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1. FFad

At 4 =

B1E
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General introduction

1-1 #

T

BE. MEOBENMEEZFA LEML, SEEE - b, a2 EoHER B ERD)

DWHE, (LEOMAERARICE THRITELINFTEALERENTEY, LVDITFIATY
A =2 RV TiE Enzyme-Linked Immunosorbent Assay (ELISA), 7 a—¥% A hA Y —,
HHA A—D U T REFOFTEIRELS, RPERNBDLRoTWD[1-3], EIEEKIMTAH
ZEEELFIASND01F 5 DITRIAEOREBIRERE O & ST 2 THESEMES
FTFRREREER L OBEMBEBROREGC, TAT vz T4 NEA A — R EOBRHER
DEBEN. EAPOFH, FIMEDBERERGRE (L—F—) OREL V- AE
EBOELSBHITOoNB[4l, —FH., FRAELF /I E (GFP)SIDEGHETA 7 A
AEBREOCRERIVTTL IO, BRIZEEMBORR L ZORBICKECERLTE L,
BHHIUMB DS b—FlZTRTLorduksr, u—F IR EOREEEERSTF
[6-8]. [Ru(bpy)s]* 72 & D& BEEEK[12]° T ¥ /A FHF L — b9, REFKT V7K
(GFP) 72 ¥ D& 2 /7 E[5,10]. % LT CdSe 72 & OYE iR} ) R % EFRICHE LT
JRLFRET b B[11-13],

TATHA U ASBIZRE LTE 2, BERNREEMENC R oE0 L 5 7
HERRDOND, BNEERE, HAETRENEL . CFHROCERFICH L TEET
b5, FHREESEEHEORIEDOMISH Y, HORE - AL HITART PR ER
Bich D, MIERROBRERR IR - SBFRETHD Z LERBTOND, EHIT
ERAEMIC X > TR REEL BN L LI LREMPTTEETH D Z LB D20
TEBEETHD, 0L RERE HIBERMZTHIMELE LT, AREESFIER
EELNANTHY . £/ OYREHMORBEENDEMBD A A —Yr ZIidEt s v
RIEREILLAVLNTWD, L LR bEBENETTF - BEF 7 BEFMAT S E
THELRD2OPRLRERETH D, EMETICBWTHRENL TV D HEARSS TR
YT &> TiEE L CTLE 9[14, 15], Fluorescence Photobleaching Recovery (FRP)¥E[16]D K 5



1. FFém

IZ R | CEOEEE L2 84 OB TTRED SO REE 2 HIE T 2417 CEEEFIA L
T HFFEB S & 2 b O OMFBRIC 1 A FRIEBRTITBEIIRERMEL 2D, £ZT
HIERSTIRODIFEME L L CGEEFIZEVELEED TV DEEME DOV L 2R3
BT S RFTH D,

BONZMNERIZST - BFRBACRAD LN TWD T/ 1 XOREEPRLFIX, L
TR R EITETFRENR L D - ONRZR/ECET - MEMENETEZ LM
MONTWAB[LT, 18], £-T / ETIHERREICFETDI0F - RFOEIEH A NV E
IR TR EL R EDICREEFBBORECERNER L., MEER
EEEAOEMEBEFINB[19], iz, 7/ BROKREREHRE L TBRRIIZEALE
JBZEDRVEEEMEITho Than s FIEKRE UCTHREFICBFTRETH D Z &)
BFbohb, ZTOXIRT /) RREEDOL=—7 RIS TF RF LV EREORE
FEOEZEO ZEERWENGRE L TEMNRBELEED TV DIENY Tldd. X% -
BF T A A, BERMLEMEIEAOBANLOEWVEER2ED, £ - ISHOBEE» L
EDPANCTHEPITON TV B[18], M & 72 5T /) KiFide - ED&E T/ RiF[20, 21].
TNIF BT & U EEREBMb T BLT[22, 23], BTEEERL - R = —[24, 2512 8K
W) RLT- 72 &R O BB E T OFFITIR < EBITIRD RV, BT LW FOLAE
ELTHIEMET VR REE SN A ERITIE., S TEEEL L TEWRIBRER AR EXE
DERFEINDZ2DHR DT, EROLIRT VRFHEREOMERH LD TH D,

FIZEF Ry M LTHALNDERYERT JRFIE, KWK L EFHCIADTR
WX 2EN D DR E TRBICEKE LR WREY — 7 | AR TF L EATED
IR E, RREMEZFOR EENTFFEZ R 9(26-29], TDHEF Ny MI 1990
FEFENOEANHFEDR ZHL, 1998 1T Nie, Weiss b Lo TEMEHEAHEORWREEL %
BIRolET Ny NOMIA A=V TIGABRRESND &[30, 31]. BE—REERIZX
5L ERCYE[32]0. B MGLEEBIZ R LOFRAER TCORVWELETINEE
FALTEEEY YV ROER FICFET AEBEORNA A — Y TERTOI TE72[34],
TOEIITENT-BAREEZE L, £EEA A -V T ~DIGABMET2&F Ny M TiX
HEN, MPHIEEBA A 2HVDZ ENLEE~DEVWEERBREIND 2 & [35].
EHRTVFUTEETING 1| HF LIV TOEEE A F I 7 2A%BHT 5 72DI2FR
BWEZABBARBHE SN TVB[36], ZTOMOENMET /BT & LTI, EhaRs %
R—=FL7zR) v —E—=XB7102 U H[38]. BATA M3 ERGMESEEEATLER
RSF (T RU=—) [40, ABHRESINTWB, —F TEEESTOLIHRD T /K



FIIEHMB L LThEVEE ST R ot, Thit. AESFIIZOBEARECS
WTERWASFREEEERICL ) =% v~— LT 3 ZBEZHR LE LB FINEROEMS
RETRIERITILBEVEDTH D42, FlT  HIOBETRECELTH, BF
IR F 2R TEIEXDODFORICBEL TN EEZ LN TE LT DIZEDY A AR
BT AEIZERE RO TV, I NETICERE T/ BFOERYECHAICE
TERERDHE ) RSNADP oL EROVL DT, BT /KT OEMESELISNT
ol Z ERBH B, L L 1992 £EIT Kasai, Nakanishi 5 2SFEILBIEIZ & 5T R F1ER
HEREL, LAY LT ROBIERLY MOF A REFEE DD THRE L
THB[43]. MOFREESTFORBESTOF / HTFICHNT BRI - FHE R P
BFVA XX o TET D Z & BHE IN[44-47], 5, BB ELTOFHET kL
FIZBELBNEE Y 225D, Yao BT’ T V) VRDILEMOT ) BFIZBWTHENDOE
WRBICRE LI BT bADF A RPREEHE LT BH48], E7- Masthara b=
Barbara D 7NV — 7 TRIHEEESFORKLAT MZEALTHOHFRNa Ly 7+ A— 7
COBENLZFDY A AR R LTV B[49, 50]), Katagi HITRY T EF L DF )
RIF OWIN A7 FADTE YA RREEICE LT, BET & & TR O/ & SR T
v RORIET RNV X — WML L P BBIEBEELB LV T EREFOBM Y 7 M
ZRELTCNB[4S, 511, BHET /R TRE OBEREZFIA U s aetEsoemel & L
T Li. An BRZNZNERRECEEIERS NS T /BT EHALET ) ¥4 0%k
ERTO[2 ERMET 4 M I E I v TRV AT Y —RFOREEREZR LT
A[53].

1-2 FEx OREAMEORHH

ZITRELTATIA U ATRVWONDFEREND T, BT I E, FEET
JRTFOREFELA AT VT U TISBIIB T 2B EEEN TR L. Th
THORIFEE LD LT R RIGR B 20 < OB 5,

ETHERD FONRFHFEIIEDOFFHEEL ZOTRAF—REBIKET D, FIHRBICK
WEFRNDH DR RENEAR CTIREHAEEICHEREL L s E~DEFEZL T
RO L BT HZ & THRENBRED | a£EEORIICL o TEIND B FAHEA~RIN
Ny ROMLBENEAT B[2], FEIXFITHEEIRE D RARIRENEN H b BEREOIREN HENL
ANDOZFNF—HBITHENEZ B, Fig. -1 KO FDTRAF—RER L RN L HET 5



=A
1. Frif

FBREZTT, HAEIEERE~OEREHNEN, ZEERE~OERRZE, (LBERE L5
ETHEDIHENETFIE, BEAEGEISTORIREICHERET S, HEHMIIHE
FTIE—ARROITIE 1-10 T/ MR E THEEBEEEICERT 2. MMEERGR EDORE
BRFET TIIFEMIES RV BRICERORSEETD2LOER%, v—FIv, 71
FrtA AL D R ERRINC L 2ETRENE Z 28RS T T, BVRIUER
B LR TIUR, IREIEM 2 KB LI A bVREE, SHEBAMRIZ & 2 MBS R -
BEHNCBR, hEBRA MRV T FOED BENZET OND, £ <) DX 5%
SFHEFRBENCL YV ETEBLE I TARLS T CIIHBRERM O AR L IE3HRIIC, (8
DIEL IRENEEE b T2 RWVIRIN - BIEANYV R, BEOBEIEKEFELIZRERRA b—F 2V
7 hEHL, BETORNGHE S HAETINRIIHBHEROGEE LY IRV, BHREE
SFIE. K~DERESCRHREDE~DORERIFES. WEME. pH BZMEE T2 OBRELRIT
EARNICBREOTHRIZIVRFTEND[B], FHE—STORIUEELITo BT
YUoR U FEREINSHBESEERL, A 7000 I ) ORI =ZEIER
E~DEFMMBERE B, I UL EOFEREENAE U IERIIRZIE- %0 i
RSN TV [54], Fig. 12 IZRRBODERILARDS FORI « BHEART ML ER
T8l AHENLARSF CREIRERA AT LR LTI DAY MELEFRIA LIt
P— s LTOFAPEEANTH S, Minta Hidu—F I, 7t oA OFEEDOR

Excited singlet state
2

. Excited triplet state
T S 6 1: Absorption
— 2, 6: Vibrational reraxation

—v 3:Fluorescence
4: Internal comversion
7 8 5: Intersystem crossing
7: Radiationless diactivation
8: Phosphorescence
9: Photochemical reaction

M — =

3

Ground state

Fig. 1-1 Jablonski diagram and photochemical related process



Hoechst 33342
+DNA Fluorescein XRITC Cys Cy7

300

Wavelength (nm)

Fig. 1-2 Absorption (left)-emission (right) pairs of the spectra of five organic
fluorescence molecules. These spectra illustrate the spillover of absorption and emission

wavelengths into the regions where other dyes absorb and emit. Ref [8]

Zinspy-5

Fig. 1-3 Fluorescence image of HeLa cells loaded with Zinspy-5 and molecular

structure of Zinspy-5. Scale-bar: 25um. Ref [56]

MELTLERB LTINS T AL A BH%E LT2[55], %72 Domaille it Zn™, Cu™*D X 5
REBAANCELTHREDOHZEFREEKL in vivo ILBWTREBA A OREZEN
A A= 7 LTWA(Fig. 1-3)[56]. F-ENXFMORTREKRFELZFIA L TEAFMA
A—D U TELREZNTWS[57), Wallrabe HITEN T~ Uiz ¥ /37 T OSLIEMEE
I L7 bry Fh—, 727% 7 ¥ —O8 B EIRE < R} —BE(FRET)ZEOE
L ENEMA A—T U FITLVBELTNB[58],



1. FFém

WHE I BETHD GFPRTDWREHF /7 Bi3% D GFP DELGFEEMZ V0 E
DEBEFITHAIATL Z &L CEHBUIZIIEBDOZ VRV EEZ TNV TBHZ ERRRETH D
DICFFIZ A R DO IER BRI L > TEERRNAME TH H([5], GFP iX 28KD
DEFEEFOHEOY VR ECRIEFEIIERNICHERERS TICH¥ET D, GFP O
BRI 238EDT I VBN RDZ X NI ED65-61EZEBDT I ) BENLD NI RTF R
T 5 (Fig. 1-4), GFP DFEIEZRILZ DEAMEHRDO IO DT +—NT 4 THRITEK
FL, $SEEABERREEEEOT I ) BEREICREEIND, ZOLOFEAHED
DT I BES LS ETEEDED LR, A7 PABREE(LSE/2HE GFP 2
—BENCIE LA END, BETIHREN ODRE TCORNERTHL RUER Y
ENRTHRENTEY, 025, FroRl 74+ oI XazeboR 2008
2EBEREIN TSS9, 60], < DENF /7 Eid pH BEZMHENEL . pH OE(kiIc &
D EHRENEEICET D, ZRIFENF LV EORBEI X - T pH IZKEL TEAE
HRERET 2HE L ETNENETIHEOEINH 5, BAF VI ELENE
FAT & R pHEZME 22 2RI Lz invivo kL — & LT OFIFRERER A A —
Y7 BTN TWA[61], FFIC 1997 12 Miyawaki HIZ L > TEREF SN A LA v LT
NBERE VBT CPTERICRIGTB[62], Flors b7+ hru v sty
RIETHD Na v R_ONAL v F o J#EEFIA Lz PALM &MTh 2 BHFTRAZE 2
Do fRRE B A L SRR 2 SV HE L TWB[63], LL, BAEF T EIZBWNT
BEBEEFREADY—V— & LTOEEMNHEEICKRE L. ZORTITMOBE B & 13—
BEELTVA, |

o4k /

Absorbance [a.u.]

(=]
Ay
T

0.0

30 % Py 500 550
‘Wavelength [nm)]

Fig. 1-4 Molecular structure of GFP, and its absorption (left) and emission (right)
spectra. Choromophore of GFP is also put in the same graph as spectra.



PER TR L o TER LEZETF-EANOBREST ABICKE S B R ¥ —
MEREVWOIETHREIND, "NV 7EEEDY A X/ EL LTV LERRETEROB
DTN FEBR L TWDHEDOER D B L, N2 FRREICEEEIC 2 5, Fig
SIZHEEOY A AOBNED =RALF —REOEERT, FEEF JRTF T, £
DY A ZBHR—THELY /NI RDLEEF-EALRNBT VRFRIEACAD LN/ R
XFr v 7THRKRELRD, ZO&EHRBIUIBNTH A XOBAIEE D BRIV ROERKER
V7 MEEULD, FEET T ORIUIRERM ORI b EH R 5 M~ RE M
L. BHEEANY Ry o TOZRAXF IS LTI ER RO IERDAAIIE S T2
K% "9 (Fig. 1-6)[17), FE-¥EED ALY X% o TIMEIC L o TRRY | BEREF I8
RBNIFRDIEENAY FE Y vy TRREL RV BINIRITEERE~V 7 b5, ZDXOI
MERT ) RTFONFER/EIL, T/ RTFEERT I LR, RBICL o TRELELT S,
FIERT VR TIIABEEAESTF LB LU TEY LT 2 FFRERE V2 HFRIET
EEZ bD, 74 7V AT A TIHRIR - I FRFRBRICH DK 1-6 nm D CdSe,
CdTe, InP, InGaP 72 ENR K EPI TR Y, FEEKT ) WF CIIERF KBTS E -
137 RFRETEL D TORENADRORT 2 OIC@EILT /I FRE% ZnS TE
ST L DR T2 VEEREO I L BNEV[64, 65], F 7z CdSe D & 5 IZHHEIAE T TARL
SNDDR~DHERE 37 B L ORRTEME & ORFHIERNICABHIRE R IGE
DOREEMIC L VT, FEET ) RFIZBWTHEES T L FERIC in vitro 125 in vivo
ETDA A=V THRBESN TS (Fig. 1-7 a, b), HIEFHFmIT 10-100 7 BERELEL .
BELERY VD BRI L ARICKAIFRETH D, LA LEDRERSEEHOFEL S

Conductive bund

Energy -

Atom  Molecule Nanoparticle

v

Number of atoms

Fig. 1-5 Band structures of semiconductor depending on size.
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Fig. 1-6 (left) Absorption spectra for bare (dashed lines) and 1-2 monolayer ZnS
overcoated (solid lines) CdSe dots with diameters measuring (a) 23, (b) 42, (c) 48, and
(d) 55 A. (right) Photoluminescence (PL) spectra for bare (dashed lines) and ZnS
overcoated (solid lines) dots with the following core sizes: (a) 23, (b) 42, (c) 48, and (d)

55 A in diameter. The PL spectra for the overcoated dots are much more intense owing

to their higher quantum yields: (a) 40, (b) 50, (c) 35, and (d) 30. [64]

Fig. 1-7 Schematic of a ZnS-capped CdSe QD that is covalently coupled to a protein by
mercaptacetic acid. [30] The nucleus of a 3T3 cell was stained with QD-streptavidin

(em =630). The microtubules were labeled with QD-streptavidin (em=535). [32]



1. FFig

FRT L BEMBIIZRS TH H[66, 67], E—DYEET JRFICBNTHE—SF LR
FRICIABESE DB X, PEERT VRTOHEIET / RMFOA LT ALBRERTSH S L5
ZBITWD([68], HEART /RF TIIIAWRIRA RS b ERFIA L BE—REERIZES
TNFAT— ARV TR, BORBEEREEN LT-REHESEN/FENTH 528, 33],
Nie HIZBRR A2V A AOREEF )R TFEEAER) v —E—X 2R L, ZXEROE—
JHOBNERRA Lz a—F 0 T BTV, DNA DA TV F A= aiE=H
—LTW3 (Fig. 1-8)[69], F7z¥ElkF /) BWFITE VW RIGRE D72 DITFIFR DV FRET
DLy bay R F—LTEZOFRERSTE2 TNV LTEDNA LGRS A
PR EITbIGA S TWA[70],

Optical code
1:1:1
" N ’———A'—ﬂ
Single-bead specirascopy No ~
R
B EVANVANAN

Probe #1

1:1:1

[} Target 52 s Single-head spectroscopy Analyte
8 T

Probe #2 / ,\ //\ z /\\
1:2:1
N

I\
Analyte \
I\ / WA

Fluorescence intensity

Target 43 2 Single-head spectroscopy
S

Probe #3

2:1:1
——

Target#4 &7

/\\
Single-bead spectrascopy Analyte / \
—_
e / /\g/\
Probe #4 \ Z

A (nm)

Fig. 1-8 DNA hybridization assays using QD barcode beads. When the target molecule
is absent, only the QD barcode signals are detected by single beads spectroscopy or
flow cytometry because hybridization does not occur. When the target molecule is
present, it brings the barcode probe and reporter probe together, which results in

detection of both the barcode fluorescence and the reporter signal. [69]



1. Fad

EROBEKBRSFVLET DL OWRE L LEET JRTFO LS BEWRIGRE L R
EMEZ DX D REO—D2 & L THIEMERT /RFIHFEND, FHEKTIIZD
FHAEEIL 5 FBLF & B F DR 2 BV RTET B([71-73], ARSI FIT / BF
295 2 L TERWRINETER & UL FRREESHFIND Z LI, BT LR
RYERRIZE T pH « B« A A VSR EOBRERFBFRETHIZ 2D, Y
P07 u — TSR AT T FHE SRR T BT OB A EER SN 5H[74-76],

BBICHEM B2 EBIEAT2HEICRLATREIC SN D FBEIC W TN S, BEA
ENHTFOHBEEZOEMRIEILFOBEICEL > TEVH OREW L DM H Y —BHIC TR
TR, BES T BIZT—-EEICIIEGBERO-DICEDERIIENE &N, L
DUBIZ TR BB EZ KT A X" E% GFP T~V $ 5 &, GFP ILBE 7~ &h
BEUNRIEIVORERSTERFFOZDHIZ, GFP RELERITIIY VX7 BB E 25
THIROEMZETSEIREL bRV 5%, FEET /RNTFRIbLLLESRTRES
L= DITE DA A THRRIZ L > TEWEER T, T/ TFOREBLBICL >TE&EA1
A O ERAH ENTHWE OO0, ZOFMEICKT 25X, AV 3 38 KT kL
F. YA X, REWRE, MEOEEZ SICX o THx THB[35, 77], E7EE) w1
ZRBT, 7/ A XORFZFOLOPERICRIETTHEITRMETH YV EFRERICEL
TWRZEDIYVRITERRA L FBEETHH[78].

1-3 AFEOBMBLUOES

INFTRRTELELIRA AU T « v U TR TR MBSV S
. FLWEEHBOBREF - ARRERLTEE, LA LBEETLERRIEHE &
VWO HOIRFEEET. % BRICS U TERZRAEMBOBEREEN TN D, AlH
FHF 0T 7 BT RILETEE & LR EEPEIC L A ERS T OB & 3t
12y A RRIE LT VBT EE Do =— 7 REBEEEHOME L LTSNS,
LA LRBOERT /RFOFMRALYy MU, BICHRE « FACET 594 XHRITIT
RARFREAS BV, FT  RFEHEE LTRHAT 288 CRRECRIRENS 2
ZEBRIEERMBETH D, EFETIHA A=V L 70— ~DF % B L3k
Tu—7OBEEZHEFICVNI, ETERPFL—Y—T T -z ORI LV IR
LamEZDT Yy R v~ —O%IMER T /T 2ERL, (B EShT  RFDan A
RESIRD b B —F ) BT LSBT T/ B F ORERE QA OE 5 25 8 L34

.10-



REAFELRAONIT LI ZEMNE LT,

R T RF OB T 2 EANRMEIR. T/ FAMEZIIEREICF
ETHHTREFICETHIEREE 2272010, AEBEOE—LF b \NVI ~EZE L
TOMMEDOEREEMT D00 T/ L TERNEOBRANLEEREREF D, ¥
e IR TFREOERNFEEERTHZ LT /RFITE Lo FORE 2 EHHMEE
R~ AR L, BT UVESR - BIROFREMZ T VB LW ) RTHEFICERRE,

1-4  AFRICORERL
AWRIIIARE - FREEDLTEPGEBRINTVD, UTIKEEOBMELZBE~D,

B2 ETCHEFL—YV—T 7 —raBANT, BXEFNROBVHKEZFTHD
NP VLU S KA (BPDD k. ALY Ly Ua S REREEICEOF Y KU <
— (DPDD) D)/ RIFEEMLIEBERERET D, L —F—REICHS BPDI. DPDI &
BORILARY N DE(L L EETIEFRME (SEM) #2525 BPDI, DPDI 7/ KL+ D
ERREFHET 5.

%3 BT EWRIRITKTTE L= DPDL F /KL a4 REROEER - HHERXT ML OE
bZ#ERT 5, BIRLEELRIEIZ X Y DPDI 7 /i Fau 4 FIRROFEHRZEEZ REL Y.,
EHRLRITHRTFE LTz an A REROMEERALT MV OEE Mie Bl HVWzyIab—
VaVERDLERT D, EhanA NERICBIT 2HIEBEORBKFEEZRL, T/
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BAETIARY ~—@BEFIHB S 72 DPDI E—F /) KL F DR BB E L5 e %2 1T
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BIED T RFOSRIRE LCOBIEERT, £72 S0 EOM—F / RFORItIRE L
HEROBFMERLNE LIRERP O, B—T VRTFORKT A 77 A2 HHRT D,

B 5 BETIIEEERRBECL VN T AEREICER LY A DR DR VDA

LB WI(PDSY) DT/ EEDE NI RO A KFEEHRT D, AFMBIENLT 4 X7
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Fabrication of fluorescence organic nanoparticles by laser ablation in water

2-1 ®HE

BRL—F =TT L= a ETR, ZhETIRT7ZRYT=0 7270 Rk
REBEERLT I — LU ELBIT URT TR ) A NEE THEL REEY T ) KT OFE
BEINMEINTRY, BRE - REFEOBRPVEL SNAFRHRBELY bERAMED
AP KEV[1,2], E-FLBRIED X 5 ICEBROBEINBEAT 5 2 L 2 MR T /hiF =
oA FEREER LB DT, 2oy —EMIE~DIRA %2 E 2 258 3B~ DFEME
RRMPRE P T LT NRIGA~RIETHEEEZ R TELSLELLOND, L L
IS FITERED L — Y —BHICL o THIBELTLE I LEX LD DI, &
HARE LCORAERB LT VB LORBR LT b Rp 0T, RETIHER L —Y
—T 7=y aild v, SFRECENZEEETFINR L MCEMEEEEFTEHY
Ly U4 X FMEAH@BPDD) & 2 OREICEEWT V Fr v EEREA LY YA R
K72 R Y ~—OPD)DF /KW FALEIT ol ERER~D,

2-2 FHHT R OERMFE

T BFOERFHRIIRNE REF 20T E by FE T VBRI BT - BT EESR BT
BRBMLT v TBID 2 DICKRBIEND, by T F Y RO BMEE| DS R LI K
HEETH BB, LOLIOFETERINIRTFOREIEvA 70— P4 Xh
LHEVEWEET /A= M THD, LVNERTIRFERD-DIEL RBARBTD
NTRY, A MAT v 7ROERECRICERT T /2 B2 FiEE LTUIBESIC
S ER LT g VORPTREEEITI VA 7w by a VEARR. BRFTO
(EBHDIAKSR « EERISEFE L N-FUEBIR ERMLNTWS, BE, —REY
IR FIRENTWAB OO0 1992 #|Z Nakanishi 53 E LTZBILERIETH H[6], ZDHIE
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2. P L——T T L—a VERICLDENRER#E S BT O/E

k2 REREAYOT VR FEBEICRV BV O LTV an S FERE LTH /BT
EH/BBHELNTED, Fig 2-1 AT L5 ICHLEBREIE#RY FORRERR (REK) %
BIDTARE DEVEE (FHEE) RICEAL, BITHIE T/ BREBLIHET. RE
WOFES TRESCABBE~OENEE, RELEE2EXS 2L TRECKENATETH
5, BEHPOERS TFEIEROBEEZEKR L., ZOEBKERTHZLTH/ RTFER5D,
Nakanishi HiXZ0F /RFEBNBETAHZ L TH/ BREERL, Ebliv/ 7z R
HT5Z L TRAEDY A XLHIET 22 LICbERBLTWS([T],

Organic molecules in good solvent

Paat

oo (8 e o @ e S
,\' \_—:pamce growth ‘leal treatment
& & -

nanoparticles nanocrystals

Fig. 2-1 A schematic illustration of the reprecipitation method. Organic molecules are
dissolved in a water-miscible organic solvent, and then a few micro-liter of the solution
is injected into vigorously stirred poor solvent such as water. Organic molecules are
reprecipitated and crystallized (top). Scanning electron microscope image of Perylene
nanocrystals fabricated by the reprecipitation method (bottom left) and molecular

structure of Perylene (bottom right).
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2, P V—F—TFT T — g VIRIZ X BEOEEEE T ) R O /ERL

Asahi BHiZH LWEBT JRIFEREE LTRPL—F—T 71— a VEEERELT
BBl chETIRIFFTZ) R, 7Fuv Ty, TV REOHEHOT ) RLT
BL—PF =TT —va B E D EREIN T (Fig. 2-4)[1,2,9]. BIRERED L IR
B L BREORBEDEEERTALEN RV EDICHECTHAENEL . B~
BRIk oA FERMMERFETHI RBL—F—T 7 L — 3 VIEORE 25
RThd, V—VF—T 7 —Ta EEER. FZeBevary, BewiEnT) /kr
FAEREE LTHAWDLRTEE[0], ZNb6E&EREOHEIE, ZOFEEFEZRIAVF—0
V=t —b% ¥ —Fy b LFICERRBRTHZ L TRF - 443D X 5 R{LEEL £/
I, TNOERRERDILTH/ HRTERB/BLIR NLT v 70T JRFERIETH D,
L LEBHOBED L —Y—T 7L —a VIRRREERE L — P —BEic k> TF
JRIFICETHRTD My U OERIETH D, ZOFETIIBRERICOBEE L~
A7aPnBIY A= MY A AOREBERZICBHELBBLEPORBRED L —F—H%
BATDHZETCHEPIZT /BT and REED (Fig 2-2), AEFERICERED L —F—
PNVARBE END LERREICE < ORERERER L. FOTRF—ITEEHIE,
BIERNKER E R~ TEIIB RNV X —ZEfMEN 5, Hosokawa HITR7 Z a7 =&
BOF )L —F—T T b—a 4TI 7 A[EP L, FHERED TR F—DEA~
DOFEFRERENL 10ps DA —F —THHI LERELTRY., L—F—D/NVRIEDE Y ~ns

LW B DR TIIS T DORE & BA~DFERBMR Y IBEND[11], BR. SBREELS
EENITHES REEMAFE S h, WEEH O ERICT X bz igo e fE@& D nERe,
FERBRE@NOOF JRFEHPIEREEIND, EEBROEBE LA LHE L CEARBE
~OBENT X AR OBHNAE U A (Fig. 2-3), Tamaki HITEEOBILEEN EH T 31z
ONTERINIEROTHRBLREL RDZ D, BROBHANT /RIFERORE
HTHDILEERLTWVB[2], ROV A XBR/NELIZONTEED - Y OREREOEE
MREL 2D EDBRBPEERALEBR LT 2D, BESMSEINL—F—RIEICEI DR
EER LY BB L 2GHAERBXEMICR2 D &, T EOBMEBNEE o< 25
EEZOND, LY —T 7L —va VETRELV—F—XRE, "NV REREEESE
DL TH/RTFORBRMEEHBETFRETHD Z LBRES LTINS,
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laser
irradiation
Y ,
\;){“T:"‘ | |e .
LV
® I
o ® ﬂl,m_ﬂ
P
p—

Fig. 2-2 A schematic illustration of the laser ablation method. Sample organic crystals
were added to a poor solvent and stirred vigorously with a magnetic stirrer, and then

exposed to laser pulses.

Laser Pulse " e e 8 8 8 8w @

A
- ‘> Production By, 2 " e
= “ of nanoparticles ~ LaserPulsg. |} | ,. .
B Laser Pulse ‘ r ’ ., e L
:é_ ) _'_' ’ - & = . * =
= Rapid super heating M - (. - N .
= by laser pulse '/ Fragmentation o = 1. ' & 3

- % of a crystal
0ns 10 ns Time — Thermal diffusion to salvent

Temperature change on crystal surface

Fig. 2-3 Mechanism of nanoparticles formation. When laser pulses are irradiated to
crystals, the laser energy is converted into a thermal energy rapidly. This photothermal
conversion gets a crystal surface temperature increase, resulting in a fragmentation of
crystals and a production of nanoparticles. At the same time, crystals were cooled by
thermal diffusion from a crystal surface to a solvent. The thermal diffusion rate is
increasing as crystals become smaller since smaller particles have bigger specific
surface. When cooling process dominates a thermal change, the particle size doesn’t

decrease any more.
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Deep Red Benzidine Yellow Fullerene CB60)
° NC=
Ny MO SN ) r &

)s

Fig. 2-4 Various kinds of organic nanoparticles. (Top) molecular structure, (bottom left)
crystal dispersion, (bottom center) colloidal solution, (bottom right) Scanning electron

microscope image.

23 EER

N,N -bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylenedicarboximide(BPDI) & 7 > K U =—~2 1 L-
vPA I FOPD)EY Z~<=T A FY v F LA L7 @D & Max Planck Institute @ Prof.
Miillen 523& R L7z b 02 EBRIZHWZ[13], T T ot & oiExX% Fig. 2-5 12777,
0.38 mg @ BPDI ¥37K % 100 ml OHFiAKIZIMN A, 30 srH@BFRAEL LT L—F—RBHEFTO
P TNk Uiz, DPDIZ#AKPIZH#EFITKEICFENTLE 5729, 0.3 mg DK%
100 ml @ 3-[(3-Cholamidopropyl)dimethylammonio]propanesulfonate (CHAPS, 8mM, [@ A{L%)
AT Z, 30 FRBEHELARZ T bDE VT L Liz, £ 7 VORI 3 ml
#lemx1cemx5cm OKEENMIAN, BEFTHEREBELAZAS NEYAG L—F—DH
B E - IXE=mFE (Continuum, Surelight I ,532 nm or 355 nm, 10Hz, 8 ns FWHM) %
HLE, L—F =07 —2 b = ARII A== R— 5 FAWTRE L A — A28
LTE—A8%E Smm ICRE L, BELV—Y—HREIAT—A—F—lZLoTRIEL,
P57 AL > THRE LK, Fig. 2-6 IZV—H—T AT L%ETT,
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CiCHiy

CiCtn

Fig. 2-5 Molecular structures of BPDI (left) and DPDI (right)

Glan prism
(Attenuator) Pinhole

Power meter

Nd3*:YAG Laser 20
(532nm, 10Hz. 8ns FWHM )

Magnetic stirrer

Fig. 2-6 Schematic illustration of laser system

F ) BIFOERITBIN AR MVRIEIZ L - TEFE Lz, L—W—BEfigoy - 7Iidil
IR L7mnb, 2O LBAORINARY b ESHLER (BE UV-3100PC) % MW
THIE Lz, FBRIRARY FAORRBERILT 7 A4 S—45K%F (Ocean Optics, USB2000)
WWEVBEIE Lz, T/ BFOERART MITEXOFRINOEEE BT 5 72 DITRIN A
AT MLDE— 7 RFED 00512725 X D ICHR LIk, d0OEMERT (Hitachi F-4500) %
FAVWTHIZE L7, DPDIF / KiF 2 1 4 REEHEO TR IX Malvern Instruments £E0 Zetasizer
AV, B EELDLSEICESWTHIE LTz, anA FERPORFIIT 5 U L EBIZ
XV THEERPEBH LTS, BEBELETIIRFICL—F—XEBHE L, KFO
7T EENC &b A2 VRIS AR S EL IR E o B TR R RIT T 5 Z & THE
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2. BBPL—H—T 7L — g VEIZ X B EEERT ) R o ER

FREBET D, AERTIIRTFRELTx2bT7 Y NEBRERZER L, 79708
B CITRLF ORIBEP K E WIZ EIMECEENEL 725 O T, HEBROBREREE IR FRIC
EEL, NERBTFOBEIERERRT LY BITRLSBRT 2, #ELDLOES EQO B CH
M g kX THE L BN B,

8 (0)=(EME* (t +7))(E@)E*(r)) = exp(~7 /7,4, ) = exp(-T'7) (3-1)

BEEETITRF OICERE D EBEL~Z b g XV

I' = Dg* (3-2)
BELR Y ML g BEEORBFTR ny, L—F—DEEL BELHZHAWT

g = (47m,/ A)sin(0/2) (3-3)

EREIND, BELICHRE HIERO ZRITHHIS 5O THELLRE D B CAHEEL g 13

g0 =(IOI¢+D)/(1@) =1+|g,@f (3-4)

Lied, ZOEERE T REEERTLZLICEVIERT S L,

In(g,(r))=—-K,7 + %Kzrz —e (3-5)
bR /AN
K, =(T')=(D)¢* | (3-6)

2> b PRI <D> BRDONB, KK 135558 (polydispersity index) & FEIZIVEIER
DRDEFREEZRL, — B ENWREBESTWMORTIL 0.02 BEOHEL L 5, &EIZ
Stokes-Einstein ¢ BAfRTS
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D = kT (6zna) (3-7)

IVBFDOFa LTy NEHRIE o MEHEND, 22 TERLY v U EB. THSHEE,
nFSETH B[14],

2-4 HHRLU—F =T T b— 3 R L BRI ERE T ) kT ESL
2-4-1 Y LA 2 NEAY (BPDI)

L—H—BR§RTD BPDI i RITAKFEELVDEICIEATRET, FBAIXIZLALEETH
5Z L0 BPDLITMAKIIKIEL A LT LRWVWEE X BB, & 532 nm, 10 - 70 m)/cm?
DL—HF—T VT AT 10 HEL—V —BE#%, BE&ThH-o/z BPDI BBROGITER R
BB Lz, Fig. 2-7 () 12 1 BRIEHE LB ORI ARY FAERT, L—F—R
S5TATOD BPDI BEIRIIE — 27 DRI T v RRART AR TH 203, L—F —BRE%IT
BPDI 4375 490 nm, 530 nm {ZFFDOIREMEEICKIGT D L 5 R E— 27 2F ORI b
Eﬁ?ﬁuénf:o HE 540 nm IZ BT DRMNEDORE L —F— T > v REEFEM % Fig. 2-4 (b) 12
RY, L—HF =Tz X 10 mlem® A5 20 mi/em® IZB VT E— 7 BHENRL DL L3N Y %
RETBY, V¥ =TT b= a VLB LISBEZFOBEHELTHHZ L2
5, ERAENBENBVEEICE - RAEOHEMENKE, ZOE—ZTLED
BWINIRD L S ICHATE 5, Fig.2-8 IZRT LI ITHBLTNWBRF DY A ARKEWE
BVRFIXFOREOHLTHREZRIR L, TRUADOBNITRIRICEHFE T DT LN TERY,
LA LKREWRIF RGBS BT VA X3 BT 2 L. RINCHFS TE 2REEIEMT
DIORKEENEMTHEEZOND, ETCRTFOTA B LAHABLESREE T/
EL 2D LREDOBDITE S BAEEMIT/NSL 2D fafT 2, OF Y Fig. 2-7 IZBIT 5%
KEET, RINRENE7F a7 =007 U RUREDEBRSFORE & RE
WERED L —V—REICL > TS T THS BPDI f@m bR FIRFLEND
L EREBLTWA, Fig 2-9 12 50 m¥/em® T 60 43 L ——2 B UTHER L)
FOSEM B &Y, 2T L DRI 50-200 nm OER DT/ B FAERDEEREE Sz,
YRz BPDI 43-F- 2S5 RN & K5 72 2V M 355 nm T 10-70 ml/em?® D L—H— T L L 2T
10 DB L—Y —BH LIZBE ORI AL "D 7V ZEFEM % Fig. 2-10 {ZRT, #
R 355nm TIHER 532m OV —Y —2BH LIEHBE L VALNICAZAT U RIZL BV
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Fig. 2-7 (a) Absorbance spectra of BPDI in water before and after 532 nm nanosecond
laser pulses irradiation for 10 minutes at various laser fluence (70, 50, 30, 20, 10
mJ/cm?). (b) Laser fluence dependence of the peak absorbance of the supernatant after

leaving the solution to settle for 1 hour.

Big particles Small particles

Fig. 2-8 A schematic illustration of light absorption on big and small particles that have

same amount of volume.
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—F—BRH % OWEMNEL . 72 355nm, 70 mI/em® DR FHTHER Lz 204 FIER
DRI A7 b LtE 532 nm, 30 ml/em® OBHFMETHER LZa oA FEKROBR AT k
MZESBETWD, ZOZ bbb T /RTFEHET 20 TFORRRE T/ BFICKE
HELTWAILENHLNTH S,

Fig. 2-9 A SEM image of prepared BPDI nanoparticles by 532 nm laser irradiation at 50
mJ/em? for 10 minutes. Nanoparticles having 50-200 nm diameters are observed.
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Fig. 2-10 Absorbance spectra of BPDI in water before and after 355 nm laser irradiation
for 10 minutes at various laser fluence (70, 50, 30, 0, 10, 20 mJ/cmz).
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—F7 L= g Tk BF I RFAEEITVW I L A 130 mdlem? L EDIEFIZERE D
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XY CHe BERME LTELAZ EE2HREL TS, HERE 532nm O LV —F—REHZ L -
T BPDI S FDRDEHRBE TVARNI & 2HERTSH72HI1Z, 30 100 md/ecm?2 T 10 43
DL —Y—BEIC XV ER L7z BPDI J;/KiF0auAf NERET V7 —F —OH TRIE
FE SR, = ) - NVICERREIE L OORINARS M E B L (Fig. 2-11), v
—HF—T xR 50 md/em? LT CIIBIR A LT MR L —F—ZRBHOY Vb —
B L7253, 70 md/em? TIXERMERIZ AT ML OBERR 5N 100 md/em? TIXARS b
NEERT B — RIZE> TN, TRLDEENDL, L—PF—T Lz 25 70 md/em? LL
LFoEBRED L —F —BHIZ K > T BPDI 47 OBLRLRSAEDAE U TV D FTREMED RIZ
ENF=n3, 50 mJ/em? AT Tk BPDI 250322 L o< T/ RIFEERITE 2 Z &R
Ehiz, EEERLET /RTOSBREREZHEIODT-DIZ, 2uA FEKkE 1 BEHE
L., L—¥—RE 1 BER% &R ALY MvE B L, Fig. 2-1212 50 md/em? T 10 43
BL—V—RBF LY 7V OREE% 1B E 1 BORINARY M ERT, 1 HEFE LT
b EBRINART MUIZIZE A LE(IZe <, ERlRENT BPDI 2 v NERIZFEREICE
WOBBREEERTHZ EBHALMNIR T,

—
o
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Fig. 2-11 Normalized absorption spectra of BPDI ethanol solution which were prepared
by re-dissolved BPDI nanoparticles. BPDI nanoparticles were prepared 532 nm laser
irradiation for 10 minutes at 100, 70, 50, 30 mJ/cm?. Fluence 0 corresponds to a no-laser

irradiated sample.
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Fig. 2-12 Absorbance spectra of BPDI colloidal solution after leaving 90 minutes (solid
line) and 1 day (dashed line). Colloidal solution were prepared 532 nm laser irradiation

for 10 minutes at 50 mJ/cm>.

2-4-2 RY Lo ¥A4 I N7 R <—{b&Y (DPDI)

L — 4 —BRERTD DPDI #K b BPDI & RFRICAKSE BV DOEIZIEATIRET, LEHMLZ
LALEBTHDZ LD DPDI b REEEAZEATLKBERIZIZEE A EER L2,
Z%2bh3, Fig. 2-13 (a,b) 12 10 - 200 ml/em® D L—HF—T7 L R T 10 HREIRHE, 1 B
BB L7 RIBICBIT DRINA RS ML B — 7 BBEEORK L —Y — T )Lz v R RTFEH
% 7R§, BPDI & [RI#RIC 10 0 D L—H —RET A4 T DPDI SREIR O A3 B> b IR EFEH
WAL, 77y bRAXT b bayT LFEIL 570 nm IZIREMEEZ & ORINA T b1
PEBEI STz, £2830 m/em® ZBEIZL T, IV BV L—F—T NI R THHFD
ERENEINT D Z ENRENT, ZZTRELV—VF—RELIER ST TV A
RIZHEBRONDZNE I 0EFRT, £3 DPDI HEROBBERIZL —F—T7 LT X 50,
100, 150, 200 mJ/em® T 10 S L —F —2BHEH L TF /T oo FEREERLE, K<
FIRFAL SN TV KR E R EEY BR< 72912 3000 rpm T 10 53 FHE-LBEZ 1TV,
FDE®HBD DLS ZRELE L —F—T Az 2ATERENT 3 0 FEROFEHRE d
ZHRIE LT, |
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Fig. 2-13 (a) Absorbance spectra of DPDI in water containing 8mM of CHAPS before
and after 532 nm laser irradiation for 10 minutes at various laser fluence (200, 150, 100,
50, 30, 10 mJ/cm? from the top) (b) Laser fluence dependence of the peak absorbance of

the supernatant after leaving the solution to settle for 1 hour.

Laser fluence (mlfcm?)
50 100 150 200

d (nm) 436 261 177 136
(pd)  (0.299) (0.229)  (0.207)  (0.103)

Table 2-1 Mean particles diameter of DPDI colloidal solutions measured by DLS.
Colloidal solutions were prepared by 532 nm laser irradiation at fluences of 50, 100,
150, 200 mJ/cm” for 10 minutes.
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FORERZ Table 1 ITEL DD, BRL—VF—TNLT U AREL RDICONTEHRRELE
SEERNILRoTWA I ERLND, HFREADIWMZEE LANT /A2 HE
THEWIAI=Z LN, L—F—TLz U ARFEWELRELRLELS 2V 4/REH
BF IRFHIEL RBEEZBNRD, 150 mlem® & 200 mV/em® TIZFHRRIIRELE
DHRVRESBERK LS LTS, ZHUTREN 170 nm BEE T/hE 225 L
BEA~OBBJAOLENIEMICRY . TN EORBITIAE LRV, BV L—HF—7 1
TURIZE O BRINCT JRFEBREZ A TDICETORTFREH DA A~EHL L TWD
b LEZ LIS, Fig 2-14 (a,b) 12200 ml/em® T 10 S L —¥—%2BH L THERLE
DPDI F / BiF® SEM {#% 759, DPDI ® 2 n A REFEIZF mEEEHRZSTe7=% 15000rpm
TEODHECE > TH/ BT EBRSEtk, EBAZMKLEZIRTHEEE 3 BRYIE
L. AEEEAIZERY BV, BE E 2o REEERIDHTH L TW 2 HFIZE/NNT 50
nm 2 OEIRD DPDI 7/ KIFHHER TE 5, (b)D SEM @ TIIHEBH YA XD K&K
FRORFRBEIND, ZOX5RBFTHEHL—F—ItLoTRELND Z &L TRFA
OSTFHAEH L, LY FBRIGEWVIREIZOTFHRES L TWARIEERTREIND,

Mag | EBpct| PWD| Tt |
kx| 3 5002 Co

Fig. 2-14 SEM image of DPDI nanoparticles prepared by 532 nm laser irradiation at

200 mJ/em? for 10 minutes.
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— VBB TEDORI AN FOMERFRCTH 2D Z &P HREBRICBNTTF ) —I/VITHE
REDEDIIEC TN RWVWEEZOND, ELE—JWUBRRIVNERZERLE LT
CHAPS DRENEZ b, CHAPS DT F ) — V~DEEEIMENT-DEDEITERY B
B LTRIRANRY MACHER 5 X TV BRI EL DD, ERERDHETZ )
—NAARETHVBILFS LTV BAEELZEZ LMD, WTRICE LB OBREX

HEYRELIBWVWEEDNS,

DPDI = v A FERIEDEI L T EM % Fig. 2-16 12”7, 150 ml/em® T 10 4 L—+
—R&H L7z DPDI J / RLF D L— ¥ —RR5T 1 BFf# & 2 BRI ORINARY b Z L
EZA2EMBIZBVTHRIL AT FMLUITIEE A LTS DPDI = 1 4 FEEIKR DS EE
EPES BPDI = v A NYEK & ARIZHEFICEWZ EBA LN o, 2TV —F—RE
DOFF LI, K DOBRTEEZE D 272D 2 7= FEEERIN S 8HF & LTEVW TN S
EEbLZ D LEILND,

B2 DBPI & DPDI D7/ B F{LOBRE % L3 2% & DPDI ORENE L 2> T3,
FEELLV—YF—TN T ATHERILT /KT OV A XIXBPDI ® 5% DPDI & ¥ H/h &
V\, DPDI i DBPI & ¥ KICiEE0F <, 5 FMiEN 5 b DBPI & U bEROBEN/IS
WeEBZDND, TOTODRE LRI FEEMERHFE I < F /R AHUIcBhE R
L—Y—BRENRER L., ELERENZ T/ RTFbRES oD EELLND, T2
FHEMIIE 3 ECEMT 2T R F ORIEIEE S DBPL -/ KL F & DPDI F ./ KL CTHER L
72 & Z A DPDI 7/ KIFDELBE DI D &V, OE Y DPDL F /b7 Tid L — % —fR&H
IZ Ko TAE U REED = R X—23 BPDI F / $IT & L THRE < BticfEbi, #
L LTOBEMT 5 =X —BHEICED 572012 BPDL X D HIEEN EF LI L,
RRELTH/ R EOBRE L FEHRRO FRICEBEEXTWAO TRV EELDL
nd,
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Fig. 2-15 Normalized absorption spectra of DPDI ethanol solution which were prepared
by re-dissolved DPDI nanoparticles. DPDI nanoparticles were prepared 532 nm laser
irradiation for 10 minutes at 200, 120, 0, 70 mJ/cm? from top.
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Fig. 2-16 Absorbance spectra of DPDI colloidal solution after leaving 60 minutes (solid
line) and 2 weeks (dashed line). Colloidal solution was prepared 532 nm laser

irradiation for 10 minutes at 150 mJ/cm>.
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DPDI /) RiF % (ERT D RpIII R ENE A 2 A U, REEEAIS T R ERICE
BEEZTWENE DI PERAND DI ZEEOFREEEARZ AW TT R EEITV,
TNENDORINAR T PNVELE B LT, FREEHERICITIEAS A %D CHAPS &faAf
FUMEDT TV VEREET N Y U AGDS)E & HICEM I EAVBEGMM DL TERELT
272, Fig. 2-17(a)iZ 100 md/cm? T 10 5 L —¥F — % B L=$54 O DPDI-CHAPS &
DPDI-SDS DML LI RINARY v ETRT, CHAPS # AW HAIXER 570 nm &
720 XD LEFRENDN SDS ZHAWEEAIZNTARY MARENTWS, ZHXE 3
BETHMZER~2HEAOKBICIL b0 LEZ LN, SDS ZAVEAOLBRILC L —
—INVIZUVRATO LV /NERT IRFRERTAI L EREL TS, F7z Fig. 2-170)IC
R LI, F/RTFLOREL LET 5 & SDS AW THE DN T ) R T{LOBREN
K<, BFEEL TV RFHEBPRETWHDZ NG5,
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Fig. 2-17 (a) Normalized Absorbance spectra of DPDI colloidal solution with CHAPS
and SDS prepared by 532 nm laser irradiation at 100 mJ/cm? for 10 minutes. (b) Laser
fluence dependences of the peak absorbance of the supernatant after leaving the solution

to settle for 1 hour.
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Size dependent optical properties of nanoparticle colloidal solutions
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LB L, 2ODFEHBEBYDOZRAX—IXENEN,

E,=E, £ p (3-3)
B=(09, |22, ) (3-4)
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RIEER R 5200 T XX~ B HET D, ZOROSFHMBEERIXBHELE

() KL BLDOTH Y EBTIAF—BOKE SIIRET 2 BYEHTRE L HTH
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HEZ 2 DOBBIBF-TBFHAEEAPLEH L, £BZXNF—ZKAEZHANTHF
FhEE DB R A B L,
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Fig. 3-1 Diagrams for exciton band structure in molecular dimers with various
geometrical arrangements of transition. Transitions shown by dashed line mean

forbidden transitions.
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IREMEERAZEEL-EE. BEFHEEEAORE S LRIRARY " OBRE, B
FHDOIEQB) & 2 FHIEE = R X —(heo) D K/MERIZ L > THRD 4 DICDE LEET B,

5@ S & (strong-coupling):2B>> he

FHEBENISFREIL Y T L ESEZ2%BE. BEFIIZROSFREZIEIZEIEZED
ZDBEFREREDOEEREEIZE-> T, ENTFRAOKEERNR S & OIS TF LITRR DT
BAEERD, X VIREFHEEIS LT LRIRARY M OREMEENINL ST bR
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Self trapped exciton

(Excimer)

Excimer luminescence

Ground state

Fig. 3-2 Schematic adiabatic potential diagrams.

3-3 FIRIFORINASRT FL

$ 7N & LT BPDL, DPDI AWEhZhiAkH, 8mM-CHAPS KEERH TL—HF—7
TL—va BRI KV EEMET ) R R ERL L7 (58 2 B2 MR, Fig. 3-3 (a, b)iZ BPDI, DPDI
oA RRIKEFNEFN2AM D F ) —)b, T M ABROBRN AT MLERY, o
A F¥&HEIZ BPDI T3 532 nm, 100 mJ/em® T 10 43, DPDI iZ 532 nm, 200 mJ/cm?® T 10
- SEV—P—EBE LU TER L, BPDID 2 A FIFRITTH / — VIR E L T —
N RREEEFEIZ 10 mBEY 7 NLTEY, IV E 28— DE—
I BRESEEL TV D, DPDI = REHERTIET & b 3R E R L T 1 nm 22EEAEH
FANCY 7 PLTEBYE—Z7 BENLTWAA BPDI & 3 L ZDEMIT/IEIN, WEFD
a4 REREICRHEN TH 2 OBRRINAS MLVOBHABITIEA Y . IR TR D72
WE—Z7 N\ RED S RFERANCOIT TRIRDOERIER>TNDHZ L THD,
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Fig. 3-3 (a) Absorbance spectra of the BPDI colloidal solution prepared by 532 nm laser
irradiation at 100 mJ/cm® for 10 minutes and that of the 2uM ethanol solution. (b)
Absorbance spectra of the DPDI colloidal solution prepared by 532 nm laser irradiation

at 200 mJ/cm? for 10 minutes and that of the 2uM acetone solution.

Fig. 3-4 1 50, 100, 150, 200 mJ/em” D L —H— 7 L= 2T 10 L —F— % BHE L THE
B L7 DPDI = 0 A FERDOE— 7 BIE THEL LAY MLERT, aa4 FERIC
BEND T KT OFHRBRIIZENE 436 nm, 261 nm, 177 nm, 156nm TH B, DT
Nz A TR U 7 BEHT B W T IEREHY 620 nm LA_E D DPDI 43 F 8RN & % 72 72V ME
WCRINABRAI SN TWD, EEHRENRKEWVITE Z DR TORNE BRI K
T, —F, BRLV—VF—KBERBEWV, AIbanoA FOFEHRRIN/NEWVIE ERIN E—
JDERBEFERIZVTZ PLTWBEZ EBbNE, ZZTREDTRITRIEWT 2N &
2. BEORNMKEHEFAONTRIEE N a A FIEROEIEN, T/ bt ORI & #
HLOMTHBLVWIZLThHD, 2FY 20 A FEROBIIRI Qo 1ZRULERE 005 & BREL
R Ogcan BLTEN ZHAVTKRRTEEN B,

a,, =N, +o,)=No,, (3-7)
T 2T Oper L IITHRFREL T H Y Oubs & Oseo DFAL 72 0 RIUAREL & BELRID 2 [HF OFEXHY
REEIZLoTans FEROEXENENMT D, RTENKEL 251F CHILOMERE
BREEPRES DI ERMONTBY, L—P—TANT o 22 FIETER Lzan
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Fig. 3-4 Normalized absorption spectra of DPDI colloids prepared by 532 nm laser
irradiation at 50-200 mJ/cm’ for 10 minutes (solid line: 50, 100, 150, 200 mJ/cm® from

above) and 2uM acetone solution (dashed line).
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TDPDI F /R F Tk, @m\T v Fr Al X > TREMARI LICHEN R Kb 5729
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FRIZEDEREIRICBIT ZBITETI ZTHE1.6 LBV, T/ RIFOFIREERF & L, Bohren,
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DPDI iZ DV T DFED b RO b - R IEHTER &K 500 nm 7> 5 50 nm OHTHE, B
Bl BIRART B VORIREKTEME % Fig. 3-5 (a-d)IZTR 9, BIE & 728 X% 400 nm 5> 5 150
nm OEGRBEZFFOa 1 A FEBOBERANRY MVITEHRBENRRE RDIEEEEICR
BEREBICRINOBEEZR L, REOBDICHENRINOER 2L 720 ©—2 23 10 nm BESE
FERIZY7 FLTW3D, —F Mie Bl Lo THE LZEERRZ MV HRBBICRERN K
ELRDIFLBEECREREBICRINOEEZ R L, RIEROBNIENRIROER 2L 720
Ve PERRICVT FLTWD, BELLRINBRDO Y I ab—va VERERD LEEL
DRITHBERKEL RDILONTRERBEBROFENERL, A7 MERBELLT
WA BRIVARIIEEN 2 FENMETTEDHRTART MARIRIZELL TR, 2D
FRERIVBEERART MV ORBRIEFEEEE5E X TVWDDOERECHEIOFSOELTH Y,
DPDI F /KL FDE DRI AR Y M UTRIRIZ & - TELETEBEORINA LT b k&
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Fig. 3-5 Mie theory simulation for various sized DPDI spherical nanoparticles. (a)
Complex refractive index (n + ix) of DPDI in the solid state. (b) extinction, (c)

scattering, and (d) absorption efficiency. Particle sizes are given in the figure.
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LEZOND,

1.0~
.
% 0.8 250 nm
G 200
% 0.6+ 150
.E 0.4 100
5 Y 50
.8
% 0.2

1 T | T | I L
350 400 450 500 550 600 650 700
Wavelength (nm)

Fig. 3-6 Extinction efficiency of various sized BPDI spherical nanoparticles simulated

by Mie theory.
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BYHEEARIR S TND Z e b25, UL, BIRE B L THIEEY— 272 10 mm
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Fig. 3-7 Fluorescent spectra of (a) BPDI colloidal solution prepared by 532 nm laser
irradiation at 100 mJ/cm® for 10 minutes and 2uM ethanol solution, and (b) DPDI
colloidal solution prepared by 532 nm laser irradiation at 200 mJ/ecm? for 10 minutes
and 2uM acetone solution. The excitation wavelength for emission measurements was

570 nm.

R L v — 27 BILEDETDPDI = B FER & DBPI 2 v NEROEIEE 2 BT 5 &
DPDI 2 1A REBROEABREREL, T NI v—2AWVWSZ L THEEDORWT /AF%
ERLBD L W2 D, LU DPDI 2 1A REERIZIBW T O HEHREILT ¥ b K & gk
THEIOHD1IBRET, =X v—3ERINTW NI bbb T, BEHELEREE
TWB, BIEEHBALZL I DPDI 2 v A KT A XOEICHES S FRHEEEROLE
LITERTERIFE/NEVEEZ B, DPDI 204 FFROMEIEEICT JRTFRECOL
—F—RBEIZ X BRERY R EORETHHEEXBND, 7 NVT R 50-200 ml/em” T 10
43R L — % BBE U CESL L 72 EHPHIER 400-150 nm @ DPDI =2 12 R¥ER &7 & R A
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BOEHALT V% Fig3-8 @QIZRT, |HEART PNVRAIBIZB W TEEOBFBRNZR <
Te DTN — 7 TORIEED 0.05 LT OFE = 0 A ek % Az, DPDI = 1 A REK
DEHEART MVIZIEBROEKRARZ MLEZERLTH Y, BHRROBEZLDIELD
EEALRONROOIZK U TEEBEITEIRBIZEREKFEL, TCT7E FBERE
DHIEWVEER L, 2AEH TR 51, MAEXREHTRE L-ae A FEROK
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Fig. 3-8 (a) The emission spectra of DPDI nanoparticle colloids prepared by 532 nm
nanosecond laser irradiation at the fluences of 50, 100, 150 and 200 mJ/cm? for 10 min,
and the fluorescence spectrum of a 2 uM acetone solution. The excitation wavelength
for emission measurements was 570 nm. (b) Emission intensities of different-sized
DPDI nanoparticle colloids as a function of the surface-to-volume ratio (O), and the
fluorescence quantum yield estimated by taking into accounts of the scattering loss of
the excitation light (L) Mean particles size is given in the figure.
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Fig. 3-9 A possible mechanism of surface quenching on DPDI nanoparticles. Excited

state migrates in a nanopaticle. If it reache to a surface, it will be quenched.

Table 3-1 Mean particles size (d), absorption maximum wavelength (Ama), and
fluorecence quantum yield (@) of DPDI nanoparticle colloidal solutions and those of

DPDI acetone and toluene solutions.

* Relative fluorescence intensities of the colloidal and molecular solutions regarding the
toluene solution as 1, Optical densities of each samples are 0.05 at the excitation
wavelength (570 nm)

**Fluorescence quantum yields by using DPDI toluene solution as the reference. (®s

=0.92).

Laser fluence 4 (nm) / (pdi) A max (nm) Re]ati\.fe ﬂuc?rescence o
(mJ/ecm?) intensity®

50 436 /(0.299) 577 0.055 0.13
100 261 /(0.229) 573 0.038 0.055
150 177 7(0.207) 571 0.023 0.027
200 156 /(0.103) 571 0.019 0.018
Acetone —_ 573 0.19 0.17
Toluene B 581 1 0.92
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3-6 L—HF—HBEHOBEILAT L ~DF

BIEICIRL— P — TNV RERLER D L TH/RTFORBEEZHIE L, HAEBED
A RREMEEER Lz, LOLLVRIBRONS2TF JRTFE2ERET DT, LV E
BEOL—F—T N U ARMNELTEED, L—P—RBEENEFIZE T, T/ RTF
DIBRESR, HERDIZLDZHEABEL TV ARREERDH D, L —F—RBEISEXEBEICK
Hﬁ%ﬁ%%&ékwm\V~$—7nyzm5mmmﬁvi/ﬁ%¢%%ﬁw\ﬁwﬁ

C EOLRRE, E— 2 B0 V—F—RARFEEFEZRE L, B—F B3 Malvern
Instruments 0D Zetasizer |Z X 2T L—F— Ry 7T —JRICE SN THRIE L7, Fig. 3-10 i
TT XS L —Y—BREABED G 30 SR FEIRE, HAEWE & bIZBD LAHEORKRE
BELTWS, BIZV—V—%RFT2 L, EHRNBRITEL LRVl L, BEREIT
B LT, E728— 2 BAOHIHEN L—F—RE L & BITHEM LT, B—FBLLOMES
EOEMTT /) MFREDOEBHOLNAEEKRLTEY L—V—BFIC X > TREICELY
REBRALPDOERE b TCERYNBEL, ZDOERYHRE TOHEKITHIICEFE L
TNBDTERVNEEZBND, |

SHICEHRENBLLRWERETRFLV—V— TN T U ADEELERT D720
E9 200 ml/em” T 10 HE L —V—ZBE LT/ BFE2MERL, 0L TRERZ 7V
ATCE LR AF—8 (50 ml/em® 120 4. 100 mJ/em® 60 43, 150 mJ/em® 40 43) D L—F
— & & LR LEOERE S B LT, Fig 3-11 1RT X 52701 2 200 ml/em® D L
— P — % BREHE T ) R FIT BRI 150-160 nm TF DHE D L—F —BREHNT L o TEHHL
FITE LA EELLTVERY, LPRLEWINLNZ A TL—F—2BE LY G E
HIEBEORTLEEZIZHLbLNTWVD, HNBECETOREN 1 KFEEIC L DHE
BhbiE, AURETFEEBRH LZLTOY IV TEAREDK T IZIRBRE L 25133 T
bd, BAEBEOEKTEN L —F—REIEFELTND LN Z LIIERFREIZLS
DPDI 53 T DX 5B E R AE LTV D, 2 EFRIVHESRIL 7 /L= 2 X 150 ml/em” TiX 100
ml/em® & AT 2255 E 25, MAREDRTEEZHET S L 7L X 150 m/em® TiX
100 ml/em® D 2.44 {2720 2 R FRINEROZR LEVVER £V, SHFRIUC L BH5
fREFEHT 5, £7= Fig. 3-10 TR L2 EBRTIX 50 mlem® D L—PF —BBEIZ X 0 $L5RE N
BRI & & DB Lozt L, ZOERTIRERBEORDBALNR NI &iX, 200
ml/em’ D L —F —BHIZ Lo TREOHEERT TICAE L TBY . 50 mlem® D L —3 — Rt
R TENULOREDEMIPFTEINRN D THDHEEZ OIS,
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Fig. 3-10 Mean particle size (d, top), fluorecence intensity (O), and zeta potential (@)

(bottom) of DPDI nanoparticle colloidal solution after laser irradiation at 50 mJ/cm? as

a function of laser irradiation time.
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Fig. 3-11 The laser fluence dependence of mean particle size (d, top) and fluorescence

intensity (bottom) on the sequence laser irradiation to the DPDI nanoparticle colloidal

solution prepared at 200 mJ/cm?. Irradiated laser fluences are 150 (O), 100 (O)and 50

(A) mJ/cm®.
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RETRHEFL—F—T 7L —a VEEFRAVWTER L7 BPDI, DPDI OF ./ RIT DX
FRELER L. Mie BRICX Y av A FEROBEARZ MDY I 2 b—va VT
WV, 2B A FEROBRANRT SAMCRBITAIHIOFSEELER LT/ B FOEORINA
Ry MEREL o7, TORE, DPDI 2 v A FIFEOEEREDEITEE D HERA Y
M DOEAIZEICHEZIROE(ICER L, RINARZ VA ZIKFE L7243 DBPI

TITRBEOEITHENEEL L & BIZRIRARY PABERART MACEEE 52 TN
AIREMEDS TR STz, BIEA 7 U2 B X DPDI 3= v A RIS & IR OS5 F TREED R
7 MVERTOZH L, BPDI Tl ~—RENERA SNz, Zhb, TRIN - 88X
N7 PVRIEDORERD D BPDI ITEEIREE L pHERE L bICBWREHBOEFHEEA
BFFET 52 DPDI @SV T v Fe v EIC L - TRARBOEFHEEERASIH ST
WD I ENRBH LMo, DPDI @A FEKREAWTT /R FOENEFINRORFH
A R T T/ RFOEREORIUCE SO TRALER, 1 OB TELE
FINEOBEE KT AR &, TR 150 nm O 214 FEFEKR TIZ®=0.018 & 400 nm
DP=0.13 LB LT 10 %A FIET Lz, ZOHNETIROFER & L TRDEWEMEIZ
X ARMMBERREDEFBEML L, RXAX—BENIC L 5TV HFNEOREREDSE
EA~OIEERR L, BERECIEBEEZBEZ 70 nm & REL o7, REEZ—EICHE-
TEE, V-V —RBASHEE LS T THRAEETFINEZLE L, BBED L —F—RBHIC
Lo TELAERMRECHECHERD LT/ RFOHENEERET S Z EBRBI N,
TryRkerokihERVBEREOEAIZL - THEMIEAHBEFRAEERI I &
NDZ ki3, DPDLICRR & HIEMET ) RF 2 BT 5 ETE DS FRENCEERIEH 5
ZDERTH D, ELAERBV TR COREREIIETBEMLE V5 B CRIES
KELTLLOD, BTFHNHORBMERERRE CORISIZEELED LW IBERIE. iz
RETEAERNPEZ D L) R TREEToZEE. —2ORR VAT L o TERKL
L ORIERENFERICFELET D LRFAREL 2D, FEES  RTFOBEIET—2DfH
BANVAZH L T—2D7 4 b LAKHT 22 ENTE WD, EEOL 5 2EH#
JRITFOMEEFALT, KVHBZW, EHEEMRIC L B HEENBOBEMOD L 5 72 #EE
PERATIN U7z B et T R F OBRBE SIS NS,
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Single nanoparticles spectroscopy of DPDI nanoparticles

4-1

i)

RIETIIL—Y =T 7L — a2k V) DPDI DF ki F a4 RERE/ER L, L
avA FERCTEEFHEDT A ARFEEZBR Lz, LirLans FEKRERWET kL
FORMBEP /LN DRRITYA X, BRIC—EDOHME b 0T/ HFOFHETH
Do ZODXDBREBHEIT MO T )R FORELZFMTABIIIFERATHS, LR
Bo, TNETRBYEILAZAZZFIZBWTHOE—F THXBIEEZITO I &ICLY, 4
FILIBRB AT ML OSES, WIRCIHEH SN2 CHARBERS R ESER SR TY
D, T/RFIEL TS, FEEKT  HTFORHRBRREOERET /K FOBRIEE LA
A MR EEHERENHIIEZ ZEDOTERY, B—RFHEIC X > TOLEH
SNBDNERERIBEINTVWD, B 2 ETCRENEZIIRRL—YF =TI —ra itk
o> TERI SN/ DPDI F /BRI FIZBI L TH ., £DH A RE—F Tiie< . BRe EbELI
B2 HTFOEMTHD, TOLIRRIELT/ULY an A FEEREIC L 2L s
NIEHRZRFEOBZEZR Y Fo TWTIE—R O TF DO H ORI BRI EOEELE A
TEREMR R SO IR A A T IR, 2 TARETIRE— 7RIS NEIE L AROEE L
AWTL—%—F 7 L—a U CER L7 DPDI 7/ B+ & DPDI 43 F—HRI-S-DDHE A~
7 bov, RIEFMm, EXMELRE LIRS L. DPDI E—4F & OE» 6 DPDI
T RF O BB EER TS, EaA VT URBEORERLADRE T K
FRENSDREND A I =X BIZDONTEELT,

4-2 EBR
DPDI D)/ RIFIIFE 2 E L RO ERZRZ AWVT 7 /L2 X 60 ml/em® T 50 43f L—+
—Z AT 5 Z & TER U], SEEEAT SDS (Wako) & FVY, [F444C/ER L7~ DPDI

F 7 RLF O HRIR T BN Y 8L EL I 7E (Ohtsuka-denshi, DLS-70H) X ¥ 300 nm & REDL bh
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7zo DPDI F / $IF & DPDI 3 FIEZhENR Y B =7 )b a2 — LKIER(PVA: 10 wt%, M, =
88000, Wako) & WY A F /LA Z 7 Y L— k7 1 B /)L AEIREPEMMA, 10° M) & DIEA L, X

Bra— Mo THIRAEREIC T 2RF, 3F 2B LR v —@EREEZH L,
ZHCEYDF7RF - S FRRY v —FICEE S, EBR - V5 AERE OHEIER %8
FHZLBHRERTHD, ZITTIRTFLEHOFOREIEBREOCEFTRATRESNDZE
BIC 1 RIfFET D RRE IS Lz,

Fig. 4-1 [ZEREB 2 RT, V2 7 VITESL A E SUBOLTEREEICRE L, REREER s —
T EHEE(TCSPONT & V) BE—RI T« 5 F DREE RS Y BIE 21T o T2, B VA (543 nm,
8.18 MHz, 1.2 ps FWHM)iZxF ¥ > %7 7 A 7 L —¥—(Tsunami, Spectra Physics)? HFE L
=P =RV RERTHE LT, HNRT AN o7 BIRBGWOIZ L > THELNLEE 2
BT & W e, X U— 7 S ERNew focus) % AV THRENIC L7 LV R IZEER T —
U(Physics Instruments) % {& X 728 32 B $E(Olympus IX 70)ZEA S, HEXH L > X(1.3
NA, x100, Olympus) %@ L TH > FMICENX LTz, BiEEREIIEMEOEADICERE LT
EEERBH T ANV F—2HWTRE L, YU A»b0RKITHP L A e@oTedh t
BRERAC—L2RATY v ZIZE 5T 50:50 i3 biL, —FHidA A—TEBBZ DT AT
Va7 b FZA A — F(APD, SPCM 15, EG&GHWIEA &N, b H FFITARY M i2B 57
DITREERMEAICCD L Wy INVERTZRY I a A—F—~BA LTz, BB T —# 1
TSCPC % — K first-in-first-out &— FiZ X 0 48 L7z [2],

beam expander
polalyzer

Tsunami
(543 nm, 8.18 MHz, 1.2 ps FWHM)

beam spliter

filter

5 X APD

pinhole
100pm

CCD

monochrometor

Fig. 4-1 Schematic illustration of the single particle spectroscopy set-up.
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A T v ABPIE I Hanbury-Brown and Twiss 7V F /N F o JIEE R W3], 7
VFNTF T L IIRER T TF DS R T BRI B 48t (St 0 e F SR A RESRA/NE VWD
EEWT D, a4 VT URAHETII EROLEREBEV AT AERAN, FrAnd
DEFEERLE—LAT Y v & T 50:50 ([Z0F T L% 250D APD THH L. TCSPC
— RERWTH DAt & t+ot c::»s'wz)%%@ﬁémmsamzoto Fig. 4212”7 L5
2, BIAIEE—BES T 0o 0RNEEERT 2HE. BELV—F— SV RERSFOENL
EMEV L FHENTNIE—2DO RN L o THFIL 1 2OXFEFREL, RERZ 2 DL
EOXTFEFETDZLIEFRV, ZORTE I L D 2 DD APD THEFCAFEZRET 5E
BOERRNTTLELBE, t=0TDMEIX 0 RV TUFNAUF NREEL 2D, B—0F
2B DRI TIIRNVIFE IS =0TDMEIZ0L 2 RVt =0DEIZ L —F—Ic LV FHE X
NTWABERICE TN A5 FEIEFET 5, TCSPC 1 — NIZik 125 ns O RERFEATEES
HDTAPD OV 7D Hb—HIZik 1.3us OBRAEEEHR T -, Zhickh—oDL
— PNV R L DEROEN Y T TN ERHT 2 L BFREL 2D, TCSPC I — N7
— X B ERLETR. DFEEE 50 ns T2 2D APD D ¥ 7 ) VB R (macro-time) & #3637

MZ X BEIRA VR & == b DT 7 UL R DR OB IERF S (micro-time) % :o#k T 5,

<A_t> Nonpolarizing

/\ “ M /\ beam splitter
o\ '@

single photon sorce

NL/\ j\ Nc/NL = 0
_IA‘ (l) Alt

2 emitters

NC
/\ @ ANC/NL=O.5
B VI s

inter photon arrival time

Start signal

photons

(TAC)

photons

Stop signal

Histogram of interphoton arrival time

Fig. 4-2 Schematic illustration of Hanbury-Brown and Twiss antibunching set-up. An

example of histogram of inter photon arrival time is incorporated in the figure.
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4-3 H—7F JRFORFHE

4-3-1 WHIEART b

Fig. 4-3(a) 12 PVA W 458 S 87 DPDI 7/ BIFOHENEEZ R, T/ B+ OENEA
A—=DVEDHU LT TIT4 T4y 7 Lxh, y#iEnEhOXEROFEEE T / kL
FOER LB, Fig. 4-3(b) 12 50 B0 T /BT ZRE LIcEROMESHEZTT, B
Ni=F 2 R FOEXPRIZEIT 243 nm TDLS IZ X > TRHED 517z 300 nm & EEAHED LVME
B{oN, FEAERTHWERABRME L AT LOEMOMEIZEIRATHS 200
mBETHD, HAXAEICL YV RDTS /HTFORBIIEMOMBREL Y bRERELEFL
TWAEH, B8 L TWAXRIX PVA #IKHB 2T/ DPDI £ F Tk F R+ ThD
LEZ bbb, Fig 4-2 12WFE/ 72 PVA #iE+ @ DPDI Bi—7 / BiF,. PMMA &+ DPDI
H—4aF, ZZK5 0 DPDI &R (Ipum~) OEHARZ b ERT, B—F JHTLE
—DFOEHXASRT bIE, ENEhanA FERE M ERERROFRE Lic®
KA MERT R ERHRTIET /RF. o FICHE~TT o — FREEEZF L 650 nm
FHEICBIT BB ORSDEENRKE L RoTW3, RIEE TIZ DPDI + ./ RiFTl3E® VT
YR RIZL > THFRMBEEASIH ShSF & X BRI - #HEART MR
FTIEERELTEEL[IL

350 450
Diameter (nm)

Fig. 4-3 (a) Fluorescence image of G1PDI single nanoparticles dispersed in PVA film.
(b) The histogram of particles size.
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AREBRIZBW T H RS 500 nm BBE DT RLFIZBE L TXERROFE MBI ENPN DD, L
BNFEFIZREWEEIEL DPDI S F TS 2 b FRMEEERAR S Do TL 2 REEER
BLTNS, ZIUIREBPRTFONMTHFEEI TS RV o FHEBEN/NE < RDHER,
HREMARLOBEFHEEAPKREL RO TIIRVNEE X OB BEEMITH TRV,
Fig. 4-4 (a, b) ICE—F )R F L E—5F 0 SO-SO IREI B — 7 [ZHST A — 7 ALED
L XN T AERT, BAEY— IS FIZE L T 600 nm % F.0I249 30 nm DB EFFOD
R LT, F /BT T 608 nm & HDICHK 1 0 nm OB EFLRERA~D T 7 MEMAS
Roh3, ZOREREY 7 FORERE LTH/ MEFTREAOERNOFESELFEET DL
BondH, HEBROBEHEART MOE—IBPRELSEEERM~TT7 FLTWEHI L
EEETDHL, T/HFTHHFICHAS LHEREOTRANVF—REELS LTS L
Exbid,
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Figure 4-4 (a) Representative normalized emission spectra of a GIPDI single
nanoparticle in PVA film and a single molecule in PMMA and bulk powder. (b)

Histograms of emission peak positions of single nanoparticles and molecules.
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LA LT RFOEEE— 7 AE L REOHBE R & Fig. 4-5 2R X 5 IR 200
nm 75 500 nm O TIEY A R X 2TERMEEIIR O ehr o7z, Y —7 DHEIC
BALTIE, B—aF TR ARRY v —REDOEIHE L OBERBPER TRE 7245
BETRTIeMmonTn5[5], EHIKE—GFOBREIIRY v —HICEE S LRI
%wf%ﬁ%%£®%6?K;ofﬁW%ﬁﬁ¢Lfo%mb;%nm&%&w%ﬁﬁu
HEE—IBRELSIEPREINTVWD, L LE—F /RTIEALUIE—SF L
NTHEPPEL ETART P ORFELBBESINT, BRD2T /VRFHATORR
R MOERPBEINIZ, T/ HRTFOHGBLTWD PVA IHBHER Y ~—CTEFZAER
ELTEZEBRHLNTWS, ZO0HEIETRLILEL HI127F /RFDFEKE Tk DPDI
DOHEEPEE, REPDLORERITIHEVALLRWVWEEZDOND, ZOTFT KFOHELITK
HTRT LI, F/RTFOREFMRSTIVBENI LD bHERIND, ZOZ L
2> DPDI F /) R TIHER IR TR £ U RFAE Tl FOES R ME S TsL
FEEDOEP/NINWDICHIE Y —7 OB LENBRIS W 2VWEELBND, $)
BIFREDOLSFNE BIABHEEIL, TRV F—CREREELETH I MR —
EEEZREREI 7 hEETWBLEEbh3,
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BB o gleedod & o0 .
606 N ' s ®
£04 - R . ®
602
500 -
] i3 ] 1 [] )
200 250 300 350 400 450
Diameter (nm)

Blaximum peak position ()

Fig. 4-5 Maximum peak positions of single DPDI nanoparticles as a function of its

diameter.

4-3-2  EILF

Fig. 4-6 (a-d) \ZB—4F L B—F /R OEAFMBEBREZRT, ZTHE TIZDPDI B
— 3 FOENIL 5-6 ns OE—EEEEMBRETL. I PDIEKRT L RROEETH
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LBTENHOLNTVNDS, E/o, B—HFOREFMLIOLE —7 L ERICHME O,
T OSBITER DA TH BH[6], Fig. 4-6 (a) /R L7z DPDI BE—4F 0t b B— 8%k
FICHBEL, Z0EMD S.14ns L ZNETOR/REZERLTNS, LT/ BTOEN
BRFZLICRRISHOBEMBEEL R LEZOEGBIISIES TH D, ErBEthBIIE
&L bITENT D, T/RTORLEEMERD D EDICEINT ) WFOEIF MR
BE2ARERBEER T 4 v T 4 T LEMEST DU uERDT, T TEEBRREER
TRLEZRSTDT AT AV I BRETHo LD EBBKIIZEETTHEHRONLD
ERVBOBEHRSICBELTORDT 4 v T 4 v T 5FTo72, S0EDF ) RFIZOWTR
OB L% 0.5-1.5ns DEFEIZH D 1,0 3-8ns LW I IGEHFHICIEN o T oMm % RE T, $L

FI L OEHENFMEHET I -OIIKRAE- 1) TEHE N Fa 2RO,
_ar + fr,
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Fig. 4-6 Representative fluorescent decay curves of (a) a single molecule in PMMA and
(b-d) three different nanoparticles in PVA. Residuals, fitting curves, lifetimes t, and x*

are also given in the figure.
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. BIEEEMRTOREERTHRETH D, FHENFM<>DL A NI 7 5% Fig. 471
R, T/RFOEHEAFEMIELAEN 1 ns BEZFL, TIIIFEFICE E—5HF
B72 5-7ns R $F ) KRF B FE LT, ZROHEERBIEIC & 2 8 bE b 13 )/ K7 CE
HBEETWDZLWREND, ZOFRIBAEETTRLZT /RFTOHAETILER
DETZHATE, FHRAFILICEEEREERD Z I OEXOFEITRFI LiIT—
RTIIRNWI L ERR L, T/ KFH b OFELIRE 2 RE < HET D & FHHAFMD 1ns
BEZRTHEEEZITIRE L EHEAFEMD 5-7Tns DEKEZIT TORVIREBIZ K E <
23T BIENRTED, MATEREME LU THRTIA XL OMEEE L o ER. 3%
' — 2 L [BHEIC 200 ns A 500 ns DY A X OEFE IR MEEITR b o7,

0 2 4 6 8 10
Average lifetime (ns)

“Fig. 4-7 A histogram of average lifetimes on nanoparticles in PVA film.

4-3-3  EILHRE L FaORFRAL

Fig. 4-8 (a-d) IZ Fig. 4-6 (a-d)DHFMBEMMRE b DKo F & T/ RFITHIE L8t FE
CENBREORMENETT, B—0FOBEIESms 7290 100 70 U NOBEAHRE
218572 DI kWem” DRV EXBEZMLE LT 505 L, F 2 hFTiE 1000 50 1 L
T Wem® LMEE L, ERE 300nm OXFT /RF2IRE LEZHEE. -/ hFi
BETOSTFEERELTNDEDIZ, TI/RFE—DODORNEEHLRT LT /I RFDOHEN
ZER (LTHaTED B 1000 fELA LORINBEEZ B L TWD EWVni b, ZHERNERE
LT DPDI 7/ KF %22 2D LIEFIENTMEE TH D, DPD BE—HF DHICIRE DRFfE
xR 5 &, DPDLIIH T & LTCEHERICEVAEREERE RO T TIEH IR, F1LTH
BWHOA 7N BRI SN D, ZOB—SFNOOEXICA LN EEOHBEREIL, &
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HNEZFDOIEHIERE LTEICHBEICR S, <A 7 a@BhrbI VRO 7RI Y
Ty bA~OERRENRRRTH S L ENDB[7], EE, ZRFEKT CRE—SFHLD
HHMBRIHEIND, JIVPUEIRSAT7ERRARRY v—OMEERASCT =47
CANDERBEOEB L L TREINL TV ARRELIITHEL IR Ty, B—F)
JRIFINEDRELIIBNTUEIE—STFICR oS & 5 Z2BABESIIA DRV, T %
FILE T, MEREOKENE, BOEEZHLOHA, —ED 3 BEOEIZEVETRL
e T/RFOHEREIFEIT THERFEIT TOREARIORD B VTEL L2
Dolz, ZAUTEIEE—IMBERE(LRVD L FRRICT /RTFORNT TIXEIREDCE
BEZIRODLELEZDND, SLICT /JRTFORNREIIES VTV ERSTFLE
WV, BERE 0 OF 7REBIZIIR LR, ZHEEWRIRETERE S AbETRENIRE LT
DT I FERRTI2HEOEMRRTH S,

Fig.4-8 Db, ¢, d DF /RIFOFENRELZ R D L b, c OHEABEICEDL EPER I
BT RTTIIRNBENR—ETH S d ICHATHERFBELEE IR, EEHOY
FroDHEREBEHTHZ LEBE RIS, EEREDRDBEVOEITT /RFHTHNL
ERLTVWBADTFORIZI > TEENTVEIDTIEIRVNEEZLND, TRbbLT 4L
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TWBEEZBND, ZORRERIET 2720123 VTV ABERZITWF JRFND
HOFAIHE SND 7+ b UBERIE Lz, ZORBEFig 4-6 OF JRFbD X D))
BFOHEIEBENE—HBEBEELVE CERR T 2H/ICOAERDOT VFAUF I 038
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L D7t JRITFTIXEARE L EGPRFAL TELL LTS, Fig. 47 TRLEELEGD
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Fig. 4-8 Fluorescent intensity and lifetime trajectories of (a) a single molecule in
PMMA and (b-d) three different nanoparticles in PVA. Transient intensity and lifetime
recorded with 5-ms binning time and every 1000 photons respectively. Each trajectories
of (a-d) corresponds to the decays in Fig. 4-6 (a-d). Excitation laser power was given in

the figure.
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Fig. 4-9 A histogram of inter photon arrival time on single DPDI nanoparticle that has a

monoexponential decay curve.

UEDTRTOBRNBIRD K 5722 F JBFDRIEF A F I 7 ZARHERI & L5 (Fig. 4-10),
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Fig. 4-10 Possible mechanism of the emission from DPDI nanoparticles.
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Size dependent quenching efficiency of nano structures

5-1 ¥

B3 AETIIV—F =T 7 —va VIETER LT R ~—F 7RI L T, =
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E LT 1ImM D RAF L7 —KEEHKE % A =(Fig. 5-1), c-spot & d-spot DE X XEFMEA
TR EE(AFM; THERMO MICROSCOPE, EXPLORER)D / >3 ¥ 7 hE— K& AW THIE
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N
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N
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HaC CH
3 \N s \N'_/ 3
L o,
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Fig. 5-1 Molecular structures of Perylene S9 and Methylene blue as quencher
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HFOBBETOMBELHET D, ZOLELAETORERBICEINT256x256 7 &
NDEIFFMA A— T EERLLTZ]3],
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Cf
L

fiber spectrophotometor

Fig. 5-2 Schematic illustration of fluorescence lifetime imaging set up.
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=9 AFM BIFEIZ L 0, ZEiR EIZ/ER L7z PDS9 7 / #EE{E c-spot & d-spot DEE % R
bot, HEEED AFM R 7 F 7 4 —{8% Figs-3 (a, b)IZR T, c-spot TIZEEN 1 6K
pm OF 4 A 7 R OHEEED AR EIZEBRICFETE L, d-spot TIXERE 200 nm BBEDT 4 27
RS FAR LN RTE LT, Fig. 54127 4 A 7 R EHROBEZ Y XIZBL T
oy b LEEREZTY, d-spot DEEIX 20 nm 525 100 nm 23F THH L, A AR KZE
KRBIZONTHEBKEL 2D 000, EHEOWEMIZA L -KEOEMHBER S,
c-spot DIEEZRE LTIk 50 EOMERDOFHELE LV, FHIREIZ 9.0 £ 4nm THoT,

(a)

01 23 4356 00T 3734 5%
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W3.03um H:S59.7nm W2.26 4 m H31.8nm

Fig. 5-3 AFM topography of c-spot (a) and d-spot (b).
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Fig 5-4 Thickness of c-spots as a function of its diameter (open circle) and average

thickness of 50 d-spots (close square).
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ZETHE HEERTHD LBV, ZZTARY MUIZR BN BB DERS I c-spot.,
d-spot MEERFEETIIRLITENLNT 7 ATHDHT-DIT, A¥K PDSY fd TIXFELRVB
BOSTEEY LD TFHEEL, TLOBREBELZ b OBIEEZRLTNDLEZILNR
%o d-spot IZBWTHAY— V7 ERIVERRAORRRONRVDIX, AFM BIEN LR
L7 LI DIEEN cspot LV HENWEDIZELEOHRINN/EEZ TNBIDELELDL
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Fig. 5-5 Absorption spectra and fluorescence images of PDS9 a) in dichloromethane
solution, ¢) thin film and emission spectra of b) dichloromethane solution, d) d-spots, c)
c-spots and a crystal. Absorption peak position of a) dichloromethane solution and c)
thin film are almost same but emission peaks of d) d-spots, ¢) c-spots and crystal is red

shifted due to an excimer forming.

I c-spot, d-spot, KyFRAEGRODH NFMA Fig. 5-6 I[ZHBET 5, BREMITE RS T 22
FIHENIRFGOERBEZ T L, T ~—REOR N ICHBIA 22 BT
T D, ZNITx L Te-spot & d-spot TidfEda & ¥ bFEMBEL . BHH OBEMREZ R L,
F ) HEEDY A XHR/INEW d-spot IZBWTHMDOBONEEFIZEN TV,

.75-



5. 7/ EEEOHEIMHEAITRIT DI A JEFE

10k photon |
E crystal

1k photon -

“ 3
—
=/
8

Ih(ns) Ta(ns) )
100 photon crystal 20 —

c-spots 151 134
d-spots 109 7.25

[} 1 ¥ T ¥ T

5 10 15 20 25 30
Time (ns)

Fig. 5-6 Fluorescent decay curves of PDS9 crystal, c-spots, and d-spots. Two

components of fluorescence lifetime are shown in the figure.
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anthracene nanoparticles D7/ RIFIZBAL T, DT/ RFOREMIEZEZ 5 LR NFHFm
DFHEEDOREICE > TELT B Z & 28HE L TE Y [4]. PDS9 DHEA b RE DKM ETH
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T RHBRE L RERBEFRICESTEMNREL 2o TV, T b DOEIERTIE Fig. 5-4 2
DEENELSBREIC 2> TS LB, 4 XOBDIZE bRVWEREOHRERRNL T
BLBbhd, EEREVFOBERICEHL Ty VOMOYRFRIZERTHEMPEL 72
STEY, TOZEHRECBITHHEAELETELTVWD,
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Fig. 5-7 Fluorescent lifetime image of c-spot. Bigger spot having 18-20 ns lifetime is
surrounded by dashed line and smaller spot having around 16 ns lifetime is surrounded

by solid line.
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Fig. 5-8 Time change of fluorescent decay curves of PDS9 film before and after adding

quencher.
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|l:l With quencher
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Without quencher | With quencher

c-spot 1 28000 9300 (0.33)

cspot2 | 34500 5700 (0.17)

cspot3 | 21400 3400 (0.16)

d-spot 1 17000 500 (0.03)

dspot2 | 24700 1100 (0.04)

d-spot 3 17200 300 (0.02)

Fig. 5-9. Fluorescent intensity of c-spots and d-spots on three different parts before and

after adding MB.
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BAERRST /R FWEO RS 72 ELSMT b T/ BIERRE ORER 2 KM THIEHEIE
AUDTREEEZFR ULz, RICHEEEIE LTAF VU T —KBEREMLZ, 7 4V RIEE
EORNFEMPYIFEL DI EMND AF LU TA—IZ X DEMEEIEN T 4 V2K
BEARTIIBETAZ LI AHOENRTH D LERL, T/ RFRE TOXRMEEE
WX DEHHERITIOM TH D Z LB R LT, ERENFEZMATBE DHENDROEE
BEMRIED D, BERENRFTEINDI=F v — 2 RBIZBWVTH TR LX —BE)

.79.



5. ) HEEADEIEHEILIZIIT DY A AETFEE

I & > THREORERIREPRE TOMRARIGICHFE L. € OFYBEER 12 nn 2
EThbdZtxREL-T.

INHORERITT I RTEE YR ESATIHAIC, RENNIL R BIEEREA
TOZFNVX—BEHERNHBY FRET 2 0P —IEAOBEIEEV SN kE2Ebh
B LR EGRAICHITTEERMATHD,

\\3{-\;

% 3R

[1] H. Langhals, R. Ismael, O. Yiirik : Tetrahedron 56 (2000) 5435.

[2] H. Luo, D. Gersappe : Macromolecules 37 (2004) 5792.

[317J. A. Spitz, R. Yasukuni, N. Sandeau, M. Takano, J. J. Vachon, R. Méallet-Renault, R.
B. Pansu, J. Microsc : 229 (2008) 104.

[4] E. Kwon, H.R. Chung, Y. Araki, H. Kasai, H. Oikawa, O. Ito, H. Nakanishi, Chem.
Phys. Lett. 441 (2007) 106.

-80-



6. XM JRIFEAVWERE T ~DRHE

%6

YT R F R RWEMRE Y a— T IR~ RBE

Perspective for applying fluorescent nanoparticles to bio-probe
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@ HBERFEF = —7 230481000 rpm, 5 min)iZ AT EBAZ R L, 12 ml OHifaEs

TEEMZ TRB LR, BB 77 232EL,
HRE DS FE

O RasEgik L U o EERERE(PBS Sigma D4031) 218 T 3 7 CIZIRD 5.

@ HEZ7I7AIOEERERE, PBS TTTWEH L PBS k&, hJ 7L /EDTA
(GIBCO 25300-54)% M2 T 37°COA > ¥ 2—% —{Z 30 A, FAFEE CHlan g
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@ 1x10*E/ml ILQDOMMIEBIEZAFR L THLVEE TS 2B L.CO A v Fa—

Fig. 6-1 Transmission image of
mouse NIH 3T3 fibroblast cell.
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Fig 6-2 |Z BPDI @ PBS BHEIEIZ 7 /L= R 50ml/em® T L —H — & BRE L7254 OWRIL X
XY MVERT, PBS FTH L—P— O RETEERE O AW TR RISV KRR
FIRFBERLTNDZ L3025, L L BPDI KERBIK L PBS BRBIRDORE R & ik
THE, TR 50 mlfem® T 10 5 LU—Y—Z B L2H4, PBS BRSO — 7K
JEEIKREIR D 6 FIRRE Lavie< /KT OEBZIENRE, /- PBS BEKR ORI
AR MATRE—INBEOREEY 7 b & 600 nm LAEIC XY RERBRINOE|RRALNS,
FI3ETERLELLICE—IMEBEOE L RIROBOERFERITAER LT /BT OB
ELTHY, PBS BBERTIIL YV REBRHKELOFELRBDOOND Z b, AR LT /K
FORAZIAKEBRFCER LT VRFORBELIDBRENVEEZLONS,

0.7 —
in PBS

0.6 in water 650 min

Absorbance

I 1 | 1 I
400 450 500 550 600 - 650

Wavelength({nm)
Fig. 6-2 Absorption spectra of BPDI in PBS after 10, 30, 60 minutes laser irradiation at

532 nm at 50 mJ/cm? from the top and in water after 10 minutes laser irradiation at 532

nm at 50mJ/cm>.
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0.5 (@) laser irradiation in water —+ add PBS
before adding PBS
U after adding PBS
S 0.6 adding PBS
= 60min after adding PBS
=
a \
o D ) 0 min las
2 . Somnlee o
u.-*““‘
1 ; T T
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Wavelength(nm)
0B () laser irradiation in water — add TBS
o before adding TBS
= 0.6 after adding TRS
g ’ \— 50min after adding TBS
=
5 04 T
< \ in las
ation m TBS
0.2+ one day after , M'" —
0.0 ] | |
400 450 500 550 600 650

Wavelength{nm)

Fig. 6-3 (a) Time change of absorption spectra of BPDI before, just after, 60 min after
and one day adding in PBS. (b) Time change of absorption spectra of BPDI before, just
after, 60 min after and one day adding in TBS. PBS and TBS were added after 60

minutes laser irradiation at 532 nm at 50 mJ/cm®.
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Absorbance

Wavelength{nm)

Fig. 6-4 Absorption and fluorescence spectra of BPDI colloidal solution in water and
PBS. Colloidal solution was prepared 532 nm laser irradiation at 50 mJ/cm2 for 50

minutes. PBS was added after laser irradiation.
6-4 7/ RFERWEHEOENA A—V T
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Fig. 6-5 Transmission image (left) and fluorescence image (right) of NIH3T3 cell
stained with BPDI nanoparticles. Cross-section of fluorescence images is also put in the

figure.

Fig. 6-6 Transmission image (right) and fluorescence image (left) of NIH3T3 cell

stained with BPDI molecules.
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THEETTI2EENDL, A AP BAEFINERETORE L L TKDE VR
HIC X AREREREOEFBEEI L. T K FRMORIRIREEN = RV F—BEC X
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7 MVSEERBIED b A BRI Evb DPDI T R FIIEE ORWEE R AR T
HOTEWTRENTz, ETHB—T /BT ORNBE L FaORHEREZAE LITER, T
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Summary

Fluorescence imaging and spectroscopy have been widely used in the field of life
science, and organic fluorescent nanoparticles have attracted increasing interest as one
of the promising materials as functional fluorescent probes for cell-imaging and sensing
of biomaterials. However, there is limited research of the optical properties depending
on the size, surface nature, and surrounding environments and so on. In the thesis I
present the new fabrication method of fluorescent organic nanoparticles and consider
their optical properties in prospect of biological applications. Highly fluorescent
nanoparticle was successfully fabricated using a perylenediimide derivative having
bulky dendron group by laser ablation in water. The size-dependent optical properties in
a single nanoparticles level and of bulk colloidal solution were investigated. Main

results in each chapter are summarized as follow.

In chapter 2, fabrication of fluorescent organic nanoparticles of BPDI (commercially
available perylenediimide) and DPDI (dendronized perylenediimide) by laser ablation
in water was demonstrated. Microcrystals of fluorescent molecules having complex
structures converted into nanoparticle colloids by laser ablation without remarkable
photo-degradation by adjusting laser conditions and obtained colloidal solutions were
quite stable for more than a week. Dynamic light scattering measurements demonstrated
that DPDI nanoparticles with a mean size ranging from 150 to 400 nm were

successfully fabricated by varying the laser fluence.

In chapter 3, the size-dependence of extinction and fluorescent properties of BPDI
and DPDI colloids were investigated. It was confirmed that the size dependent
extinction spectra of DPDI colloids could be attributed to the contribution of light
scattering loss and absorption spectra doesn’t change depending on the size. Both the

absorption and the emission spectra of DPDI nanoparticles were similar to those of
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molecules in solution, which.indicated the weak electronic interactions of DPDI
nanoparticles due to the bulky dendron groups situated in the bay positions of the PDI
core. On the other hand, BPDI nanoparticles showed a different absorption spectrum
from that of molecules solution and exhibited a broad excimer fluorescence band. It was
found that fluorescence quantum yields of DPDI nanoparticles are smaller than that of
DPDI molecules in non-polar solvent and the yields decreased drastically with particle
size decreasing. It was suggested that the surface quenching due to polar environment in
water, and an excited state migration in the nanoparticle by energy hopping. The laser
irradiation effect on the fluorescence intensity suggests that ionization or oxidized

species are generated at the particle surface under the intense laser excitation.

In chapter 4, fluorescent properties of DPDI single nanoparticles were examined
under time-resolved confocal fluorescence microscope and compared with those of
single molecule. Spectrum measurements of 50 individual nanoparﬁcles demonstrates
that their emission peék position is almost same to each other while single molecules
showed a large scatter on their emission peak The result is a sign of a more rigid system
and a fluorescence protected from its environment like bulk system. Time-traces
fluorescent intensity measurement revealed almost no blinking and a higher
photo-stability compare to single molecules, which confirms the non-affection from the
surrounding environment. A stepwise change on fluorescent intensity and lifetime
suggested the exciton energy migrates in a nanoparticle and will be deactivated at

quenching site.

In chapter 5, the size dependent quenching efficiency of PDS9 nano structures
prepared on a glass substrate by cast and dewetting methods was investigated. Wide
fields fluorescence lifetime measurement on different sized nano structures under air
atmosphere revealed that thinner structures had shorter fluorescence lifetime than
thicker structures probably due to exciton trap sites such as defects or photoproducts at
the surface. The size quenching efficiency of PDS9 nano structures measured by
covering with methylene blue water solution was examined. Exciton migration length in

PDS9 nano structures was estimated from the size dependent quenching efficiency to
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around 12 nm.

In chapter 6, fluorescent imaging of live-cell using BPDI nanoparticles were
demonstrated. It was confirmed that BPDI nanoparticles dispersed in a buffer solution
for a few hours. BPDI nanoparticles in buffer solution was added to cell culture medium
of NIH 3T3 cells and fluorescent images of the cells were observed with a confocal
microscope. It was confirmed that BPDI nanoparticles could go through cell membrane.
Finally a future perspective of potential application of fluorescent organic nanoparticles

to bio-sensing or bio-imaging was discussed.
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