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1. Supplementary characterisation data
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Figure S1. X-ray powder diffraction patterns of Zn-based samples. Simulated patterns for ZIF-8
and ZIF-62,' 2 alongside experimental patterns for (ZIF-8)(ZIF-62)(20/80) and a,[(ZIF-8),,(ZIF-
62)o.5]-
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Figure S2. Scanning electron microscopy images. SEM images of ZIF-8, ZIF-62 as-synthesized, ZIF-
67 as-synthesized, ZIF-8 (~500 mg) ball-milled for 5 minutes, ZIF-67 (~100 mg) ball-milled for 5
minutes, ZIF-67 (~40 mg) ball-milled for 15 minutes, the crystalline mixture of ZIF-8 and ZIF-62, i.e.
(ZIF-8)(ZIF-62)(20/80), and the glass a,[(ZIF-8)(,(ZIF-62)y5]. Amounts in brackets reflect the

approximate amounts of the controls that were ball milled.
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Figure S3. Powder diffraction of samples after heat treatment. Simulated! and experimental traces
of ZIF-8. The latter was taken from a sample of ZIF-8 that was ball-milled for 5 minutes, heated to 773

K and then quenched back to room temperature at a rate of 10 K/min in an argon atmosphere.
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Figure S4. Glass transition identification. DSC experiments performed to 773 K on (ZIF-8)(ZIF-
62)(20/80) (black), and a,[(ZIF-8),(ZIF-62)y5] (red). Heating rates are 10 K/min, and the experiment

was conducted in an argon atmosphere.
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Figure SS. Thermal gravimetric analysis of a,[(ZIF-8),,(ZIF-62),3]. Experiment performed at a

heating rate of 10 K/min, in an argon atmosphere.
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Figure S6. 'H Nuclear magnetic resonance spectroscopy. 'H NMR spectra of the mixture of ZIF-8
and ZIF-62, i.e. (ZIF-8)(ZIF-62)(20/80), and the glass, a,[(ZIF-8)q,(ZIF-62),s].

(ZIF-8)(ZIF-62)(20/80): 'H NMR (400 MHz, DMSO-dj): 2.51 (DMSO-d¢), 7.53 (HCI/H,0), 9.0 (NCHN,,), 9.5
(NCHNyim) 2.47 (NC(CH3)Nin).

a,[(ZIF-8)2(ZIF-62)y5]: 'H NMR (400 MHz, DMSO-dp): 2.51 (DMSO-dg), 7.53 (HCI/H,0), 8.96 (NCHN,,,),
9.5 (NCHNyyyy) 2.47 (NC(CH3)N ).
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Figure S7. Temperature resolved SAXS profile of (ZIF-8)(ZIF-62)(20/80). Colour gradient included

to improve readability (as a temperature indicator), and does not signify intensity.
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Figure S8. Porod fitting of small-angle X-ray scattering data. (ZIF-8)(ZIF-62)(20/80) variable
temperature SAXS data.
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Figure S9. Total X-ray scattering data. Structure factors, S(q), of (ZIF-8)(ZIF-62)(20/80), a,[(ZIF-
8)02(ZIF-62),5], ZIF-8, and a,ZIF-62 from a prior study’. (d) Corresponding X-ray pair distribution
functions D(r).
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Figure S10. X-ray powder diffraction patterns of ZIF-67, (ZIF-67)(ZI1F-62)(20/80) and a,|(ZIF-
67)92(Z1F-62)yg]. Simulated ZIF-67 and ZIF-62 patterns, alongside experimental patterns for as-
synthesized ZIF-67, (ZIF-67)(ZIF-62)(20/80), and the glass ay[(ZIF-67),,(ZIF-62),3].
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Figure S11. Differential scanning calorimetry. Experiments conducted to temperatures up to 1050 K
at a rate of 10 K/min in an argon atmosphere for ZIF-67, the mixture of ZIF-67 and ZIF-62, i.e. (ZIF-
67)(ZIF-62)(20/80), and the glass [ay(ZIF-67) »(ZIF-62)3].
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Figure S12. X-ray powder diffraction patterns of (ZIF-67)(ZIF-62)(20/80) (blue, bottom trace),
(ZIF-67)(Z1F-62)(20/80) heated to 622 K (purple, middle trace), and (ZIF-67)(ZI1F-62)(20/80)
heated to 667 K (red, top trace). Heat treatments were conducted in a Q-600 series differential

scanning calorimeter under argon at a heating rate 10 K/min.
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Note on the analysis of interface characteristics from two-dimensional STEM-EDS:

The line profiles presented in Figure S13 and Figure S14 are illustrative examples of the prevailing
interface characteristics recorded in the Co maps of the crystalline mixture and in the glass. Individual
interface examples might be selected from each sample which do not follow these behaviours exactly.
The Co maps in the main text (Figure 5) and in Figure S15 and Figure S16 depict the major
characteristics of multiple interfaces across several particles. The line profiles provide additional
alternative visualization of these characteristics, removing differences in image size in the presentation
of the respective maps. These maps, in addition to the illustrative line profiles, show the predominance
of sharp interfaces in the crystalline mixture and diffuse interfaces in the glass. Two-dimensional
analysis of interfaces in electron microscopy and EDS, in general, requires an ‘edge-on’ interface for
unambiguous analysis. As such, particles at various orientations like those encountered in the crystalline
mixture and the glass are not ideal examples for individual interface analysis. Yet they still allow for
convincing assessment of the most common interface properties across the entire sample. The direct
measurement of individual interface characteristics may be better understood by three-dimensional
characterization, and work is ongoing to establish the necessary methods to pursue this challenging
question further.
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Figure S13. Line profiles of the Co signal across Co/Zn interfaces in the EDS micrographs
corresponding to samples heated, in a TA instruments Q-600 series differential scanning
calorimeter under argon at a heating rate 10 K/min, to temperatures below the melting point of
Z1F-62. (a) ADF-STEM micrographs are shown for three conditions: as prepared, heated to 622 K, and
heated to 667 K. The line profiles are marked on the EDS maps with a white line. The arrow marks the
direction of the line profile. (b) The extracted line profiles for the Co intensity. There is a sharp decay
of the Co intensity within <50 nm of the interface for all cases, in marked contrast with more diffuse

interfaces only observed for samples heated above the melting point of ZIF-62.
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Figure S14. Figure S12. Line profiles of the Co signal across Co/Zn interfaces in the EDS
micrographs presented in (Left) Figure 5 and (Right) Figures S15 and S16. (a) The line profiles
are marked on the EDS maps with a white line. The arrow marks the direction of the line profile. (b)
The extracted line profiles for the Co intensity. The sharp drop at the interface in each particle of the
(ZIF-67)(ZIF-62)(20/80) sample is indicated by a red arrow. The intensity varies much more slowly
across the interface in the flux melted glass (ZIF-67)y,(ZIF-62),5, indicating a diffuse chemical

interface.
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Figure S15. ADF STEM images of (ZIF-67)(ZIF-62)(20/80). Also shown are corresponding EDS
elemental maps of C, N, Zn and Co K4 signals of (ZIF-67)(ZIF-62)(20/80).

Figure S16. ADF STEM images of ay,(ZIF-67),(ZI1F-62),5. Also shown are corresponding EDS
elemental maps of C, N, Zn and Co K signals of a (ZIF-67),,(ZIF-62),s.
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2 Supplementary gas adsorption isotherms and analysis
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Figure S17. CHy isotherms at 273 K for ZIF-62 and a,ZIF-62. Closed symbols represent adsorption.

Open symbols represent desorption.
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Figure S18. N, isotherm at 77 K for ZIF-8.
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Figure S19. Pore volume distribution of (ZIF-8)(ZIF-62)(20/80), determined from the CO,
isotherms at 273 K.
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Figure S20. Pore volume distribution of ay,(ZIF-8),,(ZIF-62),s determined from the CO,
isotherms at 273 K.
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Figure S21. Gas isotherms for (ZIF-67)(Z1F-62)(20/80) and ay(ZIF-67),(ZIF-62),5. (a) N,
isotherm at 77 K, (b) CO, and H, isotherms at 273 K and 77 K respectively.
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Figure S22. Pore volume distribution of (ZIF-67)(ZIF-62)(20/80), determined from the CO,
isotherms at 273 K.
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Figure S23. Pore volume distribution of a,(ZIF-67)),(ZI1F-62),3, determined from the CO,
isotherms at 273 K.

20



Fractional wt uptake of CO2

0.6

I I I I I
0 5 10 15 20 25

Time (s
Figure S24. Kinetics of CO, adsorption in (blue) (ZIF-67)(ZIF-62)(20/80) and (red) a,(ZIF-
67)0.2(Z1F-62), 3.
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Figure S25. Graphical representation of the cavity size distribution. Determined from the relative
intensity of PALS plotted against the average cavity sizes. Data for ZIF-62 glass (a,Z1F-62) taken from

a previous publication.* Some error bars are smaller than marker width.
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Figure S26. Raw PALS Spectra for the a,[(ZIF-8)(,(ZIF-62),s] sample.

3 Simulated gas adsorption isotherms
Crystal structures of ZIF-8 (OFERUN) and ZIF-62 (GIZJOP) were taken from the DFT-optimized
Computation-Ready Experimental MOF (CoRE-MOF) database.> In the Cambridge Crystallographic
Data Center (CCDC)%, ZIF-62 was deposited with three independent imidazolate linkers and one
imidazole ligand disordered between imidazolate (62.5%) and benzimidazolate (37.5%). The
imidazolate and benzimidazolate linkers in ZIF-62 were modelled as configuration I and configuration
IT with partial occupancies of 62.5% and 37.5%, respectively. The structure of ZIF-62 taken directly
from DFT-optimized CoRE-MOF database was used as configuration I. To model configuration II, we
manually constructed one benzimidazolate linker and optimized the geometry prior to molecular
simulations. The DMol3 module of Materials Studio 8.07 was used to optimize the geometry and ESP
(ElectroStatic Potential) charges were assigned to configuration II.

Modelling amorphous structures is challenging due to the complexity of constructing accurate
models. Following the literature,® we used a molecular dynamics (MD) method. Initial configurations

of ZIF-62 were melted in the NPT ensemble at 1 bar by heating to 1500 K at a rate of 100 K/ps from
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300 K, before quenching to 300 K at a controlled rate. These simulations were performed using the
Forcite module of Materials Studio. Dreiding was used for bond stretching, angle bending and dihedral
torsions as implemented in Materials Studio. The equations of motion were integrated using the velocity
Verlet algorithm with a 1 fs time step. Temperature and pressure were controlled using the Nose—
Hoover—Langevin thermostat® and Berendsen barostat'? with a relaxation times of 0.1 ps. The van der
Waals interactions were computed using an atom-based cutoff distance of 15.5 A and electrostatic
interactions were calculated using the Ewald summation method with an accuracy of 10 kcal/mol. For
quench simulations, MD simulations were performed with a step size of 1 fs up to a total of 1 ns. The
lowest energy configurations of ZIF-62 (for both configurations I and II) after these simulations were
used as the initial configuration of the adsorption simulations. Structural properties such as accessible
pore volume, density, pore limiting diameter (PLD) and the largest cavity diameter (LCD) were
calculated using Zeo++ software!! and listed in Table S3. For pore volume calculations, probe radius
was set to zero.

Grand Canonical Monte Carlo (GCMC) simulations were performed as implemented in the
RASPA simulation code!? to compute gas uptakes of CH4 (273, 298 K), CO, (273 K), H, (77 K), N, (77
K) and O, (273 K) in the crystalline samples of ZIF-8 and ZIF-62, and glass sample of ZIF-62. Lennard-
Jones (LJ) 12-6 and Coulomb potentials were used to model repulsion-dispersion forces and
electrostatic interactions in molecular simulations. The Lorentz-Berthelot mixing rules were used to
calculate adsorbent-adsorbate and adsorbate-adsorbate LJ cross interaction parameters. Molecular
simulations were performed for 10,000 cycles with the first 5,000 cycles for initialization and the last
5,000 cycles for taking ensemble averages. Three different types of moves including translation,
reinsertion and swap of a molecule were considered for spherical molecules. For non-spherical
molecules, rotation move was also applied. The cut-off distance was set to 12.8 A for truncation of the
intermolecular interactions and simulation cell lengths were increased to at least 26 A along each
dimension. Periodic boundary conditions were applied in all simulations. The Peng-Robinson equation
of state was used to convert the pressure to the corresponding fugacity. All molecular simulations were
performed using a rigid framework. More details of these simulations can be found in the literature.'*
14

A single-site spherical Lennard-Jones (LJ) 12-6 potential was used to model H,'> and CH,'¢
molecules whereas CO, was modeled as a three site linear molecule, with three charged LJ interaction
sites located at each atom using the EPM2 potential'’. Similarly, N, (O,) was modeled as a three site
molecule with two sites located at two N (O) atoms and the third one located at its center of mass (COM)
with partial point charges and the potential parameters of N, and O, were taken from the literature.!®
The interaction potential parameters for gas molecules were given in Table S4. The atomic charges of
glass samples were estimated using the charge equilibration method as implemented in RASPA
simulation code. DDEC (density derived electrostatic and chemical) charges were used for crystalline

ZIF-8 and ZIF-62 (configuration I) and ESP charges were used for ZIF-62 (configuration II). Ewald
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summation method was used to calculate electrostatic interactions. The potential parameters of
framework atoms were taken from the literature.!® These potentials and force fields were selected based
on the results of previous studies which showed very good agreement between simulation results and
experimentally measured gas uptake data of ZIFs.!%-2!

In order to compare simulation results with the experimentally measured gas uptake data, the

absolute gas amount (N, ) obtained directly from GCMC simulations were converted to the excess

abs

gas amount (N, ) as follows:

N, =N, —p,-V, (1

ex g

where P, is the density of adsorbates in gas phase obtained from the Peng-Robinson equation of state
and V, is the pore volume of ZIFs.

Two different configurations of ZIF-62 for both crystalline and glass phases were used to
examine gas adsorption. Since the experimental structure of ZIF-62 contains both imidazolate and
benzimidazolate linkers together, the average gas adsorption amount in crystalline and glass ZIF-62

was computed using the following equation:

N P, -n,+P,-n, (2)

ave

Here, n; (n,) is the gas uptake computed using configuration I (II), P; (P,) is the probability of
configuration I (II), and N,,. is the average gas uptake.
To predict the adsorbed gas amount in both ZIF-ZIF adsorbents and ZIF-glassy ZIF adsorbents,

we used the following equation:

Nave(ZlF-ZlF) = ¢ZIF-8 MNypg+ (I)ZIF-62 .Nave-ZIF-62 (3)

(4)

Nave (ZIF-glassy ZIF) = (I)ZIF-S : 1’IZIF-S + ¢ZIF—62 ’ Nave—ZIF—éZ

glass glass

where, ¢ is the volume fraction, Nyye (zir-zir) a0d Naye z1F-glassy z17) are the predicted adsorbed gas amounts

in crystalline mixtures and glasses, respectively.

Supplementary Table 1: Gas adsorption properties for the cobalt-based crystalline and glass samples.
Units are mL STP/g.

Gas Hz COZ 02 N2 CH4
Temperature / K 77 273 273 77 273
Kinetic Diameter / A 2.9 3.3 3.46 3.64 3.76
(ZIF-67)(ZIF-62)(20/80) | 66.8 20.8 2.4 67.5 7.5
ag(ZIF-67)02(ZIF-62)y5 | 25.6 18.5 2.1 47 5.1

24



Supplementary Table 2: Positron annihilation lifetime spectroscopy data. [a] Note due to the long

lifetime, RTE is used for ZIF-8 tau4 pore size calculation. All others use TE. [b] Data taken from

previous publication.* [c] Data taken from previous publication.??

Intensity Lifetime Average Pore Diameter
A)

Sample 13 (%) 14 (%) 3 (ns) 4 (ns) D3 D4
ZIF-8[a] 14.6 £0.5 99+0.2 498 £0.16 25.43 £0.96 9.5+0.2 23.1+£0.5
ZIF -4 [c] 62+0.6 33812  098+0.12  228+0.01 33+04 62+02
(ZIF-8)(ZIF-62)(20/80) | 18.6+0.4 32406  207+0.05  5.73+0.60 58+0.1 10.1£0.5
a,Z1F-62[b] 9.6+2.38 20.9+0.3 0.77 £0.08 2.55+0.01 2.5+04 6.6+0.1
ao(ZIF-8)02(ZIF-62)05 | 59%1.9 22210  093+024  2.61+0.05 3.1+0.9 6.7+0.7

Supplementary Table 3: Structural properties of crystalline and glass samples.

Structures PLD(A) LCD(A) Density (g/cm?) Pore volume (cm?®/g)
ZIF-8 3.45 11.53 0.90 0.70
ZIF-62 (configuration I) 2.93 5.32 1.14 0.51
ZIF-62 (configuration II) 1.54 4.63 136 0.36
a,Z1F-62 (configuration I) 1.64 3.45 156 0.25
agZIF-62 (configuration II) 2.54 4.75 130 0.39

Supplementary Table 4: Interaction potential parameters used for gas molecules.

Molecule Atom o (A) e/kg (K) q(e)
H, H, 2.96 34.20 -
CH,4 CH4 3.73 148.00 -

CO, C 2.80 27.02 0.700

o 3.05 79.01 -0.350

N, N 3.306 38.298 -0.405

COM 0.00 0.00 0.810

0, o 3.04 53.02 -0.112

COM 0.00 0.00 0.224
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Supplementary Table 5: Simulated, and experimental N, gas adsorption at 195 K and 273 K, for

crystalline and glass samples. Units are mL STP/g.

a—

10.

11.

12.
13.
14.

15.
16.
17.

Temperature / K 195 273
(ZIF-67)(ZIF-62)(20/80) 23.0 104.3
Simulated 24.6 207.2

(ZIF-8)92(ZIF-62)0 3 - 1.2

Simulated - 1.0
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