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F1E IRERAVEH

1.1 777 ZADFFE & OWF9E

<MD T ATREREDEMLES, BT AR08 E &kt LTED
NC&ET, WETIE, RO 77 v h3x b E LTHO O DML, B RER R % #
FHHME LCHRIHASH, IERT 20NN > T D, BHAMEICH DT 7 2L
LROMPEPETIES E < | MikRIEEZ A L QWD Eix RN IT N D, BIZIEE
HTGARAT A KA T A EWRIRHoD T T ALY —FHIKT T ABHNSHILT
WD, VAR T AIRIET ) T ARRBAIN T U LERETDHZET, TR
R Z/ NSV NE LG W2 ENDLEICBHBROBAT T A ATA RH T AIZHOGN,
O AEERNZ, £72 350 nm BREFMOEZWIN L, TAD U RZIZLY 2ELT
WHZELREMTHDL, Re v U A N T ATEOLO®EY BLE VENFRINENT
WAHTATHY, V—FARA T AL HEWRENIEFITE L, L RARE e L
BV ANMERS B W T2 OMEAN 7 2 L IEEN TV D, Z ORFE D B — 1 —72 & D EER
PR LSO T A B e & EICHFFE AR & L CRIA ST b, B3-S T A TR A
SiO, TH D IF & A ERHMNE TN TR, FDTDEALANRE L Z 1900 K & FEH
IZEL, ZFLTAR Y YA R H T ALY &S SICEWRREDMR Y, 7o bW A
HHESBETHL-OMINHEHE LN ENMLENTWVWD, ARH T AT REE BRI
KOO BRI 203 ABFEICB W TEFIICA KT 2 Z &L THROND ARG ET Z
A (synthetic fused silica) & f5 9, E7RMFFECEFEM IR & LTI FHIE H B AR HT
HOFMET SA A, TV v bERE WS EHEE LTER S TWS, 2o X9
FRPECTHAMEEZ G LI T AN 5 —H T, BERBICKICKELEAT 07 A4
WHILTWD, BN 7 ALEIRE O UV L2 B35 & 2 O MR 23 EVLEE %
119 2 L THEGMET 2RMEZ o 7o T AR TH 5, fEd b L2 idx= v 5 74l
IZAETH O ET AT MEOMT %, 74 LU A R EFELTICEBTE 5K TH
Bo BIPEERONRy r—r v 7T av AER SN, wEIC, it Lol
ELTH I AT HT ARTT, Y77 AT HTAET I F (ALOy) Z it S 7=
ERTINETON T AHEMR & AT HHEERE S MLARETH 5, 7B FrME &
L CEMRE R 298K T41W/(m + K)EFEFITE W Z EDNHHINTE Y, BRI
STV LTS, TF TSR ERRERORE T L AL L THIER SN TV S,

1.2 6% =77 5 2 O8N T

777 A LT.OMFER] & LT NEBIZHEE 4 0 1. L 7= Lab— on— chip K> Micro-Total Analysis
Systems (u—TAS)DNEA TH 5, [1,2] L—H—HEHW=ITIZBWT, Lo XEHn
TENT DL TR —EELEGHIIRELSTLILENTEDRLD, v 7 r A Fr—)L



D KD IRRETNZRINIAN /I HE & 72 D, AT L TEITH 2 1 T ZAHARDE22N
THEE LTE W R Th 25N R D2 AWt BE VA L —H—0D
LA WIGEFRIC L HUCE[3.4]1 L . =Dtk 7 v BRHF)SC /KB A U w7 AN(KOH)AH & W
STRIRIZE DU =y b2y F U 7 ERHWEFERS T 55, 1962 412 HF X° KOH
KK B2 KDy F o 702 Lo TR E OTE LA S S 417z, 1997 4EIZ Glezer
BIZ7 = A ML —YF—% G R T ZAEMICENRRNTHZ & TN —FEIZL 5T
WS+ TFT /A= 1oy NREELEKT 22 L28ME Lz, 207/ ROBELEIZ
S L7z L—H—O FWHM L0 b/h &<, BRIEICREN EH35 2 & TREBEDE
FTFRASWHELTZTDTHDHEZEZX LN, [5,6] 1998 FITIL7 = A MhL—H —
Z RN T AONERIM TAHE STV 5, IERIERIOEZERICBIT 5 5 T 2Dk
BIZX - TEB RNy F I TEDH L ER LT, [7,8] £z, IEFETIEERILHE
~DvA 7 a~F ) =X =D TOMETLITWD, FlziX, ~1 7 ot —
B —DPET A A%, DNA ROMifia7e 82 0T 5720034 Ao h—& LT
SHTWS, [9-11]

—HTF ) A—=F—OMLEIT D 7=dIiE, B ZBET 2 LER’HH, L—F
—NEEH L TNLEZTIHE BEROFESREORESETILIENT LI LA TE
720N, JE2 THAE 100 nm DR A BT 2556, R 1X 200nm O L —% —% F\ 5 B8
Ho, L LEREL—P—2HAWCINTA21TY 2 &3, Hir-lEs 8 x4,
FYEHT T AR 2V A FH T 2L AT L CTEEITH 525, 350 nm BLF
DO RIRTRINT D, > THAENLBKNZ Lz LTH, TET M THALY bIA
WHIPHAZ WE T2 L W o TeEER H D, [12] ZOMBEE R T 28 @G ST
W5, il %1% Shakhov B, FFEER~Y A 7 ki fE2 L XL LTHWTZ = A ML —
P—Z BT 252 LT, EHFRALTOEBEZSKE LY =y by F o Z0FIZ LY
100 nm FEDOF /TR L TWb, [13] £/, L=V —Z2FIH LW F /T
WS TuwWab, L. J. de Vreede HiX, I RAFEWR BT /) TA T FEREL, 4
— 7 T 1473 K TEHERR T 5 2 & Caflhi 123 % LRI 72 ) 7 SRELFINZ A Eh LT
%o BRI T OHEHENNIBEDOEFICL D DT, BT 2B EML 705 2 L0, Al
PMEIETHZ L 2WME LTS, [14]

1.3 H B9 M O\ RE AL D TR

T2 1T AHEEIE Rk OB RIR(CW) L — W — % Fefk BIChLE L&/ / ki flo—
O F U TWRTPCHRFT 52T, F A= —DZ DN T AINT21TH, Z DIk
2L > TFH 7 RAERUC D L, [T BRI A 8 X 7o N T k2 9160 Tt Lz, [15] Lo
L., MESE LCH T AEKICK LTI AEERIES T 1.0 um BRETHY . Tl E
WREFMA~TEIT) ZEIXTERNWZ ERX o tz, T2 THWDEFT / hiex



v T TR OMBROIRE, U —EER ENT A =22 ETH5Z LT, L0EWT
JINT AKX 0EHRICIT) 2L 2 B D, T L THEARRTA—=HIZOVWTIMLTE 5%
SEMEL, FHET 5, HBt+F/ ~F T I 0 F—F—DREH T AN 52 L
MTENL Z o NITERUANAERET D7 4 VE —~DFER~OHIRHR TR SN
%o [16] Bz, N7 T VT ED /ST AT A VAT, BEEK 100 nm 2 Th
DZDXRI T ) A= —DWIRT A ALK ART 5 EnifEsnb, £7-407
AEMIZE @R AR T 5 2 LA TEIE, IC Fy 72 EROMEIZHERET 57200
A —R—F—L LTHIHTE S LE X5, [17-21]



28 €T /AFRUATAMI

2.1 &E) ki Oy R

SRERDOWEE LY /NS F ) A— MY A ZFETINESL T B L, L2 REEE X
Bip oo fith 2R, 2O XL 9 et R ICRE O B O BRI NS5 &0 AS
W& T RO B BE S LEMKEEIT 5, 2050 FWIIRAERE Y 7 X E
VHEIB(LSPR) & FEIENL D, F o, DAY RS IELEGRER~DERIZ L - T &l
ZENBH N FREBHROWIN G Z 5, AL TIIANT 2ESL & LTt E
WMONEFAT 5, F /R ONRFRNET, ZOMEZT TR RE SOMAR, JEPHEE
BRI R ETEEEDL LN TE D, DX D 72T /7 KiF DI OWILLHEL & U
o TR B N E R X I A TR SN, HEICE VRO D LN TE D, TD
FHEFIEIL 1908 4412 Gustay Mie IZ K V2B S, &R T /R 123800 D W i fl
% Capss BXELWTHIFE 2 Coca E RS, ENHEEFH L2 S OVE W Cox & R SND,
Z D Coea X Cexe 1T

2 oo
Coca = 1oz ima (2L + D (| + b, %) (2.1.1)
2 (00]
Cext = 7z Liza (2L + 1[Re(ay, + b)) (2.12)
Caps = Cext — Csca (2.1.3)

TREN Cas 1TRQANCEVRDD Z ENTE D, kTP EAY ML, L ITREE—

FTHY LA OLEWEE, LA20E EWEMART, aw- b iT~y /BBy, x

MBRDINT A—=ZTH |

_ mu(ma) ()P (m0)ip(x) (2.1.4)
mp,(mx) xp, ()=, (mx) 1, (x)

ap

_ MmOy, () - (ma) (x) (2.1.5)
ma (mx) x1, ()~ (mx) x,(x)

TrRaEnbd, ZOLtEm=7/n, T, A=ng+in, TH D, AITEET /R DREITH

L, FE LB OMEE RO, nylTF /KA OFEFAEAD IR L2 RIMETH D,

FIx =kpyrTERIDIDE EriTRFHEETH Y, EARTOWEEIIk, = 2n / 1, T/E

#IND,

WICIEYTEn (IFESRe 2V Tn2 = e KT ZENTED, LirL, BBOEITE
IR =ng+in, TRTZ LS, FEFELFEBRICEN LB TE=¢ +ie &0 D, 6 &
sITENEN

g =ng —nf (2.1.6)
€ = 2ngny (2.1.7)

L



ERTENTED,
ﬁéof Csca‘%‘j Cextﬂilﬁ’b%@iﬁi))%\ U\T@JZ 5 L:%L

2
64m°a’ (g1—&m)?+¢;

Coca = At (e1+2€p)2%+e,2 (2.1.8)
3
_ 24m2a3 2 &, (w)
Coxt = 3 Ter@rzenlrer @ 2.1.9)

L7 % MIASDLER R, enZTEMEROFEER, eldeB ) /b FOFFER, aldh:
FHEERT,

ABFFETILERE 60 nm 2>5 150 nm F TOERIROE F2IXAET /b E2 V5,
FNE AR DO FEZ T Johnson and Christy & Werner © O EBRME A A=, [22] T/
B DO K OBELBTRiFE OB % Fig.2-1 \ZRd, NaEEELT 2 EZT TR <, I
FBRELVA XK OMEICE VAL LTS, ISR —L, 74 F
-7 % J RN K0 T R ORI B PSRBT xR — L LTSNS 2 &
Mo, FRIE R VFX AR E L CRIAT A 2 L TE S, [23-31]

4.0x107"4

532nm AuNP —— d=80 nm AuNP —— d=80 nm
L G100 am| 10107 - 7 4100 mm
532nm +++ d=150 nm
3.0x107" .+ === Pt150 nm
UX 7 ..
E
~
0 2.0x1074
Q
©
o  L--"1/1\y  9u0a0d | A
1.0x107" ) NS
4 N
d ~ <
4 ~
://\~ —_—
00 T T T . T T T
400 500 600 700 800 400 500 600 700 800
Wavelength /nm Wavelength /nm

Fig.2-1 Absorption and scattering cross-section spectra of gold and platinum
nanoparticle. Particle diameter is varies from 80 to 150 nm and refractive index of

surrounding medium is water (refractive incex: 1.33, 298 K).

22 —WRITEVRE

AWFZETIE, ERHFEIR(CW) L —F—MRENZ L 5 @8 T/ K K O PR o n#h 2
179, EWEMAOLE, BEX - RMRETRAZ M Z L THRLND,

_ Q
T(r) =T, + pr. T Ty (2.2.1)



Q = abst (222)

Tap (TBJE T/ KL 1008 KIZAPRBROBRE R 1k 206 OFEEZ R~ F
7z, Cans | 3&B T/ KI - ORINWIEFE, L, IAHT DL —HF—D b —7 U —FEET
Hb, ZOW, &S/ RAOREBRII T 7 A L KBRTH D, H->T 2 DDOHK
D)% & O BAROBRER kyrr = (ksyp + kinea) /2% AV D, [32,33] E72T (1) D
EERLFREE L, TR FNEOREIT K Th D EHET D, ZNHORIMNG,
L— W —MUNZ2 LB T K- ORE R AR DIREZ FRIT 52 08 TE 5, £
BT H@E T/ Kt b AHEAAA~BNMeb 5 L & BURIEZEROBEWDIZL D 5
AR WTENEDLVIZ <D, ZOEHLVIZ S 2 RmEWEHT & Y, RmEds
Bt g WL 1/g EEFRT D,

3 me kme
g = Ccm+n,,d (2.2.3)
I,/g = AT (2.2.4)

Cmed BN e (T ZNENE B L SR T KL DB, ke IBARDOBRERZ K L
TW5, @i/ bt Kk OVE PR DR EE /340 % Fig.2-2 1T, 1/g» 0125 < &
RECTOREZIT/NEL 25, BHE 150 nm O4F ki -2800 2 REBWEHT 1/9 1%
KQ223)FHNT 57x107°L 2o 7=, K224 L VR -IRE & JRFRBIA L OIEE X
¥ v T ERDI-, [34]

800

AT

Temperature /K

300 - . . . : : :
-200 -100 0 100 200
Distance /nm

Fig.2-2 Thermal distribution of AuNP and surrounding medium.

Medium is water and glass. Diameter of AuNP is 150 nm.



2.3 7T ADIIKGTE

T ANEAHEE DA A — VX% Fig.2-3 (a, IR T, AEY T RA@ehay U 7rA b
HTAOYDE D RTENT 7 AEEEZATHH T ALS L ODBFEEL, 6 ARS8
BREWVOT AL IRRE SOBRBEENNT ARTIFELTEKR L TN D, BE/ ULA L
— P —Z R H L7 n Tix, BER T2 A3 2L L IRIIC X 5k
BHLHF 72 EDxT v F U TR EMAEDED HIETH D, [5,7] THUTHR LAIFZEIZE
Ty T T A=A AT Si—0—Si DffE %, OH & flult & U -CHllrd 2Ky
fRCHDEEZD, [35-40] WILERY & Lo TIIEA X 7= 8850 CIRINK Sy i 23 a2 4T
PNHZET, 2y FUHENBMICES 2VERE LTEOGT y F 0 703 AEE
LD, TyTF UKL, KB U T ARKEBILT R UL WST=T A UK

(a) (b)
g \ \ A =" 'l/ Oxygen
Yo% ol 9@ \ o Silicon

: /L '/;\)‘ ( : .
ove 1”@ %ete s | Sodium
L ody 4 %0Q Y2 e | Aluminum
Y ome,d »e< 5 | Hydrogen
.

OH- | |
—0 =SiT0 78 =0~ +H:0———>=0=si7OH+*HO 18— 0~
| |
0 o) 0 o)
| | | |

Fig.2-3 Conceptual diagram of (a) borosilicate and (b) synthetic fused silica glass

structure. (¢) Hydrolysis chemical equation of glass and alkali solution.
WRIZBWTT ) RETEKT 5 2 LN TE HDITMA., WmlE7R L OREEKEIK 2 51
LTEGRILBW by F I/ T5Z ENTE D,

24 ToT U TRROIRE LIEE

TNAH) KK F o THE LI T ADx yF o ZHEET, IBURERST v F
VORIROPEEIZ L VB LT A ENMLNT WD, £7-, BIET AWK DR B
T O T AMICHEL 00 IRIRTEEE 1T U CIRBIERICEL 724 Z L S Twn

9



%, [5,41,42]
DFED ., AT ALBEERREICB O THEEMENRONOH NELFELTWD)Z L, &l
THHEEEEIIT Yy F U T TH5ZENTELLETFHIESND, EHEMEOR S O,
fRBEFERD RO D Z LN TE DKEHRDKFEA A A5 (pH)OA A > DY &
HZENZ, LU Imol/L UL ED L5 RBEEIR O G fRBEEEN A A4 RIS
FOECLUERE ELRNT ERMBINTWD, 20L&, EET IR 258
72 B MR EEIZITVME & U OISR (E 7IREBE) N L <HH S5, IERITRESCDE
BREIZOWTOBEBTH D720, RPFTMEAZFIH L TV D ARIFRRIZONTEE R
EEZ T, BATIDIE R 1T

a; = yim; (2.4.1)
EREIND, VTR DIOIEEBRETHY . mITEETNVIERE 2R, BIERROSLA .
EEREIT 1 Th D, REEARER, WR ILFICEENLIBEEOENLERT DR
FEEALIZ L TNT A—Z N T H5DIZx LT, BEENVEEITRE 1 kg I8 EN
LEEDOENER L, RESCENC L DEBEITHBEINRWATA—=FTh b, 1t
> TREIC L DIERDOEZ RO DRI BEE/VREZRED AT A—2 L LTHEH
T %, G ®I% Holmes & (2 X » THIE & 721k &5 %% FH L 7=, Holmes 513 0-5 mol/L
F TO KOH KIEKIZOWT 273 K 205 523 K £ CTOTREMREEZ, HEAZHET D Z &
THHLTWD, [43] 5 mol/L LA EDEEEIZSOWTHEEREL & Z OIREKRFIEEZ KD 5
728 Pitzer 2MEZ L 72 JL5E Debye-Hiickel X% IV 72, [44,45] TEAEE VAL P O R E RSy
DFEEERBETHAT LN TE  IFREZRDDHIENTE D, IDHITRTA—H
ZIREICOWTORMEE L THEET 5729012 Moller 512X » THE S =il 4
R 5, [46] RBEBRBEPBRIXF T ATIAX—%2 52 50 5EL 2 ENTE, iy —
By Engdb —EIWZRD T EEFIFL,

(_ 1 )(aGE)p’T’ni -1 (2.4.2)

VmMRT ow

p-1= <_ %) [% (Wf)]v'T'”M'”X

(e
vm/ Low w p.Tnpnx

+ (=) o )] (243)

A(3.2)D f 1% Debye-Hiickel " OE A G T CTH D=0, A AV HE 1IKFT 5, A4
VIREE X

2 2
I= W (2.4.4)

10



I = lvlelem (2.4.5)

f%‘%a‘ LISTE D, ayzg IENENEA F o M EIaA 4 X OEREL. WITKOH
MITERE OEET/NVEE, viZ 1mol OEMENLELHA L OWEELRT,
:m&®ﬁw%\$ﬂ@iﬁﬁﬂ
1/2
Iny, =¢—1+2[" L_dm/? (2.4.6)
B%53 1 ONEETE EAR ST
1/2

W %ln(l +b1;?)

2VyV
(g

() g (e 1) () 1

+ 3(vvx)®/? m2CP vV =vy+vy) (2.4.7)
l

Iny, (m;) = _|ZMZX|A¢

vV

TRDDZENTED, alIA A VREIKFSE LT A—=Z2THY . A A& D
WERBA A DELLLN i THD EEZDOEIT2 £ 725, biX Pitzer XTA A D
RESNEFBT O TARARTIT 12 T 5,
KB DTHNE T A =249, 30 gD 2% Moller HIZL > TIHRESNZLTORIZ
Ko Tk D, [46]

Parameter (T) = a; + a,T + a3T? + a,T3

az as
T—26317680—-T (2.4.8)
Z OREITARAT BEIL Christov HIC K-> TEEO LN EEEFAT 5, [46] 2
HDORIZ > THONTIEERE DIEELFET 2, IREEICBIT 2IEELY 22-55
W% DIREIZ L DE N L T /RO L —H— MBI X > TH LN DIRESARICKRT 5
E&% 7' vy b L7zX% Fig2-4 (2R,

as
+—+aInT +

11



(a) KOH aqueous solution (b)

700 T T 500
— — Temperature /K
\ — 22 wi%
T~ . \ —— 40 wt%
100 5 T~ . P 400
600 55 wt%
X
~
2 o L 300
> 2 500 2
= L Q
e 200 2
NN o
14—22wtn O~ |7 o004
— —30wt% AT -
- - 40wth . 100
— - - 50wt% .
0.1 — 55th% T T T 300 T T T T T -0
300 350 400 450 500 550 100 150 200 250 300 350
Temperature /K Distance /nm

Fig.2-4 (a) Semilog graph of OH~ activity for temperature from 300 to 550 K.

(b) Temperature distribution and activity at KOH aqueous solution dependence on

distance from metal nanoparticle. KOHaq concentration is from 22 to 55 wt%.
Fig.2-4 (2B T, EIRIEEE 300 K IR DIEmaE 5 & IWIKOBFEN 22 wt% D
B TRETHLOICHL, 5 wi%E TR T2 & 300 L EERMICKRE <D 2 &5
3713 %, & L TRENE S R DITHE- T, EEREDY/DN & < 725 T2 O BRRITIE &1/
SLRY | ZOWHERENKREVEERD ML 225, DFE D T/ RFafF Tk, n
BURRE L 0 B IRMNELIRRE D728 OH DFEMAIRIREN/NES 0D T L 2R LTV D,
Z 2 CREIRD DARIREEE 0~ U DIRE AR & . Z OAE & 130 G TMICIRE I K DR
AN H Y | STTOWKDOIREDREWVZE, BRARE 2D, (> TREZEIZE ST
F RN HEEN DT E IREFEIC L o TH 2RI o T DA Z 5 &5
Z Do

DZKGIFRIZ 0 F 7 B AR U T AR 2 IR U T WSSO D 7o DI LB

705 OH RKZMATE D, I HITEIRIC LI & EWRIREDN K E W ETERD £
AN DT, AR TIEEBEOT v F o JHITEBREZITH Z & T, LV EHEICzy
Fr T w7 TENARRICRDL LTS, ZOL D ICEEOEMREZHNLS5ET
ZR N2 TOMBURIED T/ KL A ORRF 2D Z L TE D,

12



B3E AFRERODIT v F U RRERRUFFMAE

3.1 FEBRJGIE

1. B/

JEX 0137 £721X 05 mm AR U A M T A (BRAS 7 T2 Schott D263T) &
T XA RIERA T 7 A(FBA IE Viosil), B 7 X (Foturan), %7 7 A4 77 A%
Ty FUTTHMELE LTHEMT %, £3, BREFHOBEIKRE LT o E=TK il
FRfb/KEK : flikE 1:1:1 OEATE =D —I2NZ 5, HATDEBRERIRICEREL
E—& =2k 90 BN 721, B 50U ME LIz IS ER 2 8N LSS i g
BTI5aM 1By FOT3EZ 3EATH, dEHEROERNZIIN 7 2K MmO A HEY %
BrET DD, BFET T A~IZL > T 60 ML ETTH, HE 104+ 5 nm OERIE 4
TR A EAY A —F—IZL VWA a— L, FOLIZVVa—rITLA— NE
X 0.2 mm)& A—H—(0.8 cmx0.8 cm)& L CHEET S, T F U I RKELTT M7
TFNT =T A Ry R(TCL TBAOHaq, 40 wt%)/KISE<C/KE (L7 U w7 LKA
R(BA {5, KOHagq, 10-55 wt% )& F L C, ZRDBALRNWE I HNN—=H T A %D
FCF v o —fEgEL LiEHE Lz, BNA O L v X AW 554, fEEEEEIC X
DEEHIEEH LTV D A=t —Tld, RHFREIC LD FEREZITI Z LN TERWZD,
A= — T RlEE TR TOWIRER T L, A= TR E2DE 5, £ L TERERD
KT HOEESTEDICER O ) a—r TAMZHELY: PTV)A T T 2 DRFICEA L
77

2. WEHLEPEARNEE 2 H T FE R

R B Y BRI BE(OLYMPUS IX-71) D %EERt& »~ k7 » 7% Fig.3-1 [T d, Rl =
YT oY=l ko T ST T RN D L X b ORFREFIRILIT VX
JV 71 A 7 (Nikon Digital Sight DS-Ul)~, #&ELEA~Z7 kL CCD 43 )tETH(Acton SP-300i
% O Andor DU401-BR-DD)~H{ ) S 4, ###i L7z PC ~7 — X559 5, K 488 nm O
HEE IR L — % —(CW L —%— COHERENT OBIS-488-LX-150)/& &' — A= F X /X
F—TYThIZ L, Lo X @ U CTENRIT 5, e r I ool anic
B W a7 U —NTTRI L, 3 L o RIS EEEAS U\ B Calk}
A END, EOTH, wET /B ORRICBIZ SR D AR A~ RPDE A 50 < G
GLT 254, Fig3-2 OFKIZ 60 nm LA EDOERTHIVULE KL DR ENFRETH 5,
e+ %) ki % E#) A 7 — P(SIGMA KOKI BIOS-105T)IZ & 0 #8h S 8584 5,
BIR LKA OE B2 A — L (EE 5 um) TRk A IR 25 2 & TH—OHELE>
FOFRAERHTEZENTES, TORTFDOETE 10 5L X THELLT
W7 7 AN—%BL TN AN ESND, @FRT /RAIZ CW L—HF—% 60 i5(NA

13



0.70)DFW) L > XE T21E 100 f5(NA 1.3) DR L o A CEARH T 5, AL O
—ERF L — — S O &R T B ORGELE AT MV CCD JIET % (Fig.3-3).
FRGT1% OFEHIMK CHEEICHREHT 5, £ O% TH 7 AFK K O 1% AR - BA
#i([FS7. SEM-4700), A 4 > B — A(FIB) £ 721X (A% 18 E 1 B (TEM K O
STEM) C#IE#1T 9,

3. &ET R OEELARY FVEHEA

CCD ¥t B BN D EELE A Vi Fig3-3 (SH)D X 9 R[G5 TrREN 5D,
ZDARY MVIZIE, TR ORGELARY SLroflc, BB TH L e T T
DI T AFMNZ LD I HFEDERDBEENTWD, 2D, BT /R DHD A
7 MUSQ)EAFDTDITiE. UTFD X 5 2 NE W TURT,

S-S

SNP==JZj§% (3.3.1)
R DIES (Seac)lE Fig.3-3 (b) \ZRT AT MV THY | F /K FLSNDO D A
R MVTHD, TOD Spuek ZRE LTRLF-DART RV (S)1HFIK 2 LT, Z0HE
BRARCO®RRT /KL OEELARY M EFSHZ LN TE S, % LT Lamp (Fig.3-3
)TN e P T T DAY A THY | FHEIZ K > THIRL -0 A~
7 MADHIRDOW BAARKAF LTZ AT "MV GARIC 72 B WK D IS 5 & | Fig3-3
@DEIRART NV EB/RDHZENTE D,
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Q
Q
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Fig.3-1 Experimental setup

Fig.3-2 Dark field optical microscope image
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Fig.3-3 Scattering spectra of (a) S1: AuNP and reflection from substrate, (b)
Shack * reflection from substrate, (c) Lamp and (d) Sxp: AuNP

4. &FT kit

T 28R T /R FOSBIRITEA L o L B L vz b o2 H
T 5, 47/ ki 1IE BBI solution 7> B A L7 RAED JL 2 ORLT-0> TEM i % Fig.3-4
@IZRT, EBRERE LR+ E2 Y —I2T 57D, »"WLAL—H—|2LDY =
A T xHFTo7=, [47] DHRIZ T T XT3 RO E 532 nm @ Nd:YAG L —¥—%
90 MM T 5, T2 &7 2R FORKN, L EERKIGEWETH kb, U
= A TEAEIZ L0 U720 TEM Wit &R 75040 % Fig.3-4 (b, )R d, £7-
YA XMB D70 o T2 W TERBR 21T 5 72, AENZEASK 40 nm 725 150
nm OEKERIE T/ R0k E T ENHET 2, £, @7 7RI L T, =
7 R LR OGS, T A T2 RRL03 0 7 ATHABNCES L= T A 7 v RIE
2T 5, £ LTS OMEE LT, BeDRET /K1 OEL 150 nm K7k
HET %,
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Fig.3-4 TEM images of (a) pristine AuNPs, (b) reshaped AuNPs and (c) AuNP
histogram.

5. CW L—#—2 Ry MEOEE

&g T RTINS D2 CW L= —D T 7 B — LB T 5,
L—P—ZA Ry ME, HPRTEMEEICEEE L= CCD 1 A 7 OV 7k (View) D> b B B
Eg AT 5, L —0DRARy MR, 7 AEBREREIZENL LIZBEO AR Y b
Ze RO {5 0> & BE P 2 AT LIE T 5, £ R1F L2 % Image] ICHLY iAZ, 7
077y ANT D, TLTCTR T 7 AN LTT =00, WMESAZ T T AT 4
YT 4T T HIET, PHEAEFWHM)CERZ KDDL LN TE5H, AfFTHL
— =T —F, T — X —Z(OPHIR NOVAINIZ X W HIET 5, 72, FWHM /5
BATEREY 720 O L—F =88, ©— 7 U —EEEZRDD, NIfEO»LEHL
U TFTOXERHND, O L ——0O FWHM AR v bAoA X&Rk7, T DR,
FFBMERIZIIE A 7oA v 7 I T —REEINTWATD, @ik O/ T —oE
HLEBE L, 0.7 2 IplZF iz, & T kA8 —7 XU —BEL L TfH
M35,

PXx2.35462

P 2tX(FWHM)? (3.5.1)

I : =27 RU—88E P lE L —P— T —
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FWHM : 71 7 7 A VX V5572 b— — D28

32 AL L=F/ ROBAR VRS BIERE

EET ki ARV o F U ZEBRIC X DK LI R OB K N OVES & 1E
T2 EE T T, W ROBIEIIEEME - BAMET (SEM)ZHWTBIZET 2, Z0RER
IFREIZTRT, T2 ROWSICEA LT, £R_AF B —24 (FIB)IZ X D @le 217
YDZETHETHZENARETH D, T T/ REBK LT 7 AERIERHB/T
U LEIOMEREA NSy XY 7 LEENEEE XD, REEBEZE L, XD 10 pm TR
EHIRIZIV T H2ITH, TD% IV 7T HAEZE FUTT DT TWE | BEmIZT
NROFEHT D TRl 5, Wrin#lgi k% Fig.3-5 L OO RT, W i35E402 30
FELL RN 2T CBIERT 5 2 L CIRSBIATTO 2 & T& S, LarL 100 nm LY
BV, FEREF WIS UCHEM LT L2 REBET 256, NEEk LT ki1

(b) Tilted 60°

500 nm

Fig.3-5 FIB images of glass surface (a) milled near nanohole and (b) observed

at tilted 60 degree angle.
RZONRAEL IV 7 END720, FIB IZE-> THRSZHET D2 LIIREETH D,
WA FE N B BRI EE(TEM) 0 & A 2 Y o 7 BRI BL(STEM)IC K AW BlEi 2179, £
T B 7 LTEHHRB R (8%0) % eIk 2 FIB IZ XV E X 300 nm KL FIZHIY
Hd 2 & T, BRBIENTREICAR D, TEM 7V v RICOWTHEEEZITH, BIERTHZ

Fig.3-6 TEM image of a nanohole and AuNP.
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& T LN D EE A Fig3-6 (ord, Wi BN EREEHITH Y . BE LI RONE
A LB R EFRILLS DVDORESTHD Z ENGND, [ERDSTIETIIE
BWHETH > T2 NOWESPNEE, T /R HRZFRFICBIE CE T ZOFETFIB 2
N L CREIOIER A MG D Z N TE L HETH D, L, BT 20
DOFRBHERMN AL TIXRNWZ LR SIEROAZ D 720 GA X, £ fiE 722 FiER L
HThoD, TZTFBEZMAWLZET AERLT 2 RBERZIY 7 LEIRIESIC
RS HMOERZNET 2 FEEBER LI A A—VREREIY T LIz 2Dk T

(b)

(a) .
Ga®  Milling range

nanohole
\ metal NP

Fig.3-7 (a) Schematic view of FIB milling and (b) nanohole images for depth

measurement and tilted 45 degree angle. Substrate: borosilicate glass.

% Fig.3-7 \Zm 9, Fig3-7 @)K LIz REZOREBERERICIV T E2ITH, RS %
HETHEE. A 45 EE 20T 60 BT 7RO & 2 S L, B2 HT T 5,
Fig.3-7 ()R v 7 ZRIZIV 7 S, F/ RPBIMBRIZZ 0 Z L COEBIZ R DR 23
BEInd, IV 7 ENTROMBBHEER L —RIZR ST B E T 2 ROFGETE L,
RN E TOEMEZ T/ ROWE L35, TEM ZHWEHE0 K 978, ROFEM
BEE2THZLIXTERVY, RS ZHDHHIEE LTL, UBHERL E T O REEOHE I
MbEfEcE s &b, MRLMETETHD,
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41 &F RiFE =T IR

1. ®&F /KA DRBEA~T FVHIE
F2ELY, FEAHBAROIEITEEZ BT D Z TR /R OBELA Y b
AT 5 2 & AR, RBFRICEW T, L—F—BRIFTRIC 3T 54T/ ki O
AR MV EREST D Z EE, TR FEEO IR LA BT 2 2 L EHELWESE
2%, LY —RERIZICBI 548 /R OBELAS MVERIE L, Mie Bl &
D ROI-FHRAER & AT Y, TNH DX % Figd-1 1R, Mie Banz AV 7-5HH

(a) .______.._— medium i (b)

AuNP

substrate

sind
r" ‘“\l‘

/  medium

[substrate @
AUNP

Amax = 597 nm on glass substrate

Scattering intensity /a.u.

Anax = 597nm

Before laser irradiation

Normalized scattering cross section

605 nm— — in glass substrate 606nm == 1min
0;0 T T T T T T T T
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Fig.4-1 (a) Scattering cross section and (b) scattering spectra on and in glass

substrate. Exposure time is 0 and 1min. Diameter of AuNP is 100 nm. Effective

refractive index of medium is 1.43 and 1.47 (298 K).
TIZEAMEAE DRI RERET DMENRDH D, HA 100 nm D& T/ Rif-HNxyF o7
WP CHT AR EICHES N TO LG, Wil BIRESTROLZ 8:2 & LIeE
ZhIEHTER 1.43 (1.41x0.8+1.52x02) 2 WD Z & T, &F /KT OEELARY hLE—7
EELTWDZ D05, (IZONWT T R0 7 AHMR IS T 5545,
JEFHOBARITEROEIGENRKREL 2D EEX D, ZORL—V =MK% | HTo724
TR OWEART bVERET DL, E—IMEIZImBERBEEY Y M52
ENGMoTo(b, MR, £72 1 OMBH LZROY 7 FEIZ 8 nm TH D, © L CHEM
AR D EREITRE RS 5 & 1.47(1.41x0.5+1.52x0.5) L 720 . Snm REDOEREY 7
&R (a, FBR). ZNOMNG, &F SR & T ATTER LTc T 2 & ORI E
NDAVIAALTND EEZ D, RIZ, BELAXY MVOMREIZHEBR T 5, BFEBROEST
PN L > T, BELARY MASEEIIRELS 2D Z R BILTWD D, Fig4d-1(b) T
(TIRENNE L 2o TV D, =P —DENALEIZ DOV THELA R MV RIEZTT> T
WAHZ LD, BHALENGEEN D HFIICRL B EI LD Th D & XD, - T
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BELANRYZ PVEREST D 2T /R0 S LTV AR 2Bl 5 2 LR TX
Do
2. HA—F 2RI & W =T SRR RR & B 22 K OV
TNV IKEREERE Lo v U A N7 AEMNR EOH—8&F ki 712 CW
L—H—% 60 fi5(NAO.T)DXH L o A THEARHT 5, EFL—F—D—27 U —4#
% 33 mW/um? & L CERR 100 nm O4& 7/ ki -IZBE 2%, RIS OET ki1 &
L— PRI O ORE 7% . SEM 2V CRIZE LT, ZOfEE% Figd-2 IoRT,

Fig.4-2 SEM images of AuNP and nanohole on glass substrate. Exposure time is (a) 0
s, (b) 30 s and (c) 5 min. (d) Cross-sectional image of nanohole. Diameter of AuNP is
100 nm. Scale bars are 200 nm.
L— =MD, ol 2T, b—Y =B Al DR 1 R O & i3 25, ()l
W4T 2 REFIFER BICR 6D DTk L, (b)) TIFERNEIZERIZHE L TN 5,
Flo, TOHR—RONZEIZ, AT 2R FOBEZIZENVKRE I TH D Z EDNEBR
RTED, Lo T30 REE CW L—F—%2 W TR T2 Z & TR FEA(100
mm)L EOR S THORPTIRAZBE I TN INARETH DL Z 2R LTS, ()X HIZ
S OREL—F—WRKNEZIT &, T /R R OROREIKEIX SEM |2 X 2 RKmBlEE Tk
ERTDHIEMTER, £ T, AFM IC K DESBEEEIT - T2((H @) D3, 7RONE
DBIEFNTH DT OREEZBRT 52 LILTERNI ERbhoTo, T 2 THR
P FBMBIIC Lo CLU—F —HRERI%ZOET b+ O HELG A BIE LR %
Fig4-3 |ZRd, na s o7 AKXV S hie T/ b+ O G A8l T 56 2 &)
TE, L =225 2 & TH T ABEREEI S L TKREL R~ BE L, 8
TATHEUAZ TR L T D Z & 28I L7z, Z ORGEURIZ, EITERP R 5708152 T
XHHDOTHY, 7 AP LT /2 RERT, o TREFM L —F =417 5

Fig.4-3 Dark field images of AuNP and nanohole on glass substrate. Exposure time is

from 0 to 120 min. Scale bars are 5 pm. Diameter of AuNP is 100 nm.
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&L S DITERLSIEAIT D L RIRFHTAKFE TG M~ H T RER L TV D,
Wiz, L= —DOWBREEERICST D EELAY Loy 7 hE AL EZE LT, 0
fE % Figd-4 (R d, &F b0 L —F—BEFNIZBIT H2BELAXZ hroy—7
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Fig.4-4 Spectral peak shift (AA) of AuNP scattering intensity in glass substrate. Laser

exposure time is from 0 to 20 s.

&% Onm &2 & EHBPEITO LT SICREES Y T2, 61210 BRERER
FafeidrdE AL 8nm L ERELS LT —EILRD 2 ENpmol, ZDORDIY
DO AL 8l nm TH D, DX I RFERIZ, V—V—WH Liz&T /R B3 07 2
BICSERICHET 5 2 8 2R L TWD, £727F /K113 Figd4-2(c)X° Figd-3 2L RS Z
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HURSHET, RO EEBETHZ LT TERVD, RS ZETS 2 &
MTE D, TEMIZ X DWrm#ladid, @< aB 200 3 2 & T, RESCWEE, hFIREE
7R CEMIRBIER AT O TN TE DN, MMOBIE T & TR I R OR ] 2 4
%, FIB [T X 2 SEM #5213, TEM BLEUT EFFMRIEHRAIFD 2 LIXTE R0,
PR R GBI 21T 2 N TE D, —W —58E 3.3 mW/pm? % U L 72k,
TERC & 2 R OGRS IIIRH RN L TR 2D 2 000 . JRESIE 1.2 um 2
EThd, /o, RSBEELTHZ LT, BT DHZ ENTE HROESIFHAITHICA
5 EDRHLMNToT, RIRE LTH RN L —F —OE NS0 b+ = 7=
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Fig.4-5 (a) SEM and (b) TEM image of cross section of nanohole (c) Nanohole depth
formed on glass substrate. Laser exposure time for nanohole fabrication is from 0 to
15 min. Peak power density is 3.3 mW/um2. The depth is (a) 0.8 pm (tilted 60 degree)
and 1.2 um.
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03 DXL v XA HWTENBFZITH 56, BAEEIZBLZ 28um THYH . LY
FEWREURTEDLEZ D, 1051 ANA03)E W= 5E, L —3
—OE2ME FWHM)IX, B8XZ 6um THDH, ZOK, ZNETLERFEOE—27 D
— B 3.3 mW/um? Z AR T 5 729121%, 100 LA ED L—HF— T —RNpETH D,
L7235 T, KW NA ORI L o X% HWTEBREZAT 5 2 L 1E, RRICBWCTIIBER
TlE7ewy,

4. & IR FREICBT O T AT T T ~DEE

W, BET 2 L—F—D /T 2O TIRETT DA, AR T D INENRE DO
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Fig.4-6 Temperature distribution by CW laser heating of AuNP. Particle diameter is

100 nm. Surrounding medium is water.
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AaUrA NITABERET Yy F Lo 7T L& ZORET HHEKOBEIZR L T=
Y F U THREIRERATH D Z L0 AFRICHOVWTHIREL LV SiRicT 2 2 &%
BN THDEEZD, L, TOEF R FEBICHEEL TOWDIBREO A Y ) — 4 v
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AT 21— =0T —HELZRE T LB RO T VIR OF 2 T
L2 EIRERICEETCHD, LV KRERE—I RNU—EED L —F—%WE LR, 4
J& T R B OVE PRBER DR E 23 FE T2 @ < 72 5, EPREBEOWRE N A ¥ ) — Z ViR E
R T L EWRPICET TV AHZELRORIA(NT WV ETERT D, ZONTARERL
~A 7 anNTNE LTT 2R ERY T XS ICRT 5 & F /R b E s
B XX — BRI B S R ERIBE L 72 5, FER & LT /RO
FAEETCIREN LA LKL FOBRER TR RO AT AOXR Yy BT — 3 ITLD
TR DRRET D L W o e BRI A STV D, [48] ABFFERICE W T, EiEE K
& L THEA 100nm O /R I b —F —BE 21T 5 72 FF, 6.7 mW/um? L0 § K& 7
RO~ N LTZRER T VBB T D Z RN T, ST AT ILEERT D
FREEC L— Y — R LR KA DR 2 R R B BRIMERS CRIEE 4 5, IEAE 150 nm
DT IR 2RO, Pl RE R L —F— U — 235, L—V R
488nm, B — 7 RNU—HEE 25 mW/um? ([T D, AL A K & KOH ZKIETR(5S wt%) Tt

(a)

(b)

Fig.4-7 Dark field images of AuNP before, after and during laser irradiation. Peak
power density is 25 mW/ um2. Surrounding medium is (a) water and (b) KOHaq. During
the irradiation, (a) micro-bubble is generated and (b) glass substrate is drilled.

Scale bars are 2 pm.
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NWNTNVEER LN EMNLEITHDZ R0, ETENADNI VR L o X%
AW R FICRE R L= — T — 2 AF LT E 2o TR CH H, 22T
ENA DXL v X IOV TELBEZITH 2Lk, i F k2B, &
EHBA~DOETE LS5 Z L TR VIRV 2 ROERIZRL D, NA 1.3 D 100 %
HiRx L > X & L, KOH KA (40 wt%)H T K 488 nm O CW L —H%—% 20
mW/um? TENXRS U7, 3 ReRREE L — Y — MRS LI A L 72 SR ORI O 5B [ 4
Fig.4-8 |Z/n T, WERBHGITE S E A L2 D 2 & TRE 21T -7, MR (0 um) D]

A o A

Fig.4-8 Dark field images of nanohole from 0 to 17 pm in depth direction. Maximum

peak power density is 20 mW/ umz and exposure time is 3 hours.
Medium: KOHaq(40wt%). Scale bars are 10 pm.
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AuNP on glass

Before laser irradiation 4x107 "4 !
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Fig.4-9 (a) Scattering spectra and (b) scattering cross section on and in glass
substrate. Peak power density is 256 mW/um?2. Diameter of AuNP is 100 nm. Refractive
index of medium is 1.43 and 1.47.
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Fig.4-10 SEM images of nanohole and laser irradiated AuNP on glass substrate. Particle
diameter is (a) 40 and (b) 60 nm. Laser exposure time is 5 min and peak power density is 3.3

mW/ umz. Scale bars are 100 nm.
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Fig.4-11 Nanohole depth formed using AuNP 100 nm (@) or 150 nm (M) of diameter.

Laser wavelength is 488 nm or 532 nm and peak power density is 256 mW/pm2. KOHaq
concentration is 55 wt%.
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Fig.4-12 Nanohole depth as a function of Peak power density of laser. Peak power
density of laser is from 12 to 25 mW/um2. Exposure time is 5 min.

Medium is KOHaq(55wt%) and AuNP is 150 nm in diameter.
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Fig.4-13 SEM images of (a) cross section and (b) laser-irradiated period-dependent of a 100 nm-

side AuUNT submerged in 40 wt% TBAOHaq. Peak power density using laser is 3.3 mW/pmz.
(b) Scale bars are 100 nm.
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Fig.4-14 SEM images and measured by AFM of AuNI array (a) prepared the
substrate and (b-d) after etched and washed. Laser irradiated AuNP arrays (5min) at
peak power densities: (b) 0.8 mW/um?, (c) 1.7 mW/um? and (d) 3.3 mW/um?. Medium is
TBAOHag (40 wt%).
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Fig.4-15 SEM images of laser irradiated Au nanoparticle array. Peak power density of
illuminated laser: 3.3 mW/um?. Medium is KOHag (20 wt%).

AuNI array is on (a) Ti membrane and (b) glass. Scale bars are 500 nm.
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Fig.4-16 Calculated absorption cross section (Cabs) of nanoparticle in water from Mie

theory. Refractive index of medium is 1.33.
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Fig.4-17 Temperature distribution by CW laser heating of a nanoparticle. Particle
diameter is 150 nm. Surrounding medium is water. Particle temperature of Au and

Pt is 1581 K and 1357 K, respectively. [47, 49]
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Fig.4-18 Bright field images of a through-hole from 0 to 137 um in depth direction.

The laser irradiates 25 rnW/um2 at peak power density and 8 hours. Etching solution
is KOHaq (40wt%). Scale bars are 10 um.
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Fig.4-19 Nanohole depth on borosilicate glass as a function of KOHaq concentration

from 20 to 55 wt%. Peak power density of irradiated laser is 25 mW/um2 and exposure

time is 5 min. Diameter of PtNP is 150 nm.
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Fig.4-20 Nanohole depth on borosilicate glass as a function of peak power density of

irradiated laser from 9.8 to 25 mW/ umz. KOHagq concentration is 55 wt% and exposure

time 1s 5 min. PtNP 1s 150 nm in diameter.
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Fig.4-21 Nanohole depth on borosilicate glass as a function of exposure time of laser

from O to 15 min. Peak power density is 25 mW/um2 and KOHaq concentration is 55

wt%. Diameter of PtNP is 150 nm.
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Fig.4-22 (a) Fitted scattering intensity of a PtNP in glass substrate for horizontal to
glass surface. Exposure time is 1 s. (b) Migration length for irradiation itme. (c) Fitted
scattering intensity of PtNP defocus irradiation in glass. Peak power density is 25

mW/ um2 and KOHaq concentration is 55 wt%. Diameter of PtNP is 150 nm.
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Fig.4-23 (a) TEM image of nanohole and (b) nanohole depth formed on synthetic fused

silica. Laser exposure time for nanohole fabrication is from 0 to 15 min. The depth

1s 0.6 um and peak power density is 5.1 mW/um?2.
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Fig.4-24 Nanohole depth on synthetic fused silica as a function of exposure time of
laser from O to 15 min compared by borosilicate glass. Peak power density is 25

mW/ qu and KOHaq concentration is 55 wt%. Diameter of PtNP is 150 nm.
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Fig.4-25 Mass change rate of glass substrate. Heating time is from 0 to 4 hours and temperature
is 773 K in electric furnace. Etching solution is KOHaq (10-40 wt%).
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