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1 The framework of ZSM-5 zeolite composed of well-defined pores 

and channels where water or guest molecules can occupy. 3

2 Flat hexagon lattices of a graphene sheet showing the chiral vector 

R and the wrapping angle φ. 6

3 Through slicing of graphene sheet (a) by 60o disclination angle and 

roll up, one could construct the conical tip (b) of a single wall 

carbon nanohorn where the top region part is similar to that of the 

encapsulated single wall carbon nanotube (c). 8

4 The embedded cluster model established from the SCREEP 

approach composing of 3 layers: The quantum cluster model, 

explicit charges and surface charges 28

5 Cluster models for a) carbon nanohorn (C80H20) and b) carbon 

nanotube (C80H10) tips. Nine positions (site I-IX) among an 

analogous region (shaded area) of both models were examined as to 

whether they could be the possible sitting sites for the gold atom. 

Both of the tips share the same atom and site labeling. 35

6 Cluster and embedded cluster models of the H-ZSM-5 zeolite. Bond 

distances given in the figures are in Å and bond angle is in degrees. 37

7 Cluster and embedded cluster models of the Li-ZSM-5 zeolite. Bond 

distances given in the figures are in Å and bond angle is in degrees. 39

8 Cluster and embedded cluster models of the H-ZSM-5/CO complex. 

Bond distances are in Å and bond angle is in degrees. 43

9 Cluster and embedded cluster models of the Li-ZSM-5/CO complex. 

Bond distances are in Å and bond angle is in degrees. 44

10 Cluster and embedded cluster models of the H-FAU/CO and Li-

FAU/CO complex. Bond distances given in the figures are in Å. 47
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11 Ag-ZSM-5 structures optimized at B3LYP/6-31G(d,p) using finite 

and embedded calculation (values in parenthesis) of a) 3T cluster 

and b) 5T cluster; bond distance in Å. 50

12 Optimized structures of the adsorption of CO on Ag-ZSM-5 zeolite 

at the B3LYP/6-31G(d,p) level using bare clusters. Selected bond 

distances (Å) are also given. Values in parentheses are from the 

embedded cluster model. a) 3T cluster and b) 5T cluster 52

13 Natural Bond Orbital (NBO) plots showing the interaction between 

an exchanged Ag+ and an absorbed CO: a) The sigma interaction 

between 2s62.73%2p37.27%(C) with 5s(Ag) and the π-back bonding 

electron transfers between 4d(Ag) and π*(CO)  b) in xz plane and c) 

in yz plane 54

14 Optimized structures of the adsorption of NO on Ag-ZSM-5 zeolite 

at the B3LYP/6-31G(d,p) level using bare clusters. Selected bond 

distances (Å) are also given. Values in parentheses are from the 

embedded cluster model. a) 3T cluster and b) 5T cluster 56

15 Natural Bond Orbital (NBO) plots showing the interaction between 

an exchanged Ag+ and an absorbed NO: a) The sigma interaction 

between 2s10.76%2p89.21%(N) and 5s(Ag) b) The π-back bonding 

electron transfer between 4d(Ag) and π*(NO) 58

16 Interaction energy diagram for a gold atom adsorbed on the 

Nanohorn (SWNH) and Nanotube (SWNT) tips. Energies are in 

kcal/mol. 66

17 Molecular orbital plots for a) HOMO of SWNH tip, b) LUMO of 

SWNH tip, c) HOMO of SWNT tip, and d) LUMO of SWNT tip. 68

18 Interaction of the CO molecule with the gold atom on the top of a) 

Nanohorn tip and b) Nanotube tip, distances are shown in 

picometers and angles are shown in degrees. 70
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19 Electron density difference plots for a) Au---SWNH (3D) system b) 

Au---SWNH (2D) system on the plane that contains C1,C2, and Au 

atoms c) Au---SWNH (2D) system on the plane that cuts between 

C1 and C2 d) Au---SWNT (3D) system e) Au---SWNT (2D) system 

on the plane that contains C1,C6, and Au atoms. 3D plots use the 

isovalue = 0.001 e/Å3. 2D plots start with isovalue = ±0.001 e/Å3 

and the interval = 0.01 e/Å3. The blue area represents the electron 

accumulation while the pink region corresponds to the electron 

diminishing. 71

20 Electron density difference plots for a) CO---Au/SWNH (3D) 

system b) CO---Au/SWNH (2D) system on the plane that contains 

C1,C2, and Au atoms c) CO---Au/SWNH (2D) system on the plane 

that cuts between C1 and C2 d) CO---Au/SWNT (3D) system e) CO-

--Au/SWNT (2D) system on the plane that contains C1,C6, and Au 

atoms. 3D plots use the isovalue = 0.001 e/Å3. 2D plots start with 

isovalue = ±0.001 e/Å3 and use the interval = 0.01 e/Å3. The blue 

area represents the electron accumulation while the pink region 

corresponds to the electron diminishing. 73
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