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Physisorption of H2:
Adsorption via van der Waals Interactions

 Weak bonding of H2 to solid surface through either dipole/induced-dipole 

   or induced-dipole/induced-dipole interactions
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 Need a high surface area:solid mass ratio to achieve a high gravimetric 

  capacity 



Optimum Pore Sizes

77 K

 Calculated using Monte Carlo simulations with both cylindrical and slit pores

298 K

~10 Å

~7 Å

Rzepka, Lamp, de la Casa-Lillo J. Phys. Chem. B 1998, 102, 10894



H2 Storage in Microporous Forms of Carbon

Activated Carbon

AX-21: SABET = 2800 m2/g, 4.9 excess wt % at 30 bar and 77 K 

Bénard, Chahine Langmuir 2001, 17, 1950

Carbide-Derived Carbon

TiC-CDC: SABET = 1800 m2/g, 3.0 wt % at 1 bar and 77 K 

Gogotsi, Dash, Yushin, Yildirim, Laudisio, Fischer J. Am. Chem. Soc. 2005, 127, 16006

Zeolite-Templated Carbon

From zeolite β: SABET = 3200 m2/g, 6.9 wt % at 20 bar and 77 K 

Yang, Xia, Mokaya J. Am. Chem. Soc. 2007, 129, 1673

Carbon Nanotubes

HF treated SWNT: SABET = 1555 m2/g, 4.6 excess wt % at 77 K 

Bénard, Chahine Scripta Mater. 2007, 56, 803



H2 Storage in a Metal-Organic Framework

Zn4O(1,3,5-benzenetribenzoate)2 
(MOF-177)

total

excess

77 K

 Record BET surface area = 4750 m2/g

 Pore diameter ~17 Å

 Volumetric storage = 48 g/L 

 Framework density = 0.427 g/cm3

Wong-Foy, Matzger, Yaghi J. Am. Chem. Soc. 2006, 128, 3494



Isosteric Enthalpy of H2 Adsorption in Zn4O(BDC)3

Kaye, Long J. Am. Chem. Soc. 2005, 127, 6506



Generating Open Metal Adsorption Sites



H2 Adsorption Enthalpies at Metal Centers



Optimum Enthalpy for H2 Storage at 298 K

storage



A Tetrazolate-Bridged Framework with Exposed Mn2+ Sites

  Volumetric storage at 90 bar and 77 K is 60 g/L (85% density of liquid H2 at 21 K)
  Volumetric storage at 90 bar and 298 K is 50% greater than in an empty cylinder

Dinca, Dailly, Liu, Brown, Neumann, Long J. Am. Chem. Soc. 2006, 128, 16876

298 K

77 K

Mn3[(Mn4Cl)3(BTT)8]2·20MeOH



Hydrogen Storage at 298 K

  Expect that approximately twice as much H2 can be stored at the
    usual loading pressure of 120 bar

empty cylinder

cylinder filled 
with Mn-BTT



Increased H2 Adsorption Enthalpy at Exposed Metals

solvated Mn2+

exposed Mn2+



Locating D2 Adsorption Sites by Neutron Diffraction

  Strongest D2 binding occurs at sites I (Mn-D2 = 2.2 Å) and II (Cl···D2 = 3.5 Å)

  First direct observation of metal-D2 interaction in a metal-organic framework

with Y. Liu, C. Brown, and D. Neumann at NISTDinca, Dailly, Liu, Brown, Neumann, Long J. Am. Chem. Soc. 2006, 128, 16876
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Dinca, Han, Liu, Brown, Dailly, Long Angew. Chem. Int. Ed. 2007, 46, 1419

HCu2[(Cu4Cl)3(BTT)8]⋅3.5HCl·12DMF·24H2O·16MeOH

A Copper(II)-Containing Sodalite Framework



Comparison of H2 Adsorption Enthalpies

Zn4O(BDC)3

  H2 storage capacity for Cu phase is similar to that of Mn analogue

  Enthalpy increase of ca. 1 kJ/mol is apparent for higher H2 loadings

HCu2[(Cu4Cl)3(BTT)8]·3.5HCl

Mn3[(Mn4Cl)3(BTT)8]2·20MeOH

Dinca, Han, Liu, Brown, Dailly, Long Angew. Chem. Int. Ed. 2007, 46, 1419



D2 ADSORPTION IN Cu-BTT FRAMEWORK

  Strongest D2 binding occurs at sites I (Cu-D2 = 2.5 Å) and II (Cl···D2 = 3.5 Å)

  Metal-D2 interactions weakened owing to Jahn-Teller effect of CuII

with Y. Liu and C. Brown at NIST
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D2 Adsorption in Cu-BTT Framework


