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Two metal-organic frameworks of M(HBTC)(4,4′-bipy) · 3DMF (M ) Ni and Co; H3BTC ) 1,3,5-benzenetricarboxylic
acid; 4,4′-bipy ) 4,4′-bipyridine; DMF ) N,N′-dimethylformamide) were synthesized by a one-pot solution reaction
and a solvothermal method, respectively. The as-prepared samples have high specific surface areas of 1590 m2/g
and 887 m2/g. The activation at different temperatures for the guest removal prior to gas loading obviously affects
the gas sorption process. Ni(HBTC)(4,4′-bipy) · 3DMF shows high hydrogen storage capacities of 1.20 wt % at
room temperature and 3.42 wt % at 77 K. Co(HBTC)(4,4′-bipy) · 3DMF shows capacities of 0.96 wt % at 298 K and
2.05 wt % at 77 K. The hydrogen adsorption heats in the two compounds decrease slightly as a function of the
amount adsorbed, and it confirms that the H2 molecules are combined with stronger sites preferentially. Research
on the kinetics of hydrogen adsorption shows a fast saturation process (80 s) and no obvious capacity loss after
20 cycles.

Introduction

Nowadays, worldwide interest is focused on using a clean-
burning substitute such as hydrogen in place of fossil fuels,
due to both economic and environmental reasons. The storage
of this lightweight fuel is one of the most important
challenges impeding its practical application, which calls for
storing and releasing hydrogen in the proper capacity and
condition with fast kinetics and favorable reversibility.1,2

Physisorption on large surface area materials is one signifi-
cant approach for storing hydrogen. Some metal-organic
frameworks (MOFs) show promising results for hydrogen
adsorption at low temperatures under appropriate pres-
sures.3-9 Compared with other microporous materials such

as zeolites and active carbon, the low framework density,
the high specific surface area, and especially the controllable
crystal structure have made MOFs a favorable research
subject.6,9-21 By crystal engineering,22 both the pore size19

and the electronic and chemical nature of the interior surface,
on which H2 molecules will be adsorbed, can be modified
by careful designs.

Researchers have proposed that, besides the size and the
chemical nature of the porous framework, the rolling surface
of the pores and the nonlinearity of the channels may affect
the hydrogen uptake properties of MOFs.14,23,24 To inves-
tigate the effects of the rolling surface and nonlinearity on
hydrogen adsorption properties, it is necessary to develop
hydrogen storage properties in MOFs with differently shaped
channels besides normal rectangle channels. The recently
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solvothermally synthesized MOF,25 Ni(HBTC)(4,4′-bipy) ·
3DMF, has a special porous structure with unusual honey-
comb channels. For the hydrogen storage of MOFs, it is
significant to raise the specific surface areas and the output
by facile synthesis methods. Compared with solvothermal
methods,25 the facile one-pot solution assembly method in
this work resulted in a shorter reaction time, higher specific
surface area, and larger quantity of Ni(HBTC)(4,4′-bipy) ·
3DMF. In addition, the new MOF of Co(HBTC)(4,4′-
bipy) ·3DMF was first synthesized to investigate the effects
of different metal elements on the hydrogen sorption proper-
ties of M(HBTC)(4,4′-bipy) ·3DMF. It is for the first time
that these M(HBTC)(4,4′-bipy) ·3DMF (M ) Ni and Co)
with particular honeycomb-like channels have been inves-
tigated for hydrogen adsorption properties at different
temperatures (77, 90, 98, and 298 K). Furthermore, for the
understanding of the interaction between H2 and the special
framework, the adsorption heats were calculated for both
Ni(HBTC)(4,4′-bipy) · 3DMF and Co(HBTC)(4,4′-bipy) ·
3DMF. The kinetic properties and the reversibility were
measured. The effects of porous structure with unusual
honeycomb channels and metal sites on the hydrogen
sorption properties were also discussed.

Experimental Section

Ni(HBTC)(4,4′-bipy) ·3DMF was prepared by a mild solution
method. A solution of H3BTC (H3BTC ) 1,3,5-benzenetricarboxy-
lic acid; 0.211 g, 1.0 × 10-3 mol), 4,4′-bipy (4,4′-bipy ) 4,4′-
bipyridine; 0.192 g, 1.0 × 10-3 mol), and Ni(NO3)2 ·6H2O (0.292
g, 1.0 × 10-3 mol) in 40 mL of DMF (DMF ) N,N′-dimethyl-
formamide) was kept in a glass conical flask and heated at 393 K
for 4 h. After being filtered and thoroughly washed by DMF and
C2H5OH, the obtained green crystals were dried in the air at 333
K for 12 h before other measurements. The yield of Ni(HBTC)(4,4′-
bipy) ·3DMF was 73%.

Co(HBTC)(4,4′-bipy) ·3DMF was prepared by a solvothermal
method. A solution of H3BTC (0.211 g, 1.0 × 10-3 mol), 4,4′-
bipy (0.192 g, 1.0 × 10-3 mol), and Co(NO3)2 ·6H2O (0.291 g, 1.0
× 10-3 mol) in 20 mL of DMF was sealed in a 25 mL Teflon-

lined autoclave and heated at 353 K for 72 h. The resultant red
powders were washed with DMF and C2H5OH. The yield of
Co(HBTC)(4,4′-bipy) ·3DMF was 53%

Thermogravimetric analysis (TGA) was carried out on a thermal
analysis TGA-DSC-DTA (Q600 SDT) with a heating rate of 5
K/min under a N2 atmosphere. Powder X-ray diffraction (XRD)
tests were taken on a Rigaku D/Max2500 VB2+PC with mono-
chromatic Cu KR radiation to characterize the structure of the
samples.

After M(HBTC)(4,4′-bipy) ·3DMF was heated and evacuated for
2 h, the isotherm of nitrogen adsorption was measured on a
COULTER SA 3100 apparatus at 77 K. Hydrogen storage property
analysis was performed with a pressure-content-temperature
measuring system, based on the volumetric method. Before each
hydrogen storage test, hydrogen leaking in the equipment was
checked by charging hydrogen into the equipment to reach 7.00
MPa, and a pressure change of less than 0.003 MPa over 12 h was
confirmed. In addition to that, to get effective and reliable data for
hydrogen uptake, the amounts of gas adsorbed in the container with
MOFs and nonporous solids were compared. The background values
obtained from nonporous samples were deducted from the measured
original capacities.

Results and Discussion

XRD Patterns. Figures 1 and 2 provide the powder XRD
patterns of the obtained M(HBTC)(4,4′-bipy) ·3DMF (M )
Ni and Co). The 2θ value of the peaks in the powder XRD
patterns of Ni(HBTC)(4,4′-bipy) ·3DMF are in agreement
with the simulation. These results demonstrate the success
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Figure 1. XRD patterns of (a) the simulation, (b) the as-synthesized sample,
(c) the guest-free sample evacuated at 453 K for 2 h, and (d) the regenerated
sample in DMF for Ni(HBTC)(4,4′-bipy) ·3DMF.

Figure 2. XRD patterns of (a) the as-synthesized sample for Ni(H-
BTC)(4,4′-bipy) ·3DMF, (b) the as-synthesized sample for Co(HBTC)(4,4′-
bipy) ·3DMF, (c) the guest-free sample evacuated at 433 K for 2 h, and (d)
the regenerated sample in DMF for Co(HBTC)(4,4′-bipy) ·3DMF.
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of the synthesis. To form the framework assembled by
octahedral M2+ centers and two kinds of connecting ligands,
one of the bridging ligands (HBTC) possesses a -2 charge;
the other (4,4′-bipy) should be neutral. M2+ ions (M ) Ni
and Co), bridged by HBTC2- divalent ions, form 2D sheets.
In these 2D sheets, one of the BTC units is in bidentate mode,
while the other two units are in a monodentate fasion. The
sheets are further pillared by 4,4′-bipyridine along the c axis
to form the porous structure. Following the pillaring strategy,
two-dimensional grids supported by appropriate pillars (4,4′-
bipy) construct a stable porous structure. Two kinds of
channels exist in the porous framework of M(HBTC)(4,4′-
bipy) ·3DMF. One is normal rectangle channels running
along the a and b axes, and the other is exceptional
honeycomb channels generated by M(HBTC) layers. The
peaks of Co(HBTC)(4,4′-bipy) ·3DMF shift to a slightly
lower angle than the ones of Ni(HBTC)(4,4′-bipy) ·3DMF
(Figure S1, Supporting Information). The XRD result is in
accordance with the prediction because the unit cell param-
eters increase with the radii of M2+ ions, and the diffraction
peaks shift to a low angle according to the Bragg equation.

For a better comparison, the XRD patterns of the evacuated
sample (Figures 1c and 2c) and regenerated samples (Figures
1d and 2d) are also investigated. The results demonstrate
that the crystallinity of the MOF structure remains unchanged
under the given pressure and temperature conditions during
gas adsorption tests.

At present, the common solvothermal methods are widely
used in preparing processes of MOFs.26-33 It is difficult to

control the reaction process, investigate the mechanism,
adjust the reacting time, and increase the quantity of products
for closed solvothermal systems. In addition, it requires a
rather long reacting time. In this paper, the compound of
Ni(HBTC)(4,4′-bipy) ·3DMF is synthesized by a one-pot
solution assembly reaction of Ni(NO3)2 ·6H2O with the
corresponding organic linkers at 393 K for only 4 h as green
crystals. By using a one-pot solution method for Ni(H-
BTC)(4,4′-bipy) ·3DMF, the reaction of crystal formation is
monitored visually, and the quantity of the reactants can be
simply adjusted.

The coordinating ability of Co2+ to the ligands is smaller
than that of Ni2+. It is beneficial for crystal formation in a
solvothermal system. For the Ni2+ compound, the one-pot
solution method seems to be a favorable choice, while for
the Co2+ compound, which is first synthesized in this work,
the solvothermal synthesis appears to be the proper process
to get powders with much better crystallization and larger
specific surface area than the one-pot solution reaction.
Therefore, the difference of coordinating ability of metal ions
leads to differences in the proper synthesis method and the
crystallization of the as-prepared sample.

TGA and BET Analysis. To obtain more information
about the porous structure, nitrogen adsorptions have been
tested at 77 K, and the curves are shown in Figure 4. The
activation for removing the guest molecules from the pores
by heating under a vacuum is a required pretreatment before
gas adsorption tests. The N2 adsorption isotherms of Ni(H-
BTC)(4,4′-bipy) ·3DMF evacuated for 2 h at 423 K (Figure
4c) and at 453 K (Figure 4d) show typically type-0 sorption
behaviors, which are characteristic for the microporous
structure. According to the Brunauer-Emmett-Teller (BET)
equation, the specific surface areas are 1171 m2/g for the
sample evacuated at 423 K and 1590 m2/g for the sample
evacuated at 453 K. When Ni(HBTC)(4,4′-bipy) ·3DMF is
activated at the high temperature of 483 K (Figure 4b), the
specific surface area is reduced to 784 m2/g, and the obtained
N2 isotherm shows remarkable hysteresis, which does not
appear in typical type-0 sorption. Therefore, the nitrogen
adsorption is dependent on the activation. In Ni(HBTC)(4,4′-
bipy) ·3DMF, activations at different temperatures result in
remarkable differences in N2 isotherms and the specific
surface areas. The optimal activation temperature of Ni(H-
BTC)(4,4′-bipy) ·3DMF is 453 K according to the results.
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Figure 3. Paking diagram viewed along the c axis in Ni(HBTC)(4,4′-bipy).
Ni, green; O, red; C, black; H, white.

Figure 4. (a) N2 isotherms for Co(HBTC)(4,4′-bipy) ·3DMF evacuated at
433 K for 2 h at 77 K. N2 isotherms for Ni(HBTC)(4,4′-bipy) ·3DMF at 77
K after different solvent-removal treatments: (b) evacuated at 483 K for
2 h, (c) evacuated at 423 K for 2 h, and (d) evacuated at 453 K for 2 h. The
shaded symbols represent adsorption, and the open symbols represent
desorption.
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At the lower temperature of 423 K, the solvent guest
molecules could not be removed from the porous framework
completely. The obtained BET surface area and correspond-
ing pore volume are logically smaller than the actual data.
However, at the higher temperature of 483 K, a partial
collapse and change of the framework structure take place,
which leads to the hysteresis phenomenon and relatively
small surface area. In addition, the specific surface area is
1590 m2/g for Ni(HBTC)(4,4′-bipy) ·3DMF (activated at 453
K) and 887 m2/g for Co(HBTC)(4,4′-bipy) ·3DMF (activated
at 433 K). The corresponding total pore volumes are 0.81
mL/g and 0.54 mL/g, respectively. Furthermore, the relatively
large BET surface area (1590 m2/g compares with 969.1 m2/g
of the solvothermally synthesized sample25) of Ni(HBTC)(4,4′-
bipy) ·3DMF reveals the advantage of the solution assembly
method.

Thermogravimetric analysis (Figure 5) shows the weight
loss in M(HBTC)(4,4′-bipy) ·3DMF in a N2 atmosphere. The
framework of Ni(HBTC)(4,4′-bipy) ·3DMF does not collapse
up to 503 K. Due to the decreased coordination ability of
Co2+, the decomposing temperature of Co(HBTC)(4,4′-
bipy) ·3DMF is about 473 K. The porous structures are
prepared in a DMF solution, and the pores are filled with
solution molecules. The first major weight loss step (34%)
corresponds to the removal of three DMF molecules from
the framework (the calculated weight change for three DMF
molecules per M(HBTC)(4,4′-bipy) ·3DMF is 34%). The
following step, in the region of high temperatures, corre-
sponds to the decomposition of the structure.

MOFs, built up by connecting inorganic parts with various
organic linkers, have an important characteristic that the
porosity of the framework may not exist under high-
temperature evacuation treatment. Therefore, in the research
on MOFs, TGA analysis results not only show the thermal
stability of MOFs but also turn out to be decisive data to
ensure an optimized temperature of activation to remove the
guest molecules. According to TGA data, the weight loss of
Ni(HBTC)(4,4′-bipy) ·3DMF is 30% (34% for three DMF
molecules) at 483 K. However, during thermal and vacuum
pretreatment for 2 h before gas adsorption tests, it is notable
that Ni(HBTC)(4,4′-bipy) ·3DMF cannot keep the entire
porous framework at 483 K. The results reveal that this
pretreatment is the crucial process determining the gas
sorption property.

Hydrogen Adsorption Analysis. Figures 6 and 7 present
the hydrogen sorption isotherms at 77, 90, and 98 K. All
isotherms show full reversibility without hysteresis. At 77
K, Ni(HBTC)(4,4′-bipy) ·3DMF has a hydrogen capacity of
3.42 wt % and Co(HBTC)(4,4′-bipy) ·3DMF has a saturated
capacity of 2.05 wt %. The critical temperature of hydrogen
is 33 K, which is lower than the experimental temperature
(77 K). Due to the weak interaction between hydrogen
molecules in the adsorption at supercritical temperatures,
multilayer adsorption can hardly be achieved, and only a
monolayer is formed. On the basis of the monolayer
hypothesis, the hydrogen uptake amount on a unit specific
surface area is estimated to be 2.27 wt % per 1000 m2/g.34,35

For M(HBTC)(4,4′-bipy) ·3DMF (M ) Ni and Co), the
saturation values of hydrogen adsorption calculated from
Figures 6 and 7 are 2.15 wt % and 2.31 wt % per 1000 m2/
g. The results are in accordance with the monolayer
prediction. The shapes of isotherms for nitrogen sorption and
hydrogen sorption measured both at 77 K are unlike. The
saturation amount for adsorption is accomplished under the
higher pressure in hydrogen adsorption (Figures 6 and 7)
than in nitrogen adsorption (Figure 4) at 77 K. Nitrogen
adsorption carried out below its critical temperature (126 K)

Figure 5. TGA curves of (a) Ni(HBTC)(4,4′-bipy) ·3DMF (dashed) and
(b) Co(HBTC)(4,4′-bipy) ·3DMF (solid line).

Figure 6. Hydrogen adsorption (shaded symbols) and desorption (open
symbols) isotherms for Ni(HBTC)(4,4′-bipy) ·3DMF at (a) 98 K, (b) 90 K,
and (c) 77 K.

Figure 7. Hydrogen adsorption (shaded symbols) and desorption (open
symbols) isotherms for Co(HBTC)(4,4′-bipy) ·3DMF at (a) 98 K, (b) 90
K, and (c) 77 K.
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behaves differently from the supercritical adsorption of
hydrogen.

To investigate the interaction between H2 and the frame-
work, the Clausius-Clapeyron equation, used in physical
adsorption analysis,34-37 has been adopted in the calculations
of adsorption heats. To extract the coverage-dependent
adsorption heat for the compound, the data measured at 77,
90, and 98 K are caculated by the equation

(ln P)n )-
Qst

RT
+C

where P is the pressure, n is the amount adsorbed, T is the
temperature, R is the universal gas constant, and C is a
constant. The hydrogen adsorption heat in M(HBTC)(4,4′-
bipy) ·3DMF is obtained by calculating the slope of the ln P
- (-1/RT) curve. The adsorption heat at the low coverage
of 0.25 wt % is 7.0 kJ/mol for Ni(HBTC)(4,4′-bipy) ·3DMF
and 8.8 kJ/mol for Co(HBTC)(4,4′-bipy) ·3DMF. In Figure
8, the heat shows a gradual decrease in value as a function
of the adsorbed amount of H2. The decrease indicates that
the H2 molecules are combined with stronger biding sites
preferentially, and it is possibly attributed to different
interacting sites located at different types of channels in
M(HBTC)(4,4′-bipy) ·3DMF.

Co(HBTC)(4,4′-bipy) ·3DMF adsorbs much less hydrogen
and nitrogen than Ni(HBTC)(4,4′-bipy) ·3DMF, which has
an identical structure to it. As mentioned above, the
coordination abilities of metal ions affect the choice of
suitable synthesis method. The M(HBTC)(4,4′-bipy) ·3DMF
prepared by the solution assembly method and that by the
solvothermal method reveal different saturation capacities
in gas adsorption. Depending on the preparation for M(H-
BTC)(4,4′-bipy) ·3DMF with different metal ions, the hy-
drogen storage capacity varies. Furthermore, the hydrogen
adsorption heat of Co(HBTC)(4,4′-bipy) ·3DMF is larger

than that of Ni(HBTC)(4,4′-bipy) ·3DMF (Figure 8), and it
reveals the effects of metal ions in MOFs on hydrogen
adsorption. Due to the same ligands and framework structure
in Co(HBTC)(4,4′-bipy) ·3DMF and Ni(HBTC)(4,4′-bipy) ·
3DMF, the difference in adsorption heat should be attributed
to the dissimilar d electronic structure of Co2+ and Ni2+.
Therefore, by adopting different metal ions, for example,
Co2+, the interaction between hydrogen and MOFs can be
further enhanced.

For hydrogen storage materials, the key characteristics
include not only hydrogen uptake capacity in the proper
conditions but also the sorption rate and the reversibility.1

Hydrogen adsorption rates given in Figure 9 reveal that, just
in a short time of about 80 s, hydrogen adsorption reaches
the saturation under an initial hydrogen pressure of 2.00 MPa.
The rapid adsorption process, as expected for physisorption,
demonstrates that the compounds can rapidly adsorb the
proper capacities of 3.34 wt % and 1.97 wt % of hydrogen
under a low initial pressure of 2.00 MPa. In addition, no
obvious decline in hydrogen storage capacity is found after
20 sorption cycles. These illustrate that M(HBTC)(4,4′-
bipy) ·3DMF has favorable kinetic properties and reversibility
for hydrogen storage.

Different from the results at low temperatures of 77, 90,
and 98 K, M(HBTC)(4,4′-bipy) ·3DMF presents a linear
increasing trend on the hydrogen adsorption curve up to 1.20
wt % for Ni(HBTC)(4,4′-bipy) ·3DMF and 0.96 wt % for
Co(HBTC)(4,4′-bipy) ·3DMF at 298 K (Figure 10). The
hydrogen storage capacity is proportional to the applied
pressure from 0.01 to 7.20 MPa. The slopes are 0.162 wt %
per MPa and 0.133 wt % per MPa, respectively. It has been
published that IRMOF-1 showed a 0.45 wt % linear hydrogen
uptake under 60 bar (0.075 wt % per MPa) at 298 K and
IRMOF-8 presented a capacity of 0.4 wt % at 30 bar (0.133
wt % per MPa).40,41 Considering the smaller surface areas
and lower hydrogen capacities at nitrogen temperatures of
M(HBTC)(4,4′-bipy) ·3DMF, it is notable that M(HBTC)(4,4′-
bipy) ·3DMF presents an even higher hydrogen uptake and
steeper slopes of linear isotherms than those of IRMOFs at
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Figure 8. Coverage dependency of the heat of adsorption (Qst) for H2 in
(a) Ni(HBTC)(4,4′-bipy) ·3DMF and (b) Co(HBTC)(4,4′-bipy) ·3DMF.

Figure 9. Kinetic trace for hydrogen adsorption of the sample on exposure
to a pressure of 2.00 MPa of H2 gas for M(HBTC)(4,4′-bipy) ·3DMF [(a)
M ) Co2+ and (b) M ) Ni2+] at 77 K. Inset: Hydrogen storage capacity of
M(HBTC)(4,4′-bipy) ·3DMF [(a) M ) Co2+ and (b) M ) Ni2+] measured
for sequential H2 sorption cycles.
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298 K. The high capacities of M(HBTC)(4,4′-bipy) ·3DMF
at 298 K are probably attributed to its specific framework.
Compared to the common rectangle channels in IRMOFs,
the honeycomb-like channels with a rolling surface in
M(HBTC)(4,4′-bipy) ·3DMF should affect the interaction of
adsorbent and hydrogen and increase the hydrogen adsorption
properties at room temperature. In addition, no saturation is
observed at room temperature in Figure 10, and this
phenomenon is consistent with previous reports.5,6,10,40,41 A
recent study44 has proved that, in MOFs with a relatively
large pore volume, hydrogen would reach saturation pore
filling only at sufficiently high pressures. M(HBTC)(4,4′-
bipy) ·3DMF exhibits the most favorable values of capacity
reported so far for hydrogen physisorption at room temper-
ature. It has been proposed that, for physisorption materials,
the optimum value of adsorption enthalpy for maximum
hydrogen delivery should be -15.1 kJ/mol.45 Considering
the adsorption heats of M(HBTC)(4,4′-bipy) ·3DMF, which
are about 7.0 and 8.8 kJ/mol for each compound (Figure 8),
it is possible to further increase the capacities of hydrogen
at room temperature by adopting other metal ions or ligands
to enhance the adsorption heats.

Although large pore volumes and surface areas are
significant factors for the physisorption of hydrogen,43 it is
obviously difficult to create a MOF with an extremely large
surface area and pore volume because of Aristotle’s observa-
tion that “nature abhors a vacuum”. Various studies have
indicated that the smaller pores and channels actually take
up hydrogen more effectively than the larger ones.35,43

Meanwhile, researchers have proposed that the nonlinearity
of the framework has also been a factor in determining
hydrogen uptake.14,23,24 The M(HBTC)(4,4′-bipy) ·3DMF

contains nonlinear honeycomb channels with only 5 Å at
the narrowest and 8 Å at the widest spacing and rectangle
channels with the size of 7 Å × 6 Å.25 The channel sizes in
M(HBTC)(4,4′-bipy) ·3DMF are appropriate for hydrogen
molecules with a van der Waals diameter of 2.4 Å to enter
the porous structure and be adsorbed. Considering the organic
ligands (H3BTC, bipy) and the framework structure, it is
notable that the entire surface exposed to gas is the electron
cloud of ν bands. The interaction of ν bands with hydrogen
molecules might contribute to the adsorption.35 Furthermore,
the specific rolling surface of the channels with the appropri-
ate size for hydrogen sorption should induce a high capacity
of hydrogen. The nonlinear honeycomb channels may
contribute to the interaction between adsorbent and hydrogen
molecules, which is significant for increasing the hydrogen
capacity of MOFs at ambient temperatures.

Conclusion

In conclusion, Ni(HBTC)(4,4′-bipy) ·3DMF has been
successfully synthesized by the mild solution assembly
reaction, and Co(HBTC)(4,4′-bipy) ·3DMF has been first
synthesized by the solvothermal method. Both the surface
area and the quantity of Ni(HBTC)(4,4′-bipy) ·3DMF can
be increased by monitoring the solution assembly process.
In Ni(HBTC)(4,4′-bipy) ·3DMF, the activation process shows
distinct effects on the exposed surface areas and pore
volumes and is the key step for hydrogen storage. The
optimal activation temperature is 453 and 433 K for
M(HBTC)(4,4′-bipy) ·3DMF (M ) Ni and Co), respectively.
M(HBTC)(4,4′-bipy) ·3DMF (M ) Ni and Co) shows
favorable H2 uptake at room temperature (1.20 wt % and
0.96 wt % under 7.20 MPa) and 77 K (3.42 wt % and 2.05
wt %). In kinetic research, the MOFs exhibit a short loading
time for hydrogen upload and favorable reversibility at 77
K. By adopting the Clausius-Clapeyron equation, the heat
values of hydrogen adsorption are calculated and show a
gradual decrease as a function of the adsorbed hydrogen.
The interaction between H2 and M(HBTC)(4,4′-bipy) ·3DMF
shows a preferential trend. The favorable hydrogen storage
properties are attributed to the special structure, which
contains rolling honeycomb-like and rectangle channels with
an appropriate size for hydrogen uptake. Furthermore, it is
reasonable to suggest that, for efficient hydrogen storage,
the idealized porous MOFs not only should have the proper
pore size and chemical nature but should also contain the
appropriate surface and nonlinearity that best match the H2

molecules to compact interactions with the porous surface.
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Figure 10. Hydrogen adsorption (shaded symbols) and desorption (open
symbols) isotherms for M(HBTC)(4,4′-bipy) ·3DMF [(a) M ) Co2+ and
(b) M ) Ni2+] at 298 K.
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