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Calculation of the Onsager coefficients
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Figure S1: Scheme of the three different approaches for determining the Onsager coefficients
and the thermodynamic factor.
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Equations for calculating the auxiliary parameters A; from experimental quantities m;:*2
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Equations to calculate the auxiliary parameters A; ¢4 from the target values z;: 2
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Figure S2: Scheme of the Reverse Monte Carlo approach for determining the Onsager coefficients
and the thermodynamic factor from five experimental quantities.
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Phase shift data from eNMR
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Figure S4: Representative reduced phase shift data (¢ — ¢o)dg 1y 16 1A from eNMR
including a linear fit for Li*(red circles) FSI" (blue squares) and SL (grey triangles) of SL/LiFSI x/1
electrolytes at concentrations a) x=2.4 and b) x = 3.
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Calculation of o .ymRr

The mobilities obtained from eNMR can be used to calculate the conductivity g.nymr, Which is in
good agreement with the results from impedance spectroscopy. Since the electrophoretic
mobilities of each constituent take into account ion correlations in the electrolyte, Eqgs. S11

applies:
OeNMR — Z 0; = z e Zl:ul (511)

Here, z; is the charge number, and N is the number density of the respective ionic
constituent, which was calculated from the mass density, see Table S1 and
accompanying text.
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Density measurements

A DDM 2910 Automatic Density Meter (Rudolph Research Analytical, Linen, Germany) was used
to measure mass densities, which were subsequently used to calculate the concentrations of
species in the electrolytes. Prior to use, the instrument was flushed with dry nitrogen to prevent
the samples from contact with oxygen and water. The measurement temperature was set to
30 °C with a thermal equilibration time of at least 15 min.

Table S1. Densities p of sulfolane-based electrolytes at 30 °C

sample p/ (gem3)
SL/LiFSI 2.4/1 1.492
SL/LiFSI 3/1 1.458

Volume flux

It was shown that local molar volume conservation is the constraint governing the transport
properties of concentrated, incompressible electrolytes.* The net volume flux must be zero,
denoting that the flux of a species in one direction must be counteracted by a net flux of a
constituent in the opposite direction. Experimentally this can be evidenced by means of eNMR,
as the total molar volume flux J;; can be calculated from the mobilities ; and the molar volume
v; of the involved species. The ratio of J;; and the sum of the absolute individual volume fluxes
is Jy tot, is evaluated as a measure for the magnitude of a net volume flux. As SL has a slightly
positive mobility (see Figure 3a)) it also contributes to the volume flux, and is taken into account
with x accounting for the ratio SL to LiFSI in Eqs. S12.

v MVt p_v_ 4 X Ug, Vg, (512)
Jviot  lpvil + lu—v_| + |x ps, vy |

This ratio is zero for the electrolytes investigated here, see Fig S6.

In an analogous manner, the mass flux Ju can be calculated with the molecular weight of the
constituents, which results in a non-zero ratio of the net mass flux Ju and the absolute total mass
ﬂ ux JM,tot-4
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Figure S6: Ratio of the molar volume flux Jv/Jv 1ot (green squares) in comparison with mass flux
In/In ot

S7



Distribution of Onsager coefficients and of the thermodynamic factor for SL/LiFSI 2.4/1
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Figure S7: Calculated distributions of the normalized Onsager coefficients a) 0,./0ion, b)
0__/0Oion, C€) 04+_/0ion and d) the thermodynamic factor for the SL/LiFSI 2.4/1 electrolyte.

Table S2: Normalized distinct parts of o, , and o__ for both electrolytes.

SL/LiFSl a.fli_i_ls_tinct/o.ion O.(Eiftinct/o.ion
2.4/1 —0.5+0.2 —04+0.1
3/1 -04+0.1 —0.37 £ 0.09
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