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1. ¥FSILESFE SR (Hybrid nanohelix)

KIFZETIE, ¥ T A RE S E DRSS 4
INFELT, FTIARAFT /BT HY
= X =R TEPEA] (16-2-16 tartrate, Fig. 1a)
Z H 72, 16-2-16 L-(or D-) tartrate [FEEHRIZHE
Wk L7, 5 mL @ 16-2-16 L-(or D-) tartrate
KIEWR (1.0mM) 27 77 bt (43°C) KV
F431ZEV 60 °C T 20 43 LA EINEL L 7214, 20
CT3HMBAETILZLicky, 5EARSY
THAIKR %472 (Fig. 1c, left) , 0.1 mM @ L-(or
D-) tartaric acid KIEEHCTT 7= hF
7 v (TEOS) % Tii/KFf1ZH 7= TEOS /KIAEHK
(TEOS : water=1:20 v/v) SmL %, HHEAMR
DA KA Z T 20 °C T 18 Befi &
B L7, 4°CDOKZEHWZELSHC L D0
HIZ LV RSO TEOS #Br%E L. Hybrid
nanohelix (Hyb-helix-tart) 7K 73 8% % 15 7= (Fig.
Ic, center), F7-. 4 C DAKDADHVIT4 °C
® 100mM-KX (X =1 Br, Cl, F) K&k %
T DBl K 2 24T 9 2 & T, tartrate
DT A RA F B (Hyb-helix-X) %l
77 IR OSRS 7 KX X, 4 °C DAKEHW
TR DB LDTERIC L VERE LT, 56
U724 Hybrid nanohelix /K73 #ikI%, €<
AMEEE % 2.0 mg mL (CFHHE L7214, 4 °C T
Bl

K TER LIz b8 ARD FHESERDRE
X, VU DB I OKBriZ & DR A A A
it bR Sz (Fig. 1c), L-Hyb-helix-Br
DO FEA (IR) A7 FLVHIENS .
L-Hyb-helix-tartiZ 33 T1611 cm B & 4U
D H VR XL — b O E R B
(v,COy) HRDE—7MHELTNDHZ &
oot (Fig.2), —7J T, 3000-2800 cm’
YHEZBH SRS, Y2 =45F (16-2-16)
DT AR (b)) D7 L F LEHIC
HRT 2 A TF L DI (viCHy) BED
K (vCHy) RS — 7 I8 W T, B
FEERITIR LN o7, 72, Hybrid
nanohelix D A HEL7y & 60°CD A &/ — L CHf
HL72%. "THINMR A7 R VHIEIC TR
L7, L-Hyb-helix-Br» 5 15 & av 7= it 913,

16-2-16EEIC ST 5 B — 7 13BN S /=78,
v'—27 (436 ppm) 1ZBLAIS 727 (Fig.

N¢ Gemini-type surfactant

~00C.+.0H
’ooclou with L-tartrate
B AN (16-2-16 L-tartrate)
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Fig. 1 (a) Chemical structure of 16-2-16 L-tartrate. (b)
Preparation scheme of silica-coated organic nanohelices.
(c) TEM images of the selfassembly of 16-2-16 L-tartrate,
L-Hyb-helix-tart, and L-Hyb-helix-Br from the left to right.
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Fig. 2 IR spectra of L-Hyb-helix-tart (black line) and
L-Hyb-helix-Br (red line) in the 3000-2800 cm ' (left) and
1700-1300 cm = regions (right). Concentration of
silica-coated self-assembled nanohelices was 20 mg mL .
All spectra were measured in D,O with a path length of 50
um at 20 °C.
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Fig. 3 'H-NMR spectra of organic components extracted
from L-Hyb-helix-tart (top) and L-Hyb-helix-Br (300 MHz,
CD;0D, room temperature).

tartrate D ¥ 7 VIR FIZHEA T H 7' v b ICHEKT S
3), B DO U BEREEZ AW eE oM (EA) X

V., REBRSDPBRHBRU T ChHoT2Z2 006, FELTOAES TN AZ ) —LZ L > THIH S

N2 ENERENTZ, LEORENS, KBrkKRRKREZ AW =&z Ly,

1142 T Dtartrate 7 =

FUMMBr T =AU ACERINTZ ER DD, £o. BAEESHT (TGA) 2 X % Hybrid nanohelix
DEK T DEREITIR -T2 T A, L-Hyb-helix-tart3 X O'L-Hyb-helix-tart® A #§ % 53 O B &5/ 1%
ZNEN, AT R TEEITTE > TWIZEE OB (30.7 wt%) (I, 29.4 wit%ds LT
30,0 Wt% T o7c, ZNHDOFRERLY, v U DRENEOFEHEMT T, 4 °COKI L TV4 ‘COKBrKE
R CTOWEZBIZTERIRFINTND Z EBRREBEIND,

[1] N. Ryu, Y. Okazaki, K. Hirai, M. Takafuji,

Commun., 2016, 52, 5800-5803.

S. Nagaoka, E. Pouget, H. Thara, and R. Oda, Chem.



2. Hybrid nanohelix ®¥5 Y T « 5E{f

Washed with water Washed with KF ag. Washed with KCI aq. Washed with KBr aq. Washed with Kl aq.
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Fig. 4 CD and UV-vis absorbance spectra of various L-(red) and D-(blue lines) silica-coated self-assembled
nanohelices in water (0.05-0.20 mg mL ") obtained by washing with (a and b) water, (¢ and d) 100 mM-KF, (e and
f) 100 mM-KCl, (g and h) 100 mM-KBr, and (i and j) 100 mM-KI aqueous solutions, respectively. Black and
green spectra represent water (b) and 0.05 mM-KX (X = F, (b); Cl, (f); Br, (h); I, (j)) aqueous solutions,
respectively.

Hybrid nanohelix ® % 7 U 7 ¢ §¥ffiix, H —fatE (CD) A7 FARIEIZ LV TR, L- (B
& OY D-) Hyb-helix-tart K53 HHE D CD A7 MVHIEEZ1T -7 & 2 A, 240 nm LT OWILE IZH 0
TAZ Y v LD Cotton hENBLHI & 7= (Fig. 3aand b), Bl &I CD 27 FLOFFIL,
16-2-16 tartrate 73 % 7 /L 72 "oy TR A JE R L7 BR O tartrate D B V7R % 2 L— MEAZICHSKRT S CD
TN EEFIZBLETWS, 2 DOFERNEG ., 16-2-16 43 13 X O tartrate 57+ D 5 7 V72 BL
N, U hERLRFFSNNTEE XL OND, £7-, tartrate Z5E2ICREL BricE# L=
L-Hyb-helix-Br /K43 81X, 7/KF1 L 7= Br @ charge-transfer-to-solvent (CTTS)iE H K DO WU (Amax
=205 nm) 2BV T, IED Cotton %% 7~ L7- (Fig. 3g and h), L-Hyb-helix-tart Z KI /KI&K T
% L C15 5472 L-Hyb-helix-1 K380k 1%, KF1L7= T @ CTTS & (*P32, *P1jp) HISR DL EF (A
=205 nm, 233 nm) (2T, LHNFIIED Cotton %2R %7~ L7z (Fig. 3iand j), ¥ 72, D-Hyb-helix-Br
B LY p-Hyb-helix-1 KA BUK B IE, ZNENWFF 5O CD 7 F ARl s, BrBLOT
ET7XINRAFT L THDHZ ED, BHISi7 CD v 7 /L% Hybrid nanohelix 225 % 7 U 7 «
FEINTZZEICHKRTHEEZOND, BRADOHBHIRY ., ZORERIZX, BEFHEY =42 d CD
T FBRBRE NS TORITH D, ClORAIE, 200 nm LL EOEEHEkIZIH\WT CD v~ 7
BBl S 7e v o 72 (Fig. 3eand f) 73, Z OFEFRIL CI D CTTS /N2 RS K 0 FIE R (Ana = 180
nm) THHZ EEEETS, —F. L- (8L D-) Hyb-helix-tart 2 KF /KIRIE TUEE LIzma. £
DT FIVERE DD HE D B DD, JE 4 Hyb-helix-tart L 0 BHISH 5 27U » o CD &7
TS DOEAGITHER S -7 (Fig. 3cand d), T OFERIL. KF KER TOWFEIESR D .
tartrate 235 A A & LTEFLTWAZ L2 R LTS, IR AXZ MIELY . 1611em ' 1T
VR F T L— b OWSHFMEREREE) (1,COy) HROE—7 BNEIISNZZ b, ZOBEREHERL T
AR—FLTW5D, ZN6OHSRE, Hoffmeister W ICRFEIND T =4 DKFIHHE = RLF—
DKRINZHED W FF =T =F FEAEHDOEWNI L > THIATE 5 (N-F < N-tart < N-Cl < N-Br
<N-D,

WIZ, HRMET =4 12% 7 U 7 ¢ 5L 9 5 Hybrid nanohelix 2 A7 A D X 7 VIR Z ] 5 0>
2T 572912, L-Hyb-helix-1 /K53 HUR O FEEBRRIZIB 1T 2B EKFMHEIZ OV T CD, UV, IR A
7 MVRIEZ HWCHRA L7-, Fig.5aand c (2R Y, 30 °C (T.) LA FOIEETIX 233 nm KO
205 nm (2N TIED Cotton ZhENBIH S 7z, 45 °C T TORIBITWETIX, >V O LHEARE
HE (Fig. 5e) KONT /LT LEHOMERM (Fig. 6) I2BWT, FELWALITA SN2 -7-, Ll
2B, TO CTTS WU (CPsp) 2B 5% LWIRINGRE DD & ZHUTfE S Cotton 2D
KBBLAI STz, AR OER L2 — 213, FE 20 C IR mAI L% IR bR o T

(Fig. 5¢,d,and Fig. 7). 2O DFER LD . ~NTF A RAF D CD ¥ 7 F %, FimiEt#A 16-2-16
N tartrate ZXFA A & T ARCHEE LI-X T LR EH (T 07k aikag) 23, > heEic &
STA AU REH LRSI, TOF T NREFINOLFRLINTCZ ENRBIND, SHIZ50°C

(To) VLEICHIET B L, Py Ny FOWNREITZE LML, Z4ud, TISAKmL TV K
ST DR LT Z & &R, £ IR A7 b ADIZEIT 5 v,CH, (2924 cm™') & Uv,CH, (2854



em) BT BBERE—7 2T ME, 16-2-16 55 F O T /LR LEAE SR B S SRR AR I AR S
BAERZ LTI EEREBEL TS,

NTA RAA O CD (ICD) OEJFE L TEZOLNHEGDLIAI=ALIL, LFTO225TH D,

(1) B HNT A A A OB FHUEORFERIL, KO (2) ~NTA KA 4 DF T ILIRELS|
ks x by Y s, SEIBIHESNTE ICD O A=A L& BIEST DH720IT
L-Hyb-helix-C1 7K 73 #if (2 K1 KA %2 Il 2 T < in-situ A A > AZHIZEBW T, CD LN UV ALY
NV OZEAZBLI L 7= (Fig. 8)o T D Pyp KNP p /30 ROWRINTREE 3 KI KEK DTN LE- T
EARMNCHEIM U722 b, ClA A3 Ic TICE &b o= 2 AR EINS, £/, T
D 2Py LN 2Py 3 KD CD & 7 FABREE L, KL KB DTN AL - THEBRAITHIN L, B
WCAIFNCRIE L, 22T b LATA R4 A D ICD BN=F v brh v 7V o 7IchkT 58
. D5 —ERE K KEERZRML TH ICD BEH S e WERERE VSR I LI1ET TH D,
Z T, Z® Hybrid nanohelix ¥ A7 LMZEWNWT 7 Y —D T &xfA A& LT Hybrid nanohelix [ZHX
VIAENTZT EOMIC, BHERE—27 7 NBRBAIES N2 o7, Tz, SEEA ST
A FAF D ICD 1%, WFFMENT A FAF 2 OB FHEOSHERNICHET S D EEZS
s,
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ATILTIA IJWEI“U'WH Te % of L-Hyb-helix-I (0.20 mg mL~1) in water at (20 °C,
b Uﬂﬂn b e blue line; 20 °C after heated at 45 °C, green dotted
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0) i Uﬂ . line; 20 °C after heated at 60 °C, red dotted line).
e

®
Fig. 5 (a) CD and (b) UV absorbance spectra of
L-Hyb-helix-I in water at 20, 45, and 60 °C.
Temperature dependence of (c) ellipticities at 232
nm, and (d) UV absorbance of the *Ps, band. (e)
TEM images of the dried samples of L-Hyb-helix-I
in water at 20, 45 and 60 °C. (f) Schematic
illustration of phase transition behavior of
L-Hyb-helix-I in aqueous solution.
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g 2918} R Fig. 8 (a) CD and (b) UV absorption spectra of the
= c1 c2 . -1 . .
5 0853 = L-hyb-helix-Cl (0.20 mg mL ~ ') in various
2 ) . o
§ 2850 / concentrations of KI (0-0.18 mM) in water at 20 °C.
2g51 | V:CH2 Effect of concentration of KI on (c) the ellipticities
—— S X 5 5
‘ i i ‘ 2850 L ‘ ‘ and (d) the UV absorption of Py, and “P;,; bands.
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Fig. 6 (a) IR spectra of L-Hyb-helix-I in D,O at
various temperatures from 10 °C (bottom) to 65 °C
(top). (b) Temperature dependence of IR absorption
of v,CH, and v,CH, bands.



3. T/ A—RHBEAE~ADET ) T 1 Fi
Z Z CiE. Hybrid nanohelix & F V72 ) /77 L— k& LTHW, xR EHFE LAY ~D

X7 U7 4k ER ATz, TPPS (0.01 mM) KIEHRIZ L- (3 £ U D-) Hyb-helix-Br /K43 8k 2 I 2. %
& IKIEIR D DS R DR A~ & B L7z, UV-vis X XCD A7 hVHIE XY . TPPS O
E )~ —ITHRT D W (Amax = 433 nm) 23VH 28 U FLIE RAMNHT 72 1 B U 72 WA (Amax = 405,
416 nm) 12V T A7 Y v MO Cotton 2hH: (|gep| = 2.2 x 107 at 424 nm) 23BLH S #17= (Fig. 10a) ,
TPPS X7 ¥ T V723 ThH T b, BlSiiz CD ¥ 7 J/LiL Hyb-helix-Br |2 X - Tl &
N7=ICD L&z bbb, £7-. L- (3 XU D-) Hyb-helix-Br KA BIK A RN 5 2 & 12 X A RO
HE > 7 MiX. Indigo carmine (0.04 mM), % OF Congo red (0.04 mM) KIFHRIZEB W T HER ST

(Fig. 10bandc), ZHHDFEEMN S A Hybrid helix ¥ AT L&A NDHZ LICE Y, ka7 =F
LR ERFEEB L X TV T A 2HET O ENARTHL W LMNI LT, EHIT,
TPPS ITHEMEBARZTHHDH Z &b FILFEDOFE 1772 > 7, L- (3 L U p-) Hyb-helix-Br %
& de TPPS (0.01 mM) KIEWKIZ 420 nm O Y2 B35 & FEIEFE (CPL) Z£E 5 AREBDFE
SRR ST (Fig. 1), L LAad b, B S -t KB D BT HER T (\guml =2 x 10 at 670
nm) (TEERED R IR T (lgep| =2.2 x 107 at 424 nm) DK 10 53D 1 FRETH >7=, P LEO#E
F LV TPPS ICFHEE S A7 T 22 0, FhEDIRIE CIZEEIRREDHY 10 0D 1 FREIZHA T 5
ZERHBLNTR o T, B, FTARIERORFFIZEZ D —RALDEBEIZHONWT, 5l EFi
ozt %,
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Fig. 9 Chemical structures of (a) Tetraphenylporphyrin
tetrasulfoxide (TPPS), (b) Indigo carmine, and (c¢) Congo p 11
red. = i =
5 S
S 3
T o
= i N
e 1 g
(@ ) < | =
With Hyb-helix-Br Dye alone ne With Hyb-helix-Br Dye alone : "
40 - 04 s q
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: Proeoe Fig. 11 CD and UV-vis spectra of TPPS
S B ' P aqueous solutions in the presence of L-
W and D-Hyb-helix-Br (blue line). CPL and
- fluorescence spectra of TPPS aqueous

B e solutions in the presence of L- and
D-Hyb-helix-Br (red line). The excitation

wavelength was A = 420 nm. The insert

Fig. 10 UV-vis (top) and CD (bottom) spectra of (a)

TPPS aq., (b) In@igo caming aq., and '(c) Congo' red aq. image shows TPPS aqueous solution in
without (black .11ne) and with (red line) Hybrid helix the presence of L-Hyb-helix-Br under UV
aqueous suspension. light.



4. Hybrid nanohelix #¥ S+ / V703 —ELTHW-2EBEREXS U T4 i
Z ZClX. Hybrid nanohelix (CHE SNZXT7 VT 4 ZFHAL, SOR5X7 VT ke (FE
B&“ﬂe"f UT 4 FHE) IZOWTHRET 2 T o7, ZEMEX 7 U 7 45O —>H DA & LT, Hyb-helix-1
IR D HyOr RN L 5 % 7 72 T D in-situ BRALRG 2Tz, LICHKRT D872 ICHBL L
Wjauym BT Cotton 205 (lgep| =4 x 10* at 398 nm) 3BLHI S 7= (Fig. 12a), F£7=. LERKX
FVTAFH RO ZSOHOHNL, @EANT A FOFERIZIB W TEII S 72, CuSO4/KIAEHK & KI K
WRERAETHZEICIV CUBLOLAELNDZ & :LE< FHILTWD, £, CuSO, KIFHKIZ
L- (B X O p-) Hyb-helix-1 K3 EIK Z WM LT=, T OEPETITERA THRIIL A=Y hicBWTH
SEoTEBABIT R OGN o 7oy, S HITKI 7k/§{fﬁi%(ﬁbuffé Tl RY BB L 72 290 nm
B L VV360 nm (23T Cotton R BM <7z (Fig. 12b), ZHNHOFER LY, CuUBLOL O
ARG %38 ©C L- (B £ WV Dp-) Hyb-helix-1 2% 7 /L7227 o BBEEARAE L T2 Z L2VRIB S
%o ETo. BISH O Culll, DR ITPERF (|gep| =5 x 10 at 318 nm, 3-4 x 10 at around 400 nm) 73/<
JSETO TOME (lgep| =5 % 10 at 207 nm, 4 x 10 at around 235 nm) ([ZIFWZ L6, I35 Cul/l, &
AT HDRIGICBW TR T AREROBIENMILEAEENVLEEZ D, 512, - (BXW b))
Hyb-helix-Cul {2 290 nm DI ¢ 2 BE 42 & FRIEH)E (CPL) (|gum =2 % 10* at 550 nm) %
o mEaDILBl =7z (Fig. 12b), L EORE XY | F 5472 L- (38 L U b-) Hyb-helix-Cul
BV T, iR EIC B W T b R B L ZIEFREO X T Ve E @/ MR S D Z LB O
Lot

20l ] 40 L Hyb-helix-Cul + |, 4
I L-Hyb-helix-1 D- Hyb -helix-Cul |

1 20 + 12
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S I N N S =
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Fig. 12 (a) CD and UV-vis spectra of L- and D-Hyb-helix-I in water before (black)
and after (blue) adding H,O, aqueous solution. (b) CD and UV-vis spectra of CuSO4
aqueous solutions after adding KI aqueous solution in the presence of L- and
D-Hyb-helix-I (green line). CPL and fluorescence spectra of Cul with L- and
D-Hyb-helix-I (red line). The excitation wavelength was A = 290 nm. The inset
image shows L-Hyb-helix-Cul in water under UV light.



