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A new carbon nanostructure, named as “carbon nano-sprout”, was discovered. This carbon nanostructure exists
as nanodot and nanowire on a flat single-crystal graphite (0001) terrace formed on a carbon-doped Ni(l11)
substrate. This carbon nanostructure synthesis requires no external carbon sources but only a heat treatment in
ultrahigh vacuum. The growth mechanism is based on a bulk-to-surface precipitation process of internal carbon
atoms that were doped in a high-purity Ni(111) substrate in advance. The observed carbon nanowires are single
wires or their bundles. Nanometer-scale morphology and chemistry have been clarified by low-energy electron
diffraction, Auger electron spectroscopy, X-ray photoelectron spectroscopy and scanning tunneling microscopy
(STM). Simple manipulation of a single carbon nanowire is demonstrated by STM.
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Fig.1 Phase diagram of carbon-nickel binary system.

DEBTEELLEBLT 2 50BN H D, H—I11RE
IR L TRE RBEBEE (K2 7at. %) 2HT22 L.
F2RBRERKREMEEMR LN ETHD, %<
DEBERIIBRERRICIETKT DD, RFEE
=T &W LD ERAETH 7 PIIBWTR{ES %
FHLTLEW, +0RBEE TEBRIEIZ LT
ERV, L2 AOBEMNL. NI IZBWTIIEIRIZE
B Licd v v RICRICMETRESED 2 &
REBBE (~lat. %) IWRFBF—FEEBLNT
&5,

ZOXSCREBNI Tk, BBREE (~F—7
BE) UTIEBWTEREICARIRZEOH BRSNS
5, Ni-CRIZBITDREHLHOMRIL Blakely H1IZ
FoTNI (11 EIZONTITNT-DOBELTHD
B, HRFEIREFE LERBROBREEIIASNFR T T
T4 RTHY, FHNI(QIDTEEZEF X v /LA
FabhdEaniz(10], EoIZRKREVI 1T, Ni
(M EETRXREREBICORERTRE. ORH®
BESBI7Z7774 M QLRI Z7 74 b 3 FELR
BHBHZETHAH[11], ZiXBlakely biz k- THE
RESNT-CEWENL (111D REOMAK (Fig.2) 12k
BETDHIIENTED, BET LV bEVBEERT
. REEFIIALVI NS CRETREBEBERF & L
T, RETIEHREBRITEFLLTEETD, 22T,

- 219 -



Journal of Surface Analysis Vol.10 No. 3 (2003} pp. 218 - 229

JEE K REWTHICL BE LI —R T /ORI

~H—BF S RTT =

RERT LI, ASBICEE L7 . ,
BREFAREICELTSZ LI e

VREZFL¥—RETFSE3 o 9> 1 Surface |
(REILSED) BETHD, RE .‘-;-' 100 "..............‘..l........._.. 1 Monola_yer I Surface
PEE. REFTRORBREL @ o] ‘; Graphite | S"é;ﬁ%ﬁffd
HUUT Th D, RERIFEND @ = | i 1
BEFBTSE, RET, K0ES Q@ L - :
BERASICET 5 L RERFRE @8 - g ———— g
ABMITARL, BECEFES g § Multilayer ! E,
SIE—EEIC RS, TOBRERES @9 g4L Graphite : :
TRERFEOIS 774 MHT E Precipitate i #%0.01
ML =Es vy McERANRT B ' | Moo
VWB, TOREFESTT 7 A b 0011 T T

BESEOTAL S N B B ERAIE I 1 -

0 0OKREEDHY., BETFBORE Low T High
LY REBERMLSNT NS S Temperature

ENbnb, SLIREZ T, UT
WCBRTEER L, ST ABOBT
YA MBEEBETE 22, RE
BT 774 MELTHHERN
e B, T LIS 774 MBI
T = E Xy LRRBARERFF LB OMERT D
anTuna,

3. FEATHL — R OAIRE & RAT 5tk

HERE 99.995% @ Ni(111) BAESEE X— XL E LTz,
RER-C @R~ 2BERERMES 774 b
K (99.998%) & EEZE (~105Torr) * miRF (~1150K)
IZBWTHEMIE 25 (REBRIEHEE) ik
Ihof, TOXSITLTERLAECEENI(1I)RE
BOBBKRFREZIBA SN THRERVKRED
Ni ~DEMEFT —F[13] L VRETE S, AEHI7T
VX F 7 F— (1.0um ~ 0.05um ¢) (2 K 9 SEEAE X
N, IHETE N BERESL-EIIBESEREVR
TAMIEBAIND, BROWCETOHI—RUBRNEICE
BT AREREE TMEYT 3, ZOREFRRTIERE
REBREIZRSUT TH B, BREZR<ICBETIED
ELRICBEBRFRB I 27 74 PBIBRERGFETHRE
RS RND, REOBEBERFIBEICET S L., S
7 NERDRFETF 135V 7 REOEFHEIRF & LT
TFETET, REITHIET 2, R rH LIRS
BTSN FNIRVEERRTHDH7 774 b L&
LTEBIIRETHEEZ LN TE -, REBOMEYT
W, BEEFE A — Y, EE M RVBRBMES.,
XBHEEFDI., BRESFEEA— T =AM (FE-
SAM) 72 L ORESITFIEEEME L TITo 7=,

Fig.2 Surface phase diagram of carbon-doped Ni(111) surface
proposed by Blakely et al.
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Fig.3 (a) LEED pattern of carbon precipitated surface
on the carbon-doped Ni(111) substrate.

(b) Schematic mode! of surface structure of carbon
atoms on the carbon-doped Ni(111) substrate. Very
small lattice mismatch enables epitaxial growth of

graphite on Ni(111).
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Fig.4 High resolution C 1s XPS spectra with Al Ko
x-ray source obtained for the C-doped Ni(111)

surfaces at various temperatures.
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Fig. 5 (a) A high magnification FE-SEM image of the
carbon overlayer and the nanowires on the C-doped
Ni(111) after the lh air-exposure. (b) The FE-SAM
analyses on the carbon nanotubes (#1,#3) and on terrace
(#2) indicated in the SEM image.
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Fig.8 Sequential STM images of a carbon nanowire grown from a

carbon nanodot at a graphite step-edge and manipulation by
proximity effect of a STM tip caused by gap distance decrease.
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V,1=38 pA. (c)&(d) 72nnx 72nm, V=0.122 V, [=1.14 nA.
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