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 ABSTRACT 

 

 
In this investigation the concept of chirality has been explored as it applies to metal surfaces, 

and attempts have been made to exploit that chirality to achieve enantio-selective catalytic 

reaction. Cyclic voltammetry has been used to determine the morphology of flat, stepped, 

and kinked surfaces of platinum single crystal electrodes and to determine the growth modes 

of bismuth, gold and silver deposited on these well-defined platinum surfaces. Kink sites 

which occur at the junction of monoatomic steps are chiral, and this is evidenced by the 

electro-oxidation of D- or L-glucose which gives rise to enantioselectivity.  Selective 

adsorption of bismuth, gold, or silver in these kink sites leads to a degredation of that 

enantioselectivity, the fine detail of the effects being different in each case and interpretable 

in terms of the established growth modes.  The adsorption of a graded series of simple and 

more complex chiral organic molecules on a wide range of chiral platinum surfaces has 

revealed other systems where reaction or specific adsorption effects occur, but no 

enantioselective responses were obtained. Clear directions have been established for future 

studies of molecule-catalyst interactions involving chirality simultaneously present in the 

adsorbent and in the adsorbate.   

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 IV

PUPLICATIONS 

 

The Characterisation of Supported Platinum Nanoparticles on Carbon Used for 
Enantioselective Hydrogenation: A Combined Electrochemical-STM Approach 
Gary A. Attard, Ahmad Ahmadi, , David J. Jenkins, Omar A. Hazzazi, Peter B. Wells, Ken G. 
Griffin, Peter Johnston, Jennifer E. Gillies. 
CHEMPHYSCHEM 4 (2) : 123-130 FEB 17 (2003). 
  

To read this article please visit : 
-http://www.uqu.edu.sa/files2/tiny_mce/plugins/filemanager/files/27/01

num%20Nanoparticles.pdf%20The%20Characterization%20of%20Supported%20Plati  

  

1. 

Molecular Recognition in Adsorption and Electro-Oxidation at Chiral Platinum Surfaces 
Omar. A. Hazzazi, Gary. A. Attard, Peter B. Wells  
Journal of Molecular Catalysis A : Chemical 216 (2004).  

  

To read this article please visit : 
-http://www.uqu.edu.sa/files2/tiny_mce/plugins/filemanager/files/27/02

Oxidatio.pdf-ion%20in%20Adsorption%20and%20Electro%20Molecular%20Recognit  

  

  

2. 

On the Global and Local Values of the Potential of Zero Total Charge at Well-Defined 
Platinum Surface : Stepped and Adatom Modified Surfaces 
Gary Attard , Omar Hazzazi, Peter Wells, Victor Climent, Enrique Herrero, Juan Feliu 
Journal of Electroanalytical Chemistry, 568 (2004). 

 
To read this article please visit : 

-http://www.uqu.edu.sa/files2/tiny_mce/plugins/filemanager/files/27/03
%20On%20the%20Global%20and%20Local%20Values%20of%20the%20Potential%20 of%20Zero%20.pdf  

  

  

3. 

Electrochemical Characterisation of Gold on Pt{hkl} for Ethanol 
Electrocatalysis 
Omar A. Hazzazi, Gary A. Attard, Peter B. Wells, F. J. Vidal-Iglesias and Meritxell Casadesus 
  

To read this article please visit : 
   http://www.uqu.edu.sa/files2/tiny_mce/plugins/filemanager/files/27/Electrochemical_  

Characterization_of_Gold_on%20_Pt%7Bhkl%7D_for_Ethanol_Electrocatalysis.pdf  

  

  

For more information about the above articles and others please visit the following website :   

http://www.uqu.edu.sa/page/ar/1201  

  

  

  

4. 



 V

ACKNOWLEDGEMENTS 

 

 
I wish to express my deepest gratitude to my supervisor, Professor Gary A. Attard, for his 

support, guidance, encouragement, and patience over the last three years. It has been a 

privilege to be his student. I also thank Professor Peter B. Wells for his advice in connection 

with the writing of this thesis. 

 

I have benefited greatly from my association with other member of the electrochemistry 

research group, particularly Dr. Ahmad Ahmadi, Catherine Harris and David Watson. 

 

I thank Professor G. J. Hutchings for providing the facilities for his research and the 

technical staff for their excellent services. 

 

I thank the Saudi Government (Umm Al-Qura University) for funding this research. I extend 

my sincere thanks to the Saudi ambassador in Washington, Prince Bandar Bin Sultan Al-

Saud. Thanks also are due to the staff of the Saudi Arabian Cultural Bureau in London, 

particularly Mr. Abdullah Al-Naser and Mr. Ahmad Sabri and Mr. Lateef Ibraheem for 

support and assistance. 

 

I acknowledge my gratitude to my wife, Samiyah A. Saeed, for her endless patience, 

tolerance and understanding over the whole of these three years. 

 

Finally, this study would not have been completed without the help of Allah. 

 
 
 
 



 VI

 
DEDICATION 

 

To:To:To:To:    

    

• M y 99 year old  grandmother, Sahla, 

 

• M y parents, A bdullah  and Fatimah, 

 

•  M y very patient w ife, Sam iyah, 

 

• M y Children: Abdulrahman, Sarah, Abeer, A bdullah, A l-Jaw hara and N ouf. 

 

• M y father’s w ives, 

 

• M y  brothers and  sisters, 

 

• All the staff at U mm A l-Qura U niversity at Saudi A rabia especially m y best 

sincere friend, D r. M atter A lossaim i, 

 

• All M uslim s around the w orld w ho sincerely w ant to  show  others the real picture 

of  the M erciful R eligion: Islam . 

 

 

 

 



 VII

DECLARATION 

 

This work has not previously been accepted in substance for any degree and is not being 

concurrently submitted in candidature for any degree. 

 

Signed………………………Omar A. Hazzazi………………….………………...(candidate) 

Date…………………………Monday 21st October 2002………………………….………. 

 

 

STATEMENT 1 

 

This thesis is the result of my own investigations, except where otherwise stated. Other 

sources are acknowledged by footnotes giving explicit references. A bibliography is 

appended.  

 

Signed……………………… Omar A. Hazzazi …………………………...……...(candidate) 

Date…………………….….Monday 21st October 2002……………….……………………… 

 

 
STATEMENT 2 

 

I hereby give consent for my thesis, if accepted, to be available for photocopying and for 

inter-library loan, and for the title and summary to be made available to outside 

organisations. 

 

Signed…………………… Omar A. Hazzazi ……………..…..……………..……(candidate) 

Date…………………… Monday 21st October 2002………………………………………….. 

 

 

 

 



 VIII

TABLE OF CONTENTS 

 
 
CHAPTER ONE: INTRODUCTION 
 
 

1.1 Introduction 1 
 1.1.1. The electrode/electrolyte interface………………………………… 1 
 1.1.2. In situ techniques………………………………………………….. 2 
 1.1.3. Ex situ techniques………………………………………………….. 2 
 1.1.4. The present approach……………………………………………… 3 

1.2. Well-Defined Electrodes……………………………………………………... 4 
1.3. The Structure of Clean Metal Surfaces……………………………………... 7 

 1.3.1. Basal plane notation……………………………………………….. 7 
 1.3.2. Miller indices………………………………………………………. 8 
 1.3.3. Microfacet notation………………………………………………... 12 

1.4. Relaxation and Reconstruction of Clean Single Crystal Surfaces………… 13 
 1.4.1. Reconstruction of (110) f.c.c. surfaces and electrochemical cycling 15 
 1.4.2. Reconstruction of (100) f.c.c. surfaces in relation to electrode pre-

treatment…………………………………………………………… 
 
17 

1.5. Interpretation of a Typical Cyclic Voltammogram of Platinum………….. 20 
1.6. Adsorption at Platinum Single Crystal Electrodes………………………… 22 

 1.6.1. Adsorbate bonding of molecules at solid surfaces………………… 23 
 1.6.1.1. Physisorption………………………………………………………. 23 
 1.6.1.2. Chemisorption……………………………………………………... 24 
 1.6.2. Specific adsorption of ions………………………………………… 26 
 1.6.2.1. Definition of specific adsorption…………………………………... 27 
 1.6.2.2. Equations related to specific adsorption and Gibbs surface energy.. 28 
 1.6.2.3. Definition of specific adsorption in terms of Gibbs surface excess.. 31 
 1.6.3. Hydrogen adsorption on platinum single crystal electrodes………. 32 
 1.6.4. Bi-sulphate adsorption on single crystal platinum electrodes……... 40 
 1.6.5. The role of defects in the specific adsorption of anions on Pt(111).. 43 
 1.6.5.1. Effects of defects and of sulphate concentration on the cyclic 

voltammetry of n[(111)×(111)] stepped surfaces………………….. 
 
48 

 1.6.5.2. Effects of chloride concentration on the cyclic voltammograms of 
n[(111)×(111)] stepped surfaces…………………………………... 

 
51 

 1.6.5.3. Effect of step-defects on work function…………………………… 52 
 1.6.6. Electro-oxidation characterisation of platinum single crystal 

electrodes…………………………………………………………... 
 
53 

1.7. Bi-metallic Surface Chemistry……………………………………………….. 55 
 1.7.1. Classification of thin film growth…………………………………. 56 
 1.7.2. Methods of preparing bimetallic surfaces………………………. 59 
 1.7.2.1. Vapour deposition…………………………………………………. 59 
 1.7.2.2. Electrodeposition of metals………………………………………... 59 
 1.7.3. Metal underpotential deposition…………………………………... 61 
 1.7.3.1. Underpotential deposition methods………………………………... 63 
 1.7.3.1.1. Deposition by electrical polarisation………………………………. 63 
 1.7.3.1.2. Deposition of metals by chemical reduction………………………. 65 
 1.7.4. Metal overlayer growth……………………………………………. 67 



 IX

1.8. The Electro-oxidation of Organic Molecules………………………………… 67 
 1.8.1. General comments……………………………………………….. 67 
 1.8.2. The effect of bismuth adsorption on formic acid oxidation……….. 69 

1.9. Chirality at Well-Defined Metal Surfaces……………………………………. 70 
 1.9.1. Introduction………………………………………………………... 70 
 1.9.2. Theoretical consideration of the intrinsic chirality of kink sites…... 71 
 1.9.3. Experimental verification of intrinsic chirality of kink sites………. 77 

 1.9.3.1. Glucose electro-oxidation on achiral Pt surfaces………………….. 77 
 1.9.3.2. Influence of anions and kink structure in the enantioselective electro-

oxidation of glucose at chiral Pt surfaces 
79 

 1.9.3.2.1. CVs of  flame annealed electrodes based on (111) terraces……….. 79 
 1.9.3.2.2. CVs of flame annealed electrodes based on (100) terraces……… 85 
 1.9.3.2.3. CVs of flame annealed electrodes based on (110) terraces……… 86 
 1.9.3.3. Electro-oxidation of other sugars………………………………….. 88 
 1.9.3.4. Electro-oxidation of glucose on a bi-metallic surface………………. 89 
 1.9.4. Temperature effects in the enantioselective electro-oxidation of D- 

and L-glucose on Pt(643)S…………………………………………. 
 
92 

1.10. Enantioselective Hydrogenation of αααα-Ketoesters Using Cinchona-Modified 
Platinum………………………………………………………………………… 

 
94 

 1.10.1. Introduction………………………………………………………... 94 
 1.10.1.1. Catalysis…………………………………………………………… 94 
 1.10.1.2. Orito reaction………………………………………………………. 94 
 1.10.2. Models for the interpretation of enantioselective hydrogenation of α-

ketoesters………………………………………………………... 
 
96 

 1.10.3. Adsorption of alkaloids and its derivatives on well-defined 
surfaces…………………………………………………………….. 

 
98 

1.11. Objectives of the Present Investigation……………………………………… 103 
1.12. References………………………………………………………………………. 104 

    
 
 
CHAPTER TWO: CYCLIC VOLTAMMETRY: SOME THEORETICAL ASPECTS 
 
 

2.1. Voltammetric Techniques and its Application to Adsorption Studies…………... 118 
 2.1.1. Introduction………………………………………………………... 118 
 2.1.2. Linear sweep voltammetry (LSV)………………………………… 118 
 2.1.3. Cyclic voltammetry (CV)………………………………………….. 118 
 2.1.4. Electrochemical process that occur at an electrode surface……….. 119 
 2.1.4.1. Cyclic voltammetry of Faradaic processes……………………….. 119 
 2.1.4.2. Cyclic voltammetry of non-Faradaic processes…………………… 121 

2.2. Polarisable and non-Polarisable Interfaces……………………………………… 124 
2.3. Electrode Charge………………………………………………………………… 126 
2.4. References……………………………………………………………………….. 128 
    



 X

 
 
CHAPTER THREE: EXPERIMENTAL 
 
 

3.1. Introduction…………………………………………………………………….. 130 
3.2. Apparatus……………………………………………………………………... 130 
3.3. The Milli-Q Water System…………………………………………………….. 131 
3.4. Electrochemical Apparatus……………………………………………………. 132 

 3.4.1. The electrochemical cell…………………………………………... 132 
 3.4.2. The reference electrode……………………………………………. 134 

3.5. The Cleaning Procedure……………………………………………………….. 134 
3.6. Preparation of Electrolyte and Metal Deposition Solutions…………………. 135 

 3.6.1. Electrolyte solutions……………………………………………….. 135 
 3.6.2. Metal deposition electrolytes……………………………………… 136 

3.7. Procedure Used in Typical Electrochemical Experiment……………………. 136 
3.8. Procedure Used for Metal Deposition………………………………………… 139 

 3.8.1. The forced deposition method……………………………………... 139 
 3.8.2. The immersion technique………………………………………….. 140 

3.9. Procedure of Carrying out the Electro-Oxidation of D-Glucose and L-
Glucose at a Platinum Single Crystal Electrode Covered with Adatoms…. 

 
141 

3.10. Procedure Used for Studying the Adsorption and the Reaction of Chiral 
Organic Molecules at Platinum Single Crystal Electrodes………………… 

 
142 

3.11. Single Crystal Manufacture…………………………………………………… 142 
 3.11.1. Calculation of Cutting angles for crystal planes…………………... 143 
 3.11.2. Crystal cutting……………………………………………………... 145 
 3.11.3. Polishing of crystals……………………………………………….. 145 

3.12. Electronic Equipment Used for the Collection of Cyclic Voltammograms… 147 
3.13. Calculation of Change in Cyclic Voltammetry……………………………….. 148 
3.14. Experimental Problems………………………………………………………... 151 
3.15. Chemical Reagents……………………………………………………………... 153 
3.16. References………………………………………………………………………. 155 
 
 
CHAPTER FOUR: 
 
METAL DEPOSITION AND GROWTH MODES AT FLAT, STEPPED AND KINKED 
PLATINUM SINGLE CRYSTAL ELECTRODES 
 

4.1. Introduction…………………………………………………………………….. 156 
4.2. Results and Discussion…………………………………………………….…… 158 

 4.2.1. Cyclic voltammograms of clean platinum single crystal surfaces… 158 
 4.2.1.1. Flat surfaces……………………………………………………... 158 
 4.2.1.2. Stepped surfaces…………………………………………………… 158 
 4.2.1.3. Chiral surfaces……………………………………………………... 158 
 4.2.2. Deposition of bismuth on platinum single crystal surfaces….. 159 
 4.2.2.1 Introduction……………………………………………………… 159 
 4.2.2.2. Deposition of bismuth on flat platinum surfaces………………….. 165 
 4.2.2.3. Deposition of bismuth on Pt(111)×(111) stepped surfaces………... 168 
 4.2.2.4. Deposition of bismuth on Pt(100)×(111) stepped surfaces………... 168 



 XI

  (a) Pt(755) and Pt(533)…………………………………………….. 168 
  (b) Pt(211) and Pt(311)……………………………………………. 170 
 4.2.2.5. Deposition of bismuth on Pt(111)×(100) stepped surfaces………... 172 
 4.2.2.6. Deposition of bismuth on chiral platinum surfaces………………... 175 
 4.2.2.7. Discussion and Conclusion of Bismuth Deposition on Pt single 

crystal electrodes…………………………………………………... 
 
177 

 4.2.3. Deposition of gold on platinum single crystal surfaces………… 183 
 4.2.3.1. Introduction………………………………………………………... 183 
 4.2.3.2. Deposition of gold on flat platinum surfaces……………………… 184 
 4.2.3.3. Deposition of gold on platinum (100)×(111) stepped surfaces……. 186 
 4.2.3.4. Deposition of gold on platinum (111)×(100) stepped surfaces……. 188 
 4.2.3.5. Deposition of gold on chiral platinum surfaces…………………… 190 
 4.2.4. Deposition of silver on platinum single crystal surfaces………. 190 
 4.2.4.1. Deposition of silver on flat platinum surfaces…………………….. 190 
 4.2.4.1.1. Deposition of silver on Pt(100)……………………………………. 190 
 4.2.4.1.2. Deposition of silver on Pt(111) and Pt(110)………………………. 194 
 4.2.4.2. Deposition of silver on Pt(100)×(111) stepped surfaces…………... 197 
 4.2.4.3. Deposition of silver on Pt(111)×(100) stepped surfaces…………... 199 
 4.2.4.4. Deposition of silver on Pt(111)× (111) stepped surfaces………….. 199 
 4.2.4.5. Deposition of silver on platinum chiral surfaces…………………... 201 

4.3. References………………………………………………………………………. 204 
    

 
 

CHAPTER FIVE: 
 
 
 

 
 
ENANTIOSELECTIVE OXIDATION OF D- AND L-GLUCOSE AT 
WELL-DEFINED METAL SURFACES 
 
 
 

5.1. Introduction………………………………………………………………… 209 
5.2. Results…………………………………………………………………………... 211 

 5.2.1 Electro-oxidation of D- and L-glucose on clean Pt chiral surfaces.. 211 
 5.2.1.1. Pt(643)R and Pt(643)S……………………………………………… 211 
 5.2.1.2. Pt(321)R and Pt(321)S …………………………………………… 214 
 5.2.1.3. Pt(531)R and Pt(531)S ……………………………………………... 214 
 5.2.1.4. Pt(976)R and Pt(976)S…………………………………………….. 217 
 5.2.1.5. Calculations of enantioselective response…………………………. 218 

5.3. Electro-oxidation of Glucose on Chiral Pt Surfaces Containing a Second 
Metallic Component……………………………………………………………. 

 
220 

 5.3.1. Au/Pt(321)…………………………………………………………. 220 
 5.3.2. Au/Pt(531)…………………………………………………………. 222 
 5.3.3. Ag/Pt(321)…………………………………………………………. 222 
 5.3.4. Ag/Pt(531)…………………………………………………………. 224 
 5.3.5. Ag/Pt(643)…………………………………………………………. 227 
 5.3.6. Ag/Pt(976)…………………………………………………………. 228 
 5.3.7. Bi/Pt(321)………………………………………………………….. 228 
 5.3.8. Bi/Pt(643)………………………………………………………….. 231 
 5.3.9. Discussion and conclusion………………………………………… 231 

5.4 References………………………………………………………………………. 237 
    



 XII

 
 

CHAPTER SIX: 
 
 
 
 

 
 
ADSORPTION OF SOME CHIRAL COMPOUNDS ON FLAT, 
STEPPED, AND KINKED PLATINUM SURFACES 
 
 

6.1. Introduction…………………………………………………………………… 238 
6.2. Systems Studied and Reported……………………………………... 238 

 (1) Aliphatic straight-chain molecules having one chiral centre……………. 238 
 (2) An aliphatic cyclic molecule having one chiral centre……………. 238 
 (3) Aromatic derivatives having one chiral centre………………………… 238 
 (4) Aliphatic molecules having two chiral centres…………………………. 239 
 (5) An aromatic derivative having two chiral centres………………………. 239 
 (6) A morphine alkaloid…………………………………………………….. 239 
 (7) Cinchona alkaloids………………………………………………………. 239 

6.3. Experimental Note: Effect of Nitrogen Pressure on Measured Rates of 
Adsorption………………………………………………………………………
. 

 
240 

6.4. Results and Discussion…………………………………………………………. 243 
  

6.4.1. 
 
Adsorption and reaction of aliphatic straight-chain organic 
compounds at chiral Pt surfaces…………………………………… 

 
 
243 

 6.4.2. Adsorption of D- and L-proline at Pt single crystal surfaces……… 247 
 6.4.2.1. Adsorption of proline at flat surfaces……………………………… 247 
 6.4.2.2. Adsorption of proline at Pt(100)×(111) stepped surfaces…………. 247 
 6.4.2.3. Adsorption of proline at Pt(111)×(100) stepped surfaces…………. 249 
 6.4.2.4. Adsorption of proline at Pt(111)×(111) stepped surfaces…………. 249 
 6.4.2.5. Adsorption of proline at chiral surfaces…………………………… 252 
 6.4.2.6. Brief overview of proline adsorption……………………………… 252 
 6.4.3. Adsorption of L-Dopa at Pt single crystal surfaces……………….. 256 
 6.4.3.1. Adsorption of L-Dopa at flat surfaces……………………………... 256 
 6.4.3.2. Adsorption of L-Dopa at Pt(100)×(111) stepped surfaces………… 256 
 6.4.3.3. Adsorption of L-dopa at Pt(111)×(100) and Pt(111)×(111) stepped 

surfaces…………………………………………………………… 
 
256 

 6.4.3.4. Adsorption of L-dopa at chiral surfaces………………………….. 259 
 6.4.4. Adsorption of N-acety-L-phenylalanine and N-acetyl-L-tyrosine at 

Pt single crystal surfaces………………………………………. 
259 

 6.4.4.1. Adsorption at flat surfaces………………………………………. 259 
 6.4.4.2. Adsorption at stepped and chiral surfaces…………………………. 262 
 6.4.5. Adsorption of 1R,2S-ephedrine at Pt single crystal surfaces……… 263 
 6.4.5.1. Adsorption of ephedrine at flat surfaces…………………………... 263 
 6.4.5.2. Adsorption of ephedrine at (100)×(111) stepped surfaces………… 264 
 6.4.5.3. Adsorption of ephedrine at (111)×(100) and (111)×(111) stepped 

surfaces…………………………………………………………….. 
 
264 

 6.4.5.4. Adsorption of ephedrine at chiral surfaces………………………… 264 
 6.4.6. Adsorption of codeine at Pt single crystal surfaces……………… 264 
 6.4.6.1. Adsorption of codeine at flat surfaces…………………………… 266 
 6.4.6.2. Adsorption of codeine at (100)×(111) stepped surfaces…………. 266 



 XIII

 6.4.6.3. Adsorption of codeine at (111)×(100) and (111)×(111) stepped 
surfaces…………………………………………………………….. 

 
266 

 6.4.6.4. Adsorption of codeine at chiral surfaces…………………………... 268 
 6.4.7. Adsorption of cinchona alkaloids at Pt single crystal surfaces……. 268 
 6.4.7.1. Adsorption of cinchonidine and cinchonine at Pt(100) …………… 268 
 6.4.7.2. Adsorption of cinchonidine and cinchonine at (100)×(111) stepped 

surfaces…………………………………………………………….. 
 
269 

 6.4.7.3. Adsorption of cinchonine and cinchonidine at Pt(111)×(100) and 
Pt(111)×(111) stepped surfaces……………………………………. 

 
269 

 6.4.7.4. Adsorption of dihydrocinchonidine at Pt stepped surfaces………... 269 
 6.4.7.5. Adsorption of cinchonidine and dihydrocinchonidine at chiral 

surfaces…………………………………………………………….. 
 
270 

6.5. Conclusion………………………………………………………………………. 272 
6.6. References………………………………………………………………………. 275 

 
 
CHAPTER SEVEN:  
 
 

 
 
CONCLUSION AND FINAL REMARKS………………… 

 
 
276 

7.1 References for Chapter Seven…………………………………………………… 282 
 

 

 

 

 

 

 

 


