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A chiral symmetry, an ultimate form of broken symmetry lacking both inversion
and mirror symmetries, has recently attracted growing interest due to its unique ability
to compellingly tie the electron motion to its spin angular momentum. A recent striking
example is a gigantic spin-polarized current that emerged in organic chiral molecules,
which is often referred to as chiral-induced spin selectivity (CISS). The phenomenon is
noticeable in that pure organic systems give a platform of the CISS with light elements
where a spin-orbit interaction (SOI) is negligibly small. Conversely, a conventional
charge-to-spin conversion such as the Edelstein effect is well associated with a large
SOI in a heavy-element system [1,2]. Although the microscopic origin of the
unexpectedly large spin polarization of CISS is still controversial, the CISS effect
potentially paves the way to a novel method of embedding organic chiral materials into
solid-state spintronic and optical devices.

Because most of the chiral materials used in the CISS experiment-based solid-
state devices are static molecules, in which the handedness molecules are fixed by their
chemical bonds which are unable to invert spin polarization (SP) direction, spin
polarization (SP) direction manipulation by efficiently controlling the chiral handedness
with external excitation in “single device’’ has yet to be intensively studied to date. In
this thesis, developing switchable organic molecules with external controllability,
capable of inversion of spin polarization, is highly desired to study challengingly. It is
anticipated that this switchable organic molecule would allow for constructing the
responsive spintronic devices as well as representing a huge step forward in the field of

organic spintronic applications.



Therefore, considerable interest in CISS lies in switchable chiral molecules with
external controllability as first presented in a chapter “(i) Highly Durable Spin Filter
Switching Based on Self-Assembled Chiral Molecular Motor”. By studying
molecular motors known as overcrowded alkenes (OCAs), their handedness are
switched by light irradiation and heat treatments [3,4]. In a previous study, OCA-based
devices that exhibit CISS remains far from completion in terms of practical use, and
rather fundamental obstacles such as (i) external controllability of spin, (ii) function
durability, and (iii) improvement of spin-polarization efficiency have yet to be
surmounted. Therefore, I aim to prepare new molecular systems based on overcrowded
alkene that can address the three obstacles mentioned above to develop the practical
utilization of CISS effect. I developed a self-assembled monolayer (SAM) of
overcrowded alkene (OCA)-based molecular motor. With this system, I successfully
demonstrate that the direction of spin polarization can be externally and repeatedly
manipulated in an extremely stable manner by switching the molecular chirality, which
is achieved by a formation of the covalent bonds between the molecules and electrode
(see in Fig. 1). In addition, by focusing on the stereo architecture of the SAM of the
OCAs, I pursue a new route to enhance the spin polarization efficiency per a single OCA
molecule. The present experimental investigations report the creditable feasibility study
towards the versatile CISS-based spintronic molecular devices with controllability,

durability, and high efficiency.
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Fig. 1 Four-cycle 360° unidirectional rotations of the OCA molecule driven by light
irradiation and heat application. (2’R)-(M)-OCA and (2’R)-(P)-OCA are characterized

by the opposite handedness, and thus exhibit a spin selectivity with opposite directions.

Thus far, most CISS studies have intensively focused on chiral metals or
insulating organic monomolecular layers to experimentally discuss spin-polarized
current. Then a fundamental question arises on CISS effect in chiral ferroelectric
materials because charge transport in macroscopic ferroelectric materials is only
possible with displacement current. Therefore, an emergent spin-polarized current, if
any, is likely due to the displacement current. In the second work, my significant
research interest focuses on chiral dielectric materials as triglycine sulfate (TGS) “(ii)
Engineering Surface Spin Based on Chiral dielectric Materials™.

Triglycine sulfate (TGS) crystals are composed of achiral molecules, and the

handedness of the chiral room temperature phase is undefined, determined by random



crystal defects, and the crystal breaks up in domains of opposite handedness. A
homogeneous handedness can be imposed throughout the entire crystal by cooling it
(poling process) from the achiral high temperature phase in a strong electric field [5].
Thus, it is reasonable to hypothesize the CISS in TGS after poling, which can be
measured as spin accumulation. Since TGS has demonstrated magnetochiral anisotropy
(MChA) in a previous report, the interplay between chirality and magnetism also opens
a whole new window on this material [6]. I studied alternating current (AC)-induced
CISS effect in TGS under AC current excitation by detecting the spin accumulation with
direct current (DC) voltage at the interface. The results demonstrate the antisymmetric
signal profiles with temperature dependence close to transition temperature (321.7 K)
as the function of the magnetic field (see in Fig. 2). Unfortunately, the TGS-based
devices with different handedness, switched by an opposite poling process, exhibit
similar behavior. This phenomenon is not likely due to CISS, in which spin
accumulation could not be detected, even if the chirality is switched. In this thesis, the

possible antisymmetric curves and why CISS undetected will be discussed in detail.
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Fig. 2 a) Asymmetric curve, poling process @150V, b) Asymmetric curve, poling

process @-150V at the function of magnetic field.

In summary, this thesis reports studies on i) Highly Durable Spin Filter



Switching Based on Self-Assembled Chiral Molecular Motor and ii) Engineering
Surface Spin Based on Chiral dielectric Materials. In both topics, I have shown
various organic materials-based devices, in which energetic stimuli externally control
chirality, to experimentally study and to verify CISS effect. It is anticipated these works

will be crucial in understanding and in utilizing CISS in further practical applications.
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FIONLLRAWy FICEREBE T & ALY UEMEA A T 5 Chirality-Induced Spin
Selectivity (CISS) 2R AR LA D FAE L b =7 ZDWIENTFERALICITOI
TW5, AEERXCTHEEIZ, REeBWCI-THF TV T A KA ER ALY FE— 4 —
overcrowded alkene (OCA) Z itk RITW 25 Z & T, EF A EIRW R EVEHIE O
HEMENBORBIZK D LI, 612, BHIZCEK>THXF T VT 4 KEAREZRMEE MY 7
Uitz W EF A Y RIRE 22z 5 MOl 2 3 7 7o,

%1 ETIX, CISS 2 RIZHOWVWT, £DFR WO EDHGENZE I L OEBRNFZE O AR
PR STV 5,

F2ETIL, AE LRI THAL TS CISS Z 4T REMLRAEHK YT THD OCA B
KO R Y 77U U fERIZONT, ZOBERCHGICEREIC OV THFE I LTV D,

BI3IWETIE, A —NVEEZRKBICATHT7 AR AETEMINTZ OCA ZHHICARKL
TaEBR LICHCERILES FRE L THERDZ LKL, EATEDOXT I T 14 %
f#E+ 52 & T EBEFALVEBRODBEERED RS v F U ZTHIFEZERL TVWD, S HIT,
TN FAF—=NERMT DL TEREOT VX LEENM OCA ORLHMEZ &kHE L.
OCAHZ 4720 DR BRI EMEHIE OZEMN L NEOLFIZHRD L TWD,

FAETIE, ERICL-2THR IV T o ERATRERMEE N 7 v U fima v, EHIZ
LB FAE U BRYREEEOHE LKA TS, BURTIE, EEOHIEICIZE > T
WRWR, BHICEVXFTZ VT BKEL, TS ET T AMBOERIRE 323K
THEEEMOE =7 NWIRT 52 ENHERI N TV D,

AL EFLOREIT, AES A P =7 ZORBICRKREFET 5 LA
ST, £, BEIEONFITHBE 2 EHEL LT 2% Mam L & L TAEGM & EHERREIZ
BHKEATHDL, LEXY AELGHIOIE L @) OFMNRGIHET 2 L EFEELZELE
— BT L 7,



