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Temperature-dependent atomic structural evolutions of liquid Agy,Gas and Ag,,Gasg alloys have been stud-
ied by in situ high-energy x-ray-diffraction (HEXRD) experiments combined with ab initio molecular-dynamics
simulations. The experimental data show a reversible structural crossover at about 1050 ~ 1100 (£50) K in
both liquid Agg,Gagy and Ag,,Gas, alloys. Obvious changes of the electrical resistivity, absolute thermoelectric
power, and atomic diffusivity around the similar temperature range for both Ag-Ga liquids strongly support the
HEXRD results. The origin of the liquid-to-liquid crossover in both Ag-Ga liquids was suggested to link with
the rearrangements of Ag and Ga atoms, i.e., Ag and Ga atoms prefer to associate with themselves in the higher
temperature range above 1100 K, consistent with the accelerated increase of the strong covalently bonded Ga-Ga

dimers in both Ag-Ga liquids. In addition, more studies from the energy aspect are still desirable to understand
the rearrangements of Ag and Ga atoms in the higher temperature range in both Ag-Ga liquids.
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I. INTRODUCTION

Metallic glasses (MGs) have received considerable atten-
tion due to their unique disordered atomic-packing structures
and excellent mechanical, magnetic, corrosion, and supere-
lastic deformation properties. Since most MGs are fabricated
by rapidly quenching from their corresponding melts, they
are sometimes termed as frozen liquids. Hence, tracking
the structural evolutions of metallic liquids with temper-
ature cannot only deepen the understanding of the glass
formation, but also uncover the novel phenomena in the liq-
uids. For example, intensive investigations demonstrate that
temperature-induced liquid-to-liquid phase transition (LLPT)
could exist in some monoatomic metallic liquids, e.g., Ce
[1,2], Cs [2], Ga [2,3], Si [4], Rb [5], binary metallic liquids,
e.g., Gagsglnyyo [6], IngoSnyg [7,8], SngsZns [9], PbasSnyy
[10], and multicomponent metallic liquids, e.g., LasgAlssNijs
[11], Pd41.25Nig125P17.5 [12], and Zry; 2 Tig3 8Cun sNijoBeas s
[13]. In addition, metallic liquids of noble metals with
polyvalent elements usually show nonlinear properties with
temperatures [14-24], including the silver-gallium (Ag-Ga)
system, in which nonlinear changes in the electrical resis-
tivity and absolute thermoelectric power were found as a
function of temperature. Shirakawa et al. [25] further stud-
ied the thermodynamic stability of Ag-polyvalent metallic
liquids, and the concentration-concentration fluctuation in
long-wavelength limit S..(0) shows some ordered states on
the Ag-rich side, which most likely originate from the rigid
electronic density of states of Ag atoms. Kaban and Hoyer
[26] assumed the coexistence of electronically stabilized
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clusters and clusters of pure elements (either noble or poly-
valent metal depending on the concentration of the alloys)
in noble-polyvalent metallic liquids, which are caused by the
topological and chemical short-range ordering in the liquid
state. However, due to the lack of solid structural evidence
from advanced experimental techniques, e.g., in sifu high-
energy x-ray diffraction (HEXRD), and theoretical analysis
methods, e.g., ab initio molecular-dynamics (AIMD) simu-
lations, whether the anomalous structural evolution, e.g., the
LLPT, exists in noble-polyvalent metallic systems is still un-
certain. Here we selected the Ag-Ga system, as a prototype
of noble-polyvalent metallic alloys, to investigate the possible
temperature-induced structural changes in the Ag-Ga liquids
via in situ HEXRD experiments and AIMD simulations. All
obtained experimental and theoretical results reveal reversible
structural crossovers at about 1050 ~ 1100 (4 50) K in both
liquid Age,Gasg and Ag,,Gasg alloys, leading to deviations
from the linear evolutions of the first two peaks on the
structure factor S(g), reduced pair-distribution function G(r),
partial coordination numbers (CNs), and covalently bonded
Ga—-Ga dimers. Properties, e.g., atomic diffusivity, electrical
resistivity, and absolute thermoelectric power, can also be
affected by appearing kinks around the similar temperature
range. These findings in noble-polyvalent metallic liquids will
trigger more studies on the temperature-dependent local struc-
tural evolutions in other metallic liquids.

II. METHODS

A. In situ HEXRD experiments

The Agy,Gago and Ag,,Gasp (at. %) alloys were prepared
by arc melting high-purity Ag (99.999%) and Ga (99.999%)
slugs. The parent ingots were remelted for more than five
times to ensure the chemical homogeneity. Then rods with
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6-mm length cut from corresponding parent ingots were
sealed into quartz capillaries with 1.5-mm diameter under a
vacuum of about 4.6 x 10~* Pa. In situ HEXRD experiments
were carried out at the beamline 11-ID-C, Advanced Pho-
ton Source (APS), Chicago. The sealed samples were heated
by a Linkam TS1500 furnace with a heating/cooling rate
of 10 K/min and an effective temperature range of 850 ~
1320 K. The x-ray beam size used was about 0.5 x 0.5 mm?
with a wavelength of 0.1173 A (the x-ray energy was about
106 keV). The diffraction patterns were automatically col-
lected by a flat-panel Si detector (PerkinElmer 1621) with
200 x 200-um? pixel size and 2048 x 2048 pixels. The
exposure time was 0.1 s and 200 diffraction patterns were
summed for each dataset. The pattern from an empty capillary
with the same diameter and exposure time was used as a
background. High-quality scattering intensity I(g) was inte-
grated from two-dimensional diffraction patterns by using the
software package FIT2D [27]. The standard procedures were
carried out to extract the experimental S(g) and G(r) curves
from I(g) data after subtracting the appropriate background by
using the software package PDFGETX3 [28]. Another structural
analysis software, GSAS-II [29], was also applied to confirm
the S(g) and G(r) curves obtained from PDFGETX3, showing a
good agreement between them.

B. Computational details

AIMD simulations of liquid Agg,Gasy and Ag,,Gaszg
alloys were accomplished based on the density-functional
theory by using the Vienna Ab initio Simulation Package
(VASP) [30]. The canonical NVT ensemble (i.e., constant atom
number, volume, and temperature) was adopted during the
AIMD simulations [31-34] and the Nosé-Hoover thermo-
stat was applied to control the system temperature [35,36],
combined with the projector augmented wave method [37].
The generalized gradient approximation of Perdew and Wang
[37,38] was used to describe the interaction between electrons
and ions. Newton’s equations of motion were integrated with
the velocity Verlet algorithm and a time interim of 3 fs.
Only the I' point was used to sample the Brillouin zone
of the supercell. Cubic cells containing 200 atoms (120 Ag
and 80 Ga atoms for liquid Agy,Gayo alloy, while 140 Ag
and 60 Ga atoms for liquid Ag,,Gaszy alloy) with periodic
boundary conditions were first constructed and relaxed at
1500 K (well above their melting points) for more than 8000
steps to remove the memory effect of the initial configura-
tions, then experienced a stepwise quenching process at a
cooling rate of 3.33 x 103 K/s from 1500 to 700 K with
the temperature interval of 100 K. At each temperature, the
cell sizes were adjusted to make the average internal pressure
close to zero within 0.5 kbar. Afterward, another additional
6000 steps were carried out for the structural relaxation. The
relaxed atomic configuration was recorded at each step, and
then the subsequent structural information, e.g., S(g) and g(r),
etc., were calculated by taking the average of the last 3000
configurations. Figures S1(a) and S1(b) in the Supplemental
Material [39] exhibit the mean-square displacement (MSD) as
a function of time at various temperatures from 700 to 1500 K
for liquid Age,Gasy and Ag,,Gajzg alloys, respectively. The
positive evolutions of the MSD data manifest that both Ag-Ga

alloys are in the liquid state with good mobility during the
whole studied temperature range, even at 700 and 800 K be-
low the liquidus temperatures (77,) of Agg,Gaso and Ag,,Gaszg
alloys of about 790 and 840 K, respectively [40]. Moreover,
the nearly linear dependence of all the MSD curves with
time indicates that the systems are in good equilibrium after
6000-step relaxation at each temperature, further confirming
the reliability of the configurations obtained from AIMD sim-
ulations for all studied temperatures below and above the 7} .

III. RESULTS AND DISCUSSION

A. Structural analyses by in situ HEXRD experiments

Structure factors S(q) of liquid Agg,Gasp and Ag,,Gasg
alloys obtained from the in situ HEXRD experiments upon
heating are plotted in Figs. 1(a) and 1(b), respectively, while
Figs. 1(c) and 1(d) show the temperature-dependent G(r)
curves of liquid Agq,Gasp and Ag,;,Gasg alloys, respectively,
which can be derived by the Fourier transformation from
S(g) data. High quality of S(g) and G(r) curves ensures the
reliability of the subsequent structural analyses based on these
data. Considering the symmetrical peak profiles, we applied a
Gaussian function with a linear baseline to fit the first two
peaks of S(¢) and G(r) curves, marked as ¢, g2, r|, and
1y, respectively [see Figs. 1(a)-1(d)]. Temperature-dependent
evolutions of the peak positions of ¢g;, ¢», r, and 7, on the
S(g) and G(r) curves of liquid Agy,Gaso alloy are plotted
in Figs. 2(a)-2(d), respectively. The red open circles repre-
sent the heating procedure while the blue ones represent the
cooling procedure. The peak positions of all these four peaks
coincide well during the heating and cooling procedures,
indicating that a reversible structural evolution happened in
liquid Agg,Gaso alloy. Moreover, the peak position of g;
shifts to low-g side while the peak position of ¢, moves to
high-q side as the temperature increases from 850 to 1320
K, indicating that although the whole liquid Agg,Gay al-
loy expands, its local atomic packing structure exists with
some shrinkage with temperature. Not only here in liquid
Agg,Gayg alloy, this opposite temperature dependence of g
and ¢, is also experimentally observed in many monoatomic
metallic liquids of Zn [41] and In [41], binary metallic lig-
uids of AuyyGass [42], Gagssglnisy [6], Zrys5Pdoss [43],
ZrgoPtyy [44], In-Sn [45], and AlgySm;o [46], and mul-
ticomponent metallic liquids of Pds3Cuy;NijoPy [47,48],
Pty 5Cuz7Nig 5Py [48], Zrs;NbsAljgCuys4Nijzs [49], and
Zr41 2 Ti13.8Cuyp5NijoBess s [13]. If checking the evolutions of
r1 and r, on G(r) curves [see Figs. 2(c) and 2(d), respectively],
it is found that this local shrinkage originates from ry, i.e., the
nearest-neighboring distances in clusters between the central
atoms and atoms at the first shell shrink with the increase
of the temperature. The “contradiction behavior” between the
temperature-dependent evolutions of g; and r; is due to the
different correlation lengths of these two peaks. One could
generally consider that g; on S(g) is linked with the liquid
density, i.e., the lower the peak position, the lower the density,
and the expansion of the whole liquid upon heating leads to
the decrease of the density as well as the peak position of g;.
However, r; on G(r) reveals only the local atomic packings
(relative high scattering of X ray in denser atomic clusters) in
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FIG. 1. (a), (b) Waterfall graphs of the high-quality S(g) curves of
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liquid Agy,Gayo and Ag,,Gas alloys, respectively, obtained from in

situ HEXRD experiments for the heating procedure. (c), (d) Waterfall graphs of the high-quality G(r) curves of liquid Agy,Gasy and Ag,,Gaz
alloys, respectively, obtained from in situ HEXRD experiments for the heating procedure.

short range (less than 4 A), and the x-ray scattering power
from the free-volume part induced by temperature between
clusters in metallic liquids is much weaker as compared to
the denser atomic clusters. A general picture for this negative

Gaussian fitting result
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expansion phenomenon on the first shell of G(r) in metallic
liquids has been given by Lou et al. [S0]. Beyond the single
cluster, r, on G(r) is usually closely related to the connec-
tion between various clusters [41,51,52], and the expansion
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FIG. 2. (a)-(d) Peak positions of the first two peaks on the experimental S(g) and G(r) curves of liquid Age,Gay alloy as a function
of temperature, marked as ¢, ¢», 1, and r,, respectively. The red open circles represent the heating procedure while the blue open circles

represent the cooling procedure.
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Gaussian fitting results of liquid Ag7oGas3o alloy
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FIG. 3. (a)-(d) Peak positions of the first two peaks on the experimental S(g) and G(r) curves of liquid Ag,,Gas, alloy as a function
of temperature, marked as g;, g2, r1, and r,, respectively. The red open circles represent the heating procedure while the blue open circles

represent the cooling procedure.

behavior of r, suggests the formation of more free volumes
between different atomic clusters upon heating, which enlarge
the distances between clusters and reduce the densities of
these cluster associations. In addition, guided by the trend
lines in Figs. 2(a)-2(d), it is noteworthy that the peak positions
of all four peaks of ¢, g, ri, and r, deviate from the linear
feature at about 1050 £ 50 K, indicating that there might
exist some kinds of structural changes in short and/or medium
ranges below and above 1050 £ 50 K in liquid Agg,Gayg
alloy. To verify the reliability of the Gaussian fittings, we
directly capture the maxima of the S(g) and G(r) peaks,
and Figs. S2(a) and S2(b) in the Supplemental Material [39]
display the temperature-dependent evolutions of the maxima
of g; and r; on S(g) and G(r) curves of liquid Agy,Gasg
alloy, respectively. It is found that except for slight shifts
of the exact values, both evolutions of ¢; and r; derived
by taking the maxima directly exhibit the similar tendencies
with temperature, and also deviate from linearity at about
1050 £ 50K, confirming that using the Gaussian functions
to fit both S(g) and G(r) peaks is reliable. Figures 3(a)-3(d)
display the temperature-dependent evolutions of the peak po-
sitions of q;, ¢, ri, and rp, respectively, on the S(g) and
G(r) curves of liquid Ag,,Gajz alloy. The evolutions of all
four peaks with temperature show similar tendencies with
those of liquid Agg,Gayg alloy shown in Figs. 2(a)-2(d), in-
dicating an expansion behavior of the whole liquid Ag,,Gasz
alloy and some shrinkage in short-range structures with the
increase of the temperature. Moreover, guided by the trend

lines in Figs. 3(a)-3(d), the peak positions of all four peaks
of liquid Ag,,Gas alloy also deviate from the linear feature
at about 1100 £ 50 K, which is reversible, indicating the ex-
istence of some kinds of structural changes in short and/or
medium ranges in liquid Ag,,Gaszp alloy below and above
1100 +£ 50 K. However, more evidence is strongly desirable to
support the structural crossovers observed by in situ HEXRD
experiments in liquid Ag,,Gaso and Ag,,Gasg alloys.

B. Structural analyses by AIMD simulations

To track the local structural evolutions and dynamical
properties of liquid Agg,Gago and Ag,,Gasp alloys, AIMD
simulations were carried out which could provide the under-
lying mechanism for above findings obtained from in situ
HEXRD experiments. The reliability of the atomic configura-
tions produced by the VASP package for metallic liquids has
been proved by previous literature [3,6,9,42,53-59]. More-
over, the open circles in Fig. 4 display the simulated S(q)
and the pair-correlation function g(r) of liquid Age,Gaso and
Ag,,Gas alloys at various temperatures from 700 to 1500 K,
while the colored curves represent the S(g) and g(r) data
obtained from in situ HEXRD experiments at corresponding
temperatures. The experimental g(r) can be deduced by the
following equation:

G(r)
dmrp’

g(r)=1+

ey
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FIG. 4. (a), (b) Comparisons of the simulated S(g) curves (open circles) and the corresponding experimental S(g) data (colored curves) at
various temperatures from 700 to 1500 K for liquid Agy,Gasy and Ag,,Gas, alloys, respectively. (c), (d) Comparisons of the simulated g(r)
curves (open circles) and the corresponding experimental g(r) data (colored curves) at various temperatures from 700 to 1500 K for liquid

Agg,Gagy and Ag,,Gasg alloys, respectively.

where p is the number density. The simulated S(g) and g(r)
match well with the corresponding experimental data in terms
of shape, peak position, etc., indicating that the atomic con-
figurations produced by AIMD simulations could be reliable
to capture the main structures of both liquid Age,Gasp and
Ag,,Gajzg alloys. The coordination number (CN), especially
the nearest-neighboring atoms, is an important indicator to
reflect the local atomic-packing structures of metallic liquids
on the short-range scale. Based on these atomic configura-
tions, we analyzed the temperature-dependent evolutions of
the nearest-neighboring CNs by using the Voronoi tessellation
methods [60,61], which divide the three-dimensional space
around a central atom into a particular polyhedral cell within
a proper cutoff. These cells are recorded by the Voronoi index
(n3, ng, ns, ...n;), where n; is the number of i-edged poly-
gons. The sum of n; is equivalent to the nearest-neighboring
CN around a central atom. The cutoff values chosen here were
estimated at the minimum position of the right side of the
first peak of simulated g(r), i.e., 3.78 A for liquid Age,Gago
alloy and 3.95 A for liquid Ag,,Gagz alloy. The black spheres
in Fig. 5(a) illustrate the evolution of the total CN of liquid
Agg,Gayg alloy as a function of temperature, which first de-
creases with the increase of the temperature, and deviates from
the linearity at about 1000 ~ 1100K, as guided by the trend
lines. Figure 5(a) also displays the temperature-dependent

evolutions of the experimental CN during the heating (red
open circles) and cooling (blue open circles) procedures,
which could be obtained by integrating the first peak of the
radial distribution function (RDF) derived from G(r) data by
using the following equation:

RDF = 4772 p + rG(r), 2

where p is the number density. High-quality RDF curves
of liquid Agy,Gayo and Ag,,Gaszp alloys are shown in Figs.
S3(a) and S3(b), respectively, in the Supplemental Material
[39]. Interestingly, crossovers at about 1050 + 50 K are also
clearly detected on the temperature-dependent evolutions of
the experimental CN of liquid Agy,Gayg alloy, consistent with
the result of AIMD simulations. Although it is very hard
to experimentally obtain the partial G(r) and therefore for
the partial CNs, AIMD simulations can easily estimate these
structural parameters from the constructed atomic configura-
tions at various temperatures. Figure 5(b) exhibits the partial
CNs of CNag.ag, CNagGa, CNga-ag, and CNgag, as a func-
tion of temperature for liquid Agq,Gas alloy. Kinks at about
1000 ~ 1100K can also be clearly detected on the evolutions
of all these four partial CNs, in which partial CNa,.g. and
CNga-ag are first to decrease slowly from 5.14 to 4.97 and
from 7.62 to 7.41, respectively, in the lower temperature range
from 700 to 1000 K. However, with a further increase of the
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FIG. 5. (a), (c) The total nearest-neighboring CNs of liquid Ag,,Gas, and Ag,,Gaj alloys, respectively, as a function of temperature. The
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the RDF curves. (b), (d) The temperature-dependent evolutions of partial CNag.ag, CNag-Gas CNga-ag, and CNg,.ga in liquid Agg,Gagy and

Ag,,Gas alloys, respectively.

temperature up to 1500 K, partial CNag.ga and CNga.ag Show
an accelerated decrease. On the contrary, partial CNag.A, and
CNga.ga exhibit a relatively slower decrease in the higher
temperature range from 1100 to 1500 K compared to that in
the lower temperature range. These results suggest a repulsive
interaction between Ag and Ga atoms in liquid Agg,Gasg
alloy; in other words, Ag atoms prefer to gather with Ag
atoms while Ga atoms prefer to gather with Ga atoms in the
higher temperature range, resulting in clear kinks at about
1000 ~ 1100K in the evolutions of total and partial CNs of
liquid Agg,Gayo alloy. Figure 5(c) shows the temperature-
dependent evolutions of the total CN of liquid Ag,,Gasg alloy
deduced from both HEXRD experiments and AIMD simula-
tions, which show a similar tendency with temperature and
deviate from the linearity at about 1100 &= 50 K, as guided
by the trend lines in Fig. 5(c). By a careful check of the
evolutions of partial CNs of liquid Ag,,Gasg alloy shown in
Fig. 5(d), it is found that the partial CNs of CNaga¢, CNag.Ga,
and CNg,.a¢ also show clear kinks at about 1100 K. Similar
to liquid Age,Gaso alloy, partial CNyg.ga and CNg,.ag Of
liquid Ag,,Gasp alloy exhibit an accelerated decrease while
partial CN g a¢ appears to decrease much more slowly in the
higher temperature range above 1100 K, again indicating a
rearrangement of Ag and Ga atoms in liquid Ag,,Gas alloy,
in which Ag and Ga atoms prefer to associate with themselves
at higher temperatures. However, there arises a question: Why
do the Ag and Ga atoms with negative heat of mixing [62]
trend to associate with themselves in the higher temperature
range, rather than gather with each other? Note that liquid Ga
behaves with both covalent and metallic characteristics, and
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FIG. 6. The fractions of covalently bonded Ga—Ga dimers with
temperature in liquid (a) Agy,Gago and (b) Ag,,Gas alloys, respec-
tively, by using different cutoff values from 2.44 to 2.56 A.
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there exist strong covalently bonded Ga—Ga dimers which are
the atomic pairs with the CN = 1 within a proper cutoff; we
statistically counted the Ga atoms with only one neighbor Ga
atom within a given cutoff value in both liquid Agy,Gaso and
Ag,,Gaz alloys. Considering that the interatomic distance
of the covalently bonded Ga—Ga dimers is reported to be
2.484 A in pure liquid Ga [3,63,64], different cutoff values
around this from 2.44 to 2.56 A were applied for both Ag-
Ga liquids, as shown in Figs. 6(a) and 6(b), respectively. It
is found that in both Ag-Ga liquids, no matter the cutoff
selected, the fraction of Ga-Ga dimers first shows a slight
increase upon heating from 700 to 1000 K. It then accelerates
to go up when the temperature arises above 1100 K, implying
that when the interactions among atoms in high-coordinated
clusters are gradually broken by the thermal oscillation, the
free Ga atoms in both Ag-Ga liquids prefer to gather with
themselves to form strong covalently bonded dimers in the
higher temperature range above 1100 K, along with the unities
among free Ag atoms, consistent with the analyses of partial
CNs shown in Figs. 5(b) and 5(d). In addition, more studies
from the energy aspect are still desirable to understand the
rearrangements of Ag and Ga atoms in the higher temperature
range in both Ag-Ga liquids.

C. Properties of liquid Ag-Ga alloys

The above results suggest a structural crossover at about
1050 ~ 1100 (£50) K in both liquid Age,Gaso and Ag,,Gaszg
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FIG. 8. The reported electrical resistivity and thermoelectric
power of liquid (a) Agy,Gaso and (b) Ag,,Gas, alloys, respectively,
as a function of temperature [24].

alloys, which can most likely affect their properties, e.g.,
diffusivity, electrical resistivity, and thermoelectric power.
Figure 7(a) shows the self-diffusion coefficients (D) of the
averaged, Ag and Ga atoms in liquid Agg,Gasg alloy as a
function of temperature, which could be derived from the
MSD data by using the Stokes-Einstein equation

2

D = lim =@l 3)

t—00 6t

where r;(¢) and ro(t) are the atomic positions of atom i at
time ¢ and the initial time, respectively. Within the error
bars, one can clearly reveal that no matter for the averaged,
Ag or Ga atoms in liquid Agy,Gay alloy, kinks at about
1000 ~ 1100K are clearly observed. With the increase of
the temperature, the activation energies of about 13.7 kJ/mol
for Ag atoms and 14.1 kJ/mol for Ga atoms in the lower
temperature region (below 1000 K) change to 19.5 kJ/mol
for Ag atoms and 20.8 kJ/mol for Ga atoms in the higher
temperature region (above 1100 K), respectively. Surprisingly,
the activation energies for Ag and Ga atoms in the temperature
range above 1100 K are found to be higher than those in the
temperature range below 1000 K, which is in contrast to the
common sense that for a uniform liquid system, the activa-
tion energy at high temperatures should be lower than that
at low temperatures, indicating the existence of a structural
crossover in liquid Age,Gayp alloy at about 1000 ~ 1100 K.
Figure 7(b) illustrates the self-diffusion coefficients of the
averaged, Ag and Ga atoms in liquid Ag,,Gazo alloy as a
function of temperature, in which kinks at about 1100 K are
clearly observed, as guided by the trend lines. The activation
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energies for Ag and Ga atoms in the temperature range below
1100 K are estimated to be about 17.3 and 18.2 kJ/mol,
respectively, which rise to be about 21.5 and 22.6 kJ/mol,
respectively, in the temperature range above 1100 K. This
phenomenon is also in contrast to the common sense for a
uniform liquid system, indicating the existence of a struc-
tural crossover in liquid Ag,,Gasg alloy at about 1100 K. In
addition, Figs. 8(a) and 8(b) depict the reported data of the
temperature-dependent electrical resistivity (blue spheres) and
thermoelectric power (magenta sticks) for liquid Agg,Gaag
and Ag,;,Gaszo alloys, respectively [24]. Clear minima are
observed on the temperature-dependent electrical resistivity of
both Ag-Ga liquids at about 1050 ~ 1100 (£50) K, which are
consistent with the sudden kinks on the evolutions of the ther-
moelectric power, as guided by the trend lines in Figs. 8(a) and
8(b). These results of the temperature-dependent electrical
resistivity and thermoelectric power corroborate our structural
and dynamical results well, strongly suggesting the existence
of a liquid-to-liquid crossover at about 1050 ~ 1100 (£50) K
in both liquid Agg,Gas and Ag,,Gasg alloys in terms of local
atomic-packing structures and properties.

IV. CONCLUSIONS

The structural evolutions of liquid Agy,Gaso and Ag,,Gaszg
alloys with temperature in a range of 850 ~ 1320K have
been studied by in situ HEXRD experiments and AIMD
simulations. Experimental results, i.e., temperature-dependent
peak positions of the first two peaks on S(g) and G(r) curves
and the nearest-neighboring CN, reveal an intriguing struc-
tural change in both liquid Agg,Gasy and Ag,,Gaszg alloys
at the temperature range of about 1050 ~ 1100 (£50) K,
which is reversible during the heating and cooling procedures.
AIMD simulations reproduce the experimental observations.

The temperature-dependent total CNs of both Ag-Ga lig-
uids deviate from the linear feature at about 1000 ~ 1100 K,
and in the higher temperature range above 1100 K, partial
CNjg-ga and CNgy.ag show an accelerated decrease while
partial CNg.ag and CNggu.ga appears to decrease much more
slowly, indicating a rearrangement of Ag and Ga atoms in
both Ag-Ga liquids, e.g., Ag and Ga atoms prefer to as-
sociate with themselves at higher temperatures, which can
be confirmed by the temperature-dependent evolutions of
Ga-Ga dimers in both Ag-Ga liquids. Meanwhile, abnormal
temperature-dependent behaviors of the atomic diffusivity,
electrical resistivity, and absolute thermoelectric power in
both Ag-Ga liquids at about 1050 ~ 1100 (£50) K further
support the existence of a liquid-to-liquid crossover in both
liquid Agg,Gasy and Ag,,Gasp alloys. All results obtained
here will promote the understanding of the structural evo-
lutions in noble-polyvalent metallic melts in particular and
metallic liquids in general.
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