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Introduction

Our laboratory is part of the newly established
Department of Materials Science and Engineering of the
School of Materials and Chemical Technology, Tokyo
Institute of Technology. The department and school were
created within the frame of an education reform which is
now under way at the university, and comprise members
of the former Department of Organic and Polymeric
Materials. Our laboratory is located in the Ookayama

#iz VACHA Martin

campus of the university, and its members include Assoc.
Prof. S. Hirata, postdoctoral researchers, graduate and
undergraduate students. The graduate students come
mainly from the undergraduate courses of Tokyo Institute
of Technology but interested students from other
universities are most welcome. More details can be found
at the lab website at http://www.op.titech.ac.jp/lab/
vacha/index.html.
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Research

In our research, we use the methods of single—molecule
optical microscopy and spectroscopy to study structure
and properties of organic, polymeric, and biology related
materials at nanoscale level. On one hand, single—
molecule spectroscopy removes spatial averaging present
in conventional spectroscopic methods and reveals
molecular—level heterogeneity, thus enabling to study
inherent distributions of nanoscale physical properties
of complex soft matter including polymers, and their
dynamic behavior. On the other hand, single-molecule
fluorescence microscopy has evolved into the technique
of super—resolution imaging which has a high potential
in the study of structural aspects of polymers, liquid
crystals and other soft matter.

Conformation and photophysics of conjugated
polymers

In relation to photofunctional polymers, one broad topic
of our research is concerned with the relationship
between conformation and photophysical properties
of single chains of conjugated polymers, such as
poly(phenylene vinylene), polythiophene or polyfluorene.
The results confirm that photophysics of a conjugated
polymer chain is determined by its conformational
state'. Using solvent quality and chemical composition’
to control the conformation, and a novel two—beam

Fluorescence
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fluorescence polarization microscopy3 and super—
resolution imaging® to measure it, we found that in a solid
state matrix the exciton localization® and fluorescence
spectra’ are determined by subtle conformational
changes. The exciton is localized in domains on the
chain, the size of which can vary from a few to tens of
nanometers’. On the other hand, exciton dissociation
into charge pairs proceeds primarily along the conjugated
polymer main chain® and is only secondarily influenced
by the chain conformation. In a thermodynamically
relaxed state such as in a solution of a good solvent,
the exciton localization is strongly suppressed and the
exciton can migrate tens of nm along the polymer main
chain’. The close relationship between conformation and
photophysics has been used in an attempt to controllably
modify photophysical properties of conjugated polymer
nanoparticles by local external pressure induced by
an AFM tip. Simultaneous monitoring by a confocal
microscope shows the external pressure leads to
fluorescence enhancement and blue shift of the spectra'.
From the perspective of optoelectronic functionality,
single conjugate polymer chains incorporated into vertical
cylinders of phase—separated block copolymer films
show electroluminescence spectra that change in time
as a result of the chain conformation dynamics, with
characteristics that are different from fluorescence of
the same chains (Fig. 1) "".

Electroluminescence
"o
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Figure 1. Fluorescence (left) and electroluminescence (right) spectral time

changes of single polyfluorene chains (ref. 11).

Nanoscale physical properties of polymers and soft
matter

In another broad topic, we use small-molecule
fluorescent dyes as probes of local physical properties
and dynamics of polymer solids and solutions, as well as
of liquid crystals, on nanometer scales. In thin polymer
films, re—orientational motion of single dyes together
with 3—dimentional super-resolution localization reveal
the effect of surface and interface on the polymer
relaxation dynamics and its relationship to bulk glass

transition temperature (Fig. 2) 2 Fluorescence blinking

of dye molecules can be used as a measure of free
volume in polymer films'® whereas fluorescence lifetime
reflects nanoscale heterogeneity of polymer polarity'®. In
polymer solutions, monitoring of diffusion of fluorescence
dye—labeled single chains reveals differences between
diffusion behavior of linear and cyclic polymers'.
Diffusions of fluorescent quantum dots doped into
nematic liquid crystals and measured using 3—dimentional
super—resolution localization reveals anisotropic mass
diffusion in the samples in relation to the liquid crystal

. . 16
orientation .
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Figure 2. Average relaxation times tc obtained in 100 nm
thick films as a function of the location inside
the film for three different polymers, PMA, PVAc
and PEMA.

€iEs- 3RV

References

1. NPG Asia Mater. 2 (2010) 134; 2. ChemPhysChem
8 (2007) 1623; 3. J. Chem Phys. 123 (2005) 244710; 4.
Chem. Commun. 2009, 4868; 5. J. Phys. Chem. B 112
(2008) 12575; 6. Chem. Lett. 38 (2009) 1094; 7. Phys.
Chem. Chem. Phys. 13 (2011) 1743; 8. J. Phys. Chem.
B 113 (2009) 12220; 9. J. Phys. Chem. Lett. 2 (2011)
2827: 10. J. Phys. Chem. Lett. 4 (2013) 2591; 11. Nature
Commun. 5 (2014) 4666; 12. ACS Macro Lett. 1 (2012)
784; 13. Chem. Phys. Lett. 505 (2011) 157; 14. Chem.
Phys. Lett. 435 (2007) 311: 15. Angew. Chem. Int. Ed. 49
(2010) 1418; 16. J. Phys. Chem. Lett. 6 (2015) 1403

T4+ bARYR—T A RO ZRAWERATS T4 99 T—8XAML—2

1. IUBHIC

BFT—INERNBIEETHEMNT 2EREED
NTHY. 20204 (21%40zB (10°TB) I2EFEF B L5
HhTWd, ZRITHELSTRTISRT LSS, H#EED
F—hATIZMAY 59 F8E7—h4 7T, EEwY kO
AMZKBFHRT—HA THBHILKERIZH D,
NDHRTT4—TT7—h47T, WhpBa—I)LKR |k
L—OOEFICKBETRIRENTRETHY . HhD
EEY PR FTHDBHRAOTSLATEY ZEATES
AREMAETERZ, — A, EVIT—2OBRTIE
I—ILER L= E VWS THEBEMDLRWEETE
HEIDNT IV EADRRET HELDATEY. ChidD
SEETIREEAT—TICERT A RO T EREDORDO
TS LAFYMNELTLS,

—A. TR EMILAERT MHEETIE. FEK
AEI1) (SSD) EN—FT A4 RIBRAWNGN. T T4«
T7—h4 TOEETIE, BEGFN—FT1RIMNE
[CHAWLNTWS, LMALKRATSLAEYDEET
VR, BREEIENRRINE, 7UOT4T7—H
A4 TOEEBICEHLRIREFHEICEN-ROT S LAE
) DERAAREENH B,

ARERETIE, AT SLAEYD RS A THEI
ELTEREBEARB L VIESNERM. LRBLE
Ialb—arvEMERAZEL. 15mMmEDS5 A UF
T+ FRYUR—T 4 RAZI2EWNT, £EDRZHES LUV
BELEY FRYFRAEZREICITIIENTE

RRERKE ARIPH HR Lwx 2

ZOEKRTIEEREICKECGEISERENEONIZL
EZTWD,
AMEECHEINERHEFEARIL. 3 RTHE
HABMTY I FEEETHID-V 0V T S ERHE
FXTHS.

B 7—hA T
(aMERBT—h,T: X8 RRT—H/T§
B SIFRT—hAT: T UITVE §
(cHEE w2z LBHRT—H1T

ZB=10"TH

40ZB
(2020)

» Ev TS EXER HODTIXERTFR
» BRIERRIGE. EIRFAEYIZHE
(I—=IFRARL—%, EEYHIE)

» BRMMa—LF

(Facebook, GooglelX~PBEREHEE)

B: Wk FT—2RORx
[H4 - "THE DIGITAL UNIVERSE IN 202070DC, 20121]

BM1 F—hAT 50K

2. 3D-/ORY7 PSERBAK
2EAXOMBEFARZER 2 17T, AARXTIES
Bré LTEHEEZAWVS, AARXTIXEHDE AR
DI EERBETOIENEETHD, FILb
ARDT T CSEREER2(1) ITRT, EEES ~
5FILFSETR—FIVIICVT REELZERES
TE5HETHD. AAETIE,. BERKICERESZSH
27 FBERQAT S LIN, BEDFILMZEL-T
CCOLETELGIMEIZABESNTHEEIND O,
AR M= ROTSLIBTREET. TIhE
NILITHRAT S LINEBET S EAAEEE LD,



T4 MRUT—3BRES —a2—RXLF— No.74

\__THE Y#SEER  —@g ioisEER  —mm sorsmem

E2(1) FILEHREFALEY D FEERE

e 7

2(2) FEAOYIARSINZERE
X2 #EHEHAREFALEVINZERHAR

—A. FEARNTHOIORY T FEEREAZER 2
() IZFRT, BFEDL T FEERZSNIAROTS
LIEZFRENAETY ARIETEREET S, /0
ATHAEELS ~10ICEETSHLICLY., VAR
=9 ZXRIBIZIEBTE S,

FERNTNDI AR T CBERRET 4 RVEAET
T3I12IE, BROAENEZ NS, BKTIET«
AVEERE, DT PBETEHARELITIERT HAHRIC
BEstE. BETIHICEBEINATLEC I REED
RAYTSLIDLEICHE=GEY T N EERLREERES
FTEHIELICKYTEEE KB,

AAROEFEHE L TIE, (1) BHE@ARTOROY
FLIDEREEHNARETHY . TNETNDEHART
FLSVRADEWVKETEEREHHZRALTES S
. (2) BERBEOE—LBEADKFEENDNS N
H. BLOKERDEBE. HDHLET 1 RV EADIR
M. EERLIHRT IERELY—REMZzERS
BT EFHL, AR2RDEDR MEATTREIZA S,
BERBITLND,

-7 BRI BERHKAKXICKY, 54 VF
TARIEREAICIOumS T FTHRAY S LREETD
fro TARDDIEERREZR I IZRT, £-TA4RY
LHEDVURINIST—FEFZAELFERZR4ITTE
T PURILIS—FEIE, TNhTIADT R EAM
DIZT—FEDFEYEERDI-ERTH S,

EBRROBRZERSIIRY, TA RV EEETHA
BOADBBBICEVTBBRAT—2F)ZT7E—4
ThY. 1HARDL 7 FEERKBEFTSHIC
0UMEEDRA MY TF7U RI—%BYRT, BHR

0.01
£ 0.001
o
wm L
. "’““'”V\/g,»f\-\.fw
0.00001
0 50 100 150 200 250 300 350

a ]

K4 TARIVEEDY VRILIS—F

ZhaEEmE

X5 =RERZRODERK

T—UOLIZT 4 RV EEHEARESH, £T0Y
JRDERBE NS VI DUERDT VAN GESH
B0 TARVFILMIYZTE—ZDOTICHRESNT:
B TITON D,

3. 5%&DRE

RATSLAEYIZEWNT, 8ZELELDODNLYFE
HEICTIEMRAREIBHETHDIN. SLIZTIT«
T7—hA TDBEEA~DERATREEEBALMIICT 57
HIZ, BRIEORFIDPDLETHD, BERAMIZT 1RV
BADBHICLST7 I ERITEREMNICEBENH Y.



T4 MRYUT—IFES —a2—RALF— No.74

7

R FSATAXOARSRETH S, —H. AHA

TNAZADBZREFHEESNTNSA, T4 bRYT—
BADEELICERANSHY . BRTREETLLLEF

EOBRERNDBETH D,
4. HeEVE

AfaTlE, BESEAZRAWN-ID-VRRI TS
FRBARZAVL. 5 MV FT A RIBEKRTOREHEE

[&&1]

AHMERE Lz, EROGHEETEZToER.
INITCREGHEAZREADBEEANTT 1 XU EIK
ADEMEITHENBRRICARETHSI I L E#HRTET,
ABETHRRAROT S LEHFOXF—TY/AD—T
HAHEEFEERICOVTIE, FEEALANILITELTL
LY EIND, SHLLHELE L TERTEHREARE
LT EEHHEDBEMNKRD NS,

FREEE 7+ bRUT—0a>T7 7L

A4o0)Y5574—,

28 : 68228 (K)~248 (£)

=15 BRA v EERRES

FE: D4 FRYT—
(The Society of Photopolymer Science and
Technology : SPST)

B8 FEXFE, 74 bR —BER.
ISRAYMEFR., EIZML’.%;:\ BAFER

A EEBDURYIL

A1. Next Generation Lithography and Nanotechnology

A2. Nanobiotechnology

A3. Directed Self Assembly (DSA)

A4. Computational/ Analytical Approach for Lithography
Processes

A5. EUV Lithography

A6. Nanoimprint Lithography

A7. 193nm and Immersion Lithography/ Double Patterning/
Multi Patterning

A8. EB Lithography

A9. Advanced Materials for Photonic/ Electronic Device
and Technology

A10. Advanced 3D Packaging, Next Generation MEMS

A11. Chemistry for Advanced Photopolymer Science

A12. Organic Solar Cells — Materials, Device Physics,
and Processes

A13.General Scopes of Photopolymer Science and
Technology

P. Panel Symposium “Nanoimprint Lithography and
the Related Chemistry”

B. EIZ%::*//?I'\*‘)@_/.\

. R)ASFRU BN 2SS — #ae 1ta‘:ﬁ'|SFH

B2. T5XTRILFELE D FREMEE

B3. JEHEREMET /A XA

F/TH/00—ET4 T80 — M ETOERDRRTRE—

B4, —f:E:E

(1) EHEHZOERE CEPEBRE. LEZRIEE
&)

(2) FBEERFHMH (DFAT)— BFREEMH.
WEREE)

Q) X-L—Y— - EFREERATIEHK-EE -
INB—=2

(4) 24 b27TVr—2ay CGEEETREX,
VIT574)

(5) LR MBEHIM
(6) B (SR, BEEE. 518, TntwRKEL)

ShE :

5 A31B%T
—f#i% 35000, %4 10,000, ZR#EH<5000H
6 A1 BLE
—#%50,000 1, 425000, 2E#H£6,000H

SINEA -

www.spst-photopolymer.org/ Z ZE W =<, F
% (TEL: 043-290-3366) E THELVEHET LY,

BTRE

a7 LUREEHR, BRETHEZEWVLET,
BresHEL2(%25&E 0V :-LET, TLEHFRICH
HLAAFEEEIBEMOEHOET I,

533 BT+ FRYT—aV T 7 LUREBEHER
T263-8522 FEMHEERIFAM 1-33
FEREHEGRELZERER EBiE #

TEL : 043-290-3366

FAX : 043-290-3401

E-mail : office@photopolymer.org



T4 MRUT—IFES —a2—RALF¥— No.74

(&% 2]

[Er28 EERE CERN]
TROBY FR28EE T+ bR T —RESHRS
ZRELET  CHEW =& BSELWELET,

HEf: 48258 (B) 13EMS

25 HFPLSE F—TJ74—7 4L

0¥k .

1. FR2IEESFERERDOH

2. ERQTEERIRELGLVICEEREETBER
AEDOH

3. FTHR28EEBEHBES L UFTEERRZEDOH

4. TNt

(F215EEES
HEF: 4 H258 (B) 1383095
25 RFLSE F—J74—7 4L
T—<  [RERY VTS T« HEfiORER]
sty S WNE
1) EUV) YT 571 DRE
EFERIKRY EERXK
2) BRIt (DSA) BilfiD&ATHR
NTTHtERI 2 EBMER L0 #K
3) ZimT7A FLOR FHEERDRIK & EE
JSR@E HIIFE
EME 28 1H24FTEN (E. REJIETR)
JEXE : 3000M. F4 : 2,000
(WFhEFREREED)
BAKE
R—LR— (http://www.tapjjp) D *—IL T +—
LIZCT#E. XIFKA - iR - EREZHEDO L
FAXIZTE#HRE (043-290-3460) T,
EE 954 (ERICHYREHDUYET)

[F216@EES
BE: 6 A138 (A) 138N L
25 HFLSE F—J74—J4L
T—< : [FFAwE L Z DAl
pAE/ A NS
1) XS DDV EER L ZFOREITEE
BASFU v /UM BEHNBYK
2) MEEREFEZTOEH
RREMXE BARIK
3) REEREFR L ZTDIGA
ARFIKRE EMNEZK
4) TURYI—%FALEZDHILEEGRUVEL
M RREMXE FAE—K
SNE |8 11 28FTEH (B, REIIETR)
JE&EB : 3,000, F4& : 2,000
(WFhEFREREED)
BGARE
R—LR— (http://www.tapjjp) D H*—IL T #+—
LIZCT#E. XIFKA - FiE - EREZHEDO L
FAXIZTE#E (043-290-3460) & T,
EE 954 (FRICHEYREFDHUY FT)

(HFERKBOIEN]
[RadTech Asia 2016]
F14E FBHNR - EFREBELCRINERSE
=81 . 20165108 24H (A)~108278 (K)
25 EL M VERRERE (B RATILEBMER)
F1{# : RadTech Asia 2016 iR E S
®E: S FTYIMESR (RadTech Japan)
BEEEE
RadTech Asia 2016 EEE#B
wicsavRyavTHAS VR
T101-8449 FRIHNF X H X IRHEHT 1-5-18
FREEL
TEL: 03-3219-3541 FAX: 03-3219-3577
e—mail:radtech16@ics—inc.cojp

mEE
R
ST

NEafE—
REEBF—
7+ bARU T —ERELEFHES

FEXRFZFKZRMASEI 2R
EEE FAX 043—290—13460

T263-8522 FTEMIHEXRFAER1-33
BHREFFER
URL : http://www.tapj.jp/

20164 1B 1T

Efg~<T U7 a—RAN




