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Supplementary Figure 1. Interaction Potentials. a, O2-O: interaction potential: Lennard-Jones (LJ)
potential (blue) and Quadratic Feynman-Hibbs effective potential (red: 80z, black: '80z2). b, CHs-CH4
interaction potential: Lennard-Jones (LJ) potential (blue) and Quadratic Feynman-Hibbs effective

potential (red: 2CH4, black: 3CHa).



Supplementary Note 1:

We performed quantum effective potential calculations using the de Broglie wavelength and
interaction potential using the classical Lennard-Jones (LJ) and the quantum Feynman-Hibbs
(QFH)! potentials at 112 K. The de Broglie wavelengths of %0, and 30, at 112 K are 0.0292
nm and 0.0275 nm, respectively, which results in a difference of 0.0017 nm. In addition, the
de Broglie wavelengths of >CH4 and '*CHs at 112 K are 0.0412 nm and 0.0400 nm,
respectively, which results in a difference of 0.0012 nm. The QFH effective potential
calculation gives a very small difference of 0.07 K in the potential energy minimum for both

180,/ 10, and '*CH4 / 3CHa.



Unadsorbed
18.02 . ) gas mixture
(1:1) Vi V2 -
A V'L
1(502
He C
Sample | 5 XV6_ V9
G Cell
S °®
o va V10
L)
00 © ya ®
& o — P2
Isotope gas
mixture

C : Flow controller TMP : Turbo molecular pump
G: Pressure gauge RP: Rotary pump X:Valve O: Open

Supplementary Figure 2. Working Instrument. Schematic representation of the laboratory designed

flow-type dynamic adsorption separation instrument.

Supplementary Note 2:

The dynamic adsorption separation experiments were performed using in-lab assembled
instrument schematically represented above. The instrument has been equipped with a
Swagelok adsorption sample cell (SS-4-WVCR-6-DF; 316 Stainless Steel Welded VCR Face
Seal Fitting with porous metal gasket) with an internal diameter of, 1/4 in. and length 2 in.,
which was packed with 50 mg of samples. In the experimental setup, the adsorption cell was
installed in cryostat unit which allows for in-situ pre-treatment of the adsorbents under
vacuum before the adsorption separation experiment performed at 112 K. The isotope mixed
gas of 1°0; and '¥0; of the composition 1:1 was produced using flow controllers (C) and

stored in reservoir tank (S1). The vacuum pumps P1 and P3 are used for evacuation while P2



is used during partial pressure analysis. Before each set of experiments, the mixed gas

concentration was analyzed on-line with a quadrupole mass spectrometer (MS), the signal of

which has been calibrated in advance as shown in Supplementary Figure 3.
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Supplementary Figure 3. Correlation Curves. a & b, Time course of partial pressure for ®0O2 and

802. ¢ & d, Time course of mass intensity for 802 and ®0.. e & f, Correlation of mass intensity

versus partial pressure for 602 and 80z, respectively.



Supplementary Note 3:
Using the relationship between linearity of “partial pressure” and “mass intensity” via
calibration approaches, mole fractions of 30, and '°O» in adsorbed phase and gas phase can
be determined. Direct calibration for overlapping signals is given by:
I; =KX a;P
Where, I - ion current of the mass M
K — instrument constant, related to the setup settings
ajj— calibration factor determined from the slope of partial pressure vs intensity
P; — partial pressure of the j-th component
For two component system, the linear equations could be written as follows:
I 1] a11 ‘121] [ ]
I, iz Az

136] _ [a1802(36) a1602(36)] [P36]

1e. .
I3, A1802(32) @41602(32)] | P32

Such linear equations can be solved considering the following example:

X =ak + bq
Y =ar+bs
k qyra1_1X
then, A= 1
[Calibration factor] . [Unknown concentration] = [Experimental ion currents]
: ay_rk q1"' (X
Ll=1 3
.. . __ Sx—qy __ky-rx b __ky-rx
this implies il b = o ar / a= ey
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This is how the amount or mole fraction of 30, and '®O» can be determined separately from a
mixture in adsorbed phase and gas phase. The background contributions towards mass
intensity form '#02 and 'O, should be subtracted before the mole fraction determination.
During calibration, the needle valve V7 plays very significant role to avoid the deterioration
of MS filament. The partial pressure analyzers are calibrated using higher pressures. Under
these conditions, in order to safeguard the filament from deterioration, it is highly desirable to
decrease the electron current to a very low level. In addition, bombarded surfaces by the non-
transmitted ions which at many instances results in insulating layers receive less abuse.
Furthermore, along with the possible performance deterioration of the instrument because of
operating at high pressures, the greater density of molecules also interferes with the operation
of the MS because of ion-molecule collisions. So, the needle valve V7 is opened to
sufficiently large extent which protects the MS filter, while not obstructing the flow of mixed
gas, as that is always less compared to maximum allowed value.

The flow rate of the mixed isotope feed gases 120 Pa (**CH4 + '3CHy) or (*0, + '80,) having
different concentration of %0, (4.8 at.% to 70 at.%) through the adsorption sample cell was
regulated by mass flow controllers (~1 ml min™'). The mixed O, gas having '°0,: 80, =1:1
is termed as equimolar feed gas. The composition changes of the mixed gas stream at the
outlet was analyzed with the MS. Before each experiment, the adsorbent was pre-treated in-

situ in vacuum at a constant temperature 423 K / 3 h for carbon adsorbents and 523 K/ 6 h



for zeolites.

The working of the adsorption device for separating the '°0, and %05 is as follows:

1) The pre-weighted amount of microporous adsorbent is filled in sample cell and pretreated
in vacuum at 423 K / 3 h for carbon adsorbents and 523 K / 6 h for zeolites to remove
adsorbed moisture and other gases.

2) Before introducing the isotope gases, valves V1-V10 are kept open and evacuated using
the vacuum pumps P1, P2 and P3.

3) Close the valves once vacuum is attained.

4) Fixed volume of isotope gases are introduced from T1 and T2 through C and allowed to
diffuse overnight to form uniformly mixture and stores in reservoir S1.

5) Close valve V1 and V3 and open other valves to evacuate the inside pipes of the system.
6) Close valves V2, V4, V5, V8 and V9. Open V3, V6, V7 and V10 to flow a fixed volume of
isotope gas mixture to be analyzed by MS to determine the mole fractional content of
individual gas components in the mixture gas.

7) Then open valves to evacuate the system again and close them after complete evacuation.
At this stage, open valve V3, V4, V5, V6 and V7 to flow a fixed volume of isotope mixture
gas through the adsorbent filled sample cell maintained at 112 K. The isotope mixture gas is
evacuated by suction pump P3. On passing through the adsorbent kept at low temperature,

180, isotope are preferentially adsorbed in the pores of microporous adsorbent. Unadsorbed



isotope mixture gas pumped by P3 is monitored to determine the molar concentration. The

molar concentration of oxygen isotope gas mixture is monitored at every adsorption

desorption cycle by the MS. The excess leftover mixture gas can be stored in reservoir S2.

8) After complete adsorption, close valves V4 and V5, while other valves are opened for

evacuation. Now, the temperature of the adsorbent cell is raised by closing the cryostat. At

elevated temperature, adsorbed isotope gas mixture by the adsorbent are desorbed (released).



w
(8]

P i
ACF (w=1.1nm)

w

o
'}H
1

N
()]
Ql}

N
o

CDC (w=0.7 nm)
~-ESSEEEMZ S 5 4 el Anmn Al A

ACF (w=0.8 nm)

-
o

Adsorbed amount (mmol g'1)
o T

ACF (w = 0.7 nm)

o

0 02 04 06 08 1
P/Pg

Supplementary Figure 4. Adsorption Isotherms. N2 adsorption isotherms of ACF20 (w = 1.1 nm),

ACF10 (w = 0.8 nm), ACF5 (w =0.7 nm), and CDC (w =0.7 nm) at 77 K.
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Supplementary Figure 5. Adsorption Isotherms. Nz adsorption isotherms of SWCNTox(w = 1 nm)

and SWCNTox (W = 1.5 nm) at 77 K.
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Supplementary Figure 6. Adsorption Isotherms. N2 adsorption isotherms of pure silica beta zeolite
BEA (w = 0.66 nm), silicalite-1 zeolite MFI (w = 0.55 nm), MS5A and MS4A at 77 K.

Supplementary Table 1. Pore structural parameters determined by N2 adsorption isotherm at 77 K.
The pore width is the effective pore width determined from N2 adsorption isotherms following method

discussed in our previous report?.

Adsorbent Specific surface | Specific surface Pore Pore

area (BET) area (os-analysis) | volume width

(m* g (m* g (mlg") | () (nm)
ACF20 1660 1520 0.81 11
ACF10 760 990 0.38 0.8

ACFS 520 830 0.27 0.7

11



CDC 1340 1565 0.54 0.7
SWCNTox (1nm) 570 645 0.21 1
SWCNTox (1.5 nm) 910 1150 0.36 1.5
BEA 375 406 0.17 0.66
MFI 400 440 0.16 0.55
MSS5A 560 710 0.21 0.5
MS4A 22 28 - 0.4

aPore width values of zeolites are cited from literature™ *.
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Supplementary Figure 7. Time course of mass intensity. a, Time course of mass intensity in two
regions: Without adsorbent at room temperature (Blue dashed box) and through adsorbent
maintained at 112 K (Green dashed box) for selectivity S('802/'02) of CDC at 112 K for the 300 Pa

feed gas mixture ('802 : 802 = 1 : 1) under dosing rate (~ 6 mL min'). b, ¢, & d, Magnified view.

Supplementary Note 4:

The MS perform on-line analysis of the unadsorbed mixed gas in gas phase. When mixed gas
is initially introduced to the adsorption cell maintained at 112 K, almost all 80, is adsorbed
due to the large pore volume of CDC (0.54 ml g™!). In contrast, '°0O> molecules, which are more

weakly adsorbed, can be detected after a very short time (Supplementary Figure 7d) by MS
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(almost immediate breakthrough). This can be reflected from the difference in adsorption
amount of '®0 and '°O, even in the initial adsorption time. The adsorption selectivity S for
80, against '°0, is defined as:

(1802/1602)ads
S 180 160 =
( 2/ 2)(ads g) (1802/1602)g

As the dividing factor (1*0/1%0»), is zero, the whole expression becomes infinity. Consequently,
the selectivity determination is possible only after 30 breakthrough the sorbent and can be
analyzed by the MS. That is why, even though we can determine the adsorption amount from
0 min. of the adsorption experiment, but selectivity can be analyzed only when the strong sites
of pores of CDC are sufficiently filled to allow '*O, molecules to reach MS. The selective
adsorption capacity plays extremely significant role in the time period after which selectivity
analysis can be performed. This can be well explained using Supplementary Figure 7.

The Supplementary Figure 7a shows time course of mass intensity in two regions: Without
adsorbent at room temperature (Blue dashed box) and through adsorbent maintained at 112 K
(Green dashed box). Supplementary Figure 7b, ¢ and d show their magnified view. The time
at which mixed isotope gas is introduced to the adsorbent maintained at 112 K is referred as
the initial time (0 min abscissa), hence conventionally, the time without adsorbent region is
having negative values. The mole fraction of mixed isotope gas as determined from the no
adsorbent region is, 7 ('*0z : '°02) = 1 (Supplementary Figure 7b). The small difference in the

mass intensity in no adsorbent region at RT can be related to correlation of mass intensity versus

14



partial pressure for !0, and '*O, shown in Supplementary Figure 3 e & f, which exhibits
difference in their intensities at particular partial pressure. When the mixed isotope gas is
passed through adsorbent maintained at 112 K (Supplementary Figure 7¢ & d), almost all
isotope gas '30; is adsorbed for initial 9.7 minutes and the '®0O, which remain unadsorbed can
only be detected by the MS as can be seen from Supplementary Figure 7d. Consequently, the
selectivity determination before 9.7 minutes or immediately after exposure to the adsorbent to
the mixture in present experiment is not possible. The selectivity can only be determined after
9.7 minutes, when MS starts detecting the 0, gas molecules also. At 10 minutes, it can be
observed that the difference in the mass intensity of '*0, and '°0; is very large, giving high
transient selectivity. The above experiment is performed using 300 Pa of mixed oxygen isotope
gas introduced at a dosing rate ~ 6 ml min!, so the initial selectivity time is 9.7 min. However,
for 120 Pa feed gas introduced at a dosing rate ~ 1 ml min!_the initial time is higher. So, it can
be inferred that the initiation of selectivity time is dependent on the amount, dosing rate and

molar ratio of feed mixed gas as well as the adsorption temperature.

15
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Supplementary Figure 8. Dosing Rate Dependent CDC Selectivity. a, Time course of the selectivity

S(1802/1%0z2) of CDC at 112 K for 50 % of 802 in the feed gas mixture at different dosing rates.
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Supplementary Figure 9. Mole Ratio Dependent CDC Selectivity. Reproducibility of the selectivity

S('802/802) of CDC at 112 K for 4.8, 50 and 70 at. % of 80z in the feed gas mixture under similar

dosing rate (~ 1 mL min-'). Inset showing the enlarged view. Dotted curves show repeated data.
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expressed by red dashed (----) line are standard deviations derived from four measurements.
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Supplementary Figure 12. CDC Pore Filling. Pore volume filling on introduction of 1802-'%02 mixed

gas of 240 Pa to CDC at different dosing rate.
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Supplementary Figure 13. Temperature Dependence of CDC Pore Filling. Pore volume filling on

introduction of 802-'*02 mixed gas to CDC at different temperatures.
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Supplementary Figure 14. Mole Fraction of Adsorbed Isotope Mixture. Adsorption amount ratio in
mole determined by the amount of desorbed mixed gas, corresponding to 10, 15 and 20 min after
adsorption experiment at 112 K. Error bar (blue lines) represent standard deviations derived from four

measurements.
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Supplementary Figure 16. Selectivity of Different Adsorbents. Time courses of S('80./1602) of

carbon molecular sieve (CMS) having pore width 0.3 nm and MS4A with pore width 0.4 nm.
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Supplementary Figure 18. Breakthrough Instrumentation. The schematic illustrates the custom

designed breakthrough measurement instrument.

Supplementary Note 5:

Proof-of-concept system for oxygen isotopes separation by low-temperature adsorption. The
schematic illustrates the lab-built breakthrough measurement set-up equipped with a mass
flow controller, an adsorbent packed column (5 mm diameter and 50-80 mm length) and a
quadrupole mass spectrometer (MS). The cryogenic conditions are attained using liquid N>, a
heater and a temperature controller. The column is filled with He at 103 K and equimolar
mixed gas (1°02 + '80,) is flown through it at a flow rate 6 ml min!. The real-time monitoring
of the effluent gas flow through adsorbent column is analyzed to gather information about the

separation performance, adsorption kinetic, and selectivity.
23



Supplementary Table 2. The adsorbents, experimental conditions and the selectivity for

breakthrough experiment.

(50)

Adsorbent Weight Flow rate | Concentration Ads. Selectivity
(g) 1830,+160, 1830,+160, Temp.
(ml min) (%) (K)
ACFS 0.847 6.00 130,(50), 'O, 103 1.5
(50)
ACF10 0.377 6.00 130,(50), 190, 103 3

Supplementary Methods 1:

Computational Methodology

Equilibrium isotope selectivity: Isotopic adsorption of 10, and 0, in SWCNTox and

silicalite-1 zeolite (MFI) was studied using equilibrium isotope fractionation ratio under two

different thermodynamic phases. An equilibrium isotopic exchange reaction between the bulk

oxygen gas phase (g) and the nano-confined adsorbed (ads) phase was considered for

SWCNTox and MFI involving two different isotopic species given by the equilibrium

expression

24

160, (ads) + '20,(g) = '°0,(g) + '®0,(ads)

(S1)




The equilibrium isotopic separation or selectivity factor computed from simulations is
denoted as ads-g) and can be related to the isotopic ratio of 0, to °0, within each phase
given be the following expression, which is also associated with the change in equilibrium

free energy (AA(ads—g)),

(1802/1602)ads (82)

= = e PlA(ads—g)
O (ads— e
(ads-g) (1802/1602)g

Path integral molecular dynamics (PIMD): All the PIMD simulations were performed
using the universal force engine i-PI® © for the propagation of nuclear degrees of freedom
augmented with the energy and force evaluations performed using the LAMMPS simulation
package’. These PIMD simulations involved a mapping of the quantum partition function of a
system to that of a classical ring polymer Hamiltonian composed of P (= 32) replicas for each
atom to sufficiently converge their nuclear quantum kinetic energy. The NVT ensemble was
enforced by PILE-G thermostat® with a time constant of 10 fs. The isotope fractionation ratio
or the selectivity factor was determined from the method of direct scaled-coordinates
estimator for isotopic fractionation ratio®. To be brief, the protocol involves performing two
independent simulations representing two different phases (bulk gas and adsorbed phase)
having only naturally abundant isotope (i.e., 1°02). For each phase, the PIMD simulation
involves the determination of effective partition function undergoing the mass transformation

of 180, to 180,. The ratio of the value of partition functions from both these phases would

25



result in an efficient and direct computation of selectivity factor. To compute isotopic
selectivity, only one randomly chosen %0, molecule in both the bulk oxygen gas phase and
adsorbed phase was chose to perform isotopic mass transformation into *0; to reflect the
dilution conditions of 0, with in *®0,. We have also enhanced the random sampling for the
selection of an *0, molecule participating in the isotopic transformation using several
quantum alchemical exchanges'® per PIMD step that resulted in a better statistical efficiency.
All the simulations were performed with a time step of 0.25 ps. We note that these
calculations only give equilibrium selectivity, not the transient kinetic selectivity observed in
the experiments at short times. However, these calculations can be compared with the
experimental selectivities at long times.

Silicate-1 zeolite MFI: The initial configurations for the loading of oxygen molecules inside
a computational cell of MFI (a=40.0 A, b=40.0 A, c=26.76 A) were generated by performing
grand canonical Monte Carlo simulations using the RASPA!! simulation package at the
temperatures of 90.2, 112 and 130 K for a relative pressure loading P/Po= 0.12. The
DREIDING force field'? was used to model the interactions of zeolite with parameters

summarized from He et al.3

. Adsorption molecular Oz was modelled using a potential
described by anharmonic bonding terms'®. A schematic of the MFI framework with adsorbed

oxygen molecules was shown in Supplementary Figure 21.

Our PIMD simulations conducted for the temperatures (90.2, 112 and 130 K)
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indicate that the MFI is selective for '*0, over '°0; as shown in Fig. 5b. The amount of
adsorbed loadings for each temperature were tabulated in Supplementary Table 4. The value
of S (1.09) is almost identical for 90.2 and 112 K with the value slightly decreasing for 130 K
(~1.038). Due the complex three-dimensional interconnecting porous network of zeolite MFI
with a combination of straight and zigzag channels, the study of equilibrium isotopic
selectivity under the zero-loading (one molecule of O> within the computational domain)
conditions could lead to systematic errors. These errors are as a result of insufficient sampling
and difficulties arising from disentangling contributions for straight and zigzag channels of
porous network using a single Oz molecule adsorbed in the computational domain. However,
we have instead used SWCNTx as the adsorbate candidate for its simplicity of the porous
channel to investigate the isotopic selectivity factors associated with the conditions of zero-

loading.

SWCNTox: To mimic the experimental conditions for SWCNTx, we have performed
simulations to compute the equilibrium isotopic selectivity for (7,8) chiral index that
corresponds to a diameter of 1.018 nm and length of 5.543 nm. Our PIMD simulations were
performed at a temperature of 90.2 K for the configurations equilibrated to the densities at
P/Po=0.12 that corresponds to an adsorption loading of 7.37 mmol g* (experimental loading
~7.0 mmol g*) randomly packed using Packmol®®. An anharmonic, flexible potential was

used to model SWCNT . adsorbed with O2 molecules'* 1. Our reported value of selectivity
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for the above simulation conditions amounts to 1.164 for selectivity towards 80,. The
simulation protocol involves computing the value of S using direct isotopic fractionation ratio
estimator®. We note here that the simulations were performed only for the periodic and
isolated carbon nanotube configurations and any other effects associated with the carbon
nanotube bundle configurations or the isotopic selectivities associated with the adsorption of
oxygen within interstitial space between the tubes in a bundle were neglected. The randomly
packed adsorbed oxygen used as a starting point for the calculations was relaxed using force-
field methods, resulting in an ordered packing of O2 molecules (shown in inset Fig. 5a). Such
a phenomenon was reported earlier by Maniwa et al.'” and Sinnott et al.® for the formation of
different types of ordered packing for the lower temperature structures of oxygen within the

nanotubes.

To investigate the dependence of diameter of SWCNTx towards the isotopic selectivity at the
conditions of zero-loading, PIMD simulations were performed for SWCNTox loaded with just
1 molecule of oxygen. The results are shown in Fig. 5a. For smaller diameter configurations
(i.e., for (4,4) and (5,5)), a reasonable selectivity was observed for all the temperatures
considered in the study. As the tube diameter increases (i.e., for (7,7) and (10,10)), there was
no selectivity observed as seen by the convergence of the value of S towards the value of 1.

Comparing these results with the (7,8) SWCNT at high Oz loading, which has a larger
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diameter than the (7,7) SWCNT, we see that the selectivity of 1.164 is a result of collective

nuclear quantum effects.

Supplementary Table 3. Isotope selectivities for the zero-loading of different diameter SWCNT

Diameter of | Chiral Index 90.2 K 112 K 130 K
CNT (nm)
0.5424 (4,4) 1.456 £ 0.0024 | 1.327 +0.0013 1.260 + 0.0022
0.6781 (5,5) 1.062 £ 0.0022 | 1.043 +£0.0012 1.032 +0.0017
0.95 (7,7) 1.004 £ 0.0020 | 1.003 +0.0012 1.002 + 0.0011
1.356 (10,10) 1.006 = 0.0037 | 1.002 +0.0014 1.005 +0.0014

Supplementary Table 4. Isotope selectivities and simulated loadings for zeolite MFI

Temperature (K) S (1302/1%03) Simulated Loading at P/Po= 0.12
(mmol g!)
90.2 1.092 £ 0.028 5.578
112 1.095+0.019 5.466
130 1.038 £ 0.020 5.114
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Supplementary Figure 19. Adsorption Isotherms. 802 and 602 adsorption isotherms of SWCNTox
(1nm) at 90.2 K.
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Supplementary Figure 20. Adsorption Isotherms. 802 and 602 adsorption isotherms of MFI at

90.2 K. Error bars are standard deviations calculated from three measurements.
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Supplementary Figure 21. Zeolite MFI structure. Schematic illustration of Silicate-1 zeolite MFI with

adsorbed molecular oxygen corresponding to a loading of 5.578 mmol g'' at a temperature and

relative pressure of 90.2 K and P/Po = 0.12. The enhanced inset shows an illustration of the

quantization of 32 replicas per atom within path integrals formalism. Zeolite MFI atoms (silicon in

yellow, oxygen in red) and adsorbed oxygen in blue colors.
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Supplementary Figure 22. Adsorption Rate of Oxygen Isotopes on CDC. Adsorption rate of 802

(blue solid line) and '®0z2 (black solid line) and theoretical fitting data (dashed line) using linear driving

force model at, a, 112 K and b, 130 K for CDC.
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Supplementary Methods 2:

Detailed procedure to determine the rate constant of adsorption and activation energy
Mathematical simulation of gas separation processes, such as pressure swing adsorption or
thermal swing adsorption, (PSA or TSA) requires models for describing adsorption kinetics.
The linear driving force (LDF) model, which was originally proposed by Gleuckauf and
Coates'? for adsorption chromatography, is frequently used for this purpose because it is
analytical, simple, and physically consistent?*-22,

According to the LDF model, the rate of adsorption of a single adsorbate (pure gas or mixture

with an inert gas) into an adsorbent particle is given by:

Rgus = A[1 — exp(—kt)] + at (S3)

A: amplitude, k: adsorption constant, ¢: time, a: fitting parameter of linear function.
Calculation of E, using Arrhenius Equation:
The activation energy can also be calculated directly given two known temperatures and a
rate constant at each temperature. Using Equation (S4), suppose that at two different
temperatures 71 and 72, reaction rate constants k1 and £2:
| (kl) _ ( 1 1 )Ea (S4)
"2/ " \12 TR
The results of adsorption-rate calculations using these equations are reported in

Supplementary Figure 22, where a very good agreement with experimental data can be

observed.
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Supplementary Figure 23. Magnified Adsorption Isotherms. Enlarged view of 802 and 602
adsorption isotherms for CDC at 90.2, 112 and 130 K. Error bars are standard deviations calculated

from three measurements.
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Supplementary Figure 24. CDC Clausius-Clapeyron plots. Clausius-Clapeyron plots for adsorption

of 80Oz and 802 on CDC for different fractional fillings.
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Supplementary Methods 3:

Determination of Isosteric heat of adsorption

The isosteric heat of adsorption, gs;, was determined using Clausius-Clapeyron equation for
adsorption isotherms of '°0O, and 0, at 90.2 K, 112 K and 130 K. The differential form of

the Clausius-Clapeyron equation is given below.

(d lnP> s (S5)
dr fractional filling RT?

Using a linear interpolation in the adsorption isotherms for different temperatures, we used

the equilibrium pressure (P) for a fixed amount of adsorbed gas (7.). We obtained linear

relations between the In(P) and the reciprocal temperature 1/7, giving the g, values as a

function of the fractional filling.
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Supplementary Figure 25. CDC Structure Determination. Left: detail of the CDC porous structure
filled with non-overlapping spheres (Gubbins’ method) indicating geometric pore sizes. Cyan circle
encloses narrow pore site. Right: Same detail of the CDC structure containing the adsorbed nitrogen

network (blue volume). Below: geometric cumulative pore volume from nitrogen adsorption simulation.
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