Metal Oxides Series

Tin Oxide Materials

Synthesis, Properties, and Applications

Series Editor

Ghenadii Korotcenkov

Edited by
Marcelo Ornaghi Orlandi




Contents

Contributors
Series editor biography
Preface to the series

1 Tin oxide materials
Marcelo Ornaghi Orlandi

1.1 Introduction to tin oxide materials

1.2 Basic properties of tin oxides

1.3 Hexagonal compact to tetragonal structure of tin dioxide
1.4 Applications of tin and tin oxides

References

2 The structure and electronic structure of tin oxides

Julia Savioli, Ailbhe L. Gavin, Aoife K. Lucid, and Graeme W. Watson

2.1  Introduction
2.2 Sn02

23  SnO

2.4 Sn3O4

2.5 Conclusions
References

3 Electrical properties of tin oxide materials
Pedro H. Suman

3.1  Electrical properties of undoped and n- and p-doped
SnO, materials
3.2  Electrical properties of stannous oxide (SnO)
3.3  Electrical properties of mixed-valence tin oxide: the Sn;Oy4
3.4  Conclusions and future prospects
Acknowledgments
References

4 Optical properties of tin oxide nanomaterials
Vinita Sharma

4.1
42
43
44

Introduction

Oxygen vacancies and surface defects
UV-vis spectroscopy

PL Spectroscopy

xiii
Xix
xxi

e I N R R

11

11
14
21
27
34
35

41

41
44
50
52
52
54

61

61
62
64
75



viii

Contents

4.5  SnO, NPs in insulating matrix
4.6  Conclusion
Acknowledgments

References

Surface and interface electronic properties of tin oxide

Celso M. Aldao

5.1  Introduction

5.2 Schottky barriers

5.3 Current transport mechanisms

5.4  Tunneling electron transport in SnO, polycrystalline thick films
5.5 Oxygen vacancies density in SnO; polycrystalline thick films
5.6  Barrier height fluctuations

5.7  Chemisorption at semiconductor surfaces

5.8  Nonparabolic barriers

5.9 Conclusions

Acknowledgments

References

Further reading

Health and environment perspective of tin nanocompounds: A safety
approach

Jose M. Granjeiro, Rebecca Cruz, Paulo E. Leite, Sara Gemini-Piperni,
Leonardo C. Boldrini, and Ana R. Ribeiro

6.1  Introduction

6.2  Tin compounds applications

6.3  Tin toxicity

6.4  Human studies

6.5  Concluding remarks

References

Further reading

Tin oxide nanomaterials: Active centers and gas sensor properties

Alexander Gaskov, Marina Rumyantseva, and Artem Marikutsa

7.1  Introduction

7.2 Structure of nanocrystalline SnO,

7.3 Types of active centers on the surface of nanostructured SnO,

74  Acid-base centers

7.5  Chemisorbed oxygen

7.6  Hydrate-hydroxyl layer

7.7  Paramagnetic centers

7.8  Effect of doping impurities on active sites of nanocrystalline SnO,

7.9  Effect of catalytic additives on the active sites of
nanocrystalline SnO,

7.10 Oxygen exchange of nanocrystalline SnO,

85
91
92
92

101

101
102
104
107
110
115
120
126
128
129
129
132

133

133
135
137
154
156
156
162

163

163
165
169
170
173
177
179
185

187
194



Contents ix

7.11 Active sites and gas sensor properties of nanocrystalline SnO, 201
7.12  Conclusion 211
References 212
8 Trends in metal oxide thin films: Synthesis and
applications of tin oxide 219
Khalifa Aguir, Sandrine Bernardini, Bruno Lawson, and Tomas Fiorido
8.1  Introduction 219
8.2 SnO, thin film deposition techniques 221
8.3  Nanostructuring of SnO; thin films 224
8.4  Optical and optoelectronic properties 227
8.5  Electronic and sensing properties 230
8.6  Sensing properties under UV light 237
8.7  Challenges and future trends 240
8.8  Conclusion 242
References 242
9 Preparation of tin oxide nanostructures by chemical
vapor deposition 247
Isabel Sayago, Esther Hontarién, and Manuel Aleixandre
9.1 Introduction 247
9.2  CVD process and system 249
9.3  Variants of CVD process 254
9.4  Mechanisms 259
9.5  Applications 266
9.6 Future 269
References 270
10 Tin chalcogenides and nanocomposites 281
Xiaogan Li and Ding Gu
10.1 Introduction 281
10.2 Properties and characterizations of tin chalcogenides 282
10.3  Synthetic routes to tin sulfide 288
10.4 Potential applications of tin sulfide 302
10.5 Conclusions and future remarks 312
References 315
11 Varistor technology based on SnO, 321

Mateus Gallucci Masteghin, Marcelo Ornaghi Orlandi,
and Paulo Roberto Bueno

11.1 Introduction: The beginning of varistor technology 321
11.2 Emergence of the zinc oxide (ZnO) varistor technology 322
11.3 SnO, as a new route for varistor application 323
11.4 Finding ways for controlling SnO, breakdown electric field 336

11.5 Future remarks 339



Contents

12

13

14

15

Acknowledgments
References

SnO;: The most important base material for semiconducting
metal oxide-based materials

Anna Staerz, Takuya Suzuki, Udo Weimar, and Nicolae Barsan
12.1 Working principle

12.2  Analysis methods

12.3  Sensor mechanism

12.4  The role of morphology

12.5 Sensor properties of SnO,

12.6 Optimizing the sensor properties of SnO,

12.7 Conclusions and predictions for the future of SnO,-based sensors
References

Further reading

The use of tin oxide in fuel cells

Paul Inge Dahl, Alejandro Oyarce Barnett, Francisco Alcaide
Monterrubio, and Luis C. Colmenares

13.1 Introduction on low-temperature fuel cells

13.2  Specific synthesis methods of tin oxide for fuel cell applications
13.3 Tin oxide as cocatalyst for the anode

13.4 Corrosion-resistant support for PEMFC cathode catalysts

13.5 Tin oxide for membranes and BPPs

13.6  Use of tin oxide in related fields

References

Tin oxide electrodes in Li and Na-ion batteries

Hiroo Notohara, Koki Urita, and Isamu Moriguchi

14.1 Introduction

14.2 Fundamental charge/discharge property of tin oxide

14.3 Morphologically controlled tin oxide electrodes for Li-ion battery
14.4 Tin oxide/carbon composite electrodes for Li-ion battery

14.5 Application to other battery electrodes

14.6 Perspective

References

Tin oxide-based thin-film transistors and their circuits
Hongtao Cao and Lingyan Liang

15.1 Introduction

15.2 TFTs based on tin dioxide (SnO,) semiconductor
15.3 TFTs based on tin monoxide (SnQ) semiconductor
15.4 Tin oxide TFT-based circuits

15.5 Prospective on tin-oxides in TFTs and circuits
References

341
341

345

346
348
348
350
354
357
371
371
377

379

379
382
383
391
403
405
407

411

411
413
416
420
427
434
434

441

441
450
454
464
470
471



Contents

Xi

16

17

18

19

20

Tin dioxide ion-gated transistors

Xiang Meng, Irina Valitova, Clara Santato, and Fabio Cicoira
16.1 Ion-gated transistors: Fundamental concepts

16.2 Ion-gated tin-oxide transistors

16.3  Conclusion and perspectives

References

Tin oxide-based electrochromics

Ling Bing Kong, Shuangchen Ruan, Zhuohao Xiao, Xiuying Li, Kun Zhou,

Haibin Su, Chuanhu Wang, and Tianshu Zhang
17.1 Introduction

17.2 Tin oxide-based EC devices

17.3  Concluding remarks

References

Application of tin oxide-based materials in catalysis

Pandian Manjunathan, and Ganapati V. Shanbhag

18.1 Introduction

18.2 Mesoporous tin oxide

18.3 Mixed/composite metal oxide

18.4 Tin oxide as a catalyst support

18.5 Photocatalysis application of tin oxide-based materials

18.6 Photoelectrocatalysis applications of tin oxide-based materials
18.7 Conclusive remarks

References

Photocatalysis and hydrogen production from water solution

Wei Zhou, Junjie Wang, Toyokazu Tanabe, Hideki Abe,

and Naoto Umezawa

19.1 Introduction

19.2 Band structure engineering for SnO nanosheets

19.3 Computational crystal structure search for mixed valence tin
oxides

19.4 Experimental realization of tin oxide-based visible-light-driven
photocatalyst: Case study for Sn;O4

19.5 Conclusions and future prospects

References

Further reading

Transparent and conductive applications of tin oxide

Fangsheng Mei, Ruidi Li, and Tiechui Yuan

20.1 Introduction

20.2 Photoelectric properties of tin oxide and tin oxide-based films
20.3 Performance index of tin oxide and tin oxide-based films
20.4 Applications in displays

477

477
479
486
486

489

489
491
514
515

519

519
521
528
537
543
54
548
550

555

555
558

562

566
571
573
577

579

579
580
582
584



xii Contents

20.5 Applications in other fields 594
20.6 Conclusion 595
References 596
21 Biological studies with tin oxide materials 599

Jia-Bo Lyau, Hsiang-Chiu Wu, and Hsin Chen
21.1 Introduction 599
21.2  Electrochemical characterization of ITO 600
21.3  Designing transparent microfluidic systems above ITO

microelectrodes 602
21.4 A transparent microlab for studying electrophysiology of

biological cells 605
21.5 Biological experiments 607
21.6 Summary 610
References 611

Index 615



