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Spherical periodicity as structural homology of
crystalline and amorphous states
Shuang Zhang1, Dandan Dong2, Zijian Wang1, Chuang Dong1* and Peter Häussler3

ABSTRACT It has been widely accepted that spherical per-
iodicity generally dominates liquid and amorphous structure
formation, where atoms tend to gather near spherically peri-
odic shells according to Friedel oscillation. Here it is revealed
that the same order is just hidden in the atomic global packing
modes of the crystalline phases relevant to bulk metallic
glasses. Among the multiple nearest-neighbor clusters devel-
oped from all the non-equivalent atomic sites in a given phase,
there always exists a principal cluster, centered by which the
spherical periodicity, both topologically and chemically, is the
most distinct. Then the principal clusters plus specific glue
atoms just constitute the cluster-plus-glue-atom structural
units shared by both metallic glasses and the corresponding
crystalline phases. It is further pointed out that the spherical
periodicity order represents the common structural homology
of crystalline and amorphous states in the medium-range
through scrutinizing all binary bulk-glass-relevant phases in
Cu-(Zr, Hf), Ni-(Nb, Ta), Al-Ca, and Pd-Si systems.

Keywords: spherical periodicity order, Friedel oscillation, me-
tallic glasses, cluster-plus-glue-atom model, principal cluster

INTRODUCTION
In the early stage of condensed matter formation, atoms
tend to gather near specific shell positions following the
so-called spherical periodicity order (SPO) [1], as de-
termined by the charge screening effects according to
Friedel oscillation [2]. Since amorphous structures are
frozen states of the liquids, the same order is also re-
cognized in metallic glasses according to a systematic
analysis of the radial distribution functions (RDFs) of
many thin-film metallic glasses [3]. The existence of SPO
has also been confirmed in bulk metallic glass (BMG)
structures, through both theoretical verifications [4,5] and

simulated calculations [6,7]. The co-existence of SPO and
crystal-like orders in BMGs provides a strong hint on the
structural correlation between crystalline and amorphous
states, and from the view of structural homology, SPO
may also exist in crystalline phases relevant to BMGs. In
particular, in accordance with the cluster-resonance
model, developed by combining the cluster-plus-glue-
atom model [8] with the global atom-electron wave re-
sonance model (essentially SPO) [9], good metallic glass
formers satisfy the universal cluster formula [cluster](glue
atom)1 or 3 with 24 valence electrons, where the cluster is a
nearest-neighbor coordination polyhedron and the one or
three glue atoms are situated between the clusters. Such a
structural description extends the previous models based
primarily on local cluster configurations [10–12] to a
longer-range model covering the cluster packing mode
following SPO.
In constructing the cluster-plus-glue-atom model for

metallic glasses, the clusters are directly derived from
relevant devitrification crystalline phases, and it has been
demonstrated that only the principal cluster [13], i.e., the
most strongly bonded part in a given crystalline structure
[14], enters into the relevant glass composition formula,
signifying a close structural homology in terms of certain
nearest-neighbor clusters shared by the crystalline and
amorphous states. A well-verified example is the inter-
pretation of Cu64Zr36 binary BMG using the cluster for-
mula [Cu-Cu7Zr5]Cu, where [Cu-Cu7Zr5] is the principal
cluster in the devitrification phase Cu8Zr3 and the total
valence electron number per unit formula is quite close to
24, thus demonstrating a practical metallic glass compo-
sition design approach using the principal cluster [15]. It
should be pointed out that in the cell structure of Cu8Zr3,
there are eight non-equivalent atomic sites, centered by
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each developing a nearest-neighbor cluster. The principal
one, [Cu-Cu7Zr5], is singled out for its largest cluster
separation (i.e., minimum cluster overlap) and fairly
dense packing among the eight clusters. This principal
cluster, plus appropriate number of glue atoms, would
generate the cluster formula unit for the corresponding
metallic glass.
It is noticed that our previous investigations only un-

veiled the structural homology at the local cluster level in
real space (r-space) [15]. The present paper will focus on
the possible existence of SPO in the crystalline phases
relevant to BMG formation and reveal the physical me-
chanism about the structural stability in reciprocal space
(k-space). It will be shown that SPO is indeed hidden in
the radial distribution of total atomic density, so long as
centered by the principal clusters, thus demonstrating a
nontrivial structural homology in short- to medium-
range of crystalline and amorphous states covering both
the local principal cluster level and the longer-range SPO.
In the following, previous knowledge about SPO in me-
tallic glasses will be briefly summarized. Then the ana-
lyses on the radial distribution of total atomic density will
be conducted in the typical crystalline phases in binary
BMG-forming systems such as Cu-(Zr, Hf), Ni-(Nb, Ta),
Al-Ca and Pb-Si. Finally, the construction principle of the
structural unit, i.e., a principal cluster with one or three
glue atoms, will be pointed out, which reflects basically
the first charge-neutral local unit in Friedel oscillation.

SPHERICAL PERIODICITY ORDER IN
METALLIC GLASSES
SPO is triggered by minimizing the total energy along a
self-organizing spherical resonance between the electro-
nic system and the static atomic structure. In physics,
SPO stems from Friedel oscillation [2], which is caused by
the screening of electron cloud against localized pertur-
bations [16,17]. In systems with long mean free paths of
electrons, the effective Friedel oscillation potential of a
charge at distance r is proportional to a damped cosine
function, cos(2kF·r + θ)/ȓ3 [1], with kF as the Fermi vector
and θ as the phase shift angle depending on the distances
[18]. It is worth mentioning that for liquid and amor-
phous metals, at short- and medium-range distances, the
effective pair potential is proportional to –sin(2kF·r)/ȓ

3

after a phase shift of θ = π/2, as observed experimentally
[9] and proved theoretically [19].
In the sine function, the zero points are located at nλFr

and (n + 0.5)λFr, where n is a positive integer and the
length unit is Friedel wavelength λFr = 2π/(2kF). The mid-
points within the negative potential zones are then ex-

pressed as rn = (n + 1/4)λFr [9], which defines the so-called
SPO with a constant inter-shell spacing, λFr. The negative
potential zones are defined by their mid-points rn, and the
positive potential zones by rn+0.5. In order to minimize the
total energy of the whole system, atoms tend to gather in
the favorable negative potential SPO-zones, rn. This is the
so-called topological SPO. Thus, the first nearest-neigh-
bor shell, where the atomic density is maximized, is si-
tuated within the r1=1.25λFr zone. The chemical analogue
refers to the preferential elemental occupancy in a
spherically periodic manner satisfying atomic interac-
tions, which further stabilizes the topological SPO. The
atoms with electronegativities different from the central
ones would prefer the negative potential SPO-zones, rn.

SPHERICAL PERIODICITY ORDER IN
RADIAL DISTRIBUTION OF TOTAL
ATOMIC DENSITY IN Cu8Zr3 PHASE
RDF is widely used to characterize the metallic glass
structures [20]. For a random atom as the origin, RDF
describes the probability of finding a neighboring atom at
a distance between r and (r + dr). The wavelength of RDF
is equal to 2π/Kpe for an amorphous structure stabilized
by Fermi sphere-Brillouin zone interaction. Here Kpe re-
presents the diameter of the pseudo Brillouin or Jones
zone. When the Friedel oscillation wave is in resonance
with the static atomic wave, i.e., 2π/(2kF) = 2π/Kpe, or Kpe

= 2kF, the whole system reaches a stable state. In other
words, this is the condition of the Brillouin or Jones zone
in tangent with the Fermi surface. The resonance me-
chanism leads to the commensurate matching of the
atomic RDF and the electronic Friedel oscillation poten-
tial function.
For a crystalline structure, the radial distribution of

total atomic density, written as ρt(r) = N/(4/3πr3), better
reflects the radial atomic density perturbations with
adding each spherical shell of atoms. Here, N refers to the
total number of atoms (including the central one) en-
closed within a specific spherical volume with radius r. In
fact, ρt(r) reflects the charge shielding behavior in crys-
talline systems. If the interactions between charges are
strong, the shielding would cause sharp oscillations. This
radial distribution of total atomic density is actually a re-
interpretation of RDF. It is then expected that SPO, if
exists, can be read directly from such radial distribution
of total atomic density ρt(r).
The key to define SPO is to obtain Friedel wavelength

λFr, which is equal to 2π/(2kF), or 2π/Kpe. For a specific
crystalline phase, the value of Kpe can be assessed directly
from the most pronounced peak position in k-space ex-
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perimentally. The thus-obtained values of λFr are listed in
Table 1. Then the radial distances r are normalized by λFr

as in the following figures. Since the electrons on the
Fermi surface contribute biggest to the structural stability,
the Friedel oscillation wave determined by 2kF should be
the most intense one among all the electron waves and
dominates the whole system. The definition of λFr, and
hence the SPO-zones, in this way, satisfies the physical
nature hidden in the structures themselves.
For example, Cu8Zr3 phase has the Cu8Hf3 structural

type. According to the reported diffraction pattern, the
diameter of the Brillouin or Jones zone, Kpe, i.e., 2kF, is
27.515 nm−1, then the Friedel wavelength λFr is approx-
imate to 0.2284 nm, calculated with λFr = 2π/(2kF). After
normalizing radial distances r with λFr, pronounced SPO
clearly shows up in the density distribution profile cen-
tered by the principal cluster [Cu4-Cu7Zr5] (the super-
script denotes the site sequence of the same atomic
species), as shown in Fig. 1b, where the first three density
maxima well fall within the first three negative potential
zones r1, r2 and r3.
Furthermore, chemical SPO is also noticed: the atoms

showing strong interactions with the central ones tend to
occupy the negative potential zones. As shown in Fig. 1b,
Zr, showing strong negative enthalpy of mixing with the
central Cu, is distributed only in the r1 and r2 zones,
absent completely in the r1.5 zone, though mixed occu-
pancy occurs beyond the r2 zone. In addition, the atomic
concentrations contained in the Zr-shells are well above
the average within the r1 and r2 zones as shown in Fig. 1b.
In the above example, only the profiles centered by the

principal cluster [Cu4-Cu7Zr5] in Cu8Zr3 phase are ana-
lyzed. There are actually eight non-equivalent atomic sites
in its unit cell. This [Cu4-Cu7Zr5] cluster possesses the
highest cluster isolation, as measured by the longest dis-
tance between neighboring Cu4 atoms, and a fairly high
atomic dense packing efficiency [15]. As shown in Fig. 1c,
the adjacent cluster [Cu4-Cu7Zr5] appears in the r2 zone
and shares some atoms with the central one, resulting in a
reduced cluster formula [Cu-Cu7Zr3] for the crystalline
phase Cu8Zr3 (Table 1). On the other hand, in the cor-
responding BMG Cu64Zr36, the principal cluster [Cu4-
Cu7Zr5] still dominates but is completely isolated to avoid
any cluster-type local order from being extended to the
longer-range. Therefore, this BMG is formulated as [Cu-
Cu7Zr5]Cu.
In Fig. 2, all the eight radial distribution profiles of total

atomic density in Cu8Zr3 phase are shown, and each has
been scaled with the same wavelength λFr calculated from
the most intense peak position in the k-space. The profileTa

bl
e
1

Bi
na

ry
BM

G
sa

nd
th
ei
ri
nt
er
pr
et
at
io
ns

us
in
g
cl
us
te
rf
or
m
ul
as

de
riv

ed
fr
om

de
vi
tr
ifi
ca
tio

n
ph

as
es
.F

rie
de
lw

av
el
en

gt
hs

λ F
r
in

cr
ys
ta
lli
ne

ph
as
es

ar
e
ca
lc
ul
at
ed

vi
a
λ F

r
=
2π

/(
2k

F)
,w

he
re

th
e

va
lu
es

of
2k

F
ar
e
eq
ua

lt
o
th
e
m
os
ti
nt
en

se
pe
ak

po
sit
io
ns

K
pe
ac
co
rd
in
g
to

th
e
re
po

rt
ed

di
ffr

ac
tio

n
pa

tte
rn
s.
Th

e
la
st
co
lu
m
n
ill
us
tr
at
es

th
e
ra
tio

sb
et
w
ee
n
th
e
m
ea
su
re
d
cl
us
te
rr

ad
ii
(a
pp

ro
xi
m
at
el
y

eq
ua

lt
o
th
e
m
ea
n
va
lu
es

of
th
e
in
ne

rm
os
ta

nd
ou

te
rm

os
td

ist
an

ce
s
w
ith

in
th
e
SP

O
r 1

zo
ne

s)
an

d
th
e
ca
lc
ul
at
ed

Fr
ie
de
lw

av
el
en

gt
hs

λ F
r,
w
hi
ch

fa
ll
cl
os
e
to

1.
25

G
la
ss
-f
or
m
in
g

co
m
po

sit
io
ns

C
lu
st
er

fo
rm

ul
as

of
re
le
va
nt

BM
G
s

D
ev
itr
ifi
ca
tio

n
ph

as
es

(s
tr
uc
tu
ra
lt
yp

es
)

C
lu
st
er

fo
rm

ul
as

of
de
vi
tr
ifi
ca
tio

n
ph

as
es

D
ia
m
et
er
s
of

th
e

Jo
ne

s
zo
ne

s
K

pe
(n
m

−1
)

Po
w
de
r
di
ffr

ac
tio

n
fil
es

Fr
ie
de
lw

av
el
en

gt
hs

fo
r

cr
ys
ta
lli
ne

ph
as
es

λ F
r

(n
m
)

C
lu
st
er

ra
di
i

(n
m
)

C
lu
st
er

ra
di
i

(λ
Fr
)

C
u 6

4Z
r 3

6
[C

u4 -C
u 7
Zr

5]C
u

C
u 8
Zr

3(C
u 8
H
f 3)

[C
u-
C
u 7
Zr

3]
27
.5
15

42
-1
18
6

0.
22
84

0.
26
87

1.
18

C
u 5

6Z
r 4

4
[Z
r2 -C

u 1
0Z
r 6
]Z
r

C
u 1

0Z
r 7
(N

i 10
Zr

7)
[Z
r-
C
u 1

0Z
r 4
]Z
r 2

27
.4
79

42
-1
18
7

0.
22
87

0.
29
54

1.
29

C
u 5

0Z
r 5

0
[Z
r-
C
u 8
Zr

6]C
uZ

r 2
C
uZ

r(
C
sC

l)
[Z
r-
C
u]

27
.5
22

35
-1
09
2

0.
22
83

0.
30
44

1.
33

C
u 6

5H
f 35

[C
u4 -C

u 7
H
f 5]
C
u

C
u 8
H
f 3(
C
u 8
H
f 3)

[C
u-
C
u 7
H
f 3]

27
.6
84

30
-0
47
7

0.
22
70

0.
26
69

1.
18

N
b 3

8N
i 62

[N
i1 -
N
b 4
N
i 8]
N
b 2
N
i

N
bN

i 3(
C
u 3
Ti
)

[N
i-N

bN
i 2]

31
.8
54

65
-0
58
9

0.
19
72

0.
26
06

1.
32

N
i 59

-6
2T
a 4

1-
38

[(
N
i,T

a)
-N

i 6T
a 6
]N

i 3
N
iT
a(
Fe

7W
6)

[(
N
i,T

a)
-N

i 6T
a 2
]T

a 4
29
.2
24

15
-0
27
0

0.
21
50

0.
26
83

1.
25

A
l 33

.6
C
a 6

6.
4

[C
a5
-A

l 6C
a 8
]C

a 3
A
l 14
C
a 1

3(A
l 14
C
a 1

3)
[C

a-
A
l 6C

a 8
]A

l 8C
a 4

22
.1
88

Re
f.
[2
4]

0.
28
32

0.
35
83

1.
27

Pd
82
Si

18
[S
i-P

d 9
]S
i

Pd
3S
i(
C
Fe

3)
[S
i-P

d 3
]

27
.6
55

36
-0
93
2

0.
22
72

0.
26
94

1.
19

SCIENCE CHINA Materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ARTICLES

March 2018 | Vol. 61 No.3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411© Science China Press and Springer-Verlag GmbH Germany 2017



Figure 1 Correspondence between Friedel oscillation potential profile (a), atomic density distribution profile (b), and shelled structure (c). The latter
two are both centered by the Cu4 site of the Cu8Zr3 phase. The radial distribution profile is conducted on total atomic density ρt(r) = N/(4/3πr3) in
Cu8Zr3 phase. N refers to the total number of atoms (including the central one) enclosed within a spherical radius r. The horizontal line represents the
mean particle density ρ0. The downward arrow points to the first nearest-neighbor Cu4 atoms, marking the distance between two neighboring [Cu4-
Cu7Zr5] clusters in the phase structure. The SPO-zones are shaded and marked by their respective rn. The abscissa is in the unit of Friedel wavelength
λFr ≈ 0.2284 nm. Large and small spheres represent Zr and Cu atoms, respectively; and the two unit cells are shaded in (c).
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centered by the principal cluster [Cu4-Cu7Zr5] exhibits the
most pronounced SPO. It is particularly noticed that the
profile centered by Cu3([Cu3-Cu9Zr3] cluster) also shows
apparently distinct SPO; however, the existence of Zr
atoms in the r1.5 zone signifies a weaker chemical SPO.
The prominent SPO exhibited by the Cu4-centered profile
justifies the central role played by the principal cluster
[Cu4-Cu7Zr5] in stabilizing the overall structure, by
matching the electron waves on the Fermi surface to the
r-space shells, characterized by λFr = 2π/(2kF). In Fig. 2, it
is noted that there are usually multiple high-density peaks
within each rn SPO-zone; however, high-density peaks
always occur in rn zones with negative potential, rather
than in rn+0.5 zones with positive potential, which is
characteristic of SPO. Such a principal-cluster-type local
structure as well as the relevant SPO is then inherited
between the crystalline devitrification phase and the
amorphous/liquid counterpart, suggesting the common
structural homology of the ordered crystalline states and
the disordered precursors.

SPHERICAL PERIODICITY ORDER IN
TYPICAL BINARY BULK-GLASS-FORMING
CRYSTALLINE PHASES

Bulk-glass-forming compositions can be interpreted by
the cluster-plus-glue-atom model according to the newly-
refined composition design procedures for BMGs [21].
The key step is to determine the principal clusters in
devitrification phases. Principal clusters, as the re-
presentative local structures [13,14], are commonly
shared by both crystalline and amorphous states. All the
presently known binary BMGs have been well interpreted
via the cluster formula approach [15,22,23], as listed in
Table 1. It is seen that each BMG has a crystalline
counterpart, from which the principal cluster is obtained
and the relevant cluster formula is constructed. The va-
lues of Kpe in the corresponding devitrification crystalline
phases are obtained from their respective most intense
peak positions in diffraction patterns (for Al14Ca13 phase,
it is derived from Ref. [24]). It is worth mentioning that,
for NiTa phase, the value of Kpe is 29.224 nm−1, equal to
the first pronounced peak position in k-space, instead of
another more intense one located at k = 51.083 nm−1

(which is much larger than the diameter of the first
Brillouin or Jones zone). The measured cluster radii
(approximately equal to the mean values of the innermost
and outermost distances within the SPO r1 zones) and the
calculated Friedel wavelengths λFr agree closely with the
ideal relationship, i.e., cluster radius/λFr = 1.25.
Strikingly similar SPO is present in all the radial dis-

tribution profiles of total atomic density centered by the
principal clusters in the devitrification phases, as shown
in Fig. 3. It is worth mentioning here that the SPO fea-
tures hidden in the devitrification phases are reflected by
the major density peaks, especially the first two peaks,
falling closely within the corresponding negative potential
zones rn centered by (n + 1/4)λFr, the ideal SPO positions
in Friedel oscillation. In crystals, due to the anisotropy
and periodicity constraints, SPO is not as evident as in the
disordered amorphous states. The density peaks in the r3
zones are relatively weak but are still recognizable in
Cu8Zr3, CuZr, Cu8Hf3, NiTa, and Al14Ca13 phases. Speci-
fically, in the profiles centered by the principal clusters
[Cu4-Cu7Zr5] [5], [Zr2-Cu10Zr6] [5] (the two Zr5 located
near the 1.5λFr boundary being attributed to the theore-
tical error), [Zr-Cu8Zr6] [15], and [Cu4-Cu7Hf5] [5], the
first three peaks are well located in the favorable negative
potential zones r1, r2 and r3, confirming the existence of
topological SPO, though the peak in the r3 zone in Cu10Zr7
phase is not so obvious. In addition, the atoms with

Figure 2 Radial distribution profiles of total atomic density centered by
the eight clusters in Cu8Zr3 phase. The radial distances r are scaled with
the Friedel wavelength λFr = 2π/(2kF), with 2kF obtained from the most
intense peak position in its diffraction pattern using the resonance
condition 2kF = Kpe.
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electronegativities different from the central ones dis-
appear completely in the positive potential r1.5 zones,
suggesting the chemical SPO. The SPO features in the
profiles centered by the principal clusters [Ni1-Nb4Ni8]
[23], [M-Ni6Ta6] [5] (M is a random mixture of Ni and
Ta), [Ca5-Al6Ca8] [5] and [Si-Pd9] [15] are relatively weak
in comparison with those in the above-mentioned ones.
Nevertheless, the atomic densities are always higher than
the averages in the favorable negative potential zones, at
least up to the r2 zones (in the cases of [Ni1-Nb4Ni8] and
[Si-Pd9], just to the r2 zones). Mixed occupancy of both
atomic species in the r1.5 zones has weakened the chemical
SPO in [Ni1-Nb4Ni8], [Ca

5-Al6Ca8] and [Si-Pd9]. For the
principal cluster [M-Ni6Ta6], the chemical SPO is more
pronounced when M is completely occupied by Ta than
by Ni.

CLUSTER-PLUS-GLUE-ATOM
STRUCTURAL UNITS OUT OF FRIEDEL
OSCILLATION
From the radial distribution profiles of total atomic
density, it is easily found that the most representative

structural parts (principal clusters) are just located in the
first negative Friedel oscillation potential zones where the
central charge perturbations are the most intensely
screened, with some neighboring atoms located in the
first positive potential zones balancing the electro-
negativities of the local units. This is actually the cluster-
plus-glue-atom model that has been used by us to inter-
pret precisely many good BMGs and even some industrial
alloys [25,26]. In the structural unit, the first nearest-
neighbor cluster is located within the r1 zone with the
strongest negative potential, and the glue atoms pre-
ferentially fall within the r1.5 zone with the strongest po-
sitive potential. We have shown, by analyzing existing
and our own experiments, that the number of glue atoms
is either 1 or 3 for all metallic glasses with the maximum
glass forming abilities [8]. In addition, the formulas sa-
tisfy the 24-electron rule, i.e., the total number of valence
electrons per unit cluster formula is close to 24, irrelevant
to alloy systems and compositions [4,5]. Detailed proce-
dures towards composition design for metallic glasses of
high glass forming abilities have been provided [15,21].
Since SPO is also prominent in the corresponding devi-
trification phases, the short-range-order heritage in terms
of cluster-plus-glue-atom model evidently exists in the
amorphous and the corresponding crystalline states, thus
rationalizing the use of the cluster formula approach as
BMG interpretation and eventually a design tool.
For ideal amorphous structures, there is no sharing

between the cluster-based structural units; the atomic
radial distribution would conform to SPO perfectly up to
the medium-range. While for crystalline structures, due
to the existence of anisotropic restrictions and periodic
potential barriers, the structural units usually overlap
with neighboring ones, leading to the weakened SPO as
already mentioned. As arrowed in Fig. 3, the adjacent
structural units fall within the r3 zone in Al14Ca13 phase,
while those in other phases are all located at the distances
shorter than r3: the neighboring structural units in
Cu10Zr7 phase fall within the r2.5 zone; those in Cu8Zr3,
Cu8Hf3 and NiTa phases within the r2 zones; those in
NbNi3 and Pd3Si phases in the r1.5 zones; and those in
CuZr phase in the r1 zone.

CONCLUSIONS
After analyzing the radial distribution of total atomic
density in devitrification phases relevant to binary BMGs
in systems Cu-(Hf, Zr), Ni-(Nb, Ta), Al-Ca and Pd-Si,
spherical periodicity order is unveiled in all of the devi-
trification phases, so long as centered by the principal
clusters. The principal clusters plus specific glue atoms

Figure 3 Radial distribution profiles of total atomic density centered by
the principal clusters in typical devitrification phases relevant to binary
BMGs, top-down: [Cu4-Cu7Zr5] in Cu8Zr3, [Zr

2-Cu10Zr6] in Cu10Zr7, [Zr-
Cu8Zr6] in CuZr, [Cu4-Cu7Hf5] in Cu8Hf3, [Ni1-Nb4Ni8] in NbNi3, [M-
Ni6Ta6] (M is a random mixture of Ni and Ta) in NiTa, [Ca5-Al6Ca8] in
Al14Ca13, and [Si-Pd9] in Pd3Si. The positions of adjacent identical
clusters are arrowed.
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then construct the structural units shared by the crystal-
line and amorphous states. These results suggest the
nontrivial structural homology between metallic glasses
and the corresponding crystalline phases both at the local
unit level (covering the principal cluster plus glue atoms)
and in the medium-range via spherical periodicity order.
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晶态与非晶态结构的球周期同源性
张爽1, 董丹丹2, 王子鉴1, 董闯1*, Peter Häussler3

摘要 球周期在液体与非晶的结构形成过程中占有主要地位, 根据Friedel振荡理论, 原子倾向于聚集在球周期壳层上. 本文提出在非晶晶
体相结构中依然隐藏着球周期序列. 在一个给定的相中, 所有非等效原子占位皆衍生出相应的最近邻团簇, 其中必然存在一个具有代表性
的主团簇, 以其为中心时, 球周期最明显. 该主团簇加上特定的连接原子组成了对应非晶态的团簇加连接原子结构单元. 本文通过全面分
析Cu-(Zr, Hf), Ni-(Nb, Ta), Al-Ca与Pd-Si二元块体非晶形成体系中的晶化相, 进一步指出球周期序代表了晶态与非晶态在中程序的结构
同源性.
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