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CO: isotherms at 298 K up to 55 bar
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Figure S1. CO; adsorption isotherm of a powder sample of FMOF-1 at 298 K,
including the experimental data (black) and the fitting to the Toth equation within
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the experimental range (red) and beyond (blue).
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Figure S2. Representative reproduction attempts for the CO; adsorption isotherms at
298 K up to 55 bar using different samples from multiple batches of activated
powders of FMOF-1.
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Isosteric Heats of Adsorption Calculation
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Figure S3. Isosteric heat of adsorption of FMOF-1 determined from experimental
data.
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Table S1. Neutron powder diffraction experimental details for FMOF-1c + CO».

Crystal Data
Chemical formula
M,

Crystal system, space group

Temperature (K)
Pressure (bar)
a, c(A)

v (A

V4

Radiation type

Data collection
Diffractometer
Specimen mounting
Data collection mode
Scan method

Refinement

R factors and goodness of
fit

No. of data points

No. of parameters

Ci2.625 A3 F1g Ng Oy 5
963.28

Tetragonal, I-42d

290 (2)

61 (1)

13.9713 (7), 37.713 (4)
7361.4 (7)

8

Spallation neutron

SNS SNAP http://neutrons.ornl.gov/snap
6 mm diameter vanadium cup in a cylindrical TiZr Pressure cell
Transmission

Neutron time of flight powder diffraction

R, =0.015, Ry, = 0.016, R.y, = 0.009, R(F) = 0.145, R(F) = 0.178, X’
3.512

1661

14

Computer programs: GSAS-Il (Toby & Von Dreele, J. Appl. Cryst. 2013, 46, 544-549); Structure refined

with rigid body constraints.
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Evolution of the neutron diffraction patterns of FMOF-1 with CO:
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Figure S4. Evolution of neutron powder pattern of FMOF-1 with absorbed CO; in
temperature range 50 K to 210 K. The solid line (cyan) is the residuals from the
observed and refined neutron diffraction profiles of the FMOF-1 sample with
adsorbed CO; at 50 K. wR = 1.67%,GOF = 3.81, Nobs = 1659, Nyais = 17. Space group
I-42d, a=12.7855 (6) A, c=40.755(4) A, V= 6662.2(5) A>.
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Geometric characterization of FMOF-1 structures

The pore size distributions and geometric characterization for FMOF-1a-c structures

are shown in Figure S5 and Table S2, respectively. The window and pore diameters

were obtained using the method described by Sarkisov and Harrison.! Other

geometric properties such as the accessible surface area, void fraction and pore

volume were calculated using methods reported by Diiren et al.? and Frost et al.>.
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Figure S5. Pore size distributions for FMOF-1 structures. The pore sizes are

calculated using the method described by Gelb and Gubbins.*

Table S2. Geometric properties for the FMOF-1 structures studied in this work

. Channel Small Small cavity
Surface He Void Channel . . .
Structure . . window cavity window
area Fraction diam. . . .
diam. diam. diam.
m?/g _ A A A A
FMOF-1a 777 0.40 6.1 5.0 2.5 0.5-1.0
FMOF-1b 870 0.45 6.8 6.0 3.5 2.5-3.0
FMOF-1c 782 0.41 6.3 5.5 2.5 0.5-1.0
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FMOF-1 model

The LJ parameters for FMOF-1 atoms were taken from the Universal Force Field
(UFF).> The partial charges on CF3 groups were taken from the work of Dalvi et al.®
Partial charges for C and F atoms in CF3 group are +0.51 and -0.17, respectively. The
partial charges for all other atoms in FMOF-1 were obtained from DFT calculations
using the B3LYP functional and the 6-31+G* basis set in Gaussian 09”. Partial atomic
charges were extracted using the ChelpG method.® Table S3 shows the LJ parameters
for all atom types in FMOF-1.

Table S3. L) parameters for FMOF-1 atoms

Atom type ¢e/ks(K) o(A) Force field

N 346  3.26 UFFS
c 524  3.43 UFF5
F 252  3.09 UFF5
Ag 18.116 2.806 UFFS5
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Adsorbate models

The TraPPE force field was used to model all adsorbates (N2°, 02'°, CO2°, hexane!'!
and benzene'?) except for water, which was described with the TIP4P model'3. The LJ

parameters along with partial charges for all adsorbates are listed in Table S4.

Table S4. LJ parameters and partial charges for all adsorbates studied in this work

Adsorbate Atomtype ¢e/ke(K) o(A) q(e) Force field
Oxygen 0 02 49 3.02 -0.113 TraPPE"0
COM_O2 - - 0.226  TraPPE"
Nitrogen N_N2 36 3.31 -0.482 TraPPE®
COM_Nz2 - - 0.964 TraPPE®
Hexane CHs 98.0 3.75 - TraPPE"
CH2 46.0 3.95 - TraPPE"
Carbon dioxide 0O_CO: 79.0 3.05 -0.35 TraPPE?®
C_CO2 27.0 2.80 0.70 TraPPE®
Benzene C_benz 30.7 3.6 -0.09 TraPPE™

H_benz 255 236 0.09 TraPPE"?

Water Ow_TIP4P 780 315 - TIP4P13
H_TIP4P - - 052  TIP4P®
M_TIP4P - - <104 TIP4P®
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Additional simulation results

Figure S6 . GCMC simulation snapshots showing sequential pore filling of small
pockets and large channels for N, and Oz in FMOF-1b at 77 K. a) N at 1.58 Pa b) N,
at 99990 Pa c) O, at 0.1 Pa and d) O, at 20000 Pa at 77 K. Nitrogen molecules
adsorbed in the large channels and small pockets are illustrated with blue and
orange, respectively. Oxygen molecules adsorbed in large channels and small
pockets are illustrated with red and green, respectively.
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Figure S7. Simulated and experimental'* adsorption isotherms for a) hexane and b)
benzene in all FMOF-1 structures at 298 K. Py is the experimental saturation pressure
of each adsorbate.
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Toth fit data for FMOF-1 with n-hexane
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Figure S8. Toth fitting of experimental®** adsorption isotherms for a/top) n-hexane
and b/bottom) benzene for FMOF-1 at 298 K. Py is the experimental saturation
pressure of each adsorbate.
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Low
density

Figure S9. GCMC simulation snapshot (left) and density profiles (right) for CO,
adsorption in FMOF-1b at saturation loading and 278 K. The CO, presence at the
entrance of the small pockets is highlighted by the dashed red circle.
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FMOF-1 CO, at RT
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Figure S10. Comparison of the experimental, computation, and Toth isotherms of

CO; adsorption in FMOF-1 at room temperature (RT).
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Figure S11. The breakdown of potential energy into adsorbate-adsorbate and
adsorbate-adsorbent contributions for CO, adsorption in FMOF-1c obtained from
GCMC simulations at 278 K.
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Figure S12. The backbone of the FMOF-2 guest-free framework, adapted from the
published structure of the toluene adsorption adduct published earlier (see ref. 14(b)
below).
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