Contents

1 Introduction.............cooiiiiiiiiii e 1

2 Liquid Metals, Molten Salts, and Ionic Liquids: Some Basic Properties 5

2.1 Distribution Functions and Statistical Thermodynamics:
A Brief Introduction ......... ...ttt 5
2.2 Interatomic Interactions and Microscopic Structures .................. 8
221 Liquid Metals ...oovviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 8
2.2.2 Molten Salts and Tonic Liquids .........ccooeiiiii... 13
2.3 Bulk Phase Behaviour ... 22
2.4 Transport Properties ..........coviiuuiiiiiiiiiiiiii i 27
2.5 Interfacial CharacteriStiCs ..........uuueeeeininiiiieeeiiiieeeanane, 31
2.5.1 Liquid Metals .....uveeiiiiii e 32
2.5.2 Molten Salts and Ionic Liquids .........cccoeiiiiiiia... 36
References ......oovuuiiiiiii 40
3 Bulk Peculiarities: Metal-Nonmetal Transitions .......................... 45
3.1 Limits of the Metallic Regime ..................coooiiiiiiiiiiiin.. 46
3.2 Mechanisms of Electron Localization and Types
of Metal-Nonmetal Transitions .............ccoooiiiiiiiiiiiiiieeannnn, 49
3.2.1 Localization by Disorder..........cccoeviiiiiiiiiiiiiiininnnnn.. 49
3.2.2  Electronic Defects and Polarons .....................oooooiat, 50
3.2.3 Intra-atomic Electron-Electron Correlation.................... 51
3.2.4 Percolation Transition ............cccoviiiiiiiiiiiiieennnn, 53
3.3 Expanded Fluid Alkali Metals ...........ccooiiiiiiiiiiiiiiiiinnnn... 54
3.3.1 Electronic Transport Properties ..........ccccoiiiiiiiinnn... 54
3.3.2  MicCroScopic StrUCHUIE ... ouuuetiee et e eaiee e 57
3.3.3 Magnetic Properties ............cooeiiiiiiiiiii i 62
3.3.4 Metal-Nonmetal Transition .............cooeeeiiiiiiiiieeninnn, 66
3.4 Liquid Alkali Metal AlloyS........ovuiiiiiiiiiiiiiiiiiiiiiieees 68
3.4.1 Caesium Gold AlIOYS.....ooviiiiiiiiiiiiiiiiiiiiiiiiiiiieeeenn, 69
3.4.2 Alkali Metal-Antimony AIlOYS ........oouviieiiiiiiiiiiannns, 74
3.4.3 Metal-Nonmetal Transition in Liquid Alkali
Metal AllOYS ..o 79

ix



Contents

3.5 Metal-molten Salt (M—MX) Solutions ...........cccvveiiiieerinnnnnnn. 80
3.5.1 Electron Localization in Alkali Halide Melts .................. 81
3.5.2 Transition to Metallic States .............ccovviiiiiiiiiinnnn... 90
3.6 Rapidly Quenched M-MX Melts .........oooiiiiiiiiiiiiiii .. 93
ReferenCes .. .ovtii i e 96
Interfacial Phase Transitions..................coooiiiiiiiiiiiiiiiiiiiiii, 101
4.1  Wetting Transitions at the Liquid/Vapour Interface
of Ga-Based AllOYS ...counneiiiiii i 101

4.2 Interfacial Oscillatory Wetting Instabilities in Fluid Binary Alloys...106
4.3  Wetting Transitions at the Liquid/Solid Interface

in Coulombic Fluids ... 113
4.4 Surface Freezing in Binary Liquid Alloys ...............coooiiiiinaa. 117
REfErenCes ...ooooii it 129
Electrified Ionic Liquid/Solid Interfaces................................. .. 131
5.1  Characteristics of Electrochemical Interfaces .......................... 131
5.2 Two-Dimensional Electrochemical Phase Formation

and Phase Transitions...........cccooiiiiiiiiiiiiiiiii e 135
5.3 Nanoscale Electrodeposition of Metals and Semiconductors.......... 149
REfErenCes . ...oooii e 159
APPendixX A . ... e 161
A.1  Structure Factor S(¢) and High-Temperature/

High-Pressure Neutron Diffraction ..., 161
A.2  Optical and ESR Spectroscopy with In Situ Coulometric Titration ...164
A.3 Capillary Wave Spectroscopy at Elevated Temperatures............... 167
A.4 High-Temperature Ellipsometry ............coooiiiiiiiiiiiiiiiiinnnn, 169
A.5 Electrochemical Scanning Tunnelling Microscopy .................... 171
REfErences .....oovinuiiii it 174



2 Springer
http://www.springer.com/978-3-642-17778-1

Coulombic Fluids

Bulk and Interfaces
Freyland, W.

2011, XlI, 180 p., Hardcowver
[SBM: 978-3-642-17778-1



