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Chiral materials science with structured light fields
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MENZDHEBEBEREDOELZENTERVWVEETHLX 7 U 7 4 — L O RDOEL TR,
BIZIEX, 7 VT 4 —&RT 0 FIEMRCOMRIEES O 125t L TR 2WOE (MRE A
M) s d, MEE B FOXF T VT 4 —%5HllT 2 FEE LTEHEI L0 TIEMN S
NT&E, EbIT, ¥V T 4 — L HOMAEFEMNIEMBACBITLREXT VT 4 —DEJRD
—DL L TEXLNTET,

WA, FEZERNC I T D3 & 2 W 70 £ S ZE BRI Hi#8 S 4172 5% [Structured Light] OBFZED
IEME LTV D, ANEfe e A 2 /& 7203 D EMBIHFET 2@E 0t L 138720 | [Structured
Light] O TH 2 LIk i L 7@ e 2 #5 < o i, $RHEN I k7 2 Bk #EH)
BEXT VT —%FF0, H< LML TV HIREESIZH KT 2 MREEO A B fAiE) &
F. EHDVIEEY, TRpbbEl OFBELNRY, ZAUI LT, BB A EE I, 3]
JEWETE DR CAVEE TR L2 B D B R ENET D, F7o, ITEDTF /77 7 v P — LG
THMOFEEIZEY, T XAE=V AZILOHET LT /I AFRBELTET,
INHOEREESE %, [Structured Light] 07/ SR 2 BE L7258 L 7 VW ERIED S
SIZREILEL S L LTna,

K VRD Y LTI, TORNMRERIFET S 7 00T 4 THIREHEIC L > TREFFEREEZ RN L
TV & EHICH TVMERFRORKE S D,
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Physical Properties of Plasmonic Nano-Vortex Fields
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AR - WUEAEB R RO RIEE) & WEOHAER 2 Hm Lkl - 8E5 22 &
ZAME LT, Fxld, ET 7 RECE VBRI ZE L OtE T/ A XE TRV AT &
EHIC, RTESGOIRIE - (LM - WO Nz T/ A r— NV TRIERET 58T/ v =—¥ 7
Hi#BRE L Tn5, Bz, Fig 1LIRT L9, FtE&E T —ERiEEIcBE+s &
)XY v TICACCHEBENREL, 2, tiESBLEERBEICRET 2L Ay - Bl
BEBROW S & T/ R TE S L2 BRBMTN LY ol SEe, S IIEtRs
HEMMZLTWB[], ZOF / RfEwSGEIC T 2 W #iiE L
THEFEIHEEOmER &2 RS ShE, ZEHETER (3
HER) OmzhaR « BIRAEIE A ATRE L 72 0, BIRAIZ T4
O > TR & 4 2 7 20 BERBNEHR TE 5[1].
£, T/ RIS OER) & - A EB R AT 5 OLE -
7)) R12MA L THEEE - BEGW O =T o F Al
% 7 ARERILIC I LTV BB AME TR, 79 XE= Loy paptcoed metal multimer
o 7 F ) FAEICIREE B B Bl O FREAMRMT O R 2o\ ¢ structures and spatial distributions

of localized fields with spin and
AL, BEMNIs CE o =— 7 IR E 2 fR51 95, orbital angular momenta.

Fig. 2 [ZMRICIRE T —ZBEMEIED X v v 7RIS OB E S 2R DR 2k &2 7~ LT
WD, ARy R 1 OERLTH v v 7OV Z2RET D 2 L8005, T IZCORBEAMT
HY, PEEHTEAR Y MI1EEET 5, AFMFELEAARY THDDICK L TARy OB
Gtz X —Dfii) FEREY (i) Tho, Tk, EfEEE /<1 (=0, s=1) DAL
23 3 B R 2 £ D — SEAEEIC LV A ST J=1-3=-2 OEESE AR L, Z OHELYS & AS
HOTHIC LY 2AEEE J=(1-2)2=—112 O R{EIMEPERT D120 Th 5, ZOEHRO
EAEIEZRORMET T XE U HITE /) A—/WIRET, SAEENAMHE L 25 OB
DT 5, £/ R—/LITIEA
DML L7203 5 2 [Al#5 Tt
DRBIZR D, ZhixT / RfE
RGN A BT ZADOHRET S

Fig. 2 Spontaneous intensity distributions of localized nano-vortex
HTEEERLTND, field. T is the time of optical one cvcle.

ZE ik« [1] Nanophotonics, doi:10.1515/nanoph-2022-0779. [2] Nano Letters, 21, 6268-6273 (2021).
[31J. Phys. Chem. Lett. 11, 4422-4426 (2020).
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Exploring the physics of quantized vortices with light
KRRZERT =im BN
Osaka Univ., Yosuke Minowa
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AL, »2viEIhIcH o n sz g2 2 Lk, EERANICH, 2 L OEREICH LY
IFHICHETH S, L L, SIRPHEARENCIEME 2R TH D . 2 OWE O Z2 BRI
FLEE-T0RY, R, ZOEIPHORIAIC, BTFNABIE» 6% ) LT 2MEMHEHZ
BT 5, EREI~Y 7 4 4 (DU, #@id) He & £50) IcfE I 2 ERAd TR, T
TSN, BTME LTIFET %5, CORTILDZOIC, BTIMIFELERMFELE L TR 5,
Efe. AR 1 OF—ORFMOAPHET 2 - Wd@EhT@iinsg 2 Lok - i
BDFEEICH Py 72 ta—ad—%—) L, B e iRy v 7
WTH Y BHEITCH I o EMPER R, 2D &) #lsr S, BT - BTELIRONIE
2@ U T, PRI O ME 2O 2 HIF iR sfTon w5, @iRE He o1
L EAIERICHE L D OoIREINY T LADJEFTRBIIIT T THE I LS, 2D ETIIB
BOAHRETH %, £ 2 TKEMPL 2 TRz /gl d 2 TESHFE S (1], Lo L.
AGEPORL T~ & JEHTRIE 1IZT <, & DM AMERIZES . £ 7o, AKBEDI OB S IRE S 725,
HRWA T2 ER S WH T L 2RO UL ThN T I hd o7,

Tz, L= =7 7L — 3 v &I Ediz s He g () He ( < 2.1K)

AT 3 2 & RS U 3 BT P i TR FTRUE (1) °©%, o

N 9 N
CRINL 72[2], & 51, AHUE S Nz BT 2 RO PG TR OB © 0® OB
CHRYIL, BERTFIE kBT 22 LR R L, AT, % (HHIF

MBHCIRRASATRETH O | HOCHERR 12 M 7o B i o Ak 72
EL PR EIZENIC R 2R RE L 0 5, BIZ X, kT2
FEBEAIC R - BROEVTRE 2 b 7 v © v 7 L ORG DO TTREMEDIRE T :OOOOOOOOO
%, W FHERIC, @E) He hCOR—BRIF O 7 v BV 7 ()
ISR LT 5 (3], T, BOE ORI, 2 O ftdpFER %
DHHETEIC D W T H T 2, R B A
[1] G. P. Bewley, D. P. Lathrop K. R. Sreenivasan, Nature 441, 588 (2006).
Fig. Schematics of

visualization of a
Ashida, Science Advances, 8, eabn1143 (2022). quantized vortex.

[2] Y. Minowa, S. Aoyagi, S. Inui, T. Nakagawa, G. Asaka, M. Tsubota, M.

[3]Y. Minowa, X. Geng, K. Kokado, K. Sato, T. Kameyama, T. Torimoto, M.
Ashida, Optica 9, 139-144 (2022).
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Selective Trapping, Rotation and Propulsion of Isotropic Dielectric and Composite
Janus Microparticles in the Evanescent Field of Optical Nanofibres

Viet Giang Truong, Pramitha Praveen Kamath, Souvik Sil, Georgiy Tkachenko, and Sile Nic Chormaic

Light-Matter Interactions for Quantum Technologies Unit

Okinawa Institute of Science and Technology Graduate University, Okinawa, 904-0495, Japan
E-mail: v.g.truong@oist.jp

Abstract: The long-range and precise manipulation of spherical isotropic and, composite, anisotropic
microparticles is a topic of enduring interest. Here, we present all-optical forces and torques that can be
used to control the spin, precession, or long-range propulsion of dielectric and composite Janus
microparticles using the linear and angular momenta of light guided in optical nanofibres. We discuss how
to transfer these momenta to microparticles trapped near the fibre surface.® We find that linearly polarized
light, generating linear momentum in the nanofibre, causes Janus particles to exhibit strong transverse
localization near the nanofibre’s surface and much faster propulsion compared to all-dielectric particles of
the same size.?2 Moreover, angular momentum, generated by circularly polarized light, provides additional
azimuthal optical forces and torques to rotate particles around the nanofibre axis.® These results establish a

first step towards the precise long-range trapping and control of microparticles.

Key words: Optical nanofibre, linear and angular momenta, microparticle trapping and manipulation.

References:

1. A. Maimaiti, D. Holzmann, V.G. Truong, H. Ritsch, and S. Nic Chormaic, “Nonlinear force dependence
on optically bound micro-particle arrays in the evanescent fields of fundamental and higher order
microfibre modes”, Scientific Reports 6, 30131, (2016).

2. G. Tkachenko, V. G. Truong, C. Esporlas, I. Sanskriti, and S. Nic Chormaic “Evanescent field trapping
and propulsion of Janus particles along optical optical nanofibers” Nature Communications 14, 1619,
(2023).

3. G. Tkachenko, I. Toftul, C. Esporlas, A. Maimaiti, F. Le Kien, V. G. Truong, and S. Nic Chormaic,

“Light-induced rotation of dielectric microparticles around an optical nanofiber” Optica 7, 1, 59-62, (2020).
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X TV E A EAERNY, PR e (CD) ShEYetk (OR) 72 KTk (F 7%
FRNR LT D) 2 U TR ZAMEOBRILSORHERFIC WS DML, X7 A EREEOA]
HOEKRFH L $72 0155, ABETIE, $I7VEFIROEBOHEMR L HRFIZIT, 72
X T NHFNRITIES WA A=V TIZONWTHRRD, TR HOEMED LT, F 707564
EAREAE NS S BRRY - AL PR 7R3N RIC WEOHIEHIZ OV TR,

1. T AN ROIME © FiER L R

X INHFNRZ, WEICX TV T 403D D ETEE, X7 VT 4030 EREEENS T
VTHARERAIN SN TS, TR TR FREEATIEORMEL 2> T0 D, L
2L, ZOBRAIDEKSL LR WIGEOH D Z L0, RIRILRDF 7NV HFNROZLEN LRI
D, FBBO LS, BEMEHHITRITNR X 7 VR FNREZHIT 25410, 2 OBRANT
A BUR 3Y5 AV BTSN

2. FTNHFNRIZ L DBEA A—V T

X T NHFNRIEIIME FIRENTT N E B 2 TV 5, CD RS FHRIEIT K 2 WIR E
O (EFEEE S O—LIT) ZEmiT 25, —F, GHEOERRLIC L 2 RINEREDZ% (&
MlmJE —lk, LD) X CDIZHA_T@EMNIRE S, BAGMWE TIX CD IZ K 2 A% — - B MR
BEOBAMIA A —V 0 ZIIREE S ST, BAILINE EIEEICERET 2 FIEARE L, ik
B TNNFEA A=V TR (5 A= bV L), EEER G CD A A—Y v 7 Fik (F
TI7ar L) EREFELT, WS OOREBHIEH L7,

BET L DT T R VWEISEES TNNFA A=V TR LT AER,
WO RPN % 7 A FRIIMBO TRERE T E G52, 2% T A TRUVEEIZEB W TH BT
FINCITRWME 5 A2 522 2 L 2 FERINTR LTz, @REESY CD A A —Y 7 T, i
B R AL UEEH T 2% 7 MRS LR ORE R I L, 28 OMEE & O MR —XUZF
EFRRTHDLZ LR, FTNVRRAALUBA A=V U I Ko TABUETE L 2 L 2R LT,

3. F T NN-WEFH EAERICE R 5 % 7 V22 B - b ish R

BT 7 AN RO FERE RIS &, X T VBB - LFRZ RISV THFZE L T2,
TR VCWEEDTIINDO X T VT 4 ONEPIERT L5605, X TNRT T XE G
IR E 720, #6030 (BFIZFRIGEIE 1/100 Kiw) 2324V 10 FFEL

W< R Z LRI NTz, F T AREBRMR 1T 2ETIE, AZAMFRECHT 5 RE
PR IERFRIEE DS LN STz,
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Modulation of Geometry and Chiroptical Property in Photoresponsive Helical Molecule
g ZEh !
Takuya Nakashimat
B4 KREEE !
Osaka Metropolitan Univ. ?

E-mail: takuya.nakashima@omu.ac.jp

Modulation of physicochemical properties in molecules with light is of interest from the viewpoints of
technological applications. Some photoresponsive molecules are able to undergo chemical transformation
in a stereospecific manner. Especially, chiral molecules with stereoselective photoresponsivity lead to
changes in optical rotatory dispersion (ORD), circular dichroism (CD) and circularly polarized
luminescence (CPL), working as a chiroptical switch. Molecules having multiple fluorophores
(chromophores) arranged in a chiral manner often exhibit CD and CPL activity based on the exciton
coupling theory. As an example, two pyrene units were bridged by a photoresponsive tetrathiazole
framework with a one-handed helical geometry, capable of photoinduced pericyclic reaction (Figure 1).[M
The pyrene-bearing photoswitch exhibited CPL activity due to the chiral stacking of pyrene units, which
was modulated by the helical-non-helical phototransformation. The CPL switching performance was
further enhanced in the chiral aggregates of molecule.[? With the same chiral helical and photoresponsive
scaffold, two achiral lanthanide complexes were also arranged in a chiral manner to form a dinuclear
complex. The dinuclear photoresponsive Eu(lll)-complex exhibited strong CPL activity derived from the

chiral Eu(111) complexes, which could be also modulated by photoirradiation.!

Helical structure

Figure 1. Structural change of photoresponsive helical molecule.

[1] Y. Hashimoto et al. Chem. Commun. 2016, 52, 5171-5174.
[2] Y. Hashimoto et al. ChemNanoMat 2018, 4, 815-820.
[3] Y. Hashimoto et al. J. Phys. Chem. Lett. 2018, 9, 2151-2157.
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Near-infrared circularly polarized luminescence from single-wall carbon nanotubes
HIIKE ', 1N TILRILHK? OFHPGTE, F. L. Sebastian, Y. Hosokawa, N. F. Zorn,

S. Wieland, #If17%, J. Zaumseil
Tokyo Metro. Univ.!, Heidelberg Univ.2 Y. Yomogida, F. L. Sebastian, Y. Hosokawa, N. F. Zorn,
S. Wieland, K. Yanagi, J. Zaumsel
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M@ (CPL) 1, ZFmE s L <IFEFRED ES LR T2 B E T 2B TH Y |
PR & A PRI ORI AR U 5 PR aM (CD) & abE T, 7 /VIE O AR
IRWFINETH D, CPLIZZE DWERIKIT L T4 2523 0 . FFIZ 1000 nm LA EOITHRSL
T, R FBEANA A A=V TE~DICHAPYIf S D, —F T, iR CPL 277
MEHIR SN TR Y | FIE OBEBENRD SN TE -, g —ARF /) F2—7 (SWCNT) (%,
TR TRTWETHY . IA FTAHEREOm TESND ST 72 DBEHFIZEY, =F
FA~Y—ZGTDHATNTF a—THiEE LD (K 1(a) . Bl TIE BT oM REIZ LV [1-3].
W72 CD /"9 SWCNT D= F U F A= GF 6120 X 912> Tnad, —&MIZ, CPL & CD
WIHEEET D2 Z £ BITEY, CD 2759 SWCNT X CPL H/- 3 Z EBWIFF SN 50, Zivk
TIZZE OGN AT, =T F A4~ — B[ 1-3]3 KO T A 2 /ERHA4]
ZBRfE L C, CPL#EZ2EB X ONCPL 731 2 FEBL % BHIR T,

TNra~x NI 7 4B RD0EEIT. = T A —ORRICH D T A T IVEER(6,5)
BLO1,-5) OHE—HEE SWONT 2457-, 155472 SWCNT OEIRAERL L Z OShhiE 5o
MREONR Y ZHIE L7z, B 1(b)IZZ D CPL A2 kL %779, 1000 nm LA_EOWTIRAME TR
PEFHIL, (1L,-5)FEMFEE, (6,5)F4AMFEEZR< R L, SWCNT 726D CPL O#IEIZHID T
R L7z, S HIT, SWONT #IRAHWTHNLE N7 PR 2 Z/FR L BT LA — LV OFEEEIC
K 2 EIREEIOE OB Lz (X 1(c) . #fH TlX. CPL FrMEOFHMIZ OWTigimd 2.

[1] Y. Yomogida et al,

Nat. Commun. 7, 12056
(2016).
[2] Y. Yomogida et al,

— (6,5)
— (11,-5)
racemic

ACS Appl. Nano Mater.
3, 11289, (2020).

[3] X. Wei et al, Carbon

1000 1100 1200 1300
Wavelength (nm)
[4] A. Graf et al, Nat. 1 (a) Structure of chiral nanotubes, (b) CPL properties of enantiopure SWCNT

fil Mi i f CPL fi T fil ices.
Mater. 16,911 (2017). ilms, and (c) Microscope image of CPL from SWCNT film devices

132, 1 (2018).
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1. T.Omatsu et al., ACS Photonics 2018, 5, 4156-4163.
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