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1. Materials and Synthesis
All reagents and solvents were procured from Sigma Aldrich and used without further purification.
The ligand HImibz = ((4-(1H-Imidazol-1-yl)phenylimino)methyl)benzoic acid was synthesized

according to a previously reported literature method.!

Bulk synthesis of X-dia-2-Cd-a

A mixture of Cd(NO3)2:4H2O (77 mg, 0.25 mmol), HImibz (150 mg, 0.5 mmol) and N,N-
dimethylformamide (DMF) (3 mL) was added to a 28-mL glass vial and sonicated for 30 seconds.
The vial was then sealed and placed in a preheated oven at 105 °C. Crystals formed after 10 hours
in the oven, the vial was removed from the oven and allowed to cool to room temperature. Pale

brown, plate crystals were harvested by filtration and washed with DMF (yield 58 mg, 34%).

Single crystal synthesis of X-dia-2-Cd-a

X-dia-2-Cd-a was obtained by slow evaporation. Cd(NO3)2-4H>0 (14 mg, 0.45 mmol) in MeOH
(2 ml) was layered over HImibz (12 mg, 0.4 mmol) in DMF (2 ml). The two layers were separated
by a DMF-MeOH (1:1) (2 ml) buffer layer. Pale brown crystals were obtained after 1 week. The

obtained crystals were used for single crystal X-ray diffraction analysis.

Preparation of X-dia-2-Cd-f
The freshly synthesized X-dia-2-Cd-a was filtered, washed with methanol, air dried.
Alternatively, X-dia-2-Cd-f can be obtained by exchanging DMF with H2O.

Preparation of X-dia-2-Cd-y
A bulk sample of X-dia-2-Cd-y was obtained by evacuating the H>O molecules in X-dia-2-Cd-f
by heating at 373 K under vacuum. A single crystal X-ray diffraction experiment was performed

by heating a crystal of X-dia-2-Cd-p to 333 K under a continuous flow of No.
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2. Single-crystal X-ray diffraction measurements (SCXRD).

Single crystal X-ray diffraction data for X-dia-2-Cd-a was collected on a Bruker Quest
diffractometer equipped with a CMOS detector and IuS microfocus X-ray source (Cu Ka, A =
1.54178 A) under N> flow at 100 K. SCXRD data for X-dia-2-Cd-p was collected using the same
procedure. Crystals of X-dia-2-Cd-y adsorb water from air reverting to the water loaded X-dia-2-
Cd-p phase. To prevent this, a crystal was glued to a glass capillary and kept under N> flow at 333
K.

All SCXRD data were indexed, integrated, and scaled in APEX4.? Absorption correction was
performed by multi-scan method using SADABS.? Space group determination was achieved using
XPREP4 implemented in APEX4. Structures were solved using intrinsic phasing method
(SHELXT) and refined on F” using nonlinear least-squares techniques with SHELXL* programs
incorporated in X-seed graphical user interface. Anisotropic thermal parameters were applied to
all non-hydrogen atoms. Hydrogen atoms were placed in calculated positions using riding models.
SCXRD data of X-dia-2-Cd-a revealed an 8-fold interpenetrated diamondoid structure. In X-dia-
2-Cd-B, half of Imibz ligand and aromatic ring are disordered over two positions. The voids space

of all the crystal structures was calculated by using PLATON.?

Table S1. Selected crystallographic data for three forms of X-dia-2-Cd.

X-dia-2-Cd-a X-dia-2-Cd-p X-dia-2-Cd-y
Formula C34H24Ns04Cd +solvent C34H24N604Cd + solvent | C34H24N6O4Cd +0.5 H,O
Formula weight | 693.00 693.00 692.99
(g/mol)
Temperature (K) | 100 100 333
Wavelength (A) | 1.54056 1.54056 1.54056
Crystal system Orthorhombic Orthorhombic Orthorhombic
Space group Pnna Pnna Pnna
a(A) 22.6888(9) 17.4659(4) 15.0402(2)
b(A) 11.2084(4) 15.0647(3) 14.4053(2)
c(A) 19.6169(8) 13.0708(3) 14.7736(2)
a(°) 90 90 90
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B () 90 90 90

v (©) 90 90 90

V (A%) 4988.7(3) 3439.17(1) 3200.8(6)

z 4 4 4

D. (g/cm’) 0.923 1.489 1.438

Indexes range 27<h<28, -12<k<13, - | -21<h<21, -15<k<17, - | -16<h<l6, -15<k<18, -
24<i<24 15</<15 17</<14

Total reflections | 54136 62304 20254

Unique 4945 3287 3048

reflections

GooF 1.088 1.067 1.000

Ri[/>20(]) ] 0.0835 0.0490 0.1134

WR; [all data] 0.2785 0.1592 0.3065

CCDC 2240524 2240522 2240523

The Checkcif X-dia-2-Cd-p contains the following alerts:

Alert level B

PLAT306_ALERT 2 B Isolated Oxygen Atom (H-atoms Missing ?)._....... O1B Check
PLAT306_ALERT 2 B Isolated Oxygen Atom (H-atoms Missing ?) ....... O1C Check
PLAT430_ALERT 2 B Short Inter D...A Contact O1 ..O1B . 2.75 Ang.

Response: These alerts are associated with the water guest molecules. In spite of multiple

attempts, the exact positions of the protons could not be reliably assigned and were left unassigned.

The Checkecif of X-dia-2-Cd-y contains the following alerts:

Alert level A
RINTAO1 ALERT 3 A The value of Rint is greater than 0.25 Rint given 0.297
PLATO020 ALERT 3 A The Value of Rint is Greater Than 0.12 ......... 0.297 Report

Response: Owing to the hygroscopic nature of this material, the crystal had to be collected at 333
K. This coupled with the significant structural transformations experienced by the crystal in the
two previous transformations resulted in a reduction in peak intensity and a high Rint value.

Alert level B

PLAT342 ALERT 3 B Low Bond Precision on C-C Bonds ... 0.024 Ang.
PLAT601 ALERT 2 B Unit Cell Contains Solvent Accessible VOIDS of . 197 Ang**3



Response: Bond precision was reduced owing to a weakly diffracting crystal at a higher than

ambient temperature.
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3. FTIR spectroscopy
Fourier Transform Infrared (FTIR) spectra were collected on a Perkin Elmer Spectrum 100

spectrometer with Universal Attenuated total reflectance (ATR) accessory between the range of

4000-650 cm™'.
W le
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Fig. S1. Overlaid FTIR spectra of X-dia-2-Cd-a and X-dia-2-Cd-p.
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Fig. S2. Zoomed overlay of FTIR spectra of X-dia-2-Cd-a and X-dia-2-Cd-f in the range 650-2000 cm™.
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4. Powder X-ray Diffraction (PXRD)
Powder X-ray diffraction (PXRD) experiments were conducted using microcrystalline samples on
a PANalytical Empyrean diffractometer (40 kV, 40 mA, Cu Kq12, A =1.5418 A) in Bragg Brentano
geometry. Data was collected from 5 to 40° 26 with a step size of 0.0262606° and a scan time of
55 seconds per step. Powder samples were evenly distributed on a zero-background Si sample
holder after being ground with a mortar and pestle to minimize the effects of preferred orientation.
Data analysis was carried out using X’Pert HighScore Plus8 (Version 2.2¢).° Reference powder

patterns were calculated from SCXRD structures using Mercury.!

ot I sorese oermenta
JMMphase (calculated)

a phase (B soaked in DMF)

JW o phase (experimental)
JL A A A \ R o pnase (calculated)
1|0 ' 2|o I

Relative Intensity (a.u.)

T T ]
30 40

2 theta (degree)

Fig. §3. Comparison of calculated (black) and experimental PXRD patterns of X-dia-2-Cd-a. (red) and X-dia-2-Cd-f (blue).

Fig. 84. Linker disorder and hydrogen bond interactions in asymmetric unit of X-dia-2-Cd-p.
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5. Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) was conducted using a TA Instruments Q50 system. Each

sample was loaded into an aluminium pan and heated at 10 K min™! from room temperature to 773

K under a continuous flow of Nj.

100 -
I1o %
80 -
= 604
c
o
()
S 404
201
| —— X-dia-2-Cd-a:
—— X-dia-2-Cd-B
0 T T T T T T T T T
273 373 473 573 673 773

Temperature (K)

Fig. S5. Thermogram of X-dia-2-Cd-a (red) and X-dia-2-Cd-f (blue) under continuous N; flow.
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6. Variable Temperature Powder X-ray Diffraction (VT PXRD)

Diffractograms at different temperatures were recorded using a PANalytical X Pert Pro-MPD
diffractometer equipped with a PIXcel3D detector operating in scanning line detector mode. Anton
Paar TTK 450 stage coupled with the Anton Paar TCU 110 Temperature Control Unit was used to
record the variable temperature diffractograms. The diffractometer is outfitted with an Empyrean
Cu LFF (long fine focus) HR (9430 033 7300x) tube operated at 40 kV and 40 mA and CuKa
radiation (1, = 1.54056 A) was used for diffraction experiments. Continuous scanning mode with
the goniometer in the theta-theta orientation was used to collect the data. Incident beam optics
included the Fixed Divergences slit, with a 1/4° divergence slit and a Soller slit (0.04 rad).
Divergent beam optics included a P7.5 S7 anti-scatter slit, a Soller slit (0.04 rad), and a Ni-f filter.
In a typical experiment, 50 mg of sample was ground into a fine powder and was loaded on a zero-
background disc made for Anton Paar TTK 450 chamber. The data was collected from 4°-40° (20)
with a step-size of 0.0167113° and a scan time of 200 seconds per step. Crude data were analysed

using the X’Pert HighScore Plus*™ software V 4.1 (PANalytical, The Netherlands).

A o X-dia-2-Cd-p (after experiment)
ﬂ A o ___X-dia-2-Cd-y phase (calc.)
) T 473K A
A A A A A 433 K
)\ A " 393 K
)\ \ 373K
J\ ) . 353 K
MM\A&%S K
A 313K

298 K (under N, flow)

s B o 298K (no flow)
b

X-dia-2-Cd-a (calc.)

Relative Intensity (a.u.)

T T T T T T 1
10 20 30 40

2 theta (degree)

Fig. S6. Overlay of VT-PXRD for X-dia-2-Cd, starting with X-dia-2-Cd-a under N flow.
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Fig. S7. Overlay of VT-PXRD patterns of X-dia-2-Cd starting from X-dia-2-Cd-f§ under vacuum.
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Fig. §8. Overlay of VI-PXRD patterns of X-dia-2-Cd starting from X-dia-2-Cd-f§ under N2 flow.
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Synchrotron powder X-ray diffraction data was collected at beamline I11 at the Diamond Light
Source (A = 0.825978 A and zero error = 0.0045 ). Powder sample of beta phase was loaded in a
®=0.5 mm quartz capillary and connected to dynamic vacuum. Sample was heated from 298 K to
373 K (ramp 5 K/min) using Cryostream Plus while two seconds scans every minute were collected
using positional scanning detector (PSD).”

40
144192
35+
128171
301 112149
c 25 c 96128 o
£ £ =
; ; 80107 =
(0] E Q
2 20 g Z
= = 64085 2
15 - <
48064
10
32043
57 16021
014 . 0
300 350 4 6 8 10 12 14 16
Temperature, K 2 Theta, °

Fig. S9. Counter heating PXRD of X-dia-2-Cd-f starting from 298 K to 373 K
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7. Analysis of coordination geometry

1. Coordination environment geometry calculation
Geometry index describes the geometry of the coordination centre; it has values in the range of 0
and 1, where 0 refers the square planar and 1 is tetrahedral geometry. Geometry index for four-
coordinated complexes, 1’4 was calculated by using equation (1) proposed by Okuniewski et al. in
2015, where, a and B are two largest angles, and B > a.

, B-a . 180°-8
T4 = 360—0 T Ts0—o Eqn. 1.
Table S 2. Geometry index calculations.
phase £C1-Cd1-C1 | ZN1-Cd1-N2 | 2C1-Cd1N1 | a B s
X-dia-2-Cd-a | 115.73 102.36 125.49 115.73 115.73 | 0.812154
X-dia-2-Cd-B | 140.2 111.81 102.04 111.81 1402 | 0.677872
X-dia-2-Cd-y | 116.38 107.61 116.37 116.37 116.38 | 0.902451

2. CSD survey of coordination environment geometry
The list of MOFs having a dia net topology was extracted from TTO TOPOS database ° (version:
Dec 2021); valence-bonded MOFs in standard representation were used. 0D subset was obtained
by excluding MOF subset!? from all structures found in CSD database.
ConQuest search (Fig. S10) was performed to determine the angles of the Cd coordination
environment (set of 6 angles: N-Cd-C, N-Cd-N, C-Cd-C). Then the 1’4 was calculated using Eqn.
1 and extracted angle values.

/C\-.
0" \o
\\ ')’
use this N L ;
query? ? N=--TEEG —nne -N L
r Query 2 SN Delete
s ‘\o
0
\\C// %l

Fig. §10. ConQuest search to determine the angles of Cd coordination environment.
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The result of literature survey of the coordination environment geometry are presented in Fig. S11.

| Dia subset
15- | 0D subset s
14
. 14
o
2 12
(8]
= B
<104 10
[} 9
t =
a 3
o 7 14
S 6
8 54 5|
g 4 4 4
z 3| |3
2 2 2
1 1 H H H 11
oL . — 11l Il

0.0 0.2 0.4 0.6 0.8 1.0

Fig. S11. Calculated t4’ and corresponding number of reported structures with Cd coordination centre in dia (green) and 0D
(blue) subsets.
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8. Comparison of structural transformation of X-dia-2-Cd phases

Table S3. Structural transformation comparison between three phases of X-dia-2-Cd material.

X-dia-2-Cd-a

X-dia-2-Cd-p

X-dia-2-Cd-y

Angles and
distances around

Cd atom

Cd1-01 : 2.356(A)
Cd1-02 : 2.347 (A)
Cd1-N1:2.251(A)

£01-Cd1-02

£«N1-Cd1-03

£ 55.88 (°)
£01-Cd1-03 :
£01-Cd1-04 :
£02-Cd1-04 :
£N1-Cd1-O1 :
£N1-Cd1-02 :
£ 97.55 (°)
£N1-Cd1-04 :
/N1-CdI-N2 :
£C1-Cd1-C2 :
£C1-CdI-N1 :

151.63 (°)
102.65 (°)
91.51 (°)
100.2 (°)
89.12 (°)

152.84 (°)
102.40 (°)
115.73 (°)
125.49 (°)

Cd1-01 : 2.550 (A)
Cd1-02 : 2277 (A)
Cd1-N1:2.231(A)

£01-Cd1-02 : 53.11 (°)
£201-Cd1-03 : 167.01 (°)
£201-Cd1-04 : 139.83 (°)
£202-Cd1-04 : 87.15 (°)
£N1-Cd1-0O1 : 85.06 (°)
£N1-Cd1-02: 116.17 (°)
£N1-Cd1-03 : 87.66 (°)
£N1-Cd1-04 : 111.79 (°)
£N1-Cd1-N2: 111.81 (°)
£C1-Cd1-C2 : 140.20 (°)
£C1-Cd1-N1: 102.04 (°)

Cd1-01:2.131 (A)
Cd1-02 : 2.538 (A)
Cd1-N1:2.326(A)
£201-Cd1-02 : 56.08 (°)
£201-Cd1-03 : 160.92 (°)
2£01-Cd1-04 : 108.39 (°)
£202-Cd1-04 : 85.76 (°)
£N1-Cd1-0O1 : 88.90 (°)
£N1-Cd1-02 : 142.44 (°)
£N1-Cd1-03 : 102.41 (°)
£N1-Cd1-04 : 94.11 (°)
£N1-Cd1-N2:107.61 (°)
£C1-Cd1-C2 : 116.38 (°)
£C1-Cd1-N1:116.37 (°)
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9. Water vapour sorption

1. Water vapour sorption experiment
Water vapour sorption isotherm determination was performed using Adventure Dynamic Vapour

Sorption (DVS) instrument manufactured by Surface Measurement Systems. The instrument
gravimetrically measures water vapour uptake using air as a carrier gas. Digital mass flow
controllers regulate flows of dry and saturated gases. Relative humidity is generated by precisely
mixing dry and saturated gas flows in desired flow ratios which produce expected relative
humidity. Pure water was used to generate water vapour for these measurements and temperature
was maintained at 300 K or at 333 K by enclosing the system in a temperature-controlled incubator.
The mass of the sample was determined by a high resolution microbalance Ultrabalance Low Mass
with a precision of 0.01 pg. Microbalance has symmetric configuration with two branches of the
balance being exposed to the same gas and being kept at the same temperature, which allows
negation of buoyancy and drag effects. 400 sccm (Standard Cubic Centimetres per Minute) flow
was used for the measurements at 300 K and 50 sccm flow was used for measurements at 333 K.
Prior to the measurement, the sample was in-situ activated in dry air at 373 K for 60 minutes using
built-in preheater and consequently cooled to sorption temperature in 90 minutes. Isotherm
measurements were performed on approximately 12 mg of activated sample. For each isotherm
point, dm/dt < 0.01 % min™! was used as criteria of reaching equilibrium. Kinetic measurements
were performed on 50-100 um sample fraction obtained by sieving using specified sample mass.
400 sccm min-1 flow was used for the measurements, which is split between two samples. For
adsorption and desorption kinetic curves, dm/dt < 0.05 % min-1 was used as criteria of reaching
equilibrium.

Water vapour sorption cycling was performed at 298 K on a Surface Measurement Systems DVS
Intrinsic instrument using air as a carrier gas to gravimetrically measure the uptake and loss of
vapour. The mass of the sample was determined by comparison to an empty reference pan and
recorded by a high-resolution microbalance with a precision of 0.1 pug. Prior to the measurement,
the sample (~10 mg) was in situ activated in dry air at 313 K for 60 minutes. Humidity swing was
measured between two points 0 and 60 % RH. 100 cycles were subsequently performed, each cycle

consisting of 15 min adsorption step (60 % RH) and 30 min desorption step (0 % RH).

=% = k- (RHyiow — RHpeq) Eqn. 2
where w is uptake (wt.%), k is sorption coefficient, RHgow is relative humidity in the flow and
RHyea 1s relative humidity in sample bed.

Experimental sorption kinetics was modelled using diffusion to sorbent bed surface limitation

model recently published by us.!! Adsorption and desorption kinetics was modelled using Eqn. 2.
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RHpeq was determined from adsorption branch of the isotherm at the corresponding uptake. Two

parameters were fitted: k and t0, where t0 was fitted in 0-3 minutes range.

Table S4. The number of H>O adsorbed at selected RH % at 300 K.

RH (%) | Uptake (wt %) | Number of H>O molecules
per Cd(Imibz),
18 2.12 0.81
30 11.22 431
60 12.41 5.76
95 15.79 6.06
14+
12 g8 3 ¢
10 f‘,"b“
g ] .
24 éy{.“""
04 ;0 @ Water vapour sorption at 333 K
o 20 4 6 8 100
RH (%)

Fig. S12. Water vapour sorption isotherm for X-dia-2-Cd measured at 333 K.
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Fig S13. Water vapour sorption isotherm for X-dia-2-Cd measured at 313 K
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2. Thermodynamics

1. Enthalpy calculations
Enthalpy for the process:

X-dia-2-Cd-y + H,0O <> X-dia-2-Cd-B-(H20) (AH) Eqn. 3
Was determind using Van't Hoff equation:
_ CAH
In(K) = o Eqn. 4

where K is K = (1/Pgate) for adsorption and K=(Pgat) for desorption, T is temperature in K, and R
is gas constant. Enthalpy was determined from the slope of the linear fit (Figs. S14-S15).

16
1 m  |n(Pgate)*R
144 Linear Fit
124
10
x 84
x
-
5 64
)
L
c 44
-
2 | Equation y=a+b'x
|| Plot In(Pgate)'R
Weight No Weighting
0 Intercept 174.71186 + 14.02879
| Slope -53301.81441 + 4411.62429
-2 || Residual Sum of Squares 1.07112
|| Pearson's r -0.99659
R-Square(COD) 0.9932 n
-4 | Adj. R-Square 0.98639

T T T T T T T 1
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Fig S14. Linear fit of gate adsorption pressure and temperature (1000/T) using the Clausius—Clapeyron equation for X-dia-2-Cd.
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Fig S15. Linear fit of gate desorption pressure and temperature (1000/T) using the Clausius—Clapeyron equation for X-dia-2-Cd.
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1. Isosteric heats of adsorption (Qst)
Isosteric heats of adsorption (Qst) was calculated using the first step of adsorption branch (before
structural transformation is comlepeted) of X-dia-2-Cd at multiple temperatures (300, 313 and
333 K). A virial equation of state, Eqn. 5 was used to fit the isotherm of water vapour, where P
stands fr pressure in Pa, N is the adsorbed amount in mmolg™!, T is the temperature in K, a; and
b; are virial coefficients, m and n are the number of coefficients used to describe the isotherms.

— m n n
InP=InN+Y% a;N; + Zi=0(k)biNi Eqn. 5
12-
10-
8
L g
E o H,0300K
A A HO313K
T o H,0333K
1 Virial Fit H,0 300 K
27 Virial Fit H,0 313 K
1 ——— Virial Fit H,0 333 K
0 , :

T T — T T T T T T T — T 1
00 05 10 15 20 25 30 35 40 45
Uptake (mmol g

Fig S16. The virial fitting for 300, 313 and 333 K H>O adsorption on X-dia-2-Cd.

Table S5. The viral fit parameters for H>O sorption on X-dia-2-Cd.

Value Standard error

T 300 0

a” -14559.7283 2354.87055
al 29425.39928 7832.99527
a®’ -18608.78442 9076.58378
a* 889.27474 5227.81751
a" 1380.06715 1876.47129
a” -127.36721 310.2209
b”* 55.24939 6.71133
b"” -108.96385 21.31739
b* 84.20701 20.8258
b* -18.89946 6.23379

Adj. R? 0.99372

“The viral coefficients a have the unit [K mol]
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Qst in Figure S17 was calculated from viral model using the Eqn 6, where R stands for the

universal gas constant, a; is virial coefficient, N is adsorbed amount and m is numer of
coefficient.

—Qst = —R Y%, a;N; Eqn. 6

50

N w »
o o o
1 1 1

Q,, (kJ mol™)

-
o
1

O T T T T T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0

Uptake (mmol g™")

Fig S17. Oy of H>0 by fitting isotherms obtained at 300, 313 and 333 K.
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3. Water vapour kinetics
X-dia-2-Cd, 12.18 mg, Humidity swing 0.0 - 30.0 % RH

12Adsorption: cycle 1, k: 0.025, t0: 0.48 min, R2: 0.9992 12Desorption: cycle 1, k: 0.022, t0: 0.34 min, R2: 0.9937

10 4 10
2 81 ® 81
E E
. 6 - |
§°
g 4 8 4]

2 2

0 04

10 20 30 4 50 6 70 0 10 20 30 40 50

time, min time, min

12Adsorption: cycle 2, k: 0.026, t0: 0.20 min, R2: 0.9991 12Desorption: cycle 2, k: 0.022, t0: 0.33 min, R2: 0.9935
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12Adsorption: cycle 3, k: 0.026, t0: 0.33 min, R2: 0.9991 12Desorption: cycle 3, k: 0.022, t0: 0.33 min, R2: 0.9933
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= =
g6 g 6
2 2
S 4 S 44
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0 10 20 30 40 50 60 0 10 20 30 40 50
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Fig S18. Fit of 0 — 30 %RH humidity swing kinetics data (blue) at 300 K on X-dia-2-Cd sample (12.2 mg) using diffusion to
sorbent bed surface limitation model'! (orange).
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X-dia-2-Cd, 12.18 mg, Humidity swing 0.0 - 60.0 % RH

Adsorption: cycle 1, k: 0.024, t0: 0.61 min, R2: 0.9995 Desorption: cycle 1, k: 0.022, t0: 1.02 min, R2: 0.9939
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Fig S19. Fit of 0 — 60 %RH humidity swing kinetics data (blue) at 300 K on X-dia-2-Cd sample (12.2 mg) using diffusion to
sorbent bed surface limitation model'! (orange).
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Fig S20. Cycling experiment for X-dia-2-Cd-y under 0-60 % RH humidity swing conditions at 300 K, Inset: expanded view of one
adsorption/desorption cycle.
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Table S6. MOMs exhibiting S-shape water vapour sorption isotherms and accompanied by structural transformation

Temperature-
Sorption isotherm humidity swing Humidity swing
— < g X o
S X o 8 T o
2 =5 5 = £ 9]
v £ ® E = g
= o @ ] ] Temperature &=
+= ] Qo < o
=3 & CIEJ § +  Cycle Cycle of water loss
Name — = Z number Conditions number Conditions Performance (%) from TGA (K)
SIFSIX-23-Cu 26 - 298 F-1 30.9 433 12
298 K, 80%
RH—=353K,
ZF-3 354° - 308 F-1 12.95 4 0% RH 100 353 13
298 K, 80%
RH—=353K,
ZF-2 520° - 298 F-1 1291 4 0% RH 100 353 13
MIL-53(Al)-OH 42 - 298 F-1 35.03 14
CPL-2 36.7 8.4 300  F-llI 5.3 15
Desorption
not
[Cu(PFs)2(bpetha)(2,2'- bpy)]n 1° 8.64 298 F-IV complete 373 16
298 K, 30%
RH—-298 K,
ZPF-2-Co 18 8.87 298 F-IV 2.66 50 0% RH 96 333 7
293 K, 90%
RH—-293 K,
{{Cu2(amp)4CI][Cr(C204)3]-6H20}n 12 10 293  F-ll no 10 0% RH 100 323 18
{[Cu2(amp)4Cl][Fe(C204)3]-6H20}n 11 10 293  FI no 338 18
MIL-53(Cr) 40 12 298 F-IV 8.55 383 19
Desorption
not
Co MOF-BP and RP 20.9 14 273  F-IV reported 373 20
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300 K, 60%

RH-322K,
[Cu(HQS)(TMBP)] 12 151 300 F-IV 10.6 110 0% RH 313 2
Desorption
not
[Ce(tci)]n1’ 16.8 16 298 F-IV reported 413 2
[Co(HL)2]-2H20 7 171 298 F-IV 16.4 413 3
300 K, 60% 298 K, 60%
RH-333K, RH-298 K,
X-dia-2-Cd 12 18 300  F-ll no 128 0% RH 50 0% RH 100 323 This work
298 K, 95%
RH-298 K,
1Mn 25 19.63 298 F-lI 4.56 57 0% RH 100 353 24
{[Cd(pzdc)(azpy)]-2H.0} 90° 23.8 298 F-ll 22 403 5
MIL-53(Al) 8.7 27.79 298 F-IV 14.28 458 14
[Zn3(L1),(L2)(Cl)a(CH3OH),]-6CH30H (1)| 44.79° 29.69 298  F-II 17.83 100 343 26
Desorption
not
[Zn(H2SSA),-(H20)2] 40.1 33 298 F-IV reported z
CID-6 13 417 298  F-llI 4.8 423 8
298 K, 100%
RH—-353 K,
DUT-98(3) 28.5 44 298 F-IV 3.82 7 0% RH 66 353 3
Desorption 298 K, 95%
not RH-298 K,
[Zn(3-tba)] 102° 46 298 F-IV completed 5 0% RH 100 351 30
298 K, 80%
RH-298 K,
[Cu(pcl)2(H20)4](Cl)2-:8H,0 23 50 F-IV 45 5 0% RH 100 333 31
298 K, 80%
RH—-393 K,
MIL-88A@PVDF film 18 50 298  F-ll 19.45 20 0% RH 393 2
DUT-98(4) 27.4 50 298 F-IV 2.02 353 3
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Desorption

not

CAU-15-Cit 23.8 50 298 F-IV reported 373 33

298 K, 90%

RH - 298 K,
sql-(azpy)(pdia)-Ni 12 525 298  F-l 5 100  0%RH 34
JUK-8 25 525 298  F-l 1.59 - 35
MIL-53(Al)-ADP 151° 55 FIV 21015 449 36
BUT-8(Cr)A 64.3 65 298 Fl  23.13 653 37
CID-5/6 143 779 298 FIV 759 463 28
CID-5 19.2 858 298 F-IV 842 473 28
[Cu(PFe)2(bpetha)z]n 2 80 298 FIV  59.65 373 16

*mol mol!; *em? g, °per Cd atom
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10. In situ PXRD

In situ PXRD patterns, measured in parallel to carbon dioxide physisorption at 195 K, were
collected using a customized Empyrean (Malvern Panalytical GmbH) powder X-ray
diffractometer (0—20 goniometer, Alphal system), equipped with ARS DE-102 closed-cycle
helium cryostat. Customized X-ray transparent adsorption cell is based on 1.33"” CF-flange, one
part of which is mounted on the cryostat and another is brazed to a beryllium dome. The cell was
connected to the low-pressure port of the BELSORP-max (Mictrotrac MRB) volumetric
adsorption instrument using 1/8” stainless steel capillary. The TTL trigger was used for
establishing the communication between BELSORP-max and Data Collector (Empyrean) software
and certified the automated measurement of the adsorption isotherm and PXRD patterns in the
selected points of the isotherm. The diffraction experiments were conducted in a transmission
geometry (0—20 scan mode) in the range of 20 = 2-70°. Parallel beam optic involving hybrid
2xGe(220) monochromator, primary divergence slits (1/4°) and motorized anti-scatter slits (1/4°),
4 mm mask, Solar slits (0.04°) on the incident and diffracted beam optics. Pixcel-3D detector in
1D scanning mode (255 active channels) was used for counting the signal. A complete CO>
adsorption—desorption isotherms at 195 K for X-dia-2-Cd-y were measured on 13 mg of the
sample and PXRD patterns were in situ recorded after equilibration (0.1% of pressure change

within 300 s) at selected points of the isotherm.
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Fig. S21. In situ PXRD measured during adsorption (bottom) and desorption (top) of CO; on X-dia-2-Cd at 195 K.
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The unit cell parameters of CO> loaded X-dia-2-Cd-8 were determined from the powder X-ray

diffraction patterns collected at 195 K (averaged scans during desorption in pressure range 20-90

kPa). Positions of the first 19 peaks were used for indexing using DICVOL?* implemented in

DASH.* Pawley profile fit of powder X-ray diffraction pattern was performed using GSASII.*

2501

200+
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o

1001

Intensity, a.u.

w
o

—501
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difference
reflection
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Fig. 822. Pawley profile fit of X-dia-2-Cd-6 at 195 K. Unit cell parameters are: P2, a: 18.737(7) A, b: 15.266(4) A, c: 17.184(9)

A, beta: 109.74(15) °, V: 4627(17) A, Rwp = 10.6%.
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11. High pressure gas sorption
A high pressure CO; sorption experiment was performed using a Hiden Isochema XEMIS
microbalance. An activated sample of X-dia-2-Cd-y was further outgassed under secondary
vacuum for 3 hours in situ before data were collected. Excess adsorption and desorption profiles
were obtained after applying a buoyancy correction using the crystallographically determined

density of X-dia-2-Cd-y.
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Fig. §23. The high pressure CO2 sorption isotherm for X-dia-2-Cd measured at 273 K.
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12.

Low pressure gas sorption

A Micromeritics 3Flex surface area and pore size analyser 3500 was used for collecting the 273 K

and 298 K sorption isotherms of CO,, C2H2, C2Hs and C,Hg, as well as 195 K isotherms of CO>

and C;H; and 77 K N3 isotherms on X-dia-2-Cd-y. The temperature at 195 K and 77 K were

maintained using a 4 L Dewar filled with a dry ice-acetone mixture and a liquid nitrogen bath

respectively. Bath temperatures of 273 and 298 K were precisely controlled with a Julabo ME

(v.2) recirculating control system containing a mixture of ethylene glycol and water. Prior to

sorption experiments, a freshly prepared sample of X-dia-2-Cd-o was activated on a

SmartVacPrep™ using dynamic vacuum and heating for 10 h at 373 K. High grade gases were
used as obtained from BOC Gases Ireland Ltd.: He (99.999 %), CO2 (99.999 %), N2 (99.9995 %),
C2H2 (98.5 %), C2H4 (99.92 %), C2Hs (99 %), C3Hs (99.95 %), C3Hs (99.5 %) and C3Ha (97 %).
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Fig. §24. Overlaid CO; (black), C:H> (red), C:Hy (blue) and C>Hy (pink) sorption isotherms for X-dia-2-Cd measured at 273 K.
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Fig. 825. Overlaid CO; (black), C:H> (red), C:Hy (blue) and C>Hjs (pink) sorption isotherms for X-dia-2-Cd measured at 298 K.
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Fig. 826. Overlaid Cs;Hy (purple), CsHs (green)and CsHg (orange) sorption isotherms for X-dia-2-Cd measured at 273 K.
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Fig. 827. Overlaid Cs;Hy (purple), CsHs (green)and CsHg (orange) sorption isotherms for X-dia-2-Cd measured at 298 K.
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13. Dynamic Column Breakthrough

A Dynamic Column Breakthrough experiment was performed on 410 mg of pre-activated solid
sample that was placed in a 1/4 in. stainless steel column to form a fixed bed in a Micromeritics
Selective Sorption Analyzer. The gas composition was controlled using an MKS Cirrus 3 mass
spectrometer. Prior to the adsorption branch, the bed was purged with a 20 sccm flow of pure He
for 3 hours at 333 K and cooled to RT under continuous flow of He. Then, the gas was switched
to the targeted CoH2/CO> mixture with the temperature maintained at 298 K for the adsorption
branch of the experiment. Once saturation was achieved, the flow was switched to He at 20 sccm
once again, and a temperature ramp rate of 5 K per minute was applied until a steady column
temperature of 333 K was achieved. Temperature and He flow were maintained until C,H> and
CO: outlet concentrations were negligible.

Uptakes were determined from the adsorption branch of the experiments, assuming negligible
pressure drop and following Eqn. 7. Dead volume correction was applied by adjusting to to account
for time lag between inlet and outlet flows using blank experiments for each inlet mixture
composition.

Vito— [0 V,dt
q; = Wito=f," Vedt) Eqn. 7.

m

Here in Equation 7, V; is the inlet flow rate of gas (cm?® min!), V, is the effluent flow rate of gas
(cm® min'), # is the adsorption saturation time (min) and m is the mass of the sorbent (g). For
trace experiments, the adsorbed CO» quantity was determined by integrating the area under the
CO; desorption curve, to minimise error due to residual carrier gas and roll-up during the
adsorption branch of the experiment.

The separation factor, aac=2.32, for the breakthrough experiment for X-dia-2-Cd-y is determined

using Eqn. 8, where y; is the partial pressure of gas 7 in the gas mixture.

a= q1Y2

Eqn. 8.
q2y1 qan
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Fig. §28. Dynamic column breakthrough experiment of binary C>H»/CO, mixture on X-dia-2-Cd.

Table S7. Uptakes and separation factors for X-dia-2-Cd determined from DCB experiments

Mass 410 mg
COs flow 0.5 scem
C:H, flow 0.5 scem
CO, uptake 4.44 cm’/g
C,H uptake 10.30 cm’/g
Separation Factor (o) 2.32
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14. Adsorption selectivity calculation

The selectivity for the adsorbate mixture composition of interest were calculated from the single-
component adsorption isotherms using Ideal Adsorbed Solution Theory (IAST), implemented in
TAST++ program.*! First, the single-component isotherms for the gas sorbates at 298 K were fitted
to the Single-Site Langmuir equation for CO2 (Eqn. 9) and Dual-Site Langmir equation for C;H»
(Eqn. 10).

k*P
n(P) =q D) Eqn. 9
_ kP kP
n(P) =a 1+kP ' 12 14k,P Eqn. 10

In equation 9 and 10, g; is the amount adsorbed per unit mass of material (in mmol g!), P is the
total pressure (in bar) of the bulk gas at equilibrium with the adsorbed phase, q; and g, are the
saturation uptakes (in mmol g!) for sites 1 and 2 respectively, k, and k, are the affinity coefficients
(in bar!) for sites 1 and 2 respectively. Final selectivity for adsorbate i relative to adsorbate j was
calculated using equation 11.

i, = 5 Eqn. 11
Ui T O 1

Here, x; and x; are the mole fractions of components i and j, respectively, in the adsorbed phase,
and y; and y; are the mole fractions of components i and j, respectively, in the gas phase.

Table S8. Isotherm fitting parameters and fit R? values for IAST calculations.

Adsorbate | Model R? q:(mmol g) | k; (bar?) | g2(mmol g') | k2(bar?)
CO: Single-Site Langmuir | 0.999997 | 1.4847 0.651108 | - -
C:H: Dual-site Langmuir 0.999791 | 1.663557 0.11619 1.37485%* 148.134

*q> was limited to 0 to 2 values range.
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Fig. §29. IAST selectivity for C:H, and CO>, Suc (equimolar mixture) at 298 K for X-dia-2-Cd.

15. Survey of crystallographic and topological databases

1. CSD analysis of dia networks
The list of MOFs having dia net topology was obtained from TTO TOPOS database ° (version:
Dec 2021); valence-bonded MOFs in standard representation were used. The enlisted MOM
crystal structures from the TTO database were analysed using queries to the Cambridge Structural
Database (CSD version 5.43, Jun 2022) through the CSD Application Programming Interface
(CSD Python API).** The analysis was performed using custom-written Python script which
implements the algorithm described by Kumar et al.**

The metal-to-linker coordination modes of dia nets found by the algorithm are summarized in Fig.
S20.
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1. Analysis of interpenetration in dia networks
For dia nets, network interpenetration was calculated using ToposPro (v. 5.3.3.5).° Void volume

was calculated using CSD Python API,*? probe radius 1.2 A and grid spacing 0.2 A were used.
mixed-linker: bidentate-(COOH),, bidentate-(N,ing)>
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Fig. S 31. Left: Violin plot demonstrating the void space volume of reported structures, right: network interpenetration of the
reported MOFs based on mixed-linker (carboxylate linker, N-donor linker).
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Fig. S32. Lefi: Violin plot demonstrating the void space volume of reported structures; right: network interpenetration of the
reported MOFs based on single (bifunctional) linker.
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Fig. §33. Left: Violin plot demonstrating the void space volume of reported structures, right: network interpenetration of the
reported MOFs based on single (N-donor) linker.
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Fig. §34. Left: Violin plot demonstrating the void space volume of reported structures, right: network interpenetration of the
reported MOFs based on single (carboxylate donor) linker.
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Fig. §35. Left: Violin plot demonstrating the void space volume of reported structures, right: network interpenetration of the
reported MOFs based on other linker coordination types.
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2. Reported sorption studies for dia structures.

Table 89. Reported sorption studies on dia networks exhibiting flexible isotherms.

Mixed-linker networks:
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