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Fig. 1. A sample for LaSC structural features: (a) a Z16[12-
555, 4-666] LaSC composed of a central atom (labelled
4852) and 16 neighbors; (b) a S555 composed of a bonded
reference pair (labelled 4852 and 2367) and 5 CNNs (d), a
CNS of S666 (c) and its topology represented by 6 CNNs (e).
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Fig. 2. (a)The average atomic potential energy and (b)atomic number percentage as a function of temperature for NizpAgs, nano-

particles. (c¢) The structural decomposition of nanoparticles, (d) FCC region and (e) TCP region at 200 K. The element-based color

encoded versions (f) and (g) to the FCC and TCP regions, respectively.
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Fig. 3. The spatial distribution characteristics of Z16 and
712 atoms. The structures composed of Z16 atoms, includ-
ing (a) the nearest neighbors and (b) the second neighbors.
The structures composed of Z12 atoms, including (c) the
nearest neighbors and (d) the second neighbor. The two yel-
low triangles in panel (b) are parallel but opposite.
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(d) 4w AE T A 5 MY B T S5 IS5 H; (£) BT 4882, 1523, 3403 Fl 3381 K H A — i 408

Fig. 4. A step-by-step three dimensional (3D) visualization for the identification of a periodic structural unit composed of Z16 atoms

through search function with specific conditions (only Z16 atoms are considered) provided by the software: (a) Crystal structure of

sphalerite and its layering characteristics with a Z16 atom labelled 933 being leftmost in the third layer; (b) an atom labelled
933 and its nearest neighbors; (c) two atoms {4882, 3403} and their nearest neighbors; (d) four atoms {4882, 3403, 1662, 2381} and
their nearest neighbors; (e) the structure after removing atoms (not in the unit) from (d); (f) five atoms {4882, 1523, 3403, 3381}

and their nearest neighbors.

Bl 5 SFHRINEEE S RIC T ) 4 A TR T (5 R T A ) (a) B =2 IR T €933, 1662, 23817 BT AEF- 1 (b) i IR T
3852 (AT ; (c) g 51 2753 (. (b) Al (c) R ERAE W M i JF T A 18 4(a) P — RS TZ

Fig. 5. Search for four vertex atoms in the sphalerite structural unit (not bonded to internal atoms): (a) The plane of the third lay-
er atoms (933, 1662, 2381); (b), (c) the sections of 4852 and 2753 atoms respectively. The atoms involved in the dashed boxes in

panels (b) and (c) are the first and fifth layers in Fig. 4(a).

176402-5


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. 71, No. 17 (2022) 176402

(a) c) , 090 0 © 0 @
oo 0% o0 0%

(%) () (9
.s. o..o .e. e
00 090900 0“0

L) « (9
9 0 00 O g ¢
@ ® L @
@ .b. oﬁl ‘G. °
E‘O .s. 0‘0 O~.

« 00 0 09

(d)

@ © @
0&0 0“0 0@0 0@0
© oso 0&0 0&0 ®

[ [
0&‘ 00 0"

L") [
© 0690 © © O
® 05" % Y%

6 AR T 2 T L S A 3 4 43 1 3 B AR AT A S R A ) A R () MR R B 3 A B4 . (b) AR RN 2R 3R A
— W R RS BIME5 K, IR E de (0.5dy, 0.6dy), do DA% # 8; 76 (b) EARKIHEL (a) 40 @R RAE#A 5 3] (o), B
O RHE R IR 2 (d), B QR LHER 2] (o). () TR TIURAEHIMMIE. (a), (e), () THYBEAILL N ATHEM, LIAEN
5%, AR MK

Fig. 6. The process of obtaining the complete structure of the cell is based on the intersection of three equipartition planes of the
biorthogonal cell skeleton: (a) Cell skeleton and three equipartition planes. (b) The structure obtained by one "nearest neighbor
search" based on the cytoskeleton; section thickness de (0.5d,, 0.6dy), where d, is the lattice constant. In panel (b), atoms on the

red, orange, and blue dashed boxes in panel (a) are taken for the section to obtain (c), (d) and (e). (f) Crystal cell based on classi-

fication of atomic elements. The solid black lines in panels (a), (e), and (f) are added manually for observation.
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Abstract

Simulation has become an important tool in materials science, it is a prerequisite to study the correlation

between the structure and properties of materials, in that the structural characteristics of the system from the
atomic coordinates output can be obtained by simulations. For simple (FCC, HCP, and BCC) crystals
containing only 2-6 atoms, in the numerical analysis method, what needs to be determined is only the local
characteristics of each atom. However, it is extremely computationally intensive to determine the cells
containing tens or hundreds of atoms. The combination of numerical analysis and visualization is one of the
methods to solve this kind of problem. In this work, Ni;yAgs, nanoparticles are simulated by molecular
dynamics. It is found that the nanoparticles contain FCC crystals and a large number of complex topologically
close-packed (TCP) structures. Using the analysis software based on the largest standard cluster analysis
(LaSCA), the C15 phase of TCP atoms in nanoparticles is determined by topology configuration analysis and

crystallography knowledge. The analytical ideas provide the algorithm logic fordeveloping the numerical

recognition software for complex crystal structures in the future.

Keywords: Laves phase, LaSC, molecular dynamics simulation, rapid cooling
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