Table of Contents

1 Introduction 1
1.1 Motivation 1
1.2 Thermoelectric materials 1

1.2.1 Thermoelectric effects and their applications. 1
1.2.2 Characterization of the thermoelectric materials. 4
1.23 Types of the thermoelectric materials 6
13 Clathrates 12
1.3.1 Historical aspects 12
1.3.2 Intermetallic ciathrates 13
1.3.3 Crystal structure of intermetallic ciathrates 14
1.3.4 Synthesis methods of the intermetallic clathrates 20
1.3.5 Zintl-Klemm concept 22
1.3.6 Physical properties of intermetallic clathrates 24
1.4 Li-rich materials 26
1.4.1 Lithium ion batteries 26
1.4.2 Lithium metal alloys 27
1.5 Scope and Outline 27
1.6 References 29

2 Experimental section 39
21 Sample Handling and Preparation 39
22 Synthesis 39

221 Elements used for synthesis 39
2.2.2 Arc Melting 40
2.2.3 Ball Milling 41
2.2.4 Preparation of the Ampoules 41
2.2.5 Furnaces 43
2.26 Flux synthesis 44
2.2.7 Summary of publications and contributions 45
23 Characterization 49
2.3.1 Powder X-ray diffraction (PXRD) 49
2.3.2 Single crystal X-ray diffraction analysis 49
2.3.3 Neutron powder diffraction 50

Bibliografische Informationen digitalisiert durch 1 HLE
http://d-nb.info/1078743509 I‘B IOTHE


http://d-nb.info/1078743509

234

235
236
237
238
239

Scanning Electron Microscopy (SEM) and Energy Dispersive X-

ray spectroscopy (EDX)

Differential Scanning Calorymetry (DSC)
Magnetic measurements

Solid state NMR measurement
Thermoelectric properties measurements
Resistivity measurements

2.4 Computation methods
2.5 References

3
3.1

Results and Discussion

Intermetallic Clathrates

3.1.1 Review of Relevant Literature

3.1.2 Substitution of Si atoms in alkali metal clathrates

3.1.21
3.1.2.2
3.1.23
3.1.24

Synthesis method

Crystal structure
Comparison of the structures
Physical properties

3.1.3 Substitution of Sn in alkali metal clathrates

3.1.31
3.1.3.2
3133
3134

Synthesis and crystal structure of KgZn Sng,.

50
51
51
51
52
52
52
53

55

55
55
58
58
59
63
65
71
71

Crystal structure of Rb5T|1_7osn42_aoD1_5 and CSsT|o_7ssn43,54D1 n 72

Comparison of the structures
Physical properties of KsZnsSna2

3.2 Ternary Li-rich Silicides

3.2.1 Review of Relevant literature

3.2.2 Synthesis, crystal structure and thermodynamic stability of
ternary Li rich silicides

3.3

3221
3.22.2
3223
3.224

3225

Substitution of Lithium in Li-rich silicides.

Crystal structure of Li1s.dMgxSis, Li1sxAlLSis and Liys1ZngeSis
Homogeneity range of Liis,AlLSis and LiisxMg,Sis
Thermodynamic stability of Li;5.dMgxSis Liis.xAhSis

and Li14.1Zng gSis.

Crystal structure of Lit7.e-0Z2nSis

Synthesis of binary Al-Si phase through Li extraction from ternary
Li-Al-Si phase by Hg

75
76
78
78

79
79
81
84

85
88

92



34 References
4 Summary and Conclusion
5 Publications and Manuscripts

5.1 A Combined Metal-Halide/Metal Flux Syntheses Route towards
Type-! Clathrates: Crystal StruE:tures and Thermoelectric Properties of
AgAlgSiss (A = K, Rb And Cs)

52 Si-based clathrates with partial substitution by Zn and Ga -
KeZn3 5Sis2.5, RD7.9Zn3 6Sis2.4 and CspxGagySisesy

53 Synthesis of Large Single Crystals and Thermoelectrical
Properties of the Type-| Clathrate KsZnsSngz

5.4 Superstructure in ternary Sn-based clathrate with Thallium.

5.5 Stabilizing the Phase LisSis through Lithium-Aluminum
Substitution in Liss-«ALSis (0.4 < x < 0.8) — Single Crystal X-ray Structure
Determination of LiisSis and Lit4.37Alp.635is

5.6 Lithium versus magnesium, zinc, and aluminium substitution in
lithium silicides LiysSis and Liy7Sis - Crystal structures and
thermodynamic properties of LiisSis, Li1425Al0.75Sis, Li14.1ZnoeSis and
Li1sMgSi,

4.7 Synthesis of binary Al-Si phase through Li extraction from
temary Li-Al-Si phase by Hg

95
101
105

105

107

109

11

141

143

181



