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Supplementary Methods 1 — Compositional analysis by 'H NMR spectroscopy

Solution 'H NMR spectroscopy was performed on digested crystalline and glassy ZIF samples.
The composition of ZIF-8 derivatives is determined using the integral ratio of the aromatic
protons of the different linkers. Note that in a few spectra, there are peaks between 0 and 4
ppm, which are residual traces of n-butanol. This is because the materials have not been
completely activated prior to the '"H NMR analysis. '"H NMR data of the digested parent
material ZIF-8, and n-butanol (with DMSO-ds and DCI/D20) can be found in Supplementary
Figure 3.
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Supplementary Figure 1. Plot of the linker fractions found in the crystalline ZIF-8 derivatives after the
various SALE experiments performed in this work. The orange spheres on the coloured lines show the
compositions of the materials after 1 day, 3 days, 5 days and 7 days of SALE in n-butanol solutions
containing Him and Hbim in varying ratios. The lines correspond to a SALE solution with a particular
Him:Hbim ratio with the same overall molar linker concentration (i.e. cHim + cHbim = constant). Lines are
just a guide to the eye. The pentagons represent additional samples prepared for gathering additional
data points to explore the compositional limits of meltability/glassformability in the triangular phase
diagram in more detail (see Supplementary Table 1). The symbols highlighted by the red circles are the
most critical samples (ZIF-8-mimo.1simo.74abimo.11 and ZIF-8-mimo.1simo.ss) for this work.



Supplementary Table 1. Applied masses and molar amounts of Him and Hbim with 100 mg ZIF-8 (or
ZIF-67) in the SALE reaction mixtures for ZIF-8-mimximybim; (ZIF-67- mimximybim;) synthesis as well
as the corresponding mim=: im~: bim~ ratios found in the corresponding framework (determined by 'H
NMR spectroscopy; see later spectrums). Data for an additional linker exchange experiment of ZIF-8
with Him and HClbim (5-chlorobenzimidazole) is included as well. In all exchange experiments except
one, the samples have not been stirred over the course of the SALE process. In one SALE experiment,
the samples suspension was stirred for 15 min/day with a total reaction time of 3 days. In this process,
ZIF-8 is fully converted to a ZIF-62 derivative as proven by XRPD (see Supplementary Figure 35).

Linkers fractions
determined by 'H NMR

Applied Applied Him Applied Hbim Time spectroscopy s
A ample name
Him: Hb | | d
im im (mmol, mg) (mmol, mg) (day) mim™ im- bim-
(%) (%) (%)
1 84 16 0 ZIF-8-mimo.g4imo.16
. 3 66 34 0 ZIF-8-mimo.esimo.34
10:0 294 200 0 0 5 25 75 0 ZIF-8-mimo simo s
7 15 85 0 ZIF-8-mimo.15imo.ss
1 80 18 2 ZIF-8-mimo.soimo.1sbimo.o2
. 3 73 25 2 ZIF-8-mimo.73simo.25bimo.oz
9:1 264 180 029 347 5 54 43 3 ZIF-8-mimo s4imo43bimo.cs
7 18 72 10 ZIF-8-mimo.1simo.72bimo.10
1 82 16 2 ZIF-8-mimo.g2imo.1sbimo.o2
. 3 75 23 2 ZIF-8-mimo.7simo.23bimo.oz
8:2 235 160 059 694 5 65 30 5 ZIF-8-mimo.esimo sobimo s
7 20 65 15 ZIF-8-mimo.20imo.ssbimo.15
1 80 16 4 ZIF-8-mimo.soimo.1ebimo.oa
. 3 78 18 4 ZIF-8-mimo.7simo.18bimo.0s
7:3 208 140 088 1041 5 70 24 6 ZIF-8-mimo.7oimo 24bimo os
7 27 54 19 ZIF-8-mimo.2zimo.s4bimo.19
1 73 15 15 ZIF-8-mimo.73imo.1sbimo.12
. 3 70 19 11 ZIF-8-mimo.70imo.19bimo.11
6:4 176 120 118 13838 5 62 20 18 ZIF-8-mimo.e2imo 20bimo 1s
7 43 38 19 ZIF-8-mimo.43imo.3sbimo.19
1 58 12 30 ZIF-8-mimo.ssimo.12bimo.so
. 3 58 17 25 ZIF-8-mimo.ssimo.17bimo.25
5:5 147100 147 1735 5 47 18 35 ZIF-8-mimo.47imo 1sbimo ss
7 17 34 49 ZIF-8-mimo.17imo.3sbimo.49
1 53 7 40 ZIF-8-mimo.s3imo.o7bimo.4o
. 3 34 14 52 ZIF-8-mimo_34imo.14bimo.s2
4:6 118 80 176 2082 5 18 17 65 ZIF-8-mimo.1simo 17bimoss
7 11 13 76 ZIF-8-mimo.11imo.13bimo.7e
1 50 7 43 ZIF-8-mimo.soimo.o7bimo.43
. 3 28 9 63 ZIF-8-mimo 2simo.oobimo 63
3:7 088 60 206 2429 5 20 6 74 ZIF-8-mimo 20imo osbimo 74
7 7 13 80 ZIF-8-mimo.ozimo.13bimo.so
1 39 5 56 ZIF-8-mimo.3simo.osbimo.se
. 3 23 9 68 ZIF-8-mimo 23imo.oobimo.es
2:8 059 40 235 2776 5 10 10 80 ZIF-8-mimo.1oimo 1obimo so
7 7 7 86 ZIF-8-mimo.ozimo.o7bimo.se
1 45 4 51 ZIF-8-mimo.4simo.oabimo s1
. 3 33 7 60 ZIF-8-mimo_33imo.o7bimo.so
1:9 020 20 264 3124 5 24 5 71 ZIF-8-mimo 24imo.0sbimo 71
7 10 3 87 ZIF-8-mimo.10imo.o3bimo.s7
1 38 0 62 ZIF-8-mimo_.3gbimo.s2
) 3 35 0 65 ZIF-8-mimo.3sbimo.es
0:10 0 0 204 3471 5 25 0 75 ZIF-8-mimo zsbimo s
7 24 0 76 ZIF-8-mimo_24bimo.7e
8.7:1.3 2.35 160 0.34 40 7 15 74 11 ZIF-8-mimo.1simo.74bimo.11
9.3:0.7 2.60 177 0.19 23 7 17 75 8 ZIF-8-mimo.17imo.7sbimo.os
8.8:1.2 2.57 175 0.36 43 7 16 72 12 ZIF-8-mimo.16imo.72bimo.12
9.7:0.3 2.79 190 0.08 10 7 18 81 1 ZIF-8-mimo.1simo.s1bimo.o1
9.3:0.7 2.60 177 0.19 23 3.5 51 47 2 ZIF-8-mimo.s1imo.47bimo.o2
3
8.7:1.3 2.35 160 0.34 40 (stirred 15 5 80 15 ZIF-62-mimo.osimo.sobimo.1s
min/day)
87:13 535 160 034 40 7 18 68 14 ZIF-67-mimo rsimo.esbimo 14
(2IF-67)  * ' emoes>ime
87:13 535 160 034 52 7 20 70 10 ZIF-8-mimo 20imo 76Clbimo 1o
(Him: HCIbim)
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Supplementary Figure 2. Progress of the SALE reactions expressed as the fraction of im~ and bim~in
ZIF-8. The fraction of mim~ can be obtained by subtracting the fractions of im~ and bim~ from 100%. As
to be expected, the fraction of exchanged linkers (i.e. the inclusion of im~ and/or bim~ and the removal
of mim~) is increasing with the reaction time. Moreover, bim™ is incorporated preferentially over im~ so
that the rate for the incorporation of im~is much slower than the rate for the incorporation of bim~. These
observations seem counterintuitive at first sight, as Hbim is significantly larger than Him and thus a
considerable restriction of diffusion into the pores of ZIF-8 is expected for the former. However, the
observations are consistent with the considerably higher acidic strength of Hbim (pKa = 12.78)
compared to Him (pKa = 14.52)".
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Supplementary Figure 3. '"H NMR data collected for a ZIF-8 and b n-butanol using DMSO-ds (0.5 mL)
and DCI/D20 (35 wt%, 0.015 mL) as solvents.
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Supplementary Figure 4. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing only Him. The SALE time fromatodis 1, 3, 5, and 7 days, respectively.
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Supplementary Figure 5. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 9:1. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 6. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 8:2. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 7. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 7:3. The SALE time fromatodis 1,

3, 5, and 7 days, respectively.
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Supplementary Figure 8. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 6:4. The SALE time fromatodis 1,

3, 5, and 7 days, respectively.
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Supplementary Figure 9. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 5:5. The SALE time fromatodis 1,

3, 5, and 7 days, respectively.
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Supplementary Figure 10. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 4:6. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 11. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 3:7. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 12. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 2:8. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 13. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction

times with a solution containing Him and Hbim in a molar ratio of 1:9. The SALE time fromatodis 1,
3, 5, and 7 days, respectively.
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Supplementary Figure 14. '"H NMR data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing only Hbim. The SALE time fromatodis 1, 3, 5, and 7 days, respectively.
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Supplementary Figure 15. '"H NMR data collected for seven additional ZIF-8 derivatives and one ZIF-
67 derivative.
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Supplementary Figure 16. '"H NMR data collected for representative ZIF-8 derivatives and ZIF-67
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Supplementary Methods 2 — X-ray powder diffraction data

Supplementary Methods 2.1 — Ambient temperature XRPD
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Supplementary Figure 17. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing only Him. b Corresponding XRPD patterns of samples obtained after
heating the materials to 450 °C followed by rapid cooling to room temperature. For the SALE time of 5-
and 7- day samples, the presence of a large amount of im™ led to the destabilization of the ZIF-8 sod
structure and a solid-state transition to a dense zni topology (ZIF-61-like) was obtained by heat
treatment (validated by Pawley fitting, see Supplementary Figure 33).
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Supplementary Figure 18. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 9:1. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
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Supplementary Figure 19. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 8:2. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
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Supplementary Figure 20. A XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 7:3. B Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
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Supplementary Figure 21. A XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 6:4. B Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
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Supplementary Figure 22. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 5:5. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
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Supplementary Figure 23. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 4:6. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
For the samples with 5 and 7 days SALE time, the presence of a large amount of bim~ led to the heavily
distorted rhombohedral or triclinic sod phase typical for ZIF-7 (Zn(bim)2) (validated by Pawley fitting,
see Supplementary Figure 32). The subsequent samples obtained by SALE solutions with higher molar

fractions of bim~ were all the ZIF-7/8 mixed phase.
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Supplementary Figure 24. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 3:7. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.

Similar to the above, the samples after 3 and 7 days of SALE are ZIF-7/8 mixed phase.
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Supplementary Figure 25. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 2:8. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
Similar to the above, the samples after 3 and 7 days of SALE are ZIF-7/8 mixed phase.
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Supplementary Figure 26. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in a molar ratio of 1:9. b Corresponding XRPD patterns
of samples obtained after heating the materials to 450 °C followed by rapid cooling to room temperature.
Similar to the above, the samples after 3 and 7 days of SALE are ZIF-7/8 mixed phase.
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Supplementary Figure 27. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing only Hbim. b Corresponding XRPD patterns of samples obtained after
heating the materials to 450 °C followed by rapid cooling to room temperature. Similar to the above, all
the samples here are ZIF-7/8 mixed phase.
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Supplementary Figure 28. a XRPD patterns collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing Him and Hbim in other molar ratios (see Supplementary Table 1). b
Corresponding XRPD patterns of samples obtained after heating the materials to 430 or 450 °C followed
by rapid cooling to room temperature. The reflections marked with an asterisk stem from crystalline ZIF-
8 in the case of ZIF-8-mimos1imo.7bimoo2-CGC and crystalline ZIF-61 in the case of ZIF-8-
mimo.18iMo.s1bimo.01-CGC
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Supplementary Figure 29. a XRPD patterns collected for ZIF-8 and ZIF-67 derivatives after varying
SALE reaction times with a solution containing Him and Hbim or HCIbim in other molar ratios (see
Supplementary Table 1). b Corresponding XRPD patterns of samples obtained after heating the
corresponding samples to 440 or 450 °C followed by rapid cooling to room temperature. ZIF-62-
mimo.osimo.sobimo.15 was derived by stirring the SALE solution with ZIF-8 for 15 min per day (total SALE
time was 3 days).
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Supplementary Figure 30. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-8. The
blue tick marks indicate the positions of allowed Bragg peaks of crystalline ZIF-8.
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Supplementary Figure 31. a Profile fit (Pawley method) performed on the XRPD pattern of ZIF-8-
mimo.1s5imo.s5. The blue tick marks indicate the positions of allowed Bragg peaks for ZIF-8. b Magnified
view of the Pawley fit showing the fraction from 10° to 20°. The part that cannot be fitted is the
characteristic peak of the zni phase (26 = 15.1°), i.e. ZIF-61. The blue tick marks indicate the Bragg
peak positions of ZIF-8, and the gray tick marks indicate the Bragg peak positions of ZIF-61.
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Supplementary Figure 32. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-8-
mimo.15imo.7abimo.11. The blue tick marks indicate the positions of allowed Bragg peaks of crystalline ZIF-

8.
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Supplementary Figure 33. Mixed-phase profile fit (Pawley method) performed on the XRPD pattern of
ZIF-8-mimo.11imo.13bimo.7e. The blue tick marks indicate the positions of allowed Bragg peaks. The blue
tick marks indicate the Bragg peak positions of ZIF-8, and the gray tick marks indicate the Bragg peak

positions of ZIF-7.
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Supplementary Figure 34. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-61-
mimo.15imo.ss (recrystallized ZIF-8-mimo.1simo.ss). The blue tick marks indicate the positions of allowed
Bragg peaks of crystalline ZIF-61.
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Supplementary Figure 35. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-62-
mimo.osimo.sobimo.15 (a recrystallized ZIF-8 sample obtained by stirring the SALE reaction mixture for 15
min/day with a total reaction time of 3 days). The blue tick marks indicate the positions of allowed Bragg
peaks of crystalline ZIF-62.
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Supplementary Figure 36. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-8-
mimo.20imo.70Clbimo.10. The blue tick marks indicate the positions of allowed Bragg peaks of crystalline
ZIF-8.
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Supplementary Figure 37. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-67. The
blue tick marks indicate the positions of allowed Bragg peaks of crystalline ZIF-67.
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Supplementary Figure 38. Profile fit (Pawley method) performed on the XRPD pattern of ZIF-67-
mimo.1simo.esbimo.14. The blue tick marks indicate the positions of allowed Bragg peaks of crystalline
ZIF-67.



Supplementary Table 2. Unit cell parameters and corresponding Rwp, Rexp and y values determined by the above displayed structureless profile fits (Pawley

method).
ZIF-8-
Sample ZIF-8 minfcIJf;iBI'l;o.ss mimo.é:\:;.i- bimeqy I -8-MiMoasiMo.sabimoze mirznltl):.;sfis;-o.as mimo.ozs:rfq_fazoéimo_m Mo ZIF67 mimo.i:;-f;;)imo_m
sc;}s/féi: cubic cubic cubic é:lFb_isc) 'I;rzi?:_r;a)ll tetragonal orthorhombic cubic cubic cubic
Z‘:gj;‘ 1-43m 1-43m 1-43m 1-43m R-3 141cd Pbca 1-43m 1-43m 1-43m
alA 17.0466(10) 16.961(3) 16.9063(8) 17.009(6)  23.170(9) 23.555(8) 15.708(11) 16.913(2)  17.049(3) 16.924(6)
bIA 17.0466(10) 16.961(3) 16.9063(8) 17.009(6)  23.170(9) 23.555(8) 15.923(10) 16.913(2)  17.049(3) 16.924(6)
c/A 17.0466(10) 16.961(3) 16.9063(8) 17.009(6)  15.583(7) 12.490(4) 18.329(19) 16.913(2)  17.049(3) 16.924(6)
al® 90 90 90 90 90 90 90 90 90 90
BI° 90 90 90 90 90 90 90 90 90 90
yi° 90 90 90 90 120 90 90 90 90 90
VIA 4953.5(9) 4879(3) 4832.2(7) 4921(5) 7245(6) 6930(5) 4585(6) 4838(2) 4956(3) 4848(5)
Rup ! % 22.37 25.04 7.75 28.03 25.61 23.30 21.00 5.56 5.47
Rexo | % 14.97 19.43 3.10 23.67 23.60 19.82 17.78 5.15 5.20
e 1.49 1.29 2.50 1.18 1.09 1.18 1.18 1.08 1.05
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Supplementary Methods 2.2 — Variable temperature XRPD
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Supplementary Figure 39. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8. The
patterns are not normalized but vertically offset for clarity. The corresponding contour map is shown in
Figure 2a left.
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Supplementary Figure 40. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.1s5imo.s5. The patterns are not normalized but vertically offset for clarity. The corresponding contour
map is shown in Figure 2a middle.
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Supplementary Figure 41. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.15simo.7abimo.11. The patterns are not normalized but vertically offset for clarity. The corresponding
contour map is shown in Figure 2a right.
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Supplementary Figure 42. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.17imo.7sbimo.os. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 43. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.16imo.72bimo.12. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 44. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.27imo.sabimo.19. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 45. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.1simo.s1bimo.o1. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 46. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.43imo.3sbimo.19. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 47. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-

mimo.s1imo.47bimo.o2. The patterns are not normalized but vertically offset for clarity.
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Supplementary Figure 48. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-

mimo.17imo.3abimo.4e. The patterns are not normalized but vertically offset for clarity.

29



Intensity / arb. units

2 | 4 | 6 > 25 3
20/° 28/ "

Supplementary Figure 49. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-8-
mimo.24bimo7s. The patterns are not normalized but vertically offset for clarity. The material clearly
consists of a phase mixture of ZIF-8 (i.e. the cubic sod phase) and ZIF-7 (i.e. a distorted sod phase
with triclinic symmetry at low temperature and rhombohedral symmetry at high temperature?).
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Supplementary Figure 50. Temperature dependent XRPD patterns (A = 0.45920 A) of ZIF-67-
mimo.1simo.ssbimo.14. The patterns are not normalized but vertically offset for clarity.

30



Supplementary Methods 3 — X-ray total scattering

S(Q) / arb. units
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Supplementary Figure 51. Temperature dependent X-ray total scattering data in the form of S(Q) of
ZIF-8. The corresponding PDF data in the form of D(r) are shown in Figure 2b. The vertical axis below
8 A" is displayed magnified to show the variation of the scattering function in more detail.

S(Q) / arb. units
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Supplementary Figure 52. Temperature dependent X-ray total scattering data in the form of S(Q) of
ZIF-8-mimo.1s5imo.ss. The corresponding PDF data in the form of D(r) are shown in Figure 2c. The vertical
axis below 8 A" is displayed magnified to show the variation of the scattering function in more detail.
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Supplementary Figure 53. Temperature dependent X-ray total scattering data in the form of S(Q) of
ZIF-8-mimo.15imo.7abimo.11. The corresponding PDF data in the form of D(r) are shown in Figure 2d. The
vertical axis below 8 A~ is displayed magnified to show the variation of the scattering function in more
detail.
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Supplementary Figure 54. Top: Temperature dependent X-ray total scattering data in the form of S(Q)
data of ZIF-8-mimo.17imo7sbimo.cs. The vertical axis below 8 A" is displayed magnified to show the
variation of the scattering function in more detail. Bottom: PDF in the form of D(r) of ZIF-8-
Mimao.17iMo.75bimo.os.
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Supplementary Figure 55. Top: Temperature dependent X-ray total scattering data in the form of S(Q)
data of ZIF-67-mimo.1simo.esbimo.14. The vertical axis below 8 A" is displayed magnified to show the
variation of the scattering function in more detail. Bottom: PDF in the form of D(r) of ZIF-67-
Mimo.1siMo.esbimo.14.
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Supplementary Figure 56. Room temperature PDFs in the form D(r) of agZIF-8-mimo.1simo.z4bimo.11.
The dark blue function is derived from the VT total scattering experiment by in situ heating to 468 °C
and returning to room temperature, the light blue sample (ex situ) is prepared with the DSC instrument
by heating to 430 °C followed by cooling to room temperature under No.
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Supplementary Figure 57. Comparison of X-ray total scattering data in the form of S(Q) of agZIF-8-
mimo.1simo.7abimo.11 with agZIF-62. The smaller magnitude of the scattering vector for the first sharp
scattering peak of agZIF-8-mimo.1simo.74bimo.11 (1.03 A~") compared to agZIF-62 (1.11 A™") is an
indication for the lower density and higher porosity of the former.
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Supplementary Methods 4 — Solid state 2D spin diffusion NMR spectroscopy
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Supplementary Figure 58. 'H-'3C proton-detected 2D proton-spin-diffusion spectra of the
microcrystalline ZIF-8-mimo.1simo.74bimo.11 sample recorded with different CP times. Vertical dashed
lines indicate the magnetization transfer from —CHs group to the imidazolate rings.
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Supplementary Figure 59. 'H-"3C proton-detected 2D proton-spin-diffusion spectra of the glassy
agZIF-8-mimo.1simo.74bimo.11 sample recorded with different CP times. Vertical dashed lines indicate the

magnetization transfer from —CHs group to the imidazolate rings.
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Supplementary Methods 5 — FTIR spectra
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Supplementary Figure 60. FTIR spectra of selected ZIF-8 derivatives after SALE and activation. The
selected samples correspond to the ones in Figure 1b.
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Supplementary Figure 61. Comparison of FTIR spectra of selected ZIF samples. a ZIF-8, ZIF-8-
Mimo.15simo.74bimo.11, and agZIF-8-mimo.1simo.7abimo.11. b ZIF-8, ZIF-8-mimo.1simoss, and ZIF-61-
Mimo.1simo.gs. ¢ ZIF-67, ZIF-67-mimo.1simo.esbimo.14, and agZIF-67-mimo.1s8imo.ssbimo.14.
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Supplementary Figure 62. Comparison of far-IR spectra data of ZIF-8 derivatives with ZIF-67
derivatives in the crystalline and glassy states.
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Supplementary Methods 6 — Thermal analysis
Supplementary Methods 6.1 — TGA and DSC

a b
2" ypscan —j—
100 - == =~ endo 1
\\
80 |
2
2 5
= o
= 60 = /_\
=) ~ [q=t
[0} = upscan
< [S)
a0 L —2IF-8 =
ZIF-8-mimy g,4img 6 (1d) 3
ZIF-8-mimg 4gimy 4 (3d) &=
20 ZIF-8-mimy ,5img 45 (5d)
ZIF-8-mimy 15imq g5 (7d)
lzEs T~
0 1 1 1 " 1 " 1 " 1 " 1 L 1 "
0 200 400 600 800 150 200 250 300 350 400 450
Temperature / °C Temperature / °C

Supplementary Figure 63. a TGA data collected for ZIF-8 derivatives after varying SALE reaction
times with a solution containing only Him. b DSC data of the same samples showing two consecutive
upscans. A weak and broad exothermic signal is visible on the first upscan for the samples containing
large im™ concentrations. These signal is assigned to the solid-solid transition of the sample from the
sod phase (ZIF-8) to the zni phase (ZIF-61).

a b
ST _  Him-Hbim=91
$ 2”“ upscan —j—
100 F s P ——— e ¥ endo 1 o ) &
80 | \ @
\ 'E
xR \\ 5
= \ g |
z 60 ©
=) = |1%tupscan
g —7IF-8 2 d
a0k ZIF-8-mimy goimy 1gbimy o, (1d) = - =
ZIF-8-mimy 73img 5bimy g (3d) 3
ZIF-8-mimy 5,imy 4bimy o5 (5d) =
20 L~ ZIF-8-mimg 4gimq 7,bimg 4 (7d)
zFs |
0 1 1 1 1 1 1 1 1
0 200 400 600 800 150 200 250 300 350 400 450
Temperature / °C Temperature / °C

Supplementary Figure 64. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 9:1. b DSC data of the same samples
showing two consecutive upscans. An exothermic signal followed by an endothermic signal is visible in
the first upscan for the sample containing a large im™ concentration and a small bim™ concentration. The
exothermic signal is attributed to the collapse of the frameworks and the endothermic signal is assigned
to melting (Tm). A similar thermal behaviour has previously been observed for the liquid- and glass-
forming ZIF-4 as well as some functionalized derivatives of ZIF-4.34 The material that undergoes melting
in the first upscan shows a clear glass transition signal (Tg) in the second upscan.
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Supplementary Figure 65. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 8:2. b DSC data of the same samples
showing two consecutive upscans. The zoomed-in curves on the right are used to demonstrate the
determination of Tm and T4. An exothermic signal followed by an endothermic signal is visible in the first
upscan for the sample containing a large im~ concentration and small bim™ concentration. The
exothermic signal is attributed to the collapse of the frameworks and the endothermic signal is assigned
to melting (Tm). A similar thermal behaviour has previously been observed for the liquid- and glass-
forming ZIF-4 as well as some functionalized derivatives of ZIF-4.3* The material that undergoes melting
in the first upscan displays a signal which can be assigned to the glass transition (Tg) in the second
upscan.
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Supplementary Figure 66. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 7:3. b DSC data of the same samples
showing two consecutive upscans. The zoomed-in curves on the right are used to demonstrate the
determination of Tm and Tgq The exothermic signal is attributed to the collapse of the frameworks and
the endothermic signal is assigned to melting (Tm). A similar thermal behaviour has previously been
observed for the liquid- and glass-forming ZIF-4 as well as some functionalized derivatives of ZIF-4.3#
The material that undergoes melting in the first upscan displays a signal which can be assigned to the
glass transition (7g) in the second upscan.
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Supplementary Figure 67. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 6:4. b DSC data of the same samples
showing two consecutive upscans. The zoomed-in curve on the right is used to demonstrate the
determination of Tg. ZIF-8-mimo.43imo.3sbimo.19 forms a CGC during the first heating cycle. The formation
of the CGC composite appears to be a thermoneutral process, however, glassy behaviour is proven by
a glass transition signal (Tg) in the second upscan.
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Supplementary Figure 68. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 5:5. b DSC data of the same samples

showing two consecutive upscans.
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Supplementary Figure 69. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 4:6. b DSC data of the same samples
showing two consecutive upscans.
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Supplementary Figure 70. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 3:7. b DSC data of the same samples
showing two consecutive upscans.
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Supplementary Figure 71. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 2:8. b DSC data of the same samples
showing two consecutive upscans.
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Supplementary Figure 72. a TGA data collected for ZIF-8 derivatives after varying SALE reaction times
with a solution containing Him and Hbim in a molar ratio of 1:9. b DSC data of the same samples
showing two consecutive upscans.
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Supplementary Figure 73. a TGA data collected for ZIF-8 derivatives after varying SALE reaction

times with a solution containing only Hbim. b DSC data of the same samples showing two consecutive
upscans.
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Supplementary Figure 74. a TGA for ZIF-8 derivatives made from a more refined applied exchange
ratio of imidazole and benzimidazole. b DSC data of the same samples showing two consecutive
upscans. An exothermic signal is visible on the first upscan for the sample containing large im~
concentrations and the smallest bim~ concentrations. This signal is assigned to the solid-solid transition
of parts of the sample from the sod phase (ZIF-8) to the zni phase (ZIF-61). In addition, endothermic
signals are visible on the first upscan for the samples containing large im~ concentrations and small
bim~ concentrations. These signals are assigned to melting (Tm). For all materials, a glass transition
signal (Tg) is observed in the second scan.
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Supplementary Figure 75. Plot of crystallographic density against the molar melting enthalpy (AHm) of
ZIF-8-mimo.15imo.7abimo.11, ZIF-62 and ZIF-zni. AHm of ZIF-8-mimo.1simo.74bimo.11 was determined from
the integral of the melting signal in the first DSC upscan. For the crystallographic density see
Supplementary Table 4. The enthalpies and crystallographic densities of ZIF-62 and ZIF-zni were taken
from reference®. The dashed curve represents an exponential fit to the data and is provided as a guide

to the eye.

Supplementary Table 3. Comparison of thermodynamic melting parameters of ZIF-8-mimg.1simo.74bimo.11 with
other reported meltable ZIFs.

. . Tm T AHm ASm
Material Composition °C) ) (kd mol) (J K- mol) References
ZIF-8- . . . .
MifMo 1simo 7abimo 11 Zn(mim)o.3o(im)1.4s(bim)o.22 368 641 0.66 1.03 This work
Sci. Adv. 4,
ZIF-62 Zn(im)1.75(bim)o.2s 435 708 2.92 4.12 €aao6827
(2018)
Nat. Commun.
ZIF-62-bimo.3s Zn(im)1.6s(bim)o.ss 438 711 5.08 7.14 13, 7750 (2022)
Nat. Commun.
ZIF-4 Zn(im)2 579 852 11.46 13.45 13, 7750 (2022)
Nat. Commun.
ZIF-zni Zn(im)2 585 858 11.88 13.85 13, 7750 (2022)
Nat. Commun.
TIF-4 Zn(im)1.6s(mbim)o.s2 436 709 2.69 3.79 13, 7750 (2022)
CrystEngComm,
ZIF-UC-5 Zn(im)1.s0(Clbim)o.20 428 701 2.50 3.60 122, 3627-3637
(2020)
Chem. Mater.
ZIF-UC-6 Zn(im)1.s2(abim)o.1s 345 618 1.70 2.80 34, 2187-2196
(2022)
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Supplementary Figure 76. Five consecutive DSC cycles for ZIF-8-mimo.1s5imo.74bimo.11 showcasing the

stability of Tg.
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Supplementary Figure 77. TGA (dotted lines) and DSC (solid lines) for ZIF-62-mimo.osimo.sobimo.1s.
The sample was cycled from 50 °C to 450 °C with a heating/cooling rate of £10 °C/min for two times.
The sample is obtained by a SALE process from ZIF-8 in which the reaction mixture was stirred for 15
min/day (total reaction time is 3 days).
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Supplementary Figure 78. TGA (dotted lines) and DSC (solid lines) for ZIF-67-mimo.1simo.esbimo.14.
The sample was cycled from 50 °C to 450 °C with a heating/cooling rate of £10 °C/min for two times.
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Supplementary Figure 79. The third to sixth consecutive DSC cycles for ZIF-67-mimo.1simo.esbimo.14
showing the stability of Tg.
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Supplementary Figure 80. TGA (dotted lines) and DSC (solid lines) for ZIF-8-mimo.20imo.70Clbimo.1o.
The sample was cycled from 50 °C to 440 °C with a heating/cooling rate of £10 °C/min for two times.
The peak in the first upscan is defined as the amorphisation temperature (Ta.) due to its exothermic
nature. The fact that a glass transition is observable at 322 °C in the second upscan suggests that the
amorphization involves a slightly exothermic transition to a liquid phase. Other slightly exothermic
transitions to ZIF liquids were previously reported for ZIF-4 and some of its functionalized derivatives.®*
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Supplementary Figure 81. Five consecutive DSC cycles for ZIF-8-mimo.20imo.70Clbimo.10 showcasing

the stability of Tg.
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Supplementary Table 4. Summary of the transition temperatures determined from the DSC data.

Material T/ °C Tm/ °C Tyl °C Material after heat treatment
ZIF-8-mimo.2simo.75 363 / / ZIF-61-mimo.2simo.7s
ZIF-8-mimo.1simo.ss 374 / / ZIF-61-mimo.1simo.ss
ZIF-8-mimo.1simo.72bimo.10 / 378 343 agZIF-8-mimo.1simo.72bimo.10
ZIF-8-mimo.20imo.esbimo.15 / 399 361 agZIF-8-mimo 20imo.esbimo.1s
ZIF-8-mimo.27imo s4bimo.1g / 392 361 agZIF-8-mimo 27imo.s4bimo 19
ZIF-8-mimo.43imo.3sbimo.1g / / 383 ZIF-8/agZIF-8-mimo.43imo.3sbimo.19 CGC
ZIF-8-mimo.15imo.74bimo.11 / 368 336 agZIF-8-mimo.1simo.74bimo.11
ZIF-8-mimo.17imo.7sbimo.os / 360 334 agZIF-8-mimo.17imo.7sbimo.os
ZIF-8-mimo.16imo.72bimo.12 / 375 340 agZIF-8-mimo.16imo.72bimo.12
ZIF-8-mimo.1simo.s1bimo.o1 369 432 328 ZIF-61/agZIF-8-mimo.1simo.s1bimo.o1 CGC
ZIF-8-mimo.s1imo.47bimo.oz / / 370 Z|F-8/agZIF-8-mimo.s1imo.47bimoo2 CGC
ZIF-62-mimo.osimo.sobimo.15 / 444 327 agZIF-62-mimo.osimo sobimo.1s
ZIF-8-mimo.20imo.70Clbimo.10 / 3732 322 agZIF-8-mimo 20imo.70Clbimo.10
ZIF-67-mimo.1gimo.ssbimo.14 / 399 344 ZIF-67-mimo.1simo.esbimo.14

@defined as the amorphisation temperature (Ta) due to the exothermic transition into a (supercooled) liquid state.
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Supplementary Methods 6.2 — Heat capacity measurements

The evolution of heat capacity (Cp) of agZIF-8-mimo.1simg.74bimo11 in the range from 200 to
415 °C was determined by modulated DSC using a DSC 25 calorimeter (TA Instruments). In
this measurement, a sinusoidal modulation with a temperature amplitude of £1 °C and a
modulation period of 120 s was overlaid on a linear heating ramp with an average heating rate
of 2 °C min~". Baseline and sapphire reference scans were collected before the sample scan
using the same temperature program.
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18-
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Supplementary Figure 82. Heat capacity (Cp) scan of agZIF-8-mimo.1simo.zabimo.11. The heat capacity
change around the glass transition (ACpy) was determined using the difference between the two
intersections of the onset and offset tangent lines of the glass transition signal.

Supplementary Table 5. Comparison of the heat capacity change (ACy) around the glass transition of
agZIF-8-mimo.1simo.74bimo.11 and other reported ZIF glasses.

Material Composition T4(°C) AC,(Jg'K') References
agZIF-8-mimo,15imo_74bim041 Zn(mim)o,go(im)1,48(bim)o_22 336 0.12 This work
. . Sci. Adv. 4,
agZIF-62 Zn(lm)1,75(b|m)o,25 322 0.19 2206827 (2018)
. Nat. Commun. 12,
ag(IL@ZIF-8) [EMIM][TFSI]@Zn(mim); 322 0.11 5703 (2021)
agZIF-4 (HDA) 292 0.16
Zn(im) Nat. Commun. 6,
2 8079 (2015)
agZIF-4 (LDA) 316 0.11
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Supplementary Methods 6.3 — Determination of the calorimetric fragility

The fragility of the agZIF-8-mimo.1simo.7abimo.11 was determined according to procedures
published in previous work®. The melt-quenched ZIF glass was cycled from 50 °C to 430 °C,
with varying heating and cooling rates from +25 to +5 °C/min. T is the fictive temperature of
the glass sample prepared with different cooling rates (qc). Tr at a heating/cooling rate of
+10 °C/min corresponds to Ty. The calorimetric fragility index m is determined as the slope of
the plot of logio(1/qc) versus Ty/Ts (i.e. the T4 scaled reciprocal T, absolute temperatures in
Kelvin).

dlog, , (%)

(#)

The fragility index m is a measure for the activation energy of viscous flow at Ty. Glasses
with a low fragility are called strong (for example vitreous silica with m = 20) while glasses
with a fragility higher than about 40 are called fragile.

(1)

m =

a , - .
agZIF-S-mlmm5|m0_74b|m0_11I b 12

Equation y=a+b*
tendo Plot B
Weight No Weighting
- o Intercept -20.68681 £ 0.34
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g 20 °C/min 1 Ty=344.26°C c R-Square (COD) 0.99924
Ny // s o 0.8 HAdj. R-Square 0.99898
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Supplementary Figure 83. a DSC upscans of agZIF-8-mimo.1simo.z4bimo.11 with heating rates from 25
to 5 °C/min. The cooling rate before each of these scans has been identical to its heating rate. b
Determination of the calorimetric fragility index m by a linear fit of log(1/qc) against Tg/T:.
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Supplementary Methods 7 — Micrography

- heating followed by cooling
to room temperature

Supplementary Figure 84. Micrographs of ZIF-8 obtained before and after two upscans in the DSC
instrument (maximum temperature reached was 450 °C).
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Supplementary Figure 85. Micrographs of ZIF-8-mimo.1simo.ss obtained before and after two upscans
in the DSC instrument (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

Supplementary Figure 86. Micrographs of ZIF-8-mimo.1simo.7abimo.11 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 430 °C).

- heating followed by cooling
8 to room temperature

Supplementary Figure 87. Micrographs of ZIF-8-mimo.1simo.72bimo.10 obtained before and after two
upscans of DSC experiment (maximum temperature reached was 430 °C).
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Supplementary Figure 88. Micrographs of ZIF-8-mimo.20imo.esbimo.1s obtained before and after two
upscans of DSC experiment (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

1 mm

Supplementary Figure 89. Micrographs of ZIF-8-mimo.2zimo.sabimo.19 obtained before and after two
upscans of DSC experiment (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

Supplementary Figure 90. Micrographs of ZIF-8-mimo.43imo.3sbimo.19 obtained before and after two
upscans of DSC experiment (maximum temperature reached was 430 °C).

heating followed by cooling
to room temperature

Supplementary Figure 91. Micrographs of ZIF-8-mimo.17imo.7sbimo.os obtained before and after two
upscans of DSC experiment (maximum temperature reached was 430 °C).

55



heating followed by cooling
to room temperature

Supplementary Figure 92. Micrographs of ZIF-8-mimo.16imo.72bimo.12 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

1 mm

Supplementary Figure 93. Micrographs of ZIF-8-mimo.1simo.s1bimo.o1 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

Supplementary Figure 94. Micrographs of ZIF-8-mimo.s1imo.47bimo.o2 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 450 °C).

heating followed by cooling
to room temperature

Supplementary Figure 95. Micrographs of ZIF-8-mimo.20imo.7z0Clbimo.10 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 440 °C).
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Supplementary Figure 96. Micrographs of ZIF-62-mimo.osimo.sobimo.1s obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 450 °C).
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Supplementary Figure 97. Micrographs of ZIF-67-mimo.1simo.ssbimo.14 obtained before and after the
preparative TGA/DSC experiment (maximum temperature reached was 450 °C).
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Supplementary Methods 8 — Gas physisorption studies

Supplementary Methods 8.1 — Determination of pore volumes

The specific pore volumes (Vpore) Were calculated according to previous work® with
amendments:
pmax g
Vpore — ads C02 (2)
Ps1

with ngit the specific molar amount of gas adsorbed (mmol of gas/g material) at 195 K and
95 kPa, M¢q, the molar mass of CO2, and pg; the density of the supercooled liquid at 195 K
(that is 1.258 g cm™). For these calculations the implemented routine in the Quantachrome
ASiQwin version 5.2 software was used. The obtained values are summarized in
Supplementary Table 6.

Supplementary Table 6. Summary of maximum gas capacities (Vs and ni*), specific pore volumes

(Vpore) and BET surface area (Sget) obtained from the CO2 gas physisorption isotherms collected at 195
K or N2 gas physisorption isotherms collected at 77 K.

Sample Method /4% v nogy Seer Viore

ads ads

em*g™) (mmolg’) (m*g”)  (ecm’g’)

ZIF-8 CO@195K 2934 131 1434 0.46
N2@77K 410.9 18.3 1992 0.66
ZIF-8-mimo.15iMo.74bimo.11 CO@195K 293.0 131 989 0.46
N2@77K 303.7 13.6 1060 0.42
agZIF-8-mimo.15imo.7abimo.11 CO@195K 125.0 5.6 403 0.20
N2@77K 108.4 4.8 229 0.16
ZIF-B67-mimo.1simo.esbimo.14 CO@195K 223.9 10.0 897 0.35
agZIF-67-mimo.1giMo.6sbiMo.14 CO@195K 118.5 5.3 316 0.18
agZIF-62° CO@195K 74.9 34 200 0.12

a data taken from reference®.
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Supplementary Figure 98. CO: sorption isotherms recorded at 195 K for ZIF-67, ZIF-67-
Mimo.18iMo.ssbimo.14 and agZIF-67-mimo.1simo.esbimo.14.
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Supplementary Figure 99. CO:2 sorption isotherms recorded at 195 K for agZIF-8-mimo.1simo.z4bimo.11,
agZIF-67-mimo.1simo.esbimo.14 and agZIF-62 (data taken from previous work reference®).
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N

Supplementary Figure 100. Theoretical void fraction of ZIF-8 (CCDC code FAWCEN?) was calculated
with a probe radius of 1.6 A and a grid spacing of 0.2 A by Mercury software V2021.3.0 and is shown
in pale yellow. Structure viewed along the crystallographic a axis.
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Supplementary Figure 101. n-butane sorption isotherms recorded at 273 K for ZIF-8, ZIF-8-
Mimo.15iMo.74bimo.11 and agZIF-8-mimo.15imo.74bimo.14.
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Supplementary Table 7. Comparison of the hydrocarbon gas capacities (propylene, propane, and n-
butane) of agZIF-8-mimo.1simo.7abimo.11 and agZIF-62.

i i Tas’ (n-butane)
Sampl B ropen) VGl g
273K 293K
agZIF-8-mimo.1simo.z4bimo.11 42.2 40.4 42.6 36.4
agZIF-62°2 14.8 6.72 9.9 4.7

a data was taken from reference®.

Supplementary Table 8. Comparison of the specific pore volumes (Vpore) of ZIF-8 derivatives obtained
from gas sorption isotherms of n-butane (@273 K) and CO2 (@195 K).

Vpore (COz)a Vpore (n-butane)b .
Sample ratio
(cm®g™) (cm*g™)
ZIF-8 0.46 0.41 1:0.9
ZIF-8-mimo.15imo.74bimo.11 0.46 0.41 1:0.9
agZIF-8-mimo.15imo.74bimo.14 0.20 0.18 1:0.9

ap ~ 95 kPa, applied value for the density of pure liquid adsorbate 0iq(CO, @195K) = 1.258 g cm™.%
b p =~ 95 kPa, applied value for the density of pure liquid adsorbate piiq(n-butane @273K) = 0.601 g cm=3.°
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Supplementary Methods 8.2 — Kinetic gas adsorption

To quantitatively analyze the kinetics for CsHs, CsHs, and n-CsH1o adsorption in ZIF-8, ZIF-8-
MiMmo_15iMo.74bimo.11 and agZIF-8-mimg.15imo.74bimo.11, the time-dependent normalized uptake
data were fitted using stretched exponential models® (pseudo-first-order does not fit the
measured curves). The equation describing the relationship between the normalized uptake
(corresponding to (P; — P)/(P; — P,)) and time by a stretched exponential model is given as
follows:

(Pi - P) -1— e_(kt)B (5)

normalized uptake = =
P (Pi - Pe)

where P, is the initial pressure, P is the pressure attime t (in s), Pe is the pressure at equilibrium,
k is the rate constant of gas adsorption (in s7'), and 8 is the exponent parameter related to the
width of the distribution of diffusion rate constants.

Supplementary Table 9. Kinetic parameters for CsHs, CsHs, and n-CsH10 adsorption on ZIF-8, ZIF-8-
Mimo.15iMo.74bimo.11 and agZIF-8-mimo.1simo.7abimo.11 at 293 K.

Sample Adsorbate k/s™ B R?
propylene 3.26 x 1072 0.74 0.986
ZIF-8 propane 3.18 x 1073 0.39 0.991
n-butane 3.06 x 1073 0.40 0.992
propylene 2.14 x 1072 0.59 0.983
ZIF-8-mimo.1simo.7abimo.11 propane 6.21 x 1073 0.42 0.996
n-butane 448 x 1073 0.38 0.990
propylene 9.37 x 1073 0.42 0.991
agZIF-8-mimo.15imo.74bimo.11 propane 1.73 x1073 0.49 0.996
n-butane 1.49 x 1073 0.48 0.991
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Supplementary Figure 102. Normalized uptake versus time for adsorption kinetic data of ZIF-8 for

propylene at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 103. Normalized uptake versus time for adsorption kinetic data of ZIF-8 for

propane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 104. Normalized uptake versus time for adsorption kinetic data of ZIF-8 for n-

butane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 105. Normalized uptake versus time for adsorption kinetic data of ZIF-8-

mimo.15imo.7abimo.11 for propylene at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 106. Normalized uptake versus time for adsorption kinetic data of ZIF-8-

mimo.15imo.7abimo.11 for propane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 107. Normalized uptake versus time for adsorption kinetic data of ZIF-8-

mimo.1simo.74bimo.11 for n-butane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 108. Normalized uptake versus time for adsorption kinetic data of agZIF-8-

mimo.15imo.7abimo.11 for propylene at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 109. Normalized uptake versus time for adsorption kinetic data of agZIF-8-

mimo.15imo.7abimo.11 for propane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 110. Normalized uptake versus time for adsorption kinetic data of agZIF-8-

mimo.1simo.74bimo.11 for n-butane at 293 K. Stretched exponential fit to the data is shown as a red line.
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Supplementary Figure 111. Normalized uptake versus time for adsorption kinetic data of n-butane for
ZIF-8, ZIF-8-mimo.1simo.74bimo.11 (crystal) and agZIF-8-mimo.1simo.z4bimo.11 (glass) recorded at 293 K with
an equilibrium pressure of about 80 kPa.
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