3-HC) in Fig. S4, respectively. Eff represents the other force field terms that 

are dependent on φ. To obtain a desirable potential profile, we prepared new force field parameters 

{kd1, nd1, δd1} and {kd2, nd2, δd2} for the rigid–dihedral and all-trans FFs. The modified FF parameters 

are listed in Table S1.  

 
Fig. S4. Atom types for NCCH2CH2CN (succinonitrile; SN).  

 

Table S1. Force field parameters of dihedral angles d1 (C1-C3-C3-C1) and d2 (HC-C3-C3-HC). 

Force Field kd1 (kJ mol-1) nd1 δd1 (°) kd2 (kJ mol-1) nd2 δd2 (°) 

GAFF2 0.65084 3 0 0.50208 3 0 

Rigid-dihedral FF 3.25422 3 0 0.50208 3 0 

All-trans FF 0.65084 3 0 21.42208 1 0 
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S4. Chemical structure of fumaronitrile 
The candidate which we proposed as a dopant for the Li(FSA)SN2 molecular crystal is fumaronitrile 

(Fig. S5).   

 

 
Fig. S5. Chemical structure of fumaronitrile (N≡C–CH=CH–C≡N). 
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