
Contents 

PREFACE . . . . .	 xi 

Chapter I Elastic Properties 

I. THEORETICAL BACKGROUND OF THE ELASTIC CONSTANT MEASUREMENTS I 
1. Experimental Results and lnterpretation , .	 3 
2. Temperature Dependenceof the Elastic Moduli in Diamond ..	 17 

Chapter 2 Thermal Properties	 23 

1. SPECIFIC HEAT AND THE DEBYE TEMPERATURE	 23 
II.	 EFFECT OF THE ISOTOPIC COMPOSITION OF A CRYSTAL LATTICE ON THE SPECIFIC 

HEAT ..,.....,.... .. ,.,. . . . . . . 27 
III. DEPENDENCE OF THE THERMAL CONDUCTIVITY OF DIAMOND, Ge, AND Si 

CRYSTALS ON ISOTOPIC COMPOSITION 28 
I. Historical Remarks	 215 
2. Theoretical Models .....	 32 
3. Experimental Results. . . . . .	 37 

IV.	 DEPENDENCE OF THE LATTICE CONSTANT ON TEMPERATURE AND ISOTOPIC 

COMPOSITION . 46 
1. Background. . . . . . . . .	 46
 

Chapter 3 Vibrational Properties	 57 

I. THEORETICAL MODELS OF LATTICE DYNAMICS.	 57 
1. Formal Force Constants	 57 
2. Rigid-Jon Model (RIM) .	 59 
3. Dipole Models (DMs) . .	 60 
4. ValenceForce Field Model (VFFM)	 62 

II.	 MEASUREMENT OF PHONON DISPERSION BY THE INELASTIC NEUTRON SCATTERING 

METHOD . . . . . . . . . .. 63 
III. RAMAN SPECTRA AND THE DENSITY OF PHONON STATES.	 73 

VII 



viii CONTENTS 

Chapter 4 Raman Spectra of Isotopically Mixed Crystals 85 

I. Low CONCENTRATIONS: LOCALIZED, RESONANT, AND GAP MODES 85 
II. HIGH CONCENTRATIONS: MIXED CRYSTALS 93 

I. Introductory Remarks 93 
2. First-Order Raman Spectra . . . . . 93 
3. Second-Order Raman Spectra . . . . . . 103 
4. Two-Mode Behavior of the LO Phonon: The Case of LiHxD[ ~x 104 

III. DISORDER EFFECTS IN RAMAN SPECTRA OF MIXED CRYSTALS 109 
1. Coherent-Potential-Approximation Formalism 109 
2. Disorder Shift and Broadening of the Raman Spectra 112 

Excitons in LiH Crystals . . . . . . . . . Chapter 5 119 

I. THE COMPARATIVE STUDY OF THE BAND-EDGE ABSORPTION IN LiH, 

Li,O, LiOH, AND Li ,C03 . 119 
II. EXCITON REFLECTION SPECTRA OF LiH CRYSTALS . 122 

Ill. BAND STRUCTURE OF LiH . 126 
I V. DIELECTRIC- METAL TRANSITION UNDER EXTERNAL PRESSURE 132 

Chapter 6 Exciton-Phonon Interaction . 135 

1. INTERACTION BETWEEN EXCITONS AND NONPOLAR OPTICAL PHONONS 135 
II. POLARIZATION INTERACTION OF FREE EXCITONS WITH PHONONS 136 

III. EFFECTS OF TEMPERATURE AND PRESSURE ON EXCITON STATES 139 
I. Theoretical Backqround . . . . . 139 
2. Experimental Results. . . . . . . . . . . . . . . . 146 

I V. ISOTOPIC EFFECT ON ELECTRON EXCITATIONS . . . . . . . 156 
I. Renormalization of Energy of Band-to-Band Transitions in the 

Case of Isotopic Substitution in LiH Crystals. . . . . . . . 156 
2. The Dependence l!f the Energy Gaps of A 2B 6 and A 3Bs Semiconducting 

Crystals on Isotope Masses . 158 
3. Renormalization (if Bindinq Enerqy of Wannier-Mo/t Excitons by the 

Isotopic Effect . 168 
4. Luminescence (if Free Excitons in LiH Crystals. . . . . . . 174 

Chapter 7 Isotopic Effect in the Emission Spectrum of Polaritons 181 

I. THEORY OF POLARITONS. . . . . . . . . . . . . . . . . . 181 
II. EXPERIMENTAL RESULTS . 186 

III. RESONANCE LIGHT SCATTERING MEDIATED BY EXCITONIC POLARITONS IN 

LiH (LiD) CRYSTALS. . 190 

Chapter 8 Isotopic Disordering of Crystal Lattices. . . . . .. 195 

1. MODELS OF DISORDER. . . . . . . . . . . .. 195 
II. EFFECTS OF A DISORDERED LATTICE ON THE ENERGY OF INTERBAND TRANSITIONS 

IN LiHxD[ ~x CRYSTALS. . . . . . . . . . . . . . . . . . . . . 199 
III. BROADENING OF EXCITON GROUND STATE LINES IN MIRROR REFLECTION 

SPECTRUMOFLiHxDl~xCRYSTALS . . . . . . . . . . . . . . . . 201 



ix CONTENTS 

IV. NONLINEAR DEPENDENCE OF BINDING ENERGY ON ISOTOPE CONCENTRATION 203
 
V. EFFECTS OF DISORDERING ON FREE EXCITON LUMINESCENCE LINEWIDTHS . 204
 

Chapter 9 Future Developments and Applications 211
 

I. ISOTOPIC CONFINEMENT OF LIGHT 211
 
II. ISOTOPIC INFORMATION STORAGE 214
 

III. NEUTRON TRANSMUTATIONS . . . 215
 
IV. ISOTOPIC STRUCTURING FOR FUNDAMENTAL STUDIES 216
 

V. ISOTOPE DIFFUSION IN SEMICONDUCTORS . . . . . 216
 
VI. OTHER UNEXPLORED ApPLICATIONS OF ISOTOPIC ENGINEERING 221
 

Chapter 10 Conclusions 225
 

References 229
 

INDEX . 243
 
CONTENTS OF VOLUMES IN THIS SERIES. 249
 


