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Fig. 1. (a) Systemic total energy per atom E and (b) pair

distribution function ¢(r) as a function of relaxation time ¢.

3.2 EFHHAREESZESH

BERIA Z o 45 J - 1) 11 5 D 2 B b o JR
5 AT R I T4 ) SR R T AL S (BJE R ) 2R
FHAEF H-A BRI E 2 f T i Ji 7 A 28 4 4K
(Z, n/(ijkl), ... P9 RAE. FEX B, Z =3>"n/ (ijkl)
R 552 D 2R AR AT ) AR A K
(BECAEK), n/(dikl) 2w vt J5 15 30 48 Ji 1
TR 25 Tl H-A B (agkd) B0 H . e 14> 5
TY5 Z =12 MESBIEFIEAL 12 4> 1421 X )R
R AT FRR O (12 12/1421), BURE, %900
JE 1 A1 5 e B A fee J5LF, HG Ry i 44 #g )
A fee FEAS A . AH ML, BEHUK R ) hep 5
bee JFF, RIS A (12 6/1421 6/1422) F1 (14 6/
1441 8/1661). & THE & WA K (CAE ico),
H CTIM 55Uk (12 12/1551).

K 2(a) /n th T fee, hep, bee 5 ico iX 4 Ffs
TEJR T B Nyoy BT ASR] ¢ 925 1E, P 2(b) W
HE—H45 T fee, hep 5 bee fRETAE t = 0, 30,

076401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No.7 (2019) 076401

100, 500, 2000 F1 3000 ps AYZS ] 4341 . A 2(a)
AT UL, FES IR RTER Y BE 10100 ps IX[H], R4
T A e ) K H AR AR AR AN B 25 {H AN 100 ps TF4R,
DUJBA S AT W, ico £ H 8/, R fee, hep M bee £8
H e, Jf HAE ¢ = 800 ps B bee %t H ik 3
A, 1 hep BCHNIAE ¢ =~ 2000 ps A T s /0
2R TRE. F2b)#t—$E8mR: £t =0 ps
B, iR &R PR BRI A Y fee, hep Fil bec
AR T Mt = 30 ps PR, bR ISR T34 7 3
%, I H o RAEAE—ik; HH] fee, hep Fl bee #H
3 78] 3 500 ps i, AKFR AT L fee A1 hep
1953 EHEAR ; 76 ¢ = 2000 ps Z )5, BOA R BN,
RLA fee JRF R 3 RIS AFAE RS hep R+ 120K
Gl 2],

8000 F
(a) 4000F

2000 —a— fec
—=— hcp
1600 -—=— bee

1200} ico+ico-like

Niotal

800 -

400 -

O_.—_—.zl:ﬂ#"

w|

500 ps 2000 ps 3000 ps

B2 (a) S8 AR TR Ny B0 T8 ) ¢ ) 22 4L
(b) FFAE B ) 47 8 =28 IR 1 1 25 (] 43 A1 (2068 L 4 64 R
W A BR 43 51 R fee, hep Fl bee JRF)

Fig. 2. (a) Variation of number N, of various crystalline
atoms with relaxation time t; (b) their spatial distributions
at several special times, where red, green and blue balls rep-

resent fcc, hep and bee atoms, respectively.
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Fig. 3. Schematic diagram of VS-; ES-; F'S- and IS-linkages
between two basic fcc clusters, where red, gray and orange
balls represent core atoms, shell atoms and shared atoms,

respectively.
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Fig. 4. Schematic diagram of three kinds of fcc extended
clusters and their core atoms. Red, green and gray balls
represent fcc, hep, and other shell atoms, respectively. The
solid line and dot line between core atoms represent IS-link-
ages and FS-linkages between fcc basic clusters, respect-
ively. (a) Single-crystal cluster; (b) poly-crystal cluster; (c)
hydrid-crystal cluster.
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Fig. 5. Number of core atoms n(t) and heritable fraction f(t)
of traced fcc extended clusters as a function of relaxation

time t.
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Table 1.

The number of core atoms n(t), the number n(t) and n(¢) of heritable core atoms in transient and continuous

heredities at relaxation time t as well as the number [s°(¢) and lpg(t) of IS- and FS-linkages between heritable core atoms in

the continuous heredity mode.

Single-crystal

Poly-crystal

Hydrid-crystal

t/ps n n ne ls® n n ne ls® lps® n n ne bs®
200 53 55 134
190 38 31 31 82 41 31 31 82 0 117 56 56 116
180 38 25 22 38 39 25 22 38 0 66 42 33 52
170 36 19 13 20 36 19 13 20 0 78 27 17 21
160 36 24 11 15 39 24 11 15 0 69 35 13 15
150 27 20 8 8 28 20 8 8 1 52 26 9 8
140 30 21 7 7 30 21 7 7 1 70 34 8 7
130 30 18 [} 5 30 18 6 5 1 65 34 6 5
120 14 9 3 1 16 9 3 1 1 37 11 3 1
110 14 7 1 0 17 7 1 0 0 29 11 1 0
100 22 9 1 0 24 9 1 0 0 37 13 1 0
90 21 13 1 0 23 13 1 0 0 52 20 1 0
80 18 12 1 0 20 12 1 0 0 35 16 1 0
70 27 11 1 0 31 13 1 0 0 41 18 1 0
60 22 7 1 0 24 7 1 0 0 32 9 1 0
50 18 9 1 0 18 9 1 0 0 20 10 1 0
40 13 7 0 0 13 7 0 0 0 14 7 0 0
30 2 1 0 0 7 2 0 0 0 11 2 0 0
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Fig. 6. Schematic diagram of heredity and evolution of core
atoms in the traced single-crystal cluster. Dark and light
red balls represent heritable atoms and other atoms without

heredity in transient and continuous heredities, respectively.
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Fig. 7. Schematic diagram of critical crystalline nuclei and their core atoms. Red, green, blue and gray balls denote fcc, hep, bee and

other shell atoms, respectively. (a) Single-crystal; (b) poly-crystal; (c) hydrid-crystal.
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Abstract

The isothermal crystallization of amorphous Ag is investigated by a molecular dynamics (MD) simulation,
and the heredity and evolution of different types of crystalline clusters aretracked and analyzed by a reverse
tracking method of atom trajectories with the help of cluster-type index method (CTIM) based on Honeycutt-
Anderson (H-A) bond-type index. According to the difference in the type of crystalline cluster and the linkage
mode, i.e., vertex-sharing (VS), edge-sharing (ES), face-sharing (FS) and intercross-sharing (IS), a cluster
analysis method which can efficiently characterize fcc single-crystal, fcc poly-crystal and fcc hydrid-crystal, is
proposed. That is, the IS-linkage of fcc basic clusters, i.e., a fcc medium range order, is defined as a fcc single-
crystal cluster. The extended cluster of fccbasic clusterslinked by ISand FS modes is named fcc poly-crystal
clusters. In the case of IS-linkages, if the majority of core atoms arefcc atoms, the extended cluster composed of
fce, hep and bee basic clusters will be regarded as a fcc hydrid-crystal cluster. Moreover, a structural analysis
method of critical nuclei distinguishing embryosis also developed in terms of the hereditary characteristics of
various crystalline clusters. In this scheme, the extended cluster which has only transient heredity and no
continuous heredity is defined as an embryo, while it will be named nuclei if part of core atoms in extended
clusters can keep cluster type of atoms unchanged and be continuously passed down in the early stage of
crystallization. Thus, corresponding to the onset time/temperature of continuous heredity, the critical nuclei of
fcc singe-crystals, fcc poly-crystals and fcc hybrid-crystals can be identified and characterized. It is found that
the nuclei of fcc crystalsemerge after the steep drop of total energy of system and before the abrupt increase of
sizesof tracked clusters. And regardless of critical sizes or geometric configurations, an evident difference exists
among fcc singe-crystal, hybrid-crystal clusters and fcc poly-crystal clusters, of which the fcc single-crystal
nucleus is the smallest (~1.6 nm x1.0 nm x 1.1 nm), followed by poly-crystal nucleus (~1.7 nm x 1.0 nm X 1.6 nm)
and hydrid-crystal nucleus (~2.3 nm X 2.0 nm x 2.4 nm) in sequence. There are a few hcp and bec atoms at
surfaces, i.e. shells, of single-crystal and poly-crystal nucleus, but neither hcp nor bee atom can be detected at
the shell of fcc hydrid-crystal nucleus. And theconfiguration of fcc single-crystal, poly-crystal and hydrid-crystal

critical nuclei are all non-spherical.

Keywords: nucleation, molecular dynamics simulation, cluster, critical nucleus
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