Contents

0 @ =) - ¥ o =P vi

Chapter 1 (8. Cerny)

Energy and entropy of adsorption .. ... .. ... ....... ... ... ..o 0., 1
1. Introduction. . . . . .. .. . . i i i e e e e e e e e e e e e e 1
2. Fundamentals of classical thermodynamics of adsorption . . ... ... .. .. 2

2.1 Approaches to classical thermodynamics of adsorption. . ... ... ... 2
2.2 Solution thermodynamic treatment of Hill and Everett. . . .. ... ... 3
2.3 Constraintofinertadsorbent. . . . ... ........ ... .......... 5

2.4 Characteristic functions for the adsorbed state and adsorption
equilibrium . : : w6« s s v o5 mw s 85 BWE § 35 EE EE BERE S BEE & s 7
2.5 Multicomponent adsorption . . . . ... .. .. . it e 8
2.6 Heatsof adsorption . . . . . . . . . . i i i i i it i i it ettt ce e 8
2.6.1 Nomenclature ; . . .. : s s ¢ s ssvm s 6 8 S 5 % S s 5 wimn & o 8
26.21Isothermal heats . . . .. ... ... ... . ... iiiieeae.n 8
2.6.3 Adiabatic heat. . . . . .. .. . . i i i i e e 10
2.6.4 Heatsof compression . . . ... .. .. i i i ittt 11
2.7 Heat capacity of the adsorbed phase . . . ... .. ............... 12

2.8 Extraction of the heat and entropy of adsorption from adsorption
ISOtherms.; ;: : s 22 : s a9 s s S @m s 3 BEP €5 5 BEFE 15 PED & 8 5 BES & o 3 12
2.8.1 Thermodynamic functions for theset (T, P,I'). .. ... ... ... 12
2.8.2 Thermodynamic functions for theset (T, P, ¢) . ... ........ 13
2.8.3 Entropy of theadsorbedlayer . . . . ... ... ............. 14
284 Standard states . . . . . . . . . i it e e e e e e e e e e 15
2.8.5 Potential theoryofadsorption ., . ... .................. 17
3. Fundamentals of statistical thermodynamics of adsorption . . . . ... .. .. 18
3.1 Introductoryremarks. . . . .. . . . 0 i i i it i e e e e e e 18

3.1.1 Approaches to the application of statistical mechanics to the
thermodynamics of adsorption. . ... ... ... ... ... ..... 18

3.1.2 Thermodynamic equivalence of  statistical—mechanical
ensembles. . . . .. .. e e e e e e e e e e e e e e 19

3.2 Development of partition functions for adsorbed particles starting
from the configurationintegral . . ... .. ... ... ..... ... ..... 20

3.3 Development of partition functions for adsorbed particles starting
from a particularmodel . . . . . ... .. .. . e e 24
3.3.1 Localized, non-localized, mobile, and immobile adsorption . . .. 24
3.3.2 Treatment of models of localized adsorption. . . . ... ....... 26
3.3.3 Treatment of models of nondocalized adsorption. . . .. ... ... 35
4. Features of experimental thermodynamicdata . ... ............... 36
4.1 Introductoryremarks. . . . ... .. . . i i e e e e 36
4.2 Adsorbent sample . . . . . . . . . e e e e e e e e e e 37
4.3 Experimental methods . . . ... ... .. ... ... ... ... 38
431 Isotherms. . . . . . . i i i i it i it et e e e e e e 38
4.3.2CAlorimMetrY o « s s o & s vwm ¢ 8 FHES £ 58 FoUE & w8 e s wiw e 39
4.3.3 Activation energy fordesorption .. ... ... ...... ... ..., 40

4 .3.4 Comparison of particular experimental methods for obtaining
heats of adsorption . . . . . .. .. . . i i i i ittt e 40
4.4 Processingoftherawdata. . ... ...... ... ... .. ... ... 40

4.5 Closingwordofcaution . . . ... ... ... ... . ... ... 42



5. Some examples of utilization of thermodynamic quantities. . ... ... ... 43

5.1 Information on the heterogeneity of thesurface . . ... .......... 43

5.2 Entropy as a criterionof mobility. . . ... ... ................ 46

5.3 Thermochemical and qualitative approaches. . . ... ............ 47

b3l General remarks . . ..« o « o5 s uwn s s B e i s BEE B E s Wale & 47

5.3.2 Initial heatof adsorption. . . . .. ... ... ... ..., 48

5.3.3 Dependence of the heat on the adsorbed amount. . . .. ... ... 49

5.3.4 Some particular applications of the heats of adsorption. . . . . .. 50

B. COonCIUSION. . . . . . i ittt e e e e e e e e e e e e e 51
Acknowledgement. . ... ... ... .. e e e e e e et e e e e e e e e e e 52
Relerences. : . i voi s 8 G5 s 5@ 8 HEE 5 RS E 68 SRR §FRA@E DRSS 52

Chapter 2 (R.F. Willis, A.A. Lucas and G.D. Mahan)

Vibrational properties of adsorbed molecules . . . . ... ................. 59
1. Introduction. . . . . . . . i i i i i it et e e e e e e e e e e e e e e e 59
2. Vibrational modes of moleculesonsurfaces . . . .................. 63
3. Vibrational properties: frequency and lineshape. . . . . .. ........... 67

3.1 Isolated adsorbate . . . . ... .. .. . i i i e e e e 67
3.1.1 Mechanical renormalization . ... ... ... ... ... ... .. 67
3.1.2 Self-imageshift . . ... .. ... ... ... 71
3.1.3 Localized siteadsorption. . . . . . ... .. it ittt ittt 79

3.2 Coupled vibrationsof overlayer . . . ... ... ... ... ... 81
3.2.1 Dipolarinteractions . . . . . .. .. .. it i ittt i it e 82
3.2.2 Vibrational coupling. . . . . ... ... ... i ittt 91

3.3 Linewidth . . . . . .. . i i it it ittt it e e et ettt et e e e 93
331 DECAVINE IMBPL . .« & ¢ ¢« 506 s 5 56 6 5 55 65 8 CH 655 6558 9o 95
3.3.2 Resonance broadening . . .. .. ... ... ... ..ttt 97
3.3.3 Mechanical and ‘“chemical”’ damping. ... .... ... ... ..... 99

3.4 Summary: frequencyandlineshape . . . . ... ................ 99

4. The experimental probes. . . . . . . . . . . i i it i i it i it i ettt s e ons 100

4.1 Infrared reflection absorption spectroscopy (IRAS)............. 100
41.1Physical basis . . . . .. . ¢ i v v it ittt e et e et e e 101
41 2Ad80rhed IaVEOY8. . . s « v i s 556 5 s v a5 E FEEE E 8 s n o 103
41.3Localfieldeffects ... ....... .00 e it eecensonn 105
4 1.4 Experimental results. Adsorptionof COonPd ............ 108
AL S BUMMBIY : ; o555 6 v i § Yo EE 8 A 90K s FEBE & $ G588 & 0w 111

4.2 Surface-enhanced Raman spectroscopy (SERS). ... ... .. .. .. ... 113
4.2.1 Experimental characteristics ... ..................... 115
4.2.2 Theoretical mechanisms . . .. ... .. ... ..t ens 122
A2 SUNMMBLY « « v o w2 0650 6 S mmd 6 8 GRT 53 BES & LSS E s 850" s 128

4.3 Electron energy loss spectroscopy (EELS) .. ................. 130
431 Phveical basis .« i o v 64 s s s v ww s sms s s s s wm o gommin s 131
4.3.2 Dipole scatteringtheory . . ... ... .. ... ... 134
4.3.3 Experimentalresults. . . ... .......... ... i, 139
LA BUmMmMErY . i oo s o585 s o w83 5 GBS 6 8 FEESE Gawm e s 6w mw 146

4.4 Inelastic electron tunnelling spectroscopy (IETS) .. ............ 147
441 Physical basis . . ... ... . ¢t ittt s e e e 148
4.4.2 Theoretical concepts . ... .. . i vt it ittt v vt ot o v oo 149
44.3 SERS—tunneljunctions . . . ... ... ...ttt 155
444 SUMMATY . . . . o v v v ettt vt o s s o st oo oo onssoonancoess 157

B. Coneluding Pemarki . « s « o oos w5 s s s s s g e vw e onmmmns smdin s s @8 ¥ 1568
Acknowledgements . . .. .............. @ e e e s s e et e e e 1568

R OO Bl . o v v v v v o o s re s e R E BT PR EE S RS SN RS I N 159



Chapter 3 (M. Scheffler and A .M. Bradshaw)

The electronic structure of adsorbedlayers. . . .. .. ... ... ... ... ... ... 165
1. Introduction. . . . . . . . i i i it s e e s e e e e e e e e e e e e e 165

2. The electronic structure of the adsorbate-covered metal surface. . ... ... 167
2.1 The density-functional formalism . ... .. ... ... ... ... 167

2.2 The charge density and the electrostatic potential . . . . ... ....... 169

2.3 Thesurface barrier. . . . . .. . . @ . i i i i it it it e ittt e o s v e o 176

2.4 The surface chemicalbond ... ... ........... .. .. 179

2.4.1 Adsorption on nearly free-electronmetals . . .. ........... 180

2.4.2 Adsorptionon transitionmetals . . . ... .......... ... 194

3. Photoionisation: many-bodyaspects . . . . . ... ... oo oo 197
3] Introduetion. .« . « s va o s 5 6w o5 s WEE 8§ FEE S 3 SHE 8 & wow e w w e s 197

3.2 The adiabatic approximation. . . . . .. .. .. . it v it v 201

3.3 Dynamical effects . . . . ... .. . . @i it ittt e 204

4. Electron spectroscopy of adsorbate-covered surfaces . . . . ... ........ 207
4.1 Valence level photoelectron spectroscopy ... ... ... ... ...... 208

4.2 Core level photoelectron spectroscopy. . . . ... ... ... oo 225

5. Adsorption-induced changes in surface electronic properties . . .. ... ... 235
51 Thework Tunction. . . . . « s s s ¢ oovim s s a5 s 8 s M s 8 5w o oo aie o 236

5.2 Resistivity . . . . . . v i i i i it i s e e et e i e s e e e e e 246

5.3 Magneticeffects . . . ... ... . . . i i e 249

6. Conclusionsand outlook. . . . . . . . . i v i i i i i i i i i et e e e e 250
Acknowledgements . . . . . . . . .. .. e e e e e 252
References . . . . . v i i i e e e e e e e et e e e e e e e e et e e e e e e 252

Chapter 4 (D.P. Woodruff, G.-C. Wang and T.-M. Lu)

Surface structure and order—disorder phenomena . . . ... ... .. .. ... ..... 259
1. Introduction. . . . . . . . i it s e e e e e e e e e e e e e e e e 259
2. Local order and adsorbate—substrateregistry . . . . . ... ... ... ... ... 260

2.1 Diffraction techniques . . . . . . . . v it i i i e 260
2.2 Local electron scatteringmethods. . . . .. ... .. .............. 267
2.3 Incident iontechniques ... ... ............... e e e e e e 286
2.4 Electron and photon stimulated desorption . . .. .............. 296
2.5 Recapitulationand summary . . .. ... .. .. ..o 305
3. Long-range order in adsorbed overlayers .. ... .. .. ... ... 0.0.. 306
3.1 Experimental techniques. . . . ... .. ... i 307
311 Instrumentaleffects. . ... ...... ... ... oo 307

3 1.2 Measurement of the instrument response function. . .. ... ... 308

3.2 Two-dimensional phasediagrams . . . ... ... ... 310
3.2.1 Latticegasmodels . . . ... ... ... i i i 310
3.2.2 Measurements of phaseboundaries . . . ... .............. 314
3.2.3 Experimental phasediagrams . . . . ... ................. 314

3.3 Island-formingsystems. . . . . . . . . . i ittt i i e 319
3.3.1 Formation of finitesizeislands. . . . ... ... ... ... ... ..., 319

3. 3.2 LEED intensities from finitesizeislands. . . .. ... ... ...... 321
3.3.3 Experimental determination of islandsizes. . . . . ... .. ... .. 322

3.4 Order—disordertransitions . . . . . . . . . .. ¢t it i it e 324
3.4.1 LEED intensity and overlayer order—disorder transitions . . . . . 325
3.4.2 A chemisorbed overlayer order—disorder transition. . . ... ... 326

3.5 SUMMAIY . . . . . i i i it i et et e e s s e e e e 327
Acknowledgements . . . . . . . . ... L e e e e e e e 327

R eI N CeS . . . v v o ot ot i i e s e e e e e e e e e e e e e e e e e e e e e e e e e e 327



Chapter 5 (T.B. Grimley)

Theory of chemisorption . . ... .. .. ... ... .. . .. . . . i, 333
1. Introduction. . . . . .. ... ... . 333
2. Qualitative approaches to chemisorption . . .. ... ................ 334

2.1 Generalized frontier orbital theory . . . .. ... .. ... ... ... ..... 334
2.2 Group orbital resonances . .. ... ... ... ..., 340

3. Exact molecular orbital schemes. . . . .. ... ........... ... . . .... 342
3.1 The density functional formalism. . . ... ... ... ... ... . .. .... 342
3.2 The dynamic Hartree—Fock theory .. ... ... ..... ... ... .... 344
3.3 The multi-configuration Hartree—Fock system . . .. .. .......... 347

4. Theoretical models for numerical work . . . . ... .. ... . oo v, 347
4.1 The HFE model . . ... ... .. .. @ i i 348
411 Clustermodels . ... ......... ... .. 349

41.2 Ordered overlayers. . . . . ... ... i i i i i s et e 350

4.2 Embedded clusters. . . . . .. ... . ... . . i, 352
4.3 The Hartree—Fock—Slater model. . ... ... S 355

4 4 The local-density version of the Hohenberg—Kohn—Sham scheme . . . 357
4.4.1 Ordered overlayers. . . .. ... ... ... i, 357

4.4.2 Single adatoms on jelliums. . . . .. .. ... v v i ittt e 358

4 4.3 The hydrogen molecule onjellium .. .................. 361

4 4.4 Chemisorption by semiconductors . ................... 363

5. Model Hamiltonians. . . . .. .. ... . . . i i it ittt ettt eee e e 363
5.1 Some general formulae. ... ... .... ... ... ... ... 364
5.2 Anderson’smodel . . . .. ... e e e e e e e e 364
5.3 The Grimley—Pisanimodel . . . . .. ... ... .. ... .. . veue.. 369

6. Interactionsin overlayers . . .. ... .. .. . i it it it it e 370
6.1 The through-spaceinteraction. ... ... .................... 370
6.2 The through-bond interaction . ... .. ... ...... ... uue... 370
6.3 The elasticinteraction . .. ... .. . ... i it ittt 373
References. . . . .. . . . i i i e e e e e e e e e e e e e e e e e 374



	page1
	page2
	page3
	page4

