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X-ray Scattering Measurements  

Solutions of 0.4 M A(TFSI)1 or 2 in diglyme (A+/2+ = Li+; Na+; K+; Mg2+; Ca2+; Zn2+) were prepared in a glove 
box. This concentration was selected as a lower bound for practical battery applications with 
concentrations up to ~1 M typical of Li batteries.1 Anhydrous diglyme was used as received from 
Sigma Aldrich. X-ray total scattering data were measured at beamline 11-ID-B at the Advanced Photon 
Source at Argonne National Laboratory utilizing high energy X-rays and a Perkin Elmer area detector.  
The 2D images were reduced to 1-D scattering data within fit2d. The data were corrected for 
background, Compton scattering, and oblique incidence effects and Fourier transformed to give pair 
distribution functions (PDFs) within pdfgetX2. A Lorch function was applied to minimize the impact of 
Fourier truncation ripples on the subsequent analysis.  

To evaluate the impact of adventitious water on the data, a series of Mg(TFSI)2/diglyme solutions were 
studied, for which increasing amounts of added water (Figure S1). The data show large changes with 
added water, with little similarity of the water-associated features and the data for the anhydrous 
solution, suggesting minimal water existed in the original solutions. 

 

Figure S1. Small quantities of water added to the Mg(TFSI)2/diglyme solution induces pronounced changes 
to the PDF data, suggesting that the original solution is effectively anhydrous. 
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Principal Component Analysis  

Principal component analysis (PCA) was performed within Origin 9.1. The PDFs for LiTFSI and Zn(TFSI)2 
were excluded from the data used to derive the principal component and, thus, serve as an 
independent verification of the analysis. The data analyzed correspond to solutions of equal 
concentration, thereby eliminating the impact of possible concentration-dependent phenomena. In 
principle, variable concentration studies could be applied to explore concentration effects and to 
separate any well-defined solvent-anion and anion-anion correlations. Both the eigenvalues and 
eigenvectors were evaluated. In the present series, in which the cation alone was varied, only the first 
component, which corresponds to intra-molecular TFSI distances and inter-molecular TFSI-diglyme 
distances has physical relevance. This is supported by the eigenvalues, which indicate that all of the 
PDFs have a similar relative contribution from this principal component. 

Subsequent differential analysis, subtracting the common first/principal component from the total 
PDFs was applied to recover the d-PDFs corresponding to the cation solvation environment. For each 
PDF, the principal component was scaled to minimize features below ~1.5 Å which are exclusive to 
intra-molecular correlations. The similarity of features in the d-PDFs for Li and Zn (which were not 
included in the PCA) suggests that the principal component provides a reliable measure of the intra-
molecular TFSI distances and inter-molecular TFSI-diglyme distances.  

 

 

Figure S2: A schematic illustrating the likely Mg…X distances corresponding to features in the d-PDF 
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Modeling 

Molecular dynamics simulations were performed to understand the solvation structure of Mg-TFSI in 
diglyme. The simulations were undertaken using the Gromacs MD simulation package version 4.5.3.2 
The force field parameters evaluated for Mg are listed in Table 1S include the AMBER force field by 
Aqvist3-4, the OPLSAA force field by Jorgensen5 and the force field developed by Callahan6. The force 
field for TFSI was taken from Kelkar and Maginn.7 The force field for diglyme was developed by 
obtaining the partial charges from electronic structure calculations and taking the force field 
parameters from a generalized amber force field (GAFF).8 Figure S3 shows the radial distribution 
function of Mg(TFSI)2 in diglyme using different force fields studied in this work. The peak ~ 2.1 Å is 
observed for Mg-O(TFSI) and Mg-O (diglyme) and at ~ 4 Å for Mg-N(TFSI). A difference of ~0.4 Å is 
observed in the peak position of Mg-O and Mg-N(TFSI) using different force fields. The RDF obtained 
using OPLSAA force field are in very good agreement with the experimental PDF results. The Mg-O 
distance in Aqvist is shorter by ~ 0.2 Å and is greater by ~0.2 Å in Callahan force field than the 
experimental result (red and blue curves in Fig. S3 (a) and (b)). Slight changes in the force field 
parameters of Mg2+ produced significant changes in the RDF. Energy minimization was performed to 
relax the strained contacts in the initial configuration using steepest descent and then conjugate 
gradient. The simulations were performed in an isothermal-isobaric ensemble (constant NPT) 
ensemble for 2 ns followed by 5 ns production runs in canonical ensemble (constant NVT) ensemble at 
298 K.  The improved velocity-rescaling algorithm proposed by Parrinello et al. was used to maintain 
the temperature at 298 K with a time constant of 0.1 ps.  The particle-mesh Ewald (PME) method with 
a cut-off distance of 1.2 nm was used to handle the long-range electrostatic interactions and Lenard-
Jones interactions were truncated at a distance of 1.0 nm. Periodic boundary conditions were implied 
in XYZ directions. The size of the simulation box was approximately 40 x 40 x 40 Å. Results were 
averaged over two independent configurations of the same system.  

TABLE S1. Simulation Parameters for Mg2+ 

 q (e)  α (Å3)   r (Å)   ε (kcal/mol) 

Aqvist/ff994 +2 0.120 0.7926 0.8947 

OPLSAA +2 0.000 0.9929 0.8750 

Callahan +2 0.000 1.0600 0.8750 
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Figure S3. The RDFs of Mg-O(diglyme), Mg-O(TFSI) and Mg-N(TFSI) for the different force fields of 
Mg2+presented in Table S1.  
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The desolvation energy was evaluated using the dissociative mechanism. It employs classical MD 
simulations to predict the solvation structure and Density Functional Theory (DFT) to compute the 
energy penalty in removing solvents from the solvation shells of ions. 9 From the MD simulations 4 
different snapshots were taken capturing the first solvation shell around Mg2+. The snapshots were 
selected according to the coordination number of TFSI and diglyme in the first solvation shell of Mg2+. 
The snapshots were used as the starting point for the DFT potential energy surface scan, which is 
expected to manifest the energy in removing the first solvation shell. The potential energy surface 
scan was carried out by a series of constrained geometry optimizations at the B3LYP/6-31+G(d) level. 
The Mg…O bond length is fixed in every geometry optimization and used as the reaction coordinate. 
To reveal the energy barrier of first solvation shell elimination, the Mg…O bond is stretched up to 3.7 
Å. The QChem software package was employed to perform the DFT calculations. 10 An implicit solvent 
model SM12-MK was also used to corroborate the desolvation energy calculated from dissociative 
mechanism.11 

Figure S4 shows the energy scan for dissociation of diglyme from Mg(TFSI)2 
 for 4 different snapshots 

(SS1-SS4) taken from MD simulations. Dissociating diglymes from the first solvation shell resulted in an 
average energy barrier of ~ 17.36 kcal/mol. The energy barrier observed for Mg2+ without TFSI-  is ~ 
33.67 kcal/mol. This higher energy barrier suggest that TFSI- enhances the solvation of Mg(TFSI)2  in 
diglyme. 

 

Figure S4. Energy scan profile along the diglyme dissociation with Mg (TFSI)2
   

 

S6 
 



 

Figure S5. A comparison of the experimental d-PDF (G(r), top) and the computational RDF (g(r), bottom).  
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