Figure

10

11

12

LIST OF FIGURES

The Brgnsted acid site of catalytic zeolite
Various types of zeolite pores and channels

The alkylation of benzene with ethylene to etbylbene and the
dehydrogenation of ethylbenzene to styrene

Dimerization of ethylene to butene
The isomerization of propene oxide to propandl giopanone

a) Single-walled carbon nanotube (SWNT) bundt @nMulti-
walled carbon nanotubes (MWNT)

Zigzag (9,0) CNT with a) Perfect and b) Stone-&8alefect

(indicated in yellow color)

Decomposition of nitrous oxide §8) over nanotube to nitrogen

molecule (N) and epoxy-adduct

A self-consistent field procedure used to soheewavefunctions of

the Schrodinger equation

ONIOM3 layer of 84T cluster models of faujasiteoAts
belongings to the 12T quantum cluster are drawsoasls and

sticks. (a) Front view, (b) side view

The 5T and 46T clusters represent the actieeo$iZSM-5 zeolite
in the zigzag channel view. The ball-and-stick piagp illustrates
the relaxed geometry resulting from calculationB3itYP/6-
31G(d,p), the lines from the universal force figlt-F)

Representation of the fragment tube of (a) pedrd (b) defective
armchair (5,5)-SWNTs calculated at B3LYP/6-31G(d)

Page

40

49

51

53



Figure

13

14

15

16

17

18

LIST OF FIGURES (continued)

Presentation of models of faujasite and intergatvith adsorbates:
a) full 3T cluster model interacting with ethyler®;full 3T cluster
model interacting with benzene; and c) full 3T twusmodel
interacting with ethylbenzene

Presentation of models of faujasite and intergatith adsorbates:
a) ONIOM2 layer models of 20T cluster interactinghwethylene;
b) ONIOM2 layer models of 20T cluster interactinghnbenzene;
and c¢) ONIOM2 layer models of 20T cluster intenagtiwith
ethylbenzene. Atoms belonging to the high levelaeg are drawn
as spheres

Presentation of models of faujasite and intergatvith adsorbates:
a) ONIOM2 layer models of 84T cluster interactinghnethylene;
b) ONIOM2 layer models of 84T cluster interactinghnenzene;
and c) ONIOM2 layer models of 84T cluster intenagtiwith
ethylbenzene. Atoms belonging to the high levelaeg are drawn
as spheres.

(a) Calculated energy profile for the stepwisactions in steps (1)
and (2) of benzene alkylation and dimerization tiykene. (b)
Vibrational movement corresponding to the imaginfagguency at
the transition structure of step (2)

(a) Calculated energy profile for the secondp sté stepwise
reactions for benzene alkylation. (b) Vibrationalowement
corresponding to the imaginary frequency at thesiteon structure
(a) Calculated energy profile for the second stépstepwise for
dimerization of alkoxide intermediate and ethylenelecule. (b)
Vibrational movement corresponding to the imaginfageguency at

the transition structure

Page

56

57

58

66

71

73



Figure

19

20

21

22

23

24

25

LIST OF FIGURES (continued)

(@) Calculated energy profile for the concerted lénzene
dimerization. (b) Vibrational movement correspomditio the
imaginary frequency at the transition structure

Calculated energetic profiles for the stepwiselid line) and
concerted (dashed line) reaction mechanisms ofdmenalkylation
with ethylene

a) Calculated energy profile for the concerteécinanism of
ethylene dimerization. b) Vibrational movement esponding to
the imaginary frequency at the transition structure

Calculated energy profiles for the stepwise idsdine) and
concerted (dashed Iline) reaction mechanisms of lestAy
dimerization

Presentation of models of ZSM-5 and its inteoact with
adsorbates: ONIOM2 layer models of 46T clusterradts with (a)
propene oxide, (b) propanal, and (c) propanone

a) The calculated energy profile for the isomsdron of propene
oxide to propanal over 46T and 5T (in parenthesksters; b) the
vibrational movement corresponding to the imaginfagguency at
the TS1_A; c) the vibrational movement correspogdio the
imaginary frequency at the TS2_A

a) The calculated energy profile for the isomaion of propene
oxide to propanone over 46T and 5T (in parenthedas)ers; b) the
vibrational movement corresponding to the imagirfegguency at
the TS1_B; c) the vibrational movement correspogdinthe
imaginary frequency at the TS2_B

Vi

Page

76

79

81

83

87

91

95



Figure

26

27

28

29

30

LIST OF FIGURES (continued)

The energy profile of the isomerization of pnop@xide to propanal
on H-ZSM-5 zeolite (solid line), to propanone orz8BM-5 zeolite
(dash line) calculated at ONIOM(B3LYP/6-31G(d,p)fJFto
propanal in gas phase (dash dot dot line), anddapamone in gas
phase (dot line) calculated at B3LYP/6-31G(d,p)

The reaction complexes associated with the ssepmvechanism for
the decomposition of nitrous oxide to nitrogen loa perfect site of
the armchair (5,5)-SWNT. (a) TS1p, (b) LM1p, (c)ZpSand (d)
LM2p. The values in parenthesis are the relativergas (in
kcal/mol) of each individual complex with respezthe isolated

molecules

The reaction complexes associated with the ctaettenechanism
for the decomposition of nitrous oxide to nitroganthe perfect site
of the armchair (5,5)-SWNT. a) TSp, and (b) LM2peTvalues in
parenthesis are the relative energies (in kcal/@iodach individual

complex with respect to the isolated molecules

The reaction complexes associated with the ssepmvechanism for
the decomposition of nitrous oxide to nitrogen loa $tone—\Wales
defective site in the armchair (5,5)-pSWNT. Theueslin
parenthesis are the relative energies of eachidwlcomplex with

respect to the isolated molecules

The reaction complexes associated with the ctettenechanism
for the decomposition of nitrous oxide to nitrogenthe Stone—
Wales defective site in the armchair (5,5)-pSWNhe Talues in
parenthesis are the relative energies of eachidwVcomplex with

respect to the isolated molecules

vii

Page

99

96

101

103

104



viii

LIST OF FIGURES (continued)

Figure Page

31 Energy profiles for the nitrous oxide decomposibn pSWNT and
dSWNT fully optimized at B3LYP/6-31G(d) 106



