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Single-Molecule Imaging of the Matter Transportation along a Polymer Chain

Shinohara, Ken-ichi
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The fast-scanning atomic force microscope (FS-AFM) for single-molecule imaging to
measure the phenomenon that matter was transported along a polymer chain was produced. The method to
measure the micro-Brownian motion was developed. The phenomenon that matter (short chain) was transported
along one helical chain (long chain) of poly(substituted phenylacetylene) by single-molecule imaging
using FS-AFM was observed, and diffusion coefficient were measured.

In addition, the following results were also provided. (1)A temperature control imaging experiment,
(2)The molecular dynamics simulation of the matter transportation phenomenon, (3)The understanding of the
matter transportation phenomenon by the visualization analysis (P1V) of a solvent flow generated at a
long-polymer-chain neighborhood, (4)Control of the matter transportation.

A molecular walk (a molecular motor principle) in an organic solvent was demonstrated. | want to create
the non-aqueous solution-based artificial life function.

1 AFM PIV



# XL C—19, F—-19, z—19 (Gtm)

1. WSO 5
BFFERFE T, BEICEERY) ~— 1070
BB A — T TR AT T, 4%
AA—V U TEMREALTND (BRD,
Chem. Lett. 38, 690 (2009)72 &), fxilf . Fe %
i, iR (25E£1°C) BT D 1011 A—
DU TERT, bBHEARY ~—8#HO EEWE
NEEINLBGEZRKALE (FR), Zh
IRk D N Ty 18— ¥ —FBL~AT 72 B
RTHDHN, ERE LT, REWMEDEIIL
— L DOLHEARY v —EHPLME LRV OD
M EEL ORMPEINTWDS (1A
RENFARMED B A AR+ —F —DH
HH% kv KIF1A/fU)& % (Y. Okada, H.
Higuchi et al., Nature 424,574, (2003))%
BEICLTVWED),

MMy = 1.
d @
(-)-Pely(ChOCPA

LHEARYI—HEHIZHR>THELIBZESINSD
BEO 1 DFEEAA—DDT

2. WMEOHM

R RARERZE I > TR SN, *
FUHEAREDRY v~ —gH—KITH - T
MENEESNDHRDOA D=L EHG
MMZT 5, BRI, WEEREHESORE
KM Z 35, £20F8H% (D) FF
BHOMRBL X OERY FE—F— (HEEX X
DU UNERIR YY) DR L Ol A
Mz T, WEEREDOET NVEEET D,

3. WFFED kL
(1] 1 > FEVREDBERIE A A —2 7

X R LEEERBY, XU F L RELTo
VAT IUNEEETHEBRRY) 7T L
[ (-)-Poly (ChOCPA) ] 1%, Sy F#HICih» CTWE
BT HRENEZHTHZ EBHLMNI -
oo . WEEEOEERIEA A - T
FEWTH, ERICE > TELNTEREE T
W2, KRRV ~—OWE LA T =X W B
T 5,

LD ERR D S E DN & FHAI L T2
R 3mDORAT v IRHERENTZ, O
LRV =—HOE YT (2.8 nm)N—H L=
Enn, BUE, EEMELE LT D
AH=ZANT, 2o OB (4D B
B ICE SV TRT Vo vy BBk T 57
FvvadyTFzy MEKTH D RKIEA
VEV NEBRBRWREEDET V. T
(M) G5 Chciifb) . Z OEEE T VI, 5T
P XL BREICEPMEEE T S ERS T —
2 —Tdb HHEX % « KIFIA OB/EHERE

Processive Movement

Multisite Interaction_ In a Solvent

At Room Temperature

2.8 nm
<

RERY T —ICE#HI D FRE LIREZ TR
TRFETIV (DFHSHETHEEREL)

EHEIZLTVA,

7o, BEEA I 2L — 3 LW
Bk OET NV EMEETLHT, o1
F (MD) HEEFET D, EAEMIZIE, M
7 R~ & (-)-Poly (ChOCPA) D4y F-EF L %
HEEE L C ARMBIANAIE CTH D A7 F A
Yo, BEROKMETHET S, T LT, &
FEHIFERR L MD SR OMREE CICET VA
T L RO @ W E AT T L & R
T 5,

[ 2] mELo A b

TR LEZEBY, R ~—8HOREMEIC
RN AE L, 2O L > TWEDE
BT DHRNHER SN TND, ABFZE T,
ZOBGE LIV LS T 570, fhiank
KELTCT7IT—VL T F /hiFE2RmL
TEE ARM A A= 745, Z ORI,
BEEATEO—FED PIV AT S FL—
P—hi L LCTHBEL . AU ~—8HEH DR
RO b2 SR E CEHRT L H 0 & MR
Snb, LT, ZomR%E [1) ic7 14—
KXy 7 LTk o JREFEINICE T 5,
Fo, MBS U CHEE ARM ZEE O R %
EWiT 5, HELTWBHDIL, oA
RIS Tz ARM A v —8IE, BL OB
BEHIENC R DR TH D

PIVkParticIe Image Velocimetry) f&#r(Z & -
TRV —EOFRICRET IARERENY
kILE L THIHEIE



% +)-Poly(ChOCAPA)
Nt .@9‘

@d FINRUEBRFEFLY

2000,
2
2,

(-)-Poly(ChOCPA)

OIS, A FNBERTEIRIBRT EFL U DHD,
ADREWELETHRUT—HERICARETTLTNS,

AL EETYEH
LEARYT—

FHEZRE

[ 3] W&k J5 m o> il

X TN HHEARY ~—8OY LSRRI LEE

ﬁmu éﬁ”b'(b‘éfﬁ\ Z]‘\(’Uv“*ﬁﬁﬂiﬁ:?ﬂ&ﬁ”ﬁ
HEE. SREDO L —LDORA b ORI

MCHIE T MAEY W EZ ABEITAELTHA
9#°fﬁﬁﬁak TEoTH ﬁﬁ%ﬁﬁ@
HIE O FTREME 2 MRGET D 72012, & H 3
5%7»TJ%@Tt%V/(tIE)(U&
i DFFAEIL ARM CREICHEREH) 15318
%4%~VV¢%%M¢5 %Lfﬁ%ht
R AEEE 2. DG L omy1akEtH
AW W EEEREORIE &2 D,

F7-. OFAUBBEOXFT LR BT &
FLv, Bih, BEHFMBTO LA T
ZWNL CHAEFERBEZBHTS, b
—IEDOWFIEIZ K - T, W& EREREOMNEE
EETLVATAE L TORY ~—#EHOEEF
PEOERFENTEAL U Wl B o A W
b, KT U HXLTHDHT T T EHC

B e AR <~ —#HIC iéﬁ@ﬂ@%ﬂ%bT\

LHOTGNWE 2 B8 S8 5 T7 ik
ERAR

FEESOMY ), HFIVY

RIT—HFE—5—

BAFLSE (SANYT—) ALSE
5 KYT—1 SFORBAA—I 2T
B (EEHFE—5—) -g /—
BRES (AFMEHR) I | aEzOREORS |

DFIEE

HRERAA—D

4. HWFFEALE

R ~—8IZih > TE RIS S D8R
1% %T?ﬁﬂ:mﬁ'frét&)(?)m@)?%ﬁeﬁj}
PEMEERWEL, 77 v ERE A NET D
FEERRE LT (RY ~—HE#H AM & 27
22 PCT HIFERFRF) ., Z OBMEEE HWT, R
U (BT == LT EFL2)DLEAHE
B —ARITih - TOE GE8) Dimsk S h 581
BD 15T A A= 0 7 L YEAR D EHEAE
AR IhoT,

(1] JEEEHIE L@@% G A7 F
IR od 25CITBITFH3m ATy 7D
J}:\‘TTEE‘%T%O%LO \_@{mrﬁkﬁ i%ﬂzl:,ﬁﬂj—gﬂ

MZal—2avICkdRFHETOETIL

HHBIT, 18CTA A=V ITERLIZE D
A, BEHARY ~—0RHp b $EHOEE E T
LELLIET L, ZHIHERERTICE Y E
Bt DR T & RIFHZAR Y ~—484 & Ak (APS &
fifi~ A 77) FRE O ENER D8 E > TG H &
BEIND,

F/-MD>Ialb—g T WEEE
%) %W&Afﬁ%¢677//:7?1/
MNEDHTHITA D = AL EE LT (EX),

[2] ORI b L—H—kiF L LT
T T — U VBB AR & RN U 7= RS S oo dh i
%Pwﬁfmwbtﬁ% R~ —HOI
IR R Sz (TR, Z v, Bt
DT E S TERRBERTHLIEHFY ~
—INPERE b Jp o TR Z 9 2 B R
EERXNT,

o
N4
o{ YAt
{H YA

(+)-Poly(ChOCAPA)

Fig. Single- molecuwes magi gcl( )-poly(ChOCAPA) with hydroxy [60) fullerene in n-octylbenzene on a
mica surface at 25 + 1°C (x 0 nm, y = 300 nm, z = 16.8 nm, rate = 3 fps) and PIV analytical result (10-f
coupling, 20-f inter al)
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Fig. Single-molecules imaging of (-)-poly(ChOCPA) in n-octylbenzene on APS-mica surface at 25 + 1 °C

[x =326 nm, y = 245 nm, z = 10.5 nm, rate = 3 fps) and PIV analytical result (3-f coupling, 8-f interval)
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