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Dynamics of polymer chains revealed by a single molecule detection in 7 dimensions
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The current study developed a single molecule detection system, which allows the s
imultaneous observation of the position (x, y, z), orientation (theta, phi), and emission wavelength lambd
a, ?s alfunction of time t. This system enables us to completely record the motion of a single fluorescent

molecule.
The dynamics of poly(methyl acrylate) films was examined by the single molecule microscopy system develope
d here. The rotational motion in an ultra thin film with a thickness of 5 nm was suppressed compared to th
at in a three-dimensional bulk state. The detailed analysis of the molecular rotation revealed that the ro
tational relaxation time in the out-of-plane direction was 30-times longer than that in a bulk state and t
hat the in-plane rotation in the ultra-thin film was almost the same as that in a bulk system. This indica
tes that the molecular rotation in an ultra-thin film is restricted only in the thickness direction.



# XL C—19, F—-19, z—19 (@)

1. MFEEDE =

BT ROEHT I A GRMESORE A, T R iR
Bl EORM PR R TN ZHUEE Y
FHOBPIFFEICHEET D LD THY, L
7B TRy 1 B DU I B E L
NED LD REEEZ L TWD N EERM
LD, TOHEDITDOFATIT AT
BT A 2id bt < o Him - EBROMHE S
BT CE T, @aoTOBFHEL
Zz2 5 EToERT “—AKDOE ThHo, H
B W TCTIIRRESCEMOMAEERZET
METHZ T antEsTHIL,
RSV EEL 2 E O EBRICEB W TR &~ 0
HOMBEOR Y E L CHA-WEEZNE
T5, LLERLZOX I RftkoT 7 n
—FIZBWT, B TIE—AREOMEN O =
7 v it a8 IR 2 R IEIZ L » T
B AEAHEML LTS LICESWTHEEIN
TEY, —F CERMICBR SN D DX
OOV 72 IR LN ORER L L TENL
LBG Lo TWATD, BIRTIX “B0F

H—A" OEZREREGED Z LITEL <,

18 2 O & 4> T8O 2 8 13+ IS B iR &
T\ o T,

2. WMHEOHM

AR TIE, @y T8 — AR — R A B
BEIL, Riahl e EBLT 28HOT N2 Y
THUHEALLTELZDI LT, 2041
ZENCEHMET A Z L2 HBE LTWD, &
DT -ARICENR ST ERKE L, B CHE
BBl 2meA A=V TEX. SV H
Ol %2 D@ FHEBRET 2R LA 7 F
ETHD, L Ll ONFEEMEE TS5
NATEENRRE SN TWATZHIT, 2B
FTOXAFI 7 AEFMTHZ L IXREET
b, T T, B TH-AOLE - BEm72
ChEx R E mRBEICHEMT S Z 0T
X 5 FEZEH] - RRFHBIEOFIEEMNL T H 2
LEFREHBE LTS, FL T, Hi-lch
BLEFEEAAVWLZLICEsTESTFD
HAFITAOREEHON LT B L%
Hi57,

3. WOk

(1) BAPREES AT L ORESE

— DO OEBENRAEZ SERITBB T 5
7201l TONME(x,y,2). BRI, o) %
UTNVEA LTRETHIENMBEL D,
A TIL(x, 7,2, 0, ¢) ZFEFICHOERE
FEICRR N AT RE 70 BHARBE & X 7 A DR E 21T
S, EBICHRRD 2 BOAFESFE A,
FOWRELEZDHEL TR 52 LT, #HE
O+ %2 B ER VAT LOME % H
L7, 2oL IS TFEnEhIC o
T EEOERKRET b (Kx,y,2, 0, ¢,

A, ) D T DD/RT A —X % RIEHH A FE
7R BB DR F & A I T,

2) \orEETOEAFI TR
BFESFE L TRY LY AS I RBER
R\, marERTICaR s TR EAL,
Wiz % 2 & AL 5 FE S+ ONLE - Bl %
BR LIS S AT AL > T 7%
A L TBHT D Z & T, D0y EEEERE
fifi L7,

4. FFZEECE
(1) BAMREE S AT A DR
HYEBRPAEE A3 MG TR CEE Sy {13 200 nm
BREIZADN TS & LTINS, =0
o3 T OALE (x, y) (ZE S OHFOALE & LT
EbHZ M TE 5, BEFOBEMEBNICE
WTH A XD+ D 7 0BG % S T
XT3 nm BREOREE T (x, y) Z7HliT 5 2
E MW T& A (Fluorescence Imaging with
One—Nanometer Accuracy: FIONA 1), —J7.
7 JERE\Z DTl H O BAMAEE TI3 % 100 nm
DITFORENSELNR, F 2 TAIFETIE
BAMEE DO NI ) v R Y v L v X &4
AL FREHEE L, ZHICKEAX
NIZFERINEIZ L > T, BAEHNLODT N
RTIIC X - THEASBHEICEIN SN S,
Z DR E RN 2 Z & T 50 nm DK THy
T 7 FEREZFHET 5 Z LB LT,
DR, ¢)IZODNWTIE, T 74—
AFHINZ X > TRHMl FRE T D, L L72RA
LT 7 F—H AP OILSTOME (X, Y, 2)
BRODDHZENTE RV, RIFEIT (X, vy, 2,
0, ¢) DRI ZEBR T H720I12, K la
IR T XD REMESTH 2 LT, B
MHEDEFESIEL, —FONKELZIERET
HZETEAEBEEZDZLEICE ST
FIONA {5 & 5 7 4 — 1 AEO [RIREE % 7 HE

(a)
/ ﬂ FIONA BIZE
e S 7
DEN -

S

TI7A—HRXBE I:




12 U7 X 1b 13 PMMA i C A58 L 7= 2
Ly ROFIZOWTRBREA L -
FIONA fitr D72 D& FRE T ot E B Fs
YT 7 =D REBRTH D, TNENOHE
ORI X, v,2, 0, o) BHEDLZ ENRT
X7, BEELESFITONTEEEIORIE %
1TV, BONTEOEERFEZFHIEE & L
TREbL-7EZA. xX,v,2, 0, ¢)ITDON
T. #NE¥ 6.2 nm, 6.4 nm, 52 nm, 5.5 ,
2.4° THY ., EFEEICHFOME L E N Z
RERRERBAMEE Y AT LB ERTH 2 &
MTET,

WNT, WEDBEZITY Z ik - T
%y A A R AT RE 7R B R DS A AT
STz, TONFRIZK la (TR TH O EFEE
THOHIN, E—b ATV v Z L L THEA I
Ay I ATY w2 EMFEH LI, AFERIZBWY
TRV Lo vA 2 RFERIDIA T, v
R 7 = RAFETH S DiD O[FRIKEIE 2 7]
BEICT 57, HE 650 nm LV EKREDK
ERH L, REEEZHBRT LA 70497
E— AR v ERWE, 2k 3t
W& D Y e D8RO 4y 1 & ML (R R
THIEEEH L, —J, BhiEEEIZOW»
THHEBOWE 2 &R AJRERE TR 2R
L7, L L TRA—N—arTF =27 A
L—Y—%2E AL, ZHITEE 450-800 nm
ZRIFFEIEL TWAT-D, ZOTNLEED
RO BINAGE RSN ER 2D X H I
EFL, FHEL, PR Y v FNOfE &
B2 LT 52 L TEEOHEE R OKERE
DE—LZRY T LN TED, Zhick
S THEEDORIERE L ex 28I L, L E
2 em THyBE L7z LTl 2 D43 1 DOALE - BL )
ZEHIT D Z ENARE & Ao T,

—[B1D 53 - DAL E - Bl A FHENZ 13 50-100 ms
BREOCHEERFMALEL SND, O 1
Wi 10200 ED 7L —AL— N THT

R=IN=AVT 4 ZaT L}

1

- HEBRENS
L—H—x

1
N
|

TR L
LYX RUw b

X 2 A—R—zarF4=aT Al —H—
KR A W2 LR ORI, 7Y X
LEARAY » ML TEEDOKE - HIRIE
OHERYHTZENTEE, _EHRAY v
MWD Z L THEOEEZRY 42
EHLA[EETH D,

EE# AT ENTER, Z0XHIC
iz OSHIZHONT (X, y,2, 0, ¢, L,t)D T
DO NT A —F H G T D @R E O B
AT LOREEIZERI LT,

2) ‘moTEETOEAFI TR

TR BT, ST R O FEAE
IZE - TR I NTEBY, 205+
EEEITHIEZZ T b0 EEZLND, KN
e TIEy 18 10 TORY AFALT I L
— bk (PMA) Z#BHE LT, S 2
L7z, Ya—7L7xb@mttamn1e LT
N, N -Bis (2, 6-dimethylphenyl)-3, 4, 9, 10—
perylenetetra— carboxylic diimide (PDI)
Z PMA HiZ438x L. 5 nm & 120 nm DA
a— MEEER L7Z, 2 Z TPMA D4y &I
PDI 73 OALE EBLIHNT A —% (x,v,2, 0,
o) % 100 ms ORFH 53 iR hE T ot B EE Bl L2
W& o CREm L 7=,

15~30°C O & i FEFLPFH N IZ 3T, PMA
1D PDI 23+ DALE (x, v, 2) (ZIZIE RS E (R
6 nm) DL EOERE ST, PDI 431D
EIHIZIZEAERONR NI ER G-
oo —J7. OB (0, ¢) % 10 53 DR
TERE N IZ I 2 %] 2 B3 DRk 1 DBl EE &
AU, PDI 0 REHAEER L TWVWA Z EDNR S
Nic, EOEBOEE T 572, PDI
S OBLm B AR (o) 2 RAUZE
S>TCEH LT,

B(t) = <3{M(t +7) - M(t)}? — 1>
t

2
2T ) IEER t ICoOWT O EFR L,
M) IR ticBITF 50 FDmE 2R~

(a)
(51 U
S nin
08 “\ ———120mm T
\
N
06 S i
E N
=
S pal RSN
Ve
g2 E
0 1 1
o 1 2 3

Time's

X3 y1Elm D EEFER (a) & PMA OBELH B
CAHBEREE @ () (b)



rv (M 3a) TH5H, ¥ 3bIZKE 5 nm L
120 nm OFBHZHSOWTDO P () 27T, PMA
G DR RN BRI A 4 — v o (] i 5 B
ERLTWAI EnNgnbd, ZZTO(t)D
TR AR A ME N B S v, IR R T
HWEMEME T L TWAS Z N yhotz, 22
T 5 nm OFEFETIE, RN PMA O[R[FE}2E
EREETH HDITHR L, 120 nm OFEFCIX
JEIE L PMA S5O0 A XITx L TH4RE 0,
ZO7=8 5 nm OFEMEF TIL PMA 1d8& S 51
WZZE R R R o TWAD & R4 2 &
MNTED, ZOX D iEEy O ToH B
ZEENCRRET T D720, RN O [EfizES) &
T o OHCHBEREEO , (), BLO@ESH
DOEENZFRT 0 OHCAHBEO , (¢) ZFFM L
oo K ACEN, mAOy - EEI Y OB
FEREEA% A 7R, N D5 FEENC OV TIE
5 nm B X120 nm OIEE TREMERI N Z0
T 14.8 s BXON6.1 s THY, @D
T FIEEED 2 ERERTLTWS Z &
WDorholz, —J5, W OEBIZ OV TILFE
FORFIEAEIE 120 nm OB 5.6 s L EAN
mlE LI MR 2R L TWVWH 0l
st LC, BREELREETIL 150 s & EEMEN K
ESLHIPENTNWDZ ENShotz, DX
BRI F TR & 7 M o 22 R R I
X oT, mA RO FEEENRES LD Z
E, BB AEEHREZICL o TIILD
THLNITR T2,

(a

X 4 PMA 7 4 /L AICEIT B FES O
RS (a) & mishak sy (b)),

5. TR ILE

(MERsamsC) BE 9 1)

@

Hiroyuki Aoki, Kazuki Mori, Toshiaki
Takahashi, Shinzaburo Ito,
“Quantitative Analysis of End-to—end
Distance of Single Polymer Chain in
Ultra—thin Film by Super-resolution
Fluorescence Imaging”, Chem. Phys.,
419, 54-58 (2013) , DOI:
10. 1016/ j. chemphys. 2012. 12. 026.
Toru Ube, Akihiko Shin, Hiroyuki Aoki,
Shinzaburo Ito, “Conformation of
Single Polymer Chain in Rubbed Thin
Film Observed by Fluorescence
Imaging”, Langmuir, 28, 13871-13876

(2012) , DOI: 10.1021/1a302513¢c
Hiroyuki Aoki, Kazuki Mori,
Shinzaburo Ito, “Conformational

Analysis of Single Polymer Chains in
Three Dimensions by Super—resolution
Fluorescence Microscopy”, Soft
Matter, 8, 4390-4395 (2012) , DOI:
10. 1039/C2SM07227K.

Toru Ube, Hiroyuki Aoki, Shinzaburo
Ito, Jun—-ichi Horinaka, Toshikazu
Takigawa, “Relaxation of Single
Polymer Chain in Binary Molecular
Weight Blends Observed by Scanning
Near—-field Optical Microscopy”, Soft
Matter, 8, 5603-5611 (2012) , DOI:
10. 1039/C2SM25272D.

Toru Ube, Hiroyuki Aoki, Shinzaburo
Ito, Jun—-ichi Horinaka, Toshikazu
Takigawa, Toshiro Masuda,
“Relaxation of Single Polymer Chain
in Poly(methyl methacrylate) Films
under Uniaxial Extension Observed by

Scanning Near—field Optical
Microscopy”, Macromolecules, 44,
4445-4451 (2011) , DOI:
10. 1021/ma2004986.

Hiroyuki Aoki, Jun—ichi Kakuta,

Tomoyuki Yamaguchi, Satoshi Nitahara,
Shinzaburo Tto, “Near—infrared
Fluorescent Nano—particle of
Low—bandgap = —conjugated Polymer
for in vivo Molecular Imaging”, Polym.
J., 43, 937 - 940 (2011) , DOI:
10. 1038/pj. 2011. 86.

Li-Ting Lee, Toru Ube, Hiroyuki Aoki,
Shinzaburo Ito, “Characterization of
Surface Compositions of
Phase—Separated Structures in
Conjugated Poly(phenylene vinylene)
Blends by Scanning Near—Field Optical




@

Microscopy”, Polymer, 52, 5897-5903
(2011) R DOI:
10. 1016/ j. polymer. 2011. 10. 043

(FzyER) Gt 13 )

HHRM, EAMmE, DM ZRE, A
vy a— MEFRIZEIT D HE &S
ORI : AR BRI L 5 B,
%15 A&y RmF RS GORE
BERA P RL&EE), 2013/2/1.
HHRM, EAmE, JHEMZRE, A
B a— MBI K0 /ERLL 72 PMMA
HFOH &S FHOFERETM”, % 61
FlEaratimes (BdaEBLERE),
2012/9/20.

BEAM, BHERME, CHERE AR, X
vy a— hERTPIZBT A HE—F ST
O RA—a Ly, B 62 FEY
TEmE (BIRKT), 2012/9/13.
EEZ, FHE AR, M=
BB, "HAMER FICBIT D HE &S
HOERREA L DRl —H A5 L 7B
Bl X D EREILE-T, 6l [BlES T
WRE (N7 4 akiik), 2012/5/31.
BAMZ, HF—#, R =RR, A
BWFEZRTA A= T D HE—

F5r T OTERERHE”, &5 60 [FBl&E 1
Hme (LK), 2011/9/28.

A A=

(&) Gt 2 1)

O FHAMmZ, “EESE, sort /T
7 )aY—nr RT 7, KR i,
W3, W58, pp. 715-722, T X -
F 4 — TR, 2014.

@ BA®Z, LFBEMEE, Sa1rT/
FrJuT—nr K7y 7, FEEEE W,
W4, W2, pp. 732-740, T X -
F 4 — TR, 2014.

6. HFFERERR

() AFgeEfeRE

FEE B =E8 (IT0, Shinzaburo)
RESR « TR R - #d%
BFgeE &5 1 50127049

(2) WFgE ST i3

HFAR #<z (AOKI, Hiroyuki)

FHRT: -« foimlE Lt = b - JE
HEZHIR
WHEE R

90343235



