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Binding abilities of Pt cluster on SWCNTs at various carbon adsorption sites were 
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The thermodynamic properties and equilibrium constants for hydrogen 

adsorptions on Pt4-decorated (3,3), (4,4) and (5,5)SWCNTs are reported. The 

hydrogen adsorption on platinum atom of the Pt4/(3,3)SWCNT was found to be 

the most preferred process of which enthalpy and free energy changes are -46.61 

and -23.99 kcal/mol, respectively. The adsorption energies of CO, 02, N2, C02, 

N20, N02, S02, H20 and NH3 on platinum atom of the Pt4-decorated (3,3), (4,4) 

and (5,5)SWCNTs were obtained. The hydrogen adsorption abilities on platinum 

group metals clusters are in same order on (3,3), (4,4)SWCNTs : Os4> Ir4> Pd4> 

Ru4> Rh4 that are different from the hydrogen adsorptions on (5,5)SWCNT of 

which order: Os4> Ir4> Rh4> Pd4> Ru4/SWCNTs.

Department: Chemistry

Field of Study: Chemistry

Student's Signature 

Advisor's Signature

CflfiRihGtr

Academic Year: 2013



Vi

ACKNOWLEDGEMENTS

I would like to express my deep appreciation to my advisor Assoc. Prof. Dr. 

Vithaya Ruangpornvisuti who gave me the valuable comments and spent the time 

helping me to achieve this study.

I would also like to thank all the committee Assist. Prof. Dr. Warinthorn 

Chavasiri, Assist. Prof. Viwat Vchirawongkwin and Dr. Banchob Wanno who took the 

time to write and guide in with feedback.

I specially thank the members of my research group for their kind suggestion 

and friendship.

Finally, I would like to acknowledge to my family for theirs generous 

supporting and encouragement.



CONTENTS

Page

THAI ABSTRACT................................................................................................................... iv

ENGLISH ABSTRACT............................................................................................................. V

ACKNOWLEDGEMENTS........................................................................................................ vi

CONTENTS...........................................................................................................................vii

LIST OF FIGURES.................................................................................................................. X

LIST OF TABLES..................................................................................................................xiii

CHAPTER 1.............................................................................................................................1

INTRODUCTION..................................................................................................................... 1

1.1 Background and literature reviews............................................................................1

1.2 Objective..................................................................................................................... 4

CHAPTER 2............................................................................................................................ 5

THEORETICAL BACKGROUND................................................................................................5

2.1 The DFT method........................................................................................................5

2.1.1 The Kohn-Sham energy...................................................................................5

2.1.1.1 Local Density Approximation.............................................................7

2.1.1.2 Generalized Gradient Approximation................................................8

2.1.1.3 Hybrid Density Functional Methods..................................................9

2.2 Gaussian basis sets........................   9

2.2.1 Minimal basis set.............................................................................................. 9

2.2.1.1 Slater type orbital (STO)................................................................... 10

2.2.1.2 Gaussian type orbital (GTO)..............................................................10

2.2.2 Extended basis sets........................................................................................11

2.2.2.1 Double-Zeta, Triple-Zeta, Quadruple-Zeta...................................11

2.2.22 Split-Valence......................................................................................12

2.2.2.3 Polarized Sets....................................................................................12

2.2.2.4 Diffuse Sets....................................................................................... 13

2.2.2.5 Effective core potentials.................................................................. 13



viii

Pat

13

14

15

15

16

16

16

17

18

19

19

19

19

.19

.21

.21

22

.22

.22

.26

.29

.33

.36

.42

.51

.51

2.3 The chem ical indices

2.3.1 Electronic chemical potential......................................................

2.3.2 Mulliken electronegativity.............................................................

2.3.3 Chemical hardness........................................................................

2.3.4 Electrophilicity...............................................................................

2.3.5 Dipole moment..............................................................................

2.4 Thermodynamic properties..................................................................

2.4.1 Enthalpies and Gibbs free energies of reaction...........................

2.4.2 Rate of reaction..............................................................................

CHAPTER 3..........................................................................................................

DETAIL OF CALCULATIONS................................................................................

3.1 Computational method...........................................................................

3.2 Definitions of reaction terms..................................................................

3.2.1 Binding of PGMs cluster on SWCNTs............................................

3.2.2 Adsorption of small gases on PGMp/SWCNTs.............................

3.2.3 Thermodynamic quantities...........................................................

CHAPTER 4..........................................................................................................

RESULTS AND DISCUSSION................................................................................

4.1 Binding of single platinum atom on SWCNTs........................................

4.2 Hydrogen adsorption on single platinum atom decorated SWCNTs....

4.3 Binding of platinum cluster (ท=2 to 4) on SWCNTs..............................

4.4 Hydrogen adsorption on platinum cluster decorated SWCNTs...........

4.5 Smalt gas adsorption on Pta cluster- decorated SWCNTs...................

4.6 Binding of PGMs clusters on SWCNTs and their hydrogen adsorption.

CHAPTER 5..........................................................................................................

CONCLUSION.....................................................................................................

REFERENCES



ix
Page

APPENDICES.......................................................................................................................57

VITA....................................................................................................................................63



LIST OF FIGURES

Figure 1.1 Molecular models of รพ CNTs exhibiting different chiralities: (a) armchair 

(ท,ท), (b) zigzag (ท,0) and (c) chiral (ก,m) conformations. Top and bottom views inside

and outside-wall of CNTs...................................................................................................1

Figure 3.1 The B3LYP/6-31G(d)-optimized structures of closed-end (a) (3,3), (b) (4,4) 

and (c) (5,5) armchair SWCNTs and labeling of their C-C bonds which are binding

positions of metal atom. Top and bottom are top and side views............................. 20

Figure 4.1 The B3LYP/GEN-optimized structures of Pt-decorated on closed-end (3,3) 

armchair SWCNT of which C-C bonds are defined as types (a) 1, (b) 2, (c) 3, (d) 4, (e)

5, (0 6, (g) 7 and (h) 8....................................................................................................... 22

Figure 4.2 The B3LYP/GEN-optimized structures of Pt-decorated on closed-end (4,4) 

armchair SWCNT of which C-C bonds are defined as types (a) 1, (b) 2, (c) 3, (d) 4, (e)

5, (0 6 and (g) 7.................................................................................................................23

Figure 4.3 The B3LYP/GEN-optimized structures of Pt-decorated on closed-end (5,5) 

armchair SWCNT of which C-C bonds are defined as types (a) 1, (b) 2, (c) 3, (d) 4, (e)

5, (f) 6 and (g) 7.................................................................................................................23

Figure 4.4 Plot between binding energies of single platinum atom on (3,3), (4,4) and

(5,5) armchair SWCNTs against their diameters id ) .  Polynomial fitted equation is

shown on top....................................................................................................................25

Figure 4.5 The B3LYP/GEN-optimized structures of adsorption configurations of แ2 on 

Pt atom in the Pt-decorated closed-end (3,3) armchair SWCNTs on C-C types (a) 1,

(b) 2, (c) 3, (d) 4, (e) 5, (f) 6, (g) 7 and (h) 8. Their bond distances are in Â..................28

Figure 4.6 The B3LYP/GEN-optimized structures of adsorption configurations of แ2 on 

Pt atom in the Pt-decorated closed-end (4,4) armchair SWCNTs on C-C types (a) 1,

(b) 2, (c) 3, (d) 4, (e) 5, (f) 6 and (g) 7. Their bond distances are in Â............................28

Figure 4.7 The B3LYP/GEN-optimized structures of adsorption configurations of เ-เ2 on 

Pt atom in the Pt-decorated closed-end (5,5) armchair SWCNTs on C-C types (a) 1,

(b) 2, (c) 3, (d) 4, (e) 5, (f) 6 and (g) 7. Their bond distances are in Â........................... 29

Figure 4.8 The B3LYP/GEN-optimized structures of adsorption configurations of H2 

adsorbed on Pt atom of the Pt cluster-decorated (3,3)SWCNTs whose Pt cluster are



XI

(a) Pt2, (b) Pt3 and (c) Pt4. Top images are their bare Ptn/SWCNTs structures. Their

bond distances are in Â....................................................................................................30

Figure 4.9 The B3LYP/GEN-optimized structures of adsorption configurations of แ2 

adsorbed on Pt atom of the Pt cluster-decorated (4,4)SWCNTs whose Pt cluster are 

(a) Pt2, (b) Pt3 and (c) Pt4. Top images are their bare Ptn/SWCNTs structures. Their

bond distances are in À.....................................................................................................31

Figure 4.10 The B3LYP/GEN-optimized structures of adsorption configurations of แ2 

adsorbed on Pt atom of the Pt cluster-decorated (5,5)SWCNTs whose Pt cluster are 

(a) Pt2, (b) Pt3 and (c) Pt4. Top images are their bare Ptn/SWCNTs structures. Their

bond distances are in Â.....................................................................................................32

Figure 4.11 Adsorption configurations of CO adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................38

Figure 4.12 Adsorption configurations of 0 2 adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................38

Figure 4.13 Adsorption configurations of N2 adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................39

Figure 4.14 Adsorption configurations of C02 adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................39

Figure 4.15 Adsorption configurations of N20  adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................40

Figure 4.16 Adsorption configurations of S02 adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â...............................................................................................................40

Figure 4.17 Adsorption configurations of Fl20  adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond 

distances are in Â...............................................................................................................41



XII

Figure 4.18 Adsorption configurations of N02 adsorbed on Pt atom of the Pt4 cluster- 

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â.............................................................................................................. 41

Figure 4.19 Adsorption configurations of NFI3 adsorbed on Pt atom of the Pt4 cluster

decorated closed-end as (a) (3,3), (b) (4,4) and (c) (5,5) armchair SWCNTs. Their bond

distances are in Â.............................................................................................................. 42

Figure 4.20 The B3LYP/GEN-optimized structures of closed-end (3,3) armchair SWCNT

decorated (a) Ru„, (b) Rh„, (c) Pd4, (d) Os4, (e) lr4-doped SWCNTs................................44

Figure 4.21 The B3LYP/GEN-optimized structures of closed-end (4,4) armchair SWCNT

decorated (a) Ru4, (b) Rh4, (c) Pd4, (d) Os4, (e) lr4-doped SWCNTs................................45

Figure 4.22 The B3LYP/GEN-optimized structures of closed-end (5,5) armchair SWCNT

decorated (a) Ru4, (b) Rh4, (c) Pd4, (d) Os4, (e) lr4-doped SWCNTs................................46

Figure 4.23 The B3LYP/GEN-optimized structures of adsorption configurations of Fl2 

adsorbed on metal atom of (a) Ru4, (b) Rh4, (c) Pd4, (d) Os4, (e) lr4-doped of closed-

end (3,3)SWCNTs............................................................................................................... 49

Figure 4.24 The B3LYP/GEN-optimized structures of adsorption configurations of Fl2 

adsorbed on metal atom of (a) Ru4, (b) Rh4, (c) Pd4, (d) Os4, (e) lr4-doped of closed-

end (4,4)SWCNTs............................................................................................................... 49

Figure 4.25 The B3LYP/GEN-optimized structures of adsorption configurations of Fi2

adsorbed on metal atom of (a) Ru4, (b) Rh4, (c) Pd4, (d) Os4, (e) lr4-doped of closed- 

end (5,5)SWCNTs...................... ........................................................................................ 50



XIII

LIST  O F  T A B L E S

Table 4. 1 Binding energies of platinum atom adsorbed on sidewall of various sizes of

closed-end SWCNTs and relative energies of their binding structures......................... 24

Table 4.2 Adsorption energies of แ2 to Pt atom(s) decorated on closed-end SWCNTs.

.............................................................................................................................................27

Table 4. 3 Binding energies of platinum clusters adsorbed on sidewall of various sizes

of closed-end SWCNTs......................................................................................................33

Table 4.4 Hydrogen adsorptions on platinum atom of platinum clusters-decorated

closed-end SWCNTs.......................................................................................................... 35

Table 4.5 Energetics, thermodynamic quantities and equilibrium constants of แ2

adsorbed to Pt on Pt<j decorated armchair closed-end SWCNTs.................................. 36

Table 4.6 Adsorption energies of small gases on Pt4 cluster decorated on various size

close-ended SWCNTs.........................................................................................................37

Table 4.7 Binding energies of PGMs clusters adsorbed on various sizes of close-ended

SWCNTs............................................................................................................................... 43

Table 4.8 Adsorption energies of H2 on metals cluster of various sizes close-ended 

SWCNTs............................................................................................................................... 48


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


