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Force field parameters for adsorbates
Lennard-Jones (LJ) parameters and partial charges for water were taken from the TIP4P1 model, and parameters 

for ammonia and methane were taken from the TraPPE2,3 model. Table S1 shows the LJ parameters and charges 

for all of the adsorbates studied in this work.

Table S1. LJ parameters and partial charges for water, ammonia, and methane

Atom ϵ/k (K) σ (Å) Charge (e) Force field

O_H2O 78.0 3.15 - TIP4P1

H_ H2O - - 0.52

M_H2O - - -1.04

N_NH3 185.0 3.42 - TraPPE2

H_ NH3 - - 0.41

M_ NH3 - - -1.23

CH4 148.0 3.73 - TraPPE3

Force field parameters for MOFs
LJ parameters for all hypothetical MOFs were taken from the Universal force field (UFF)4 and partial charges 

were calculated from the extended charge equilibrium method.5 The LJ parameters and partial atomic charges for 

ZIF-8, Al(NDC), and Zn-pyrazole were taken from our previous publication.6 Force field parameters for MIL-47 

were obtained from the work of Yazaydin et al.7 For FMOF-1, UFF was used for LJ parameters and the partial 

charges on CF3 groups were taken from the work of Dalvi et al.8 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 

calculation on a representative FMOF-1 cluster using the B3LYP functional and the 6-31+G* basis set in 

Gaussian 099. The charges were extracted using the CHELPG method.10 
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Figure S1. Henry’s constant (KH) values for selected MOFs obtained from either simulated isotherms (GCMC, 
in black) or from the Widom method with different numbers of cycles (blue, red, green) for methane (left) and 
water (right) at 298 K. The number of Widom insertions is 20 times the number of cycles.

Simulated water adsorption isotherm in FMOF-1
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Figure S2. Simulated water adsorption isotherm in FMOF-1 at 298 K. The inset shows the low pressure 
range and the water KH values obtained from the isotherm and the Widom insertion method. 
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Water KH calculations from experimental adsorption isotherms 
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Figure S3. Water condensation pressures versus Henry’s constants (KH) for 19 selected MOFs obtained from 
experimental water isotherms at room temperature. For Mg-MOF-74, the KH value has been calculated from two 
different isotherms. The condensation pressure for the three very hydrophilic MOFs (HKUST-1, Mg-MOF-
74(S), and Mg-MOF-74(C)) are set to zero. 
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MOF-80511

0
2
4
6
8

10
12
14
16
18

0 1000 2000 3000 4000

U
pt

ak
e 

(m
m

ol
/g

)

Pressure (Pa)

y = 0.0058x

0

0.2

0.4

0.6

0.8

1

1.2

0 50 100 150 200 250

U
pt

ak
e 

(m
m

ol
/g

)

Pressure (Pa)

0
2
4
6
8

10
12
14
16
18
20

0 1000 2000 3000 4000

U
pt

ak
e 

(m
m

ol
/g

)

Pressure (Pa)

y = 0.0030x

0

0.2

0.4

0.6

0.8

1

1.2

0 100 200 300 400

U
pt

ak
e 

(m
m

ol
/g

)

Pressure (Pa)

Figure S4. Experimental water adsorption isotherms and the adsorption range selected for Henry’s constant (KH) 
calculations in MOFs shown in Figure S3. 
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MIL-101-NH2(Cr)12
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Figure S4. Continued.
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MIL-101-SO3H(Cr)12
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Figure S4. Continued.
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Figure S4. Continued.
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Figure S4. Continued.
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Figure S4. Continued.
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Figure S5. Simulated adsorption amounts for a) pure-compoment ammonia at 290 Pa, b) pure-component water 
at 80% RH, c) binary mixture of ammonia at 290 Pa and water 80% RH. All simulations were performed for 
2,777 unfunctionalized hydrophobic MOFs at 298 K.
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6000931

Figure S6. Eight of the 97 hypothetical MOFs with ammonia uptake greater than 6 mmol/g at 100,000 Pa and 
298 K. The constituent building blocks for each MOF are shown below the crystal structures. The connection 
points are highlighted with different colors. Green points: carboxylic acid or a pyridine termination of the 
organic linker; Red points: carboxylic acid terminations of the organic linker; Blue points: pyridine terminations 
of the organic linker; and Pink points: inorganic building block connections to other inorganic build blocks.  
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