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Individual nanocarbons such as carbon nanocapsules and carbon nanotubes were
manipulated in a high-resolution transmission electron microscope and assembled into
nanometer—sized structures sandwiching between two electrodes. The atomic structural
dynamics were observed with simultaneous force, electric current, and voltage
measurements to clarify the intrinsic mechanical and transport properties of the
individual nanocarbons. These results can be utilized for the research on single
nanocarbon devices and contribute to the development of the bottom—up engineering in the
future molecular—-scale device technology.

AT R AERR
(AL 1)
LA Y IEEE & &t

2008 4 2, 100, 000 630, 000 2, 730, 000
2009 4REEE 1, 300, 000 390, 000 1, 690, 000

R

R

FEE
o 3, 400, 000 1, 020, 000 4, 420, 000

RFESYUF - 00 BTk
BB OSE - MIH ) - <A 7 B« F R T A A A R
F—U— R ZOBHBEFEMBIE, S h—K



1. WFZEBIA Y DY =
SHOE¥(2F 2DV arym_N—R L
L7 8RBT A TIE, Z O e
WD ERR 7o BEIC 22 & M= AH 9 L LTWD,
OB Z BT-iiE, U ar B3R
DT AT —IVHIER, HHWITESH L
WEHIZHE S TS ZADOBENLE L S
nNTnd, v afRbaFmele LTk
HENTWAMED >N —HKRF ) F
a—TRT T T2 EDF ) h—R T
b5, ERNCIERELmETHY, o
FWHNC L EETH DT ) h—R BT
DIFFEDOHERE L, Fo DS E O FEEFAT & FIF D
By em FERBIIBWIHLETH S, H
1B, Hi—F 2 —R BT DI o3 B
i & EBR O E D RIS HERE S T
D, LML G, Bhim & EBROWFIEHE RN
—HLRNWZEnbb, BliE, B—07F
— LV Cg 70T DEERA AR I XBERR T SC 0
LN RT 4w 7 RETHD I EDRRIBX
NTWo, —F, EBRFFFETIL, 1995 124
FRHENCWAE LIZH— Cy 20 F D EBRA B
WERE b FVBMEEICZVIZLD TH
RHTz, D%, FEAHIEEE kA
Ly havA L — g iE, BERY Y
7T 7 4 —{ETe E ORI S ER T IC X
O EMEIEREN T ) A— VAT — L Th
5F 7 X% v TEBPMER S, OB
\CHL— Coo 0 T & HFF S & CTERERHEN
NS, LU, WFo EBRES F b B
RMOZTNE—FHL TR, ZOR—HDE
KoD—o& LT, ko FER TIIREERZ L
WP E 2SI 2 T 7o, MR R &
T T OBCTIR,, BefilimAg, Befilfbi/e
EMEFORENRHETH-T2H D L
WMEb, ZOXD BRMUNET 2 1—FR
{8l 2 D BB REME 2 MR 3 2 SEBRAFZE Tl T
J REEZERNC EREBIZE L, oD TY
PEARIRFICHE U, T3 2 Z EmUIE s
N5,

2. WHEOHM
H—=RF ) TN —R T )T
a—TREDF ) =R O L E
BEHICHLNZ L TH 1T 34 ADHF
FIIHT D Z X h—R o DEMAL
2T 572 DICEETHDH, £ T,
AW TIX, £ OERE - BHMEIEIC LY
T =R Ml 2 A LD ZE R S iR
BETHELLENb~v=tal—ar LT
T EEEAIRL L, & O% TRIFRIERZ 728
PAEZRE L, H—T /b —R U EAE O
RSB T - SR EFrE 2 E &N - 24
BINZHA LN T D Z L2 AMET 5,

3. WD Ik
A THERLZZBI—HR ) ) F =

— T HT—IHEIZLY, h—RoF I hT
A EUTIORTRIEICLY AR L, 79
- A TR X0 ARk L=, kIZ,
DS T4 Ah— K BELER AL L CIE
pEA L S, 1B E BRSO &
DF T4 AT — DI EEEZ L T
WEL, h—ARrF ) BT VEASKICEE
ST, EO%k, REICEREARE LTEE
b o ROVEBRBREE R ET T > 7 O [ )8R
WERD > F L _A—F v T H T EIEL,
F ) Fa—TRF ) BT ENLD D EER
L. BERER. NDEAMLE, Zoktxo
WEEETLEDATICLY ZOHTHE
BRI B RREBIZE L, [RIRFICEERCER A
T EIC KD DERIETTIEICI D EI L
oo BOBIEERME &R S CTEESCEG .
NEFTE LT,

4. WFFERRE
() ¥E—H—R T B 7' OsMA R
HAEHEEENT, h—RrF 7k
NDO—DNZEBR L, £OF /) 7 EAREIZ
B FUN—F T HERUAT THRYIEL
EMEETE 2 1TIr o=, ZDE X OEREEL
BE LB T BEMETBRRIZK 1 ITRT,
X 2 \Z[RERCHIE L= 0B ka2 md, T/
77/ 2 JEOWEEED S 72 0 Kl 7. 7 nm,
5HEh 4.5 nm OFEHEERTH D, T/ 0T
BIZ 2.5 0N DJJTH U F L AA—F v T %
LTS EE 1(@)-10)), F /7L
FEFE LBy o807 (K 1(c)), —BE,
B FVN—F T T ) T RANSE
X+ L. F AT AORIZEE L
1), B, HrFLA—F v 7%2HL

Pk

P e TYXNT.
717 vacuum; fd
CALETNE R



= (=N
@

Fram
————————— aT
(a0

force (nN)

0 10 20 30
time (s)
X 2 JEHEATZEER CHRIE L= 102l
a—f 1ZX 2 (a) -2 () Z @152 L 7Rl xdhis

15 &, F 7 1 FeTFEONBER LR
fit 55 ETEELIZ (K 1(e)), ZOERITH
B2 J0E 4. 70N, Wi /013 0. 18 GPa TH » 7=,
T TN D P ZEREIE N OSSR
Wt TCOTHhELGZZHTH, HorF L A—
F o T EF AT RANLB XEET L, FD
ARIZEIET S5 Z ERNH LN -7 (K
1(F)), ABFZERERIF, h—ARF /2 7k
Vb DT R E A OB AT EIE & R
EEBMINORLTEBY, T/ e E—
DT T A ANSHT B OHF M 7 e
MAThH D,

@) i/ ay FNEI—KRF ) Fa—
PARK N S
/ey ReEWNaA L) /) Fa2—T%
HWTTF ) Fa—TOLBHERREED
%R E WM L RN, BEIREEN
THIEEN I EE L 7- B 18 nm, £ & 256
nm OFF /vy FNEAT ) Foa—7ms
BT AT F )Ty T ORI S
F ) Fa—THERICEEZEI LT, HUNE
JE% 1.4V £ THMSE S & BT 10.0 pA
FTHML, R 2y KB F ) F=
— 7 OWNEEIZIR - THRD & 2RO J7 1A
BEIL-, Z0LXOBEBRBEIT, 10° A/ cn’
F—X—ThV ., LSI Oz T L
JhavwA L —arBDREIBEETDE
MEELRBETHDIZEDRPALNIR-
7o T/ Fa—T0EKEL. S ey
ROWLEIT &b 720 30%FR BRI L7-, £7-.

e 7

MWNT

vacuum

X 3 A&EA YA TLAEEDRE
CRBS TN — R T ) Fa—TOET
TSR

200nm

50 o 1sttrial
A 2nd trial
—_ | m 3rd trial
C © 4th trial (reverse current)
x A 5th trial (reverse current)
8 40 O 6th trial (reverse current)
c
@
B _ s
g
30 . P
| e
0 1 | | 1 | |
0 700 900 1100

Bridge length (nm)
K4 F/Fa—TORERSEELSHE
7o b T OBEBREILOLAL

BBLLHIL, ) FaeT L e Ofh
b & TR S o, AR, FHR
D5y FF A ADEME R T L LT
HITF ) F 2 — 7~ R 1 B3 2 HE
PO L 725,

3) —ARyF ) F 2—T7 DEKE R
Mr&) ) F a—7E£ETOLEBEHE

H&t / Fy FAICEE LR —R T/
Fa—T Ok EESEMBENTY=E 2
L—yar L TA Py sLHY 7L (InGa)
BEICEMIY, ) Fa2—TE2HEE InGa
HEDOMICEE ST, 2Dk, T/ F2—
TOREGE S AL SRR L BEBRS G
P2, K312 F ) F2a—T7 DOREE S
AL SE TR LB FHEMES O —F
BoRT, T Fa—TOEKZELEEIITIENTE
U311 & 1160nm TH Y | ¥ 3(a) & 3(b) DBE
BESIIFENFN 700 & 1080 nm TH 5, I
INEEHE 40 pA 2 — IR HERB L Z D) ) F
2— 7 DEERE IS TERKNE
HE L7 (B 4), BEEIICxd 2 EXER
DOENE Ty P LTS T 7ITBNWTT 4
T A TR LIRS, /T a—T D&E
SHEHIRIT 3.8X 107 Qem ThHh D Z L0 5
Ml ole, ZOBRBIIHEIZZZ 774 b

i A

200nm
5 N—ARrF /) Fa—T7REZBHT
2% Ve R OO 7R T BAMER R R R 8

MWNT



PN TR OERIEHIR 3.8X107° Qem (21T
ETHY ., KT HFIETR—F ) F2—T7D
BRIBWPLROFIEE LTHEITHD Z &
ERLTWNWD, SHIC T/ F2—7I2114 pA
DOEEZEMT 5 &, RO InGa &40
T 2L b ICEMEeERN T ) Fa—7
HRFWIZZ > TR micBEi 45 2 &
R BT 272 (K 5),

AR TIE, # O%nEiE - BEMEEIC &
W —F ) B —R o OREEBLIEL L WPERE
Z RIRFIZATUN, Bi—F 7 A — R [ A O Rk
RFERE 1 - GBS E 2 E RN - 24
FIHCHA ST 5 2 E N TE 72, AOFZERL
. kOB —F ) h—R T, ZAD
IS FBFFEICTE ] S 4v, REROFEDE D FEZE -
BrEHiFoRE~EM®RT D0 LS
%

5. EIpFEIGm L
(WFFEFRAE . WHIEo 3 M O IEE 12
E 7Y

GEERms) (B9 1)

(D Yasunobu Suzuki, Koji Asaka, Hitoshi
Nakahara, and Yahachi Saito, Electric and
mass transport of a suspended multi-walled
carbon nanotube studied by in situ
transmission electron microscopy,
Japanese Journal of Applied Physics, 49,
02BD07-1-3, 2010, ZHiAH Y

@ Fumitaka Kimura, Koji Asaka, Hitoshi
Nakahara, Fumio Kokai, and Yahachi Saito,
Electric and Mass Transport of a Carbon
Nanotube Encapsulating a Copper Nano—rod
Studied by in—situ Transmission Electron
Microscopy, Journal of Nanoscience and
Nanotechnology, 10, 3907-3909, 2010, #t
ER e

® Koji Asaka, Kun’ ichi Miyazawa, and
Tokushi Kizuka, The toughness of multiwall
carbon nanocapsules, Nanotechnology, 20,
385705-1-4, 2009, &HA Y

(PR G331

O =k, + O%EEE - BEMELEIC X
HH—RF ) T RAD I B E R
Mgy, T~A27nm-F /) ABba=7 2%
B WL 1 56 44 5] GCOE & < F~—, 2010. 1.
14, A4dERT

@Koji Asaka, In—situ TEM Observation of
Joining of Carbon Nanotubes, 7th
International Symposium on Atomic Level
Characterizations for New Materials and
Devices ~ 09 (ALC’ 09), 2009. 12. 8, Maui,
USA

QLY R, M—2EI—RF ) W T'AD
AR E I - BRASERERRYT, 77—y - F
JFa—T7 2009. 9. 2, oL ITEEESE

(E] GF11R)
(MKoji Asaka and Yahachi Saito, WILEY-VCH
Weinheim, In—situ transmission electron
microscopy of CNT emitters; as a chapter
in a book entitled Carbon Nanotube and
Related Field Emitters: Fundamentals and
Applications, 2010, 109-117

6. WFFTAHA

(1) WFge s

28 =R (ASAKA  KOJI)
SRR - REFEPE TEW5ER - Bh#
WIeE &S : 50361316



