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Design of multi-functional single-molecule devices based on molecular orbital theory

OTatsuhiko Ohto!*, Ryo Yamada?® and Hirokazu Tada®

1Graduate School of Engineering Science, Osaka University
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1) A. Aviram and M. A. Ratner, Chem. Phys. Lett. 29, 277
(1974).

2) R. Yamada, K. Albrecht, T. Ohto et al.,
19818 (2018).

3) M. Handayani, H. Tanaka, S. Katayose et al.,
Nanoscale 11, 22724 (2019).
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Effect of carrier gas on single-walled carbon nanotube growth from Co catalyst:
in situ XAFS analysis

(OTakahiro Maruyama'?*, Shusaku Karasawa', Daiki Yamamoto', Kamal Prasad Sharma,
Takahiro Saida'? and Shigeya Naritsuka'

'Department of Applied Chemistry, Meijo University, 2Meijo University Nanomaterial Research Center
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Fig. 1. Composition variation of Co catalysts during
SWCNT growth with (a) Ar and (b) Ar/Ha carrier gases.
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Single-walled carbon nanotube growth by alcohol catalytic CVD with Os catalyst

OTakahiro Maruyama'=*, Masaya Kobayashi', Daiki Yamamoto!, Kamal Prasad Sharma,
Takahiro Saida'? and Shigeya Naritsuka'

"Department of Applied Chemistry, Meijo University, 2Meijo University Nanomaterial Research Center
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Fig. 1 (a) Cross-sectional FESEM image and (b)
Raman spectra of SWCNT s grown from Os catalyst.

HEE

AW D —FBIXRANE R T Z T 4 v TR
W MEORIRUC X D4 KT T v RHEE
Tar TR, Bt (B), BXOSCHRE
FIoToIou =TIy NI —LFELDT W

HARK) OXAEEZ T TR -7,

Intensity [a.u.]

X &

1) T. Maruyama et al. Carbon 96 (2016) 6.
2) T. Maruyama et al. Appl. Surf. Sci. 509 (2020) 145340.
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Near-infrared photoluminescence stability of single-walled carbon nanotubes dispersed with
coconut detergent

OKota Hirayama!®, Masaki Kitamura', Ryo Hamano' and Kazuo Umemura !

! Tokyo University of Science,
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1) K. Umemura, R. Hamano, H. Komatsu, T. Ikuno, and E.
Siswoyo, Molecules 26, 2908 (2021).
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Thermal conductivity measurement of single-walled carbon nanotubes
in the high temperature region

OMasaru Irita*, Kazuki Yoshino, Makoto Horiguchi, Kazuma Nagano, Shintaro Momose,

Yoshikazu Homma, Takahiro Yamamoto

Tokyo University of Science
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1) T Yamamoto et al., Nippon Kinzoku Gakkaishi/Journal
Japan Inst. Met. 73, 583 (2009).

2) S. Berber et al., Phys. Rev. Lett., 84, 20, 4613, (2000).

3) J. Hone et al., Phys. Rev. B, 59, 4, R2514, (1999).

4) N. Mingo et al., Nano Lett., 5, 7, 1221, (2005).

5) K. Yoshino et al., ACS Omega, 3, 4, 4352, (2018).

6) M. Irita et al., Nanomaterials, 11, 9, (2021).
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*Mitsuhiro Honda', Listitani Popy', Yo Ichikawa' (1. Nagoya Institute of Technology)
9:00 AM - 9:15 AM

Electron irradiation dependence in C,, Pyrrolidine Tris Acid (CPTA)Thin
Film

*Mihiro Takeuchi'?, Hiroshi Suga'?, Ying-Chiao WANG?, Takatsugu Wakahara®, Kazuhito
Tsukagoshi?' (1. Chiba Institute of Technology, 2. WPI-MANA NIMS, 3. Research Center for
Functional Materials NIMS)

9:15 AM - 9:30 AM

Edge-edge interactions of bilayer zigzag SiC nanoribbons

*Rongyao Sun’, Jun Nakamura' (1. Graduate School of information and Communication
Engineering, The University of Electro-Communications)

9:30 AM - 9:45 AM

Charge transfer Mechanism in N719/6-AHT/Au by frequency
modulated AFM

*Masahiro Nakayama', Ming-Chi Cheng'?, Kentaro Kajimoto', Takashi Yamada', Hiroshi
Ohoyama', Takuya Matsumoto' (1. Graduate School of Science, Osaka University, 2.
National Taiwan University)

9:45 AM - 10:00 AM

Elucidation of molecular switch mechanism on Au surface by mixed
self-assembled monolayers

*Naoya Mishima’, Hiroshi Ohyama’, Takashi Yamada®, Naoki Ando?, Yutaka le?, Takuya
Matsumoto' (1. Graduate School of Science, Osaka University, 2. The institute of
Scientific and Industrial Research, Osaka university)

10:00 AM - 10:15 AM

Break time

10:15 AM - 10:30 AM

[2Ea09S] Manipulation of nitric oxide molecule by attractive force using

scanning probe microscopy

*Runnan Zhang', Masahiro Fukuda?, Taisuke Ozaki?, Yoshiaki Sugimoto' (1. Graduate School
of Frontier Sciences, University of Tokyo, 2. Institute for Solid State Physics, The
University of Tokyo)

10:30 AM - 10:45 AM

[2Ea10S] High density phase of oxygen layer on Ag(111) observed by atomic

force microscopy

*Mitsuo Kimura', Yoshiaki Sugimoto’ (1. Graduate School of Frontier Sciences, The
University of Tokyo)

10:45 AM - 11:00 AM
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[2Ea11] Theoretical study on transport phenomena in nanostructures
*satoshi watanabe' (1. Graduate School of Engineering, The University of Tokyo)
11:00 AM - 11:30 AM

[2Ea13S] Understanding binding strength and electric conductivity of single-
molecule junctions
*yuji isshiki', tomoaki nishino', shintaro fujii' (1. Graduate School of Science and
Engineering, Tokyo Institute of Technology)
11:30 AM - 11:45 AM

[2Ea14S] Molecular dynamic simulations of the dynamics of the water adsorbed
on the graphene surface
*Yusei Kioka', Yuki Maekawa?, Kenji Sasaoka®, Takahiro Yamamoto' (1. Graduate School of
Science, Tokyo University of Science, 2. Graduate School of Engineering, Tokyo University
of Science, 3. Water Frontier Research Center, RIST, Tokyo University of Science)
11:45 AM - 12:00 PM
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Cu doping into TiO2 nanoparticles via liquid phase deposition
and their photocatalytic application

OMitsuhiro Honda'

, Popy Listani

', Yo Ichikawa

! Nagoya Institute of Technology
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undoped

4 26 20 20 a2
Photon energy (V)

Fig. 1 SEM image of Cu-
doped TiO, nanoparticle
(scale bar: 100 nm)

Fig. 2 Taucs plots of
undoped and Cu-doped

TiO, nanoparticles

#E1E (waxberry-like structure) THh D Z & N4 hro
7o FHERERDIEE 2L S BT HHRIC AL - IR
YA ZXOBITR LN -T2, Tz, T~ 2tk
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HHT, IS B EARBEEE 2 R T 2 — B
ThidrZEbonoiz, 23RN ATHEIERIL AT
kLI B4572 Taue plot Toh b, FADOEMNIT LV RIY
WNMEZ RNV T~ T b5 L0307z, F
7oy SOV X - T2, 2.25 eV (%) 550
nm) O FEIRIC > 7 895 2 & b 3o Tz BTN
TR & Wi S OSEARETEE & o0 B ME I DV T,
I CREL < b B,
¥, AMFIEIL, 2021 R AEUENEAN B EREEL
R BLY [ D BIRR A2 & 0 BFZE BT SN2 H DT
T ZOLEMED TR EILE L EiF £,

X [

1) K. Hashimoto et al., Jpn. J. Appl. Phys., 44, 8269 (2005)
2) A. Linsebigler et al., Chem. Rev., 95, 735 (1995)

3) A. M. Alotaibi et al., ACS Appl. Matter. Interfaces, 12,
15348 (2020)

4) HRAON . KRR, FAKS dh kR RS,
No3. (2006)

Vol. 33,
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Electron irradiation dependence in Ceo Pyrrolidine Tris Acid (CPTA)Thin Film

OMihiro Takeuchi® 2, Hiroshi Suga® 2", Ying-Chiao WANG 2,
Takatsugu Wakahara®, and Kazuhito Tsukagoshi??

!Chiba-Tech, 2WPI-MANA NIMS, ®Research Center for Functional Materials NIMS,
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1) M. Nakaya et al. : Adv. Mater. 22, 1622 (2010).

2) Y.Umetaet al.: ACS Applied Nano MAterials. 4, 820
(2021).

3) S.-K.Huang etal. : J.Mater.Chem.A. 8,23607 (2020).
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Edge-edge interactions of bilayer zigzag SiC nanoribbons

ORongyao Sun, Jun Nakamura”

The University of Electro-Communications (UEC Tokyo), Tokyo, Japan

1. Introduction

(GNRs) have been

intensively because its extraordinary electronic properties

Graphene nanoribbons studied

can be modified by the geometrical structure. As one kind of
GNRs, (ZGNRs) are

confirmed to have peculiar localized state near the zigzag

zigzag graphene nanoribbons

edge, the so-called edge state with spin polarization,
consisting of non-bonding p, orbitals [1]. Considering the
van der Waals (vdW) interaction, recent study has indicated
that the AA-stacked bilayer ZGNRs exhibit nonmagnetic
ground state because the spin polarized unbounding p,
orbitals form the pseudo-chemical bonds [2]. Although SiC-
based nanoribbons have the similar structure with GNRs, the
electronic states are quite different: it has been reported that
monolayer zigzag SiC nanoribbon (ZSiCNR) exhibits a half-
metallic state because the edges are terminated by two
different atoms [3]. In this study, we explore the stacking
effects of ZSiCNRs and discuss differences from bilayer
GNRs.

2. Calculation

First-principles calculations based on the density
functional theory were used to evaluate the electronic
structure and structural stability of bilayer ZSiCNR. In order
to evaluate the stabilization of this bilayer structure, the
stacking energy is defined as the following formula:
Ermono — (2 X Ey)

ne + ng;

Estack -

where E .., and Ey; represent the total energies of
monolayer and bilayer SiCNRs, nc and ng; are the

number of C and Si atoms in a unit cell, respectively.
3. Results and discussion

Figure 1 shows the optimized structure of (a) homo-AA
and (b) hetero-AA stacked bilayer ZSiCNRs. For the
homo-AA stacked ZSiCNR, the layer distance at the Si-Si
edge and C-C edge is 2.75A and 3.41A, respectively.

©The Japan Society of Vacuum and Surface Science

*E-mail: junj@ee.uec.ac.jp

There is a distinct bond angle at the Si-Si edge while the
structure remains almost flat at the C-C edge, which
suggests the Si-Si edge forms the sp® bond and the C-C
edge forms the pseudo-chemical bond as in the case of
GNR. The stacking energy of the homo-AA stacked
ZSiCNR is 53.5 meV/atom which is twice as large as that
of the homo-AA stacked bilayer SiC sheet (23.3
meV/atom) showing that edge-edge interactions play an
important role in the stabilization of this bilayer ZSiCNR.
On the other hand, for the hetero-AA stacked one, the edge
distance is only 1.93 A, showing that the edge Si and C
atoms have very strong interactions. Indeed, the stacking
energy of this bilayer ZSiCNR is 177.7 meV/atom, much
larger than the homo-AA stacked one. Such a short edge
distance and a large stacking energy indicate that both Si-

C edges form the sp® bonds.

side
_r##m

05-00-00-00—00—0%
homo-AA

hetero-AA

Fig. 1. Optimized structures of (a) homo- and (b) hetero-
AA stacked bilayer SiCNRs

4. Conclusion

The hetero-AA stacked SiCNR is much more stable than
the homo-AA stacked one (AEg,q = 124 meV/atom).
Such a large stacking energy difference is mainly attributed
to the formation of covalent sp® bonds at the Si-C edges.
The electronic properties are strongly dependent on the
stacking patterns: the homo-AA stacked ZSiCNR is a metal,

whereas the hetro-AA sacked one becomes semiconducting.
References
[1] M. Fujita, et al. J. Phys. Soc. Jpn. 65, 1920 (1996)
[2] T. Asano, J. Nakamura., ACS omega, 4, 22035 (2019)
[3]1L. Sun, et al. J. Chem. Phys. 129, 174114 (2008)
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ARMER AFM [2& B N719/6-AHT/AU DEFBEIMIBEDER
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Charge Transfer Mechanism in N719/6-AHT/Au by Frequency Modulated AFM

OMasahiro Nakayama®”, Ming-Chi Cheng'?, Kentaro Kajimoto!, Takashi Yamada!, Hiroshi Ohoyama?,
and Takuya Matsumoto?

!0saka University, 2National Taiwan University

1 Lo Wt 7 MOEOWHAE C7-ER & LT NTL9 ~DERHT
DOENEFRNPED > TWDAREENEB X b D, F
Ru $ERy1- N719 13, GAFHEEKEERIZHN OGN 72 6-AHT DI D&V T N719/6-AHT/AU IZBWTH
HHELE LTHBNTWD, Ly hu=7 R4y FABBOFEABINZER E LT, BEICEST
Bk 2 EMBERRE LS & UTHBRR S 72 6-AHT OELAINEIR D Z LN EZBND, BEOHE
N, ZhEThaix, &EMIZAE R E Y 15 TILISAM DFEE 1 mM TIE4 FEf HfRiox LT
(SAM) & N719 Z{Eff S, ki CRESEL 2 L ATISEWEE ZHY . 10 mM TS F8D 2 &R
THg kY TNk o CEFR-BEREICIERTE MENTWD, 5l SAM FHEEFORIRIEEIZ L - T
'ﬁ%ﬁmbf%k”oLﬂL\A%b/z)/&w% N719 & SHABEOENIRBEN /20 | Z OFERER K
DOFEFMZOWTIHMH STV RV, ZD7H Frx V7 hOBEWNCENZ LB OND, REHTIIIN
JVRSBETH D SAM 24T L7= N719 & Au & ORD BB HOERICHOWTHERTIT I,
FNZOW T2 A D = X LD Z B & L7-EER

EITo 7, < ke
2. BB I
AEHERIZ DV T, BUZEIRATIAIC L 0 ~ A DRI ST |
A L7 Au(11) S SRR D 6-7 3 /-1~ % Ao R
P F AL (6-AHT) D=4/ — LEIEE (1 m) (2 1 Fig. 1. FM-AFM (= & % UE I X
L7, SHICNT9DTZ ) —/LEER(Am)IZ 1 HiZ (@) (b) N
S EHEREE Lz (Fig. 1), £72 10 mM @ 6-AHT : s

ER % O T ERE & [RIRRIZEUEHERLZ 1TV, 6-AHT O
Ber N B 232 HE Lz, 2 b ok 28k
R — RIE - 7780 ST (FM-AFM) |2 & 0 81 L 7=,

3. HRLEXR L ‘ ‘ : ‘ R T A R R ]

FM-AFM % T3 7 2R EBIE 2 5] LR E
7 MEEAT 272, 6-AHT DL ORECITBEE I
BEMWEET 2 kIR T T 4 v FTE, BEORE
ZHHLZY, £72, 6-AHT OEE%Z 10mM & L TR e i
BraER L7201 N719 fFETFTH 2 kT
74 v hT&EZ(Fig. 2a), —FH. AuZAR RIZ1 mM T 1) Y. Otsuka et al., ACS Appl. Mater. Interfaces, 11,
TERLE U7~ 6-AHT E0D N719 TIZ+6 V 225 0 4 AR 24331-24338 (2019).

B NELI S 47~ (Fig. 2b), N719/6-AHT/Au 1235 i 2) R. Stompetal., Phys. Rev. Lett. 94, 056802 (2005).
3) M. Shibuta et al., J. Phys. Chem. C. 119, 22945-22953
(2015).
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—— N719/6-AHT/Au
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-200
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5
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Bias / V Bias/ V

Fig. 2. (@) 10 mM (b) 1 mM TfESRL L 7= SAM Lo N719 O JF % 7 b
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Elucidation of molecular switch mechanism by mixed self-assembled monolayers
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!Depertment of Chemistry, Graduate School of Science, Osaka University,
2 The institute of Scientific and Industrial Research, Osaka university
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Fig.3 (a) poly Au (b) 1-OT / poly Au (c) 6-AHT+1-OT / Au @

LA Z 9% A /A S S N/ N

(Fig.2(%2)). Au IZW75 L 7= SAM 43123 [A U4y 1A+
THEHELTWDL B2 b5, £/, CPD JIEZITV
(Fig.2(4)). B~ v EL T A N T AEAERLT &
Z A(Fig.3). FEM(b) & Fabi(c) THAR(Q)IZxh L TREALAS
W7 N, ZOXDREM~ Y BT OENE,
B FORMAE— A FERML TS D7 &
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TIX AU(QIDIC G L TR A SAM OB % H ol
W FAAL v FITONTEEEITH,
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(1) G.D.Kong et al., Advanced Electron Materials, 6 (2020)
1901157

(2) ALAYU et al., Journal of Experimental Nanoscience,
1(2006) 63-73.
(3) Y. M. Kim et al., Applied Microscopy, 51 (2021) 7.
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Manipulation of nitric oxide molecule by attractive force using scanning probe microscopy

ORunnan Zhang'*, Masahiro Fukuda?, Taisuke Ozaki?, and Yoshiaki Sugimoto'

IThe University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa-city, Chiba 277-0882, Japan
nstitute for Solid State Physics, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan

1. Introduction

Two states of upright and flat-lying NO were found
on Cu(110), and the repulsive force between the NO-tip
and the surface NO were successfully used to switch
upright NO to flat-lying NO [1]. However, due to the
large mutual attraction between flat-lying NO and
substrate, it is difficult to use the attractive force to
switch it to upright NO. So in order to reduce the
interaction between NO and substrate, we used copper
nitride (CuzN) as the new substrate and used the direct
attractive force between the metal tip and NO and
successfully switched bent NO to upright NO.
2. Sample and method
Nitrogen atoms insert into the outermost surface of
Cu(001), resulting in a surface reconstruction, which
form the copper nitride (CuzN). The adsorption and
insertion of nitrogen atoms will also cause the outermost
Cu layer to expand by 2-3%, which results in the
accumulation of tension in plane [2]. Therefore, line
defects are formed approximately every 6-7 nm to
release these stresses, and the defects with the smallest
width are called monoatomic lines. On the monoatomic
line, NO in upright and bent states was also found.
Similarly, switching NO was also studied. We found that
the attractive force or repulsive force can be selected by
modifying the tip. Metal tip provides the attractive force
to switch bent NO to upright NO, and the NO-decorated
tip gives a possibility to switch upright NO to bent NO.
3. Manipulation

In Fig. 1(a), there are two upright NOs and one bent
NO on the monoatomic line in the STM image. In Fig.
1.(b), the upright NO looks dark in the AFM image,
which represents the attractive force between the metal
tip and NO. When tip scanning on the bent NO, the
attractive force between the tip and the NO molecule
switched the bent NO to upright NO. There is no
difference between the upright NO after switching and
the original upright NO under AFM and STM scanning.
Fig. 1(d) and (g) show the height profiles on the lobes at
the green dash line in (a) and (c) respectively. Fig. 1(e)
and (f) magnified AFM and STM image of the black
frame in (b) and the switching point is indicated by the
arrows.

In Fig. 2, the tip-surface distance sweep is used to
switch bent NO to upright by attractive force contributed
by metal tip. Tip approached on the blue spot in Fig. 2
(a), and the force and potential curves could be
converted by the measured frequency shift, as shown in

©The Japan Society of Vacuum and Surface Science
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(b)

Fig. 1. (a) STM image before switching. (b) AFM image
during switching. (¢) STM image after switching. (d) and
(g) Height profiles on the lobes at the green dash line in (a)
and (c) respectively. (e) and (f) the magnified AFM and
STM image of the black frame in (b).

Fig. 2. AFM images (a) before switching and (b) after
switching. (c) and (d)Force curve and potential curve on the
blue spot in (a).

Fig. 2(c) and (d). The bent NO is switched to the upright
NO when the attractive force rises up to 35 pN and the
energy provided to 32 meV. Fig. 2(b) shows the AFM
image after switching.

References
1) A. Shiotari, T. Odani, and Y. Sugimoto, Phys Rev Lett
121, 116101 (2018).
2) M. Yamada, S.-y. Ohno, Y. Iwasaki, K. Yagyu, K.
Nakatsuji, and F. Komori, Surface Science 604, 1961
(2010).
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High density phase of oxygen layer on Ag(111) observed by atomic force microscopy

OMitsuo Kimura!* and Yoshiaki Sugimoto?

The University of Tokyo
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‘ETH D, BEERII=ARTFE2IERT D20,
U7 IANL—varREBIOND, TTT77A4
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Theoretical study on transport phenomena in nanostructures

(OSatoshi Watanabe™

The University of Tokyo

1. [XC®HIZ

F T, BT FRRIEER O AENSLT L
F 7R FEE OEWIC X B REFTEOE O L BT
VW ZIVH AR - fEHTT D 70 D OSBRI TE IS E
H Ut T B8, [RIREC TS FE O i O Bld R R~
OWIFEL ., EREHN A MET 2R FIEE LT
WITE, & 2 CrldE A 1T, EICE—FHEHEZ 0,
EEH S 2 T GO & ZICHN D
ROMFEEED TE T,

O, JRICH HARBEEEFRFREE W
W, ARFEE T, SEEE NS < O FEFEE LD
TE ) /IR R8BI ET 5 ZhETo
HERFIHR OB T D,

2 BFEE

KFHUR Y 3 v Rl EO R AIBR O & ks &
L CH / HEE O EARERHEOM IR Y #LA TS, &
)/ KD D OERE T R, 2 BRE T
BEORERNE, S DIIXS BB OISR Z FHE
TOHMAOKHERERRE L, Zhax AW CaEEm E
DI INEEEREE D D OB IR D = R /L F— A~
7 MVORERIIED OO, T/ SR 5 A
D 4 S FARBL ORI DT 24T 572 Y,

ZD%., %< OMAHEDEFBIROMMIERTHH
TATO RS O L 0 B2 R & H L S AIF9E 2 1
O, =R F ) F 2—T DOELINT L D RFI B
PE D ZALREIE T D43 TLE BT DIRBLK > T DR
WEA~OEBEP LML Y,

3. EFBEARLELHEERF

HHIERBFOERDOT- D DRI L LT LD
HEEED TWDRIC, &RBMBEA~OELEIINC X
D Z O ORekxE PGB EEED 7 4 T AV FIRE -

*E-mail: watanabe@cello.t.u-tokyo.ac.jp

Wi 52 & CERIBIEEZ AL v F32 TR X
A>T OMFBICREEAAND Z &l oTe, HE
PET7 4 7 AL M OWEDORE O EZED D L &b
2y A v F U T OFIBFE~D BN & A A L BE)%
BOWRIZHET LT,

Z 0%, BRR DA A BBV ) & LA R -
- B FEEAEE S 3 T 2 S s o KTt~ b iF gt
DIREIRT T, ZNHIZHONWTIE, ERXTEALT 7 A
VU F o AEMHGEE L, BARKRETEE A1 v
T2 TF DR T O & BNER P TR T 5,

4. BHEZBRTUOIVIL

E 3. OB I, EBCEI L BT LT T S
WIS FEHEOHEEN ST L0 ) lEIC S
Dotz I T, (BTIEBICEE LRV 11X
JVCH—FHLEE & [R5 O FRRSE & O GHRART O
WNEDHIFFC X DR AT vy WZER L, A
A ANRE LB O RN vl R R AR T
VY IVOREEEDZ, TELTZ 7 A UEBRYF T L
DU F T LA T ALRDOIEE L= R —R0E b
U DS OBMRERIZOWT, B LERT U ¥
BHIRFE Y OFHIVERERZ AT D 2 L A REGR L= 9,

WETIE, bR 2~ R E 2, SBOER
IZDOWT HIBE 7z 0,

X ®

M O E b, B EDEBRT DI LD,

1) JEEER fih, JSHER 74, 1075 (2005)

2) JEEES fh, -/ F5E 8, 21 (2009).

3) S. Watanabe and B. Xiao, in M. Aono (ed.), “Atomic

Switch” (Springer Nature, 2020), p. 95.
4) S. Watanabe et al., J. Phys. Energy 3, 012003 (2021).

- 2Eall -



OATHEEAN BAREBEZEZER

2Ea13S

2021 FAAREEEF R P HER

Annual Meeting of the Japan Society of Vacuum and Surface Science 2021

ERFEADHEHELERERE

O—fa k!, B KRR, Palr B

VRO TRERFEF LR

Understanding binding strength and electric conductivity of single-molecule junctions
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Molecular dynamic simulations of the dynamics of the water
adsorbed on the graphene surface
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