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Multiscale modeling of synthesis of thin film of diameter- and chirality-controlled
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The crucial factor determining diameter and chirality of carbon nanotubes in the
thin film is studied in this study. Firstly, energy of nickel/graphite interface with matched orientation
relationships is systematically examined using various calculation techniques and it is revealed that
most stable structure depends on the simulation methodology. Moreover, the dissociation process of carbon

source molecules is investigated using ab initio molecular dynamics simulation. It is revealed that the
C-C bonds in the CHxCO fragment molecules is preferentially dissociated.




(CNT) () /

FET (1112)
/Ni
CNT
Inm
2003 (MD) Bond-order
CNT Reax-FF B
SWNT (SEMO)
1(a) Ni(111) /
/CNT
TEM Rosei(Hollow) Top(fce)
(fcc(111), HCP(0001) )
Bond-order
Rosei(Hollow)
CNT ReaxFF TB Top(fce)
Ni(111)/
CNT
Nanoscale(5 )
2 16 (RSC
CNT web, 2015 6 )
CNT CvD

Ni 1st nearest layer

R -.'w-
LT
. Ni 2nd nearest layer

Ni 3rd nearest layer

CNT CvD (b)

Hollow (Rosei) structure
» Bond order {Shihulé)&
o ReaxFF
| = TB (Amara)
'8 SEMO{AM1*)

MD

MD

T
o
o

DFT TB

Interaction energy [eV/C atom]

-1

L
1 2 3
Spacing between graphene and Ni(111) [A]

top (fcc) structure
1.6 ']

—_—
2]
~—

T T T T T
1 ® Bond order (Shibuta)
! o ReaxFF B
: = TE (Amara)
*‘ o SEMO (AM1*)

o
=3

MD

o
T T

Interaction energy [eV/C atom]

1
ol
@

I L i Il L 1 i L
1.2 16 2 24 28
Spacing between graphene and MNi(111) [A]

OovP Mulliken

Ni(111)

G )



o1 o1
c2y
C1 c2 ¢ C1
Ni1 Ni
¢
Ni

c-C MD (5 )
Fragments with C—C bond that dissociated in MD
9.87eV 9.12eV 8.71eV
v ¢
1.44 eV 4.80eV 443 eV
CH;CO x2 CH,CO CHCO x2
Fragments with C—O bond that dissociated in MD
5.14eVv 1.43 eV 9.70 eV 1.35eV
P/ g i d HCS
4.84 eV 493 eV 4.72eV 4.96 eV
CH:CH,OH  GH,CH,0H x2  CH,CHO CCH,0H
(Ethanol)
Fragments with C—C and C—C bonds that did not dissociate in MD
5.522 eV 5.22eV

A . * 4 “ | —— Dissociated bond in MD
H Q| Non-dissociated bond in MD
: Jd =
©127eV 4.00€

CH,CH,O CH,;CHOH

3C-C C-0

G )

A  363rs (1500 ste 968 fs (4000 step)
2, o S :
K‘ ' ‘ "‘*q“ CH

<

1888 fs (7800 step) 3751 fs (15500 step)
‘ o LT AL A
) on 'l

4 Ni(111) CH4
MD(5 )

@ MD

CNT
MD
Ni
2
CH3CO
c-C CH; CO
OVP
c-C C-O
Cc-C
CH,CO C-C
C-O
Ni(111)
Ni(111)
CH, CH; CH
CH,
CHx Ni(111)
Ni
(subsurface)
CNT
Ni
Chem. Phys. Lett.
2
15 (ISl Web of Science
2015 6 )
Cu(111) CH,
CH, Cu(111)
Cu CH4
Cu
Cu CH,
CH,4
5

R. Arifin, Y. Shibuta, K. Shimamura, F.
Shimojo, S. Yamaguchi
“Ab initio molecular dynamics simulation of
ethylene reaction on nickel (111) surface”
The Journal of Physical Chemistry C
, 119, 2015, pp. 3210-3216



T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Bond dissociation mechanism of ethanol during
carbon nanotube synthesis via alcohol catalytic
CVD technique: ab initio molecular dynamics
simulation”
Chemical Physics Letters (Editor's Choice)

, 595-596, 2014, pp. 185-191

doi:10.1016/j.cplett.2014.02.002

J.A. Elliott, Y. Shibuta, H. Amara, C. Bichara,
E.C. Neyts
“Atomistic modelling of CVD synthesis of
carbon nanotubes and graphene”
Nanoscale (Feature article)
,5,2013, pp. 6662-6676.
doi:10.1039/C3NR01925J

T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Ab initio molecular dynamics simulation of
dissociation of ethanol on nickel cluster:
understanding initial stage of metal-catalyzed
growth of carbon nanotubes”
The Journal of Physical Chemistry C

, 117, 2013, pp. 9983-9990

doi:10.1021/jp403006m

Y. Shibuta, R. Arifin, K. Shimamura, T. Oguri,
F. Shimojo, S. Yamaguchi
“Ab initio molecular dynamics simulation of
dissociation of methane on nickel(111) surface:
unravelling initial stage of graphene growth via a
CVD technique”
Chemical Physics Letters

, 565,2013, pp. 92-97.

doi:10.1016/j.cplett.2013.02.038

13

Y. Shibuta, K. Shimamura, T. Oguri, R. Arifin,
F. Shimojo, S. Yamaguchi
“Ethanol decomposition on transition metal
nanoparticles during carbon nanotube growth: ab
initio molecular dynamics study”
APS March Meeting 2015, March 2, 2015, San
Antonio, USA

T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Ab initio molecular dynamics study of bond
dissociation mechanism of ethanol during carbon
nanotube growth via CVD process”
NT14, June 2, 2014, Los Angeles, USA.

Arifin Rizal

26 2013

11 2

26 2013
11 2

Y. Shibuta, K. Shimamura, T. Oguri, R. Arifin,
W. Hashizume, F. Shimojo, S. Yamaguchi
“Role of catalytic metals on formation process of
carbon nanotube and graphene: ab initio
molecular dynamics study”
APS March Meeting 2014, March 3, 2014,
Denver, USA

Y. Shibuta, R. Arifin, K. Shimamura, T. Oguri,
F. Shimojo, S. Yamaguchi
“Understanding initial dissociation of carbon
source molecules on metal surface during CVD
growth of graphene: ab initio molecular
dynamics simulation”
2013 MRS Fall Meeting, December 1, 2013,
Boston, USA

T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Unraveling dissociation of ethanol molecules in
initial stage of carbon nanotubes growth via an
ACCVD technique: ab initio molecular dynamics
simulation”
2013 MRS Fall Meeting, December 1, 2013,
Boston, USA

T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Ab initio molecular dynamics study of
dissociation of ethanol molecules on the nickel
cluster in initial stage of carbon nanotubes

growth”
JCREN2013, November, 25, 2013,

Y. Shibuta, K. Shimamura, T. Oguri, R. Arifin,
W. Hashizume, F. Shimojo, S. Yamaguchi
“Understanding initial dissociation process of
carbon source molecules during nanotubes and
graphene synthesis: Ab initio molecular dynamics
simulations”

CCTN13, June 29, 2013, Tallinn, Estonia

T. Oguri, K. Shimamura, Y. Shibuta, F.
Shimojo, S. Yamaguchi
“Ab initio molecular dynamics study on the role
of nickel cluster as catalytic metal in carbon

nanotubes synthesis"
CCTN13, June 29, 2013, Tallinn, Estonia

T. Oguri, K. Shimamura, Y. Shibuta, F.



Shimojo, S. Yamaguchi

“Ab initio molecular dynamics study of
dissociation of ethanol on nickel cluster in
metal-catalyzed growth of carbon nanotubes”
NT13, June 24, Espoo, 2013, Finland

Y. Shibuta, R. Arifin, K. Shimamura, T. Oguri,
F. Shimojo, S. Yamaguchi
“Ab initio molecular dynamics study of
dissociation of methane on nickel surface in
graphene synthesis via a CVD technique”
NT13, June 24, 2013, Espoo, Finland

Y. Shibuta
“Numerical approach to the role of metal atoms
during carbon nanotube growth”
IUMRSICYRAM 2012, July 2, 2012, Singapore,
Singapore. ( )

http://www.mse.t.u-tokyo.ac.jp

@
SHIBUTA Yasushi
90401124
@
©))
©))

(ELLIOTT James)

(NEYTS Erik)

AMARA Hakim)
ONERA( )



