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Fig. 1. Structure characterization of metallic glasses (101 (a) High-resolution transmission electron microscopy image

and selected-area electron diffraction pattern (inset); (b) the synchrotron X-ray diffraction pattern.
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Fig. 2. Spherical-periodic order and local translational
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Fig. 3. Power-law scaling of the first sharp diffraction
peak (q1) versus atomic volume (vq) for a variety of
metallic glasses. Both g1 and v, are in a logarith-
mic scale. The solid line represents a linear fit to the
data 7]
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Fig. 4. MD modeled PCFs of glassy Ni and Fe scaled
by the first peak position R; at 300 KB5.  The

characteristic constants in corresponding FCC and

BCC crystalline lattice structures (denoted by solid
and dashed vertical lines, respectively) are also pre-
sented. It shows a clear correspondence of the scaled
peak positions in PCFs of glassy Ni and Fe with some
characteristic constants of FCC and BCC lattice struc-
tures. Thus, a pure glassy solid may share the same
‘heart’ or similar atomic packing nature with its crys-

talline counterpart.
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Table 1. The first peak position R; and the relative atomic positions scaled by R; in the PCFs for glassy

Ni and Fe obtained from molecular dynamics (MD) simulations [35],

Ry R>/Ry R3/R; Ry/Ry Rs/Ry
Glassy Ni 2.45 1.74(v/3) 1.98(v/4) 2.63(\/7) 3.46(\/12)
Glassy Fe 2.48 1.65(,/8/3) 2.00(V/4) 2.58(1/20/3) 3.47(V/12)

K2 SER A T R ARAE 5 B S AN RHAE R L, Rk T WA R, A BT O ST TT (F) ST

7 (B)/SAEHE () M4&NIF 40 (D)

Table 2. Relative atomic positions scaled by the first peak position in four crystalline lattice structures.
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TERAE (IR 3 8 ORI AE ST 5 0 2 T B ) () 9
% (structure homology). PR ¥ &1 A4 1M 15 2

RS SV RS R, — S G AR E R h TR A R
T HEAT A LSRR IR K 7 3 <RI B T AR
S, X R AR R A 7 R i
ARSI AT BT A, HAE 5 PR 5 Wit
WL E, T LAFR 2 9 i A0 5 b i a8 #0407
(hidden topological orders).

2.3 ZESERBIIBHIRSHINFT

BT < R B S L B AT R T 4
Ha) b B 2 B AR MR (R O A 2 A8 AT EE —
X EZ e RBIENR T AT T HER X

176405-4


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 176405

HiR [35] 2 B it 5 7 VU Bl 2 JC 4 )8 B3 CusoZrso,
NisoAlsg, NisoCuso M CuygZrasAlg BI85 NH D 2
[ /) PPCF, J£XI PPCF fift T AH M. ff b5 5 4b 2 (SP-
PCF), Fri3 i) & MIEAL R AEE R 3 45 . &) 5
SHTRTLVE W, ZndEm G &R E T ot i
LU 2 Wi T (1 B 5 TR RETE NS A A . DLIE
fi CusoZrso A, Cu-Zr 2 18] PPCF I T 5
HEMH Ry /Ry (i = 2, 3, 4, 5) #Br] LA — 3 N FCC
o fE 7 21 Hh 4% B0 2R AE B 2. T E Cu-Cu
[ § PPCF t, 5 0LE FTAF, Hh R /Ry (i = 2,
3, 4) B HUE A] MFCC b #E 7 41 o 4% 36 82, 3
Rs /Ry HFIHUE (£ 3.67) B i#EiL T BCC A ifE )7 41
B — AN RFAE 5 50\ /40/3. 8L 4F 55 7 Ze-Zr
Z [ PPCF A HI, K R;/Ry (i = 2, 3,
5) [ HUAE FT 4% 3 I BCC 5 #E 7 51 H 4% 21 %65 Bz, H
Ry/Ry WIBUE (29 2.41) #HZ2K BT FCC brifk 7 51
(v6). i, Cu-Cu Bk Zr-Zr (] PPCF H [ F& & 7,
HAEE H B — ) FCC 8% BCC krifk /541 o (AFE 3
B R, XPHREE 2 H I TR B AN A E A A
FAI YRR AAE 85 I “ A, IR R <R b B B
YRR SRR, B R T2 3R R 03X — B RO ) g T
Wie. PA SR, 3R CuseZrsg PAAE =
FANEIRER S e, B A AR & AR <R
R,
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Table 3. The first peak position R; and the scaled peak positions by R; in partial PCFs of CuZr, NiAl,

NiCu, and CuZrAl metallic glasses obtained from MD simulations

(351,

R1 Ra/R1 R3/R1 R4/R1 Rs/R1
CuZr Cu-Cu 2.60 1.70(v/3) 2.10(v/4) 2.83(/8) 3.67(,/40/3)
Zr-Zr 3.17 1.65(+/8/3) 1.94(V/4) 2.41(v/6) 3.28(+/32/3)
Cu-Zr 2.82 1.77(v/3) 2.02(V/4) 2.48(1/6) 3.49(V/12)
NiAl Ni-Ni 2.39 1.72(V/3) 2.02(v/4) 2.68(\/7) 3.58(1/13)
Al-Al 2.82 1.67(,/8/3) 2.01(v/4) 2.37(1/16/3) 3.11(v/10)
Ni-Al 2.46 1.80(v/3) 2.09(v/4) 2.65(v/7) 3.55(+/13)
NiCu Ni-Ni 2.46 1.76(V/3) 2.00(v/4) 2.65(v/7) 3.46(1/12)
Cu-Cu 2.52 1.74(v/3) 1.98(V/4) 2.62(\/7) 3.41(V/12)
Ni-Cu 2.50 1.74(v/3) 1.98(v/4) 2.62(\/7) 3.43(V/12)
CuZrAl Zr-Zr 3.14 1.66(~/8/3) 1.96(v4) 2.43(v/6) 3.23(1/32/3)
Zr-Cu 2.77 1.75(v/3) 2.06(\/4) 2.46(~/6) 3.58(/13)
Zr-Al 2.95 1.65(1/8/3) 2.04(v/4) 2.51(1/19/3) 3.42(1/35/3)
Cu-Cu 2.49 1.75(v/3) 2.2(V/5) 2.89(V/8) 3.88(+/15)
Cu-Al 2.49 1.81(v/3) 2.24(V/5) 2.94(V/9) 3.13(/10)
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Abstract

The inherent atomic packing mode of glassy solid is still one of the most interesting and fundamental problems in
condensed-matter physics and material science. Although significant progress has been made and provided insights into
the atomic-level structure and short-to-medium-range order in glass, the way of leading to the medium-range order is
still unclear. Does a universal rule exist in nature to construct a glass structure as what has been discovered for crystals?
Is there any connection between glassy and crystalline structures? If so, what does the connection look like and how is
the connection related to the properties of the glassy solids? A glassy state is usually obtained through supercooling a
liquid fast enough to avoid crystallization. The amorphous nature of glassy solid is experimentally ascertained by X-ray
diffraction (XRD), transmission electron microscopy or selected area electron diffraction (SAED). Almost all kinds of
glassy solids exhibit similar maze-like SAED patterns without any local lattice fringes and broad diffraction maximum
characteristics in XRD data. However, the glassy solids are inherently different in atomic-level structure, demonstrated by
their different response behaviors under certain conditions, for example, the diverse annealing-precipitated crystalline-
phases, the distinct mechanical strengths and ductilities, and the different thermal stabilities against crystallization.
Unfortunately, such a difference in inherent structure among glassy solids cannot be easily differentiated from a trivial
analysis of the experimental diffraction data. However, the diffraction data such as structure factors or pair correlation
functions (PCFs) are not as trivial as they look like. On the contrary, some studies have demonstrated that plenty of
structural information is hidden behind the data of structure factors or PCFs, for example, global packing containing
both spherical-periodic order and local translational symmetry has been revealed by analyzing PCFs of many metallic
glasses. A fractal nature of medium-range order in metallic glassis also found by examining the relationships between
the first peak positions in structure factors and atomic molar volumes in many metallic glasses. In fact, the oscillation
in the structure factor or PCF is an indication that a certain order does exist in amorphous solid. Therefore, a more
careful scrutiny of the diffraction data is desired to gain a more in-depth insight into the glassy structure features and
find a clue to unveil the natures of the inherent structures in different glasses. In this paper, we briefly review the recent
molecular dynamics simulation results that the distinct hidden orders of atomic packing formula in medium range in
these pure glassy solids are unveiled to be inherited from bcc order in glassy Fe and fcc order in glassy Ni, respectively,
reflecting nontrivial structural homology between glassy and crystalline solids. By analyzing the partial PCFs of three

two-component metallic glasses of CuZr, NiAl, and NiCu which are similar but have distinct glass-forming ability via
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MD simulations, very different hidden orders are observed in each individual system, indicating that the hidden orders
are more complex in multicomponent metallic glasses. The different hidden orders in a multicomponent metallic glass
may be entangled topologically. More different hidden orders lead to more complex topological entanglement. Further
analysis indicates that the formation of the hidden orders during cooling and their topological entanglement produces the
geometrical frustration against crystallization and is closely correlated with the glass-forming ability of metallic alloys.
A “genetic map” of hidden orders in metallic glass is finally constructed, which provides new insights into the structural

properties and structure-property relationships in metallic glass-forming liquids and glasses.

Keywords: amorphous solid, metallic glass, inherited structure

PACS: 64.70.pe, 81.05.Kf, 61.43.Bn DOI: 10.7498/aps.66.176405

176405-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.176405

	1引    言
	Fig 1
	Fig 2
	Fig 3


	2金属玻璃中的隐含拓扑序
	2.1 结构表征中的对关联函数
	2.2 单原子金属玻璃与其对应晶体之间的结构同源性
	Fig 4
	Table 1
	Table 2

	2.3 多组分金属玻璃中的隐含拓扑序
	Table 3

	2.4 金属玻璃中的隐含序图谱
	Fig 5


	3隐含序与玻璃形成能力
	Fig 6

	4隐含序与非晶物性的讨论
	5结    论
	References
	Abstract

