 HANDBOOKOF
 NANOPHYSICS

{1
i |
|
|
i
|
B
I
|

Edited by

| Klaus D. Sattler
o) CRC Press




Contents

PrOEACE. ot e e e b s et e e e et e e et e ettt e st e et e e e eneee e tteraaes ix
AcKNOWIEAZMENTS (.ot e bttt s e ae ettt a et st ettt xi
e 1o P ST OO OO OO OR TP PRURPRRRURRUOPOR xiii
CONEITDTIOLS oottt et e et e et e e s beete e eeeeeaesetesean s e sssaeseessbeesaneeeneeseneeansessaneesnesenseesees xv

PARTI Carbon Nanotubes

1 Pristine and Filled Double-Walled Carbon Nanotubes ..........o.ovvuevvveorieeeoiieeeessreeseseseereseseeneen, 1-1
Zujin Shi, Zhivong Wang, and Zhennan Gu

2 Quantum Transport in Carbon NanOtUBEs.........ocovvorierireeeeseeee e teeeeesesteeeeeeee e eeee s ren e seses 2-1
Kdlmdn Varga

3 Electron Transport in Carbon NamOtuBes. . ...ce.cvcewii.oioveeeceeiseeeeeestise e s eeeees s o eeerseesess s 3-1
Na Young Kim

4 Thermal Conductance of Carbon NANOLUDES .........ccoovuiveeeeeeeeeeseeeeeseseesseseseeee e ees s sesseenns 4-1
Li Shi

5 Terahertz Radiation from Carbon Nanotubes .....co..ocovvveuiveeesieneceeiseeeeeeeeeesrseeeeeesseeesseeeseesessesee 5-1
Andrei M. Nemilentsau, Gregory Ya. Slepyan, Sergey A, Maksimenko, Oleg V. Kibis, and Mikhail E. Portnoi

6 Isotope Engincering in Nanotube ReSCArch.......ccceiviierriverrioreerseeseessremseseerseeosseesesssesesssseesssssenes 6-1
Ferenc Simon

7 Raman Spectroscopy of sp? Nano-Carbons. . 7-1

Mildred S. Dresselhaus, Gene Dresselhaus, and Ado Jorio

8 Dispersions and Aggregation of Carbon Nanotubes .............vue.oveoveeereenseesieseseeeeneeeeeeeesseereeeenns 8-1
Jeffery R. Alston, Harsh Chaturvedi, Michael W. Forney, Natalie Herring, and Jordan C. Poler

9 Functionalization of Carbon Nanotubes for Assembly ..., 9-1
Igor Vasiliev

10 Carbon Nanotube B E s Ted 1 Lo VU TR PP OO PR U SUUURUORNURPRIR: 10-1
Prabhakar R. Bandaru

11 Fluid Flow in Carbon NamOtUDES oo oviveeeeeeeeesereeeeeee e e, 11-1
Max Whitby and Nick Quirke



vi Contents

PART II Inorganic Nanotubes

12 Inorganic Fullerenes and Nanotubes....co.oouioerienrsiiiesessiiomsesoessensesssessssess s ssess s s ssssssssssseons 12-1
Andrey Enyashin and Gotthard Seifert

13 Spinel Oxide Nanotubes and NanOWITes....ocveemeervooeceeee st esssssssssssesssssssssssssesennns 13-1
Hong Jin Fan

14 Magnetic Nanotlbes .....cocoierieiiieceiierieies et ases s s ess e sae s etens s ens e sene s eseesssanenes 14-1
Eugenio E. Vogel, Patricio Vargas, Dora Altbir, and Juan Escrig

15 Self-Assembled Peptide NaNOSITUCTUTES c..vvvriueerverseesciereeessceesssaeeseetesessecsssstesesssssssssseemsesssensessansans 15-1
Lihi Adler-Abramovich and Ehud Gazit

PART III Types of Nanowires

16 Germanitm NanOWIIES . ....ivovvevrireiseeeerensisiesesseesssssssessessessssrases st sassesssssesensstesssanessensesessesesneass 16-1
Sanjay V. Khare, Sunil Kumar R. Patil, and Suneel Kodambaka

17 One-Dimensional Metal Oxide NanoOStIUCTUIES ..ov.ovivvvevecveverecesscseeies s esseeeseresssesseesssseseseessnes 17-1
Binni Varghese, Chorng Haur Sow, and Chwee Teck Lim

18 Gallitm Nitride NAMOWITES ooouiveviiieieetsiiisetinsesiteiesetessssss et esss et ssees b es s bese et bbb s st eeena et esseesenaes 18-1
Catherine Stampfl and Damien ]. Carter

1O GOld NANOWIIES ..vvvevvivitieitccae ettt ettt b oot e et eeee et eeoneeas s saees 19-1
Edison Z. da Silva, Antdnio I. R. da Silva, and Adalberio Fazzio

20 POLYIMEr NANOWITES 1.vovvviiveieiseisiesesissescaeses s ssessess s eeses s esessesses s esassssesseseassssiasssansesansssessesesansss 20-1
Atikur Rahman and Milan K. Sanyal

21 Organic NAIOWELES ..oiiiiiiii i e ettt e e e et e ee s ree s re e e e eeetee s e snraarres 21-1
Frank Balzer, Morten Madsen, Jakob Kjelstrup-Hansen, Manuela Schiek, and Horst-Giinter Rubahn

PART IV Nanowire Arrays

22 Magnetic NaNOWITe ATTAYS .cvirieeereersiuessersassessssssassessesssssssnsesssssssessessssssssssessossesessstassstsssssnsessss 22-1
Adekunle O. Adeyeye and Sarjoosing Goolaup

23 NetwWorks 0f NANOTOAS ..cvuiiiiriiiaitieieitiececteeeesieeee et teeee oo se e st esenee st esee st tesenssevetesems et etsnresestaes 23-1
Tanja Schilling, Swetlana Jungblut, and Mark A. Miller

PART V Nanowire Propetties

24 Mechanical Properties of GAN NANOWITES ....c.eviveeiriterireeiseiiiesisesessteseseemssseeiese st eseeesesteneeesees 24-1
Zhiguo Wang, Fei Gao, Xiaotao Zu, Jingbo Li, and William ], Weber

25 Optical Properties of Anisotropic Metamaterial NanOwires........ocvrvvovvveeovnsensvrsesrsersssessessnscenns 25-1
Wentao Trent Lu and Srinivas Sridhar

26 Thermal Transport in Semiconductor NANOWITES ...oiivierriiererriiessesieessnsesssesesssssiensssesesnsesssesens 26-1
Padraig Murphy and Joel E. Moore

27 The Wigner Transition in NaTLOWITES........vveivevireeeesieomssiissessinesissssssesstssesssssseessssssssssssesssssssseens 27-1
David Hughes, Robinson Cortes-Huerto, and Pietro Ballone

28 Spin Relaxation in QUANTUM WITES ..ocoviivieeesseeesiriieetes s sses et eess st eses st ben s ebe s seaenas 28-1

Paul Wenk and Stefan Kettemann



Contents vii

29
30
31
32

33

Quantum Magnetic Oscillations in NanOWIres .....cccoovviiiiniciiiiiicee s v 29-1
A. Sasha Alexandrov, Victor V. Kabanov, and Iorwerth O, Thomas

Spin-Density Wave in a Quantum WITe. ..o e ssiee e s e s sva e 30-1
Oleg A, Starykh

Spin Waves in Ferromagnetic Nanowires and Nanotubes............ccccoviveiiiiiiic e 31-1
Hock Siah Lim and Meng Hau Kuok

Optical Antenna Effects in Semiconductor NaNnOWITes ....ccovvvvvivvieeiiiiieei vttt 32-1

Jian Wu and Peter C. Eklund

Theory of Quantum Ballistic Transport in Nanowire Cross-Junctions......ccoccceceeveeviovveeriervnnneonns 33-1
Kwok Sum Chan

PART VI Atomic Wires and Point Contact

34

35

36

37

38

ALOINIIC WEES .1 ittt s s et e e veea b sese s s s s raasseeseee st b ba s eeesabe s enbsaas s e s e asstn s neanen s 34-1
Nicolds Agrait

MONatomic CRAINS (i e it er e ea b astte s eitete s sttt e e s eeerereeesrnereesseesrrneees 35-1
Roel H. M. Smit and Jan M. van Ruitenbeek

Ut rathin GoOld NaTIOWITES oviiiriiiie i e et e b et s tes i eee et e eesereeesssearreessestreressssssrersasssssisseees 36-1
Takeo Hoshi, Yusuke Iguchi, and Takeo Fujiwara

Electronic Transport through Atomic-Size Point CONACLS .vivvviriirieveiiiei e ceeese 37-1
Elke Scheer

Quantum Point Contact in Two-Dimensional Blectron Gas...co.covooveeerviiomeeeeimiineeeieeeeaee s rirens 38-1

Igor V. Zozoulenko and Siarhei Thnatsenka

PART VII Nanoscale Rings

39

40

41

42

NANOTIIIES 1eeiitiies ettt et e st ee s b b e ame e oo ma e s s e e s aeseatasrteesae e sbaesanesansesaneess 39-1
Katla Sai Krishna and Muthusamy Eswaramoorthy

Superconducting Nanowires and Nanorings..........cccoooviiriiiiniiriceicne e 40-1
Andrei D. Zaikin

Switching Mechanism in Ferromagnetic Nanorings ....cccocooeriiiiniooniniisiieneceesins oo ens 41-1
Wen Zhang and Stephan Haas

Quantum Dot NAMOFINES .oooviiriiriioeee s ee e ee s seraree et eseats s ebes ettt e steeeaneeseeeesreestessrtesosessieees 42-1

Toan Béldea and Lorenz S. Cederbaum



