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Ab initio molecular dynamics in the generalized gradient approximation to density functional theory and
ground-state relaxations are used to study the interaction between molecular hydrogen and the metal-organic
framework with formula unit Zn4O(O2C-C6H4-CO2)3. Five symmetrically unique adsorption sites are
identified, and calculations indicate that the sites with the strongest interaction with hydrogen are located
near the Zn4O clusters. Twenty total adsorption sites are found around each Zn4O cluster, but after 16 of
these are populated, the interaction energy at the remaining four sites falls off significantly. The adsorption
of hydrogen on the pore walls creates an attractive potential well for hydrogen in the center of the pore. The
effect of the framework on the physical structure and electronic structure of the organic linker is calculated,
suggesting ways by which the interaction between the framework and hydrogen could be modified.

Introduction
One of the major obstacles to the widespread adoption of

hydrogen as a fuel is the lack of a way to store hydrogen with
sufficient gravimetric and volumetric densities to be economi-
cally practical. An appealing approach for solving this problem
is the development of materials that are capable of reversibly
storing hydrogen at high densities. A wide variety of materials
have been investigated for this purpose, including metal
hydrides, activated carbons, and carbon nanostructures.1-5
Materials that store hydrogen in its atomic form often bind the
hydrogen too strongly due to the strong interaction between
atomic hydrogen and most metals, hindering the extraction of
hydrogen under practical operating conditions.5 On the other
hand, it is difficult to achieve the required storage densities in
porous materials that adsorb molecular hydrogen due to the
weak interaction of H2 with most surfaces and the difficulty in
creating stable high surface area materials.3,4
To increase the density of molecular hydrogen that can be

stored in porous materials, it is necessary to maintain a
sufficiently strong interaction between hydrogen and the pore
surfaces and keep the ratio of the overall volume and weight of
the material to the pore surface area to a minimum. In other
words, it is necessary to find a material with high gravimetric
and volumetric surface area densities. In addition, if the pores
are sufficiently small, then the attractive interactions between
hydrogen and the opposing surfaces of the pore can facilitate
multilayer adsorption or capillary condensation6,7 of hydrogen
to a liquid form within the pore. For these reasons, although
achievable volumetric hydrogen storage densitites may be low,
a class of materials known as metal-organic frameworks have
been investigated for hydrogen storage.8-12 These materials are
formed by using organic ligands to connect small metal-based
clusters of atoms, forming a periodic framework. The resulting
frameworks are typically nanoporous materials with high surface
area densities. Some are stable with empty pores up to several
hundred degrees Celsius.8,13,14 Frameworks of similar morphol-

ogies can be synthesized using a variety of organic linkers,
providing the ability to tailor the nature and size of the pores.
Several frameworks have been experimentally investigated for
their abilities to store hydrogen, but to date none are able to do
so at high enough densities to be useful for fuel cell
technology.9-12 By learning more about how hydrogen interacts
with these frameworks, we may learn better if their limitations
are intrinsic or if frameworks can be designed that store H2 at
higher densities.
In this paper, we use ab initio calculations to examine the

storage of hydrogen in the metal-organic framework known
as MOF-5.13 MOF-5 is formed by using 1,4-benzenedicarboxy-
late (BDC) to link together Zn4O clusters. The resulting
framework with formula unit Zn4O(BDC)3 consists of cubic
pores, where BDC forms the edges of the cubes and the Zn4O
clusters form the vertexes. The width of each pore is ap-
proximately 13 Å. In half of the pores, the face of the carbon
rings points toward the center of the pore, and in the remaining
pores, the edges of the carbon rings face the center, so that there
are two formula units per primitive cell (see Figure 1).
Experiments indicate that MOF-5 is capable of achieving a
gravimetric hydrogen storage density of 1.3% at 77 K and
1 atm.11 Although this is significantly less than the minimum
target of 6% set by the United States Department of Energy, it
is worth exploring how MOF-5 stores the hydrogen to determine
if it is possible to design other framework structures with higher
H2 capacity.
Methodology. MOF-5 has a highly symmetric periodic

structure with 106 atoms per primitive unit cell. Because it is
computationally expensive to perform calculations on systems
of this size, it is tempting to model MOF-5 by looking only at
a finite piece of the framework. For example, the computational
cost of studying the BDC linker alone is significantly smaller
than that of studying the BDC linker in the context of the
framework. Later in this paper we will argue that such an
approach can give misleading results. In addition, studying only
a part of the framework may bias the results to specific
adsorption sites and overlook other important interactions
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between the framework and H2. We have therefore opted to
model the full periodic structure.
Modeling the interaction between molecular hydrogen and

MOF-5 is a difficult task because a significant portion of the
interaction may be caused by nonlocal electronic correlation.
Ab intio methods that accurately evaluate this type of interaction
typically scale poorly with system size, making them compu-
tationally expensive for systems such as MOF-5 with large unit
cells. On the other hand, methods that scale well with system
size, such as density functional theory15 (DFT) with the local
density approximation (LDA) or the generalized gradient
approximation (GGA), often fail to accurately calculate the
magnitude of weak interactions because of the strong depen-
dence of such interactions on electron correlation. Studies on
weak van der Waals complexes show that LDA usually
significantly overestimates the magnitude of these interactions.16-19
The results for GGA depend strongly on which exchange-
correlation functional is used.16,18,20,21 Functionals that obey the
Lieb-Oxford bound, such as Perdew-Wang 199122 (PW91)
and Perdew, Burke, and Ernzerhof23 (PBE), are best able to
model the weak interaction.16,18 Of these two, the PBE functional
usually gives the best results. For example, in two studies of
the binding energies of rare-gas atoms into a dimer, the mean
absolute error for PW91 was 7.716 and 7.1 meV,19 whereas the
mean absolute error for PBE was 2.516 and 3.6 meV.19 For these
reasons, we have used DFT with the PBE exchange-correlation
functional for all our calculations.
Our calculations were performed using the plane-wave DFT

code from the Vienna ab initio simulation package (VASP).
We used the projector augmented wave24,25 method, which
reduces the problem to solving for the wave functions of 468
valence electrons per unit cell. Real-space projectors were used
to evaluate the projected wave function character. For static
calculations and relaxations, we used an energy cutoff of
520 meV, and for our molecular dynamics calculations, for
which accurate energy evaluations are less important, we used
a cutoff of 400 meV. Due to the large size of the unit cell, the
only k-point used was the ! point. The use of an evenly spaced
2 ! 2 ! 2 !-centered k-point grid reduces the relaxed energy
per 106 atom unit cell by 3.1 meV, or 0.03 meV per atom,
supporting the use of only one k-point. The FFT mesh used is
sufficiently large to prevent wrap-around errors.

To find the optimal structure for the MOF-5 framework with
empty pores, the ions were relaxed at a series of lattice
parameters with increasing and decreasing increments of 0.1%
of the experimental lattice parameter of 25.9109 Å.26 The shape
of the unit cell was fixed for these calculations. The graph of
the five lowest structural energies as a function of the lattice
parameter was fit to a parabola using a least-squares fit. One
final relaxation was performed in which the lattice parameter
was fixed to the value corresponding to the minimum of this
parabola. The ionic positions for the resulting structure were
used for all calculations in which hydrogen was adsorbed to
the pores. Because this assumption does not account for the
relaxation of the framework atoms due to H2 adsorption, the
interaction strengths reported in this paper should be slightly
weaker than those that would be obtained if full relaxation were
allowed.

To calculate the interaction energies of hydrogen molecules,
three different reference energies were considered. The first is
the energy of the system in which a single hydrogen molecule
is placed in the center of the pore surrounded by the faces of
the carbon rings. The second is the energy of the system in
which a hydrogen molecule is in the center of the other pore.
The third reference state is the sum of the energy of the relaxed
empty framework and the energy of an array of hydrogen
molecules placed on the same lattice as the framework but
without the framework ions. All of these reference states are
within 0.1 meV of each other, and for the values given in this
paper, the third option is used. All interaction energies given
in this paper are per hydrogen molecule.

Figure 1. (a) Pore type that is surrounded by the edges of the BDC rings. (b) The pore type that is surrounded by the faces of the BDC rings.
(c) The two pore types combined to form an eight-pore section of the framework. The atoms are colored as follows: gray ) Zn, red ) O,
brown ) C, and white ) H.

TABLE 1: Experimental and Calculated Values for
Structural Parameters of MOF-526 and H2a

experimental calculated ratio

lattice parameter 25.911 Å 26.137 Å 1.009
Zn-Zn bond length 3.181 Å 3.220 Å 1.012
C-C distance in carbon ring 1.396 Å 1.404 Å 1.006
O-C-O bond angle 125.8° 126.1° 1.002
H2 bond length 0.741 Å27 0.750 Å 1.012
a The values for MOF-5 were measured at 30 K.
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Results and Discussion
Comparisons with Experimental Values. The calculated

lattice parameter of the framework with empty pores is
26.137 Å, which is less than 1% greater than the experimental
lattice parameter of 25.911 Å. Similarly, the calculated values
for the Zn-Zn bond length, the C-C bond lengths, and the
H-H bond length in the H2 molecule are approximately 1%
greater than their experimental values (see Table 1). Errors of
this type are typical when using a GGA functional. The O-C-O
bond angle is calculated at 126.1°, which is 0.2% greater than
the experimentally measured value of 125.8°.26
Hydrogen Adsorption Sites. The pore surfaces of MOF-5

contain numerous distinct sites at which hydrogen might adsorb.
Rather than guessing which sites hydrogen might interact with
most strongly, we performed a molecular dynamics simulation
to determine the areas of high average hydrogen density.
Seventeen hydrogen molecules per formula unit were included,
which is approximately the density of hydrogen originally
thought to adsorb in MOF-5 at 1 atm and 77 K.9 This result
has since been corrected, and it is currently believed that under
these conditions MOF-5 adsorbs five hydrogen molecules per
formula unit.11 The molecular dynamics simulation was per-
formed with a time step of 2 fs using velocity rescaling to
maintain the temperature at 77 K.
To initialize the molecular dynamics simulation, the pores

were randomly populated by hydrogen molecules so that the
centers of any pair of molecules were no closer than 2.3 Å from
each other. The molecules were assigned random orientations
and initial velocities. After 4 ps, the simulation had achieved
dynamical equilibration as measured by the frequency and
magnitude of the fluctuations in total energy. The simulation
continued for another 17.5 ps, during which time the average
hydrogen density was recorded. A smoothed hydrogen density
distribution F(x) was calculated at each time step using eq 1,
where ni is the center of the ith hydrogen nucleus and ! )
0.5 Å

The average density was calculated by averaging F(x) over
all time steps after the initial 4 ps.
The results of this simulation are shown in Figure 2. The

density is greatest near the Zn4O clusters. Figure 3 shows the
isosurfaces of the highest hydrogen density. There are three
distinct local maxima near the Zn4O clusters. Two of these are
where they might be expected, at the high-symmetry sites
located in the corners of the cubic pores. These sites are labeled
as sites I and II, where site I is in the corner of the pore
surrounded by the edges of the BDC linkers and site II is in the
corner of the other pore. The third, labeled as site III, is not as
intuitive; it is a low-symmetry site located between the other
two. This is potentially the most significant of the three sites
because there are three times as many sites in the framework

Figure 2. (a) Hydrogen density on a plane in MOF-5 as calculated using first-principles molecular dynamics. The color scale that linearly corresponds
to density is shown below the plot, with blue corresponding to zero hydrogen density. The five adsorption sites investigated in this paper are
marked in this plane. (b) The plane is shown in the context of the three-dimensional MOF-5 structure. The dark lines correspond to the BDC
linkers.
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Figure 3. Isosurfaces of high hydrogen density near the Zn4O cluster.
The three adsorption sites I, II, and III are labeled. In the coordinate
axes shown, where the origin is at the center of the Zn4O cluster, the
coordinates of the three sites are approximately as follows, in
angstroms: site I (3.4, 3.4, -3.4), site II (2.6, 2.6, 2.6), and site III
(4.4, 4.4, -1.3).
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TABLE 2: Orientations Considered near Sites I, II, and III and the Calculated Interaction Energies for Those Orientationsa
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TABLE 2 (Continued)
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of type III as there are of type I or II. The locations of these
sites are given in Figure 3.
Whereas the molecular dynamics simulation indicates the

areas to where hydrogen is attracted, ground-state relaxation
calculations are required to get accurate interaction energies and
to reveal the preferred orientation of hydrogen in these regions.
To calculate the binding energy of hydrogen at each of these
three sites, it was necessary to try several different orientations.
For sites I and II, an intuitive orientation is for the hydrogen
molecule to be aligned along the body diagonal passing through
the center of the Zn4O cluster and the center of the pore. In
Table 2 we label these orientations I(A) and II(A), respectively.
To find the optimal location for the center of the molecule along
this diagonal, a series of static calculations were performed at
increments of 0.1 Å. Along this direction, the minimum was
found by fitting a parabola to the points with the lowest energies.
The hydrogen bond length was not allowed to change; rather,
it was fixed at the calculated value of the relaxed isolated
hydrogen molecule, which is 0.7501 Å.
We also considered other orientations at sites I, II, and III

(see Table 2). Unlike for orientations I(A) and II(A), the

molecular centers for these orientations do not necessarily lie
on a fixed axis of symmetry. Because of this, the molecule was
dynamically relaxed by calculating the forces on the atoms
instead of doing a series of static calculations. Relaxation was
stopped when the energy difference between two successive
relaxation steps was less than 0.2 meV per unit cell. This same
method was used to examine the interaction energy at various
orientations near site III. In all these calculations, the final bond
length of the hydrogen molecule is within 10-3 Å of the bond
length of an isolated molecule, supporting the use of the frozen
bond length for the static calculations. The results for these
calculations are shown in Table 2. The interaction energy is
highest at site I, followed closely by site III. Site II has the
lowest interaction energy of the three sites and is the only one
for which the two hydrogen atoms are equidistant from the
center of the Zn4O cluster in the lowest energy orientation.
Around each Zn4O cluster there are a total of 20 sites that

are of type I, II, or III. Given the proximity of some of the sites
to each other, it may not be energetically favorable to populate
all of these sites at the same time. A calculation was performed
in which all sites of types II and III around a given Zn4O cluster

TABLE 2 (Continued)

a The colors are the same as those used in Figure 1, and the adsorbed hydrogen is shown in yellow. The coordinates of each adsorbed hydrogen
atom are given in the coordinate system shown, which is the same as the coordinate system used in Figure 3.
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were populated with hydrogen in orientations II(C) and III(A)
(see Figure 4). The interaction energy between the framework
and the 16 hydrogen molecules is 9 meV stronger than the sum
of the interaction energies with hydrogen at the individual sites,
meaning that on average the attraction becomes stronger by a
little more than 0.5 meV per site as the vertex saturates with
H2. This is not the case when hydrogen is placed at sites of
types I and II. When sites of type II are populated in orientation
II(C), the interaction energy for site I in orientation I(A)
decreases from 21.7 to 6.3 meV. When sites of types II and III
are populated, the interaction energy at site I in orientation I(A)
is 4.5 meV. We believe it is unlikely that more than 16 sites
can be populated around any Zn4O cluster without significantly
adversely affecting the interaction energy of additional hydrogen
molecules on the cluster.
Two symmetrically distinct areas of high hydrogen density

are located near the BDC linker. One of these areas is located
directly above the face of the carbon ring, and the other is
located to the side of the carbon ring (see Figure 5). We label
these as sites IV and V, respectively. The density of molecular
hydrogen at these sites is lower than the density near the Zn4O
cluster. This is reflected in the weaker interaction energies at
these sites. At site IV, five symmetrically unique orientations
were considered for the hydrogen molecule. The optimal
distance from the center of the carbon ring was determined in
the same way the optimal center was found for orientations I(A)
and II(A): by fitting a parabola to a series of static calculations.
Similar calculations were done for three orthogonal orientations
at site V. The results of these calculations are shown in Table
3.
Hydrogen adsorption on the linker is weaker than adsorption

near the Zn4O cluster. This is consistent with the results of
Sagara et al., in which they use second-order Møller-Plesset
theory (MP2) to compare interaction energies on benzene to
interaction energies on Zn4O(HCO2)6.28 In an analysis of
inelastic neutron scattering (INS) data taken from hydrogen

stored in MOF-5, Rosi et al. observe two distinct adsorption
sites. They associate one of the sites with Zn and the other with
the BDC linker.9 Our results suggest an alternative explana-
tion: These could be two of the sites on the Zn4O cluster. For
example, hydrogen might first adsorb at the sites of type I, and
as the hydrogen density is increased, the hydrogen coverage at
sites of types II and III might increase. Any increase in hydrogen
coverage at sites of type III would likely come at the expense
of the coverage at sites of type I.
It has been experimentally shown that replacing the BDC

linker with other organic linkers influences the ability of the
metal organic frameworks to adsorb hydrogen.11 This indicates
that at least some of the hydrogen experimentally adsorbs on
the linker. However no known linker causes the framework to
store fewer than four molecules of hydrogen per formula unit
at 1 atm and 77 K, suggesting the possibility that four molecules
of hydrogen adsorb on each of the Zn4O clusters and the
remaining hydrogen is associated with the organic linker.
The molecular dynamics simulation indicates an area of high

hydrogen density near the center of pore surrounded by the
edges of the BDC linkers (see Figure 2). We believe this is a
result of the pair correlation of molecular hydrogen. The first
peak in the pair-correlation function indicates the distance that
most commonly separates two hydrogen molecules. As hydrogen
adsorbs on the side of the pore, other hydrogen molecules in
the pore will stay approximately this distance away from the
adsorbed hydrogen. For the pore surrounded by the edges of
the BDC linker, the first peaks in the pair-correlation functions
from the adsorption sites on the edges of the pore overlap at
the center of the cell, yielding the observed increase in hydrogen
density there. For the larger pore, the peaks do not quite overlap
the center of the cell, resulting in the observed ring of locally
high hydrogen density.
Pores of the smaller type are surrounded by 12 sites of type

V. When each of these sites is populated with hydrogen in
orientation V(A), the energy for a hydrogen molecule in the

Figure 4. (a) Sites I and III simultaneously occupied with hydrogen in its lowest-energy orientation. (b) Sites II and III simultaneously occupied
with hydrogen in its lowest-energy orientation.

Figure 5. Hydrogen density along a plane that slices through the centers of two BDC linkers. Sites IV and V are labeled. The color scale that
linearly corresponds to density is shown below the plot.
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TABLE 3: Interaction Energies at Different Orientations at Sites IV and Va

a The distance between the center of the BDC linker and the center of the H2 molecule is given along with the orientation of the H2 molecule.
Unless otherwise noted, the H2 molecule is parallel to the plane of the BDC linker, and the angles given are measured from the axis running
between the centers of the two carboxyl groups. The colors are the same as those used in Table 2.
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center of the pore decreases by about 12 meV. The adsorption
of hydrogen on the edges of the pores creates a new adsorption
site near the center of the pore. This type of interaction suggests
that, under sufficiently high pressures, hydrogen could condense
to a liquidlike state in the pore.
The translational entropy of hydrogen gas at 77 K and 1 atm,

evaluated using the second virial coefficient,29 is 0.93 meV/K.
If adsorbed hydrogen loses all of this entropy, the interaction
energy would need to be at least 71 meV for adsorption to occur.
Given the calculated interaction energies, it may be surprising
that any adsorption at all is experimentally observed at 77 K.
There are a couple of explanations for this. The first is that the
energies calculated by GGA may be underestimates of the true
interaction energies. For example, GGA using the PW91
functional estimates the interaction energy between molecular
hydrogen and graphite to be about 21 meV,20 whereas experi-
mental values range from 36 to 52 meV.30,31 In addition, the
hydrogen, even when adsorbed, has not lost all translational
entropy and likely moves between adsorption sites. This lowers
the required interaction energy. For example, in a simple
configurational model in which five hydrogen molecules
populate 16 equivalent and independent adsorption sites, the
hydrogen maintains 11 meV of configurational entropy per
molecule in addition to any entropy due to center-of-mass
motion at each adsorption site.
Effect of the Framework on the BDC Linker. It is possible

to modify the nature of the pores in a metal-organic framework
by changing the linker used to synthesize the framework. If it
were possible to predict how these frameworks would interact
with hydrogen by using what is known about the standalone
linkers, it would facilitate the process of determining which
linkers might form the most promising frameworks. In addition,
the computational problem could be simplified to one of
studying just the linkers without the need to model the entire
periodic framework. This would greatly reduce computational
cost. The key is that the linker must have the same properties
in the framework that it has outside the framework.
To investigate this, we performed calculations on the BDC

linker without the surrounding framework. For the first calcula-
tion, we selected a linker from the unit cell of our periodic
system and removed all other atoms. The coordinates of the
atoms of the linker were frozen, and the electronic structure
was calculated using exactly the same parameters used for the
entire framework. The charge density of the standalone linker

was then subtracted from the charge density of the full
framework to determine how the framework influences the
electronic structure of the linker. The results are shown in Figure
6. As might be expected, the Zn4O clusters contribute charge,
which resides principally around the oxygen atoms in the
carboxyl groups of the linker. This causes a redistribution of
charge over the rest of the linker from the carbon sp2 orbitals
to the carbon pz and hydrogen s orbitals.
To test whether these small changes in the charge density

have any meaningful effect on the interaction between BDC
and the hydrogen molecule, we calculated the interaction
energies for hydrogen located at site IV for the standalone BDC
linker in orientations IV(A), IV(B), and IV(E) (see Table 4).
The interaction energy changes by up to 6 meV, and the order
of the preferred orientations is reversed. The reason for the
change in the preferred orientation can be inferred from Figure
6. Placing the linker in the context of the framework increases
the density of hydrogen above the carbon atoms and decreases
the density near the center of the ring. This means there is less
electronic repulsion for the hydrogen molecule in orientation
IV(A) but more in orientations IV(B) and IV(E). The interaction
energy for orientation IV(E) suffers the most because of the
repulsion caused by the extra charge around the carboxyl groups.
The change in interaction energy is small in absolute terms but
is significant relative to the already small interaction energies.
If instead of freezing the coordinates of the atoms we let the

standalone BDC linker relax, then we find that the angle of the
O-C-O bond decreases from 126° to 113°. The coordinates
of the carbon and hydrogen atoms change slightly but remain
within 0.05 Å of their frozen positions. This shift also influences
the hydrogen interaction energy, changing it from 7.9 to
10.4 meV in orientation IV(A).
Thus, the framework influences the interaction between BDC

and hydrogen in two ways: by changing the electronic structure
and by changing the physical structure of the linker. With these
results in mind, we feel it is prudent to consider the interaction
between molecular hydrogen and the linker in the context of

Figure 6. Isosurfaces of the change in the electronic density around the BDC linker when it is placed in the framework. (a) The charge added by
the framework. The isosurface is drawn at 0.0075 qe/Å3. (b) The charge removed by the framework. The isosurface is drawn at 0.001 qe/Å3.

TABLE 4: Interaction Energies for BDC in and out of the
Context of the Framework
H2 site and orientation IV(A) IV(B) IV(E)
interaction energy in MOF-5 (meV) 14.3 11.0 9.5
interaction energy for stand alone BDC with
coordinates frozen to match those of BDC
in MOF-5 (meV)

7.9 11.9 12.4
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the framework rather than in a standalone manner. If it is
necessary to use a standalone molecule to represent the
framework, care should be taken to ensure the molecule
accurately reflects the relevant properties in the framework.
The way in which the interaction is changed also suggests

how the interaction energy of hydrogen on the linker can be
improved. The carboxyl groups tend to draw charge from the
rest of the organic linker, reducing the strength of the hydrogen
adsorption on the linker. Putting the linker in the framework
counters this effect and increases the strength of the interaction
between the linker and hydrogen. The effect of the carboxyl
groups may be further reduced if a larger linker is used or if
the linker is doped with an element that injects electron density
into the linker. Hübner et al. have studied the effects of
modifying benzene through substitution and arrive at a similar
conclusion.32

Summary and Conclusion
We have used density functional theory to investigate the

adsorption of hydrogen in the metal-organic framework known
as MOF-5. A molecular dynamics simulation indicates that there
are five distinct adsorption sites on the edges of the pores.
Hydrogen adsorbs most strongly at the three sites near the Zn4O
cluster and least strongly at the sites near the BDC linker,
indicating that observed hydrogen adsorption might occur near
the metal-oxide cluster rather than on the organic linker.
Although there are a total of 20 adsorption sites on each Zn4O
cluster, the ability of these clusters to adsorb hydrogen falls off
sharply after 16 of the sites are populated.
We have also investigated how placing the BDC linker in

the framework changes the electronic and physical properties
of the linker and how these changes affect the interaction
between the linker and molecular hydrogen. The framework
contributes charge to the linker, increasing the interaction
between hydrogen and the linker and changing the preferred
orientation of hydrogen adsorbed above the aromatic ring.
The interaction energies calculated in this paper are weak,

but this may be due to the fact that GGA is often not able to
calculate the exact magnitude of weak interactions accurately.
Nonetheless, we believe that there would need to be a significant
strengthening of the interaction between molecular hydrogen
and the pores of the framework for a metal-organic framework
to be a viable material for hydrogen storage. It may be possible
to do this by using intelligently functionalized linkers or by
enhancing the interaction energy of hydrogen on the metal-based
clusters that connect the linkers.9 Because our calculations
indicate that hydrogen adsorbs preferentially on the clusters it
might make sense to focus on nano-oxides as potential hydrogen
storage materials.
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