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 H = Ψ† −i γ ⋅∇( ) Ψ
 γ = vF σ x ,τ zσ y( ); vF =3γ oa2 5.3 eV
 σ − A,B sublattice a 2.46 τ − K,K ' γ o 3eV
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fig.Y.Zhang et. al.,Nature 438,201-204, (2005)
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3
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Is S-O important in graphene?:•Atomic Spin-Orbit is supposed to be rather weak in Carbon as Z=6:
 •Is S-O in graphene small?: YES. How small and why!!!
 •Spin Quantum Hall effect proposal by Kane&Mele.
 •Controlling pseudo-spin by means of coupling to the spin!
 •Spintronics in graphene:•Spin-flip due to S-O. How important ?
 •Induced Ferromagnetism in proton irradiated samples.[P. Esquinazi et. al.,PRL 91, 227201 (2003)]
 ….??
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Atomic spin orbit
 σ −bands
 π −bands
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 The sigma σ bands: sp2 hybridization
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 M. F. Thorpe and D. Weaire, Phys. Rev. Lett. 27, 1581 (1971)
 V1
 V2

Page 7
                        

7
 π
 σ
 π
 σ
 σσσ
 σ

Page 8
                        

8
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Curvature
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Atomic spin-orbit Δ+hopping σ − π
 Δ
 Δ π
 HTCurvature
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Atomic spin-orbit Δ +hopping σ − π
 π λε λ ≡ pz z s
 λ
 λ
 Electric dipole transition Atomic Stark effect
 Vσ'
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Atomic spin-orbit Δ2 +hopping σ
 Vσ
 πVσ
 Vσ2
 =0!!!Vσ2 : ....
 Vσ :
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Atomic spin-orbit Δ process bewteen π and σ
 Similar expression for Κ�’
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13Effective HamiltonianOrder Δ
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14Effective HamiltonianOrder Δ

Page 15
                        

15
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Effective HamiltonianOrder Δ2
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16
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Effective Hamiltonian for graphene
 •We obtain an effective Hamiltonian equivalent to the oneof Kane &Mele PRL 95,226801 (2005).
 •Y. Yao et al., cond-mat/0606350 : Δint
 •H. Min et al., cond-mat/0606504 : ΔR= Δε but no Δcurv
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Estimates
 Kane & Mele
 (!!?)
 Δ int 2.4K
 Δε 2.5mK
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Estimates for ripples curvature
 K. Novoselov et. al., Science 306, 666 (2004);Nature 438,197 (2005);S.V. Morozov et. al., PRL 97, 016801 (2006)
 × 3
 150nm
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Estimates for ripples curvature
 A. F. Morpurgo and F. Guinea,cond-mat/0603789Random elastic strain × 3
 150nm
 l ≈ R1)
 2)
 hl
 R
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20
 height ≈5Å; size <5nm;strain ≈1%
 atomic resolution TEMatomic resolution TEMripple contrast appears for >1 layer
 Nelson (1987, 2004): 2D membranes can be stabilized by intrinsic crumpling in 3D
 • buckling (dislocations would destroy mobility) • bending (elastic strain)
 Intrinsic Microscopic Crumpling
 sample edge
 Courtesy of A. Geim&D. Obergfell
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Estimates for ripples curvature
 l ≈ 5nm h ≈ 0.5nm R ≈l 2
 h= 50nm
 Δcurv 0.28K
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Estimates for ripples curvatureB. An et. al.,Appl. Phys. Lett. 78, 3696, (2001)
 l ≈ 5nm h ≈ 0.5nm
 R ≈l 2
 h= 50nm
 Δcurv 0.28K
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23
 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fullerenes
 González,Vozmediano,Guinea,PRL 69, 172 (1992)
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fullerenes
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Nanotubes
 n = 0 Gap
 L. Chico et. al.,PRL 93, 176402 (2004)
 T. Ando, JPSJ 69, 1757 (2000).A. De Martino et. al.,PRL 88, 206402 (2002)
 H=
 n ≠ 0 Spin-splitting
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fullerenes+Nanotubes: Cap states
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fullerenes+Nanotubes: Cap states
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Fullerenes+Nanotubes: Cap states
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 Spin-orbit interaction in graphene, nanotubes and fullerenes
 Conclusions•TB model+Atomic s-o→Effective s-o for π bands in graphene•Atomic stark effect: Effective Rashba s-o ~ Δ•Local Curvature: Extra “Rashba-like” s-o coupling ~ Δ•Intrinsic ripples in Graphene:•Flat graphene +Pentagons. Topological defect.
 •Intrinsic s-o coupling ~ Δ2
 •Our estimates: Kane&Mele different estimates!!
 •Spin-orbit in Fullerenes, Nanotubes, Caps:•Curvature more pronounced•Topology also important
 Δcurv 0.2KΔε 0.07K Δ int 10mK



						
LOAD MORE                    

                                    


                
                    
                    
                                        
                

                

                        


                    

                                                    
                                Investigation on the use of graphene oxide as novel ... · NANO IDEA Open Access Investigation on the use of graphene oxide as novel surfactant to stabilize weakly charged graphene

                            

                                                    
                                Appendices: Carbon nanotubes - Miljøstyrelsen · Appendices: Carbon nanotubes 5 1.3 3sp hybridized carbon When carbon is sp3 hybridized, each carbon atom is bonded by four identical

                            

                                                    
                                Magnetite Nanotubes and Nickel Nanorods of Low Aspect 

                            

                                                    
                                Chapitre 1 : Les nanotubes de carbone - Page …prmarcoux.free.fr/pdf_files/chap 1 Les nanotubes de carbone.pdf · de 36 meV), 4 le graphite ne conduit pas aussi bien que les métaux

                            

                                                    
                                Propriétés vibrationnelles des nanotubes de carbone

                            

                                                    
                                Graphene-photonic crystal hybrid structures for light harnessing

                            

                                                    
                                Connections nanotubes-catalyseur-substrat : Etude par microscopie 

                            

                                                    
                                ICMCB --- Élaboration de composite cuivre/ nanotubes de carbone

                            

                                                    
                                Gennix A1 Gennix D1 Course Di2 Elite Di2 Elite ... - GarneauCaribou Panache 1, -7˚ Caribou Panache 1, -7˚ Headset FSA Orbit IS138, 1 1/8" - 1 3/8" FSA Orbit IS138, 1 1/8" - 1 3/8"

                            

                                                    
                                Dopage des nanotubes de carbone

                            

                                                    
                                ÉTUDE ET CARACTÉRISATION DU POSITIONNEMENT DE NANOTUBES DE 

                            

                                                    
                                Graphene Synthesis by Microwave Plasma Chemical Vapor 

                            

                                                    
                                METROLOGIC INSTRUMENTS, INC. MS7120 Orbit ......Orbit®は積極的なオムニ・ディレクショナルのレーザー・バーコード・スキ ャナです。 軽量でしかも頑丈に作られ、Orbit

                            

                                                    
                                Les nanotubes de carbone dans les écrans du futur

                            

                                                    
                                Orbit Exports

                            

                                                    
                                SYNTHESIS AND MANIPULATION OF CARBON NANOTUBES Poster/Bustero.pdfSYNTHESIS AND MANIPULATION OF CARBON NANOTUBES Carbon nanotubes can be used as sensors, hydrogen storage, membranes

                            

                                                    
                                Superconducting properties of carbon nanotubes · PDF fileSuperconducting properties of carbon nanotubes ... de la supraconductivité intrinsèque dans des faisceaux suspendus de nanotube

                            

                                                    
                                Graphene  adhesion under high pressure

                            

                                                    
                                Activités et projets - graphene.sciencesconf.orggraphene.sciencesconf.org/conference/graphene/pages/14_Sauvajol.pdf · Carbone désordonné Développement de spectromètres aux performances

                            

                                                    
                                Chapitre 4 : Greffage électrochimique de nanotubes …prmarcoux.free.fr/pdf_files/chap 4 Greffage electrochimique de... · Chapitre 4. Greffage électrochimique de nanotubes monocouches

                            

                                                    
                                Oriented graphene nanoribbons embedded in hexagonal boron nitride trenchesyuting/Publications/Publication... · 2019-02-17 · trenches were ﬁlled with graphene (Fig. 1c,f and Supplementary

                            

                                                    
                                Les Nanotubes de Carbone - IRAMIS

                            

                                                    
                                Orbit - Orbit Exports

                            

                                                    
                                Graphene as Thin Film Infrared Optoelectronic Sensor · 2009-10-01 · Graphene as Thin Film Infrared Optoelectronic Sensor Gilgueng Hwang1, Juan Camilo Acosta1, Emir Vela1,2, Sinan

                            

                                                    
                                TRUFILL DCS et DCS ORBIT 2233 FS - Haute Autorité de Santé

                            

                                                    
                                CSICSICSI · 2020. 1. 17. · "Recent developments on graphene and graphene oxide based solid state gas sensors," Sensors and Actuators B: Chemical, vol. 173, pp. 1-21, 2012. Mots

                            

                                                    
                                iCHAIR ORBIT - MEYRAiCHAIR ORBIT 1.618 iCHAIR ORBIT 1.618 Caractéristiques techniques Largeur d’assise 1) 380 - 650 Profondeur d’assise 4) 400 - 560 / 400 - 560 / 480 - 530 Hauteur

                            

                                                    
                                L‘INNOVATION À VOS PIEDS · 2017. 10. 28. · l‘innovation À vos pieds la technologie graphene l’innovation À vos pieds. avec son graphene intÉgrÉ, le nouveau supershape

                            

                                                    
                                Cargese Graphene Pirjo Pasanen_public_reduit2

                            

                                                    
                                NANOFILS ET NANOTUBES ELABORES PAR LA ......Ecole Nanosoft 2007 Jean-Luc Duvail Sommaire I. Les nanofils et nanotubes a. définition, intérêt b. principales techniques de synthèse

                            

                                                    
                                G-Cera ORBIT VEST Revised July 2019 - europe.gc.dental · Revised July 2019 950166 - NS3306 30000087. INSTRUCTIONS FOR USE G-CERA ORBIT VEST is a phosphate-bonded refractory die material

                            

                                                    
                                Fonctionnalisation de Nanotubes de Carbone Multi-Parois par des

                            

                                                    
                                Quantum Transport in Graphene - École Normale Supérieureplacais/publication/2011_tutorial_Quantum_transport... · comparison with quantum scattering time favors resonnant scattering

                            

                                                    
                                Nanotubes de carbone biosourcés ARKEMA...Nanotubes de carbone biosourcés ARKEMA BIOPROOF Rapport n G0196B 2/26 6 décembre 2017 Membre du réseau CTI 60 rue Auber - 94408 Vitry sur

                            

                                                    
                                Series: Contemporary Concepts of Condensed Matter Sciences2.bitdl.ir/Ebook/Carbon Nanotubes. Quantum Cylinders of Graphene, … · Series: Contemporary Concepts of Condensed Matter

                            

                        
                    

                                    

            

        

    

















    
        
            
                	À propos de nous
	Contactez nous
	Termes
	DMCA
	Politique de confidentialité



                	English
	Français
	Español
	Deutsch


            

        

        
            
                Copyright © 2022 VDOCUMENTS

            

                    

    








    


