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Principal curvatures of a surface in 3D-space  

In the case of three-dimensional surfaces the concept of curvature can be used as follows: for 

any point P on a surface (Fig. S1), we can find a unique tangent plane (T) and its 

corresponding normal vector N. The intersection of a plane containing the normal vector N 

with the surface defines a two-dimensional curve (c). If the plane containing the normal 

vector is fully rotated about the normal vector by increasing the angle θ, we obtain an infinite 

set of curves c(ω), each having a curvature κ(ω). The mean curvature (KH) at the point P is 

obtained by averaging κ over all angles ω.  
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where κ1 and κ2, are the minimum and maximum values of κ. These values are known as the 

principal curvatures. Therefore KH is the arithmetic mean of the principal curvatures. 
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 Fig. S1. Illustration of the determination of the curvature in 3D-space. 
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Experimental Heats of Adsorption of CH4 and CO2: 

 

Table 1. Experimental zero coverage heats of adsorption of CO2 and CH4 

Framework ΔH, CH4, 

kJ/mol 

Ref. ΔH, CO2, 

kJ/mol 

Ref. 

MFI 21  
1
 27  

1
 

FAU 14   
2
 17  

3
 

ZIF-8 12  
4
 16

a
  

5
 

IRMOF-1 9.3  
6
 15  

6
 

BEA 19  
3
 21  

3
 

AFI 14 This work -- -- 

a
 Calculated in reference 

5
 using molecular simulations by the fluctuation method. 

  

 

 

Determination of the heat of adsorption of CH4 in zeolite AFI: 

 

GCMC (Grand Canonical Monte Carlo) simulations combined with a bias scheme for the 

insertion of the center of mass of the guest molecules were performed to calculate the heats of 

adsorption of CH4 with the GIBBS code v.9.2. Due to the spherical model consisting in a 

single LJ centre used to describe the CH4 molecule (the force field parameters are those 

shown in Table 2 of the main text), only insertions and deletions were used to sample the 

configurational space. Systems were allowed to equilibrate for at least one million MC steps 

followed by production runs of at least 10 million MC steps. The atomic positions of the solid 

were frozen during the simulations and taken from www.iza-structure.org.  
 

Isosteric heats of adsorption qst were calculated according to: 
 

      

where Hb is the enthalpy of the bulk phase and Ua  is the energy of the adsorbed phase. Using 

a fluctuations method with ideal gas assumptions under Henry’s regime, the isosteric heats 

can be readily calculated from GCMC simulation according to: 
 

 

 

where U
s
ext is the intermolecular energy of the adsorbed phase and N is the number of 

adsorbed molecules. The angle brackets denote averages in the grand canonical ensemble. 

 

 

 

  

VT,

a
bst

N

)(U
H=q 














22 NN

NUNU
RT=q

s

ext

s

ext

st






Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

http://www.iza-structure.org/


References  

 

 

 1.  Dunne, J. A.; Mariwals, R.; Rao, M.; Sircar, S.; Gorte, R. J.; Myers, A. L.  Langmuir 

1996, 12, 5888-5895. 

 2.  Maurin, G.; Bell, R.; Kuchta, B.; Poyet, T.; Llewellyn, P.  Adsorption 2005, 11, 331-

336. 

 3.  Bourrelly, S.; Maurin, G.; Llewellyn, P. L. Adsorption microcalorimetry of methane and 

carbon dioxide on various zeolites. In Studies in Surface Science and Catalysis 

Molecular Sieves: From Basic Research to Industrial Applications Proceedings of the 3rd 

International Zeolite Symposium (3rd FEZA), Volume 158, Part B ed.; Elsevier: 2005; 

pp 1121-1128. 

 4.  Zhou, W.; Wu, H.; Hartman, M. R.; Yildirim, T.  Journal of Physical Chemistry C 2007, 

111, 16131-16137. 

 5.  Perez-Pellitero, J.; Amrouche, H.; Siperstein, F. R.; Pirngruber, G.; Nieto-Draghi, C.; 

Chaplais, G.; Simon-Masseron, A.; Bazer-Bachi, D.; Peralta, D.; Bats, N.  Chemistry-A 

European Journal 2010, 16, 1560-1571. 

 6.  Farrusseng, D.; Daniel, C.; Gaudillère, C.; Ravon, U.; Schuurman, Y.; Mirodatos, C.; 

Dubbeldam, D.; Frost, H.; Snurr, R. Q.  Langmuir 2009, 25, 7383-7388 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013


