#&=X C-19
HEMREMHBEWRRRBRES

ERE2 24 5 H 26 HELE

MEiEE - ABHE (A)
FHZEHARS - 2007 ~2009
EREEE 0 19205016
MEFESL (A1) FT-EEAHEBRTEEIN-MEES S/ AFERFOEFIEFMED
fiz B
THEEERER (FEX) Elucidation of Electron Transport Properties of Small Gold
Nanoparticle Superlattices Connected with Parallel and Perpendicular
mt—Conjugated System
HERERE
Fm FA (TERANISHI TOSHIHARU)
RBEKE - REEHEVEREZARE - B
MEEEZS : 50262598

FFZERE O (Fis0) « Bl Au 7/ R+ 2 RIEBBEE T A AOHEEBE LB L L THNWD
oI, AREENL T8 o R VIRBIBMR O ERN H D, Frexld, MQ LV OBRIIEAT S
ANFYUF A NBEOERSFET NN F A=V EHNTH, FIRT Au F /RF DR %
HE 5 HiEEBRE Lz, &850 F UL, KBRIR o %0+ (R 7 4
JoBIOT7XZa v 7 = UHYER) ZHEENL S T2 Au F / RiF DAL « Wi 21T 7= &
ZA, RER LS TOnfuE & Au AR AEANBI L, FRROLTFREZ R & &
HiZ, FURVBRIIBBIICO T A E R R LI, £, A XL XL 2R
TN Augs 7 T AL —DREG R, BEMATICRE) Lz, —F, RifE 2 nm F2ED Au 7/ ki
2N, EBAREHEEFRSCRE s —u T a vy — RERET 52 L2 R L,

MR R OBEE (J€3C) : When the small Au nanoparticles are used as single-electron islands for
single-electron devices operated at room temperature, the tunneling resistance of organic ligands should
be low as well as the quantum resistance. We developed a facile method to control the size of Au
nanopaticles even by using hexanethiol with the tunneling resistance of ~MQ. For further reduction of
the tunneling resistance, various macrocyclic m-conjugated ligands were adsorbed on the Au
nanoparticles in a face-coordination fashion. Very interestingly, we found quite unique optical properties
as well as drastic reduction of the tunneling resistance due to the electronic interaction beween the
n-orbitals and Au orbitals. We also succeeded in the large-scale synthesis of Au,s clusters. On the other
hand, small Au nanoparticles were found to exhibit single-electron transport property and Coulomb
blockade at room temperature.

AR TERR
(AL 2 1)
[ERESES REPSES ¢ & &k

200 7HE 21,900,000 6,570,000 28,470,000
200 8K 6,000,000 1,800,000 7,800,000
200 9% 7,100,000 2,130,000 9,230,000

FEE

FE
et 35,000,000 10,500,000 45,500,000

W8 b

Pt o F - fiE - AL - BRREME LS

F—U—F: TR DEEFETS. SR TR HOMBE, & EBSR,
TR R

i



1. AFZEBRAE 4 FI D 5
_EHNRVEEEN L AT
T — AR LK, T Au ORI DH
W R RNVFET (HELNT VR T
0—7 47— AEY) ~OISHNER
INDEIC ot ThbL, HETRV
F—DREWVRER2mmBED Aut / hi+%
BT DEFLEEE (1 ~F(EHEAL THRE) W
BLLTHWAZ LT, RiE T —a 7
a2 /r— RBEIRNEHCTX D720, 20K
TEERR I, HEA PRV REZRA L
BT ~ORANYFFCcE D, —H., bz
WHASHICIZEET Vv v F A — 2
UL LW, Z2E7 2 nm LA F O Au 7/
B Z R TE W=, EEMHIENT-~
HZNFOFHANPLEN TV,

2. WHEOHD

(1) n HBERD Au T/ K F I AT
BT HEHENFE L T—EHORLT 1Y
VEBLIORTZZu T o EBEEKERESRKR L.
HHEALZE b F IV F R EREICEE T D
Zlizky, bR RO RIBIEEE X S,
(2) Au HE—F ki Fi2B ) 5 ERE Y
A NV at (STS) 12X v EkmE.
WM T TR L= v v FEM (v
v 7K <20nm) (ZF R AEELE L, BEE
FT A AMERE A ST D, HEE R %

AL, ~100 kQ (B4 &
T 5,
3. WD ik

(1) A7 4V CFHERENL I, AT o
YDA 2(F AT EF AT FN)T =
=NVEEETHELOELZ—F v B E L, e
57T b REG . Lindsay © Dk
ZRAWCTART S, WThomRM 6, 4~
SHEOBMNFEOLDOEMNSR LTS, Au
F ORI T EREEORL T 4 U UHERDOAL
FARLEEEDNBREIND 20, (LR
ECHBIBEIC AR 72y 7 =V FE
RS FERICART Do n 1 REANL 11 Au
T K OE I, EEERITED D VIR
FRBIEIC L VIT S, Au RO X —
v A XL, 12nm & U, &SI A
REFELEDRNWT T AL —FHEBETREE L
THWA,

(2) Au H—F /R F+OE ML, EE b
VERAAYYE (STS) 12k v aliid %, £,
Au T BB & Au(111)JER =2
Tegm L, ki A& R B EE bt B,
STM (2T Au 7/ K1 % i@tk . STS JIE %
179, B FJBIEDE (X F L #EH n)

DN R ARPUC T T LS, Tl T
F— U ARH# Au T ORI OFE R & el LN
DREMICARTTT 5, BAE b o U RPUE I,
BT (258 kQ) DK 4{FD 100 kQ &7
%o WIT, Au T/ R T- OB TR |
F )Xy TEMIEIVFMEL, n EFRT
WA LT Au T/ BT O BT MRS
AR5, 7. Au B—F VR TOET
PtEIX, R TR E B HE & O KRR
& ViIT9,

4. WFICRRE:

(1) 7. o AN S R HENL O~
FOVEEARE A H) & L AR BRI 4y 7
BT A —U# Au T/ R O SRR HIE
EOBFBIZOW TR 21T > 72, 2 nm B2 E D
RFH o F A —A5# Au F ki F Lz
W, BMEEORRED 7T e e Y 7 b
WO D P A A F o B RINT 5
Z Ik, B OER L ORI A OE
MEHE S, 2~7 nm OFIFEH T Au T/ B+ D
KRR L (K1), AFEIL,
AFY T A — L EHARETH o 7,

a0 Anr .
_‘:\\If// _‘:\\If// P P : CFR
€ ) ..¢3 ~ % o
Wy e gnex « E.7% _ & B
g% % s e
Uy @ (CLeT e
. il r
] He g
oo \aF . 55
oW, ¢t — O ¢ L. O

1. FA4— /AR Au T /R FD=EIR
KR A T = K A

WA, BNk E S ORI el B8 L OYs
HRAND n BYEREFAZER]T L
W, 2FFEORNLT ¢V VHERERE - A
i - 7~ a RNAR O HEEE - Bk S X R
WX BRIER. RV 7 4 U UiFERA#E Au
F ki (KR : 1~10 nm) ZAK L7, 2
FEOKRNL 7 4 U FHER (M2 fHfANS
M) Z ARk L7 Au 7/ ki (i 10 nm)
D UV-vis A7 "Lt BT 4 U VBRD
Soret Hr D L WK AR B A8 B AL - B D
1/5~1/15 [ZIBD L, B— 2 fi@nbdnicE
EEZ7MLE (K2), EHI1IC, ALVT 4
U VEBR-EREMERES, A7 4 U 0%
TREECHE ICHEERIFT L 2R L
WUy E7-. A7 4V BED Soret D
VAR DOWA T, Au T R DRI
DOV INESLS Y Rv 7 40 U v el
BN Au O R & B EERT S
ZEMNRBENT, Au T/ RiFF IS



BN L7 7 4 U id, BB k
CHVEHIAEATAHZ LA STS HIE L VIR
Y W

Surface

Soret band plasmon resonance

Absorbance (a.u.)

a—

300 400 500 600 700
Wavelength (nm)

B2, 10 nm RNV 7 ¢ U U FFEERGE Au

G ) Ri+D UV-Vis A7 KL

2. AT 4 ) LD EEROFH W T X
0y 7 = UBERERWESE TR, 74
VT =20 Q WITHEIND B — 7 MBIHIK
L=z &Emb, KRB o 2D+ n #liE-
Au T kL1 E B A RS KI5 2 &
W2 LD, BEFRBUTE CERAL O b RV
PEHE T D REMNH D Z NG
776

—J5. YA R X AW LD I
FRiALE LT, Au 7 T AE—DERRITD
WTHBH LT, Fxlt, RATZ7 4TV 7
NPT SRR Auy(PPhy)Cly 7 7 A
S — e KRB EENL T 7 V2 T 4
(GSH) (2 XV /kFEICHIH T 2mFe <, KHHE
\Z Aus(SG) g 7 7 A X — (SG: I NWVE T AT
— ) DEERIICER T EERE LT,
C OB T REEE A — VT v T BT
EIZED . 1Ny TG T 200 mL DL
5~70 mg & D Aups(SG) 15 7 7 A X — &Gl
DHILEMTET, Auys 7 7 A X —DFIRIIE
BlX., Au kO GSH IZxf3 5= v F o Jitik
DOEWHFEKTHY (K3), Rifx Y7 K
AR LT Au 7 T A X — LD F A — L
AL+ & OBL A S T 5 miE IR I 4
KD Z &N LMo T2, 2008 T,

0h

X 3. flix ORI N 2D AuV 7 A
H—@D GSHIZ LD v T v ragdho#=R

Auys 7 T A B — D B I X RS RS F 03
WA &, 6H0-SR-Au-SR-Au-SR- 2T 1 7
NAETENE — A Aus 2 7ISHEEZIT L
THALIEBEL RS> TWEHEZ NS ho
7= (X4)

4. Auys(SR)jg 7 7 A X — Dk ik s
(Heaven et al., J. Am. Chem. Soc. 2008, 130, 3754.)

(2) Hm Au ki DE WML LT,
Au-Ti & 2— [ L7 SiOy > F L3— LITHE
B 795680 Au -/ KL 18844 1% 86 MHz T
Rz ik, FoRTEELY Y
F L N—-STM 70— 7 CHE AN T
XL EHRFEFTHE LB, BEF MR
VTR ZERL AT, EB VYT T 4 —
CIEEMA A v XREEIATAZET 5 im
Xy v TE&EBMOERITL Lz, 51T,
T+ ¥y vy TEMBEIC, B-EEMEEERE
FIFH UBCE L72 1.8 nm AuT /BRI B\ T,
Y RARI BRI & & bl LR & <
YL EELBIC, BB TV —m T ayr—
RORRET L 2R LA,

5. E7pFEIam L
(WFFEREH . WHIE0 8 M OB ERTJEE 12
(=)

CdERERm 30 (R 1 54F)

(D M. Kanehara, H. Koike, T. Yoshinaga, T.
Teranishi, “Indium Tin Oxide Nanoparticles
with  Compositionally Tunable Surface
Plasmon Resonance Frequencies in the Near
IR Region”, J. Am. Chem. Soc. 2009, 131,
17736-17737. (&3HH)

@ M. Kiguchi, T. Takahashi, M. Kanehara, T.
Teranishi, K. Murakoshi, “Effect of End
Group Position on the Formation of Single
Porphyrin Molecular Junction”, J. Phys.
Chem. 2009, 113, 9014-9017. (£ #i47)

(® M. Kanehara, J. Sakurai, H. Sugimura, T.
Teranishi,

“Room  Temperature  Size

Thiol-Protected Gold

Evolution of



Nanoparticles Assisted by Proton Acids and
Halogen Anions”, J. Am. Chem. Soc. 2009,
131, 1630-1631. (F#if)

@ M. Kanehara, H. Takahashi, T. Teranishi,
“Gold(0) Porphyrins on Gold Nanoparticles”,
Angew. Chem. Int. Ed. 2008, 47(2), 307-310.

(EHA)

® Y. Azuma, M. Kanehara, T. Teranishi, Y.
Majima (8 AH 4 H) , “One by One
Single-Electron Transport in Nanomechanical
Coulomb Blockade Shuttle”, Appl. Phys. Lett.
2007, 91, 053120(1-3). (#&FeA)

® Y. Shichibu, Y. Negishi, H. Tsukunoyama, M.
Kanehara, T. Teranishi, T. Tsukuda,
“Extemely High Stability of Glutathionate-
Protected Aups Clusters against Core
Etching”, Small 2007, 3, 835-839. (&t A)

(F=¥eR) (B3 81F)

(D T. _ Teranishi, “Patchy  Nanoparticles:
Synthesis and Structure-specific Functions”,
The 13th Asian Chemical Congress, Sep. 14,
2009, Shanghai (China).

@ T. Teranishi, “Unique Optical and Electronic
Properties of Macrocyclic
Ligand-protected =~ Gold  Nanoparticles”,
Hybrid Materials 2009, Mar. 16, 2009, Tours
(France).

n-conjugated

® T. Teranishi, “Fabrication and Electronic
Properties of n-Conjugated Ligand-Protected
Gold Nanoparticle Superlattices”, The 10th
International Symposium on Bio-technology,
Metal Complexes and Catalysis, May 14,
2008, Zhengzhou (China).

@ T. _ Teranishi, “Electronic Properties of
Self-Assembled Gold Nanoparticles”, 12th
IUPAC International ~ Symposium  on
MacroMolecular Complexes, Aug. 30, 2007,
Fukuoka (Japan).

(® T. Teranishi, “Unique Electronic and Optical
Properties  of  Self-Assembled  Gold
Nanoparticles”, The 12th Asian Chemical
Congress, Aug. 25, 2007, Kuala Lumpur
(Malaysia).

(XE) Gr41)

O FHEEFIE. TRArZEm oy — BB & s
F—1. B —= 2 —HR, pp. 329-336.
2009.

@ FHFFE. [&F /77 rao— 2ok
LR WY —T A — pp. 260-272.
2009.

3 M. Kanehara

T. Teranishi, “Bottom-up

Nanofabrication: Supramolecules,
Self-Assemblies, and Organized Films”,
American Scientific Publishers, pp. 1-34,
2009.

@ M. Kanehara, T. Teranishi, “Metal
Nanoclusters in Catalysis and Materials
Science: the Issue of Size-Control”, Elsevier,
pp- 361-366, 2008.

(Z D)
R— Ll— U
http://www.chem.tsukuba.ac.jp/teranisi/index.ht
ml

6. WFIEHLR

(D) WFFeAR A

L9 FIYS  (TERANISHI TOSHIHARU)

FUE KT« KPP ER R PSR - 20
%

BFeE 35 50262598

2) T oy
AL

(3) HHEAF IR

4 TE32 (KANEHARA MASAYUKI)

FUE KT« REFBEA P E R AR - B
#

WFgeE 5« 40375415



