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Supporting Information

Linear sweep voltammograms of Mg stripping
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Figure S1: Linear sweep voltammograms of Mg stripping in THF with TBA* and Li* supporting
electrolytes. All voltammograms were collected at a scan rate of 5 mV s~!. For each electrolyte,
five LSVs were collected with a 10 min OCV between scans. For (e) and (h), the LSVs were
collected with 85% iR compensation
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Figure S2: Linear sweep voltammograms of Mg stripping in THF with and without Br~ co-

supporting electrolyte. All voltammograms were collected at a scan rate of 5 mV s

electrolyte, five LSVs were collected with a 10 min OCV between scans.
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Figure S3: Linear sweep voltammograms of Mg stripping in THF with TBAPF4/LiX supporting
electrolyte. All voltammograms were collected at a scan rate of 5 mV s~!. For each electrolyte,
five LSVs were collected with a 10 min OCV between scans.
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Figure S4: Linear sweep voltammograms of Mg stripping in THF with LiBr supporting electrolyte.
All voltammograms were collected at a scan rate of 5 mV s~ 1. For each electrolyte, five LSVs were

collected with a 10 min OCV between scans. LSV in TBABr/THF was not collected due to the
low solubility of TBABr in THF.
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Schematic view of the MD simulation box
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Figure S5: Snapshot at 4000 ps of TBATFSI electrolyte as an example of the geometry of the MD
simulation box.
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Force field details
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Figure S6: Electrolyte species investigated in this work, including THF, Li*, TBA™, Cl1O,, OTf ",
and TFSI™. Representative atom forcefield types and atomic charges are given accordingly. The
charges were assigned by the according COMPASSIII forcefield type. The forcefield type of hy-
drogen atoms were automatically assigned by the Forcite module in Materials Studio 2020, unless

otherwise specified.
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Simulated densities

Table S1: The densities of the bulk phases were computed from the last 600 ps of each 1 ns NPT
trajectory using cubic boxes. Each system consists of 30 salt species and 800 THF molecules. The
distance between the graphene slabs in the slab-geometry cells was adjusted to match the simulated
densities of bulk solutions.

System Bulk density (g/mL) Salt molarity (mol/L.) Distance between slabs (108)

LiClO4 0.952 0.492 97.4
TBACIO, 0.920 0.433 109.8
LiOTf 0.929 0.428 98.7
TBAOTf 0.944 0.485 111.1
LiTFSI 0.985 0.475 100.5
TBATFSI 0.962 0.419 113.3
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DFT binding energy

The binding energies of cation-anion and cation-solvent interactions and anions were calculated
by the Gaussian (G09) package using density functional theory (DFT).! The M06-2X/6-31+G(d,p)
level of theory? along with the D3 dispersion correction? is used without applying the basis set su-
perposition error (BSSE) correction. Their performance on describing noncovalent interactions*

3 anions,%’ hydrogen-bonded ions,® and sulfu-

and binding energies of supramolecular complexes,
ric acid containing clusters,’ have been well discussed in the literature. As a common choice for
calculating binding energies for similar systems, they have been used to calculate binding energies

of different ions in organic solvents for battery electrolytes. 3 The energies were obtained from

gas phase geometry optimization and the bonding energies are calculated as
AEbonding =Es p- (EA + EB)

To validate the force fields, the binding energies were calculated using the force fields also by

the above equation, and compared with the DFT results.
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Figure S7: Bonding energies of ion pairs. Li* in general form stronger ionic bond compared to
TBA™. The DFT results and the forcefield results are consistent in terms of this trend.
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Radial distribution functions (RDF) in bulk phase
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Figure S8: Radial distribution function (RDF) g(r) and coordination number (CN) plots of cation-
anion association. The RDFs were calculated from the production runs of bulk phases using 0.2 A
bin size. The distance cutoffs to determine “free or coordinated” ions were based on the distance
where the first RDF peak ends. The cutoff values are N(TBA™)-N(TFSI™): 7 A, N(TBA™)-
S(OTf"): 6 A,N(TBA™)-CI(CIO} ): 6 A, Li*-N(TFSI"): 5A, Li*-S(OTf"): 3.5 A, Li-CI(CIO} ):
35A.
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XPS data
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Figure S9: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBATFSI as the supporting electrolyte.
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Table S2: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBATFSI as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure S9a. Mg2p 494 Mg
51.1 MgO
52.8 Mg(TFSI)2/Mg(NSOCF;)-
Figure S9b. Mg 2p 51.1 MgO
52.3 Mg(TFSI)2/Mg(NSOCFj3),
Figure S9d. S 2p 169.5 Mg(NSOCFs;)s
171.1 Mg(TFSI),
Figure S9e. O 1s 532.3 MgO
534.4 Mg(NSOCF;),
535.1 Mg(TFESI),
Figure S9f. F 1s 688.2 —CF,
691.5 —CF;
Figure S9g. N 1s 401.2 Mg(NSOCF;),
402.4 Mg(TFESI),
Peak Kkinetic energy (eV)
Figure S9c. Mg KLL 1172.6 bulk plasmon
11774 Mg+
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Figure S10: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBAOTT as the supporting electrolyte.
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Table S3: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAOTT as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure S10a. Mg2p 494 Mg

514 MgO

51.7 Mg(OT1)2/Mg(SO,CFs),
Figure S10c. S 2p 170.9 Mg(SO,CFj3),

172.3 Mg(OTf),
Figure S10d. O 1s 531.0 MgO

535.2 Mg(OTf),
Figure S10e. F 1s 688.0 —CF;

691.3 —CF3
Figure S10f. C 1s 287.5 —CF;

288.0 —CF;

Peak Kkinetic energy (eV)
Figure S10b. Mg KLL 1172.9 bulk plasmon

1177.4 Mg?+

1185.9 Mg?
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Figure S11: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBACIO, as the supporting electrolyte.

Table S4: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV

experiments in THF with TBACI1O, as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5a. Mg 2p 49.4 Mg
50.5 MgO
Figure S11a. Cl1 2p 200.4 MgCl,
209.9 Mg(ClOy)
Figure S11b. O 1s 530.9 MgO
5333 Mg(ClOy),
534.5 C=0
Peak Kkinetic energy (eV)
Figure S11c. Mg KLL 1173.9 bulk plasmon
1178.9 Mg?+
1185.9 Mg’

S14



(a) Cl 2p (b) O 1s (c) Br 3d () Mg KLL| S22
|
| L | ¥ ‘ L 1 L 1 L L H | s 1 L \—
210 200 540 535 530 75 70 1170 1180
binding energy (eV) kinetic energy (eV)

Figure S12: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBACIO,4/LiBr as the supporting electrolyte.

Table S5: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAC1O,/LiBr as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5b. Mg 2p 49.4 Mg
50.8 MgO
51.2 MgBr,
51.8 MgCl,
Figure S12a. Cl 2p 200.1 MgCl,
Figure S12b. O 1s 530.7 MgO
532.5 C-0
Figure S12c. Br 3d 69.9 MgBr,
Peak Kinetic energy (eV)
Figure S12d. Mg KLL 1174.6 bulk plasmon
1179.0 Mg?*
1185.8 Mg
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Figure S13: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBAOTS as the supporting electrolyte.

Table S6: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAOTSs as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5¢. Mg 2p 49.4 Mg?
50.9 MgO
51.7 Mg(OTs),
Figure S13a. S 2p 169.3 Mg(OTs),
170.5 S-C
Figure S13b. O 1s 531.8 MgO
533.0 Mg(OTs),
Peak Kkinetic energy (eV)
Figure S13c. Mg KLL 1174.4 bulk plasmon
1179.2 Mg?+
1185.9 Mg°
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Figure S14: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with

TBAOTSs/LiBr as the supporting electrolyte.

Table S7: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAOTSs/LiBr as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5d. Mg 2p 49.4 MgV
50.3 MgO
50.9 MgBr,
51.6 Mg(OTS)Q/Mg(SOQCGH4CH3)2
Figure S14a. S 2p 168.0 Mg(SO,CsH,4CH3)s
169.6 Mg(OTs),
Figure S14b. O 1s 5314 MgO
532.3 Mg(SOQC6H4CH3)2
5329 Mg(OTs),
Figure S14c. Br 3d 69.4 MgBr,
Peak Kinetic energy (eV)
Figure S14d. Mg KLL 1174.9 bulk plasmon
1179.8 Mg?+
1185.9 Mg
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Figure S15: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBAPF; as the supporting electrolyte.

Table S8: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAPF; as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5e. Mg 2p 49.4 Mg

50.9 MgO

52.5 MgF,
Figure S15a. F 1s 685.7 MgF,

687.1 C-F
Figure S15b. O 1s 530.6 MgO

532.7 C-0

Peak Kinetic energy (eV)

Figure S15c. Mg KLL.  1173.0

bulk plasmon

1176.9 MgF,
1179.3 other Mg?*
1186.0 Mg’
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Figure S16: X-ray photoelectron spectra of Mg electrodes after the LSV experiments in THF with
TBAPFg/LiBr as the supporting electrolyte.

Table S9: Peak assignments of the X-ray photoelectron spectra of Mg electrodes after the LSV
experiments in THF with TBAPF4/LiBr as the supporting electrolyte.

Figure Peak binding energy (eV) Assignment
Figure 5b. Mg 2p 49.4 Mg"
50.7 MgO
51.0 MgBry/MgF,
48.3 Mn-O
Figure S16a. F 2p 682.5 MF
685.3 MgF,
Figure S16b. O 1s 528.8 Mn-O
530.9 MgO
532.7 C-O
Figure S16c¢. Br 3d 69.7 MgBr,
Peak Kinetic energy (eV)
Figure S16d. Mg KLL 1174.9 bulk plasmon
1180.5 Mg*t
1185.9 Mg?
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Figure S17: (a) Voltage profiles on the Mg working electrodes of the galvanostatic Mg stripping (j
= 1 mA/cm?) experiments in THF in the presence of 0.5 M tBuBr with 0.5 M TBATFSI or 0.5 M
TBAOTT. EIS was performed every 30 min during the galvanostatic Mg stripping experiments.
EIS of the Mg working electrodes in (b) 0.5 M TBATFSI electrolyte, and (c) 0.5 M TBAOTf
electrolyte. Only the 1%, 10", 20", 30*" EIS are shown here. The time points are indicated by

arrows in (a)
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Figure S18: EIS of the Mg working electrodes during galvanostatic Mg stripping in the presence
of 0.5 M rBuBr in (a) 0.5 M TBACIO, electrolyte, and (b) 0.25 M TBACIO, + 0.25 M TBABr
electrolyte. Comparing (a) and (b), the Mg interface is more stable in TBACIO,/LiBr electrolyte.
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