Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

ET 0 FRHENABRIKE =M RER S AT

24 FR HFY

Based on the molecular dynamics characteristic research of heat conduction of graphyne nanoribbons
with vacancy defects

Lan Sheng LiKun Gao Xin-Yun

5| Fi{5 & Citation: Acta Physica Sinica, 66, 136801 (2017) DOI: 10.7498/aps.66.136801
1E28 1513 View online: http://dx.doi.org/10.7498/aps.66.136801
AP %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/113

{ o /\LE?EHESEE

Artlcles you may be interested in

# Fe miPH GaN ZZ i =471 S o AlGaN/GaN (& L T-IT 78 28 A48 38 440 (R 52 i A 5

Growths of Fe-doped GaN high-resistivity buffer layers for AlIGaN/GaN high electron mobility transistor
devices

VP22 4%.2016, 65(1): 016802  http://dx.doi.org/10.7498/aps.65.016802

A As B TE AT H SiHL 2R RE I Y 5
Influence of high dose As ion implantation on electrical properties of high resistivity silicon

VI3 224k .2014, 63(13): 136803  http://dx.doi.org/10.7498/aps.63.136803

YK PESE AL A B3 88 B 54 O PR S e LB

Relations between the structure, symmetry and the energy mechanism of the polar-organic molecule
ultra-films during the tribology

VP22 4%.2013, 62(15): 158701  http://dx.doi.org/10.7498/aps.62.158701

% He B b He W [ 8L AT
Study of the evolution of helium bubbles in helium-containing titanium films
PP 2EH%.2012, 61(22): 226802  http://dx.doi.org/10.7498/aps.61.226802

Tt il 2 Ge,Nb L35 2% 7= s 2 UG A BEL 2 1) TiO,
Ge and Nb co-doped TiO, films with narrow band gap and low resistivity prepared by sputtering
Y %4.2012, 61(20): 206803  http://dx.doi.org/10.7498/aps.61.206803


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.136801
http://dx.doi.org/10.7498/aps.66.136801
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I13
http://wulixb.iphy.ac.cn/CN/abstract/abstract66301.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66301.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66301.shtml
http://dx.doi.org/10.7498/aps.65.016802
http://wulixb.iphy.ac.cn/CN/abstract/abstract59896.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59896.shtml
http://dx.doi.org/10.7498/aps.63.136803
http://wulixb.iphy.ac.cn/CN/abstract/abstract55115.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55115.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55115.shtml
http://dx.doi.org/10.7498/aps.62.158701
http://wulixb.iphy.ac.cn/CN/abstract/abstract50495.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50495.shtml
http://dx.doi.org/10.7498/aps.61.226802
http://wulixb.iphy.ac.cn/CN/abstract/abstract50737.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50737.shtml
http://dx.doi.org/10.7498/aps.61.206803

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 13 (2017) 136801

ET o FASERARTE = AL ERFERY
SAFFE

2

Fg

1 T

(FEM R TR S Bl #M 350108)

(20174 4 3 10 AUk F); 2017 4£ 5 H 9 QU FME IR )

LR B A S L e AT SR b TG T S PR ARE, T S AL R ) 2 AR AT S BOE - E 1) S AR, DR AR
0025 o (L R e 0T A BRI RE N AR U L. SRR 73 18 007, JE I A g K AT KB DT ) BN
JA 8 5464, 22T ATREBO (adaptive intermolecular reactive empirical bond order) $ b £ 3 i 5 -5k
JRFTa A BLAE R, A0, 1 300 KB 5L 2 A0 S HR g oK Aly B - B2 Ao i g R R0 o7 i g DA S R BE E B 2
BREEXT H AT 2 5200, R Fourier @ fETHE R T H. BIULE RR W, X T L H90oKR REEE Bl A B4 S5yl
KA P, 1) BT A FRBUR S PR O RE 58, 5 58 R TR Fa I A SR gk A b, A R 2
FECA BRGNP EA TR 2) T A A% VLR FE SRS, AH LT 2 esE B s A B iE, 2R
IR 25 SR B o A S B K AT I B R, R b A R B R A SR b A K A B T R s B
3) HT ST RON0) R, Bl ESG N, A7 SRR g oKy P T B A RIS K. A ST IR 98 T O AE — i RO N kAT

A SRR I R I IR R S

KEIA: A7 SRIRGUKAT, TIN5, AL, TR

PACS: 68.55.Ln, 87.10.Tf, 44.10.+1, 81.05.U—

1 5 =

WG R AAAEZ PR R R IRAR, B 40 B,
—YER K DL A SRS, 2004 4F, Novoselov
2 (U AF S8 =5 9 U 419 B BRAOK A R —— 1 5
W5, "E T BV T 5 T Bl I A% G A e R A A
A PL A BRI A E R MR 787 T, Berber 2 1P
IS5 B ) A BB AR E AT RN
6600 W/mK, SCHk [4—6] BF FTIIE 52 47 58 4 L A7 A
HADBRA R —FER @A TR, K RE R FEA
TR T AR B G5 1, & B A MR )5 #
DL R 2 S M T, s R Fo 2 —. 1987 4F,
Baughman % [ 42 1 T 5 8 bk (graphyne) [ 477,
2011 4F, Li%5 8] 77 Sz 6 = i 4 — Fb 45 1) 1) A 2
# (graphdiyne). {18852 —ALlsp, sp? Flsp? =

DOTI: 10.7498/aps.66.136801

Folt s AL T R I 39T PO B8t ) 2 3 PR A 190101,
William 25 B 78 1A A A 58 075 90 K A 1 #4
5% 5 B EE ) R SF BRI, Zhang %5 121 A 50 %
I A 28 ¢ (graphyne) ) 'S # R UK T A =0, A
Sk (graphyne) 5 # R BOK /NG 5 E %A K.
Ouyang 2 121 F1] Fi 4% bR B8 B0 0F 70 & I A7 58 4k
iR RS HF AR TR [14-—10]
MHERTTER I T A SRR R AR S
HR (17, 18] Bl 1 T 455 2 &5 4] P A 58 ol R A i 1
ft. Zhan %95 7 R~F410.9 nm x 3.8 nm.
300 K B A7 S g oKy (R T 5 G R (a2
(20.98 + 0.56)W /mK. A1 88 FRgh KT 1 2 A Bk B 1)
IR I 2 52 BB s PO DR ZERF TR
SRR AT T IR, ACE T 58 36 A SRR gK
TG 2R TS A7 E BB AT SR R gl K A7 3 AT

* MR HRRIAHES (HHES: 2015J01194) FIEZR HARFAHS (HHES: 61174117) B BIHIIERE.

T B E1E#. E-mail: lansheng@fzu.edu.cn
I IBEME#. E-mail: 417955272Qqq.com

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

136801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.136801
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 13 (2017) 136801

BT, KRR T B SRR I R —
PR BRI, X6 5 AT e PR A SRR A K A A
THERRIT TE A L1, 11125 57 R 5 AR A R L A
SR —FhR . A SO A A sk B A sk b g oK A A
TR T AT TR

2 4TI F R
2.1 #EUEE

AR SCHEAT T AR T 3 E AR ] LAMMPS
(large-scale atomic molecular massively parallel
simulator) i P11, f# ] MS (materials studio) 3k
KR FAR A, VMD (visual molecular dynamics)
BT AR WAL AT A R S, W R
IR ROy 1 R AR AE. AL EE A VMD #4
MS Jir @ #5084 A= A2 19 PDB 3C 4 4E 5l LAMMPS 7]
DA% 2, 285 5 A LAMMPS #4707 5, 40
K 1.

MS Generate
, PDB files 2P yvp
modeling 2
@
-
()
=)
<)
Potential Read
otentia LAMMPS 2 | 1y e files
function

1 iR

Fig. 1. The flow chart of the simulation.
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Fig. 2. Diagram of graphyne structure.
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Fig. 3. Modeling process of graphyne nanoribbons.
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Fig. 4. Vacancy defects of graphyne nanoribbons.
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Fig. 5. Calculation model of graphyne nanoribbons.
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Abstract

As a kind of nano-material, graphyne nanoribbon has some physical properties and its properties should be studied
for its better usage. In the process of preparing graphyne nanoribbons, it is possible that vacancy defects exist in the
lattice structure, which will affect the physical properties of the graphyne nanoribbons. The flotation of graphyne is
closer to the actual situation in engineering than the complete graphyne nanoribbons, and the diversity of vacancy defects
can lead to various thermal conductivities, so it is very important to simulate the effects of various vacancy defects on
thermal conductivity. In order to better predicte and control heat transfer characteristics of graphyne nanoribbons, this
paper focuses on the effects of vacancy defects on the heat transfer characteristics of graphyne nanoribbons. According to
the different cutting directions of graphyne nanoribbons, two different types of graphyne nanoribbons are obtained, i.e.,
armchair type and zigzag type. We compare the effects of vacancy defects on the thermal conductivity of two different
chiral graphynes nanoribbons to improve the persuasiveness of the conclusion. In this paper, non-equilibrium molecular
dynamics method is adopted, by applying periodic boundary conditions in the length direction of the nanoribbons,
the interaction between the carbon-carbon atoms is described based on a potential function of adaptive intermolecular
reactive empirical bond order (AIREBO). At 300 K, the effects of single vacancy defect in the acetylene chain, single
vacancy defect in the benzene ring or double vacancy defects in the acetylene chain on the thermal conductivities
of single-layer graphyne nanoribbons are simulated. Fourier’s law is used to calculate the thermal conductivities of
graphyne nanoribbons. The simulation results show that for the thermal conductivity of graphyne nanoribbons in a-few-
dozen nanometer range: 1) as a result of the phonon scattering and enhanced phonon Umklapp process, the graphyne
nanoribbons with vacancy defects will cause the thermal conductivity to decrease and becomes lower than that of the
complete graphyne nanoribbons; 2) due to the difference in phonon density-of-states matching degree, the vacancy defect
in the benzene ring of graphyne nanoribbons has a greater effect on the thermal conductivity than that of vacancy defect
in the acetylene chain of graphyne nanoribbons, the vacancy defects have a strong influence on the thermal conductivity
of in the acetylene chain of graphyne nanoribbons; 3) because of the influence of size effect, the thermal conductivity
of graphyne nanoribbon increases with length increasing. In this paper, the research of the thermal conductivity of

graphyne nanoribbon provides the reference for controlling their thermal conductivity on a certain scale.

Keywords: graphyne nanoribbons, molecular dynamics, vacancy defects, thermal conductivity
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