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Fig. 1. (color online) Schematics of the relative positions among graphene structures and different density fields of
external potential: (a) (111) plane, V7 = 0.015; (b) (110) plane, V3 = 0.015; (c) (100) plane, V3 = 0.01, V3, = 0.045.

Red points correspond to energy-unfavored positions, and black dots denote graphene atoms. The direction of yellow

arrow represents the main crystal orientations.
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Table 1. Model parameters adopted in this study.
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AL A S . B 813 AR B, 2 S R TR TR

K2 (MTIRG) TAOMAFIET, (a) FE di e sl 5 780 37 i 5T B10E - (b) Rl a5 ih 2k

Fig. 2. (color online) (a) Atomic clusters in the density field before the formation of stable nucleus without external

potentials, and (b) the curve of density field along the black line.

(a) (b)

K3 (PIFIRE () T35 5% 11 TN A s T2 i R O BE 40 485 1

(a) t = 4000At; (b) t = 4400At; (c) t = 6400AL;

(d) t = 10000At; (e) t = 11000At; (f) t = 17800A¢; HH, (a), (b) NATEMMZAT IS IEAE T HE, (o)—() NET

HiR P Y B S0 Az R 1R

Fig. 3. (color online) Simulated nucleation process of graphene without external potentials: (a) ¢ = 4000At;
(b) t = 4400At¢; (c) t = 6400At; (d) ¢ = 10000A¢; (e) ¢ = 11000A¢; (f) ¢ = 17800A¢. (a) and (b) amorphous

transitional clusters before nucleation; (c¢)—(f) a new nuclei of graphene has been formed in the cluster.
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K4 (MTIRE) AT A S8R 7 RIS HEL I (a) t = 4000At;

) t = 4400At; (c) t = 5600At; (d) t = 6200At;

(e) t = 6400At; (f) t = 17800AE; (g) t = 103400At; (h) A (g) ﬁ#EV\]EI’JE'ﬁBﬁUcE
Fig. 4. (color online) Structure evolution of an atom cluster without external potentials: (a) ¢ = 4000At; (b) t = 4400At;
() t = 5600At; (d) t = 6200At; (e) ¢ = 6400A¢; (f) ¢ = 17800A¢; (g) t = 103400At; (h) local enlarged drawing of (g).
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WA= A2 IR T 5 . B R T A%
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W I AR ) (A1 55 5 BRI, e AMI ) A T
1845 73 T LASE $ 9938 J5L 7 170 T2 B DU F) 7S T 34 4
¥, 4 5 (c)—(e) Frax. BTLAME FCC 45 (111) THI
VERNATIRII AT, T A2 b e s HEAR 21 [ 1 (4]
g b, TR AR PREE N TG ER 45 R ot T A B U 7N
TCHRGE K, BOHERR BRI (¥ A SR G a5 0 B, T
JRAT SR A

E5  (MTREE) (111) fMie R LKW A S5 EFREEWEAE  (a) t = 53900At; (b) t = 54000At;
(c) t = 54200At; (d) t = 54400At; () ¢ = 54600At; (f) t = 55000At

Fig. 5. (color online) Structure evolution of clusters grown on the (111) crystal plane: (a) t = 53900At;
(b) t = 54000At; (c) t = 54200At; (d) ¢ = 54400At; (e) ¢ = 54600At; (f) t = 55000At.

3.2.2 AEFCCL (110) @ L7 #
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P 6 (£) I3 Pl P9 e L DA P A s 45 4, RO A 8
Mok, Bk 7 L5 S5, R B S e
LRI R N K PN s W LS NG e . (A
WA 6 (d) PR TR R R T IS AE T AR
SE RN R A 280 A% i, R U - T

216101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) 32 % % Acta Phys. Sin. Vol. 66, No. 21 (2017) 216101
()

B 6 (MTIRM) (110) f R _EA KN A S0 7 RS (a) t = 6400At; (b) t = 6600At; (c) t = T000At;
(d) t = 7600A¢; () t = 8800At; (f) t = 9000AL

Fig. 6. (color online) Structure evolution of clusters grown on the (110) crystal plane: (a) t = 6400At; (b) t = 6600A¢;
(c) t = T000AE; (d) ¢ = T600AL; (e) ¢ = 8800At; (f) t = 9000AL.
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Fig. 7. (color online) Structure evolution of clusters grown on the (100) crystal plane: (a) ¢t = 6400A¢; (b) t = 6800A¢;
(c) t = T600AL; (d) ¢ = 8000AL; (e) ¢t = 8600AL; (f) t = 11800AL.
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Fig. 8. (color online) Structures of stable graphene island and their crystal orientations on substrates with different
symmetries: (a) (111) plane; (b) (110) plane; (c) (100) plane; (d), (e) the crystal orientation of (a), (b) respectively;

(f), (g) the crystal orientation of (c).
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Abstract

Two-dimensional materials with unique and excellent physical and chemical properties have attracted much attention
in recent years. Among the two-dimensional materials, graphene or grapheme-like materials with honeycomb structure
can be mainly prepared by the chemical vapor deposition (CVD) method. The key of this method is to select the
substrates and control the nucleation and growth process of honeycomb structures. Graphene prepared by CVD contains
many structure defects and grain boundaries, which mainly arise from nucleation process. However, the nucleation
mechanism of graphene prepared by CVD method is not very clear. In addition, more than ten kinds of metal substrates
can be used as substrate materials in CVD methods, such as Cu and Ni, which have nearly always face-centered cubic
(FCC) structures and similar functions in the preparation process. In order to better describe the nucleation of graphene
and understand the influences of metal substrates, we introduce the structural order parameter 7 into the three-mode
phase-field crystal model to distinguish the low-density gas phase from condensed phases. Nucleation processes of
graphene on substrates with different symmetries are studied at an atomic scale by using the three-mode phase-field
crystal model, which can simulate transitions between highly correlated condensed phases and low-density vapor phases.
Simulation results indicate that no matter whether there is a substrate in the nucleation process, firstly gaseous atoms
gather to form amorphous transitional clusters, and then amorphous transitional clusters gradually transform into
ordered graphene crystals, with continuous accumulation of new gaseous atoms and position adjustment of atoms. In
the nucleation process, five membered ring structures act as a transitional function. When grown on the substrate with
a good geometric match with the honeycomb lattice, such as (111) plane of FCC metals, the graphene island has small
structural defects. However, when grown without a substrate or on the substrate with a bad geometric match, such as
(100) plane of FCC metals, the graphene island contains many structural defects and grain boundaries, which are not
conducive to the preparation of high quality graphene. Compared with the (100) crystal plane of the tetragonal cell, the
(110) crystal plane of the rectangular cell is favorable for the preparation of graphene single crystals with less defects.
Therefore, the appropriate metal substrate can promote the nucleation process of graphene and reduce the formation of

distortions and defects during the nucleation and growth of graphene.

Keywords: phase-field crystal model, nucleation, graphene, metal substrate
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