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A. Phase behavior and calculation of filling degree

A detection of the melting transition of ionic liquid, which disappears upon immobilization in
micropores, serves to determine the amount of liquid electrolyte required for pore saturation. The DSC
measurements were performed using a Netzsch DSC 204 differential scanning calorimeter. The
samples were prepared in an argon filled glove box and hermetically sealed in aluminum pans. They
were first cooled to 193 K and then heated to 423 K, with a fixed scan rate of 5 K min. This cooling
and heating cycle was repeated two times. The DSC heating traces recorded during the second heating
step are shown in Fig. S1 (a-c).

Py, ILS 15moP% bulk
——Pyr,," ILS 15moB in ZIF-3

——Pyr,," ILS 15mol% bulk ——Pyr,* ILS 15mol% bulk
(a) —— Py, ILS 15mol% in SBA-15 8 nm (b) (C)

Pyry* ILS 15mol% in SBA-15 4 nm

Heat flow (endo. up) / a.u.
Heat flow (endo. up) f a.u
Heat flow (endo. up) /a.u.

9 =100%) 0 =100%,
9=1125% ) 0=86% A e 080
——— N~ 0=100% 9=71% Mﬁ%
S py <559
et e R s I S 1
-50 6 5‘0 WUIU -50 6 5‘0 WUIU -50 6 5‘0 160
Ti*C TI*C Ti°C
30
(@ 0] (e) 2z (f)
%4 @ Pyr," ILS 15 mol% in SBA-15 8 nm Pyr,* ILS 15 mol% in SBA-15 4 nm @ Pyr, ILS15 mol%in ZIF-8
24 4
- g
20 4 20

4 JER]
10 S P
i‘ 8 ot {
. 2 .
5 .
# ¢
!’ -
0 - 0 0 [ I ]
0.5 10 15 20 25 3.0 05 06 0.7 038 0.9 10 1.1 04 05 06 07 08 09 10 11
o] o o}

Figure S1. DSC heating traces of Pyri,TFSA-LITFSA at a Li salt concentration of 15 mol% mixed with the porous
materials SBA-15 8 nm (a), SBA-15 4 nm (b) and ZIF-8 (c) at different nominal filling degree @. Enthalpy of fusion
htys o OF Pyri4TFSA-LITFSA at a Li salt concentration of 15 mol% mixed with the porous materials SBA-15 8 nm (d),
SBA-15 4 nm (e) and ZIF-8 (f) in dependence on the theoretical filling degree @ with a fit of eq S4.

The nominal filling degree ¢ was calculated using eq. S1.
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Here, Vs is the volume of the electrolyte, V, the pore volume, m, and m, the weighted masses of the
electrolyte and the porous materials, pys the density of the electrolyte (1.40 g cm™) and v, the specific
pore volume of the porous materials as given by literature or the manufacturer (ZIF-8 1: 0.636 cm3 g!
/ SBA-15 8 nm %2: 0.8 — 1.0 cm3 g, calculated with 0.8 cm3 g / SBA-15 4 nm 53: 0.7 — 0.9 cm3 g},
calculated with 0.7 cm3 g?)

The fit is based on the assumption that there are two species of electrolyte in the mixture of the
electrolyte and the porous materials. On the one hand a confined species which does not have a
specific enthalpy of fusion and on the other hand a free species which has the specific enthalpy of
fusion of the bulk electrolyte hyo. It follows that the enthalpy of fusion of the mixture of electrolyte
and porous material h;,s can be described by eq. S2.

hfus = hfus,O "z (52)

Here, z is the fraction of free electrolyte, which is given by the maximum filling degree @...x and the
nominal filling degree ¢ according to
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By inserting eq. S3 in eq. S2 we get eq. S4.

Pmax
hfus = hfus,O ) (1 - )

¢ (S4)

Since hys is the specific enthalpy of fusion of the bulk electrolyte, it has a fixed value (measured as
32.69 J/g) and therefore .. is the only variable in eq S4. Furthermore, eq S4 is only valid for @, <
@, because for @.x = @ no enthalpy of fusion is measurable.

The values of @, for the different porous materials are listed in Table S1.

Table S1. @ax for SBA-15 8 nm, SBA-15 4 nm and ZIF-8
porous material SBA-15 8 nm SBA-154 nm ZIF-8
Prmax 88% 71% 54%

With this maximum filling degree and the number of cages per mol of ZIF-8 (1.0-10%3 cages/mol)>* >,
the number of ion pairs per cage was calculated to be approximately 2 on average. The values of @
show that saturation of the porous materials with IL occurs well below the nominal volume. There are
two approaches to an explanation. On the one hand the micropore volumes of the porous materials
are on the order of magnitude of the van der Waals volumes of ions of the electrolyte. For example,
the TFSA™-anion has a van der Waals volume of 147 A3 56 and ZIF-8 a micropore volume of 817 A3.5!
Thus, sterical reasons may well prohibit a complete filling of the micropore volume. Sterical problems
would have a more severe effect for smaller pore sizes, which could explain the lowest @, for ZIF-8
and correspondingly larger values for the SBA materials. On the other hand the particle sizes of the
used porous materials are quite large (SBA-15: 150 um, ZIF-8: 5 um). Here, the center of the particles
might be out of reach for the electrolyte, resulting in a lower ¢, than expected.



The values of @, from Table S1 were used to prepare both, confined IL and ILS, assuming that the
saturation point of Li salt-containing liquids is the same as that of pure IL.

B. FTIR spectra

The FTIR spectra were recorded using a FTIR spectrometer IFS 66v/s, (Bruker), equipped with a MCT
detector. KBr pellets were prepared in a glove box under Ar atmosphere by mixing the samples with
KBr and homogenizing them using a mortar and pestle. The mixtures, which had a total mass of 300
mg with approximately 2 wt% of sample were pressed outside of the glove box with 0.7 GPa to pellets
with a diameter of 13 mm. Prior to measurement the pellets were heated for 1 h at 100 °C and 10 bar
to eliminate any water potentially absorbed during the pressing process.
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Figure S2. IR spectra of CF3 asymmetric bending (a), SO, asymmetric bending (b), SNS asymmetric stretching (c)
and SO, asymmetric stretching (d) of the TFSA-anion of Pyry, TFSA;_LITFSAin bulk, confined in ZIF-8 and confined

in SBA-15 at a Li salt concentration of 15 mol%.



C. XRPD patterns

X-ray diffraction measurements were recorded with a STOE StadiP diffractometer in Debye-Scherrer
geometry with a Dectris MYTHEN2 1K detector to evaluate the phase purity of the synthesized
compounds. The radiation source was Cu K, (A = 1.5406 A) employing a Ge(111) monochromator. The
diffraction data was collected within a 2Theta-range of 5 to 70 degree, with a step size of 0.015 2Theta
in PSD moving scan mode with a step width of 3 2Theta and 240 seconds per step. For each
composition, three consecutive measurements were performed and the results were summed to
obtain the final diffractogram. All samples were measured in sealed borosilicate glass capillaries
(Hilgenberg, outer diameter of 0.5 mm), which were prepared in the glove box. To confirm phase
purity, Pawley fitting via Topas was applied to XRPD patterns of all samples, proving the accordance to
reference literature. The results, together with respective reference values, are given in Table S2.

Table S2. Fit results for PXRD Pawley Fits of Zif-8 and ZIF-8 with confined Pyr,4 TFSA1_LiTFSA,.

Zif-8 pure Zif-8 Pyrl14

Ref. databaseno COD 4118891 CCDC 1058659

Space group [-43m [-43m
Rwp 6.21 3.63
GOF 291 1.52

a=b=c 17.023(1) 17.084(1)

al=be=ga 90 90
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Figure S3. (a) XRPD patterns of ZIF-8 (black) and ZIF-8 with confined Pyri4TFSA ;1 LiTFSA, (red) at a Li salt
concentration of 15 mol%. Plane indices were assigned with reference to a previous study, showing the reported
change of relative intensity values with solvent inclusion.! (b) Pawley fit results for ZiF-8 and (c) for
Pyri4TFSA1LITFSA,. Respective fitting values are given in Table S2.



D. Raman spectra
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Figure S4. (a) Raman spectra of the v(Zn-N) mode of neat ZIF-8 and ZIF-8 with confined Pyri,TFSA;_(LiTFSA, at
different Li salt fractions, in the spectral region between 155 and 195 cm™. (b) Raman Shift of the v(Zn-N) mode
of the ZIF-8 framework in dependence on the ionic liquid fraction.
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Figure S5. Raman spectra of the Pyry,* isomers of PyrisTFSA14LiTFSA, in bulk, confined in ZIF-8 and confined in
SBA-15 at a Li salt fraction of 15 mol%, in the spectral region between 860 and 945 cm, with spectral
deconvolution according to literature.” Contributions include the characteristic Raman band of the Pyry,* isomer
with the butyl-chain in equatorial position (magenta) and in axial position (cyan).
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Figure $6. Raman spectra of Pyri4TFSA1yLiTFSA, in bulk, confined in ZIF-8 and confined in SBA-15, in the spectral
region between 720 and 770 cm™ for the Li fractions x = 0.40 (a) and x =0.50 (b). Purple lines are obtained by
deconvolution using Voigt profiles.
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Figure S7. Temperature dependent “Li spin-lattice relaxation rates of Pyri,TFSA;_,LiTFSA, in bulk, confined in ZIF-8
and confined in SBA-15 for the Li fractions x =0.40 (a) and x = 0.50 (b). Dotted lines are fits obtained from the
BPP-model.



F. Fitting of data sets with the BPP model

To fit the temperature dependent spin-lattice relaxation rate R; the Bloembergen, Purcell and Pound
(BPP) model*® can be applied. With the assumption of one random isotropic motional mode with one
correlation time 1. R; can be described in the case for quadrupole interactions by eq. S5.

T, 47,

+ (§5)

=A
1+ 4w02‘rcz

1
R, =— .
1 d
Ty e 1+ wOZTCZ

For R1max €9. S6 is valid.

WoT, e = 0.616 (56)

c,max

With Rimax and Temaw Aquad €an be derived from eq. S5. To obtain the correlation time at a given
relaxation rate, eq. S5 can be transformed to a polynomial equation of fourth order in t..

Ry 4_ 4 2.3 Ry 2_2 Ry
wy T, - 8wyt +5 Wyt = 5T, +

quad quad quad

4 =0 (57)

Solving eq. S7, the correlation time for each relaxation rate measured at a certain temperature can be
obtained. The correlation times then can be plotted against the temperature, as shown in Figure S8. If
the BPP-model is valid, the temperature dependence can be described with Arrhenius behaviour.
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Figure S8. Temperature dependent Li correlation times of Pyr;, TFSA ;- LITFSA, confined in ZIF-8 for the Li fraction
x =0.15. The red line is the Arrhenius fit with eq. (S8)



Fitting of data sets without Ry max

The value of R is crucial for the fitting with the BPP model. When R; .. is not available
experimentally one has to make reasonable assumptions about the values of R; ... Following a
procedure of Hammer et al.*® we make those assumptions to obtain limiting values for A,,.4 according
to eq. S5 and S6.

With the value of y? the quality of an obtained fit can be described. It is given by:

N
- v - y(x; a;...ay) 5
= Zl( ~ (59)

4

For a good fit the value of y? is small. A fit of moderate quality is achieved when y? is around the number
of degrees of freedom F, which is the number of experimental data points N subtracted by the number
of fitting parameters M.1% In our case N = 21 and M = 2. Therefore, a fit of moderate quality is achieved
when x? is around 19.

In our procedure, fits of Ry(T) data were performed, assuming a range of different values of Ry ., and
calculating the value of x2. We limited the assumed values of R; ., to those that allow a fit of moderate
quality, i.e. x> remaining smaller than 19. This yields upper and lower limits for Ry n.x with a still
moderate fit quality. The resulting fits for the accepted limits of Ry,ma (Upper and lower limit) are
shown in Figure S9. In Table S3 and Figure S10 the values for optimized fits as well as the fits for the
upper and lower limits are summarized. The optimum value of Ry . was chosen such that x? is
minimal. The differences of the parameters derived from the respective max, min and opt fits are not
very large, proving that the fitting is reasonable even without R, ., directly derived from experiment.
Only in one case (upper limit for Ay,.q and t. of Pyrl4TFSA,LiTFSA, confined in SBA-15 8 nm for
x = 0.6) the upper limits are too high to allow further interpretation.

Table S3. Fit results from BPP analysis of PyrisTFSA(1LiTFSA, confined in SBA-15 8 nm and SBA-15 4 nm for the Li
salt fractions x = 0.5 and x = 0.6. Max, min: Corresponding to fits with upper and lower limit of Ry ., and yielding
X2 =19.

sample fit Aquaa / (10°572) T,/ (10125s) Ex / (kJ-mol?) X
max 2.42 2.13 21.2 19.00
Pyry4* ILS
50 mol% in opt 2.32 1.34 22.4 4.35
SBA-15 8 nm
min 2.28 0.97 23.3 19.00
max 3.49 4.90 21.0 19.00
Pyry4* ILS
60 mol% in opt 2.62 2.16 22.5 3.21
SBA-15 8 nm
min 2.35 1.27 23.7 19.00
max 2.51 3.99 19.7 19.00
Pyry4* ILS
50 mol% in opt 2.28 1.98 21.4 2.82
SBA-154 nm
min 2.20 1.24 22.6 19.00
max 11.9 36.8 18.8 19.00
Pyris* ILS
60 mol% in opt 2.80 4.25 20.8 3.41
SBA-154 nm

min 2.30 2.07 22.3 19.00
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Figure S9. Temperature dependent “Li spin-lattice relaxation rates of Pyr;, TFSA1LiITFSA, for the Li salt fractions
x=0.50 and x = 0.60 confined in SBA-15 8 nm (a) and SBA-15 4 nm (b). Fit curves from BPP analysis for max. Aquaq
(red line), opt. Aquad (black line) and min. Aquaq (blue line).
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Figure S10. BPP fit parameters prefactor Aqu.q¢(a), correlation time Te at 298 K (b) and activation energy E, (c) of
PyrisTFSA(1LITFSA, confined in SBA-15 8 nm and SBA-15 4 nm resulting from the free fit (blue and green circles
and error bars) and the fit with fixed high and low prefactors Aqu.q (blue and green areas indicate maximum and
minimum values).
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