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Figure 1.1 Schematic illustrations of (a) optical trapping of a micro-sized particle
and (b) assembly formation of nanoparticles.



BN nWboD, KEOKBIZIVERARN Yy NATHEEZIMH SN D Z
ERREENTEBY, B0 FRCBOWTORETEDERAT I VI H
MEFEINTWDLH[4,5], KT+ ThHhoThH, TOMWyFRIMAEEMHIC
] 2GR EZER T 20F S FElEdRE TR, RECIVESKEZEK
TLHLZEBHALNERSTWD[6], ZOFERTIX, AFKH O H MM EH
&K%&ﬁ%&bftf%ﬁ%éﬁé& LHALE TRHE ORI T
HEEBIT, BENE O FEAI AR S Z N REHER TS
Kﬁ%fi BT RICBTDHIEDOS SR DA REEE KT Z k%ﬁ%&L\
HEICL DD THEEEREREZ S LI A XD/NS IRy~ B L,

1.2 b TvCr70REBLINETOHRENSE

AE T, KOEHELEMICESS NDFUMEFEH L LTINS NE
(BHE) T2 TS, HICHERERETZRWA, K2k T+ (7 Fy) &F
2517+ FiZh/A (hy 7T 7 8. A DO E) THEXLND
EEBHELZAL TS, REIZ, 2074 brOESHREICEHT DEFLZMH -
THHAT L2 ENAEETHD, iRl LT, M1.20 X212, AR T
K ENnN7-EEITRAETHHIEIZOWVWTEZRD, ZOLE, 74 b8
BRLUCHEEBFMPEDLDLDOT, 74 FOEHEIIP) O PRIZAPE F AL
T5, ZOEBEEPIRFANICHE > THICZTEIANRIEL R D,
ZORIEE, DR FMEAEME 2 72 Newton IZ XY 17T LIS TS S h. 19 i
FLARIZ Maxwell OEBMKEMICIVIEH INTL, T DOHEKIZ Levedov X
Nichols N RIEEZ S o T, EBRICEVREDOHZWET 2 FITH)
DT L TWAH[7,8], L2rL7enb, EFIHEITELY AL DHEIXIEFIT/A

Incident light Reflected light
Air
gAP=PTP1

Photon pressure: F P1.
v Mirror

Figure 1.2 Photon pressure generated by light reflection at an air/mirror interface.
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Figure 1.5 Chemical structures of polymers for laser trapping experiments.
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2.1 IR

EFTHDIT, KR CTCEAMNITHWEZ Y U EAKBRIZOWTH RS,
wE L LT Uy (Wako, >99.0%) . &t L L CHE/K (Cambridge Isotope
Laboratories Inc., D=99.9%) ZH W7, BAKEZHWTEKEZHWIZERAIZ
DWNWTIH 2.3/ CTRERT D, Z7V v ix7 I/ Boh T b B2 (b ik iE
xR 2. 1a R T EIICAFRBERZ2WIZD, EERKZHERT D a-
TIBOPTIEME—EFREEN R, T F U DEERIT 5.98
THY, PHEERT TIIELALEDSFIE, IAVRFIVENT =4 M,
TIJVENR I TF A M EINTZHWEA T DORETHEET DI Z ERMLATWY
%5 (X 2.1b) [1],

WA A v OARRE TIZ . KA B2 K 5 IEF TR K5 1 B A AE
Meé. KERBICERT 2MWNEEMHEAEERNZ Y oo FRICEB S, &
FRILENREN ST TAZ =PRI ND[2-T]. 7V 7 T AZ—DW%
IZ Myerson HIZ X > TREMIEL I TWDH, Myerson B, 7V ¥ UV IKIER
DIEBRENBRE L RIS L, 2o {bidfafmBEL4EICL CaMictn
Zmro TR TT 22 2ERMICAELEZ2], 2L T, Zo&{kiTn+7
TFTAZ—DORIZER L TWD LB L, Z0%, Ex 22 ZER KOG
RELZZBL T, BEMEBERT TIIEBEOFREE ST T A X —=NIEK

(a) (b)
0 0

HZN\)k +H3N\)J\
OH O
Figure 2.1 Chemical structures of (a) glycine and (b) its zwitter ion.
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2. AFHRR NG

LTWDZ EEMBEMICAELEBGl, 2L —#HOMELZ S HICHES
L0 O IE 2006 27 Y 2V KIETED D ORESAE R 2 /A X S
BLO(SAXS) I X ViR, 2L T, Z7 U v il fEiiy ¢ &k (&
A~—) FEEKLTBY, BEEOLRLEXICEZNONEEST T T AL —0
BT 52 L 2BEENICBELET]. 7V 7 TAX =0 4 X134
Av—DHEEEF-TLBETCHL WML, LLAaRs, JE
SN TAZ =P A XFFEYTHY, BEEOEKFT TILIEHITYH A XDXK
RV ITAZ =N, BELCRERELEIICL s THEMIZERLTND EE X
bbb, FNHIE, MEDO LI LA L2 LB KEERE LTS,
FEDRHO TV TAE—FR/IRT FAZ =TT VD,
FEBRTHWESHEEOZ Y v U EHKBERORE EMELK 2.2 1277,
TV IEEAPTREA A TR TEY, Y bfbshizT 2
B (—NH") OKBRFITHEEOREAKFERFICEIVBRICRBEIND, KR
ELT, BWIEEOBEKS TOEKZRF-bAKFLIND, 7V 1 Tb
DT EOIMOKFEEKIDTHIEV 2HOEBKRKENLZHBRAETH S,
TV R OHEAKDENREZ ZNENCyy, Cp,o& T 5 L AZHATHE 2 T K
HI A L ARFBIR T DHIT2XCp,o:3XCay& 22D, AWFIETHWIERIZE W
TIX, @AFNAENR T 8.3 1, AaFIiER T 11.5: 1, REAFIEK T 16.7: 1 T,
T HROKBIRTFPEARKFZRFICERIND, T2b5, WEAMERKRTIX
89.2%. FAFNIAHK TIX 92. 0%, AEFEHK TIiX 94. 4%DHIH T, WA A D
T (—NH) OKEFERTFPEAZRFICEBRIL TN,

Supersaturated Saturated Unsaturated
solution solution solution
Glycine 0.3 g (4.0 mmol) 0.22 g (2.9 mmol) | 0.15g (2.0 mmol)
D,0O 1.0 g (50 mmol) 1.0 g (50 mmol) 1.0 g (50 mmol)
wt% 23 18 13
Concentration
M 3.7 2.7 2.0
Saturation value 1.36 1.00 0.68

Figure 2.2 Concentrations and saturation values of supersaturated, saturated, and
unsaturated D,0O solutions of glycine used in this experiment.

17



UTFOFIRTY U TABROEMEIT T, ST HEEDO T U ¥ U fh
MARLEKLO g & AT ARICAIL, = A B — (Taitec, BR-21UM MR)
EHAWVWTOE0CT3IHREMMAIRE 59T 22 LICE VB —RBWEREERLE, =
DE, 8 FHMNT Ty =g T —DIREZRAICEIRE T T, 8 NEK.
BRIV, AERMAR ZER Lz, 2o X 5 IC/ER L2 @ afmE i ix w1
LET, FRE 1A LER S TH AL TR O P TIEH AN EZ 5T,
REBbH 72 REEZR STV DZEEZHEID TS, X 2.3 2R T FIET
7V RO A FR UERICH Wz, MEEROSG AL, K 2.3a 27
T RO, ENENOEWK 40 nl Z B AR L7z 22X 22 mm* D B N — /37
Z (Matsunami, No. 1S ; 0.15-0.18 mm Thickness) 2 FL. B X 100~160
um DR 2 FR L7, WIHOARBEZIH T 272D ICHIEIC Yy — L2 E T
EHR SR L —F—2 BN Lz, —FH ., koL aix, M 2.3b 2R
TEOWLEHIN—HTTRAERALATNVED E#E ) aEERTEYD &b
NS RAAL ROV I EERWE, Yo VEEZHRREL, 70
Wik 15ul i F L., B 120 um BRE O 2 /ER L 7o, W 0 7838 % 1) il
TRHEDICY TV EOT 22O, BEBEDO R T — VI #E TREO KR
SRR L —F—Z2 B L7,

Glycme solution
(40 p.l) / 22 mm Petridish
Cover glass e——100-160
| m

: '““g” =)

Stage

Trapping laser

-

Trapping laser

(b)
Glycine solution
(15 pD

Figure 2.3 Preparation process of a thin film of glycine D,O solutions (a) for
droplet formation and (b) for crystallization.
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TV VU DERICONWTHERS, U v riEfafbor A7 IR
RAN = A LDWRIZBNT, REVRET MG E LTI HW L,
ZORMMBBECHBEIZ O N TEZLOMIPHRESNTND, Z15 DX
Xk, ZIV VI 3HBEORMEN., a. BZELTy&Z2EDT ENGN-
THH (K 2.4a) [1], AP REEN Ty (XE) <a<B (KRLE)
DNEIZAK < 72 2 [8-13], o J 1T i f F1 ¥ R D W I 7K 56 70 & D6k @ #& d b F
ETHLAL2Z T, HEMMICKDRSERINDIHETH 5 [14], B %
MICERBALERMTHL BRIE., KexZ ) —LVORAEHR»OHHT S
TERHMOLENTEY, ZEXPERLEFETTHERS aBITEDDLZ ERMLI
TW5([15,16], ZOWDENIT, « KO BEOMEMBEN A WVIZ KX EHTW
HERLE-HLTEBY, BREFeROARARERELAREIN TS, v
ik, BE, HIERM, T LT, TAH Y EFICTHHT2ZERREIR
TW5[12,14,17-20], Z 2 Tix. AAFZEIC TERICE I Lz o &y TR O & A

(a) a-Glycine B-Glycine y-Glycine

Space group: P2 /n (achiral structure) ~ Space group: P2, (achiral structure) Space group: P3, (chiral structure)

(b) 4

Energy
barrier

Free energy G

Glycine

solution a-form
y-form
Reaction coordinate

Figure 2.4 (a) Three types of crystal structure of glycine. (b) Energy diagram for
crystallization of a- and y- forms.
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A
Aff

BNFNLEERICEHALTE®M T2, TN OEWIKREBEICXHT S HB X
NE—HAT T HFM2.4b DX HIC2D, MO X ST, v EESIZRATF
MICREZETHDIN, BRABEROZO DT X /VF —EEEIL o BICHXTH
K72, HERRHICTeBRAED RERIND, — KRB RERKIE
WCEDHEMIETIEaBORBRERT LI NS, HIREFESRETICBIT Y
U uokbdbix, MERNIBICEIVEITT 2525, FEBE, ARHEEL
FlIELIEFICP oD EHKRESY LHIED L, REERANFZNICLE
IREE~E I, yHEERT 2 ZEBNARETH D [21], biaAl, AAF%E
B2 HEEME X MEMAEERITOKE»D ., BRBE (kg/n”) Lol
1.611 | vy B ;1.603 THDHZERHLMNITR>TWVND,

AW THWEZ ) v DA ORI OHEEEREZX 2.5 ICR8T, a7 2
JBMTHH, L-TT=v, LV, L-bL =2, L-7a U, L-bRXF

Figure 2.5 Chemical structures of amino acids, urea and potassium chloride used

in this experiment.
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Name L-alanine L-serine L-threonine
(o] (0] OH (0]
Structure OH HO OH OH
NH, NH, NH,
Concentration 12.2 wt% 27.5wt% 7.5 wt%
Name L-proline L-histidine L-arginine
o o
NH e}
) P
Structure OH / OH | 1a . on
/ NH kG
NH HN :
Concentration 23.1wt% 27.7wt% 12.9wt%
Name Urea Potassium chloride
(0]
Structure )J\ K-ClI
HoN NH,
Concentration 23.1wt% 25.4wt%




2. AFHRR NG

VLT AX=llmAx, RE, EEI VO LAEF T LELTHERL,
WK DO EREIT T, WX 7V A ERBEICEKZ AW, R
FLUMNE, 7V R FIECHEKRZFER L, RFIEL, RIBRTHEAT S
EGRT DN o TWVDH T, EKIEE Th 5 40°C TMEBI# L
Teth, RAICERECTRELZ N CHEKEER L, 2 b0 EKEKREZH
WT, K2.3aDFIECHEBEAERLUMERL -V —%2BHE L, BEIX, L-
Tu )y, REDMTIFZEMBETH D,

2.2 EBRE O ZEE

AR THWEEBREEIZOWTHHAT 2, X 2.6 ICFEREE O L R
T HENT o E 7DD L =Y =3t L LT &K 1064 nm @ IR 4+ (NIR)
HiE R (CW) Nd* :YV0, L — % — (Spectra Physics, J20-BL-106C) % f# H
L, b= —@BEX, 2/24/K& (HWP) &Rt —2LX7Y v & — (PBS) O
MAGbEICIVMBELE, Zo®MEN LV —F — 28 L3 (0lympus,
IX71) IZE AL, 60 fFOx% 1L > X (0lympus, UPlanFLN, N.A.=0.9) % H
WTH TV OER S E IR A EICEL L, IRy -V — 2 RS

Luser D
Halogen lamp displacement
% meter Monitor

&
o
©
i N
Computer-controllable ----- ﬂ

motorized stage Ml

Objective l¢ns NIR CW-Nd** YVO, laser

(x 60, N.A. 50.9) A= 1064 nm AN

PBS M3

HWP

A

QWP L2 L1 DM1 M2
i
EMCCD camera \ B
Inverted microscope Monitor

Figure 2.6 Schematic diagram of the experimental setup. DM; dichroic mirror,
HWP; half-wave plate, QWP; quarter-wave plate, PBS; polarized beam splitter, M;
mirror, L; lens.
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2. AFHRR NG

T HENC. (AW CEEKSEICE A L7 He-Ne L —# — (Coherent, 6069DU) o
BHBMENZBRT L LI, BRMEZRE L, £XAMTDORKRT
I EMCCD & 2 5 (Flovel, ADT-40C) ([Z X > THEZE L, LEIZINLU T, 1 /4
B (QWP) 2 H W CTHiIE M V — Y — DRt 2z B REOE £ 72 TR EIC U v B &
FBHMEOAT VI, a2 Ea—% —Hfl#Ho B & A7 — (Sigma Koki,
SC-1016) Z#H Wiz, L —HF — N ihickt L CHRERBHAN T MIZB T, AT
—VOWHE LB AT RE/RIERE 5.5 mm OFMMEN T, REATREREE TEH T
ZENTED,

P TNDOEEET, KO OO FEEHCTEE L, BHMEORT —
OO EFIV  xuF T TH TV ERLL, A=A L X EMABE
72 CCD B AT (Flovel, HCC-600) (X V., IO %2 EEBE L,
RAXICEDY VO E LR ZzMEI T 57201, " F I TolRE
900 nm L EDOY¥E T 4V H—THy bLTHRIBNEE Lz, K 2.7a [CHEMEE
AT —V O EBEBEEKE T, X 2. Th ITEBRIZ CCD B A T &l L T #%
LTEBERL TS, BT s A7 RomiKx, stL v X0 EEIICHYS 5
o EBEOWETIE, YL XD EICHRN—HT A, HK., v —LDBIF
FELTWVWEIR, MiNbEATHLIT-OENLEZBEBLTHIL Y XD EHOH
NWBE I D,

BB L AR R L — Y — 75T (Keyence, LT-9030M) % VT,
Ay —Y—oX@McBT2RE®mSELITREO 2R TT 7 7 A V%
WE L, V=V —EMatid, FEEMmrSREEICHEOENEZRETE D
e, MEOBR R LI TRS NI TV D [22-27], V—H —Z (7

(a) Photograph of the microscope stage (b) Actual CCD image

Observation area of CCD camera

Figure 2.7 (a) A photograph of the microscope stage. Observation area of CCD
camera is indicated. (b) Actual CCD image. A dark disk corresponds to the top of
an objective lens.
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O Z K 2.8a 27T, Y —73 & L THE 670 nm O FEK L —HF — )
ooy XXV I AREIIZAR Yy PEHTumTEXRIN D,
ML AT EXICEY ETFICEE, ZACHFEVERSHA 1.5 kHz TET
WCIRBIT 2, dEMEORE DO EIE, B RFEREAONTHN S
No®, BB EERRI—HLEEHFOLRBRNEERIRI SN, M
HeEstRMLAEMEE P —R 20RO L AOMELZHRE L, £1 mm
DOHEPH TR G REDOEMPIE SN D, EEOMETIIMEEIX 0.1 un
Thd, MEMILZT —% 2 — (Keyence, NR-500) #fFH LT, =2 2 —
F—TREEND, ALV -V —0E I\ TOREE S S HE %17
IGHIE, TV L — & 20 F7212 100 HZz ICRELT — ¥ WAL

(a)
Semiconductor laser (A = 670 nm)
Light-receiving
element
Half mirr(/ II:]
Pinhol
Collimating lens fhote
<= Tuning fork
Objective lens )
7 = .’_
V Sensor
¢ [ ] Target
(b)

Reciprocal motion

Controller Controller

Laser

V&## Displacement Zd

meter T

|

\

.

Data logger \

Computer-controllable
D motorized stage

—
PC

Figure 2.8 Schematic illustrations of (a) a laser confocal displacement meter and
(b) a system for measurement of surface height and profile.
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o m T e 7y ANVERETHAEAIX, YTV L— & 100 Hz IZ5%
E LT X 2.8b IR T X HICENEH%Z BB AT — ¥ (Sigma Koki, SGSP20-20)
WEEL, A7 —Y% 4.75 mm/F Tl 9.5 mm Z2FE CALAICE T Z & IC
rov,.epZricryerrANVEREL,

S EICH N2 R A 2. 91057, BRI EICIE, eEE LT
& 632 nm @ He-Ne L — ¥ — (Coherent, 6069DU) % V>, KiH RIZIZHR Y
7 v A—X%— (Oriel, MS127i) & CCD # j %% (Andor, DU420-0E) % H 7=,
AU 7 maA—%—|Z/L 1200 line/mm O EIFT4E T2 5%E L, -20CFE THEIL
7o COD iR ic L, BITWMEL LA Lz, 7~ WELRNEIZIE, L &
LTHE 532 nm @ 27U —r L —+H%— (Spectra—Physics, Excelsior 532)
z:_wﬁﬁu\to MHZRICIE., Loy REErA—n (¢=100um) Z#MAHEbE -k
ERrtER2HWE, o/ 9x—7 2T v Y7 4 )% — (Semrock,
LP03-532RE-25) & / v F 7 4 L% — (Edmund Optics, TS/ —4 —hk « /J v
F 7 4% —1064 nm) |, HLESLEFREZ@EE L CHBEDLIZ. 2400 line/mm
OEFIFEFIZELD DI, 80CETHA L CCDmHMmICI VRS,

m (\ M3 Ml
Green
reen laser U V

QWP L2 L1

DM1 M2

Optical fiber

Inverted microscope

CCD

detector
Polychromator PC

Figure 2.9 Schematic diagram of the optical setup for backscattering measurement
and Raman spectroscopic analysis.
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2.3 WMIERE D RE

ABFZRIZBNT, MREHA LV —VF—REICE2EE LRI, LR85
BWREAMEOIR FTE2l R T 720, FEICEHELRFTHD, £HARY
FCOIREELFAZHEWT H72OIC, HE 1064 nm OFREAKK T U & U EIERD
W AR & R D 5 ¥ T AT,

BARELITZZ YV VU EARKRNEMBRERZLRD2CKEEDOT 7 A VIZAL,
4y KOG EESE (Hitachi, U-4100) % AW T E 1064 nm D 75 i 6 38 B 2 Il E L
Too B2 10 X BEAKRLK T ) v BEAKANIMEKRZZE LI gONBELY, &
NONEEORBAE L L TRLTWD FBEHRETT L b -~ — VAN
WHEE L RICH S ol B AR T 2 R1O TR & Iy, 7% 0 B 2 1,
WINta S a, NEEEZxETHE. K 2.10 OFERITI=1e ™™ T7 4 vT 4
YIFTHIENTEDL, TOWWEICELY, BAOEE 1064 nm TOWRI R a
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Figure 2.10 Transmitting power of NIR light passing through solvents and glycine
solution as a function of path length.
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(a) Before irradiation (b) After irradiation

22 X 22 cm?
cover glass

i)roplet

Figure 3.1 Photographs of a sample (a) before and (b) after laser irradiation for 300
sec. The top of an objective lens is clearly identified through the solution and the cover
glass in (a), while dense liquid droplet is observed in the center of the glass in (b).
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Figure 3.2 (a) Temporal change of the surface height of glycine supersaturated
solution upon focusing the laser beam at a glass/solution interface. (b) CCD
images around a focal spot simultaneously measured with (a). (1)-(4) in (b)
correspond to (1)-(4) in (a).

(a

wn
S
™

Solution surface height / ym ~—

(=3

(=)

Dense liquid drop let

LY —MRE RO E S S 130 ygm TH Y (X 3.2a (1)) . 2o
WIRE SI2RHE T2, CCD BICEBWTIX, WIRE D N—HF T A%ZEL T
Ly XD o BEgsnz (K3.2b (1)) . L—W—RKNEBES. &
FEIEHERICIE T L bum BEICR 572, ZOK, CCD A AT TIXBFE R E I
Bl erolc, ZTOXI BV —YF—HRFIZIIBEEERITL<MENT
B0 [8-13], EEE, KRERICBWTH LT L ELTEHKDOEELZHWZgEA
WHKmEIER NITBE I, BEAKRKOREEFZIZ DWW TIEARHE O % TEHEMIZ
T b, L —Y—ZRFT L L, EAKTAIEEY . FERICH O
RIS (K3.2a (2)) ., 20L&, CCDEBICITEE 2B 138 %
Shiginofe (¥3.2b(2) . ZTOH%., K PMKBAIC LA LETDE LD
W2, BHRMEICHRO/N S RIRFE A BE I pD . (K 3.2a,b (3)) . %
DR IL L — P — B & LT R LT, 200 P I IXE AL 5 mm, & & 145 pm
2 L7 (X 3.2a,b (4)) .
ZOWRMBRmELY S GIZFEMICH~22ic, V- —RFFoiEE
07y A NVMEEIToT, BAMNEFOY T 7L — K% 100 Hz IZRE L.
9.5 mm i CIEE S HESR CGHE 4.75 mm/F) &8, 6 WmICKE 72 7 7 A
NERGE Lz, K33 v —¥—HHho a7y vElE REICHE
L7z DBz rd, ¥ 3.3a (DIZRT X, b—F—RIHT DG D ik 5
JEEIF 135 pm TH Y, HEMME D 9.5 mm g ICB W THEIZIZIETELHTH -

31



3. Bk L ——E—ADIEIEIC I S —E R E 1 DIk

(a)

8 o (1) 0 sec w0 (2) 14 sec w0 (3)32 sec
= 3
2 = 200 200 200
= =
.9 .en100 100 100
=2 Focal spot
3 S0 25 00 25 50 S 35700 25 50 %0325 00 25 0
Position / mm Position / mm Position / mm
w0, (4) 62 sec o (5)296 sec
200 200
100 100
%935 00 Is 50 S0 55 00 25 50
Position / mm Position / mm
(2) 14 sec (3)32 sec

(5)296 sec

Sl

* Dense liquid droplet :

( (d)

(@]
~'

200 3.0
g
> 0 2.5
= 00° = -
fo 150 OOQOOOOO" =
> 50 o 2.0
< Oooooo =)
) s =
S 100 R s 15¢
&< ODJ’ >
2 & 2 10p
g o f :
| A 05
S
n 0 L L L L L 0.0 s s s s L
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time / sec Time / sec

Figure 3.3 (a) Temporal change of the surface profile of glycine supersaturated
solution during laser irradiation. Sharp peaks at 1.8 and 2.2 mm in (5) correspond to
measurement errors. (b) CCD images around a focal spot simultaneously measured
with (a). (1)-(5) in (b) correspond to (1)-(5) in (a). Temporal change of (c) the
surface height at the focal axis and (d) droplet volume estimated from (a).
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Figure 3.4 Temporal change of the surface profile of glycine supersaturated
solution after turning off the trapping laser. Droplet was formed by 300 sec-laser
irradiation. Elapsed time after turning off the laser is shown in each profile. Sharp
peaks in (1)-(5) correspond to measurement errors.
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Figure 3.5 Temporal change of the surface profile of neat D,O liquid film during

laser irradiation.
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Figure 3.6 Calculation model for surface deformation of a liquid film.
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Figure 3.7 (a) Temporal change of the reflected light intensity during droplet
formation. (b) Simulation of reflectance generated between the glass and solution.
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Figure 3.8 Experimental procedures to estimate concentration of the droplet.
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Figure 3.9 (a) Absorption spectra of glycine D,O solution. (b) Relation of
absorbance at 210 nm between the surrounding solution and the mixed solution.
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Figure 3.10 (a) Estimated volume and concentration of droplet, mixed and
surrounding solutions after the first extraction.
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Figure 3.11 (a) Estimated volume and concentration of initial solution, droplet,
and surrounding solution after 300-sec laser irradiation.
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Figure 3.12 A schematic illustration for surface tension distribution due to
concentration and temperature. Two effects are illustrated separately in (1) and (2),
while total surface energy change is shown in (3).
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Figure 3.13 A schematic illustration for surface tension change after turning off
the laser beam.
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Figure 3.14 Phase diagram for a system of liquid-liquid phase separation.

45



3. Bk L ——E—ADIEIEIC I S —E R E 1 DIk

REERNTEERIZE > TN EAL TX 72 [24-26], Zhix, » TEDO KX
W RNICE Y ORERaA Ly T A= aryEALTNDHED, &K
T2 L BT L E TS 2 B D RS S 1 TR BAE RIS K0 4 F O R E 3
HEITL, TORBE/BRAEBRIMFH SNDTZOTHD, LoLlLians, Ko1K
BIZEBWTHOK-KHEDHErAFEINLDLIZ LAV ON@HEINL TN D
[27,28], A BEIX., —BRMICEB 2 EIC XV IEME 2 2K T &8, fafn
FEraMic bR IEsZ ik VFERIND, Davey L ITHEHE & L T
methyl (E)-2-[2-(6-trifluoromethylpyridine-2-yloxymethyl)-phenyl]-3-m
ethoxyacrylate &, Wt L TR/ A X J — VIEBABRKERA W6, IBE
R ELICHSBRFESNSIZ LERHL2T], BES T2 505
B LW BANA T IV OEIZIE A, B — 28R 2BIcoiss,
DIZHRIR N &2, MHOBEIC KV R L @R EREN SR A b 255 L
e e, W—REHNrOFERLEEBOBRITE R -7, ZoORRIZ, H
SEERR R T B RICREREEEEG AL L 2R LTS, Zukoski
S5iZ. A7 7e vy, Vv, B ERCT, WEMAOBEC X D
MMERICEAT M ELHME L TWD 28]l A 7T v 7= DK/ = ) — )b
W T, -G DEENAFE S, “HOBERP T LB TED 2L
HHRELTWD, —FH., 7= UV BARKBKROSGEG . mRERIKITIER I D2
FTCICHMBICEDLDZLEZRB L, 20X ) 2o s &R b E ORBEBRIX,
I3 15 IR T RO BRZRXNF—H AT 7702 H0THHATE D, KK
SEETIZR S D @R R & E-EBECRON DM 2 L2 %A,
FEE DT DN FNICZETH D, MBERBOART RV —Z2EE LI
Ba. K316 CRT 2o AT RmbNn TS, £7. K 3.15 D Typel
WWRTEO2%, RREEBRBORSBHRT XL —ORMB Y IEIR D E i XL
DHELSRDBAICIE., " ERREBRBIERINLD &, WIRIZRE D m Wi
=X X —, ZLTHBICEDZDDOEWIEERILZ XL —D DI,
HRERMICKE LERMGFETE L2 EEZOND, ZOZFEIL, Bk E AR
MR EZ I Ml 7 o X RIBTWD, —F . K 3.15 ® Type2 O X
I, BREERBMOFOAHZ AL —0RMAVMBEEROZN LY bEL
MABAIE., BHICHMBERELII/BRICBEDL LN TE, BIFICE N
B ZERMERABICBE T 5EE2x06N0%, L EXY ., Zukoski R #HE L
TWLHA 77 n 7 EiHRIE Typel 12, 7 = U BIEHRIL Type2 IZEWH AT
T TR THDEHIIND,

46



3. Bk L ——E—ADIEIEIC I S —E R E 1 DIk

(1) Type1 (2) Type2
@) @)
B B
N N
) )
=) Energy =}
o barrier o
§ : § Droplet
~ Initial ~ Initial
solution Droplet solution
Crystal Crystal
Reaction coordinate Reaction coordinate

Figure 3.15 Two types of energy diagram for liquid-liquid and solid-liquid phase

separation.
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Figure 3.16 Schematic illustrations of (a) heat convection and (b) Marangoni
convection.
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Figure 3.17 Schematic illustrations of (a) droplet formation and (b) its
disappearance.
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Figure 3.18 A schematic illustration for droplet formation and crystallization in

Density (Solution concentration)

view of two factors of molecular density and alignment.
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Figure 3.19 Droplet profiles of various compounds generated by 300

sec-irradiation of a CW NIR focused laser beam.
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Figure 3.20 Various compounds which can form crystal, um-sized assembly, and
mm-scale dense liquid droplet through interactions between clusters and laser.
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Figure 4.1 Experimental conditions for the formation of glycine dense liquid
droplet. Experimental parameters are polarization and intensity of trapping laser,
and solution concentration.
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Figure 4.2 Dependence of droplet growth rate on

experimental conditions.
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Figure 4.3 Dependence of droplet volume on experimental conditions.
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Figure 4.4 Dependence of aspect ratio of droplet on experimental conditions.
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Figure 4.5 A schematic illustration for droplet growth in different laser intensity.
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Figure 4.6 Raman spectra of glycine supersaturated D,O solution and droplets
formed by different polarized laser.
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Figure 4.7 A schematic illustration of laser trapping crystallization. Only one

crystal is certainly formed at the focal spot.
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Figure 4.8 (a) Probability and (b) time of glycine crystallization under laser
irradiation.
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Figure 4.9 IR spectra of a- and y-forms of glycine crystal.
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Figure 4.10 (a) Laser power dependence of the probability of y-glycine preparation
induced by photon pressure of linearly and circularly polarized CW NIR laser
beam and (b) a bell-shaped curve of the multiplication of two effects; photon
pressure and local temperature elevation. (c¢) Schematic diagram of optical
potential evolution.

71



4. JBIEE L2 7 XK —E DIALEIZ L S Ei ikl DK & it (L& O b1

BO, ANFHCLRER y BORERZAERE . HERGITES R o B O &
BE AR DS B S BEAI0AC _ofwékﬁz%ﬂéo+ﬁmﬁﬁ£ﬁiﬁﬁé
ACA LA FE SIS AT EERMNICRESER RSN D a BREKT S,
%@tw\W%%wv7)yyﬁ%m%$%%th3wmﬁwf%\w%
ICIXEE T A0 CH E- T LR SN 5,

WIT, RIS T BIRERIEMEIC OV TR RS, ¥ 4.10a ()17 VY ¥ il
fFfMERICHRCDO L —F— 2 RF LERFORKRBHAELIE RS, £HRE 10
I EBRZT V., vy RPN EREZRL TS, EfFELL—F—% R
LG ERRIC, MEREV—F—Z2RH L7 4%\V~%~%E:ﬁ
LCARAVMO S AiE R LI, L= —MENEG LDICON T, v BOERK
MEFRITESRY, LIVORIIRERER ST, SHICHRERELIRDE v B
DEMRMBERIZETFTL, LIWLL ETIE M ERo7, ZOX5I1C, v BRKD
LT WL —F =g, EHRREEICHET0.2 WK 2o/,

ZOmMRFMEIT, K4 10b IR T XD 2, RIS XD R AR E
FERELEAICERLEBIMEOZNICEIVFHHAT LI LN TE S5, Myerson
5D SAXS DFERZIKICT DL . 7Y 3R HEKERS THRIEA A v DfE
HEERICL VA A ~—FoHiEEr LD, TRORHVWHEEEREZA LR
LIRIR 7 7 A X — %W 5 [23], —J. Garetz blid, 7V v v DA~ —
WEILT 4 A7 ROGBEOSAEHLTEBY, MELEENSO LD ERR
HHEVE, LVLERSNDZZEEZHREL TS [24], Zh b ORI
TV VUK FAZ—E NI T D25 E. MRERLEOFBIRNKRT Vv v L
DR EINDIEEZRBLTND, LLERL, XA~v—12=v MZxf
LTCZDOEIRRBHRICEDEVIZIIKENLTHY, ZOFEVWHESE 0.2 WO
EEAEBTESTZLEFITERVWEEZILND, £Z2 T, M4.10c iR LENE
ATy VOBNREIZERT 5, 7 7 AX —ORHERICLDELSKRE
BRIZ B R T vy VO ENEELERD RT v VR EWIE S,
TIOUEBIZH ST TAZ—BHRINTVWDIRERRELS 2D, RO 7
TR =D EINDIMEERPELS 2D, ROV T AZ =N ND ERT
YUXINVBRELS R KO ZERNHENZERS N, SHITKRDT T AZ —
MR SN HIMENELS D, ZTO LT, KT v bozEiE, LHi#I
FOVRT vy AR E L TEL > TV ERELTERT D, 20
ZENENRHBEICBVWTYH, £HEREHRIBRICEWIZIERIZRICZ DR RR
HEINTRNILTLSDEZEZIOND, MRELT, 4. 10b 2T LI

72



4. JBIEE L2 7 XK —E DIALEIZ L S Ei ikl DK & it (L& O b1

MARE O 5 B IRE E AP E EA DS EHRR IS TRBE CER I, K
4.10a 2Q)DX 572y fEMEKEENHEONTZLEELZL TS,

WIZ, BERTFEIZOVWTERS, K4 11 IZHKREORMHELELZRT,
FEIZBVTI0H U T VERZITD .y MBS ohEEELZRL TS,
MW ONRE S, AT OREMIZUHREICERIIKFL TNDZ &
MM D, vy HEMOEREZHERT DOICIE, ER L7 7 A7 — DN
EENRNERT vy VORRE R ORE EFICX YV RE S D fE DL
DM, LHARNITTER SN EmREEKTO LV —% — ORI AF L
VAN EEEBTILEND D, 4.3 HiTERRLZEHDO T~ A7 |k

CRF L, fHIEH LY = —ORGEFEIT, KAEROFELZBRS XFHF LT
Wb, BHAAR Yy PATER SN D EEMED 5SS DMRE IR AF L TEA
THE, REBICIERINIEEELEDLZEEXOND, ZNLHLDBRIT
WICHERWICHKRERT HALERH Y, MIEH L -V —0MmECREL., 4
WREICKTFL CREMNERZIENEMNLL KAL) REREZ LD
LIctZBEZXD0ENRND D, BI2IE., NifaMBEROSGE ., MEMICAERT S
7 7 AL —F/hEL BHRITBITHRE TSI O % &I~ T
MR IV, EE M I E S D R @ﬂ%m%tiﬁ FTEM, RAEFn
TEHSHUETHY, LOWLLFTIE30 0 THRiMIEAAONZTVWEAL S
CABNTZ, ZTOXIREBWREELFHETIE, b2 —-E0REMU Lo L —
P—Z2BHT 2L, ZORESRICBNTREERD TR~ HEEE L%
R Z2LEBZXO6N D, WAMEBEKRO L5 2 NVRE EFBEBEICEWT
b, DTEINENEERICEHAT LI TERVD, TOHREITHIHIC
BneEExo6nsd, K4 llclZRT X, REFMER~D 1.3 W TOE#
WIS TN T 90% & WD Evy y flidd DB PN EHR T 20T famiE,
ZLTHFERINOMITOBLEG ., LIy FHO LR AR 22 &P ER S N
Ll ThbdbEZEZTWVD,

4.5 Rfaf 7V vV BRICB T HERILERE - B#E

AHEHITIE, CNETCHERTELRELIVDBEIHICERWVWRED VY ¥ B
CBWTHZEINE, REOREWVWRT V¥ v b &2 oR 3 BBRE VR S L 281
OWVWTIER%, K 4.12 12, &L LTRME 50607 ) v U EKZHEMR L.,
ERFELEOMBHAL —F —% 1.1 WVOME CENR LZRICBIRIN 2 1Y

73



4. JE[EE LD T X5 —E DFFIIEIC L S ki kil DR & e (L& OVFA BT

Liner polarization Circular polarization
© —=- supersaturated solution ° —=- supersaturated solution
E 80+ é 80
2 60} € ol
> >
G G | ]
>, 40 2 40 \
) r n L
: ] g
_<§ 20+ /l %S 20+ \
= & u
S SR B = S
08 09 10 1.1 12 13 14 08 09 10 1.1 12 13 14
Laser intensity / W Laser intensity / W
(b) 100 _ 100
© e saturated solution S e saturated solution
~ 80r ~ 80r
: :
T 60F < 60 \.
> >
G ° G
o o \
> 40k ° ™ 2 40+ L ®
% o —® :; o
= 20+ ° = 20+
= 2
&~ of ot
08 09 10 1.1 12 13 14 08 09 10 11 12 13 14
Laser intensity / W Laser intensity / W
(¢) 100 100 _
N -a- unsaturated solution 4 S -a- unsaturated solution
é 80+ é 80
< 60} S ol
> >
G G
o o
> 40F > 40r A
o) )
g 0 g w0 / \ /
= =
Sl e [ R S N
08 09 10 1.1 12 13 14 08 09 10 1.1 12 13 14
Laser intensity / W Laser intensity / W

Figure 4.11 Laser power dependence of the probability of y-glycine preparation
induced by the photon pressure of the linearly and circularly polarized CW NIR
laser beam. Results in supersaturated, saturated, and unsaturated glycine solutions
are shown.
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Figure 4.12 CCD images of the repetitive manner of (a) crystallization, (b)
dissolution, and (c) crystal regrowth induced by laser irradiation, and those of the
disappearance of the crystal at (d) 2 and (e) 3 sec after turning off the laser beam.
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Figure 5.1 CCD images of the solution thin film (a) before and (b) after laser
irradiation for 300 sec.
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Figure 5.2 (a) CCD images and (b) schematic illustrations during the stage shift.
(c) Surface height change at the focal axis during the stage shift, where x-axis is
indicated in reverse for comparison with (a) and 0.1 sec corresponds to 500 pm
according to the shift speed. The height (1)-(3) in the graph correspond to images

(1)-(3) in (a).
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Figure 5.3 (a) CCD images and (b) surface height change at the focal axis during
the droplet motion. (1), (2), (3), and (4) in each part correspond to 5, 10, 15, and
30 sec later after starting the laser irradiation to the outside of the droplet.
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Figure 5.4 Mechanism of droplet transportation due to successive droplet growth
and dissolution in micro-scale.
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Figure 5.5 (a) Structure of photochromic molecules, (b) representation of the
experimental system of laser irradiation to an oil droplet (side view), and (c)
principle of the chromocapillary effect (top view) reported in Ref. 13.
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Figure 5.6 Schematic illustrations of (a) temperature and surface tension
distribution and (b) convection flow at surface and in solution.
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