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Figure 1.1 The conversion of light energy.
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Figure 1.2 (a) Plasmon excitation (b) Landau damping (¢) carrier relaxation (d) thermal dissipation’.

1



THROMENRERDOIFTRERE Y7 A€ HIBELSPRIZHAT LI HLOTH S,
LSPR &%, ©E T /R INE O B B0 AL ES & g U TR ek Eh 2 &
CTHRTHD, TOBEREELEDELON Fig. 1.2 TH5 57, (a) 1TE&ET / kit
WHE L2 X, ) 13hy FEx U TOERE T X UEE. (0 IXETFOEGE,
(d) 1RO EE R, L—F—%2&RET /b IR L Ot S -8 0%
T LSPRIZE S TT UV HA URHENEZ D E EBICHENTRX AT =2 FOE T, LWhW
L.y bERXVTHERSIND, EDH%, ZOEFOEREMIC K > TEET /K7
MBS T RABIZ 72 5, LSPRIC & 0 IO LA R, X7 v 7 F 2R
25, Zhvb s L7 KIGEM O =Rm BIZmF 72 en s LT g 8,
HBABEBIIAN AN T—=RHTH L0, WEICHEEM T LY -2 5252 &
DTEDLEWVWIENTFENH D, ZHUTER T THEHINLTWLRETH S, filx
WX, &S i a2 BN AMIIEY, 22— —MREd 52 L TREAEH AR L
TN % FEPR S D HENDS JTRTE DR AT IE ST D 912 (1 F )T & 3H 2 1R
FTIZEY, L—F— MBI Ko THEANZ T 5 KT v 77 U R —1814 73 U JERE T
FRBHEATND, ZNHIIABOEMICELLETH Y EANHFF NS, &R T
J KL% I TE CEE W TSV 7 O & @ D CENVE R L 1T E 72 0 | RFTRYZRIREE Y & TRk
T2 ENTE 2 1520, [ETHRIRESG DR S D & LEREFT O ZETE 51F
2, IREAEIC XD BGHREZ AT D2 L L ARETH 5 2124,

1.2 =l —Ta v

— RN H BT L I E ONATE VMBIV 35, LavL, FEERT
MEENT Z ENTEDEAND D, THUTNEEE AR LWL DFES %
FHALT-WEEBIETH D, TN H OIEEMIMERE O & ZO)SHIZ OV TEEh 7
Do

1.2.1 Mt ~v=t a2l —T g

2002 42 Braun 5725 DNA K&F#KIZ 1064 nm O L —F—%WBE 425 Z &L TKEE
BEINELL T Fig. 1.3a 12737 & 9 2OQR@0 R MO BGKE), @0 |G, @Dk H
PRMEST IR D EAKEN & F6 4L S D 2 & THEMRIC DNA 2845 Z LISk L, IWE 05y
FEICE S THEENFIRE TH D Z L 2R LTz 25, Bykdh & (XIREARIC L > TAELD
DZETHY, ZONHOREIJIILLFOXTERIND,

J = —cDyVT (1-2-1)

¢ (TR DPRE, DrIidBMEHERE 2 & L, BILBRE D, 2 Wil E B D THl-



(a solution P

) (b) *
®
5 N\ %,
@ @ \i’ -~
SIS ° ™ Ml o
Q Gold thin layer

Figure 1.3 (a) The mechanism of thermophoretic accumulation in the center is an interplay of

lateral thermophoresis (D, @ and axial thermophoresis (3 with natural convection @. (b)
Photothermal manipulation used with gold thin layer.
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Figure 1.4 The model of optical trapping at (a) air/solution, (b) oil/solution (c) substrate/solution
interface. (d) (i) The double nanohole aperture in a gold film. (ii) The bowtie gold nanostructure.

(ii1) The gold pyramidal nanodimers.
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Figure 1.5 The model of photothermal manipulation at (a) air/solution, (b) Au thin

layer/bubble/solution (c) AuNP/bubble/solution (d) droplet/solution interface. Red arrows mean

Marangoni convective flow.
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Figure 1.6 Pressure vs temperature projection of the thermodynamic phase diagram including the

stability limits for superheated liquid and subcooled vapor®’.
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Table 1.1 Selected polymers with LCST or UCST behavior in the region interesting for biomedical

applications'?,

Polymer Phase transition
temperature in
aqueous solution

LCST behavior:

Poly(N-isopropylacrylamide) 30-34°C
Paly(N,N-diethylacrylamide) 32-34°C
Paoly(methyl vinyl ether) 37°C
Poly(N-vinylcaprolactam) 30-50°C
Block copolymer of poly(ethylene oxide) 20-85°C
and poly(propylene oxide)s

Poly(pentapeptide) of elastin 28-30°C

UCST behavior:

Polyacrylamide and polyacrylic acid IPN 25°C
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Figure 1.7 Phase diagrams for polymer solution (a) lower critical solution temperature (LCST)

behavior and (b) upper critical solution temperature (UCST) behavior.
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Figure 1.8 Phase transition/separation of thermoresponsive polymer.
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Figure 1.9 Structural formula of (a) poly(N-isopropylacrylamide) (PNIPAM) and (b) poly(V,N-
diethylacrylamide) (PDEA).

Figure 1.10 The applications for PNIPAM. (a) Drug delivery systems used gold nanostructures.

(b) Actuating nanotransducers-powered nanomachines.
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Figure 2.1 (a) Propagating surface plasmon polaritons (PSPP) (b) Localized surface plasmon (LSP).
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Oabs = Oext — Osca (2-2-3)

Z 2T, KIIARENRY FL, L=1,23..,0CTH Y, B+, WEMKRF, LEHTZ2E
95, Riccati-Bessel B, &y, 726725 /3F7 A —Ha, b IZLL FOXTEIND,

g = MY @Y (0
L™ mypmx)x (09" (mx) x1(x)

(2-2-4)

Ym0 -my’ | (M), (x)

2-2-5
Yrmx)x' (o)-my’ | (mx)xp(x) ( :

bL:

ZIZTC.m=7/n, THY | i =ng +inl i/\ﬁ@%ﬁi&f HITER | ny, (3B BEBER O S D

SRR E KT, Flox = kyt T k(= 21/ A IZEZEOWHL L0 T L ABH O WK% E
#LTERY, riThiFOEREELET,

LSPR BiG: D Rfif %455 7= 012, R(2-2-1D~(2-2-5) L 0 A AN LETH D, £ 2
T, b LT 7R TFNARKOE RIS THRINESWERETDIE, x<K1THDH E
WZ 5D, ZOWA, Riccati-Bessel BISUFI AN EMEITEPITE 20T, HK(2-2-4) & (2-2-5)
UL F O X 9 ITERITE 5,
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e~ i2x3m2—1
1~ 3 m2+2

b, =0 (2-2-7)

(2-2-6)

ZLTC, LBAKRENWEZq, tb X0 THD, K222 THUELINDa,DEMERD T
HIZm = (ng + in))/ny, & X(2-2-6) AT &

. 2x3 np2-n2+i2ngny—ng,?

3 npZ-np2+i2ngn;+2n,2

D, WIT, BEBITREERFER E=¢ +is) ITEWHBT DL,

g = ng? —n;? (2-2-9)
82 = ZanI (2'2'10)

LD, T2 g =Nt 72D T, R(@22)NILUTO L HICKEFETE D,

_2x3 {3£2£m—i(€12+£22+£1€m—2£m2)}
1 3 (e1+2€m)2+€,2

(2-2-11)

2x3e,6m
(e1426m)2+,2"

k=2m/A Ap =2/ Jem &V U LEDORERERQ2DIAT B ELUTDO LI T4,

ct/)-(\ al@gﬂégﬁii b1®£%|-”iovc\§)éo

_18med?v £,(2) -9-
Text = A [e1(D)+2&m]%+£5(1)? (2-2-12)
ZZTC, VI 2R oRiEE R T,

FEIREIC, RE@-2-DIFLLFD L H 12/ b,
_ 32n*edV? [e1(D)—em]?+52(A)? (2-2-13)

0. =
sea 2 [e1(D+2em]?+e2(D)?

K(2-2-13) B oD K 9z, BELWIEABE IR D 2 o F DRI 6 FelZ bl L
TW5, BELBRE TR - RIEFE L TREL D 2 bbb, LnL, ZoRizix

13



KiA-DRE SIZH L THIBART MLDY 7 MEBEWRT2HENE ENL TRV, 2T
ZOEPDORBRTHDL V2D, o, R2-2-1)ITBVT, g = =26, D & X RN
INETe BT HEWTTRIT R ROMEE & 5, ZiE LSPR OV R mFED ©°— 27 237
VR EFOFERIKF L TWDH I L2 EKT 5 177,

EEIC Mie Hina TP O4AT RO « #§EL - WA MVEFFE L
iR % Fig. 2.2a |27, £/, ftE LIz &DOEFT L% Fig. 2.2b 1R T, 2D X
912 Mie BEER /D A7 M ZHBICHME S 5 Z LR ARETH D,

Cext (b)

Csca
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®
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1x107 water

T T T T i
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Figure 2.2 (a) Extinction, scattering, absorption spectra calculated by Mie theory and (b) the

model.

2.3 LSPR 2T 5 4B BIR

BRI KA D3R (w) 137 T XE G OMHTIZIEF ITRITL D, T TDE
FOERZERST DL S, BHEFOT 7 A~ HBRNER TS 5, BHICL->THE
T < LD LRI L 2SI L > TEFITEH < HOHER+S3I/h SNz ik
T2, EHERFANL, LTFTOXRELLN 5 17,

dZTi__ oL
m_ = —eE(t) (2-3-1)

T, rIiBHOBEBFOMBERY MLVERT,
E(t) DEZR AR B oD HFHMBEE TH D L&, 7 v 7 OERINL, LT
FE WA AoV Wl

—w?mf; = —eE (2-3-2)

#EEIXENTN, () EEQ)DONFINRYT "D ETHD, K232 D,

14



7= E (2-3-3)

ERERTE D, R~ MPOEREHND &

e2N

P=-YN ef;=— (2-3-4)

mw?

L%, 22T, NIZETOBEENAEAREYL - OETOH)THD, R(2-3-49)%Hn
5L, BREEDIIUTORTEZ BN,

—~ ~ —~ 2 —
D=cf+P=¢(1-=-)F (2-3-5)
2T, D=¢()E@THLOTUTOLIIIERTE D,
wZ
e(w) = &(1—=3) (2-3-6)

77 A= AW wp lFLL T OO X D ITEFRT D

2
2 = ol (2-3-7)

P gom

(230N BIILDTER, 0 < wp® & &, e(@)TADIEE & 5, K(2-3-6) DI HBIKD
WA T R2-3- DICIE SN TN D, £72, & L OB THENIIN,, = 5.90 X 1022 [em?],
Nyg = 5.86 X 1022 [em?]& L THIGN D,
A2-3-DIFEFOHEREZIEMR LIS R TH D, EBRITITFEF RENEZ 5720, =R
F—OWMRPEZ D, ZOZFAF—HREEZERT L L2 DEILUTOLIIZ2D,

da“r; dTi__ -9
m— —ym—_' = —eE(t) (2-3-8)

OHEITYR) = vp G+ D TREND, veld 7 =0 THE, UTETOTHH BT, RiT
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T RO, AIXERR EOTARITIRAT LT EERIZISEL 72513 8 1 1883 2K
T ZORDD T SR OFEDNS L R DIZ EWREBDOMENRKRE 2D, UL,
BLF /NS THUT SV 7 L0 b EFOBEMERDE N D /NS WRLFEE BITHEED
WL 72, K23 DHR(2-3-0)ZE N =L ICHEAET DL, K@-3)FLLTFDLHIC
2%,

w? . -Q.
s@g:gd1_wmzw ( =v=1) (2-3-9)
ZHUE Drude E7 /L & JIE T %,

ZIT. w»yn L&, A2-3-91FH(2-3-6) D L D ICHEETE 5, A(2-2-12)I2FB T
&1+ 26, * 0L ET D & IHEWTHFE o L 72D, DED | & + 26, 0D & X Kk
Wil R &7 5, R(2-3-91Ce; = =26, Z1VAT D &

_ Y

Wmax = Ji+2em (2-3-10)

WmaxlE LSPR 0 b'— 2 O ¥ K& Fe+ 0 ¢,

Amax = ApJ2n%, + 1 (2-3-11)

LAENTE D, Anaxld LSPR O E—2 OWRAE T, R(2-3-10)0 5, PR
PEPRELRD L, RERV 7 MREILZEEZFL TN D,

1973 12 Johnson & Christy (X, & e, & FEERIZR D= 179, 2D L XDV T 7 % Fig.
2.3 DEM{TRT, 2, K(2-3-9T/REIH Drude 7 VOFER % Fig. 2.3 DARFRT
=7, Fig. 2.3a #R2% L FERT —F LEIRETITRENEL TWDL Z &R DND, =
DEBREZHD HT-DIZEZ GNT-FTTFT VS, Lorentz 7 /VCdh 5, Lorentz E7 /LITLL
TOXTHZX LD 1,

w(w+jy)

dw)=eokw— “j (G=v-1) (2-3-12)

T I T, el ImAREOFHELREFET, Drude T MVIZERBTOH BB OIEET IV
Td 573, Lorentz E7 /WIBBT O FIZHME S NICEFDET L ERL TS, Fig.
2.3 D Drude E7 /L & Lorentz €7 VD7 7 73w, = 1.37 x 10 [s'].y = 1.075 x 10**
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Figure 2.3 (a) €1 and (b) &2 of Johnson and Christy’s experimental data (black), Drude model (red),

Lorentz model (blue) as a function of wavelength.

[s']. €, = 13.2% HWTIER L7z, Fig. 2.3a ® 7 7 75 Lorentz &7 /WL EBREIZ H>
RSN Z LD, Fig. 2.3b 1d Drude 5 /L & Lorentz &5 /L OE IR U TH
Lz, 7770 —HLTEY Drude EF VDT T I7NRZRL o TnWb, EBRIE L
AR TR D RESEDETTNDN, ZIVTEEIORR E N 57259,

2.4 TFrimtik

W2 NS 25 EINReEE, BELSE Z 5, BELIiE Bl L7z v A U —EGELE
FThL | BFRBOERE G LT~ VHELDR B D, T~ UHELITS 0N dh i O i
MriZIA< E it Tu 5, 1928 421C Raman & Krishnan (25> T 2 OBGELE LT3
REhrz 8o, B—REH, 2 b oA MEICHST Lz & & AP & R CIRE A 5 %
DOEHELE LA U —HUEL, v; 2 vg (g > )& 52 D HELE T~ UL E K5, T~
BELD 5 By — vg OIREFR A FF O 2 A b — 27 ZHEL, vy + vg OIRENE A DRk
T T A= ZAHELE KAIT D, A E T~ U HEDEDIREEGE g1 E T v v
7 k& XiZn, IR b bWE OFE 2 OIEENIREEIC RIS D T RV —HEALIZ B
BRI 2ETH D,

BBV TIREIE A FFOX O R VX —EFLL FTOXTEHEIND,

E =hv (2-4-1)
ZIZT, MEITT BB TH D, TUTAN—2 ABELOLEIE, AR R LF—
hv; & 7 > F A b= ZABELT R VXF—h(v; + vg) DZETH D =RV X—hvg BSWE NS

BHEND Z &2 D, 7~ HELDE Z DRIDO TRV F—%E), 7~ HELE Z -
TP BRDTRNX—ZE LD LT~ U ELRTE O L F —R(FRI &
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hVR = El - EO (2'4'2)

MRV SO, TR T VT P EWEOT IR IR L BRSO 5 EARTH D,
LI o T, T ARY MVZ K o TH B IV R S B NI D R B = 1k L ¥ — & it
JETHDT, T AT MLERHETDZ EICE > T FIERESED Z LN TE D,
WERIEDITIEL U CIEFIZEHMMAE - 72720, 1930 4£12 Raman 1/ —~LHE
FESE L, ZhZXonTg e, I~ BElzFIA Lo S0l IR R LTz,
T~ VAT MBS TERIZ T Tl FERMESCIE N7 EOMMERIE b 155 2 &
MTED, LL, LA U —BELOKIREEIZ LT 100 543D 1 OFREE L7 < FEH
I RE S Th D, TNEWET H-OICBR SN SERS Th %, SERS I
1977 %12 Jeanmaire X° Albrecht |2 & » TR R I 172 181182 75 XF o DOELIEMR A
FHT 5 Z & ToeBRENINE LT FOBELREIT 1010~101 fFIZHERI D Z &
WHEIN TN D 18818t B3 7 L~UL TR - ST CE 5 X918/ > T D70,
SOLMRDOBELZOICANPYREIND,

2.5 BMnE HFFRR L Navier-Stokes R

KREFALFRSCOMFETIL, RATRIREZ AR S 272D Lol oL CHEHA IS
HIREREEFEM) Y 7 F v =7 Téh % COMSOL Multiphysics & FV 7=, IR & Zk
it 2 FERAIE < 7212, BVYRE R & Navier-Stokes SRR Z W=, 23U HIXLLTF
DX TE I LD 185186,

V- (—kVT + pC,Tu) = Q (2-5-1)
nVu+pu-Vu+Vp=F (2-5-2)
V-u=0 (2-5-3)

K25 DIFEMREH R TH Y . RX(2-5-2) & Hi(2-5-3)7° Navier-Stokes HFEXTH 5,
T, kTR OBMRER plIWR OB, Cpl 3 OBE &, QIIEAHEEZ R L T
W5, ET, TR OBRIREARE, wiTAK OEER Y v pldES) . FIZEAARE
L OANNUEE N ELR L TWD, ZOKRBEHNZLUL TFTORXTEZ BRD,

F=(%)=meflnﬁﬁ @54
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ZIT. ELEIFEnE x w5,y s e (-0 R i OIERIT ) ORFE T aldok
DIEZRGEE, gIFE IR, plIKDEE, T IZMIRE LR L TVD, ZNHDS
BRNS, &F VKPR TH S Fig.24a DX H RET VORESi 25 HT D
&L Fig. 2.4b O X 5 BRERDHE LN, SR THWE T A= 2O TiEfHEk 112
LT D, Fig. 2.4b 134 7 AEMICEE S 72T /B 112 1mW um? OFEED L—
P2 G L7 & S ITBIE SN DIRENAI 2R LTV D, HED BB O 7 [0l
DIENRY FPHERTE D, TO LI, Bk RGHET TR HREZ REL D Z LN TE
Do HT AL BT 7 AT HMRICTHEE S N=4T /b0 L —Y —58 13t 2 R 1R
% Fig. 2.5 a [T,
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Figure 2.4 (a) The model simulated by FEM calculation (b) Temperature distribution calculated
by FEM.

— 05, —RIARE X E AW CHRFEE A TP REL S 2 EnTE 5, K25
DITTRENTWD —RICEME F RO EFIRITILL FOXTEH 5 185187

T(r) = Ty + 28 (2-5-5)

ATTKT

Z 2T, TOITRLAFOF LD brEE 7 R E C, Tl s n/e&+ 2 i+
DEENTZRBIOIRE TH D, r=a (@) 0L &, KARENGELNLR, &7
JRADOREITEERELTNDHED, r<aD X2 oXFEKRER S 20, £
7oy KIFH—BHROBRER S | Py &) /RN L —F = BRI L7 =k L
—ZRL, PuglF L FOKXTEH R HLD,

Paps = abslp (2-5-6)
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Caps| AT/ KL 7 OWRIBTHEFE, 1L CW L—F —DH 7T v E— 7 R0 —FE & #
o BHFEICOWTIIfHER 2 1IZFEH#T 5, H(2-5-5) THW = 3T A —% % Table 2.1
(2R,

K(2-5-5)LEFIKETH DM, KA ZE LICIREFEBIILL T TR 6D 7,

_ Paps r—R E.
T(r,t) =Ty + yw— erfc (2 Dmt) (2-5-7)

Z 2T, BIEBD IBMEE Rk, #Ep, B, 2o TIRATHREIND,

Dm=@@ (2-5-8)

Table 2.1 Parameters of temperature calculation.

T Particle radius 50x10°[m]
Kyater@glass Thermal conductivity in the water on glass 0.8[W m'K™"]

Kyater@sapphire  Thermal conductivity in the water on sapphire ~ 5.43[W m'K™']

C.ps@water Absorption cross section in water 1.73x107[m?]
(a) (b)
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Figure 2.5 (a) Temperature of a Au NP stuck on glass and sapphire substrate as a function of laser
power densities. (b) Temperature of a Au NP stuck on glass substrate as a function of laser power

densities was given by COMSOL and 1D thermal conduction equation.

H(2-5-5) TR &N D R ILEMRE H RO & AV CRLTRE 2 RS - 7o 5 R % Fig.
2.5b |29, FEM TatH U72hi IR & ek L7z, £ OREER., —koBYzE o
fEDFER L 0 & FEM TRHE LR FREO T NG W2 &b hol-, ZOHKE LT,
(1) —RIEEAMRE A TIIKROBMREREEH T 5 DO TIEe <, BT AFEK EITIFE
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THeT RN LEMEb S Z L & LI EE AV 72 (Table 2.1)1% = & | (2) FEM
DAy a8V FEITEDORERS—RICERE RO CHW I KDOERE R
DEOREL Y 7, ICERT S EEZEZ N5, FEM 2 AW 8HE I 21—y 32T
1, BHECIE R PR AR IR AT D FH R 78 & — Rt BMEE RO 721 Tk b7z
WHERZSD Z ENTE D700, KA LOMIED EFRFER A ERZT 5856120
FEM % W CEHE L7,

-SRI S NS EIZBWT, RERDNEE~Z A =xfimiBET 5,
IhEZEE LT FEM CHEAETLIHG, WEERKTFORBENy 2 EETILERD D,
EH Loy DEICOW T8 LICRET 5, v~ T A= RIC K> THEL D TN
DA THZLND,

[—m+uwu+wwﬁ—EMVuﬂpnqNT (2-5-9)

Z 2T, DFEAATH, niZBALERR Y b2 ERT, ZORITRET O L Btz
MAEDEDLZENTE D, RIEAEETRVE., NSO REE TRV LOHE
ELTERTAHAIETIRNDVETIEI~T A= ENAE L, T30 22 Lo TGN
ECBRVEIICHET 22N TE D, RENEPELDET AL TIEZOXNEHNT
~ T A= R A RSB RESCERR A R L,

26 F&

Mie BEERICHESWEHE 2T 5 Z &L TIIRTO&T 2RI T OBELA Y ML %
B85z EnTE 7z, £72. COMSOL Multiphysics 12 & 5 FEM % f\\5 Z & T, FEBRT
B C X R WIRE A A SR T 5 2 L3 TE 7, FEM # W5 HiEL D &
72T CTH D IR MG H RO E AV 5 2 & TR S OIRELN Y %
AL D bR oTe, TNHDOT —# %&b LIZEROBLRITENL T D,
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W= 7 Ol % Fig. 3.2 D/ IR, &7/ hi+ % &9 2 I 22 mm
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Figure 3.1 TEM images of Au NPs (a) as it is and (b) after laser ablation. (c) Size distribution of
reshaped Au NPs.
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T =7 KRR BRI T, IR bk FAKRGERR, 2107, 2 EEEKNENZEN L
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Bricip e —h —IRE Lc, 37 7 A THEROBEEIL, BANZT 7 1 R EEICEE L
TT7 & hrCRpth, U AEPNTRL, 30 oMEER CHEE L, E——NoT & b
VEETEDOL, AX ) — VR, F A EFINTIR L, 80 Rl S TR Lz, &
D%, BRI ATHBEIE, KRIT, 727K, @ERLKEK, 2 BFREARZN
ZI1:1 10 DEIEITR D X HICIRA LTEWIEG7 7 A4 7 OB T 7 v U Hhf
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3.2 EBIEE
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Figure 3.2 Experimental set up.
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WO L —F—HE2ZOEERAOBIARY b EFRT, BRI DT/ R O#GEL
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BUSEMER 2 F O/ 7 BT DM BEREN TS < WA ST D 127188191 78
~A vt ) AT =BT HHESEEEENTIZE A EHRE SN TV, 22T, &
SR —Z R e 2 SBRE L THWS Z LT v 7)) R
—/VOGEEFE 2 BT 5 2 ERA T, £, EK 100 nm OH-—&T K1 %
T PNIPAM OFE A BlEE LT, D & & OF5R % Fig. 3.3 177,

Fig. 3.3a 132 488 nm O L —#—% 1.2 mW um?2 TR L7z & X OB 8 2 #1122
LB EEgE TH L, L—VF—%2 BN T 2R1THE D& /R 723 852 S 1L (Fig.
3.3a71), € 212488 nm #MH T 5 L, L—H M LT 30 HZITITELN 2.5 um O
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T 5 & BESNICHEUEAR DT IR E SR LTV 287038182 S 7= (Fig. 3.3a-
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Z L id e o 7= (Fig. 3.3a-1v), IRETIE2Y 600 FPI2E3E L= C L —V — D RS % 1k
D e LY BRI ST EELR 1T R LINICIE 2 7= (Fig. 3.3av), €D
%L —V—% Yo IREET 30 BFF BT 7243, BE SN D3RI BIZZ I N4
JRLFDFHIE ST (Fig. 8.3a~vi), L —WF—MEHFITET 2R B iEsn, L—¥F—%
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(i) before (i) 30 s (iii) 300 s (iv) 600 s (v) Laser off 0.5 s (vi) Laser off 30 s

(i) before (ii)30 s (iii) 300 s, (v) Laser off 2 s (vi) Laser off 30 s

Au NP

Figure 3.3 Dark-field images of a PNIPAM droplet due to local heating. Laser power density is (a)
1.2 mW um2and (b) 1.8 mW um2. We irradiated the laser for 10 min.

£ 2%, PNIPAM I% LCST UL K CIItHEERRATORE TH L 7 X Laf LiedT, K
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TS BRI TH Y, BRFICHAT 5 2 LX) - 72 (Fig. 3.3b-v), L —
— %o T 30 WAkl s 2 & b— P —MREITBIEE S U7 R & 2R I3 2 L7223,
L= =% MRI L& T /R 50 TRELRBIER S hviz, T OWELRITE K O JE 4=
KV LBV LIEFHLNTHLINZDOREBIIDNGRV, £ 2T, EEMNEFIME
(SEM)%Z W CHIZ LT, ZDOkR% Fig. 3.4 12779, SEM B2 CH W2 Ik EE X
5kV 72 o7z, Fig. 8.4a |\RTHEGIZY T L% EnSBIERLIZE®R TH D, &F kL
FOELITK 100 nm TH 5 DIZxt L B SN 7NV OERITK 4.5 um 72572,
DEVD ., & R EMIC PNIPAM OBEERN A L TWD EEZ b5, Fig 3.4a
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BB Uiz, B MOBIEE T 5 I3V v FIV 2T TRE LT gz o0,
ZC T NEET - IRV XD TR T kT EOMENR S
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WY TV FRIC R EH STz, £ 9T 52 & TEMREDE: LS PNIPAM Off# O
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(b) (c)
| | PNIPAM aggregate

Au NP

Figure 3.4 SEM images of Fig. 3.3b-vi;(a) top view and (b) side view. (c) Schematic illustration of
(b). Acceleration voltage for SEM observation is 5 kV.

57 = IR+ 5 2 L IkTh LT, TR % Fig. 3.4b 121, HEtk bico 7 e
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ARETH D Z LN bhoTz, fit\ T, RATHYZ: PDEA OAH5HEL PNIPAM OS5 B D
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(a) PDEA (0.33 mM)

(i) before (iii)3 s (iv)30s (v) Laseroff 1 s
AuNP Au NP

"~ ~\‘ 27N

‘ s )
\-rl \_,’

(b) PNIPAM (0.33 mM)

(v) Laser off 1's
Au NP

4 \

5 um

Figure 3.5 Dark-field images of (a) PDEA and (b) PNIPAM droplet due to local heating. The
concentration of solution is 0.33 mM. Laser power density is 1.2 mW um2. We irradiated the laser for

30s.
gL XN72 o 7= (Fig. 3.5b-v), PNIPAM (27 B/ _X— 3 U & Z &7\ 0 T PDEA

EVTRRY | oD UM IN o EZOND, INLDOT—XEH LT
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DIGEITTER SN HRTE DGR D 2 T2 DI B Z A S 5 Z &3 Ly, = Z T, Fig.
3.5 DFER L 0 P DKV 0.07 mM O PDEA /KIRHE % VW Tk R 2882 Lz,

ZD L EXDFERE Fig. 3.6a (237, BEN0.33mM D& &%, L—V—%2MHELT1
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RENn7-(Fig. 3.6av), L —V—DRE % 16 5 & TR I AR L CBRRRICTE 2.
&) ki DB S n7-(Fig. 3.6a-vi), Fig. 3.6a 7 —% &4 Ll —H—
DOFRFIFICIS 1T 5 PDEA O OERZ 7 v v b L7 E % Fig. 3.6b (2, Fig. 3.3
DT —H %&b L L—F—BEEERICBIT 5 PNIPAM OO ERE 71 v b LIz
R% Fig. 3.6¢c \Z/~"7, Fig. 3.6a TREND L 512 PDEA OF —# XL —W —Fa5HE
M728 60 WA Z D L/NSRIEHEAEHR L TLE Y., WHEREZ RELD 2 ENELN
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(2) PDEA (0.07 mM)

(i) before (ii)10 s
Au NP

-

(iii) 60 s (iv) 120 s (v) 180's (vi) Laser off 1 s

(b) PDEA (0.07 mM)

5
e 15mWpum? A
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e 0.6mwWum?2 € 4 v omuvum
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Figure 3.6 (a) Dark-field images of PDEA droplet due to local heating. The concentration of solution
is 0.07 mM. Laser power density is 1.5 mW um. We irradiated the laser for 180 s. The diameter of
(b) PDEA and (c) PNIPAM droplet as a function of exposure time.
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R T D EHRTE D,
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B 200 B &£ TR SRR L 720 | FEHER]2Y 200 A8 5 LI1E L A LK
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3.4 TFI~wUARY MBAIEEIZL DT ) A r—NMZBIiT 258D A 1 = X L DfEH

Fig. 3.4 IZBWT4A&T /K123 &= PNIPAM O3 SEM T s =i
EDO X MENRME L TWDHDONTbrLRN, 22T, 77 AT MVEHEL
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O HPE LTz, PNIPAM KiEHK(1.2 mM) & 13— 7 A0 LIZERHFE R L, £0H% v
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UHEIZ T~ AME RGN DT80, Z O TA~Y MLEZHIE LTz, 368, 313, 295
K Tl SH7- L &0 PNIPAM 7 4 LV AD T~ 227 hL &2 ZFNEH Fig. 3.7a, b,
clZ. &F /KiFI2f15# Lz PNIPAM O F ~ > A~ L% Fig. 3.7d (277§, LCST
T2 TR TR S 72 & & PNIPAM 7 4 Vv AD T~ 2 AT k(Fig. 3.7a &
DITIEE A ERIEANNY MiEoiz, LinL, Fig 3.7c IZR-&EN5H X 512 LCST LY
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LOE— 7 BENIEFEIZELS 2T\, TRHDT v AT MLDE—7 L 45FIR
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ZRE L CTOWDEH S O E 2B Lz 192, flEMIZ LCST LA F LML ETE— 7 JifE
DFEWIH LN E— I NEIXITE A ER U7E -7, Table 3.1 % R T% PNIPAM O
EERBIE N B L TWD I Enbhd, —JF, Fig. 3.7d \Zr-ahd L oicaet
Wi 12f13E LTz PNIPAM O F < AT MUE T 4 L 20k D PNIPAM & (3872 > C
Wz, FRICEZ > TV D)y 1650 ecm™ f1ir & 3000 cm ' D B — 27 TéH %5, Table
3.1 ZRNITOND B0 &F /KFI2f1E Lic PNIPAM O F ~ AT MUET
L NEAERTE T EMEORGEICH D1 Y 7 e EAEOEFNBIE I N7,
DFEY  ABHICHINT DT v MR BN UG LN TDTh D, & R E
7o L —H—INEIT K - TEZEMED L 5 RBIREZ 0 O ENTIN O TIERn
MEHERTE D, ThbL, Fig. 3.7TIIRT T v AT MVOFERNG, &F ki1
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Figure 3.7 Raman spectra of PNIPAM films (including those treated at 368 K and 313 K for 1.5 h)

and PNIPAM shell formed around a Au NP.

Table 3.1 Observed Raman frequencies and assignments of the individual bands observed for films

and a core(Au)-shell(PNIPAM) particle.

Wavenumber / cm™

film Au shell Assignments

846,917,948 703,860,965 CH2 rolling/twisting
CC skeletal vibration

1133,1163 CHs rolling of CH(CH3)2
CC stretching of CH(CHs3)2
1204 CH2 pitching
1300 CH2 twisting/rolling
1325,1455 1459 CH2 bending
CHs3 deformation

1585 C=C stretching of R(CCH=CH)R

1653 amide I

2881 symmetric CHs stretching
2900 CH stretching of CH(CHz3)2
2938 antisymmetric CHz stretching
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IR AR, (15 Lt DIRBEIC R o 7o D TRV E B 2 bl b,

Fig. 3.3 TRENT- L— W —FRE I ZBIZ SN T-HUGELIA 2 2 & T PNIPAM O
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DI L—F—HE AIZ 635 nm DY RS2 T 4 )L Z —ZEW-, FOfEFE . Fig. 3.8a
DX T 1 ADOFIESCICHEST S Z LN TE -, £, L—F—BEOELEAIC
HiEE L7, Fig. 3.8b #flICHMT 5, L—V—MGIHEiH%A Fig. 3.8b D-1<x<1 &
T & BEEAICBWNCL—F—2 8 L7- & IR TFig. 3.210rT ko257
F—HATHRHF LT EEDFN LV —F —MEORKE R/NOBEEDN/NINT E203D
Mo, DED, L—F—ZHN L THRWEIFADO T ~ CHBELZRIET D & ITAENTEN,
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Figure 3.8 (a) Emission spectra of 637 nm laser. (b) Gaussian distribution of focused laser and
defocused laser. Schematic illustration of sample at (c) ceiling configuration and (d) ground
configuration. Raman spectra of PNIPAM around a Au NP at (e) ceiling configuration and (f) ground

configuration.
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LU W, =Y —%T 7 4 — I ATHE L7z & X ITRARENEL 2o TLE S 23,
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AN, 2 2 CHEEE L= EBSR THARE SIS LIS DR T 5 72912 PNIPAM /KIE
#(0.33 mM)HF CT7~ > A7 MERIE LTz, £ & ZOFEEN Flg. 3.9a O before
TdH D, 0.33mM & IEFITIEENHE =0 PNIPAM ([ZHKT 25 T~ A7 h LD
FERNEL AT EAEBIETE ehotz, Lv L, 3200-3400 cm™t T2 137Kk D OH fif
fatREh & b o EENRt &, £/, AEBROFEBRRICIT 500-4000 cm™ O
FIPHCAXRY M ERIETHZENTEDLZ Ebbhrole, 77 AT ML EHIET
XL ERDNPSTEDT, 488 nm &) /R FIZHH L2235 637 nm # M LT
Fig. 3.3 TBIE SNI-HELIANEI D 7~ v A7 "VERIE L=, = DOfEH Fig. 3.9a
® during T 5, before DFER L ITERRD ZL DT AT MLOE—T BED
N7z, 3000 cm™ XV FRTDIEF1L4 T PNIPAM HEDESTHY . 2 HITHHT
5HYREN % Table 3.2 127, ZAHEEIC PNIPAM i D 7 ~ > A7 h L& HIE LT
WAEEHES DA BB LT 192, Table 3.2 725, PNIPAM HiskDES) & K kD
EE#PNEERsnZZ bbb, 2%V, Fig 3.3 THERINEILIAIT PNIPAM %
WMTHDHENWZD, 48 nm LV —YV—%2&F VR F+IZBE LT s2 LT
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Figure 3.9 (a) Raman spectra of aqueous PNIPAM solution (0.33 mM) before (black line), during (red
line) and after (blue line) laser irradiation. (b) Calibration curve of the PNIPAM concentration as a
function of the ratio of Raman intensity of PNIPAM to that of water. 488, 637 nm laser power density
are 1.8, 0.85 mW pm2, respectively.

Table 3.2 Observed Raman peaks and assignment of the individual bands.

Wavenumber / cm-’ Assignments
436 CCC skeletal vibration
688 CC stretching of CH(CH3)2

846, 939 CH2 twisting/rolling

CC skeletal vibration

1157 CH3 twisting of CH(CH3)2
CC stretching of CH(CH3)2

1319, 1454 G deformation

1635 amide |

2913 CH stretching of CH(CHS3)2

3396 OH stretching

PNIPAM 73 fH5Ef 22 Z L. 637 nm L —H—DBENIE 2 5 PNIPAM 23 EHE S 1
TAERIZEEZ D, TO%, 488nm L—V—DRKE LD EIGELNTET < A
~Z kv % Fig. 3.9a @ after |Z/79, 488 nm L —H— D&% LD 5 & 4T /i1
MBS N2 WO TR FA3 Y . PNIPAM RIS HAMR L7272 PNIPAM H ko
T NEEBEL N Do T, EOREE, KO OH MHFRENZ R 215 5 O A2 B1%E
Ent, bz b, 488 nm L—W—%&F SR FICHE L T D EE T
PNIPAM O#E4yHEANE Z V. PNIPAM iR A3 Bk S D 2 & T PNIPAM L KkD T <
VEEBELND Z EBbhoT, T THEETRE LT, PNIPAM @ CH {H#FE#EE)
IZHRT 2 B —27(2913 cm™) & 7K OH H#EIRENCH KT 5 B — 2 (3396 cm™) D 7+
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VHREEEIZ Lo T PNIPAM OIREEA AR S 5 2 L3 TE 5 19372 2000-4000 et O
H#iPH % WLAUIE 637 nm L— Y —ORRKAIEIZH H PNIPAM OREL RfEH 5 2 L AT
XHLENnHZLThD,

PNIPAM DOJRER T~ AT MANLRIEGHZENTEDLZ RO oT=D T,
JIFTIEMZ X - TR S iz PNIPAM &N OIRE ST 2k H 2 & 2k AT, K
TN DB FE 54 &2 AAE S A B2, PNIPAM & CH ifEiRENCH KT 5 ' — 2 (2913
cm) &K OH HHFEIRENICH KT 5 — 2 (3396 cm™) D 7 ~ » E 2% L T
PNIPAM DR E < HWVEHE LT iudze v, £ 2T, Falckkx 2R
@ PNIPAM /Ki&#(0.33, 1.7, 3.7, 7.2, 11.6, 14.3, 20.8, 24.2 mM) % A E L. Th<h
DT < A7 ML ERIE LT PNIPAM @ F < 1552913 ecm™) L KD T~ 155
(3396 cm ) DERE LA F M L=, ZDOfEHR% Fig. 3.9b IR T, ZORRNL T~ D
BRIE LA DIUTIREZ RS 5 2 LN TEX 50T, Fig. 3.9b OMifE%HEf L L5
ZkET B,

488 nm & 637 nm L — Y —OWKFBELZN LN 1.8, 0.856 mW um? T
PNIPAM(0.33 mM)HIZIR{E S NZEAK 100 nm O&T /RIS Lz & X
PNIPAM &l OWNESORE 2 /(B TTF~ v 227 MLZRIE L, MEHRE S & BT
[1)72 PNIPAM J2)¥ %R 7=, Fig. 3.10a 17 ~ > A7 N VHIE R O B B BE IS4
EFHAIAR v MLEZ/RL TS, 637Tnm L—F =2 H XA FIZALRNE HITT
%72, Fig. 3.2 TRT L HITH AT OFRNCZ 650 nm D a1 > T I/RAT 4 )V —% Af
TWLDOTEBA R A2 D, L—F—HREPICEEAE< L5 2EFTER LT,
IELTE EE T, & 2O 637 nm L — W —IREH7E F T OFEREF
CThH, 77U A7 MEARET HMEICL > TREZENS L AREMELBEL T, 7
VHENINETT v AR "MVERIE LTz, Fig. 3.10b IR &5 X 512, 637 nm
L= EIC L > TTI UELN RS> TND Z b o7z, Fig. 3.10b
I% Fig. 3.10a TRENDHFEFOMETHE SN2 T v AT MLORER-KRTH D,
Fig. 3.10a O % ¢ £ 12 488 nm L —H —Z MG L7e&T /i OAENS 7 <2 A
N7 MVERGE LTACE E CTORMZ A S 52 LN T& 5, £ 2T, JIE LRk
*THEONTZ T~ AT MVOFER%E Fig. 3.10c (2”77, Fig. 3.10c OFEREMND |
488 nm L —H —%MH L7=&T /R0 6 OEBENBEN 512 8T ~ R /N X <
o TND I ENDND, KT, 488nm L —V—% W& L=4F / Ki+7 5 15 um B
AUIZALE T PNIPAM Hik D T~ > A7 RV S TO 2R, ZHUIER S
7= PNIPAM i O 4803 15 um LA FCH - 72728, PNIPAM iE{# O D T~ 2 A
7 MVERIEL TS Z LIC 5, T OME L BER%Z VT PNIPAM i O
D705 OFEREIC 5 %5 PNIPAM 2% % Fig. 3.10d I % & 7=, Fig. 3.10d OAl#RIZmE
TREF 2 5 BAE S - 72 PNIPAM i & PNIPAM /KSR O F i 2~ d, 2 OFEED
O, &R IZES<1Z E PNIPAM OREREL 2> TWDH 2 ERbnd, 2ED,
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Figure 3.10 (a) Dark-field image of a PNIPAM-rich phase during Raman spectra measurement. (b)
Raman spectra measured at various position in the PNIPAM-rich phase. The number corresponds to
the number which is in (a). (c) Raman spectra measured at various distance from the PNIPAM-rich
phase center. (d) The concentration of the PNIPAM-rich phase as a function of distance from the

PNIPAM-rich phase center. 488, 637 nm laser power density are 1.8, 0.85 mW pum2, respectively.

JRIFTINENZ & - TIERL S 47z PNIPAM IR NSO RIS — Tide e Wi %, £ 72,
A ORI TH 2.5 mM UL F ERIRETH Y —iE/Z > 72, PNIPAM i
TR 5RO PNIPAM {EROREIL 0.38 mM 7Z-7=0izxt L, AU ~—1U v
F7eFHOHUMEE TIEA 20 mM F TIRME STV o, BERO DN HE L TWDHE R T
v B 7N & o THiE L7 PNIPAM &3 1% 5.4 mM @ PNIPAM /KiE#E D5 160 mM
NEEMETERLLMESN TV 198, ZOETHE SN BRI 30 TH LD
2 Uy ARBFFED RATINEMC X > TR L 72 PNIPAM i O #EMER 1359 60 5 &k b
Ty TORFELY L 2MHEREENREN IR T v T ORETL—Y
—DAFHRE L LT 300 mW SLETH D DK L, ABFZED RBETNEAD ki L—
— ANHREN 2 mW THOTH D, 2O ENLBUSEME D FIZBWT4eT / kit
DT T RE HBEFIH LIZRATNEIX, E b7 v B 7 L0 S RPTINEIC X 2 iEfEER
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W<, BERBRBEMMES THDEWI AU v b2ABH D EVZ 5,

Fig. 3.10d THRE H/ITES AFEMWENE O L idbdro 7228, b b 5 um ¥
TORET —Z N —GIR\, Z0N_T 757 TR OB >\ CilmT 5, EEIC
PNIPAM @ O LT D T~ v Ay bV ERIE LTz, Z0L & OfER% Fig. 8.11
DEBTTT, AT PET v U BHEERLTEL T, SIN OB A ARD 5T
EEIARH SN, Fig. 3.2 DERRICESNTHIARBTFINCH D L2 R —L D
OIS, WL DT~ AGHE AN L X B LN, —F ., WP LOREEE BV
— LD AN o T & X OfE R % Fig. 3.11 O % TR, PNIPAM & KHko 7
~UARHA Lo m Y IS T, S 0 WL TR D 5> TOEO TR
EEZ T, £TT, N T AEMICEE ST KPITIRIE S N4/ Kif1Z 488 nm L
—P—Z WY L& X b T ZERICEE &7z PNIPAM KIERF IR IE S N4
F /AT 488 nm L—FF— % RA L7z & & OREHIFEIR A B L, 20 & & OFifg
MENZH Fig. 8.12a & b Thb, ThODEBERELELLE 2s LT T3

L
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Figure 3.11 Raman spectra of center of a PNIPAM droplet were measured at center of pinhole (black
line) and edge of pinhole (red line). 488, 637 nm laser power density are 1.8, 0.85 mW um?2,

respectively.
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Figure 3.12 Emission imaging of (a) water and (b) aqueous PNIPAM solution (0.33mM) by irradiating
with 488 nm laser. Laser power density is 1.8 mW pm2. (c) Emission spectra of water (red line) and
aqueous PNIPAM solution (black line).
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L7 o 72, Fig. 3.12a TREND L O ICKPIZIRIES NI4T/ ki 112 488 nm L
— P —Z RN L TH HFOD L —F R8RS N 57T 572, L L, PNIPAM K
WRTICRE SN =4 / KifI2 488 nm L—V—Z2 R LB A L —Y—FoF
PREPBIEE SN D DT TIE R S EAWRIERPBIE S, £, 2OFNA~T v
ZRELIZE ZA Fig. 3.12¢ DL DAY MABGELNT, KEDFHEHLART Mv
(TR DFEIEFREEIZ HE T PNIPAM /KEHEH DI AR b V(R DI IR EE A3 I
FIZRENWZ ER Do, KPITIRE S NI4T /K112 488 nm L —W —Z M L
THRKNA LN E b 5T, PNIPAM KK HPIZIRIE S -4 7 /R
T2 488 nm L —H—ZMHT 5 LAV N A LN, DFE D, 488 nm JihE TH
F RN LT TiER <, PNIPAM AR LIZEW2 D, LEN- T,
PNIPAM D il 7 ~ > A2 kLl PNIPAM O¥EFEIC & - T B TRt
T&Rholzb Wiz b, Lk, PNIPAM AHFEEE R LI EMRL TS, L
oo TR LD T~ A7 MVTHIETE T, KHT L0755 R E VR
— VI A B R W RA DA EGERFE T 0D 5 pm PLEBEN7-AZ[@) 25 LN NE D
~UEENETE RN Lot

T2 AT MLVERIET D & PNIPAM BB T D RT0D T & LA )L OARFEN
M Lo /o a— RENZHIET 2 2 ENTE D LR ShTng 192, 2
DLERTHE SN TS RA2Z FLA Fig. 3.13a Th 5, FbIEEFIC, e hT vV
T L > TR SN, Z7ebta—/RE, 7o haf VREDT < AT |k
N, BRCERTNE HI1E 2922 cmt & 2945 em L IC B — 7 RNOEEL TWA Z & T
HbH, 2922 cmt DE— 7LD H 2945 cmt D E— 7 BED T REmWEEARIXT X

) — inside droplet
outside droplet
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Figure 3.13 (a) Raman spectra of the laser-induced PNIPAM particle, the globular state, and the coiled
state. Laser power is 0.19 W. (b) Raman spectra of the PNIPAM droplet generated due to local heating.
488, 637 nm laser power density are 1.8, 0.85 mW pm2, respectively. Expanded spectra around 2750-
3100 cm!. Peak-splitting was observed at the center band into 2925 and 2945 ¢cm.
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PNIPAM OAREESHIBITE D, £ 2T, WETINEUZ K - TR S iv7z PNIPAM #iii 0
2700-3100 cm! DT~ AT MVERIE LT, 20 &L EHELNTZAT MR Fig.
3.13b THh D, AENIFEEITHIEHPAATE DT 1800 grooves/mm D7 L—7F 1
Z M7=, Fig.3.13b 225, 2932cm™ & 2944 em T ICHBEL TWA Z & bbb, BT
WENT R D b OO IRITCHE & [7 U & A TRIEZR VY, R PNED, #KiFESMNS, 488 nm
L —F—% S 5 R PNIPAM KSR D 7~ > A7 hLEZNEN Fig. 3.13b ©
B R, SR TCTRT, INDLOZ T TG, IEHENERD A 2944 cm D E’—ﬁé‘ﬁ-:ﬁ?
VDb 2932emt O — 7 FRED A E < . WKFESNT £ 721 488 nm L — W — & B
% EiD PNIPAM /Kigiki% 2932 ecm! OB — 758 LV ) 2944 cm'! O B — V7 5RED I
WOTDICED-Tz, LI -> T, PNIPAM #&HEWNEIL S 2 B = —/ikiE, PNIPAM
RSN £ 721 488 nm L — ¥ —Z MU 51100 PNIPAM /KIEHKIZ 7 o & LA ik
ReTh D EHBITE -, L—F— BT X » THABEDE =V AL L 723 1% LCST %
A TEY ., WHEINSE 721X —F —I1ET 5 R[> PNIPAM /KiE# % LCST Z# 2 T
WRUWMIT RO TEYRFER LW Z D,

PNIPAM & [AI4£IZ Fig. 3.5a T/RSLDH L 912 488 nm L — W — KO A2 Bl52 &
I BELIR S PDEA ORI T D D572 DIZ PDEA © 7~ A7 hMLHIE L
2o ZOBEUREZRIET HHIIC PDEA OT7 <2 AT ML EHIS> TELLERD DT
W, BELTHESIE PDEA OEED T~ A7 MLARIE LT, FOf%E% Fig.
3.14a TR T, W OO —7 BEIZEINT-, 3 CIZ PDEA ® IR A~X2 FLHIED
WRSIIRE SN TERY 19, FNEBE(C Fig. 3.14a O T ~ ME BTG L4 FES)
% Table 3.3 IZF & ®7z, i\ T, Fig. 3.5a TEILEINTIHBELKAD T~ AT ML %
BIE L7k RM Fig. 3.14b TH D, Z DT~ 55k G L5y T-iEE % Table 3.3 12
Y, Fig.3.14a & b Z T IUT DN D LI T v U AT MARERIZ—FH LTV
% Z b, Fig. 3.5a THIZ SN2 HELIRIX PDEA OW{HE CTH 5 2 L AVHIH L7z, Fig.
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Figure 3.14 (a) Raman spectra of solid of PDEA. (b) Raman spectra of PDEA droplet during laser

irradiation. 488, 637 nm laser power density are 1.8, 0.85 mW um2, respectively.
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Table 3.3 Observed Raman peaks and assignment of the individual bands observed for solid and

droplet of PDEA.

Wavenumber / cm!

solid droplet Assignments
502 611 CC skeletal vibration
920,1075 992,740, 1083 CHs rolling of CH2CH3
CC stretching of CH2CH3
CH2 twisting
1264 CH3 deformation
1445 1443 CH2 bending
1619 1597 amide |
2930 2929 antisymmetric CH2 stretching of CH2CH3

3.14b # f.% & 3000 cm! {1372 PDEA @ t°— 2 73, 3200-3400 cm™ (2K D B — 27 /3
b ZENbnD, Lz~ T, PNIPAM O34 & [FEEIZ 2000-4000 cm™ %[ 2
ET UL PDEA KIFROMREEL RFEL 2 2 ENTE, ZHUIBEICHE SN TV D 19,
L7=28->C, PDEA i ORE L AFEH 5 2 & 2k 7=, PDEA O OEE % Rk
t 2 HIZ PDEA O & PDEA ICHRT 28— LKICHKT 58— 27 OO
& H-> TELRITUTR B2, &2 T, #hx 2R E O PDEA KE#k(0.25, 2.5, 10,
20, 30 Wt%) DT ~ > AT MVERIE LT, T OREEN Fig. 3.15a T 5, PDEA /k
IR DIEENEWVEE PDEAICH T 5 B — 27 ORENEL 2o TWAH Z ERNbnd,
Z OFERMNHIERR &= PDEA ORE#R) Fig. 3.15b Th 5, MEMMER TE =D
T, WTHH DO 7~ AT MVERIE LT, 488 nm L —H%—%&7 /R 712 1.8
mW um2 THUR L7z & EICBIZE S ol 4 Fig. 3.15¢ 12777, 637 nm L — ¥ —73i
FHAFICABRNE 12T 5728, Fig. 3.2 TrT X 9I12H AT DFRIZ 650 nm D
BT RRAT 4 NE =2 NIVTWD DT, BgARS R AT, FITdH 2K E 22k O
TR ANRY M EZDOIMINZ S /NS TR O T~ o AT MV ERIET D7D
Fig. 8.15c (/"9 1 & & 2 ZBEDONLEIZ 637 nm L —H—% 0.85 mW um2 TS L7,
BIER ST L L — Y — BRI BT O TR T &R LT T2 01 Tl
72 AR DD T DI T o T DR8I SN, T L EBGohlT v A
~ 7 hv% Fig. 3.15d (2”9, 47 /K112 488 nm L —H —Z KT A F1ICHIE L 7=
T AT MVEBRL Fig. 8.15¢ O 1 BONMETHIE LT T~ AT ML ZIRER
©. Fig. 3.15¢c ® 2 FEOMETHIE L= T~ v AT ML AR Crd, Fig. 8.15¢ 1T
AT X OIS IR E RS 12 um & PNIPAM (2~ T/N &7y 7=, PDEA # PNIPAM
& RIERIZHET RO AHE T Fig. 8.11 O L 9 BB B S /-72®, PDEA ki +
LS 5 um OHEIPANTILT v AT MUVTHIETE 2o 7z, LR -> 7T, Fig.
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Figure 3.15 (a) Raman spectra of the various concentration of aqueous PDEA solution (0.25, 2.5, 10,
20, 30 wt%). 637 nm laser power density is 0.85 mW um2. (b) Calibration curve of the PDEA
concentration as a function of the ratio of Raman intensity of PDEA to that of water. (c) Dark-field
image of PDEA droplets during Raman spectra measurement. (d) Raman spectra of aqueous PDEA
solution(5 wt%) before 488 nm laser irradiation (black line), large PDEA droplet at No.1 in (c) (red
line), and small PDEA droplet at No.2 in (c) (green line). 488, 637 nm laser power density are 1.8,
0.85 mW pm2, respectively.

3.15c TRT 1&HEE 2EDNETLNT v A7 FAWNHIE TE . PDEA OWEHEA
EROWEFE AT & RS 5 Z LIXTE ) o 7=, Fig. 3.15b O#EF & Fig. 3.15d Ot %
AW & 488 nm L —W— DS FIOERDOIRFED 4.0 wt%., HRIFENEROIRED 22.0
wt%., WOV OIREN 6.Twt% TH D b oTz, 488 nm L—H—Z G55
AT PDEA /KR DOIRFEIL 5.0 wth7Z o772, 1 witBlFEDRENELTNDH EE
Zbivd, Filz. Fig. 3.15¢c ® 1 HFDOFEIED 22wt & BFEE b= Z &2°5 PDEA @
T IE B wt% B 20 wt%IZIEfE S Z Ll D, FE Y, RN O E X PDEA
IKERHR IS DF 4 1513184 L7, PNIPAM D& 1355 60 (12 Sh-d T, PDEA
DL X PNIPAM O D 15 430 1 LONRHETE TWRWZ &iZ2b, ZOh ok
K& 725 KL PNIPAM & PDEA OfiEDEWE L& 25, Fig. 3.16a [OR-3 X9
12, PNIPAM |37 2 FE&2HH 0 O#sy & BHREFF LEG LTS H O TKYF
LKFEREEETDH LN TE D, —J. Fig. 3.16b 177X 912 PDEA 7 3 FiE%
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Figure 3.16 Scheme illustration of hydrogen bonding for (a) PNIPAM and (b) PDEA.

HH 0 DEG TR FEKRBERAETELD0, EFEFE HITHE L TWRWEDZED
5y TIKBREE N Z 5720y, LCST LA FONRAETIX Fig. 3.16 [T Siviz & 5 7k
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X REDOES CHEICALE T 2IEH & 43 FINKFERE A 2925, PDEA 137 2 REDH
5y CREICALE T BRI E 2 FINAKREREAN TERY, LIE-> T, D FNAEREZ R
Z 3 PNIPAM D535 +HKEfES 2 2 720 PDEA X0 & IUHEERD &V 196, L)
Ene. PDEA X0 & PNIPAM @5 A3UUE T 5 O TRMEHE H PNIPAM O3 &m0 &
Exbivs,

Fig. 3.10a X° Fig. 3.15¢ O X H |[ZHE SN BB O % xy il & EFR LI L & z il
FRD T~ AT MVOSREREIZ DWW THET L7z, Fig. 3.10b-d X° Fig. 3.15d O %R
X2 T xy Pl CORPESNIAERTHY, z BiHHOREARIZOVWTE L LT
RN, BIER S NIZIER OGRS B — 2R72 DO DERIK 72 D 2MT o2 B 728, Fig. 3.17a
DEIRERIKTHD L PRI D, b LEKIKTHIIET ~ > A7 ML ORENED Fig.
3.17b D) D L H \ZHUIMFIE TILHKRE O z fi 5 R O FEEEN & < L QDO X 5 12 &K
O FE AT IR O z Sl 07 16 O BREEAE Y, & O RO B TR PO 0 T A E R E
ThHhHEVHIFERIC oz LWV AR H 5D, £ 2T, BT 25 637nm L—¥—0D
ERANEO z i FmAZ 2, PNIPAM E#O 7~ A7 MVERRE LT, 2D & &
DfER% Fig. 3.18 |2~ 7, Fig. 3.18a (XK H /LA B IED x HFIANZ 7 pm B 720
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Figure 3.17 Scheme illustration of droplet. Measurement position is (i) center and (ii) edge.
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Figure 3.18 Raman spectra in droplet at (a) 7 um and (b) 10 um from the droplet center. (c) The
concentration of the PNIPAM droplet as a function of distance from the droplet center. 488, 637 nm
laser power density are 1.8, 0.85 mW um2, respectively.
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Figure 3.19 (a) Dark-field image of a PNIPAM droplet during Raman spectra measurement by
changing z-direction. (b) Droplet radius and droplet shape obtained from (a). 488, 637 nm laser power
density are 1.8, 0.85 mW pum, respectively.
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Figure 3.20 Contour map of the concentration of the PNIPAM droplet and droplet radius as a
function of distance from the droplet center by combining Fig. 3.18c and Fig. 3.19b.
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Figure 3.21 (a) Simulated temperature distribution around PNIPAM droplet. (b) Simulated
convective flow around PNIPAM droplet. Diameter of PNIPAM droplet is 2.5 um. Laser power
density is 1.2 mW um.
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Figure 3.22 (a) Simulated temperature distribution around PNIPAM droplet. (b)

Simulated convective flow around PNTPAM droplet. Laser power density is 1.8 mW pm-
2
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Figure 3.23 (a) Simulated temperature distribution around PNIPAM droplet. (b) Simulated

convective flow around PNIPAM droplet. Laser power density is 1.8 mW mm-2.
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Figure 3.24 Dark-field images of PNIPAM droplet due to photothermal manipulation on glass
substrate. The concentration of solution is 0.33 mM. Laser power density is (a) 0.3 and (b) 1.8 mW

um. Concentration of aqueous PNIPAM solution is 0.33 mM.
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Figure 3.25 Dark-field images of PNIPAM droplet due to photothermal manipulation on sapphire
substrate. The concentration of solution is 0.33 mM. Laser power density is (a) 0.3, (b) 0.9, and (c)

1.8 mW pm. Concentration of aqueous PNIPAM solution is 0.33 mM.
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Figure 3.26 (a) Diameter of PNIPAM droplet as a function of laser power density. Used substrates are
glass (black point) and sapphire (red point). (b) Diameter of PNIPAM droplet as a function of exposure
time. Laser power densities are 0.9 mW pum (black point) and 1.5 mW pum (red point).
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Figure 3.27 (a) Dark-field images of PNIPAM droplet by changing z-axis direction. Laser power
density is 0.9 mW pm=2. Concentration of aqueous PNIPAM solution is 0.33 mM. (b) Schematic
illustration of movement for Au NP. (c) Distance from glass substrate as a function of laser power

density. Used substrates are glass (black point) and sapphire (red point).
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Figure 3.28 Schematic illustration of experimental setup for trapping and local heating a Au NP.
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(i) t, = 44 s (637 nm) J (ii)t, =52 s (637 nm) (iii)t; = 125 s (637 nm)Q (iv) t; = 130 s (637 nm )M (v) ts = 132 s (637 nm) (vi) Laser off
t,=0's (488 nm) t, =74 s (488 nm) t3=79 s (488 nm) ty =81s (488 nm)
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Figure 3.29 Dark-field images of PNIPAM droplet by using (a) glass substrate and (b) sapphire
substrate. 488 and 637 nm laser power density are 1.8 and 4.3 mW um, respectively. Concentration
of aqueous PNIPAM solution is 0.33 mM. (¢) Schematic illustration of (a) and (b). Left illustration is
corresponding to (a) and (b) —(i), (ii). Center illustration is corresponding to (a) and (b) —(iii). Right

illustration is corresponding to (a) and (b) —(iv), (v).
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Figure 3.30 (a) SEM images of a bare Au NP. (b, ¢c) SEM images of Au NP and attachment. 488 nm

0

laser power densities are (b) 0.4 and (¢) 1.2 mW um. Exposure times are (b) 4 hr and (¢) 30 min.

Raman spectra of attachment on a single Au NP (d) in (a) condition and (e) in (c) condition.
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Figure 3.31 (a) SEM images of Au NP and attachment. 488 nm laser power density is 0.4 mW pm.

Exposure time is 4 hr. (b) Raman spectra of attachment on a single Au NP.
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Figure 3.32 Schematic illustration of experimental setup and sample.
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Figure 3.33 Light scattering images of Au NPs (d=200 nm) assembly formed by linearly polarized

laser at the solution/glass interface (a) in water, (b) in EG (18.8 wt%) and (c) in PVA(1.75 wt%). Laser
power density is 3.4 MW cm™.
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» ® ]
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Figure 3.34 (a) Scattering images of Au NPs (d=200 nm) assembly formed by circularly polarized
laser at the solution/glass interface (a) in water and (b) in PNIPAM (1.0% w/w). Laser power density
is 3.4 MW cm™.
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Figure 3.35 Light scattering images of Au NPs (d=200 nm) assembly formed by linearly polarized
laser at the solution/glass interface in PNIPAM (a: 0.01 %w/w, b: 0.1 %w/w, c: 1.0 %w/w). (d) Light
scattering images of Au NPs assembly formed by linearly polarized laser at the solution/glass interface
in PNIPAM (i: 0 %w/w, ii: 0.01 %w/w, iii: 0.03 %w/w, iv: 0.1 %ew/w, v: 0.33 %w/w, vi: 1.0 %w/w)
for 3 min irradiation. (¢) Size of Au NPs assembly as a function of PNIPAM concentration. Black

circle: x-direction of size, red circle: y-direction of size. Laser power density is 3.4 MW cm™.
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Figure 3.36 Light scattering images of PS NPs (d=500 nm) assembly formed by linearly polarized
laser at the solution/glass interface (a) in water and (b) in PNIPAM (1.0 %w/w). Laser power density
is 3.4 MW cm™.
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Figure 3.37 Ratio of size of Au NPs assembly between x-direction elongation and y-direction

elongation as a function of PNIPAM concentration. This value is estimated by Figure 3.35e.
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Figure 3.38 Light scattering images of Au NPs (d=200 nm) assembly rotated in PNIPAM (1.0 %w/w).

Laser power density is 3.4 MW cm. Blue, red, yellow dots are same NPs, respectively.
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Figure 3.39 Simulated 2D temperature distribution for (a) a single Au NP (d=200 nm), (b) 3 Au NPs
(d=200 nm) and (c) 5 Au NPs (d=200 nm). The black line in (b) and (c) means 305 K. (d) Simulated
2D convective velocity for 5 Au NPs (d=200 nm) in water on the glass substrate.
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Figure 3.40 Light scattering images of Au NPs (d=200 nm) swarms or assembly disappearing after
blocking LP laser irradiation (a) in water, (b) in EG solution of 18.8 %w/w, and in PNIPAM solution
of (¢) 0.01 %w/w, (d) 0.1 %w/w, and (e) 1.0 %w/w. (f) The disappearance dynamics estimated from
light scattering intensity of Au NPs as a function of time. Upper and lower graphs represent viscosity

and PNIPAM dependences, respectively.
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Figure 3.41 (a) Experimental scattering spectra of a trapped single Au NP. Black and red spectra are
obtained in water and PNIPAM solution(1.0 %w/w), respectively. Laser power density is 3.4 MW cm
2, (b) Simulated scattering spectra of a single Au NP(d=200 nm). Black and red spectra are obtained
in the environment of refractive index of 1.33(water) and 1.52(PNIPAM).
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Table A.1 The parameter employed FEM calculation

Reference temperature for material properties

293 [K]

Particle radius

50 [nm]

Absorption cross section

1.83125%10 [m?]

FWHM

1 [pm]

Volume of gold nanoparticle

5.236x10°2 [m?]

Fluid density 1.038x10° [kg m™]
Glass

Density 2510 [kg m™]
Heat capacity at constant pressure 820 [J kg' K]
Electrical conductivity X101 [Sm™]
Relative permittivity 4.2

Dynamic viscosity 1x10% [Pa s]
Ration of specific heats 1

Refractive index, real part 1.52

Refractive index, imaginary part 0

Sapphire

Density 3980 [kg m™]
Thermal conductivity 41 [Wm'K]
Heat capacity at constant pressure 820 [J kg' K
Electrical conductivity 1x10 [Sm™]
Relative permittivity 4.2

Dynamic viscosity 1x10% [Pa s]
Ration of specific heats 1

Refractive index, real part 1.77
Refractive index, imaginary part 0

Gold
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Density 19300 [kg m™]

Heat capacity at constant pressure 131 [Jkg! K]

Thermal conductivity 318 [Wm'K!]
Material (PNIPAM)

Refractive index, real part 1.52

Refractive index, imaginary part 0

IKOBHPREM N, —EEIZB T DEEEC,. BEp. PMRERiwater, HHcsITIEIZ L -
TET DD, UTOXREHWTEEAE L,

273.15<T<413.15 D & =

n = 1.3799566804 — 0.021224019151T + 1.3604562827 x 10™*T? — 4.6454090319 X
107773 + 8.9042735735 x 1071°T* — 9.0790692686 x 10~13T> + 3.8457331488 x
10-16T6 (A-2)

413.15<T < 553.75 D L X
n = 0.00401235783 — 2.10746715 X 1075T + 3.85772275 x 1078T2 — 2.39730284 x
10~113 (A-3)

273.15<T < 553.75 D L X
C, = 12010.1471 — 80.4072879 X T + 0.309866854T2 — 5.38186884 x 10~*T> +
3.62536437 x 1077T* (A-9)

273.15<T<553. 756 D& =
p = 838.466135 + 1.40050603T — 0.0030112376T2 + 3.71822313 x 1077T3 (A-5)

973.15 < T < 553.75 D & X
Kpater = —0.869083936 + 0.00894880345T — 1.58366345 X 1075T2 + 7.97543259 x

107°T3 (A-6)

H T A DBURE FRglass, T RCSIZEILEALLL T D Table A2, Table A3 DEfEA AJI L7
VAt = LAY it
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Table A.2 Thermal conductivity of glass.

Temperature [K] Thermal conductivity [W m™ K]
273 0.926
373 1.076
473 1.153
773 1.248

Table A.3 Sound speed parameter.

Temperature [K] Sound speed [m s!]
273 1403
278 1427
283 1447
293 1481
303 1507
313 1526
323 1541
333 1552
343 1555
353 1555
363 1550
373 1543

WA DMFEAET 2 & TR mE R I3 4ET 5, RIEERR Tid . PNIPAM #7213 PDEA
DRI & Z DOVEIRO L CRER DN FEAET D03, ZD L 5 725 0RE 3T 5 Sk
NP E SN TV IIR R TERhoTe, RTFED - KROREENTRE SN T
We 2728 2562 HWCERILT,
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VRAREBLICEEDT T T Lo TS, EETIIRNY 60 (52 WD T, 20L&
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LRTT L —H— 2K > MEEZEGRHHIE L Tz, UL, 2O EITE§ O
ERMENZ LRV vy v — A= ROV EETTHIETAR Y MENEDD Z
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MOLFIZEN LIS EZIE, B8N LEGAEZALER L, TOLEDT v AR
7 MVERE L, 20L&  aFr 5o AR Lo T, SRR 0.1 7, FEE
1% 10 [ CTHIE LTz, WIZ, BEIAT =YDy ba—7—08 % B2 5 0.1 um
L THET v AT MAZRE LT, 1um £TIE0.1um T2, 3um £ T 04
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ONERHLTEY, 588 nm DO E—71IKDT < AT MLEEz Hivbd, 488
nm O —27 O ERDH 2 & T, WWENMBEIZHBIT D L—F — O HTRE %K
WHIENTED, £Z T, WEMBEIZEIT S 488 nm DY — 2 OEMEE 7T 7
IZFE L D7-HON Fig. B.le TH 5, Fig. B.lc 1% 1.5 mW & L — —RRE58E CHlE L
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Figure B.1 (a) Laser power through objective lens as a function of laser power before incoming
microscopy. (b) Raman spectra of a Au NP by irradiating 488 nm laser at 1.5 mW. (c¢) Gaussian profile
of 488 nm laser at 1.5 mW. (d) Laser spot diameter as a function of laser power through objective

lens.
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FWHM = xhalfl - xhalfz (B'5)

SFV, FWHM [ZHE L7 L—H—2A K v MEOPHEREEZ £ T, LErs, K(B-5)
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FEIZxt L CFWHM 2 R 5 2 ENTE 50T, L—Y—gE (x4 5% D FWHM
ZWPE LIZAERD Fig. Bd ThHhDH, ZOFRENDL, L—F—EICEfR e < FWHM
FE1um THHZ Enbhote, LEER-T, AW TIEFWHM % 1 pm & LT3
B-DIRA L TE =7 RT—EEZRD T,
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Figure C.1 (a) Luminescent lifetime measurement of a sample before and after degassed. (b) Amount
of dissolved air in our sample as a function of time. Broken line means amount of dissolved air before

degassed.
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275 LRk
(1) Reynolds, E. W.; Demas, J. N.; DeGraff, B. A. Viscosity and Temperature Effects on the Rate
of Oxygen Quenching of Tris-(2,2’-bipyridine)ruthenium(Il). J. Fluoresc. 2013, 23, 237-241.
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