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The hydrogen storage properties of a series of metal‐
organic frameworks (MOFs) were probed through the
use of neutron powder diffraction (NPD), which allowed
the determination of site‐specific adsorption properties
as a function of in‐situ deuterium (D2) loading. The
present experiment was performed at base temperature
(4 K) using a closed‐cycle refrigerator (CCR) with a
sample stick equipped with a stainless‐steel gas dosing
line. NPD patterns were collected for various materials
dosed with known quantities of gas as has been
demonstrated previously.[1] NPD data was collected for
the desolvated framework and then for in‐situ,
sequential D2 loadings of 0.5, 1.0, 2.0, and 4.0 D2
molecules per metal atom site (M = Fe, Mn, Cu).
Through Rietveld analysis of the diffraction data for the
host framework and subsequent Fourier difference
mapping of the excess scattering density for each gas
dosing (Fig. 1), the positions, occupancies, and relative
binding energies can be determined for each gas
loading.
The first binding site for D2 in the structure, labeled I in
Fig. 1, corresponds to the strongest adsorption site and
is adsorption at the framework M2+ ion. As with

previously studied M‐BTT MOFs [1], the extra‐
framework cations do not appear to act as high‐affinity
binding sites, since no nuclear density was observed in
the proximity of these sites at low loadings. At higher D2
loadings, additional adsorption sites are observed
sequentially. The next strongest binding site, labeled II in
Fig. 1, is situated directed above the chloride ion. Four
tetrazolate rings are also within 4 Å of this site, forming
a bowl‐like void with a negative surface charge. At 8 D2
molecules per unit cell, only sites I and II are occupied,
as with previous reports, and suggest that these are the
strongest, primary adsorption sites. Two further sites,
labeled III and IV, become occupied at higher loadings.
Site III is in the openings of the sodalite‐type cages and
allows for interactions with the N2 atoms ligands, while
Site IV is located in the channels of the structure. The
information is in‐line with that of others in the BTT MOF
series.[1]
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Fig. 1 The Fourier difference map overlaid on the crystal structure for deuterium (D2) dosed M‐BTT metal‐organic framework (MOF)
from data collected on the C2 diffractometer. The first four D2 binding sites within this new analog of Fe‐BTT are determined from
Rietveld analysis of the powder neutron diffraction data (right). Yellow, orange, green, blue, and gray spheres represent D2, iron,
chlorine, nitrogen, and carbon, respectively. Hydrogen atoms have been omitted for clarity.
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