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Adsorption and Diffusion Characteristics of Methanol in the Flexible
Metal-organic Framework Material Using Molecular Simulation
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(College of Chemical Engineering, Key Lab of Bioprocess of Beijing, Beijing University of
Chemical Technology, Beijing 100029)

Abstract Adsorption energy and diffusion barrier of methanol ig(4#'-bipyridine}(NOs), were inves-

tigated using molecular mechanics and molecular dynamics method. The results indicated that each
Nix(4,4'-bipyridine}(NOs), unit can adsorb 4 methanol molecules and the structure was optimized for the
uptake of 2 methanol molecules. The frameworkcstme underwent obvious deformation when the loading

was above 2, which resulted in methanol adsorptiothém step. The calculated diffusion barrier (35.94
kJsmol ') accorded with the experiment well. It could dmncluded that structure deformation strongly af-
fected the adsorption and diffusion characteristic of adsorbate in flexible metal-organic frameworks (MOFs).
Keywords molecular simulation; methanol; MOFs; adsorption energy; diffusion barrier
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Tablel The unit cell parameter after energy minimization

ainm binm cnm a/(®) BIC) y/(°) Vinm®
Expt. 1.188 1.904 1.742 90 90 90 3.942
Optimized 1.226 1.774 1.841 90 90 90 4.005
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Table2 The atomic charge and bond lengths of methanol

Atomic charge/e.u Bond lengths/nm Reference
H(O) o) C H(1) H(2) C—H c—oO O—H
0.34 —0.66° —0.15% 0.14° 0.18 0.11¢ 0.144 0.097 ab
0.35 —0.66 —0.15 0.14 0.18 0.111 0.141 0.097 this paper

3 Reference 28. Reference 37.
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Figure 1 (a) Framework structure model (for clarity the H
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Table 3 The interaction energies between methanol and
framework,Epinding (kJ*mol™)

Molecular amount Rigid Flexible Reference
1 —59.60 —66.57 62-103
2 —116.44 —121.52
3 —135.35 —174.22
4 —162.08 —227.28
5 46.36 39.92
@ Reference 35.
at SV ) o SOEH T e R B 2 LT R B

oms are neglected ); (b) Atomic charge for the framework atoms

The color of white, French gray, gradgep gray, and black stand for H, C, Ni,

O, and N respectively
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Figure 2 The equilibrium configuration for two methanol
molecules adsorbed near the-Nénter structure
Dashed lines represent hydrogen bonds. The colors are the same as those used
in Figure 1

MK 4 T LU, S A LU ] A K52 A A
WRBR 25 = A H B G0 1A%, EPIE T SCRR AR} E A2
BYER =S FRE 2> T I, S5 AR AR TE LA gl i A 1



1778 % %

Eivd Vol. 64, 2006

PR3 1, T SO0 B 250 2 O B R 5 . LT
s TR EE L AR & HE 2 T8 AR B, S B0
FHEHIAZTE, RPN (K150 139 2.

R4 BEA Nig L5t T R L AP B AN ) B2 R 205 1)

RZHAZ A
Table 4 The changes of unit cell parameter with methanol
loading
Amount sorbed a/nm  b/nm c/nm a/(°) bI(°) y/(°)
0 1.226 1.774 1.841 90.0 90.0 90.0
1 1.232 1.773 1.842 90.0 90.0 90.0
2 1.231 1.73 1.872 90.0 90.0 90.0
3 1235 1.771 1.905 89.5 90.5 90.0
4 1.238 1.771 1.924 88.4 90.6 90.0
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Figure3 Schematic representation of the trajectory of methanol 22, J& IR H R PE- B 2201 2 i 3 — 52 1) 25 ) (43 )

molecule form one cage to adjacent cage
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Figure 4 Potential energy changes with methanol molecule

passage through rigid (a) and flexible (b) framework
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Table5 Diffusion barrier calculated for the passage of;OH
through two adjacent cages (kJerl

Rigid Flexible
E(max) E(min) Barrier E(max) E(min) Barrier
87.11 48.66 38.45 3423 —172 3594
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