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Methane binding energies on typical carboxylate linkers

Introduction
Natural gas (methane) is seen as an ideal intermediate solution aEJ;?Cf;g%)éﬂgc 37(';23 35 bar D.OBDC (dioxo-benzene Cyclobutylbenzene dicarboxylate
before developing the hydrogen storage technologies necessary for 3 ° STP dicarboxylate) IRMOF-6 177¢cm3srp/cm® 35 bar

Co-, Mg-, Mn-MOF-74 221,

the development of a carbon free energy cycle. Methane Is the
200, 176cm3.;p/cm? 35 bar

cleanest fossil fuel, producing 40% less CO, than any other fossil
fuel, while releasing 55MJ/kg energy [1]. Methane iIs also widely
avallable as the reserves increased steadily with the development
of better drilling technology. Currently, methane i1s 57% cheaper
than oil and there are millions of kilometers of pipelines
worldwide.

But, methane Is a low density gas — 0.716g/L at standard
pressure and temperatures (STP) conditions. A storage system
usable onboard of vehicles must be able to insure a vehicle
autonomy of at least 500km, so the US DOE recommended storage

densities to be at least 350cm3sp/cm? volumetric density and PP —— By(B,=0) = B.06k]/mol Ey(E; =0) = 9.89k]/mol

0.59<1p/g gravimetric density [2]. At this point, it is clear that Eb(bf’ :Zofm) _ 1'0.131{(171201 Ey(E. —0.01) — 10.21kJ/mol Ep(E: =001 = 22.04kJ]/mol

traditional solutions using liguefied or compressed methane are not )

:‘re]?/zlsbt:eafer;board of light vehicles, so alternative solutions are BPTC (biphenyl tetracarboxylic acid) EBDC (ethynediyl-bis-benzenedicarboxylic acid)
gated. NOTT-100 194cm3.-/cm3 35 bar PCN-16 192cm3. p/cm?3 35 bar

Storage In metal organic frameworks (MOFs) by physisorption
IS a promising solution as storage densities, are in some cases
within 30% of the DOE limits (e.g. HKUST-1 230cm3o/cm? at 35
bar and 270cm3.p/cm3 at 65bar) [3]. However, reaching DOE
limits Is problematic, because there aren’t enough strong binding
sites In the framework. The strong binding sites in MOFs are
usually localized on the metallic atoms of the secondary Inorganic
building unit (SBU) and often have large enough binding energies
(~15-20kJ/mol) to adsorb methane efficiently even at room

temperature. The weak binding sites are usually localized on the Ep(E. =0) = kJ/mol Ey(E,=0) = 9.16kJ/mol

organic linkers. Ep(E-=0.01) = 17.24kJ/mol Ey(E, =0.01) = 17.94kJ/mol
Recently it has been proposed to apply electric fields to TPTC (Terphenyl ’;etracagrboxyllc acid)

polarize the adsorbent and the adsorbate (hydrogen) molecules, NOTT-101 196cm®srp/cm® 35 bar

alming to increase the adsorption enthalpies [4]. Starting from this
Idea Investigate how the effect of applied electric fields on weak
binding sites In MOFs with high methane uptake at room
temperature and 35 bar (a pressure easily attained with standard
COMPressors.

Electrically controlled adsorption

Adsorption of hydrogen on 2D sheets [4]

E-field 1& d The electric field induces a By (B:=0) = 10.57k]/mol
dipole-dipole interaction between ~ Zv(F= =001 = 17.7kJ/mol
S the sorbate molecules and the  |Vlethane binding on IRMOF-1 Discussion

adsorbent’s atoms.

d For hydrogen, electric fields are , L
of the order of 0.01=5GV/m — too BDC (benzene dicarboxylic acid) linker

 The binding energies for methane adsorbed on weaker
sites are ~9-10kJ/mol, almost independent of linker -
they most likely don’t contribute much to room
temperature adsorption. Most likely the main
contribution comes from the strong binding sites on the
secondary building units of MOF.

In zero electric field, the linkers are be useful as
molecular models for the MOFs, because the weak
binding sites represent dips In the potential of
Interaction of MOF with the adsorbed CH4 molecules.
8.27kJ/mol (] But, In non-zero electric field, the longer linkers tend to
9.68kJ/mol  pyckle, which sends CH4 to the carboxyl group that is
17.04 connected to the iInorganic SBU Iin MOFs - more
1072 realistic molecular models (MMs) are needed that

large for applications.
 Graphene, graphene with Li

Impurities, AIN, BN sheets have
— Deen Investigated, the

N U neteroatomic sheets being more
polarizable.
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e »d 3 contain the SBUs.
a e ‘: SOBEBEEES For large enough fields, the interaction with the linkers
oW el can increase by ~10%. However, these fields
° ° E=0.01a.u.=5GV/m are impractical for applications.
‘,f}; ’ Nonetheless, we can expect internal fields of this size
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2909 A, A2 In polarizable MOFs.
W U o LR ITECRTR » B /:\*CE?& .;L\. NS, : ;
f‘}x“: waEeE o300 150 o o In the case of IRMOF-1, we see that the electric field
© d moves the methane towards the SBU. In this case, the
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1 Uptake is usually improved by applied electric fields.
d The necessary voltages seem accessible experimentally.




