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WER, BICX 2WEB L UZFOREBOBRIEIROFO DAV F— (hv) TE
F - EHTRRTLIIEICEDITbRTE L, IS L TR/ NERIP Otk
FOEBZHE TS L —F—HIRETIHROZANTF L LTOETIE R L,
FEDEEIR (hk) X DEDPNLHOBEEST 2L HEZFIHL T35,

COLV—F -k L TN FE TR I N T X 7Rl 4 #F 22 M o RS 5t
B HAELEDL L BEPTT Y VBB ZIAY T um YA XOB/N 25
ELSENIZBIT 2IEESEOEA R 4 DAL ZBET 22 LA TE B[1],

Fr NEZEOHIEKLETXTOEMFEIXZ TV IBYONLE KRS, MR O
RIS icRES N 2 BRFICEBT 2 WHEBRE, [LFBETIEE— TR TG
ELZERP R, GLAum A —F—OFBEOEEY RBL D E RS, B
— TR = NV BB TAIEICI DV ESAAERIE. AT nicH
MTHo/zh), MM LEREDLEDOREREL Y, HEICHRAOSTFESK
WTREIZ > TWAELDHEZHL T 2ICIEAT5TH 5,

ERE, INE TIRBUMEFIC BT 26 - BMEEBRIERERETRHRS
pum A R EEERECHEIHEL BRI Tw5, 2o oRRidiE
HEEMSE & L — - 2 ARG b § - ZRITEM R S eE R, RaERL
DEBEIZA -7 AT LEHME (SNOM, scanning near-field optical
microscope) 12 & 0., ZZ[ - K] - TANVEF—IIOWTES RO DT EE &
ol o T, ROERE LTH 7 um F — ¥ — ORUNERR DS T L6
WCERICEILE S5 2, TOESRELBITT 5 7-OOEBEN 2Hilid+412
BRIl tEZ NS,

1-2 JSCEICBI S AHIZEDMEE

SH, V=¥ —RECHVON TV AREOFEEIZ 17T HRRIIB T2 =2—
N OKXOKRFHRIZEDFRENTV, T2 BEHIIZEER L-05% 19 42
IR DT B - Maxwell DB CH 5. EBRNICF OEEVHE I N O
1Z 1900 4E1Z Levedev 25T o 720608 RET 3 5 Z &2 X ) BAT B EEOHIEEER
WL BLDTH D2, TN ETHNT, 1923 F£1Z Compton DWRR L7 IZX D
HELEN: X BOFIZAFEEDZN IV EVWHNE DL OPET N T
HHGIE, HFPBFITHEREL CHEEUBELENIHBRELL DOTHD, K
FIZEDBFOEHZ2 ST LBRAOETH 5, ESITHEZHTHNF
IS LA OFEERIT 1970 4E12 Ashkin 12X ) ZREN/[Bl, D& EHVS
N7=DIZ 20D —HF—E—ATHol25. FO 1986 f£I12[F U Ashkin




WX DHE—#ENL —F— -2 2HWEBRFO L 7 v ¥ 7 Tbhiz[4].
BPHEAFECELIGHEN TV A L=l ETIIZOER THW O /- &
HE— AL D BEETBHBAPHCLN TS,

HELZBCIMETOESHHHE LTREILZZODBIZET A EITE S,
—DIREZERTOEF, A4 VEH, MFEETHD, ) —23BEFTOM
RF. EED~v=_Yal—3Ya  ETHALS, 6]

HEXETFE 2R3 AT P FERIN, BBT5 & XITHF LOEHED T
TFELZITWZOEESZHETL200THS, AT TICETHIEZHV 5
CEIWEDR-X =T A a2y VEBFEERINTEY), BRIEKRIZBIT S
BFOTOEDLEEAZHET 5 7-DITRKRWIRILo TS, ELIZEFZET
2. WIRAL - —OXEE BFMICRIL T [EFBFE] s
SELERINODOH B, 1997 0O —NUVPHEEEITZ OFEFOEBHIEO
HARAREOEICT L TSNz, MMOFETIEHALADTE L 2 EVHEE
FWEOFEEE LTORARLEDSHORERIIFEINS,

BEIIHEFORIL, B &I BELEDLT ., BITEORL 2EEFICB»
NI T L o TS - BTSN TEL LI DICE D BRFPCHNTOE
FZHlETsbDTHbE, RVPEZEHRE VI RELZREIELNS Z Lidk v,
BMELTHWL - N2 ER L CTEOERMBIHANFIHRINED, £
ONEZEETHIEICL Y ZRTMICEHBEILH T Z ERNTEX LD T[T].
pum 4 — ¥ — O/MEEM OBECHB O~ =Y a L -3 3 v | BE—~RF D5
KEFIIDHENTWBS, 9, 72, EEELEBESCFEMES CHVWLNT
WABINA Y Y MRBIC X DT 2 BRET 5 HER[10). BEOE — A2 RE
IEDBZEICE Y L= —K% THIEEREOHITIHN T 25T 5 H
EHRE SN TV A1)

13 ABEOEEL B

CNE THEZ HVBEF TOMA T OMIRIE pm A XOBRFITH L
TIE CSH ST & 7225, ABFRTIRY T pm~nm ¥ 1 XOFTHREBRUE
—BAFOWRE B L7 S50, 2ERICENS FIBIT 2 21Tl <
ELHLCESBEORB L R AT, T, IR 2R %8 4 OB LBk
FLLTTER L, HFESRLBLTIROBH, AEFOHEL LR,
ZFIC L) BEVICERICHEL 20 FHEEL LTE S0 ST pm~
nm — & — QMBI TR K T 2 REROEEIKE L2 h, L—HF—
WIRICBV T AEOS TEERCBEI TOREBIERTE R (22 D5 T
Bo HFVMMFHHEE o TT & 2 BEMBEMA AT ICL ) RES 1L
505 HILWHEERE LCBEXBA L, RBE (WES) REREAFEY b




FHETHRE 2 LIl b0T, ZHNRHBEIFEEIIESTHD, BRERP T
DEBEOFEIREZ T 7 ym 4 — ¥~ DO EH DB TEL S5 Z L5 B
E B,
AFETIE, L= — A2 ERTAIEICE WVELULEE A, £XA K
2B A5 FESERERDFEREZZL IEC, BT E—H
B L7 BEICEAF LA TEEBEL BT 27D BB EE,
BE. BB FESHEROE., BESEZHRE L. T2, £ LE—BR T
L BE—RANEO X 7 0 R EARAR L R BRI IR I L 0 BT L 72
DX RRIRIZEICHIE, L L TOBEKROATIIZRL . I EOES
DOEFPITEFAHOETH L L Vb TB ), EGEEIRES NALERE D
%@%<ﬁ@ﬁ¢f&éhfw:k#%\%EVIU%?%A%®%f&%L
R CTENEENEDL EOLLI b AEFTEICE 2 2 EEITRE W,

1-4 K LD
E1ETIIRENEORES Z MBI L - L TAMZEOER L BWIZOWTHN
720
F2ETIDEOEBELILICEDS CREV S TESRIBH L BE, BEDOK
XERHENIIEDONDLOOFM, EBREE LBHTFEIIOVWTHENS,
EIETIIRFEICLABHEI CVORESBERRIIOWTEERET S, B3
YLV OB ERE R BEMEESET BT LERICOWTHIEET S,
FARETEESTFBERTP RS TFOEGBERRIIOWVWTELRET 5, HEL
ANTESTFOEESHEEZ N SEL720ICLELREITE, BRESEDOSMIC
DVWTHETT 5, B TOME., 7 TFESFELEILEIE, BEOARTRISTD
PN FERICG 2 2EEYERT L, BOTHRNTHROEESHEEL H N
T =7 % BTN 5,
FESETIHREZLICH L TESFHOSEHEIBERICELT A2 727 )L
7 FRESFIZOWT, FIitHO L = —JoWIUAES BRI 2EELR
DEIFEEZHET L, BEIC L AR TERICBIT 2 E5BEOF#IZ OV THE
T 5,

FOECTIFERETU L OB F2ERICLALZICRoNAEMD
YoV alb—va oW TRE L, R L ABSEMOLG» L EET 5,

BTETIE, INOLONFEZREMICERIEL. BRI ZEEFHEDOERK &
WEEZBE B 7-005 FikEH. FWEOREOTREM ICOWTERT
5o
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1) H. Masuhara, F. C. De Schryver, N. Kitamura, N. Tamai, (eds.): Microchemistry:
Spectroscopy and Chemistry in Small Domains (Elsevier, Amsterdam, 1994).

2) Levedev: Ann. Phys. (Leipzig) 6 (1990) 433.

3) A. Ashkin: Phys. Rev. Lett. 24 (1970) 156.
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6) A. Ashkin: Biophys. J. 61 (1992) 569.
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(1991) L907.
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32 (1993) L1144.
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TC2e M R R T R BE 6 A T A, EBREEOER EBHFEICONT
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22 EDOFHE

TSRO R ZBEICAN LS. BETo0REOBRE TRAETS -
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SEMEE T Tl —F— N2 BRI F I L 72358128 OB ORI 72 B
DT, BRFICIE Mie BELOERRZ AV 2 LED D 505, M FrEEICH
RTHFFREVCEESITTRMAEZOE R, HE L) T/ HRFIZoWT
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E—THIIBRF I — R AE L-BRHOPICEPNIZEEIZEL S
BEIST, WD EFENS , A F OB EFEBEOEE I TEV
BT BEREORVE AN TA2EIEFE2NE LTH (. BTHEITN
DIFNE—DEATHFHDEERICEL T EICEoTELHANTHY, #
D EEN TS, BEMEET CL—%— % £ T H56 11T —RIZAREN
DFDVHEIN SR THTREVCOT, B FIIEEEOR V& ZAHANF|ED
ToENEZ &5,

BRFHIRO 72ODOFEMBIRFEICLILED L ETANE, 777V EHIC
SV SHETEIETEHEDPHEREIZL > TRESNS (K2-3) o, 22T,
RIZHEDRF V¥V U ET5 T VEBORT ¥ IV kT PFLL kA5
HEE2THhD,

2-3 nmi A X OB F 2 B

EERBCBIIAL—F—RBEOTHEE 2 b, BMEORYL > X133
ITHEINEL VAL EZ AT ENRNTEXLDT, FORARP TCOEFHEIZE
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Thhb, FIAL —F—HOEE 1064nm, L —F—HHE ow, £XARY b
OERE1S5 A, BMANTOEHEF 159 £§5E, kT ~ 4.0X10%' ], U=aE2 &
D.2r = 16mm &% 5, L2 o T, BELET IV VEBDVRBEE L 25D
FHF /) A—-MVEETHELEV) ZEPTFEING,

1.0 S
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] | ! |
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2-4 BEAHEICBLEEES

T/, ERMNTOIDIEERFLTLE VY, B—E Y -20EER L
=R HERVATREZWETL, BRI VNS AF U TFTRUT
DREZDDIDLZOAMAVEEN LY LB ZNHRTETHL EHES N
TWw5[5]

HEICE D KFTHOFEERDPROONEGECEETH, HEICLI ST
EEHVED LN, BN ZREEI;EMNT S &, ROFERE IIMERO ETH
BEMIZY 7 M35 (F2-5) o #MEiCinE., BEOREL L >N ETF
ZBHEHabLEDANDY T MIHHET L, CONEFHSMEL A L5563 48
AL EIZ—FRAE ST B AR TR EZEL 5, T2, BIREICR L E—F
HIZBWTH D FEEGHRIEE LESEL TX DMV IEES B X | ROFEIKEE
IIMEEMICHSEEEZE LA AN 7 M5, COBMEDEELZTIXRITH
ELTWHEOMIZT 7 TV T — VATJRKEHETIEFE L RIFRICE .
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23 FEBREE

KGRIV EBREREOSKRR % K 2-6 1I27RT,

KELZFEESEDL72DDO L —F =L LTid 1064nm DOEHEFEIR Nd*YAG L
— ¥ — (Spectron Laser Systems, SL902T 1104) % Fi\v372, L —HF =D — A%
¥ — ik TEM,, E— FTRIESE TV A DIy T 7 VBl o T,
WHEOL—F—FHIIHEEERICHESES X ), BOEOBHFEE L 55
PEMEORITICAST T 5 X ) ICHEMBIBOREREZFTEL 72, BEROA
(TR 100nm XU 14nm D EEMRY) A F L U+ & A7z, BIEO
V= —HE lum BEDO ARy MIEREINL, L —F—REOH I 10WEE
BEEITHWAZ EHFTE LD, EMBENICEATA-ODORFERT/NNT—D T
AEEZFHET L LV ERBICHEAICBE SN THWE L —H =37 — 13 350 mW 2R
Eh, L= —KOMEL 12 EEREBHEE -2 AT v 7 — %2 lAEbLYE
TREL, HAHERAORREGEIZIEAERES > 7L L7 var4+ oL
—HF—Jgh#e (Spectra-Physics, BeamLok) O — FEHF ¥ o774 7L —H—

(Spectra-Physics, Tsunami) OFE=FmMK (A =300nm, 2 ps) &7z, BHH
GLEBETA7-00NFEE L Tid He-Ne L—%— (.27 = 4 X, 1125) W
726




Microchannel Tj\‘
Plate PMT CFD Multich —
TAC ultichannel |1 Computer | fluorescence decay
Monochromator Analyzer -
CFD
single photon counting system }L\\
| PD l fluorescence spectra

20

Mode-locked Ti: sapphire laser
A (3w) =300 nm, 2 ps

CCDh

N , e cw-Nd3* : YAG laser
A =1064 nm

Objective
100X NA 1.3

A =632.8 nm

\ 0 He-Ne laser

XK 2-6 EEFEEOESKK

FAMSR I3 1E  BIBERSE (Nikon, Optiphot2) X UMIE M FIFL £ ri BAMSE (Carl Zeiss,
UMSP-50) % Bva7z, fL > X1 100 5 C, OB £1130, 125D D
Dx AV, CCD H A T2 X AH|BIITIERIBARE % . 0GR EITITIE R
HESEMELZ AV, BEEMEGELHRET A0y T rv—L Y XD
TEERL V XOFRICEHE L 2 RIERITTHR O 7 1 Vv 2@tk E A7z, b
FEPEMEEIE CCD 1 A5 (Sony, XC-77RR) K% 5 —CCD # * 5 (Sony,
DXC-930) ZHW Tk L7,

SEMEE T COBNBHEIZIEA A—IA VT VI 7 AV —HBR<VFF ¥

VAR IVAEEERT (Hamamatsu Photonics, PMA-10) F 7213 B—6F5H 8 A7 4
w7 1]
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HED S ORI LEREMEO Y A — L E B LB, BHESRICAS L7
BT A7 A THRIEBT 2581851008828 L THEpfb L/, B
—HFEHE AT 2OBBIILL T oMY TH L, HAMokEEL LT A 7
OF % FVT L NBERERETEEE LRV, TOSVAEREERT ©
TR L 725, KEAREE (CFD) Z@ L CEHEFCcatdt. 3 L IIEMEE
ZHad: (TAC) DAY —MgHFE LTANLI. TAC DAy THEFITE-F
MEF% o 77 ATV —F—OFEEHEELZ PIN 7+ NF A4 — FTEHL
C CFD %@ L7288, W 7 BIER R 2 R0 BIERIFE % 8 L C A L7z, TAC H
LORBHFITNVTF v v A NVEESHTE (MCA) T L., ®tHEMIIIERE
BN EEE v TORD 72,

EHERBOPINA T M VidaGeERt (BESUWERT, UV-3100PC) K OVE%
A7 Mviz (HZEAERT, F-4500) % BVWClIE L7z,

2-4 L

AHFZECTHD /) D FEEERIIBEEULTOL DO TH L7720l —0—D % @E
DRFEFEHEDO EBGE CHEHEHE TS Z LR TH B, £ 2T, KB T
ik (1) EEBEMBERIZTTIIRL, BRI WIS EOTFESEIIOWTIE (2)
He-Ne L —H - FHEDE. (3) EAEEIOORENEEZS—FT5I LI
LHEML 7,

2-4-1 JOCFBAMEER
FFEMEGELZENT A LX) um 1 A0S TFEEREOEL % BH
THIZEDNHE L, BEORFEMBEOSREIIHILAOL - —RHoEX%E
WY Fo72HEE BRI 23 TERENL, CNLUTORE DL DIEFHERMNE
DREEWZZNEZFOFHEIHERTE LY, TORXEEMDL I LITTERW,

2-4-2 He-Ne L —H¥'—D#BFEHELE

WAL —F— L FET He-Ne L—HF— N2 EAL THFESKIZLAD
BHBEEEE =S - LTCZOHFHELHIEL., TOREBRELBE L, BE
TELBROUPELGRERIIZONGY EFBEOBEDOEITRIZ L BH, —HB
%“CCDWI A5 &3 mW®DHeNe L —HW—% B354, FHILHOZEERE
LTHWOLNTWARYAFL VAT TIE 14 nm BEO L OMELIZETE -
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TLABHFPBR SNz, L7228 > T, AR ICHW - TEABEDOKE &
EEEI VT 100 nm BE, B—-E0F T mBETH) TN rEEE
FTTHICBRETREE 25, /o, BRESN BT HIEERBEOKREX S
FTCHETAE, MHTOEPEKELLEZLL®PATHILgEE, NF—2 D
BlE LTEBEITAZ LT 5,

2-4-3 BRSO ERBERE A EIE
STESEPICENBEI S SEFORKEAET L L, ZORRBED
R OB LB AL LW TE L, STFESEILORIBOATIE
T 501, REERPOBIRAL —F—ROENRMNEBEOAR S OENE
HTAZEPUETHL, ERTHIOTESAORX T, HIRAL-—Y—%
DEFXARY b A XHH lum THAHI EDD, ¥ pm F— 5 — D= RTFEZ
AR R OLE SR (H27) AVIIZE L,

s ALy
) ! ¥k —)b | !

L o X

TS S50 E 3 A

St B — HEER %

B2-7 FEREFER
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HICTEMEE D% D OTF (Optical Transfer Function) 13, FREHR &R D
OTF DA YK -3 a YO TEINL, —HKEHO OTFiZPL > XL ¥
VER=IVTEBREE NS RO OTF TRENE D, ABHOHLTOERE M
DOEGH 0 & ADOTRESFADBEERFEDLNTLE ), I L THRER
FTiE, BHREBRHRSZZNYL v XL ¥V Rh— VTR S, OTF
BAYR) 2= avENLOTRSIFAMOESTH 0 £ 26T, BEHMIS
REETFEOZI LI b, EBOEREBE CIIREROL —Y— Xtz HMiEHO L
—F—HOEXMBLF UMBICELL, ZORIOFEEIIE Y h—LEx AN
TEYFR—VZBEBLTELRDAEZRETIUE IV,

BEKERE RIBREIZTOHEICIVEESHETH L0, 20—PFlL LT
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£
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e oo TWAED, BEBEICED» L CERIZ LSS ZORBEIEL 2D
%@ﬂ%tﬁéott#OTM@ﬁﬁn/b(ttxmsﬁawﬁ@%ﬁ>t
D=7 DREHARD & ZOBEHREOBRMEZ ML Z N TES,K291CE
LDy )= VRO Y 7 anFH U TOERBANRY MVEIRT, T2, 4
FREIEL 25 5 THMAEERICL VI F o~ FAv—F2EKL
TEDOEN, WIRART S VHBELT H[6]o K 2-10 IGBEZEZ L EDE L
YOBEIBANRT PVERT, BEOBRERMO ST L OMEEHIC X hatik
ROZLTr2EEEEL I T LTHVSL &, BERKIVER LG F 4
SEICNTAI s Ry 2 RHREEAZENTE 5,

INSEDIDDFEEHEAGHLEALIEIZL Y, DFEEAEEDT A 70 A
— MV EF—F—-DREIPS, P TFEEBELZHBRTLIFTFOI IR Y &
IRBEICET AR T TR ELZ LT ERE 2 5,

>
G B l&/—w
5 f Yy aAFSY
f
=]
5
&
E
(A3 v@{j\ﬁ
|
350 400 450 500 550

Wavelength / nm

K29 IF/—N, Y7unFFrRTOEL rOEFBANRY b
(EFF1.0X 105 mol /1)
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Fluorescence Intensity

TruNET VER

e 1073 mol /1
107 mol /1

X 2-10

Wavelength / nm

IF - X BEFBANRYT FILVDOEAL
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E38E BEILLVOESHEEDEK

3-1 #8

ARETEY T um A XOGFEERTHHEEI LIVOKXEIZ X BERD
TOWIB L U2 0ESBELIOVWTERT S, BEI L Vidkbicoik
AN, WEICHHZEETA20 FEEETHY . ZOMMOIIITHEM, K
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RYN-E VWS = NITERT CRIGHEEEZE LS Z L3RV D T,
W T DEBUT AR HEIZ L B2 5DTH A, RYW-E =)V VST —)V)AE
BAERATHEICLI VBT ZER TV 2T, HEICLEDTES
BEREOBEAIKTH B LT R, HEIC L5 E6BEREI—KN 2 &
DFHEBIST L TERNRFETHL I EERL TV 5,

4-4 FEIC X B KB E D Tk DL
KBEEDESFIZRE. pHEIZX VRBEEPTOa Y 74 A—3 3 Y%L
L. ZFHNTCEGTTFIIVRESEREOA L TEOESEEL L 5, KEITIX
KBBEPCHE—BITIEVZ2RETLLDIIOVTEOHR., £6BELEL
ZHPE L TUTo 7-EBRIZOWTER T 5,

BKHIZ 27 7 U NVT I F2-AF VTN ANVKIEEF MY ThEAF)V
TIZINVT I FICEBKRKNZS 70 7L (Cd) R7F¥<rFIv (Ad) 1-F 7
FIV (1-Np) XV F U M EEb0% 7 VT AIIEES SE-KBHEOE S
Fid, KERT CHOHEBILL TKRPIZOEL. FORBEICEEZ ST —
D—OPFFHNTEREL CE—BDF IV ZERT A5, £ 42 I22hb50
SFERTREEELRT,

=T DR A b—2 ZFE (om)
P(A/La/Py) 1.2X10° 7.0
P(A/Cd/Py) 5.1X10° 5.5
P(A/Ad/Py) 3.5X10* 6.2
P(A/1-Np/Py) 1.3X10°

£42 22X —-ILVESFOHTEEKRE S5

CO—EDOEDTFOPRT, H41 ITRTHEETO—TELTCELV IV E2EAL
-7 7 UNT I R2-AF VTN ANVKBEF M) YLAE N7 FFUL
AF 7 YNT I FOEESH(PA/ICIPY) IZIEEICa NI P RigEE > (M,
=51X10° I L TRy =55mm) [5le £72. COEHSFILLVORE QIIES
FREIZLOT—EL2-oTE), FTHSKEREI > TRV EREFEINT
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Wi, 7. COBRE—ESFILIVOEE ZBET A D7 O ICHKEAE
ER7Z0 Tl %, 7 FAR—H—FEHOKEFHEVEETHLZ EVT
I FRESICED RMEIRE — 7 293 L < (40cm™) REHT 7 F 562 05
RENTWA[5]o
KFECOBGTOESBERMEE LT, COHR—EG5FIVEL—F—1f
WAL VBRFOERZITo 72, EBRIIEIR 21C) Tiro7:, &8
A E LT P(A/CA/PY) % 0.5-0.06wt% S s D,0 W % AV 72, H,0 Tid7% < D,0
FEEE LCHWAEBIE, B 5 ECHLIALHIRAL —F—toibd
PRI E BT 5720 TH 5D, WG EET IR E ITFET 540
WERDEL72D1I202um DY) V74 )05 — b LR OSSR 7 1
Wy —2=vy b AVTEBL A, BB VIZERE 2mm, FRFES 0.6mm O
ROZEVZE S 2mm OAFER EE S 0.35mm DA TR THER L7z, T XTHE
& EOAFERD S 10-20 um DALE TIT o 720
REHARICHIRHEO L — -2 6345 &, BHEHAME T CIZ He-Ne L —
Y= DB FEGEL SRR S, L—F =R 2T 5 &L ZDEMENHELA I
ML, 20 DREFEO L EREREL 21, HFEMBOEBETD 1 um BEOK
XXOWKNTFOFEERERTALZ LN TELZ (H4-6) o HIAOL - K%
mWare, ARLZMETFRESICET TRk BOTORELZRL X &
e, WRFOERGEEITES 20 RN RAERBAFORES ISR
572795, BEEEHIZ He-Ne L — W —OEELEEIN SN L Z L IZED Y ik k
Moty TOZ LIIETFISFETEGEELIEL THR—S0FORETH
WHIZOEBLTBY ., BEF—EBATEMTENTW S EE R B EHMP <,
kL FAERL OB FE & BRI TE R S AR T OZELIX, B FE2BEIZLD
ED L) ETHBEERLAEHILESFOREAMICLVIEHL TV ) &
TOLREERDS—KTS L) BN FIPEREINLT-OTH S,

L7228 TC, WEZTHWAZ LIZX D KFTESFERELEHENREIZITD
Bro CHESE, MHNTEERTAZENTEAS I EITREINT,
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(b)

(c)

(d)

K 4-6  P(A/CA/Py) ki 1A BB A

I L — W — LIRS BR1A #2(a)0.

(e)

()

10 pm

M1, (©)5. @15, ()30, (H3077

(a)-(e)He-Ne L — ¥ — B ELELZ . (DEBE

RIZ, BT OnTHELE,
TN X 5 A A BORE, E
INBEDINTG A—=F —DHT
7ﬁéﬂéo%ﬁ%®Fﬁ¢%iﬁé
ORI TH B, TZTHDT

NN

BEOAEDINT A —¥ —F s+

ﬁﬁ%&&otkimﬁéé%@%bto
LT

BRI RO CEIIEEEG R D &
in%%%®@$%““TW;ﬁKT

BT 2 AL Z3 L 7-DIZH VN — )L

BOENVGROELZo-—EORBBEE T F2 AWT-EREITo72, HFHE
RHEEPERLNITZEOLEHFELELD @<ﬁEéﬁw¢%_7Méﬂ%oi
72, B TOSFiEE. MK \ﬁ%i MHZ L AREDRED K TIE R, B
GFREN T EHEDKER GEI M TIERIZES 2 5 2| OwCBTJ
L7z

B E LT 41 1IRT 227 7Y LT 3 F2-AF U708y Ak EF b
)7 (AMPS) & 2- (- WX L) cF VA% 2 ) L—F ( CzZEMA )
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DEEEGE -CZEMAKX)) KU AMPS & 3- (9-F WXV Y )V) FOEL RS 7
JIVT7 I F ( CzPMAm ) OHEESMK (r-Cz2PMAmM(x)) % HV:7:[6]c 22T x
WWEHA VNS = VEEGAEET AV NDELVGETHDL, HNT-B5TO5F
#51  GPC (Gel Permeation Chromatography, 7 WVig& 27 U~ 75 7 4 —)

TROIFERFZLATITRT, T2 AW = LEEZE L ELEDTFOH IR
EEFEL &b,

54 T r-CzEMA(1)
=~ 1-CZEMA(34) { !
e 1-CzEMA(49)
¢
£ 37
R / E

6
—— 1-CzPMAm(1) f
5 = r-CzPMAmM(29) n i
= r-CzPMAmM(50) i
4
S
3 —
&
27 %
=
!
0 ——= ke

SFE

4-7  r-CzPMAmM(x), -CZEMA(x) DGPCIZ X 5 5 F8 Ol 5E 5 &
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4-8 |12 r-CZEMA()KVET (3.17 wt%) BT A FEROEIEZ T~ T
Z DA He-Ne L — W — OEELEAHIEH O L — 9 — LB G 7% 2.5 n e
ECEHHNEND LR Y, 18 DIEE CRFIEMBECHIETTEES 1 ~2um 2
DRESERY, ZhULEORESIZEREL R 2oz,

(b)

(d)

10 um

(g)

K 4-8 r-CzEMA()BRL T A plis 72
I L — = HREEH B @0, (b)5. (©)10. (d)I5. (e)30,
()50, (2)6057
(a)-(d)He-Ne L —H — £ HHELE., (e)-(9EHR
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R FOERIZEDEFFIZOWTHERE S 205, AF ORERER
FEERBIC o728 EOBMPTOKRKE LIIFESTF TER > TV, CZEMA 3
BEAKIIFRRBED N VNS = VD EVHE QFOCWan:E%¢®¥ﬁ®%
MR F ST & 7z 72, He-Ne L — ' — OEELEAEEI S N5 £ Tl
PAHERIZI VS VOERERDENE ﬁ%@ﬁ#ﬁwn/—wwﬁﬁ*
BWESFICHRTEr o7 ZORMRITE S FOKIIH T 2 BREEA T VN

V= VEOKME EBHIEL R AHDIC, BERTFOBSTOREEZEKI LI
LELOLTRONTCEEMAGHDN R o T2iRAFEVE L TWADIIM S D
HTL—¥ =K% BT LRI 7 um BEOMA TITTETWE 256 Tk
wWhpkEZbhb,

EDOBGTFIIOVTL  BEICER LM TFORXSF 1 2um BETH
D, MoOMEB *EL2VE ﬁ%%mmt%%kbﬁéimwﬁ%@ﬁ%ék

—HT B, FHIRAOL —F—N28ab &, B LM TIEIE BIZHET TR L
20, FOIRDEITHA T%HM%M%mwf%%&iﬁ§<§&oTWKo
IR TE2BEL TCREESTIAF I THE-01C, BOTHEICHE
WEHEBEREDB TR EIDNOTHEEEZON L, & 43 12 r-CZPMAM(X), 1-
CZEMA ) DY PEAE K UBkE FAE RS 2 7R 97,

BRI 22 M & R r-CZPMAMX)IZ DWW TE 4-3 X )k FAERERE & &
VAED % T 5, MR T OEBEEIX r-CZ2PMAM(S0), r-CZPMAmM(29),  r-
CZPMAM(DDNEIZ 2 o THE Y, INWNT— Ve EhE T A Y FOEVSERENE
WS BEEDHE Y, 5 F B -Cz2PMAM(29),  r-CzPMAmM(50). r-CzPMAm(1)
DEE 72> TB Y, EBLEE L B2V, B FOREZIZDOWTESTFED

EROIZZ o TwBEDIZHED LT r-Cz2PMAm(]). r-CzPMAmM(29) | r-
cwmmmm@ﬁ o TBY, MELRDODFEBEREENH Y, CNHDZ

PREMICEZLE, TBREOEWV 1 BTOEFT oW = VIROBRE
75‘%’0&%&&1_? IRLFE Y2z AEEZLND, Z1E r-CZEMAX)IZDW?
TLRBOKR TH o7z, $72. B FHOERERBIZLV G F—2H720 12
B HEDORE SITENT 5,

r-CZEMA(x) & r-CZPMAmM(x) Tid r-CZEMAX)D HSESH & 4 VX — )V ED
HIE L\ r-CZPMAM)D 7 X FAEBDEFOKREREEIZE D IV —VvEZE
D7 HSE O RFTH BB & I5IF 5 1, r-Cz2PMAm(x)id CzZPMAm D AXR—H—D
IR DS AMPS EEBLDTT UV FLAGRBEEZ LR T WVWEEZLNLD, -
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CzEMA(x) i CZEMA & AMPS E WO IO R A7 7 ) V7 I FibEh o itE
A& &EL DO T, -Cz2PMAME) I T H VXY — IV EDSER L 72 W k2T
TEALTWALEEZLN S, E 512, -CZ2PMAMKX)D 7 X FiE &1 r-CZEMA(x)
DI—FVEEIZHRTHAKHTHEDOT, LHKIERLRLT L Lo T\,
D,0 & H,0 CHKFAEREEBICOThL2ENHLHEBE LTRIUTD 200
HEFEZONE, —2ik D,0 OJEIE (1.34) 25 H,0 ODEHE (1.33) &l
BLTbOTPIBWI ETHDH[T]. o TUBIMFEENDKE % HOFDFHIE
BELBL, B —20HEHIE D,0 DKFEMEDEED H,0 LT 5%13 &
BWZETHE[8le COHE, B TFEEDO TN TZERT 572012135
FoEb ) OXREZEZIWTHLENDH LD TD0DHIL N KREZHED
VEE b, EE508BED D0 FOFVERBIFAI/NS L REH, 2O
EIXEBER LT S,

L7050 Ty WY — VO SEEOE (BHFEHFB) BHTT. X
CHKN B TRV E BB FERSTELZ EPHALPE R o7,
F 7. KBEP CHNTEZERTE2HEICEIKREEZEODREEZLLLEN D
5o
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(a) r-CzPMAmM(x)

r-CzPMAm(1) r-CzPMAmM(29) r-CzPMAm(50)
BEW5TE (2g/mol) 155880 1531900 506560
¥eFH 57 (nm) 22.9 17 14.9
EEFHSTE (g/mol) 247760 2093800 625770
EETPHHEE (nm) 23.8 21.7 16.7
Z F¥5-1= (g/mol) 395660 3766000 1769700
Z FHSTFELE (nm) 26.8 30.5 22.8
polydispersity (Mw/Mn) 1.5894 1.3668 1.2353
polydispersity (Mz/Mn) 2.5382 2.4584 3.4936
wt% D,0 2.58 0.87 0.16
ok FAE B (min) 7 4.5 1
wt% H,0 3.06 0.92 0.49
fcki FAE R (min) 5~10 4.5 1
(b) r-CZEMA(x)
r-CZEMA(1) r-CZEMA(34) r-CzEMA(49)
HPH5TE (g/mol) 86541 240230 959550
HOP4F2R4% (nm) 16.7 31.2 11.4
EEFHITE (g/mol) 201440 387570 1418600
BEEVFHSTFE (nm) 19.0 35.8 12.3
Z FHHTE (g/mol) 375340 925730 2532100
Z SRS TEE (nm) 222 44.1 14.4
polydispersity (Mw/Mn) 2.3277 1.6133 1.4784
polydispersity (Mz/Mn) 4.3371 3.8535 2.6388
wt% D,0 2.61 0.8 0.17
ks FAE R (min) 1.3 ~0 ~1
wt% H,0 3.17 0.79 0.17
Bk A B (min) 2.5 ~0 ~0.5

3 4-3
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4-5 B TFHREBEOERENSIGIEIL L BT

FEICL VER LB THE TR0 A Y "OREHEEZHINT 572
DIZKBETHW-ESFOERGAELZITo72. BREEELTFS > H T 74
TUV—F—DE=5KE (A=300nm,2ps) ZHWV7,

(1) BYWN-EZI)V A WIS =)

R (N-E =V A VX — O &G E IE DMF 3T 3.5wt%.5.8wt% D D D
BEOBBRIZOWVTTo, EBLLOBEDHBANRYT ML & HBEERE &
L7 BOLREEBIE R W-EZ IV H WS — WD EIEARY b VO
75 350nm, 380 nm, 460 nm THIE L72e ZOBEHSTFORIRTOHNIL2 DD
HEhdb, BEEAINTER VBEO_EERIPSLOHNKTH D, TORKH
i E 1L 370 nm 2> 5 380 nm OEIZH 5[9, 101, REEBOHEGITY > FA v F
BEOZERPLDENGTH Y, ZORKHNEEIL 420 nm 2> 5 430 nm D H
&2 B[9, 10]o ANINT —)VE )T —ORKEIGCHERIZ 350 nm TH 5B & ET IV
LBV ORI HRD SN TWB[11], ¥t — 5 —DORMSHHERE AR b
VTRBBEPCTHINNST = VE ) I—DFERIZLLIBEHERT AIEHNTE S
HY9-12]. FEREIZ L7235 A B S e v [9], 350 nm 2 &l T A2 Lic X h &
B FLF I —DFHGET Y FAvF X <—DEBIZE PP DOARTIE
2, B/ —HEOHFEDOTREH DIRIEST 5 Z LA B TH S, 380 nm iTHP
DEZVBEOLF VY —HGORKENERITHHZ L, 460 nm OEGIT L7
VRIFUR—ERICLBEIEOBAEY Y FA v F X I —DRET N
THIENTE B, EBTF— 7 I3HIA L — ¥ — OREHE. BT EEIRE
o 2R, WAL -V -6z 0., SR -Fl BRIl EHE L 2RITH
EL7,

HIEANRT MV EREBREREF %X 4-9 12787 T, 350 nm & 380 nm DHILHE
BT 2 O ORBEBTHEN L. ZORBREZOOERICBITARRIIL —
P—HOBEHIIFI 3ns & 18ns EROOLN, B/ v —DFHIXR LN o7,
AL F OERBRITHEFFIZELS 2D, TRENH 1.5~2ns £ 15ns ERDH
N7z, 460 nm DOEIEWERIC O W IR T OERFI#% TENEN 23 ns, 16
ns Tholz, L=V —KZ2oBOEFamiz L —F—DBEH & —F L7,
R 44 1RO EIHFFETRT o



(@)

(b)
2
3
O

(©)

(d)

4-9

- ."ﬁo
< : P
S N VN
p - R
2 S -, %,
L [ _J
= : o
— 3 "o.o,%'
#&ﬁﬂg xq&ﬁﬁﬁuﬁ&
T
300 400 500
Wavelength / nm
1 s
10°F
= ( 1)
E edese
10%- ey
E et
] + ..8&8 +
101:= + + 0.33 o2+
Y
3] '03
107 = 2
2 g”’?c
1073 540 e
E #32490°
1 : “.3‘5.33.03,
10
E 0".‘“
::‘z°’¢o
10%- R KT
1 .."oo:o R ITN
102_= ... ...‘. **00
E %o %,
=
107 T T T T T
0 20 40 60 80 100
Time / ns

RYVEZ VAN = VOBEIEANRY MLV EBRBEBEREE
(@FIBEANRT ML, (b)-(d)EGEEETE
R E(b)350nm,  (c)380nm, (d)460nm
+ AW (AL — =R SR
o PRI T
o AR (WAL — ¥ —JEREHE)
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P (nm) B A

A 7 (ns) A 17 (ns)
350 0.80 2.7 0.75 1.6
0.20 18 0.26 15
380 0.78 2.8 0.58 2.1
0.22 19 0.42 15
460 23 16

a4 HNVNT=VOERNFES (1) = A, exp(—T, t) + A, exp(—T, ) THIT)

L—HF—HOEGNETCRIANZEBELASLSHEONES OLELRA
DI L—F—FHARERE 40CIZBITA2ENBARSZ MV, BEEEZHZEL
72H, BIROBBICBIIALD L—F L7, EFHKREBOERBIITPELR VHEE
IXF Y= H Y FA v FIZF =052 5[9-13l R W-EZ VA VN —
IWVDENOFE L VIRNTIZ X 5 & 350 nm & 380 nm DE i 5 KOOI HEIE T,
460 nm DKL 4 BT ORBEEHTRHRABEINE[9], ¥ Py FLF I <w—D
B EADIE25ps, 350 ps, 1.6 ns TEOELZ ) X v —btH Y FAf v FLFx
VX—DOWEIIENEN Tns, 3508 THD EHMESINTWBH[9]e 74 VLHFT
DOENGDIFEFEITHEMTH 53] WA T L7-HOENIIIBHEL ) kL
FIOT—IHRTH Y FA v F XU —DFESPRILTBY, 7402 D
EM & TR LTS, PIEBE L 1 iS00 2 OB BEETRiT L7
FRREEL4 TR, BEXS—EH-—EHMAAEERIC X 2RRKEOLED
BB H 5D T3], KUY N-EZ VAN — OB IGRERTA OV CEEM
ZFEmrdT) OIIREETH B0, D ESMNTFOERIZL DEIBARS b
WEBBBEREVIELLTWEZ LN TH L, MAFOT Y FAyF
XU —DEBOPEFEBBRICHRTHEL 2o TWb, ZTOH LWHRIZO W
TUTOBEANE 2 bND, K WN-E U H ST — INOFHREIREED 2 F — A
B/ =00 OEHKUERFNER _HHEOL X v —ERTEINS,
iso-7* 5 syndio-tactic sequence ™~ I F JU X — @ migration 12L& V> N4 v F
IFXFR =P A Y FIF I ~AZRNVTF —BEHHIER S, MR TOERK
WX DESFHOFFIIELRELEZY, Y FM v FrFd I v -2 o0 HE
Y IF Y= ~NOEFELGT Y P v F o F o —DEBHEEOSE 5

46



DL LEMAPEL TR EEZONS, T/, bH)—DODWREHE LY
YA v F LR L v — ORRKERMEEERIC L2 EESBIT5ND, BEIC
OB RN B L. BBANS M VRORGREEEAES 5 B,
A TNIER BT o T VW AR TH D EERIT LN,

(2) B—moF It

B L7z PAICAPY)BRLIFIIERD P(AICA/PY) DS EHEIE & TS 5 72012
FFIINRY T Y P EELE LY DOEAANRT MV - HERERTE 28 L 72,
B 4-10 1I2EEART PVEIRT,

Intensity / A. U.

I)..Mr

T T T
350 400 450 500 550
Wavelength / nm

B0 4-10 P(A/CA/PY)DHEIEA T bV

BHARTHL NIZHBANRT PV EBRFAERRIES N2 HIEANXT bV
T & BIZEL Y E 2 —0 5 QOEIEH B S 72 AL F D LERCHT & AR
TEWIERON o7, KL VOHEBARS MVITBEOBMEIZ X VLT
BA14]. FNDEAL L ol b)) 8 EESF IR ARSI TIZE
IRBIZ 2o THBY., MARFPERLTLET AV NOSEBEIELE T,
FOBBEDZALL B Hh S THEEEZOLNDS DI &I P(A/CAPY)WSERM
OBl TW5 & EPLBKH ESDPRE L CTHBEIIERRE—E7FI b
AR LTV 5E EWVIHIHRE E—FT 5[5

FHCH L CTEEBEEEER (K 4-11) T FOERED 77 25E RO IKEE
LD HEEDBEIFEL Lo TWEI bbb, ZOEEE LT, T§—
FRIZEERBR I EBEARY MVICHRTIEFICBETH 5 72DITHIB A R
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7 PVTIERBN TELZVEDLT 2 LEL2BRIB TR TH L EDDBITON 5,
R FICho/- e ZICE L VA TFRIENAELCICEREBESN, HEEHEZ T X9
BRI > TV ABEIREBOBREREIEL 25 EEZONS, T2, i
RNEERFE I o722 & D, BEFW L %5 O EHEREERAH A
YERIZI A DT W EEmIToNS,

72, b)) —OoDWEEME L TR F 2R L7 2 &I X 2 s E Lz &
2B ENTEXD, Fermi DEER L BHZEMICBIT 5 E— FEE,LL, kN7
N VERERIY S dQ OFEFICH HE—DRE Rt HHe) * BAKMB T AH
RIIBTBEME e. % ¢. 77 V7B HE h, BIEZ n XOEBHEZ o
ELTUTORTE 25N A[15]

o MO

8n’c’e h

L7=%%> T, BABIBOMERIIIENE n ICHBIT 5, BT ZHEERT S EE
WEFEL DO THRBRBOEES FNICHBAIL TEL %5,

NS EINEEENT DS PA/CAPYR T DOESEEITBEPIZHT]L T &
XDOREER KL T PA/CAPY) DI VD BICFET o KRB o T k&
RSy (N

ee ((pflerlq)i >I2 dQ 4-4

10%-
(@
m1&—
8 e
Q R A ST
2| et
10 :
10 75 T I T T T
0 200 400 600 800 1000

Time / ns

X 4-11 PA/CA/Py) DHIGHFE R (BlEKK384nm)
(a)ia . (b)Y
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(3) AN VEBEEREEDF
r-CZEMA(X). r-CZEMAGNZ DWW THIEA T My, HGHEREZHE L 72,
MBI B TH S r-CZEMA() & -CZEMAM@)DEIEA N2 v, BB EREE
R ENZNE 412, B 413 10K HRIEIH VANV —VE) I —125 5D
DTHbo 1-CzEMA(1)E 1-CZEMA@AN DT IIZ BT HIBA~S ML Tt
IR F D E R 350 nm D ¥ — 7 B¥bhFLIH S L T b,

(a) 1.0
WAL
s 0.6 -
=
(@}
O 04 -
0.2 5
0.0 : :

300 350 400 450 500 550

Wavelength / nm
(b)
1.0
0.8 — &l
2 0.6 4
(=1
=]
S 0.4
0.2 4
0.0 il , —— .
300 350 400 450 500 550

Wavelength / nm
4-12 r-CZEMA(1), -CZEMA(49)D LA R 7 + v

(a) r-CzEMA(1) 1.5 wt%E KA
(b) r-CZEMA(49) 0.67 wi%E KA
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I 350 nm, 430 nm THEIE L 72 r-CZEMA(1) Tid 350 nm, 430 nm
DOTIOREE T OHRF 0L ROBH TRERFERBIIRE 22LERS
o7z r-CZEMAM@9)TIE 350 nm TIIMA T DER DRI THIGEELEIC
KEBEARRS N5 72205, 430 nm OFENLEBERE TIEHERVWREDORS D
RoNnsz, ZOECES IR CERTFED H ) . Fh s L 4 5
EBBICB A HBREREE L ZE-H L SO E 2D -CZEMAME)D 430
nm (2 BT 5@ NREO K FHERRERAAEER I X AEREOXKETH 5
CEDHERREN Tz o T, AT TH NNV - VIRFIL SHEER % 3
%2nm DROEBICZR 5 X ) ICEESNTWA,

N 10 s
- B - B
. ki 53103 . - AT
=
=
510
. 10
100 — T T T 100 r— T T T T T
0 20 40 60 0 20 40 60 80 100
Time / ns Time / ns
(b) (d)
4
10 .
. - B
2107 - PERI T
=
e
310
10 2
10O I T T T T T 10 T T T r T
0 20 40 60 80 100 0 20 40 60 80 100
Time / ns Time / ns

4-13 1-CzEMAQ1), r-CZEMA49) D B 6 Bk
(a) -CZEMA(49) 0.67 wt% = IK B, Bl £ 350 nm
(b) r-CZEMA(49) 0.67 wt%E KB, il E 430 nm
(c) -CZEMA(1) 1.5 wt%E KB, €Rill7E & 350 nm
(d) r-CZEMA(1) 1.5 wt%E ARG, K E 430 nm
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HHREDORRP S, WP TREDFIIR Y Y Y P ENBERLIHEE
TEHLZWHETY, BREICL VEa TR 28T 5 EHEERT %6
Bzt bW ez,

4-6 F &

KETHLNE 2ozl LIZUTOM®EY) Th 5,

- R TIEBUL A 2 KIS S 97, R CTHVARY) (V- vy —
V) DRIRBEND BN LB TIABRBERTIRTH %,

-H—E0F IV L BN F2ERT A I ENTETH 5,

- FHE. DFEOERLRLIETF TR, HFEIFIKRE L, BIROBVES
FDOF I F % B LTV,

- HETERL 72BN F TIEsFOESBEVES THOT ZEELY LT
%

DEzTeods e, —RIC n EFROESFEBETISHEZ B &0 T
WFZEBTE LI EATREINT,
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—FEEAT185mW TR B E MK TF OV A Rig—BE hrolze SHIZL—H—
FEREE % 220mW PLEICE TR A & MR TFAERITHEL %505, BRFIELE
WCHETE L oo N FIIRARNEICET S EHA TR DY 7 um ¥
A ZOWRF DR T AT VB SN, MANTIET77 VEFPEN, X
WIS WHEIC X DRI TS, I TIKREL 5L, B FIZH <
BENOKEL b, T, V=V —EEZMTHE, BRPICBITLIRE
HABRLEMT 2, L7205 > T, $5L—F—IERE T FICB L ENRHHR
WEBDHPHEZBZ CLE D) DI TORS L CHIRIVAELEIL R 5
EEZLND, WIRAOL—F %25 L., HANTFIIVTDLZELSLV DR
DTN DS BTII O, L—F—%2Wo THEIE 2T LD T
b LIES K OB T I L TWzhs, TR0 123 51213k
X ELLDTH 5D,

Yo [ o
oo O N s
] ] l ]

L 4

Diameter / um

1 ! I i | |
0 50 100 150 200 250

Laser Power / mW

X 5-13 PNIPAM-C18/68BAL T 4 XD L — ¥ — S ik FEAKAF 14
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PNIPAM-C18/68 3tE AR H,0 B R ICB VT AE R ¥ — D PNIPAM D%
BT AR EFABOENLRL —F— Y — AL X AT RIS SN,

RIZ, B R AHERRE A3 U 72 WEE K T PNIPAM-C18/68 AL FIEBLIZ DV
THE L7z WIAOL — =Rz X 2R 2 -0 cE#E e LT DO
% V272 PNIPAM-C18/68 i% 30nm BEEDO R v — I LIV Z R T HD T, F 4
BTHWIE—S9F IV EEEKT S PA/CIPY) & FIFRIZIED & CHRALF
PR EINLEZEEZ NS,

D,0 IZH,0 #°A 6 72 \> X 9 IZ PNIPAM-C18/68 13 E Z2H 12 FH BB L TRzl
S RSB OFREIIEZBREZFHEST TIT o 72 B RORE L 0.33wW/v%.
HIHAOL =9 — R 185mW & L7z, WIREO L =9 — %% A53 A HiiC
2 CALEBIZEN L7 He-Ne L — W — OBEDGIZBB S Nz 077, THIT,
RNV —=I VDT T7 VEH L TWBIKETIE He-Ne L — 3 — OHELIEAES
TELNLTH5D,

HWIRAOL —F— K2 BE LIHD T2 5 301213 He-Ne L —F— O #HELE
PEAENE LHICRD, E5ICERH (>2408) HItHO L —¥— % B4
ThHEL, BBBETHIETELL —F—RHOEXLARYy PFAXIDAHLKREW
D 2~3um DAL T B L 720 PNIPAM AR ER ) < — 128V T H FEHFEDOE
EPBONTVEDY, LDEVEHPLETH o7, IR —DKET
DAY TF A= ary, gFESTH. BIE, KEFEHEFELR->TwLH T2
DTHHI LEZ LN,

PNIPAM-C18/68 H,O #F#H Tit PNIPAM-C18/68 L b EE & OBIZHRVHH
HAERDME . PNIPAM-C18/68 FFIZBKEDOYEHSI Y AL N2 DT, FEE
HHEOMFHEEOWE* —HICBER I E-GEICIIL BRI R S5, —
Rl A HERNEIEA 4 oD R ) = — 1Y AW TEDA F OB SR
1) — DRNOEFE NS & 5,

FFYOVEREE T MY 7 A (SDS) OB A F YO FREHEHA 2 BRT5 L.
TNIEFNVEOESPEESEKD X 75 TINVEOTMIIERAESINT, K< —
BTHRWEERE; B E, BRIOETIIRENLEAT S, Lo T, Y
VE =A% OREIZL D PNIPAM-C18/68 DIz BT RE (EftT5H 2 &
127 B[25, 261,

FHEEEROFET CTL—F — 2B RANICELT AT LI X IR F %
AR L 7oA RD 5-14 Th B, FHEFEEA & LT SDS & cetylpyridinium chroride
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( C16PyrCl ) ZHW 7z, K 5-14 X D, BRI L IVIBE (CMCicritical micelle
concentration) X ¥ DX A 21KV 0.01mM THREFEERIZ WM LZEETHLAE
BARL T A 13N & 72 o725 SDS & C16PyrCl.CMC iZZ 11 1 mM,8 mM
TH b, Faes HIZ & 5 &, ZpyiHRBIERE L _ETH®E L 72 PNIPAM-C18/68 H,0
BRI FEEER O BRICX DIHEAICERICZR A[17]s 21t PNIPAM-C18/68
DBKEIZ SDS PHUY A+ &, ZOFAKZ 2 VR Y BREIZ X Y KIZHTEILS h
B ThHhbD, BRFEROERIZBIT S 20 mM LLEOFREEEHR %02 /-3
ETIIHEOESZo X EBNTWS, BEEHL PICHREEERICL Y
EU7-B0TFHEOBERREICH B> TR F2ERL Tnb,

10 9m
v . X 0.25w/v%PNIPAM-C18/68 / 7K
® 0.25w/v%PNIPAM-C18/68 / SDS K&K
8 - B 033w/ v%PNIPAM-C18/68 / 7K
g ¢ 033w/ v%PNIPAM-C18/68 / C16Pyr KA T
3 L g
~ 6
St
]
g
3 4 — )
a ° .
27 °
)
0 *
I I I I I ]
-6 -5 -4 -3 2 -1
Log([Surfactant])

5-14 PNIPAM-CI18/68BkFH A4 XD A 7 v MR EIEMRE R
(SDS,C16PyrCl)

T, PHEOREAERRITH ARV AF L FLIIY YNV T VI -V I —
FLVORIRLBRE L7 (KH 5-15) o SOFREEEANTA 4 O mEEEHA &
BEDBBERRELE LR\, 2Tt 0.25w/v%® PNIPAM-C18/68 KA % F >
TWb, CMC U T OEETIL, A FOV A XIGBEOBINIONTREL
oo RUFFIYIFLYTTY LTIV I—VL—TIVOREEN CMC (1 mM)
B2 B EERBE T OY A X3 A F o REEER 250 L25E & Bk
CEBUNE L o Tz,
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[y —_ e
o N
I ] |
*

Diameter / pm
|
*

| ] ] ) | |
-5 -4 -3 -2 -1 0
Log([Brij 35])

5-15 PNIPAM-CI18/68tkr F 4 1 X & vtk SRS MR BRI
(RUF*3 579U NT7NVa—VI—F )V (Brij35))

5-5 BRI RLEAR O B EE SRR X B AT

AHI Tl PNIPAM 28T — T 2RV ¥ &, £ LN FRATO
BB, S0 FOKERELHENT LIZERIZOWTHANS, PNIPAM IZ
NRYF PENTWBEEBBEIT 9- GNN-TVAFNTI)T2Z)) TxF)
ML (DP) RNFEIZEL U TH A, DPIIHFHNTIZANVEF—RBEZEL,
HHNEIKE (. TORERRKEEIBEREOBMEICL VRIS ELTSZ, &
D DP DEIEANRY MVvOEALIE TICT #HEAER (K5-16) ICX DFHBAS A, &
WOBHUNIE L 25 EBRRKEGERVERERAAKRESY 7 M5 (K 5-17)

2410 - T, DP HFOBIPNI-REOHBMEICH T 2HMAMNLEREEL Z &
PCTEDL, EL IBEICNz . RIREFORBREEL L TE 5907
O—7THbH[28]e ELVDEI T —EHIEIWVL OPDOE =7 2FHF DAY bV
ELTEE L, HIED 0-0 BRICHEMNT A0 L 02 BRICHY T 5H5 0
PHATFOBLNRKAT OB BES D529 72, BEREDSF
PEREREOSFEMEERTAZLICLVHEZER (X <) 2K
T2, SOTFIV—HIIE /) v —8OL Y DRERMCBOL WEEL #F
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RVEBE LTENSE, 20X v —I3FRIKARIC D 25 FHEEIREE D
DFEMEAERATX, ZBrombnEo/-EEr Lo X ICEEENLD
T, TOENGEEZFARDL L IZL VBN TORERVUEAIRELZARSLZ &
BTEDL, BOFIIRVYT Y P ENLE LY CRIEEEEREFEIBECDO T,
ILEII—REBIIHEREBICBVWTY L VAFREISELICEBINS LS 7
BEILRONBEZ LD, o T, TNHLDENBBRERERF U ML
PNIPAM OKBEBZHAVA I EIZE D, BEB I UBNMAERICL VBRI L
AN FNICBIT B0 FOEERELZRARL Z L9 TE 5,

B*(LE) . A*(TICT)

5-16 TICT (Twisted Intramolecular Charge Transfer) K7
BUEIREEIC BV T TROB TG54 b BT ZHMEHEA

BYRESET Y, BFHS4ELBETZERE R UL
iz & A IKRE
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520
(a) 1 C2Hs

500 |

480

460

/ nm

s 440
420

400

380 ' '
0 10 20

30 40 50 60 70 80

Dielectric Constant €

(b)

Fluorescence Intensity

35C

300 350 400 450 500 550 600

Wavelength / nm

5-17 WHEOEIZ L ADPOERILDT 7 b

@UEEOBMEIZL 5

T T VALEYWEDPORAE LEEDEAL

(b)P(VDP-co-PNIPAM) DZLFAHEEFE 12 X 5 VDPD EIGDOZAL
FhEe i E315nm, 0.01w/iveKiA TR
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Normalized Fluorescence

DP %X % >~ b L7z PNIPAM (P(VDP-co-PNIPAM)) DRER % X 52 1278 T,
NIPAM 1000 2%+ L T 3-(2-propenyl)-9-(4-(N, N-dimethylamino)phenyl)phenanthrene

(VDP) %1 DEIETHES L CTWw5b, P(VDP-co-PNIPAM)DSFEIZT Tk
Fo >35> (THF) H® GPC T 70000 & 3K 5 1L7-[18], K 5-18 IZ 0.1wt% P

(VDP-co-PNIPAM) EKRBFWEDOEIEA RS MV ERT, BRIZIETF & ¥ 7 7
A7 V=P —DE=E#%E (A=300nm,2ps, 4 MHz) & FH\ 7=,

— T

— 1 I ) 1 ¥
300 350 400 450 500 550 600
Wavelength / nm

518 BRI FAERIC X B FEAK T TOP(VDP-co-PNIPAM) D #EIEA X7 M IVEAL
(0.1 wt%, A, = 300 nm)

IR TIE DP OHOGIT R AKHEIEIEREDY 490 nm TH b, THILDP ODBHPILL
BEIPEEOE VWK ZEEICHL I LEEZR LTS, HEBEEEZEB2 5
SOCHEE L CTERIEBEDEIBANRT MVIIRRKENEED 430 m RE
THERY 7 ML, DPOBREDRVWEKBLZEERIZS S 2L 2R L TW5, M
FF2ERLSE L BMHEER 2 S87-356 L RFIC430mBE T CTEEE
TP LTVS, THUTAER L -k TR BREORVEBUK L RE L 2 o
TWAZLEERLTWA, ETIUVEEMTH A EDP DHEEHALREL B E,
DEEXDDP DBHPN-EBOFERIT 13BEE 25 (K5-17) o 480nm I2
B AHENEFEERELZME LBREZE 5-19 12, 06O EBENREEEN TS
B EFEL TRIFEMZESLITRT,
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Counts

1000 —

~] 00 \O
1

B AW GHERIERELT)
* AW (FHERBEED L)
o kT

5-19 PR AR X 5 EKFP TOP(VDP-co-PNIPAM) D B GH ER O ZEAL

| I
4 6

Time / ns

#HFEA (ns)

B (LCST ULT) 6.11
B (LCST Blk) 4.41
SO A B T 4.13
¥ 5-1 DPOENHH

ZiHP TOBREFTO DP DEMEFHE IR THALFIC L7256 & 29124
R SEBEOEBHEIZL ITHEL o TWwE I Ebh ), I
AR MVOBMERE—FT 5, T2, BREEER L EIC X ABRFE R
TRBROERD RS N-DIE, ZDIEE T PNIPAM (2R ¥ >~ + L7 DP 13
D DP 7 AL MEHENEHZ LZVO TEREOEIMDAZENL TWEH 5
TH 5H[24]0
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XKz, ¥L > %&~RY ¥ L7z PNIPAM (P(Py-co-NIPAM)) DigiER 7= X 5-
2 1277 $ . NIPAM 200 (2%t L T N-(1-PyrenyDacrylamide (Py) %51 DE|& THE
ELTWwh, Tz, XEEEKEST DS FEIL GPC T 100000 &3KD 57z,
HIRHOL —F—%% 3.6wt% D P(Py-co-NIPAM) KA IZIEET L 7235 & O kL
FRBEOHEFERL7-DHE 520 TH D, PNIPAM FER) v — 2 W&
L AR T OTERDTHERE S L7,

10 um

[X] 5-20 P(Py-co-PNIPAM) /KA D Sk F I Ak
AL — = SERR G B £(2)30, (b)240. (c)540%)

B 5-21 IZKERD CHALT 2R L72BEDOKIET > 7 (313 nm) BEEDH
FEANRT M VERT L—F—OBEAEILIE L > D 0-0 BERITHILT 5 HILD
0-2 BRICHICT 280 L FBEETH ) BEDRWBKBHLEIRIC R > TWwa
EDbhrb, T2, ELVGTFORMBEY R T LXF v —®tIEbT I
Bl s Twb, L= =% LIEs CEBELETT, #XzllETHE 00
BEICKIET AT ORI IWA L, LF < —HGEHHEML Tz,
D IR TFANBHKR L BEER-oTBY, TV VT ORENE
MLTWwBE0d LLREL G TRIEOMENPEA-RREE o TWAH I &
IR L TWb,

B MR 2 DT, BEDOATER LM TFOSERELZHAL7-D
2, B AEKICEZ CERZzITo72 TOHER, EL 2D 0-0 BRIZHIET 5
o OBESIZRBRIADFAIZE A L7z2S, TF v —@6ids H512m 2 5 1A
M2sH o7 (K 522) o« 2OZENH, SEEZHVDS EARIZHERE S ES L
DL ENBLRBEL Lo TWBEEZ L EHBANN L, 2D &iE PNIPAM &
ERY I —DBERIZOWVTHE DKL L AR L 720 F O 2528 7 tHER 52
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o THER LA FICHRCEAETHh o mEREEL—T 5,

2P EIIRE R X8 T, PNIPAM % 2 4 VSN S 70— ¥ 2 ViEA~NE
ILERTBEDEBANRY PIVIEE5-23 TH LA, BAKBPREREERL01EL
— - REEHC K DVER LA FERRTH 205, ZF < —DEKROE S
B L Twb, THd PNIPAM O 7 H— 2 V&I VB 2->TLE
oD E LV YD DB TERL o T LES D THIEEZLN
Bo PeoT, NV —F—HZ2EXL THEICL VN FZ2ERLHEIC
R LHEERICL VER LT L IEES TOESBENRR> TS T
XL TH D,

DP YL YOENETU— T L TCORNEZ LB L6, DP 3o DP Ot
AV FNEMHEEREST, B—2 A0 PORTEBREIRTIY, L i
MOEL Y27 22 b EOHEEERICE D BEBREIENT S, HGHER R
o, TIZINVT I FREDTF OBMKTFEEIINT 2 HEOR) R 7272 HAI
WTEER L CHBUKMZERICT A2 TIE% L, BT, EUBEORITK
RBEY LRIELDOTHL EFRITONS,

100
Irradiation time
80 — 10 min
2 min

> 0 min
7 60
o
93
=
= 40—
(a4

200 @& Thyg

0
300 400 500 600

Wavelength (nm)

5-21 PR F-AE B EF D P(Py-co-PNIPAMYK IR DHOE AR 7 L
(JBIE & ZLp9ARERE 12 & 5 Bk F 2 k)
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Rel. Intensity

Rel. Intensity

100
Irradiation time
e 15 min
80+ e 0N
60 =
40 -

| |
400 500 600

Wavelength (nm)

5-22 BRI FHE BER D P(Py-co-PNIPAM)E KB DHIEA R 7 bV
(FBFED AT X Ak FHE )

100 4

80 -

[*N)
<o
]

N
o
I

N S
0 Ej I ' ;

300 400 500 600
Wavelength (nm)

5-23 BAIMEEERZIZ X B P(Py-co-PNIPAM)E KIBEROE LAY MV OEAL
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56 FEO

KETHLPE o722 LIFUTOBEY TH 5,

- B B D B E . BB L RESERICERT A Z &2 X DRk
FEEEL TWLEZEPRHLNE R T,

CEGESL S ETER LM T T n BF 27U 74 7THELRERELZ L
TWB Z EDRENT,

DExg sl MELEFTFERPICBPELZ EICL YOTTHETHE

BLZ-bDEIRBRLRLIEABELZ L OB THATEERTE 52 LHEH &
n7z,
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FoE WEBEDHIH

6-1 #5
FHECEVEBRPCTEEI LV, BOTHERTTZOFR2EEWET B
TELZERHLPE RS, BRPTCEZOEGH/ELZEETAHILIIT
Ehhole REBETIE7ANVARTHrOMENOREORAL L TREDTFIZ
DVTHE L7 RS F iR Z D0 FOFH 6 BRHMRES um 4+ — ¥ — T&IL T
5ya) =L e ERT 5, MES FIBITRESHZFE OO TLOREN
REICX VERELCSTAEITRICENTE, TOREIGEIH & T
ENb, WEREEPICRONS IBERFRAOY =2l — v a YOERIC
DWTEET 5,

6-2  YB&H DB L 1) 4

INE CIRESBOBHEMFISNIBIAL CERILE N, 2, L WFENFH
ENDODH B[1-4], TDORFEH 2B %K 6-1 1IRT, s DB Z Hl#H T 5 72
DICFIHINTWAE LD E LTI@FESE. HEDE. OO I DET
BN ERROLFERISIC L A2 REBOFTFOA VR A= 3 X OBED
H5[5-To BB TV = —HIRETHNWT X EEREERYAGL - =7
MW/em> 4 — ¥ —ICEHENTWAE Z b, BEBHOHEIZLI VAL AEI
LoT, HEFPICALNIARY —LEA&EE, TbbEHREPY ) -V ¥
Bk L2 EAL, 2 ¥ 2l — bR 0NN TELADOTE VN EE XK L
2o BXL—F -V =22 HVAEEOH#ME LTI, um F — ¥ —DZEHNF
FICIBET T2 2 EDTE, U= 2% EETH I LI =ZXTHICEEDON
BRI EONAZ EBHITOENS,

HEZRIZEFED F AL VIR F AL T IENFNTELE LTREDTD
JRITRBE TP LFEL 0K 62 TH D, L—F =37 —% 350mW, AR
v M A X% lum, BIFEZEFNFN 1T, 1.5 LTHbH, T2, KEDOFE
LA —EELOREF > TROTVAE, K62 XD 2m LEOKEZDHD
WCOWTBEBIORT ¥ ¥ VKT L RIFREE 72 5, WASICTBIT B EALR, FFE
HEVoEABEIum A —F—TH ) THITRKREVOT HEFINLDE
ABEIIE b 52 AMEERIITSIcd b LEZONS, T2, WEOKAIR
BIIEBEIC LB, 20 VOERORMKEZELSE 5727 TEED
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63 BEHEDY=—_Kal—33¥

REE L THWREEREZERT 5720101, FiCbo & b—HL Y7
J ¥ 7 = )VROHE ( BDH 2 K-15, K-24, M-15, Aldrich # MBBA ) % H
Wiz (H6-3) o EEBIZIZEDEBIZOWTHIZITRBOBEIHELNT-D T,
VIRBEEBERIIK- 150D %R T, KIS IFEAFBICBNTL om BV EZHWT
HELZHEICL =Y —ROERICBIT A2WNGES0.01 LTTH), L—H—
KOS & AREFELERIZER T ENTE S, BHEROREI I N—F
FALENEE LRV AR=N=ZID TV TR LIZATA FHT A
O 1um BEORRFERZ I SALZIOZHANVE (K64) . RETHW:
VAFAER 651K, L= =037 =1 350mW % lum D ARy MIENE
LTW5EFHE L T 45MWiem? DFEFE & 72 o TW A, RIGHEIE A2 K %E Fv:CH
B &E, T, ABOBERICEITHOREROMICERZEEL., 2088
H% % T —CCD TEUR T 5 S B OGRS % Av7z,

C5H11CN ry&;&;i;&oﬂlm lem cell)
CSHl?"C
C5H110HCN

MBBA CHsO‘O‘ H_N‘O&H

6-3 DT ORER

(.

P
I Q0L



AN=H T A t=80 um

6-4 Wshtv

cw-Nd3>* : YAG laser
(A =1064 nm)

polarizer A/ 2 plate

objective

sample 100X NA 1.3

3-D stage laser power

polarizer ~ 45 MW/cm?

6-5 EBEE
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6-3-1 EffO~v=—¥al— 3>
BREERICESNAIGRIZL—F—E—228% L. L—Y—DRELH
MEELET, Rtz S5 & FNICONTERBMNED/NY — 2 I8
ZAL L. BREBEOB L S FR2 LBk Lz (6-6) o 2T, BAFRIC
L—HF—V—AaZ&E&NXLLHs, BNV ZOE AT TR ERL TR
B 67 ThHhH, L—HF—IZRHDMEIZENGL T b, BEAT—T 2 KH
DOFMIERET 2L EHIIREFI X ) ICRMBIER L, & AV EZEZ 5
EL I HDETADINITEONBENE > TW L BFPEB sz, T2, &%
L—HF—E— A DREHFMICE D BIMRIE b L7ze A7 —T%ERE
LCER 2 B EE2 L SRR L = — 0B EL LIETN TR -
Tk EDOREOBEIE 2 AZONH 6-8 Th b, FORE, EHE~E
BLIZGEGETHANERLHETEOBBEDO KNI 2D I L5 %
5720 TIUIEMRAHEIC B 2SS TOAE—Z2IEEIZL ), EHO E
T CHED HRIOERRICIT T ABINRNRLLI-OTHILEEZ LN S,
B 69 ZHWETIZRONE NV — TIROBNESERLL —F— =2 DEFEIC
LOBHEINEETTHD, L —F—EIRHOMEIZENLL TWbH, A7 —
VEEHOFIANIGEET L L, V=T EL T &, BRIIZIZHER L2,
THMEENL —F—E—2ICL D V—TZBE L THENT Y AR, ZF
LTHETE R o720 ThHrEEZLND,

86



| (————
10 pm

6-6 HfZIARIZL —HF—E—-2aZ2&E L, RitrEEmsE-L 2%t
(@) > ()~ (@)W —~>()—~>U)—>(g > Hh—>q0
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