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Figure S1. Partial neutron scattering profile (PNSP) of different pairs derived from MD with Model

1 in 10 m LiTFSI electrolyte.
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Figure S2. The neutron diffraction for 17 m LiCl electrolyte.



As shown in Figure S3, the enlarged distances (d, and d; > d;) occur with decreasing salt
concentration and the introduction of the KB electrode. However, the mechanisms behind it are
different. For LiTFSI electrolyte concentration, the larger distance is attributed to the presence of
more water molecules between the adjacent anionic nanoclusters. For the KB electrode, the anionic
nanoclusters aggregate to form the larger size of clusters near the interface due to the cation-n
interaction. Meanwhile, these two models are similar to the results of the literature, which is the

reason that causes the shift peaks are different for the two types of WiSEs.!
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Fi
gure S3. The schematic diagram of the distance changes with varying salt concentrations and with
the KB electrode introduction. (a) 5 m LiTFSI; (b) 10 m LiTFSI; (¢) 5 m LiTFSI with KB

electrodes.






10m LiTFSI/KB —- Fitting

| = 10m LiTFSI —- Fitting
5m LiITFSIIKB  — Fitting
|« 5m LiTFSI — Fitting
i P (.34 e
s [~ S
z S
[ P ik
£ == T
0.19
0.24
_/
0.3 0.4 0.5 0.6 0.7 0.8
g(A™)

Figure S4. The characteristic peak of LiTFSI electrolyte in neutron diffraction: 5 m with (red line)
and without (black line) the KB electrode, 10 m with (red hollow line) and without (black hollow
line) the KB electrode, and the corresponding values of FWHM obtained by fitting a Lorentz

function.



The confocal Raman spectroscopy

The interface structure of LiTFSI electrolytes can be measured by confocal Raman spectroscopy.
This technique has been reported to detect the interfacial effect between two different phases in
electrolytes.> 3 A small KB electrode is immersed in the LiTFSI electrolyte placed on the glass
slide during the Raman experiment. The schematic diagram of the different focal positions on the
electrolyte with the KB electrode is showed in Figure S5a and it is easy to make the focal point
focus on the KB electrode surface which it is a dark area in the confocal microscopy. Figure S5b-
e show that the offset of S-N-S bending vibration of TFSI™ anions and the intensity of O-H
stretching vibration of H,O with the KB electrode depends on the focal point of a confocal
microscope. Figure S5b and ¢ focus on the low wave number region which show the S-N-S
bending vibration of TFSI™ anions. For the pure LiTFSI electrolyte, there is a characteristic peak
at 744 cm! corresponding to the S-N-S bending vibration of TFSI™ anions. For the pure KB
electrode sample, a characteristic peak of the defects and disordered carbon (D-band) could be
found at 1350cm™", which is induced by the disorder and defects in carbon materials.* No
characteristic peak appears at about 745 cm! with the absence of LiTFSI electrolyte. When the
focal point focuses on an area near the KB electrode surface in LiTFSI electrolyte, the
characteristic peak of the S-N-S bending vibration shifts to higher wavenumbers, accompanied by
the presence of the D-band from the KB electrode. When the focal point locates in the liquid phase
of the LiTFSI electrolyte with the KB electrode, we find that the position of the characteristic peak
of S-N-S bending vibration is nearly the same as the pure LiTFSI electrolyte and the D-band from
the KB electrode almost disappears. Figure S5d and e focus on the high wave number region which
reflect O-H stretching vibration of H,O. For pure water, a broad Raman band from 3000 to 3700

cm!includes the symmetric vibration modes of O-H at about 3250 cm™! and asymmetric vibration



modes of O-H at 3410 cm cm!.> For the pure LiTFSI electrolyte, the broad Raman spectra of O-
H stretching vibration bands vanishes gradually and a sharp peak at 3560 cm ! appears. This peak
is attributed to the signature of crystalline hydrates, where most water molecules participate in ion
coordination with cations and anions of the salt, giving rise to a unique solvation structure.”> When
the focal point focuses on an area near the KB electrode surface in LiTFSI electrolyte, the
characteristic peaks of carbon materials (D-band at 1350 cm™! and G-band at 1600 cm™") appears.
The peak of O-H stretching vibration bands at 3560 cm! is significantly weakened compared with
that in the liquid phase of the LiTFSI electrolyte (away from the interface) with the KB electrode.
And this peak in the liquid phase of the LiTFSI electrolyte with the KB electrode is similar with
the pure electrolytes. This result demonstrates that water molecules are expelled away from the

interface, corresponding to the more solid-like LiTFSI at the interface.
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Figure S5. (a) The schematic diagram of the different focal positions on the electrolyte with the
KB electrode. The confocal Raman spectra of S-N-S bending vibrations of TFSI™ anions in (b) 5
m and (c) 10 m LiTFSI electrolytes. The inset shows the whole scanning region of confocal Raman

spectroscopy. The characteristic peak of carbon (D-band at 1350 cm™) is found on the pure KB



electrode and the interface region near the KB electrode. The confocal Raman spectra of O-H
stretching vibration bands of H,O in (a) 5 m and (b) 10 m LiTFSI electrolytes. The yellow area is
O-H stretching vibration bands of H,O. The characteristic peaks of carbon (D-band at 1350 cm™!

and G-band at 1600 cm™") is found on the interface region near the KB electrode.
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Figure S6. The confocal Raman spectra of LiTFSI electrolytes with different concentrations.
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Figure S7. XPS spectrum of the KB electrode. the inset is the table of elements.
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Figure S8. The partial neutron scattering profiles (PNSPs) of different pairs derived from MD

simulations with Model 1. (a)TFSI—TFSI" in 5 m. (b) D,0O-D,0 in 5 m. (¢) TFSI"™—TFSI"in 10

m. (d) D,O-D,0 in 10 m. The red line and blue line represent the carbon electrodes with and

without cation—r interactions.
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Figure S9. The ratio of the relative cumulative density for Li and O atoms of H,O within a 1 nm

distance from carbon electrodes derived from MD simulations with Model 1.
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Figure S10. Neutron scattering profiles for (a) 5 m and (d) 10 m LiTFSI electrolytes and the partial

neutron scattering profiles (PNSPs) of different pairs (b)TFSI™—TFSI™ in 5 m. (c) D,0O-D,O in 5

m. (e) TFSI"=TFSI" in 10 m. (f) D,O-D,0 in 10 m derived from MD simulations with Model 2

The red line and blue line represent the carbon electrodes with and without cation—n interactions.
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Figure S11 The relative cumulative densities normalized with that of bulk solution derived from
MD simulations with Model 2: (a) Li*, (b) N atoms of TFSI™ anions, and (c) O atoms of water

molecules in 5 m.
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Figure S12. The relative cumulative density of each element in LiTFSI electrolyte under different

graphene layers: (a) Liatoms, (b) N atoms of TFSI! anions, and (c) O atoms of H,O in 5 m with

cation-n on; (d) Li atoms, (¢) N atoms of TFSI anions and (f) O atoms of H,O in 5 m with cation-

7t off.
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Figure S13. The Nyquist plots of 17 m LiCl electrolyte with graphite flake (GF, black), glassy

carbon (GC, red), and platinum (Pt, blue) electrodes.

18



4[~— GF 021V 4[— GC o023V 4= NF0.12V 4]~ Pto3sv
—~— GF 0.10V (-) ~ GC0.21V () ~ NF0.11V () — Pt0.36V ()
_3}=— GF0.20V (+) _3}—= GC0.25V (+) _ 3= NFO0.12V (+) __ 3= Pt0.37v (+)
<} g g <
22l 2 n2f 22
1} 1} 1t 1t
o ., . ., S5 ot ., ., . 50t ., o 5 oot ., o 5m
1 2 3 4 5 6 7 12 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
b zZ'(Q) Z'(Q) Z'(Q) Z'(@Q
9~ GFo21v of= Gcoz2zv d o~ NFo.10v o[~ Pto3av ]
~ GF 0.12V (=) 2 ~ GC0.18V (-) ~ NF 0.00V (-) ~ Pt0.32V(-)
56} GF 029V () 56[= GC0.26V () 2| g6k NFO12V () | g6~ Pto34v()
Nt Nt /““"\/ N3 ,-"”" Rl
o, . . Mm °F o tOmOor L tOmp O 10m
2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
Z'(Q) Z'(Q) Z'(Q) Z'(Q)
é
15[~ GF 0.23V 15[~ GC o026V 9 5[~ NFo08V 15[~ Pto.36v
- GF0.10V (-) = GC0.23V(-) 5 ~ NF 0.06V(-) = Pt0.33V (1)
— 10l GF0.33v — 10l GC0.23v(+ — 10l NF 0.08V(+ —1nl-- Pt0.35V(+
g 10t (+) gm (+) gm. (+) gm. (+)
N st N 5 / N 5| /'”””VN 5} /
o Tasm|f Op sm| Op q4sm| Op  15m
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
d Z'(Q) Z'(Q) Z'(Q) Z'(Q)
=~ GF 022V ~— GC 025V = NFO0.12V ~— Pt038v
20| GF 0.11V(-) 20|-= GC 0.22v(-) 20l-= NF 0.12V(") 20| Pt0.36V(-)
_ GF 0.34V » GC 0.27V |- NFO0.11V _ Pt 0.37V
g5t &) gsb &) g 15} Y dgst T )
= = = (] [ i
R 10 R 10 b Naop T e flRio}
5} 5 5} / 5}
0 ) ) 29m 0 . . ) 2(_)m 0 . ) . 2Qm o ) ) ) 2(_)m
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

Z Q) Z(Q) Z'(Q) Z'(Q)
Figure S14. The Nyquist plots of different electrodes (GF, GC, NF, and Pt) in (a) 5 m, (b) 10 m,

(c) 15 m, and (d) 20 m LiTFSI electrolytes with different OCVs (initial voltage (black), negative

voltage (red), and positive voltage (blue)).
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Figure S15. The potential of zero charges (PZCs) of GF, GC, NF, and Pt electrodes in 5 m and 10

m LiTFSI electrolytes.
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Figure S16. The diffusion coefficient of Li* (" i™) near the interface in LiTFSI and LiCl

electrolytes from NMR.
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Figure S18. The experimental device of the electrochemical cell for EIS measurements.
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