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Fig. 1  Absorption spectra of DT-passivated gold

nanoparticles in cyclohexane (0.25 mg/mL) before (a)
and after 10 (b), 20 (c), 30 (d), 40 (d), and 45 min (e)
of irradiation by 1064 nm laser light (350 m]/pulse, 5
~ 7 ns, 10 Hz)

50 nm 100 nm
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Fig. 2 TEM images of the colloidal solution of DT-passivated gold nanoparticles before (A) after irradia-

tion for 20 (B), 40 (C), and 45 min (D)

Laser irradiation condition : see Fig. 1.
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Fig. 3 Schematic illustration of aggregation (coagulation) and fusion of
DT-passivated gold nanoparticles in cyclohexane
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Fig. 4 (A) Experimental geometry of laser-induced
deposition

Macroscopic (B) and SEM (C) images of the deposited
gold nanoparticles on the glass plate.
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Fig. 5 (A) SEM image of deposited gold nanoparti-

cles on CaF; plate.  (B) Schematic illustration for a
series of IR measurements ; (a) DT-Au in KBr pellet ;
(b) deposition on CaF, plate ; (c) subsequent immer-
sion into cyclohexane solution of DT (1 mM); (d) sub-
sequent laser irradiation in cyclohexane ; (e) subse-
quent immersion in cyclohexane solution of DT.  (C)
IR spectra for the series of deposition steps (a) ~ (e)
shown in (B)

RN L2 BRBR FCHEELTWA I D0 b, £
D%, Fig. 5BIZART FIHTRAELITV, &F /N FRH
DODDTHFDIRAXZ bvazHElEL. Thbd, &4
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Fig. 6 Absorption spectra of modified glass plates

after deposition experiments

Reagents for surface modification : (a) MPS ; (b) none
(hydrophilic); (c) FPS ; (d) ODS. Deposition condi-
tion : initial gold nanoparticles ; 4.0 = 1.7 nm, 0.5
mg/mL. Laser condition : 532 nm, 83 mJ/cm %, 10
Hz, 30 s
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WTd, (DT+HD)-Au DIIH AL EE L < MET
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A, WIZ, 532 nm ® L —H —K (33 m[/pulse, 2 min)
ZRHOWTEELEREZ T o7 BELORE IR OIRIL
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SEM images and size distributions of deposited gold nanoparticles :
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(A, B), DT-Au ; (G, D), (DT +HD)-Au

Laser irradiation condition : 532 nm, 33 m]/pulse, 10 Hz, 1 min (A, C), 10 min (B, D)

(A) (B)

Fig. 8 (A) Macroscopic photograph and (B) SEM
image of laser-irradiated PTFE membrane filter

BHRENFNLEFN 11 £50m (A) £ 24£12um (B) T
B, WRETICHAT IS 2T AEES T
4. —H, (DT+HD)-Au TidF L WEPRED LT
Thbb, 15HORE TEHRAE 26 £ 8 nm DA T 2°
HERy— I L RECTEHE SR TS (). £h
XL, 10 M OBE CiE, FHRE 460 + 100 nm DE
KA FPZRICEELZRETERESIN TN D Z LA
25 (D). FEHOMPR TA32.7+05 nm THEDH,
10 5 O BBE T 200 fFEWH A ZICFTRELAZZ &I
A ZOLIHIZ, HD OFHA5ERIE, &7/ NTFONK
N, GREEZEEERNICEILE TS Z &g hoT.
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4-1 FEEERFIHEAEI

&F I R TIHMEER TR TS L > THEKRT 2
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Twb. T I T3, poly(tetafluoroethylene) (PTFE) X
PTG TANT —~OEF I RFOREELE, HEITIC
LB HETIT 7%,

H T A WVAHLERED 271 /8 ) — VB (1 mg/mL)
AN, PTFE XA V75074 V¥ —%2FELZ ThiZ
L—H—3 (532 nm, 26 KU 35 m]/pulse, 6~8ns, 10
Hz, ~04 cm®) % 557MBH 32 L, SV AL—HF—K
RS L 72 D ADSIRAD o Tzl BB L, & K
FOEEI»HR S N7 (Fig. 8A). SEM BI% (Fig. 8B)
WL E&F /RN FOFADERETEL. ZOTANS—%
KM EARIIL (surface-enhanced infrared absorption,
SEIRA) ZbHOEM & LT &N, 41
L THVEEEZRTF 4+ — LE%E D D Lcysteine (Cys)
EHWIz. Cys DAY ) —ViEH (100 uM) % &F /KT
DEESNAEHMIZ I0pL FOWFL, #FECHET 5
RED Cys PMERMVOPIIHESIND L HITL A
PTFE A 75 Y7 4 V% —IiZ 6 nmol D Cys & F ¥ A F
LD IR ANXZ M V& Fig. 9AWCRT. (a) IERLHE
D74 NF—, (b) 1Z26m]/pulse, (c) IF 35 m]/pulse
DNRVAL—=H—=HEHTEF I RTERELZLED
AR MVTHD. 1640 cm IZBEI SN D ¥ — 271X Cys
D C=0 WHHIRENZHEK TS, CsDODF ¥y A MR L C=0
fpfEdRE) OME 5 &L OMR%E Fig. 9BIIRT. wWTho
ABIBWTD, CODEFHEEIICys DF v X P&
EIZHAILTHEMLZ., 25 TS, 26 m]/pulse D73V A
L—H—XTE&F /HTFrEELALHE (Bb) 12 b
D2ODY T NICHEL TH 2 EOEFHRENE LR
2. Z0L) ESHEOHEIE &F / RFICLAEA
W RICHRLTWEEEZ GRS, £/, 35 m]/pulse
DRINVAL—HF—HTEF /HTFEEELZZEE (o) 12
1%, 26 m]/pulse TER L72HE (B) LHBELTELD
EF IHTHEEINTVBICL22bOT, FLALR
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Fig. 9 (A) IR spectra of the PTFE membrane filters

after casting 6 nmol of cysteine.  (B) Relationships
between signal intensities of C=0O band (1640 cm™")
and concentrations of cysteine

Deposition condition of gold nanoparticles : (a) 26 ;
(b) 35 m]/pulse, irradiation time, 5 min ; (¢) mem-
brane filter without gold nanoparticles

HED RO S d o7z (Bo). BWOREEELE
&, &7/ HFOBREEILBONLEBICH D EHH
BRTWAE™Y. D LEOHENS, 35 m]/pulse DHEITH
T 25 mf/pulse D7V AL —HF—KEAVZHEIC, K
XLEREMEMEERBAT L& /N TFEERZ LD £
ERTE2bDLEZOLNS,

4.2 JWEMBH-ENDOER

HEMBO - ZRITHIHE, BT E LTS 54
BOWRT (7 A5—) ZHED- EMBORAICEET
5. SR TOEEMRO - ML LTREETLZ LN
MHENTWADT, ZITR, V—Y¥—RHELLZEF /K
FrRHACEERD > X ITOWTHRETL2ZY.

£, ¥79XAF¥¥ T — (HE~05mm) I DT-Au
DY 7 uU~nFHVBRREFREETEALL. FrE¥T) —
WS DEILEDS, Al S L —F—HK (532 nm, 6
~8ns, 30~40 mJ/pulse, 10 Hz) % 20 F[H B4 L 7.
Z0M%, a4 FEREEREL, KEL:& WERHEZE
CEEMRO > EEWMERELTHEALL. 30 7 HKEL

WH : &% 78T oL —F—FREELSM & 5 FF~ ol HER 807

Glass Capillary
(A} ~05mm Plated Region o

W$w 7r”Jh—ﬁ

Fig. 10  (A) Macroscopic photograph of the glass
tube after electroless copper plating of the gold-
nanoparticle-deposited region.  (B) Macroscopic (a,
c) and SEM (b, d) images of PTFE membrane filters
before (a, b) and after (b, d) electroless copper plating
of the gold-nanoparticle-deposited region
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Fig. 11 Illustrated outlines of (A) surface plasmon

resonance and (B) localized plasmon resonance
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Fig. 12 (A) SEM image and (B) absorption spectra

in air (a) and chloroform (b) of the laser-deposited
gold nanoparticles on the glass plate

Laser deposition condition : 532 nm, 10 m]/pulse, 10
Hz, 5 min. Initial particles : ~20 nm
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Pulsed-laser irradiation of thiol-passivated gold nanoparticles in cyclohexane resulted in a
rapid agglomeration and fusion of gold nanoparticles due to a partial desorption of immobilized
thiol molecules. At the same time, a patterned deposition of gold nanoparticle corresponding
to the shape of the laser spot was found on the surface of a substrate that was immersed into a
colloidal solution. In order to extend this phenomenon to practical and analytical applications,
some basic investigations, spectroscopic studies for elucidating the deposition mechanism and
the effects of a surface modification of the glass plate were carried out. It was found that the
quantity and size of the deposited gold nanoparticles were dramatically changed only by a partial
replacement of the immobilized dodecanethiol with 1,6-hexanedithiol, and were also dependent
on the wavelength and the power of the laser light. Independently, laser-induced patterned
deposition was carried out onto a glass plate and a membrane filter, and subsequent electroless
copper plating catalyzed by the deposited gold nanoparticles, and applications to surface plas-
mon resonance sensing and surface-enhanced vibrational spectrometry have been successful.

Keywords : gold nanoparticles ; laser deposition ; localized plasmon resonance ; surface-
enhanced spectroscopy ; electroless plating.
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