Spin selectivity of chiral molecules on surfaces

Mohammad Reza Safari

Information
Band/Volume 108
ISBN 978-3-95806-810-0

Mitglied der Helmholtz-Gemeinschaft J

JULICH

Forschungszentrum




Forschungszentrum Jilich GmbH
Peter Grinberg Institut (PGI)
Elektronische Eigenschaften (PGI-6)

Spin selectivity of chiral molecules
on surfaces

Mohammad Reza Safari

Schriften des Forschungszentrums Jilich
Reihe Information/ Information Band/Volume 108

ISSN 1866-1777 ISBN 978-3-95806-810-0



Contents

[Abstracil

[Deutsche Kurzzusammenfassung (German abstract)

[Frequently used acronyms and abbreviations|

[I__Introductionl
.....................................

[L.2  Chirality-induced spin selectivity (CISS)| . . . . . . .. ... .. ... ...

I1.3  An overview of experimental studies on CISS[. . . . . . . ... ... .. ..

11.3.2  CI5S5 in electron transport| . . . . . . . . ... ... ... ... ...
11.3.3  Magnetoresistance in CI55-based planar junctions . . . . . . . . ..

11.3.4  Emnantioseparation ot chiral molecules based on the CISS effect| . . .

115 Filling the gap|. . . . . . . . . .

2 Experimental methods and materials]
2.1  Vacuum system| . . . . . . .. .. L

2.2 Scanning tunneling microscopy and spectroscopyl. . . . . . . . . . .. ...

2.2.1 Tunneling through one-dimensional barrier| . . . . . . . ... .. ..
2.2.2 Bardeen perturbation theory|. . . . . . . . . .. ... ... ...
2.2.3  Spin polarized tunnelingl . . . . . . ... ...

2.2.0 Constant height mode| . . . . . . ... ... ... ... .......
2.2.6 I —V characteristicy . . . . . . . ... ...
[2.2.7  dI/dV spectroscopyl. . . . . . . ..

iii

vii

xi

10
15
19
23
31

33
33
35
36
38
42
46
47
47
48
20

xiii



Contents

3 Experimental results| 53

5.1 Manuscript 1: Deposition of chiral heptahelicene molecules on ferromag- |
[ netic Co and Fe thin-film substrated . . . . . . . . .. .. ... ... .... 53

3.2 Manuscript 2: Enantioselective adsorption on magnetic surfaces . . . . . . 73

13.3  Enantioselective adsorption of enantiopure (M )-|7|H molecules on magnetic |
[ Comnanotslandd . . . . . . . 102

8.4 Manuscript 5:  Spin-selective electron transport through single chiral |
l molecules| . . . . .. 109

3.5  Enantiospecific magnetic conductance asymmetries through single chiral |
| moleculesl . . . . .. 128
4 Summary and Outlook] 137
A Appendix Al 142
[B " Appendix B| 148
Bibliographyj 151
|Acknowledgements| 161
[Erklarung zur Dissertation] 163
[Cebenslauf (Curriculum Vitae)| 165

Xiv



Information
Band/Volume 108
ISBN 978-3-95806-810-0

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Abstract
	Deutsche Kurzzusammenfassung (German abstract)
	Frequently used acronyms and abbreviations
	Introduction
	Chirality
	Chirality-induced spin selectivity (CISS)
	An overview of experimental studies on CISS
	CISS in electron transmission
	CISS in electron transport
	Magnetoresistance in CISS-based planar junctions
	Enantioseparation of chiral molecules based on the CISS effect

	Theoretical models
	Filling the gap

	Experimental methods and materials
	Vacuum system
	Scanning tunneling microscopy and spectroscopy
	Tunneling through one-dimensional barrier
	Bardeen perturbation theory
	Spin polarized tunneling
	Constant current mode
	Constant height mode
	I-V characteristics
	dI/dV spectroscopy

	Materials

	Experimental results
	Manuscript 1: Deposition of chiral heptahelicene molecules on ferromagnetic Co and Fe thin-film substrates
	Manuscript 2: Enantioselective adsorption on magnetic surfaces
	Enantioselective adsorption of enantiopure (M)-[7]H molecules on magnetic Co nanoislands
	Manuscript 3: Spin-selective electron transport through single chiral molecules
	Enantiospecific magnetic conductance asymmetries through single chiral molecules

	Summary and Outlook
	Appendix A
	Appendix B
	Bibliography
	Acknowledgements
	Erklärung zur Dissertation
	Lebenslauf (Curriculum Vitae)
	Leere Seite
	Leere Seite



