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The objective of this study is to control crystal chirality in chiral
crystallization from an aqueous solution by inducing chiral nucleation under chiral plasmonic
near-field. We demonstrated that crystal nucleation can be induced under ?Iasmonic near-field by
optical trapping of solute molecules in solution driven by electrical field gradient force of
plasmonic near-field in low-weight organic_molecule-water system. Although it is necessary to
confirm reproducibility at this moment, slight chiral bias was observed iIn the probability of
appearance of enantiomorphs when NaCl03 chiral crystallization was induced on chiral plasmonic
nanostructures excited by circularly polarized laser. In addition, we found that homochiral state in

NaCl03 chiral crystallization can be achieved by inducing the chiral crystallization by bubble
generation resulted from laser irradiation to Au plasmonic nanostructures.

Superchiral field



# XL C-19, F-19—1,

1. AFZEBaE Y FI D 5

XF VT 4 LiE, HDZRTHIEBENRZED
FRR e —B L 2VEE, Thb b, Hifgxt
FEDORIMEETEE TH D, ZOMWEITH
R DB % e BB IRV T RIS TEE S
HWETHY, HER EDOREXT VU T 4 RfE
RO E L CHRRORERN L EERE &
H O 2720 T < WSRO ABEMED %
WL [R5 % R 3 E A W O 1 R0 22 [ S s xf
MEOMNICEBEZ B A fr=7 X
MELOME Z R8-S 17 T b

I & e @EE#%%&@HHWﬁWEW
%%ﬁ L7eWEx7 U7 1 filiEx, »Es
T RIS R x T p P CEHETH Y
H< W - b - W) - ﬂ%ﬂ%ﬁ%f
WMFSEE DBILE 2 25 & el T D, I
%E%?U?%ﬁﬁﬁ%k?ﬁ%ﬁé#o
DHERTHLHDH, MEEEAFRE LR
FRIGIE, I K DWEXT VT« FlE O
e LTHLS ORI S NS, 1970 F4K
(2 Kagan, Calvin 28~V & > O MR & A5
JR & U 7oA B T Ot AR G RRIC BN T
2 % T D 85 14 B B #) =R (enantiomeric
excess, e.e) N EBRIZHESND Z & 2Hsh
L7-Z & %3282 (A Moradpour et al., J. Am.
Chem. Soc., 93, 2353, (1971), W. J. Bernstein et
al., J. Am. Chem. Soc., 94, 494, (1972)), Z DX
Ji A — A FE A OLFEEICE ST
X7, L Lenn, MEEOEEL > F &
BFDOXT VT 4Dy TFORT—)LFERN
KEWEH, BEEaE20 L L-ARE
- TV E R O 2545 FE R B Ze AR BAE A IR
*ﬂx WhE < REARFERICED Eﬁ%iT

RE7R B BRI =R 1X, 0.5- 2 %R EITH
o'Cb\Za DOMNBUIRTH 5 (B.L. Feringa et aI
Angew. Chem. Int. Edit., 38, 3419, (1999)),

WA, Y O H’*7 V74 OREZR
T . LW G E TH D Optical
Chirality(OC) 7 % K & +u 7= (Tang et al.
Science 332, 333. (2011), Lipkin et al. J. Math.
Phys. 5, 696. (1964)), OC %, Maxwell ® %
ANbENIND, =R/NLF— « EHBE - AiE
g L [ CHEEICR T 55 4 DEMY BT
HIRFETH D, JSEEGREHT LD OC 2
SNTIEHE. AREED bR T g
EMEERT D Z ERRITRICE D RS
NTHY, OC BRI N5 < i
72963 (Superchiral Field) & MEIZN TV 5,
ZOXGE, T NARER T EERE PR
KT T A TALLIET ST AT
WL CTRAETHIZEDRMEINLTVD
(Hendry et al. Nat. Nanotechol. 5, 783.
(2010)), TERD, H It & 5 Ffl A% %
T, TYA SN A BRI R
5HZ L THWEMEBERIZEB T 5 EAHIEX
BN EZTRRLE D & 2R

IZATONTEY | EWTIEF T L7
T ARFE OS2 BE S E BRI & E
S TW5D,

L L7 b, ok SRR I C

Z—19,

CK—19 (dtm)

HDH72, BEFD ee sl FIEDRE IR L
o EDOERMERD Z EITHELL, Eo
£ 21T LT e.e. &7l LTS OF M % &0
HEWVOMENES, ZORMBEIC L., f#
WRO—2 L7V FLBGEN X T L5
ThHDEMEREFRITEZTCND, T T
ffb &1L, TR T IR WE N TV IR ZE R
DG E LTI T 28R THY | A&
R EFUMED S 2BIR TH 5, d K
OB &, F 7RI, 7%
TN T THERESNT=X TR T A4
wwﬁiﬁfﬁ@ﬁ‘@ﬁi‘i%?ﬁﬁ‘/ R — )L TCEEA
L. BB ORAEZFKRST-88IK N~ 7 a ik
fnd U CBLHITTRE 2 A XL CTHE T 51l
BThsd, bbb, 7 REITT A
=V DX T VR O A BRI B RT
BB A — VETILRT D E VI MEE %
SDLERD, THETONZE THIZEAFREIL
X 7 R LT 5 NaClOs D /KIRHK D&
Sm RS R R AR A R L — Y —
T D EENENLF T ML EZFHE T
. EEELNDMBHBEOBUTHE AT E
72X 7 V7T s DRYPFEINDZ L&
FH L Cuv % (Niinomi et al. CrystEngComm,
18, 7441. (2016)), WiiZFEI L < LT, HFEOD
e 7 I — T RERF R 2 A ~— DB
?éfﬁf%:y7$y%2ﬁy%ﬁ%5

BANFETDHEFDORY hAKRy BT
OCh%b<ﬁﬁéﬂékfé@ AT 7 & R
F LT, bbb, MERIREDOERSR L
PLL725MTF T, OC WA R 65
Z &R S~ (Liu et al. EPL 110, 17008.
(2015)) (X1 1), LA EO#RSEN S | AFFEREH
TR BN NG EZREFT LZORGF TF
TNV EFHET D2 & TE YRR
FERF TV T A HENARE S D LB L,
ARWFTE % Skt L 7=,

WIBME @500 nm  Optical Chirality@500 nm
0.000

— &t
oom)

FIE
O

Optical Chirality

w0 &0 7 y/nm y/nm

wavelengthinm)

iu HORT )R AHF v v 7B
OC 58 O HAEfiFT OFEF, T/
SOC DELWHEBRA RN,

< XK

\@»—A
N
wb

AN

2. WD BB
AP TIL, |7/ BERO Iz

ofﬁibéﬂﬁ<%i’bﬁfﬁ%$fﬁ’r7/l/fﬁtaa
{bEHEdT AT, LvE 9}34&7@55%7
UTF 4 fil LT~ B E L TR

i L7, ﬁﬁﬁ%@%@&iélﬁﬁ%f“%}ﬂiéhf:o
FBE L LT, EOENEE W% T
VR T KA OAERLTIE DML K VR
7T RXE IR F RIS L DR ko
EH, FEBEELT, OC 2T A—F L



HI—HSZ
BAIEL > L
(X60NA=0.9)

Bk, 1w
E—AX

e
TUws

B2 ARWFE CHESE L 72 RO R, (
SESARCERIEE 2 7O S R R i, (
H T AFER N E TR ENEI LD RS
ni=&Er ) Ko,

L7cx V&R T/ Mg ofaii, 5 = B

& LT OC &fEmSE g AR R =R OB O,

BEIUEpE & U CRIBREIR~o IS Hicm g 7=
X 7 VIR BB 1 O s b~ O % F
L7,

3. WL HIE

BISEAUR S BREE D N 7 R— R b | 38
el (CW) L—H — A A L, BAMEIIC &
Nkt o AcLr—YF—%ENTH2 L
W2 &0 TR E A R L7, BAIREEIC
CCD 1 AT &3 5 Z & CHEE ST ED*
DGEIE & A[REIC Lz, BBk 2 v
T, HiEA2H e Lz o ve g )/ HEiE
KO T VA %1 X—HTF A EICERL
7= (X2), £/, BEEE+T7 L LeT %
TNERT JEEEROBEM T LA b hbt
TR L7z, D@z L v @i /1%
EER~NL—HF—%ERT D LICL V)R
F ) EEORE ST AT DR % RIS
L7, &JET /7t Bk S bR 2 T L
7 ECRESTAEERR LT,

4. WFFEALE
(DFE@MT 7 AT TEG IR L
S T APEE)

SR RNV II R T T X® VLR T
BAET D, RHETIEL, ZOEESTTX

Solution thin film

supported b
___ nanostructure

= Zr Zh——

37t LTI /)72 DT T AE= 70
AR AR LSRR O R ORI

NEREFETDHZ ETRBESF T Y T 4
A B Lz, 20z, IS T Cfb
{LEFHLT D FIEEHNLT HNERD D, K
MO, RKifi 77 A€ TGO T/
ZERNC REAL L2 D ERIC L WAL S
B AE N L > TKIBERF OGS 7 7 A
H—EHR L (T RE=y Z i) &RE
mEC T ERELEEREZFHLTHZ L
TH#ESF CofMmbEZERL LS L5
LOTHD, AFTROFERL LT, FMA
EHIEMTHLTENT I ) 720D F
T XE= v 7 ik EER LTz, 71
ERT IHEEER TN T I ) 7o
FKBRETF T 52 & T, BMEHRRBICL
D EJET AT ORIBICKER ZRE S
KV TN & 428/ RS IR R ISR L
TR —P— (L= 1064 nm) &/ G A
b~ LTZ (K 3), HERHF O, 7
T 7 xS RRmENERRERLE L
THBE EICHHTAZ 28U (X 1),
Z O MBIRITHA L 72 i S O E T A
DNE 2T HZ LI X0 NARIHE
THENARETHY, £/, EHRFEIEL

/
0 secJCrystals ¢ 1 sec

Laser OFF (Vi) 9 Dro/plets‘

W
Droplets -

~19.18 sec

TN ) T2 DT TRy
7 IR AL LR AR O 582



T5Z & CIWIBME~RERE T 2 & 2RA
L7, MBARODA X A%K@<$%ﬁm
ﬁ#oﬁiﬁMﬁkﬁﬁ,®%~ﬁ¢5
FTOY L= ROBEORERTHDLZ &n
HERTE, 77 A=y 7D ERLICF
HLTWBZ ERNbhnd, iz, EXADNL
EREICI VBRI ELZERIECE 28, 8
WBE 2 1E4 25 2 LI L0 NIRRT 5
ZEND, TTRE=y I IFERRIC L DR
LN EBR SN ENEZ 5,
QERENSDT X T -F% T VLR lLEH
& EERORE FITEKTFETDXT Y
T 4 DI Y

X I Ve BT kT BT NaCl0s Kk
OWUNEREZTERL L, TR L —V— 24k
T5E (X 5) ., BUNRIENTT X 7 V7%
EMNFERETD2ZE2ALMNIL, B
EZEMORERIE . R ERUNER D
zsum%ntﬂ% IBEISEDS L A D

BEIRKICIh-» T V—7HRIZL Y #EL
mmﬁm#ﬂﬁﬁﬁ#E%ﬁmmﬁﬁfﬁ
SI—552 BT /IEF
2EF 1T NaCIO, EXFLAGE
A @®/ (10100 ym)
e @& _°

=

X 6 N ClO3 X VG L TSR D OB
2, THRITIERKTHY . B S OBEHL
I NATY /) _75/%%7%% YA

)

B 7 k& O B OF X T Lol
ROBEMCTOMEBEEE FDTD FHIC
W72 OC 2 & 22 FERIFRMEIR 1 o 5%t

"_E;O

EL,. B8 E2EY ZERNHLMMN LRS-
(K 6), Tk, £HAOBEREOH D
IV =T LML ERPENSICEET S
BT . BEETEEDN D T 3 T LR HEL EAR
DX TNIRBREM~SZREE N ME D Z &
DA LMNE T T, R LORERG O D5
mi DS BV R 2 AN U 7=, BLEERS CHi%
FLMEBERER 14%ICE L TEB Y | ERSE SR
OF|E T, FAREOF & Tl &8
J HEEROR] & FICKAF L-, FDID 3R % b
Lz, FTNERT EERITEED 0C OfE
BEHET AL 0C DEOFEAITX T VAR
JHEEROF)E FITEKGFTHZ b0
BEEGEMSROR] X F1T 0C OF| X FITEFET
Az kﬁiﬁﬂﬁéhto Lz‘)xbf;bi%\ it Bt
15 FAE R A FEAM VX 2 22 A AR bR T [
Bamron Tt b, A&ﬁﬁ%@ﬁu#m
EThD,

BT RE=y I MBGGEENT VLB~
TUAZMTIC LD~ A 7 niRiEBEEE &
ST E LEEXT U T o sPREDiEN

BB
(120 um) <

CW
(532 nm)

8 FERFR ORI

NaC10; fl Fi /K ViR (2 iR L= &)@ T/ %
ERA~EYE L — W — i@ >6x10% Wicm?)
ZHEL (K 8). D%, BWIHARIIZ X 0k
mhA R S D EHEBERSESE L, i
LOREFIXIZER—THOELWVFTY
T A XMPEOWNNFESIND Z L 2R
L7= (49, 10) . £SO F OBBEL DFE
B, L=V LV ERSEE T~ A Y
XTIV INFEAE LS TV DR AT EVD R
~ T A=RPRNE L, KBRS RETEC R
HENDZERHONE ol £, <=7
12N T VDGR N T L= E R KSR
AR AT TR AT R 6D C R O3 A



;aﬁ: 50

S |d4kBE

& | HAER

EE

mg -50

2

1 2 3 4¥§§§% 6 7 B k] 10

10 #EfLERIC & 0 155k i ie
BRI

(GBI o = 360%) NFHILD Z & Dbk
REEREMTNOHLNE o7, ZOER
FAFEIZ LD X T RSO R D FE S
. RNICERANCH N T ViEfn~ 7 v
T L > THREND 2 EICXVFE
—DOHMEFEATDH IRENRERLE LW
FTZ VT 4RO ESI R Lz &
Ezohsd (K11, KRHZFSIE Lz, &
AL BIT 5% 7 U T 4 oI Z
NETICRL . BRI/ O TRE

11 NI IVENDTA L D fEs b+ D
BE®

RET VT OO EBEECTE S
DINKFERDOEMTHY , LW T Y
T A HEHOFETH D,

5. E7pdEIiam L
(WFFEFAE . WFIEor 3 M ONEHEIT 784 12
ES 7Y

CdeRERmSC) (G 5 4F)
1) H. Niinomi, T. Sugiyama, K. Miyamoto,
T.Omatsu, ““’Freezing” of NaClO3
Metastable Crystalline State by Optical

Trapping in Unsaturated Microdroplet.”,
Cryst. Growth Des., & #c4, Vol. 18(2),
(2018), 734-741.

DOI: 10.1021/acs.cgd.7b01116

2) MHEFIE, BIrEX M S
727 T RE RLADD DX T IV
RIZH 1T B =) v F A BRI R R
¥l Enantioselective Asymmetric
Generation in Chiral Crystallization from
Plasmonic Nanoparticles Optically
Trapped by Circularly Polarized Laser”
JEIEF, %ﬁﬁﬁ. Vol. 48(3), (2017),
170-173.

3) BIXEIE, KZILkEM, H)IERE, T4
AR, LML F, RBI, =R E,
RANEE, <% 5 LB T ox T L
BIERICBIT 2% 7 U T 1 DRY
Chiral Asymmetry on Chiral Nucleation
in Chiral Optical Field” A K7/ /¢
25 BHE, Vol. 44(1), (2017), 38-45.
DOI: 10.19009/jjacg.44.1_38

4) H. Niinomi, T. Sugiyama, M. Tagawa, M.
Maruyama, T. Ujihara, T. Omatsu, Y.
Mori, “Plasmonic Heating-Assisted
Laser-Induced Crystallization from a
NaClO3; Unsaturated Mother Solution”,
Cryst. Growth Des., ##iA, Vol. 17,
(2017), 809-818.

DOI: 10.1021/acs.cgd.6b01657

5) H. Niinomi, T. Sugiyama, M. Tagawa, K.
Murayama, S. Harada, T. Ujihara,
“Enantioselective amplification on
circularly polarized laser-induced chiral
nucleation from a NaClOg3 solution
containing Ag nanoparticles”,
CrystEngComm, & #if, Vol. 18, (2016),
7441-7448.

DOI: 10.1039/C6CE01464J

(K] (G 131)

1) HixEFEIE, fZIEE, HIERE, FI6R
i, LWL, HRES, mARE, B
WER, "FTNBNE T TOFX T Vi
pfbiCB T 5% 7 VT 0 DR " HAE
PR H I8 HFFFEZ(2018), 4ST-03,

[ B AR5 8 L %H, T3,
2018. 03. 23] (A FEHH)

2) BFETIE, IS, B)IERE, TR
i, LR, B, BARE, B
FIR, "R TR TOX T VR
BT 2XZ VT2 DIRY", 55 46 [5H
AiF ik R F 2 F =%, 29a-A02, [HT
Va3 Rk ke, R, OH AR,
2017.11.29] (FA 5 1)

3) H. Niinomi, T. Sugiyama, M. Tagawa, T.
Ujihara, Y. Mori, S. Harada, K. Murayama,
K. Miyamoto and T. Omatsu "Crystallization
of NaClO; Metastable Phase from
Unsaturated Mother Solution Achieved by
Excitation of Plasmonic  Nanoarray",
International Conference on Materials and
Systems for Sustainability 2017 (ICMaSS
2017), P-1-23, [Nagoya University, Nagoya,
Japan, 2017.09.30] (poster)

4) C. An-Chieh. S. Ishida, H. Niinomi, T.



5)

6)

7)

8)

9)

10)

11)

Omatsu, K. Sasaki, T. Sugiyama “Optical
trapping-controlled chiral crystallization of
sodium chlorate” 2017 #f /L% 7 an 2,
1P96, [HRAL KT, flie. HA, 2017.09.04]
(poster)

H. Niinomi, T. Sugiyama, M. Tagawa, T.
Ujihara, M. Maruyama, Y. Mori, K.
Miyamoto and T. Omatsu “Enantioselective
Amplification in NaClOs Chiral
Crystallization  Induced by  Circularly
Polarized Laser Trapping of Plasmonic
Particles at Air/Solution” Chirality 2017,
P-058 [Waseda University International
Conference  Center, Tokyo, Japan,
2017.07.11] (poster)

H. Niinomi, T. Sugiyama, M. Tagawa, T.
Ujihara, M. Maruyama, Y. Mori, K.
Miyamoto and T. Omatsu “Chiral
Asymmetry in NaClOs Chiral Crystallization
Induced by Circularly Polarized Laser
Trapping of Plasmonic Nanoparticles”
JpGU-AGU Joint Meeting 2017, MIS11-05,
[Makuhari Messe, Makuhari, Chiba, Japan,
2017.05.24] (Invited oral)
ERFAE, A2, B)IER, 590
i, FULSEI T, BT, BEAREZ, B
EBIR T ITRE=y I ZWRLT RSO
JEINEIT X 2 KBS D> 5 > NaClOs i il
Ltz ORBEE"  Fadg i - R ©
DIRR YA F T 1 2 DB & & DL #]
£ [dbEE K, LW, B A,
2017.01.23] (R EEFR )

H. Niinomi, T. Sugiyama, M. Tagawa, T.
Ujihara, Y. Mori, S. Harada, K. Murayama,
K. Miyamoto and T. Omatsu “Optically
induced crystallization of NaClO3z metastable
phase on plasmonic gold nanostructures
immersed in unsaturated mother solution”
Institute for Global Prominent Research
Kickoff Symposium, R-2-2 [Chiba university,
Chiba city, Japan, 2016.11.14](Poster)

H. Niinomi, T. Sugiyama, M. Tagawa, T.
Ujihara, Y. Mori, S. Harada, K. Murayama,
K. Miyamoto and T. Omatsu “Crystallization
of NaClO; metastable phase from
unsaturated mother solution achieved by
excitation of plasmonic Au nanoarray”
Optics & Photonics Japan 2016, 31Popp3

[Tsukuba university (Tokyo campus),
Bunkyo-ku, Tokyo, Japan, 2016.10.31]
(poster)

BIEEIE “@/T hio - 7/ EDOR
77 RAEEN LML —Y —5
s bz 5 NaClos #i ¥ 7 U 7
A ZIGHIE” FREA 7T R
I M FAF7E 2 (Nano-PIA) 22— [alifF 78 &
S —[ER MR, ER, OBOK,
2016.10.20] (P EEFE )

H. Niinomi, T. Sugiyama, M. Tagawa, M.
Maruyama, S. Harada, T. Omatsu, T. Ujihara

(X5)

and Y. Mori "Enantioselective bias on
circularly polarized laser-induced chiral
crystallization from NaClOs; solution with
plasmonic Ag nanoparticles” The 18th
International Conference on Crystal Growth
and Epitaxy (ICCGE-18), Fr-G09-2,
[Nagoya congress center, Nagoya city, Japan,
2016.08.12] (Invited oral)

12) BT AL, I, [ISERE, AL

X, RHEEXR, FiRRM "EEES R
7 BOKERIE R DR T KA PR 6 4
RIZEVFREND X T ERICB T
HX T VT 4 DR HARHERZ S FL5
52016 A E, MIS12-05, [FE A v &,
T3, HA, 2016.05.22]( 1 I )

13) H. Niinomi, T. Sugiyama, M. Tagawa, K.

Murayama, S. Harada, K. Miyamoto, T.
Omatsu and T. Ujihara "Chiral bias on
circularly polarized laser-induced chiral
crystallization  from  NaClOs  solution
containing plasmonic Ag nanoparticles"
Optical manipulation and its satellite topics
(OMC'16), OMC5-4 [Pacifico Yokohama,
Kanagawa city, Japan, 2016.05.20] (oral)

G o)

(PEEIA PEHE]
O HIRAL (G0 11)
OBAHRIL (G0 1)

(Z Dfth)
R— hr— U

6. WFFTHLAE

(1) WFge s

W% EIE (Niinomi, Hiromasa)
THER - KFPe T20F5E0E - BRI
a7 B - 40768983



