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Experimental Methods

Water of ultrahigh purity was obtained from a Millipore purification unit, and the THF,
MesNOH, and D,0 were supplied by SIGMA-ALDRICH Inc. Hy, N, O,, and D, were
purchased from the Special Gas Company (Daejeon, Korea), with a stated minimum
purity of 99.995 mol%. The well-mixed solution according to the mole-composition of
THF, Me4sNOH, and H,O (or D,O) were frozen at 210 K for at least 1 day and were then
ground to a fine powder (~ 200 um). The grounded powders were put into a high
pressure cell and exposed to Hy, Ny, Oy, or D, (120 bar) at 210 K for at least 1 week.
The formed hydrate samples were stored in liquid nitrogen and irradiated as 30 kGy (15
kGy per 1hr) by a “Co y-ray source at KAERI in Jeongeup, Korea.

The HRPD patterns of non-irradiated samples were recorded at 80 K using the Pohang
Synchrotron of the Pohang accelerator laboratory (A = 1.54950 A). The experiments
were carried out in step mode with a fixed time of 2 s and at a step size of 0.01° for
each hydrate sample. The obtained patterns were indexed using the Check Cell
program.” The ESR spectra of the y-irradiated samples were obtained using a JEOL
PX2300 equipment. The samples were kept under liquid nitrogen during the
experiments.

Electron affinity (EA) and proton affinity (PA) of each NIGM (i.e., N», H,, and O,) were
evaluated through quantum mechanical calculations using Q-Chem 3.1 quantum
chemistry software. To obtain self-consistent energies with optimized geometries of
neutral (n), anion (a), and protonated (p) species, the second-order Mgller-Plesset
perturbation theory (MP2) with 6-311++G** basis sets were employed. The electron
and proton affinities were calculated as follows:

EA=Enicom()-Entomm)s

PA= Exiom(p)-Entomm).-
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Fig. S3
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