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Figure S1. The refined PXRD pattern of N> clathrates synthesized from (a) 15 mol% NH4F
solution, (b) 20 mol% NH4F solution, and (c) 27 mol% NH4F solution at 150 bar and 243 K.
Bragg ticks: (top) Pm-3n, (bottom) P63/mmc. Reliability factors (background corrected): (a)
Rup =5.59%, 1> =2.99, (b) Rup = 6.73%, x* = 4.26, (c) Ruwp = 6.52%, x* = 3.87.
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Figure S2. The refined PXRD pattern of N» clathrates synthesized from (a) 5 mol% NH4F
solution, (b) 10 mol% NH4F solution, (¢) 15 mol% NH4F solution, and (d) 20 mol% NH4F
solution at 280 bar and 243 K. Bragg ticks: (top) Pm-3n, (middle) Fd-3m for (a) (bottom)
P63/mmc. Reliability factors (background corrected): (a) Rwpy = 10.1%, > = 7.95, (b) Ryp =
10.6%, x> = 6.01, (¢) Rup = 12.7%, 1> = 8.59, (d) Rwp = 9.83%, > = 5.29.

(d) 3 20 mol% NH,F + N,

(c) 15 mol% NH,F + N,

L T O o R R A TR
I [ L 1 O T O A O [ BN I 1
et e

(b) g 10 mol% NH,F + N,

L I B O R U LA LI N R TN AR T Ty
I | L | T 1 VAR (TR A
Y VNI

(a) i 5mol% NH,F + N,

AN AN

5 10 15 20 25 30 35 40 45 50 55 60
20/°

S3



Figure S3. The refined PXRD pattern of O clathrates synthesized from (a) 5 mol% NH4F
solution, (b) 10 mol% NH4F solution, (¢) 15 mol% NH4F solution, and (d) 20 mol% NH4F
solution at 280 bar and 243 K. Bragg ticks: (top) Fd-3m, (bottom) P63/mmc. Reliability
factors (background corrected): (a) Rwp = 12.8%, x> = 11.3, (b) Rup = 12.5%, 3> = 11.2, (c)
Rup =12.1%, > = 9.55, (d) Rup = 12.2%, > = 11.2.
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Figure S4. The refined PXRD pattern of CH4 clathrates synthesized from (a) 5 mol% NH4F
solution, (b) 10 mol% NH4F solution, (¢) 15 mol% NH4F solution, and (d) 20 mol% NH4F
solution at 280 bar and 243 K. Bragg ticks: (top) Pm-3n, (bottom) P63/mmc. Reliability
factors (background corrected): (a) Rwp = 12.6%, x> = 12.9, (b) Rup = 11.6%, x* = 8.61, (c)
Rup =10.4%, > = 8.22, (d) Rup = 10.1%, * = 7.40.
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Table S1. The intermolecular potential parameters for the united-atom TraPPE for methane'
and the all-atom TraPPE for O> and N».%* While not used in this work, these parameters give
an indication of strength of van der Waals and electrostatic interactions of the guest

molecules with the NHs-doped clathrate hydrate cages.

Molecule Atom e/ K ol A qle
CH4 United atom 148 3.73 0.0
O 49 3.020 -0.113
02
M 0.0 0.0 0.226
36 3.310 -0.482
N2
M 0.0 0.0 0.964

1) Martin, M.G.; Siepmann, J. I. Transferable potentials for phase equilibria. 1. United-atom
description of n-alkanes. J. Phys. Chem. B 1998, 102, 2569-2577.

2) Zhang, L.; Siepmann, J. 1. Direct calculation of Henry's law constants from Gibbs
ensemble Monte Carlo simulations: Nitrogen, oxygen, carbon dioxide, and methane in
ethanol. Theor. Chem. Acc. 2006, 115, 391-397.

3) Potoft, J. J.; Siepmann, J. I. Vapor-liquid equilibria of mixtures containing alkanes, carbon

dioxide and nitrogen. AIChE J. 2002, 47, 1676-1682.
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Table S2. Cage occupancies of each hydrate phase. Because the hydrate fractions of sII N>
hydrates of 5 mol% NH4F solutions and of pure water (synthesized at 280 bar) were too small

to be calculated from the refinement (red marks), these values were fixed during the Rietveld

analysis.

NH4F Na(sl, L) Na(sl, S) Na(sL, L) Na(sl, S) O2(sII, L) | Oa(sll,S) | CHa(sl, L) | CHa(sl, S)
(mol%) (150 bar) (150 bar) (280 bar) (280 bar) (280 bar) (280 bar) (280 bar) (280 bar)
0 1.0 1.0 1.0 1.0 1.0 0.90 1.0 1.0
5 0.97 1.0 1.0 0.98 1.0 0.91 1.0 1.0
10 0.97 0.97 1.0 0.98 1.0 0.89 1.0 1.0
15 0.98 0.95 1.0 0.97 1.0 0.89 1.0 1.0
20 0.98 0.97 1.0 0.99 1.0 0.88 1.0 1.0
27 0.99 0.96 1.0 1.0 1.0 0.89 1.0 1.0

NH4F Na(sI, L) | No(sIL, S) | No(sII,L) | Na(slI, S)
(mol%) (150 bar) (150 bar) (280 bar) (280 bar)
0 1.0 0.99 1.0 1.0
5 1.0 1.0 1.0 1.0
10 - - - -
15 - - - -
20 - - - -
27 - - - -
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