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Table 1-1. Self-assembly and dissipative structure

Self-organization
Self-assembly Dissipative structure
Time period No Yes
> Spatial Order of molecule and el oy
wavelength of molecule and element than order o
element
Selection rules (Criterion for daslde =0 ds/dt = Pair fluctuation
development) - Tinimum stability
Thermodynamic expression oy . Non-equilibrium
Equilibrium Stationary open system
Phenomenon ~ Two Self-assembled
dimensional monolayer
crystal SKgrowth
(quantum dot)
Growth
interface
(Spatial Growth interface
Crystal Crystal uniform) (dendrite, etc)
<accumulati
on type>
Turing structure
(standing wave)
Chemical BZ reaction (time
reaction oscillation, spiral
wave) < cooperative
phenomenon type>

dS/dt shows entropy production rate, and it is given by the product of
thermodynamic force and heat flow or substance flow. The thermodynamic force
means temperature difference or chemical potential difference.
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(a) Poly(vinylchloride) (insulator)

Typical conjugated polymer

(b) Poly(acetylene) (c) Poly(thiophene)
H H H H

| | ! ! s /N s U\ 7\
Briatate sl vaavaavatays
i o b M \_/ W/ \ / \ /
(d) Poly(p-phenylenevinylene)

OO OO

H

(e) Poly(phenyleneethynylene)

() Poly(fluorene)

Figure 2-1. Chemical structures of typical conjugated
polymers and insulator, poly(vinylchloride).
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(a) Electron transfer

@ Accepter

Unpaired electron
(b) Polaron
Quinoid structure
(c) Bipolaron

@—

Figure 2-2. Formation processes of polaron and bipolaron in poly(p-phenylene).
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(a) Wire-type dendrimers

n=2 n=3 n=4

(b)Poly(fluorene)s

0.9‘ N O‘O'O n

Hoffsilslggﬂ?gf%?%iOH

Figure 2-3. Chemical structures of (a)wire-type dendrimers and (b)poly(fluorene)s.
In the case of (a), n and m show the generation number of dendritic wedges and the
average degree of polymerization (DP) of backbone, respectively. In the case of
(b), n shows the DP.
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Table 2-1 Typical hydrophilic molecules, substituents, and solid surfaces.

Molecules and ions

Alcohol Aqueous protein DNA
(CH;0H, C,Hs0H, Glycerin)

Sugar (Glucose, Sucrose) Poly(ethylene oxide) Li", Mg**,
(-CH,CH,0-), Ca®* La**
Subs tituents
Anion
Carboxylic acid (-COO") Sulfonic acid (-SO3") Phosphoric acid
(-OP0O, 0-)
Ester
Cation
Trimethyl (-N*(CHs)s) Ammonium (NH; ")
Ampho-ion
Phosphatidyl choline (lecithin) (-O"PO,OCH,CH,;N"(CHs)3)
Polar molecule (non ionic)
Amine (-NH,) Amine oxide (-NO(CHs),) Sulfoxide (-SOCH3)

Phosphine oxide (-PO(CHs),)

Polar substituents which can be changed to hydrophobicity by combination with

long chain hydrocarbons.
Alcohol (-OH) Amide (-CONH) Ether (-OCH3)

Nitrosoalkane (-N=0) Thiol (-SH) Aldehyde (-CH=0)
Amine (-NH(CH;), -N(CHz),)

Solid surfaces

Silicon dioxide Swelling clay (montmorillonite) Gold

Mica Metal
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Figure 2-4. Chemical reaction for the formation of organic silane SAM.
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Figure 2-5. ps fluorescence microspectroscopy system.
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Microscope stage
100x N.A. 1.35

Side view

Microscope stage

Top view

W CW-Nd**YAG laser Ié e

A =1064 nm

He-Ne laser
A =632.8 nm

CW diode laser

A =405 nm

High-pressure Hg lamp

cool- v
Polychromator — Computer —

Figure 2-6. Experimental setup for studying photon pressure effect at drying

process of cast solution on glass substrate surface.
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Table. 3-1 {277,

Table. 3-1 Weight-average molecular weight (M,,) and its ratio to number-average
molecular weight (M,) , M,/M,, of wire-type dendrimers.

M, M, /M,
L2PPE3 3400 1.1
L2PPE19 21500 34
L2PPE25 27800 2.5
L3PPE19 41700 1.6
L3PPE56 121800 2.5
L3PPE130 280000 6.5
LAPPER 34000 1.5
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Figure 3-1. Absorption and fluorescence spectra of wire-type dendrimers in THF.
All fluorescence spectra were measured by excitation at 420 nm. (a)(b) L2PPE,
(c)(d) L3PPE, and (e)(f) LAPPE.
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Figure 3-2. Concentration effect for fluorescence spectra of L3PPE130 in THF

solution. ODmax shows the absorbance at absorption maximum wavelength of

conjugated backbone.
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Figure 3-3. Fluorescence quantum yield (®rr) of (A) L2PPEI10, (B) L3PPE130, and
(C) LAPPES upon excitation of the conjugated backbone in THF with absorbances

at the excitation wavelength of 0.01 ~ 0.1 under Ar at 20°C.
Sato, T. et al. J. Am. Chem. Soc. 1999, 121, 10658.

37



FBIE BRITBIVEEREICBILZTA YT R ~— DR

Lo TAHRERIZBWTHHRILED 0.01 LT THEBISNTZY A KAV RidoaF
FHEEERIZEDHDOTIERLS, 1 ZF2LDEATHHEEZLND, F-,
Fig.3-2 TR EDS 045 705 0.065 [IZBWTHBI SNV A K FOFE DR
DIIBRINAED L2 Th s & Bbh b,

DI EOWRIN, #EERART "AOREREZ U TIZEL DA,

WIN AT BV
278 nm (2B SN B AIEE O T > R U = —ER 47 DRI EZ DUV T
(1) 2764 EHARBDBKRKELS RDITONKREL 2D,
FEHOBINEFIZDOWNT
(i) L2PPE3, L4PPE8, L2PPE19 3 77/ L3PPE19 |26\ Ci, EAE DM
O, BEEV7 b, HEEOHEMIER L TWAHEEILND,
(i) EBEEM 19 U E, % Y L2PPE19, L3PPE19, L3PPE56, L3PPE130 |2\
TiE, V=27 ERITIZEALEELEL,
(iii) L2PPE19 35 X OYL2PPE25 (28 W T DA, B —7 OEEEAINZY 1 K
RO ST,

AT bv

(1) L2PPE (2B TiE, EAEN 3, 19, 25 LM+ 51z, B —2JKE
NDEERT 7 b, HEREOEMIERL WS EBEZ LN,

(i) ZOMhDT > R <—IZBWWTik, L2PPE2S LRI LY — 7 HEZFHO®%
FART MABBEI ST,

(iii) L3PPE {28\ TiE, 500 nm fHEDY A RV FOFEESENKREV, ZhiT
DFEEEERICE SO TEHRL, 1H5F VIV TEFIRENERD
ZEITERLTWS,

RIZETA Y —BIT L N w—D#EKRAT MLOEERZFHRD - DI
ART bNDE=F—EREFEZBN Lz, BRISNIZEERRT PR
JRRED R DN OhOERAEOELREGHLEE LTHAB SN TW5D & ThiE,
FoF—EREEEZDHI LT, FIEART MUVGBEWBBRISN D139 TH S,
Fig3-4 (28R L T2 BhE A ~2 hV &R d, £ L2PPEIZ DWW TR THD L, &

38



FEIE WERPEBLIVEERECBILZVA YT B ~—DRFFMH

EENEL/NEVL2PPE3 2B W T, BIERAXY Mo —7ERIT, £=4
—ERIEFEETEIC—ETHY, BRAT ML EZIERZKETH-7-, Lh
L2205, EAEMNKEVL2PPELY 55 X WNL2PPE2S IR\ TCIE, £=4—KE
DRERIZRDIZHEN., E—0EEFPRERETC 7 FT 5L E b, RERRBO
FEHEOREWVFIEARAZ MABBRI SR TWD Z L 3HERTE 5, L2PPEI9
L OVL2PPE25 OWRIR AT MIZR ONTZREEROY A RV N X, £=4
—HENEEERE., TRbLbBLENAS MO —IFETE=4— LB EIT
FEB ST, SSICEERAICBVWTE=Z— Lz EIZBRI SN TV 5,
—J. L3PPE IZBWTiL, ENbE=F —FREIEKFELEZBERARZ hLroy
— I BEEOVT MIBRISNR»o TR, T2 —EEPRERIZR DI,
480 nm fHEDHFENRRKRELL R TWAH T &5, ULEOFERIZ., Bl
TPHHEARNRT MR OnOEXFEOERE LY E L TRASNTWNE I &
ERLTEY, BRI 5EEFMAEIZBOTHRAEICHER TE 5,
ZI T, EEEEEZDHZ LIZEVENERT FAVEERIE LT, Fig3-5
IZEIEART MO RIKFEERT,

L2PPE19, L2PPE25. L3PPE19. L3PPE56. 5 J 1" L3PPE130 {238\ T, 450
~ 480 nm 13 CTHHE L 72355 510 nm HLIZ B — 2 2 FFDHE A7 ML gL
ENTz, —F T, L2PPE3 B L ONIAPPES (2B T, TD L H HEH AT k
BRI E N2 hotz, EREOUAY—RFT U P =—lZBTH, EEHD
R TRIE L7238 I IEBREEEIC L & T EICFRERE R AT M EH
ENTWS, LLRRb, fIgHOT > MY <=—H4Q78 nm) % Fhitd L7=5HE&1
1%, EHE@E20 nm FHE)ZEE L7256 & 88 AY MV OB BRI
DEFENPRELBRoTWDHZ bnnbnsd, UEOHERIZ. vAv—RFT K
< —IX THF {28 TH, WS OPDOEHBEEEHR L TSI A2 RLT
W5,

]I L3PPE130 35 L UY LAPPE8 D& KFMPEZIT 72, BIEIZIT1 em BV
RV, EEOBIFIZET 2 BIBERKEREORE % 0.10 [ZFH% L/~ THF 5
RERW-, BRlSN =8 BREHE Y Fig3-6 12, F7-8H X/ 8 ezl
BRUICK L2 B 733 B ORBBER T 4 v T 4 752 LI0EVED
- E N F % Table3-2 12, % L C BEE O A7 MV % Fig3-7 IR,
Fig.3-6 7> 5 . L3PPE130 & LAPPES |2 W\ TIZH MM RAR D T bbb, 7.
FNEFNIZBONTYH, AR MVOERE TERILZBEDITH> N

39



FI3HE BEPBIOEEREBIZBTIDZ VA VY—MF BV ~—DF

L2PPE3 L2PPE1Y
A'obs. A‘am
........... 437nm s 450mm
~A459nm | B aon ks 08 i 0P F4E L iR e 470nm
- 480nm ~ 510nm
------- 520nm creee- 560nm
0 . - i e 0+— —— T R
250 300 350 400 500 560 250 300 350 400 450 500 550
Wavelength (nm) Wavelength (nm)
PPEI9
kuba,
............... 452nm
e 48 0nm
-~~~ 510nm
"""" 560nm
i
: I"‘
. % 1
0 — ' = E8 Y 01— ————————
250 a0 350 400 450 500 550 250 00 350 400 450 500 550
Wavelength (nm) Wavelength (nm)
12
10 . HEEL
Ea A
—_ « :- s 469 0
-Eﬂ- i b e 484nm
5 1 H Y === 500nm
-g 2vs o
3
g

o
RN
e
R
N
3
w
w
<
=
=

——— ———— ' . SO
250 300 350 400 450 500 550 300 350 400 450 500 550
Wavelength (nm) Wavelength{nm)
Figure 3-4. Observation wavelength dependence of excitation spectra in THF.
Aobs. shows the observation wavelength.
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Figure 3-6. Fluorescence decay curves of L3PPE130 and L4PPE8 in THF. The
concentration of THF solution was prepared to give absorbance 0.10 at
absorption maximum wavelength of conjugated backbone. Excitation wavelength

was 390 nm. No excitation intensity dependence was observed.

Table 3-2. Fluorescence decay times of L3PPE130 and LAPPES in THF.

400 ~ 470 nm emission 480 ~ 600 nm emission

Sample o TS O Ts | o TS O TS Oy Ti/ps

L3PPE130 0305 88 0.695 495 (0440 420 0480 700 0.080 2320

LAPPES 0.155 151 0845 632 0902 633 0.098 1640

Decay times (t;) and normalized amplitudes (o)) are obtained from biexponential or
triexponential fit of the L3PPE130 and L4PPES fluorescence decay,
I(t) = o exp(-t/t,) + oL.exp(-t/t,) + o exp(-1/1;).
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Figure 3-7. Time-resolved fluorescence spectra of (a) L3PPE130 and (b) L4PPES
in THF.
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Figure 3-9. Absorption and fluorescence spectra of wire-type dendrimers in PMMA.
In the case of L3PPE and L4PPES, excitation spectra (observation wavelengths are
their fluorescence maximum) are shown instead of their absorption spectra, because
the absorption spectra were not measured clearly. However, it was confirmed that

the excitation spectra were similar to their absorption spectra.
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Figure 3-10. Absorption and fluorescence spectra of solid state wire-type dendrimers
prepared by casting their solutions. In the cases of L3PPE and L4PPES, excitation
spectra (observation wavelengths are their fluorescence maximum) are shown
instead of their absorption spectra, because the absorption spectra were not measured
clearly. However, it was confirmed that the excitation spectra were similar to their

absorption spectra.

47



BI3E BERTBIUEEREIIETLIA YT NI ~— D3

Table 3-3. Peak wavelengths at absorption and fluorescence spectra of wire-type
dendrimers in THF solution, in PMMA film, and in their cast solid. All wavelengths

are given in nm.

Absorption Fluorescence

THF PMMA Cast THF PMMA Cast
L2PPE3 400 394 440 436 429 471, 482
L2PPE19 420 419 430, 456 445 438 475, 515
L2PPE25 420 419 436, 458 453 445 475, 517
L3PPE19 428 438,468 443,470 453 456,510 478, 515
L3PPE25 428 438,468 441,470 453 456,475,510 478,515
L3PPE130 432 438,468 442,470, | 453 450,475,515 476,515

LAPPES 422 431 435 451 454 468
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Figure 3-11. Fluorescence microscope images of wire-type dendrimers in PMMA
film (left) and their cast solid samples (right). White scale bars below each image
show 25 um.
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Figure 3-12. Fluorescence decay curves of (a) L3PPE130 and (b) L4PPES in

PMMA film. Excitation wavelength is 390 nm.
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Table 3-4. Fluorescence decay times of L3PPE130 and L4PPE8 in PMMA film.

Wavelength at fluorescence

L3PPE130 o T./ps o, T,/ps o T,/ps

430 ~ 460 nm 0.583 44 0.235 411 0.182 739

470 ~ 490 nm 0.843 44 0.109 185 0.048 726

500 ~ 530 nm 0.709 62 0.222 305 0.069 909

550 ~ 600 nm 0.605 62 0.293 350 0.102 991
LAPPES o T,/ps o, T,/ps o; T:/ps
430 ~ 440 nm 0.759 31 0.191 500 0.050 1000
490 ~ 500 nm 0.642 31 0.289 495 0.069 2800

Decay times (t;) and normalized amplitudes (1) are obtained from biexponential or
triexponential fit of the L3PPE130 and L4PPES fluorescence decay,
I(t) = a.exp(-t/'tl) + azexp(-t/’tz) + 0£3exp(-t/‘t3).

@, ®
{ o 7004
100 L3PPE130 | j  L4pPES
1 -0ps g0 = ——-0ps
600 - - -100 ps ] e () = 100 ps
N < 100-200 P8 sof A 100 - 200 ps
g 200-300ps | 2 1 - 200 - 300 ps
g«mﬁ 3001 -~~~ 300 - 400 ps
300 . '5300 1
200-. 200
100 + 100j : :
0- Tl S S S Ml b~ : 0 ; %%ﬁy%m_r_,
400 450 500 550 600 650 400 450 500 550 600 650
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Figure 3-13. Time-resolved fluorescence spectra of (a) L3PPE130 and (b) L4PPES8
in PMMA film.
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Figure 3-14. Spectral changes of L3PPE130 in THF accompanying the
addition of water. (a)Absorption spectra. (b)Fluorescence spectra.
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Figure 3-15. (a) Fluorescence microscope image of L3PPE130 particle-like aggregates
prepared by casting its solution. White scale bar in the image shows 25 um. (b) and (c)
Position dependence of fluorescence spectra detected at single particle-like aggregates

of L3PPE130 shown in (a). Excitation wavelength is 300 nm.
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Figure 3-16. Fluorescence spectral changes of two different aggregates at a focal
point of excitation laser beam detected by changing the z direction. In each spectral
change, detected positions of fluorescence spectra are the same, only z position
being changed. Down distance “0” means that the focal point is set on a surface of
L3PPE130 particle-like aggregate.
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Figure 3-18. Fluorescence spectrum of L3PPE130 particle-like aggregate
measured by a focused CW YAG laser excitation.
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Figure 3-19. Fluorescence decay curves detected form L3PPE130 in PMMA
film. |
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Figure 4-1. Fluorescence microscope images. (A) L2PPE3, (B) L2PPE19, (C)
L2PPE25, (D) L3PPE19, (E) L3PPES6, (F) L3PPE130, and (G) L4PPES. The scale
bars below in each image represent 20 pm. Fluorescent doughnut-like structures

were observed in images (B) and (C), molecular yarnlike structures in image (A),

and fluorescent particles in other images.
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Figure 4-2. (A) A topographic image acquired by AFM on a fluorescent
doughnut structure of L2PPE25. (B) A topographic line scan obtained from
AFM image of (A).
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Figure 4-3. (A) Topographic and (B) fluorescence images acquired by NSOM
on fluorescent doughnut structure of L2PPE2S5.
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Figure 4-4. (a) Fluorescence spectrum detected from a part of single doughnut

structure (spatial resolution ; about 1 pm). (b) Bulk fluorescence spectrum measured
by fluorescence spectrometer.
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Figure 4-5. Fluorescence spectra measured by fluorescence microspectroscopy
system and by fluorescence spectrometer (bulk). (a), (b) Yamnlike structure of
L2PPE3. (c), (d) Particle-like structure of L3PPE130. (e), (f) Particle-like structure
of LAPPES.
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Fluorescence

intensi

Figure 4-6. Expected excitation polarization dependence of the fluorescent
single doughmut, if wire-type dendrimers orient as left-side picture.
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Figure 4-7. Actually measured fluorescence intensity images of different four
doughnut structures. However, no excitation polarization dependence of
fluorescent intensity was observed in single doughnut structures. Therefore, it is
considered that molecules are randomly oriented in each single doughnut
structure.
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evaporating molecules, For funber explamation see text.
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Figure 4-8. Gas-bubble model.
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Figure 4-9. Hole model
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()

Figure 4-10. Fluorescence microscope images acquired during in situ observation of
formation processes of (a) doughnut (L2PPE25) and (b) particle (L3PPE130) on a
quartz substrate. The times after deposition of the solution are shown below each
image. In the process of (a), the expanded view of the square enclosed with broken
lines in image at 8 min is shown below the image at 8 min. In the expanded view,
black arrows indicate small black holes.
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Figure 5-1. Schematic illustration of the drying processes of the cast THF solution of
wire-type dendrimer L3PPE130 and L 4PPES.
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Figure 5-2. Fused process of gellike wire-type dendrimer assemblies by laser

manipulation. The beam spot of near-infrared laser is in the center of each image

shown by the crosshairs. The laser power at the beam spot is 12 MWem2,
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Figure 5-3. Fluorescence and transmission images of manipulated L3PPE130

geklike assembly. The beam spot of near-infrared laser is in the center of each
image shown by the crosshairs. The laser power at the beam spot is 12 MWcm”.

The times from observation of image (a) are shown below in each image.
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Figure 5-4. Fluorescence images of L3PPE130 gellike assembly observed during

repetitive irradiation of focused near-infrared laser. The “laser on” and “laser off”
indicate the time when irradiation is started and stopped, respectively. The times
from “laser on” or “laser off”” are shown below in each image.
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Figure 5-5. The diameter change of the L3PPE130 gellike assembly
corresponding to the repetitive irradiation. The alphabets at the each point in this
Figure correspond to each gel-like assembly in Figure 5-4.
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Figure 5-6. The fluorescence spectra from the L3PPE130 gellike assembly. The
spectrum “solution” was detected immediately after the THF solution of dendrimer
was cast on the substrate. The spectrum “gellike assembly” was detected at the
gellike assembly before trapping laser was irradiated. “Laser on” and “laser off”
were detected immediately after trapping laser was introduced and cut off,
respectively. “Aggregate” was detected after the gellike assembly was dried

completely.
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Figure 5-7. Spectral changes of L3PPE130 accompanying the addition of
water. (a) Absorption spectra. (b) Fluorescence spectra.
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Figure 5-8. Absorption spectra of H;O and THF at the wavelength of the

near-infrared beam. These spectra were measured by use of 1 cm optical pass

quartz cell.
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Figure 6-1. Chemical structures of poly(fluorene)derivatives. Number-average

molecular weight (M,), polydispersity (M,/M,), average degree of polymerization
(n), and estimated molecular length (L) are also shown.
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Figure 6-2. Preparation process of hydrophilic-hydrophobic pattern by
photolithography technique.
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Figure 6-3. Preparation process of hydrophilic-hydrophobic pattern by
electron beam lithography technique.
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Figure 6-4. AFM images of remained resist on glass substrate after electron
beam lithography process. (Size of image: 20 pm x 20 pm)
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Figure 6-6. A schematic illustration of associated PDPF molecules in the
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Figure 6-7. (a) Fluorescence image of PDOF assemblies. (b) Fluorescence spectra
detected form the assemblies by the use of fluorescence microspectroscopy system.
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Figure 6-8. Fluorescence spectrum detected from PEHF assembly by excitation
with the focused 1064 nm laser beam under microscope.
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Figure 6-9. (a) Fluorescence intensity as a function of the 1064 nm laser one. (b)
Its log-log plot, whose slope was determined to be 2.4.
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Figure. 6-10. Fluorescence images of PEHF assemblies formed by casting its
solution. Concentration ; (a) 27 mg/L and (b ) 270 mg/L.

Figure.6-11. Fluorescence images of ribborn-like assemblies of PIF (a) and
PDOF (b).
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Figure 6-12. Experimental setup of polarized light excitation.
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Figure 6-13. Fluorescence images of PEHF ribbon-like assemblies by polarized
light excitation. White arrows show the direction of polarizer in images (a) and
(b). Image (c) was observed with no polarizer at the same position.
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A

Figure 6-14. Fluorescence images of ribbor-like assemblies of PIF (A) and PDOF
(B). White arrows show the direction of polarizer in images (a) and (b). Image (c)
was observed with no polarizer at the same position.
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Figure 6-15. AFM images of PEHF ribbon-like assemblies.
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Figure 6-16. Distribution of width and height of PEHF ribborlike assemblies.
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Figure 6-17. Orientation of poly(fluorene) molecules in the ribbon-like
assemblies. (a) Ribbon-like assembly in which molecules orient orthogonal to
its long axis. (b) Molecules orient parallel to its long axis.
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A. Pattern formation by photolithography

. Hydrophobic

Figure 6-18. Fluorescence images of patterned ribbon-like assemblies of PEHF
formed by the use of hydrophilic- hydrophobic patterned glass substrates. A(a) 200
pum sized hydrophobic dot pattern. A(b) 20 um sized hydrophilic line pattern. B(a)
500 nm sized hydrophobic line pattern. B(b) 100 nm sized hydrophilic line pattern.
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Figure 6-19. Fluorescence images of PEHF assemblies by polarized light
excitation on Teflon rubbing glass substrates. White arrows show the direction

of polarization in these images.
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Figure 6-20. AFM images of PEHF
assemblies formed on the Teflon
rubbing glass substrates; (a) 10 um x
10 um, (b) 1.5 pm x 1.5 um, and (c) A
topographic line scan of image (a).
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Figure 6-21. Fluorescence images of the assembly formation processes by a

focused near-infrared laser beam. CW laser at 405 nm was used as an
excitation light source. The times from observation of image (a) are shown
below in each image, and white circles show the focused spot position of

near-infrared laser beam.
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Figure 6-22. Fluorescence anisotropy images of ribbon-like assembly formed by

the focused near-infrared laser beam. These images were observed after the cast
solution was dried completely, and the ribbon-like assembly was fixed on the glass
substrate. White arrows in each image show direction of linearly polarized
excitation light and polarizer.
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Figure 6-23. Fluorescence images of the ribbon-like assemblies of various width,

suspending in the cast solution, which are formed by the constant laser power at
different concentration and with almost the same convection rate. (a) At the

highest concentration, and (d) at the lowest concentration.
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Figure 6-24. Tapping-mode AFM images of two ribbon-like assemblies of different

width, which were formed by the same laser power at different concentration. The
width is about (a) 1.6 pm and (b) 450 nm. In these images, fine unevennesses in the

substrate and the structure result from instrumental noise.
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Figure 6-25. Three kinds of division processes of ribborn-like assemblies by the
irradiation of high-pressure mercury lamp.
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Figure 6-26. Fluorescence images of assembly formed at low convection area.

White arrows show the direction of polarization, E;ps4 and Eys correspond to
polarization direction of near-infrared laser beam for formation of assembly and
CW diode laser for excitation, respectively.

AR L —H — BB T, RRBSEREROHE L RERIZ, AT 200 mW T
HbH, ZOREEIZBWTIL, BEFRNS L —F —HOBENRF LR FLE O
FOREITEIL, EFRI L —F —FDRIF M & —B L TV 5. Fig.6-26 (T~ L
FoE B IE. Fig6-12 0)DONFFHREZRWTHEEI L -RAMEIZEIZ2 LD TH Y,
@)@iﬁ—AAmmﬁ%@TbéH#Emtﬁkﬂf%V~f~%®ﬁ%ﬁ
FBA—EL TWDONZBNTIL, BRI —F —REARMBEFRREBOEITE
SETHDHDITXTL, Jﬁbf’&)‘c%’:% EEx L TR L7z@icBW\ Tk, F.05%
DOENEE IR, ETHFRANEEETHD. 2F VD, HAERETAHAENHIC
7o TWBH I ENDN D Fig6-26 ([ZBWTIE, EZEEIIE, HrHEL
BRI L=, 2EEEZEMR LIZRIGER L — —RORAEF A EEET S &,
FHIZHEWEEEROEEABRI SN, £/, ZZIORLEEEETIE, BT
B RNL—F— ORI FH R E—F L TRV, ETOATIE RS ER
b—HLA2WSEEOBERbBEIN. ZhbaeFFTosFORmIX, K
V(NI L YDFBRL——HOEZITSE L TER LTV & EBbhd i,
BB T CRAERIZBOLDTILUTOSEEZZE L2 TR bR,

ﬁ%vyfwi9&Nmﬁmﬁmﬁ%@v/z%%wfﬁﬁﬁtmV—$~
HEEXLIZEE, EXMEICBITAIESEEXE NV AZ2ARICIT R ST,

136



FOE RV ITNAVFEEKS v X N EROEEEFIERICET 5 NESR

Figure 6-27. Distribution of electric field strength at the focal point. In this case,
light is polarized along y axis. (a)NA = 0.999 and (b)NA = 0.37. The scales are *+
A/NA at both vertical axis and abscissa.
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Irradiation of high-pressure
mercury lamp
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Figure 6-28. Schematic division process of ribbon-like assembly by the
irradiation of high-pressure mercury lamp.
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