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Exploring new materials has attracted more and more attention, due to the improvement of technology and
industry. Theoretically, the first-principles calculations combined with global optimization have been applied to
predicting the properties of materials accurately and accelerate the discovery of new materials. For certain multi-
component materials, the atoms are nearly at the lattice sites and the material exploration can be enhanced with

Zgzg“MSC: biased screening. Based on the space symmetry, the calculations of duplicate structures can be avoided, and the
5 0' 08 specified constraints are applied to filter the energetically unstable candidates out. To provide the reasonable

candidates for the first-principles calculations, we have released a program of Structures of Alloy Generation And
Recognition (SAGAR), which can be conveniently used through the website. Herein, we will present several
examples to show that the biased screening is practical and efficient, determining structures with high stabilities
and novel properties. We have studied the distribution of up to 50% Cl vacancy concentration in NaCl and
revealed semiconductor-metal transition in the boron/nitrogen co-doped diamond. The ground state anti-
ferrormagnetic configuration of VCl; is determined, as well as the low-lying hydrogenated-C6, structures with
high symmetry. Our results indicate that the biased screening with proper constraint will effectively enhance the

material exploration.

1. Introduction

The physical, chemical and biological properties of materials rigor-
ously depend on the atomic structures and chemical compositions of
materials [1,2]. Combined with global optimization algorithm, the first-
principles calculations based on density functional theory have become
more and more crucial in material design, because various structures
with novel properties have been predicted before the rapid development
of experimental observation [3]. Group intelligence algorithms, as
implemented in CALYPSO [4] and USPEX [5], have been successfully
applied in the global optimization of stable structures, especially at high
pressure. For example, HoS was predicted to be a strongly anharmonic
phonon-mediated superconductor [6], which has been confirmed
experimentally under high pressure (around 150 GPa) with the T, of
203 K [7]. Surprisingly, xenon is predicted to react with iron and nickel
with the existence of XeFe3/XeNis in the Earth’s inner core [8],
providing a reasonable explanation why more than 90% of the expected
amount of Xe is missing. Besides, the chemically inert helium and

sodium are predicted to form NapHe at high pressure (>113 GPa) [9],
where the eight-center-two-electron bonds within Nag cubes are stabi-
lized by the electron pairs restricted in interstices sites. In addition, ab
initio random structure searching algorithm [10] and random super-
lattices with atomic random distribution over different planes algorithm
[11] predict a series of novel structures in recent decades [12-14].
The stable structures can be predicted based on the first-principles
calculations combined with unbiased global optimization, however,
the prediction of alloy can be enhanced with biased screening, because
the lattice can be pre-determined and the atomic distribution is crucial.
Cluster expansion (CE) method combined with first-principles calcula-
tions is employed to efficiently determine the ground state structures
[15], which is applicable to simple lattices and complex lattices [16].
For alloy system, evolution algorithm has also been applied to select
efficient cluster interactions when CE method is employed [17]. For
example, vacancy (denoted by “[]") ordering has been found in
Sc1_x[JxS even at low temperature after numerous structures were
evaluated by CE method [18], where proper metal vacancies will lower
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Fig. 1. The workflow of SAGAR, providing the biased screening method for the exploration of multi-component materials, carrying out structure generation,

property calculation and database construction.

Fermi level and leave antibonding d band empty to enhance the stability.
Moreover, degenerate gapped transparent conductors can cause a self-
regulating instability, where metal vacancies will be spontaneously
exothermically formed to promote conduction band electrons to decay
into hole states [19]. The potential energy surface of boron is particu-
larly complex due to the electron deficiency [20], therefore, it is a
challenge to determine the local minimum structures because of the
complex energy landscapes of elemental boron [21]. In our previous
studies, we have determined the stable structures of boron clusters based
on the triangular lattice fragments [22] and filtered the monolayers [23]
with various vacancies distribution, indicating high efficiency of biased
screening.

For the structures with certain concentration of vacancies [24], the
vacancies are located at a pre-determined lattice, the initial distribution
for local optimization is the dominant to the structural stabilities and
chemical/physical properties. Similarly, enumerating the possible
structures is an common method to explore novel properties for the
complex multi-component system [28,29]. In order to confirm the
ground state of ferromagnetism, various anti-ferromagnetic configura-
tions should be considered, in which the opposite orientation of spins
can be regarded as two elements and the problem is same to the deter-
mination of ground state of binary alloy [30,31]. For the system with
hydrogen atoms absorption, the distribution of surface atoms with/
without H atom is crucial, which can also be enumerated when the
number of H atoms is small [25]. All these problems will be converted
into the determination of multi-component materials, in which the
duplicate configurations should be removed before the first-principles
calculations, and the biased screening should be adopted to accelerate
the searching procedure. In this paper, we propose a biased screening
strategy to explore novel materials based on the domain knowledge,
focusing on the systems with pre-determined lattices. We demonstrate

an effective avenue to determine the atomic distribution in the systems
with high concentration vacancies and multi-components, which can be
extended for the distribution of magnetic moments and adsorption with
localized bonds. The calculations of duplicate structures are avoided
based on the structural recognition. The specific constraints are applied
to filter the energetically unstable candidates out to enhance the effi-
ciency, which will also improve our understanding of given materials.

2. Method

Here, we use four examples to demonstrate that appropriate con-
straints will be derived according to the enumerated calculation, which
will reduce the searching space and the computational cost. We firstly
consider the 2D NayCl of unconventional stoichiometries, corresponding
to the NaCl crystals with high concentrations of Cl vacancies. It is not
clear that whether there is an ordered distribution of Cl vacancies,
similar to the one of binary alloys. For boron/nitrogen (B/N) doped bulk
carbon (C) diamond structures, there are various local bonding of C/B/N
atoms for this ternary alloy. The dependence of stabilities and properties
on the local atomic environment can be derived from the results of small
supercells, and the proper constraints will provide the biased search for
novel structures in larger supercells. When there is a magnetic elements,
we should take account of the possible magnetic configurations, where
the symmetry of magnetic space group should be considered. To deter-
mine the ground state of magnetic configurations, all possible AFM
configurations should be involved to confirm that whether the FM
configuration is the ground state. For hydrogenated C6¢, the C-H bonds
are totally localized, where there is not more than one H atom on each C
atom. Thus, the distribution of C atoms with/without H atom is crucial,
which can be enumerated when the number of H atoms is small. Though
the appropriate constraints will accelerate the searching, the rules are



C.-C. He et al.

Computational Materials Science 193 (2021) 110386

f,,\%,,\,.\c,,\N=> hiziimiigiimi g Ol
ﬁ "\lbﬂ:‘ ﬂtb ‘!'ﬂ:b o\ ""IL\ s ﬁ!v: Lol
ﬁg};ﬁ ..............................
gi_ifﬂ_'é o O ~ Ry — =
= o D=0
— LS el fENL e ‘1:_ T:f}—lﬂ 02
6-9-5-9-9 R i
I_?:vév ..............................
\ / == :> BRBNE
P P, e i @, Al
*b"'.“ )-bf'{!l *bJ S CR
Na5Clyg Vacancies of Clg Na;Clg
(b) . : : . — 104
156 —Type I
—Type 11 a
2 = Untreated ] =
O - - Recognized] ] RS
o 1t lan2 P
S 1107 &
Z. - 17
> I f
Sosel o
SRR == == 1z
<1 |a- = - =- 11002
olzo E- - S Lz
SO Ce— - R
0 2 4 6 8

[AN|

Fig. 2. (a) Schematic diagram of the process in generating a series of allotropes of Na;sCig. (b) The energy of the allotropes of Na;¢Cig used the energy of CR
configuration as a reference, as well as the number of configurations with/without recognized, as a function of |AN|, the absolute value of the difference between the
numbers of Cl atoms in the two layers. Type I: each Na atom has at least one Na-Cl bond; Type II: at least one Na atom has none Na—Cl bond.

different for these four systems and the high-throughput first-principles
calculations are required.

In these four systems, the common tasks are to determine the atomic
distribution and the structural recognition is necessary before the first-
principle calculations. Among the possible candidates of CgoH,, about
99% duplicate structures can be removed by the unique sequence
number algorithm [32]. However, the number of unique structures is
still growing exponentially as the number of H atom increases, which is
still far away from the computation ability that we can afford. Therefore,
it is impossible to generate or calculate all unique isomers, then it is
genius to choose some special or representative structures for further
calculations, namely, a biased screening with the specific constraints
should be adopted to filter the potential structures, which can help us to
economically explore the unknown fields. In fact, this is the application
of Bayesian theory in material design fields [33], helping us to intelli-
gently search novel structures.

Fig. 1 shows the workflow of Structures of Alloy Generation And
Recognition (SAGAR) [34], providing the biased screening method for
the exploration of multi-component materials. Firstly, all the possible
point defect structures of small systems can be enumerated, where
duplicate structures can be removed according to the structural sym-
metry. Combined the results from the first-principles calculations with
the domain empirical knowledge, appropriate rules can be proposed to
filter the larger systems with numerous configurations. Simultaneously,
the database will be constructed with theses structures and properties

from the first-principles calculations [35]. Note that there are various
rules due to the variety of materials and the filtering the unqualified
materials requires the analysis based on the domain knowledge.

All the first-principles calculations in this paper are based on the
structural recognition by SAGAR [34], where the convenient usage can
be realized through the website of online version for SAGAR with the
only input of position file (including the lattice parameters and atomic
positions). For a certain structure, we can obtain the primitive cell and
all the possible super-cells with various number of atoms [36,37]. For a
host crystal structure or molecule, the unique point defect structures at
any concentration can be easily generated through our website, which
can efficiently accelerate the searching of multi-components materials.
Similarly, the unique magnetic configurations can also be generated to
find possible anti-ferrormagnetic configurations. Furthermore, the
tetrahedral interstitial point defect structures in metal alloys can be
generated for the design of hydrogen storage media [38].

For the given structures, the calculations were performed using the
Vienna Ab initio Simulation Package (VASP) [39]. The projector-
augmented plane wave approach [40] was adopted with the Per-
dew-Burke-Ernzerhof (PBE) scheme of generalized gradient approxi-
mation functional [41]. The energy cutoff of the plane wave was
carefully tested and the criteria of the energies convergence were set to
be 0.001 eV/A. For 2D material, the distance of vacancy layer was also
carefully tested. For total energy calculation, the Brillouin zone was

sampled with allowed spacing between k-points in 0.12\71, with
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Fig. 3. (a) The relative energy of the allotropes of Na,Cl on graphene as a function of N, which is the number of Cl atoms in graphene’s adjacent layer. Representative
configurations of NayCl on graphene: (b) C2-1, with the lowest energy, (c) CR-1, a structure from Ref. [24] after full relaxation, (d) CR-2, the CR configuration

adsorbed on graphene in which the NaCl layer is adjacent to graphene.
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3. Results and discussion

In the following, we will take NayCl, B/N doped diamond, VCly, and
hydrogenated C6¢ as four examples to demonstrate how to find out the
appropriate constraints. We focus on the distribution of high Cl va-
cancies in the NaCl crystals and how the local structures of C/B/N atoms
affect the structural stabilities. Considering the spin polarization, we
determine the magnetic configuration of VCl,. For hydrogenated C6,
we obtain the stable structures based on the distribution of C atoms
with/without H atom.

3.1. NayCl crystals on graphene

Bulk NaCl is the prototype of ionic crystals with a wide band gap of
~9 eV [42], in which the crystallographic plane (100) is the most
energetically favorable surface. Thin insulating NaCl films have recently
received an increasing interest as inert barriers to decouple the elec-
tronic states of adsorbed nanostructures from those of the metallic
substrate [43]. For example, an exotic hexagonal NaCl thin films on the
(110) diamond surface were crystallized in the experiment following a
theoretical prediction based on USPEX code [44]. In bulk NaCl and the
corresponding thin films, the intrinsic Cl vacancy defects are well
defined and stable, which have been studied commonly as color centers
both experimentally and theoretically [45,46]. It is particularly
intriguing that the unconventional stoichiometric NapCl and NasCl thin
films were also experimentally prepared on graphene surface under
ambient conditions [24], where the highly ordered nonstoichiometric
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NayCl film was reported to contain a NaCl(100) layer and a pure Na
layer. However, the uncertainties seem to be too large for one to be fully
confident in the exact crystal structure.

Witha2 x 2 x 1 supercell of NaCl(100) bilayer (Na;6Cl;6), we have
considered the unique configurations with the 50% Cl vacancy con-
centration. The schematic diagram of the process in generating a series
of allotropes of Naj¢Cjg is shown in Fig. 2a, in which the positions of Cl
vacancies are shown in the middle. We have determined the unique 153
Naj6Cig isomers by SAGAR [34] with the structural recognition, among
the C$, = 12870 configurations from combination. The difference be-
tween the numbers of Cl atoms in the two layers is defined as |AN|, and
the one with |AN| = 8 is reported to be most stable [24]. In this struc-
ture, all Cl vacancies are in the same layer, labeled as CR (see Fig. 2b).
The number of unique isomers increases as |AN| decreases, and most of
isomers of Na;eCjg correspond to |[AN| = 0. Note that a few configura-
tions with |AN| =0,2,4,6 contain lower energies compared to CR,
where the one with lowest energy corresponds to |[AN| = 0 (labeled as
C1). Thus, our enumerated calculation shows that the recently reported
CR structure is not the ground state of Na;¢Cjg, though it is more ener-
getically stable than ~ 80% of the possible isomers. For the NayCl con-
figurations from NaCl, most of the configurations belong to Type I, in
which each Na atom has at least one Na—Cl bond. There might be Na
atoms without Cl neighboring (type II) and the Na atoms will be largely
relaxed. The C1 structure did not contain the Na atoms without Cl
neighboring, maintaining high structural stabilities.

To investigate the adsorption of NapCl on graphene, we choose a

0.2 04 06 08 1
Carbon concentration

rectangle supercell containing 180/64/32 C/Na/Cl atoms with a =
22.14 A and b = 21.30 A, to achieve a small lattice mismatch of ~ 3%.
Note that two different surfaces of a configuration of NayCl adsorb on
graphene, resulting in nonequivalent structures. The CR structure with |
AN| = 8 corresponds to N = 0 (CR-1) and N = 8 (CR-2), where N is the
number of Cl atoms adjoining graphene. Previous studies have
concluded that the unconventional crystallization of NayCl on graphene
were attributed to cation-z interactions between the Na ions and the
aromatic rings in the graphenes. Thus, we compared the results with and
without ignored van der Waals interaction. According to the relative
total energies shown in Fig. 3a, the most stable adsorption configuration
(C2-1 shown in Fig. 3b) is the one with |AN| = 2. For the recently re-
ported CR structure with |AN| = 8, the stable adsorption configuration
is the one with NaCl layer adjoining graphene, regardless of whether or
not considering van der Waals interaction.

3.2. B/N co-doped diamond

Traditional semiconductor materials include II-VI, III-V group and
their alloys, whose band gap can be effectively engineered by the
compositions [47]. With similar atomic radius, the band gap control in
graphene through boron and nitrogen co-doping has been intensively
investigated in recent years [48,49]. Here we take the B/N substituting C
in diamond as an example to investigate how the local motifs modulate
the structural stabilities and electronic properties in this ternary
semiconductor.
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With the diamond lattice, we firstly selected a conventional unit cell
of 8 atoms to enumerate all the possible configurations of C;_a(BN),
without any constraint conditions. The formation energy is defined by
Ef =Ec, . @N), —(1 —2x)Ec —xEpN, where Ec and Egy are the energies of
diamond and bulk BN structures. The formation energies are found to be
positive and the alloy should be formed at high temperature. For each
given C concentration except the bulk diamond, our calculations show
that the B and N atoms will form bonds in the structures with lowest
formation energy in Fig. 4a. It indicates that the B-N bonds will
extraordinarily enhance the structural stability rather than B-B bonds or
N-N bonds. Therefore, a constraint condition that the configurations
with B-B or N-N bonds should be filtered out before we proceed the
first-principles calculations.

Herein, we select a diamond supercell with 16 atoms to demonstrate
the biased screening of C;_5,(BN),. According to the formation energy
showed in the Fig. 4b, we can conclude that the C;_,,(BN), is a phase
separation system at low temperature. We employ a linear regression
(LR) bond energy model to analyze the dependence of energies on the
bonds among B/C/N atoms, where the Lasso regression [50] is applied
to remove unnecessary parameters in this LR model. As a result, the
fitting error of energy is found to be ~ 25 meV/atom with just one pair
(B-N) and two three-body interactions (C-C-C, C-N-C). Particularly,
the interactions of B-N and C-C-C clusters are negative, indicating that
C-C bonds and B-N bonds will remarkably enhance the stability in the
C1_2«(BN), system. The interaction of C-N-C cluster is positive, because

the N atoms should be preferably bonded with B atoms. To search the
possible stable structures in larger supercells, we can exclude the con-
figurations with C-N-C clusters to reduce the computational cost.

Interestingly, the band gap will vanish at some certain carbon con-
centrations as shown in Fig. 4c, which induce the semiconductor-metal
transition. Fig. 5a depicts the band structures of a metallic (BN),Cg
structure with the semimetal, where the valance band maximum and
conduction band minimum cross at the Fermi surface. This configuration
is found to be a layered stacked structure, where each plane is totally
occupied by B/C/N atoms. To understand the origin of metallic prop-
erties, we consider the B-N correlation function, which is defined by f (k)
= e fﬁ‘{"ngn /ny,, where Num represents the total number of boron
atoms in the unit cell, n,, represents the total coordinate number at the
distance of ry, where k is the order of near neighbor, and n;, represents
the number of B atoms at the distance of ry away from the i-th N atom. As
shown in Fig. 5b, there are all C atoms at the nearest neighbor of B/N
atoms for the metallic structures, while all BN bonds form at the nearest
neighbor for the (BN),Cs structure with a large gap (shown in purple
bar). The values of B-N correlation function are large at 1/3/5 th nearest
neighbor for semiconducting C;_2(BN),, while they are large 2/4/6 th
nearest neighbor for metallic ones. Thus, we can divide the diamond
structure into two sub-lattices and the C;_»,(BN), tend to be metal when
B/N atoms occupy the same sub-lattice.
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3.3. Magnetic properties in VCly

2D materials, such as graphene and its analogues, have displayed
novel physical chemical properties, whose potential applications in
electronics devices have also attracted extensive interests [51]. After the
intrinsic magnetism at finite temperatures in 2D material Crl; was
confirmed experimentally [52], the metal-functionalized monolayer
magnetic materials (MoNy [53], FesSi [54], CrB4 [55]) are promising to
have potential application in spintronics fields due to high Curie tem-
perature above room-temperature. However, it is a nontrivial problem
to confirm whether the FM configuration is the ground state or not,
because all the AFM configurations should be taken into account. On the
other hand, it is significant to calculate enough magnetic configuration
to determine a proper exchange-coupling parameters in Ising model or
Heisenberg model, which are used for the Monte Carlo simulations to
obtain correct Curie temperature. Hence, as many AFM configurations
as possible should be generated and calculated.

As shown in Fig. 6a, we take 2D VCl, with the space-group of C2/m
as an example to demonstrate how to determine the stable magnetic
configuration. Hermite normal form matrices are employed to generate
all possible supercells with given sizes [36] and all the AFM configura-
tions are generated by the combination, which is further filtered to
obtain the unique configurations by SAGAR [34]. Due to the expensive
computational cost, we only screen all the supecells with the sizes less
than 6. However, still numerous magnetic configurations need to be

evaluated, which is far away beyond our computational ability if there is
not any constraint. The clustering of spins with the same direction will
reveal FM characteristics, therefore, the AFM configurations can be
constructed with the dispersed distribution of parallel spins. Similar to
the correlation coefficients in CE method [15], we define S$; =
T ;-0i0j and Sy is defined by S, = T 005, Where i,j are
nearest/next-nearest neighboring for S; / S,, respectively. Num is the
number of magnetic atoms and such a definition will maintain the ab-
solute values of Sq, S, not more than 1. According to the dependence of
magnetic configuration stabilities on S; and Sy (shown in Fig. 6b), we
find the AFM configurations will be lower in energy than FM(S; =Sy =
1), confirming that AFM coupling will be more energetically favorable
in this 2D VCl, system. For the ground state magnetic configuration
(marked with the dark dash circle), the AFM coupling is energetically
preferable at the nearest neighboring, while it is not consistent for the
next-nearest neighboring as shown in Fig. 7a.

Fig. 7 shows the magnetic configurations with low energies, where
the energy difference of conventional AFM configuration (d) is 27.78
meV compared to the FM one. In the conventional AFM configuration,
the spins with same direction will distribute in a line, while those AFM
configurations with lower energies prefer a zigzag pattern. It indicates
that spins at the next-nearest neighboring should be FM coupling,
though the ones at the nearest neighboring is AFM coupling. Unex-
pectedly, according to the Goodenough-Kanamori rules [56,57], the
magnetic ordering is usually be FM when the metal-nonmetal-metal
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Fig. 7. (a)-(c) shows the top three structures with the lowest energy, the brown/cyan atoms represent spin up/down, respectively, (d) depicts a conventional AFM

configuration in planar triangular lattice, where the brown points represent spin up vanadium atoms and cyan points represent spin down vanadium atoms, while the
chloride atoms are ignored. The energy difference compared with the FM configuration is shown above each subfigure.

bond angle is near 90°, while AFM occurs if the angle is greater than 90°.

In this VCI, system, the magnetic ordering is found to be AFM and the
angle of V-CI-V is about 90°.

3.4. Hydrogenated Cgo

Organic semiconductors have rich applications in fields of organic
lighting systems due to the flexibility and low cost, which have been
extensively used in organic light-emitting devices (OLEDs) and organic
field-effect transistors (OFETs) [58]. Since the discovery of C6¢ in 1985
[26], scientists have found that the hydrogenation of C6¢ would result in
a considerable chemical modulation of C6g [59], while the number of

C6¢ derivatives is enormous for theoretical prediction. Previous exper-
iment showed that the C6¢H;g with Cs, point group is the ground state
structure [27]. To reduce the computational cost, we focus on the can-
didates with high symmetry.
Taking CeoH, as an example, we should determine the distribution of
C atoms with/without H atom. Attributed to I group of CgoH, with 120
unique permutation symmetry operations, the point group of high
symmetric structures CgoH, must be the subgroup, which has many
nontrivial subgroups with 2, 3, 4, 5, 6, 8, 10, 12, 20, 24 elements. To
generate CeoHig configurations with six fold symmetry, we can use all
the unique CgoHs and operate them with the six-elements subgroup,
where the 303 three-H atoms structures can be obtained from the unique

sequence algorithm [32]. Note that the configurations with duplicate
positions of H atoms should be removed.

Based on the structural recognition, we can generate the highly
symmetric C6gHjg structures with 3, 6, 12-fold symmetry by this
method. Additionally, the high symmetric structures of C6¢Hsg can also
be generated similarly and serval isomers without any symmetry are also
calculated for comparison. As shown in Fig. 8a, we confirm that the
C6oH1g with Cs, point group (which can be viewed at the C6¢Hig
website) is the ground state structure which is in agreement with the
experimental study [27]. Though the configuration with highest sym-
metry is not most stable, the configurations with H disordered distri-
butions are less stable, which can be filtered out firstly to reduce the
computational cost. Note that the C6¢Hg structures whose carbon atoms
linked with hydrogen atoms can connect with each other through
nearest neighborhood will be more stable, indicating that H atoms tend
to be aggregated rather dispersive when the number of H atoms are
small. Similarly, the C6¢Hgse structure with T point group (which can be
viewed at the C6¢Hsg website) is found to be ground state in our cal-
culations, as shown in the Fig. 8b. However, we find that the hydrogen

atoms tend to be dispersive in this system, and those structures with
aggregated hydrogen atoms are less stable.

4. Conclusion

In summary, we have effectively reduced the cost of the first-
principles calculations with the usage of SAGAR, where the biased
screening method will further enhance the efficiency of exploring multi-
component materials. As a result, we have determined the distribution
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Fig. 8. (a)/(b) show that the energy of C6oH;5/C60Hzs isomers varies with number of symmetry operation, the zero energy level is set to be the energy of the ground
state structure we have found. The circle symbols represent those structures with nearest neighborhood (NN) connected carbon atoms, while the square symbols
represent those structures without connected NN, it is clear that the circle symbols possess the lower energy than square symbols.

of up to 50% Cl vacancy concentration in NaCl, which is energetically
favorable than those reported up to now. The semiconductor-metal
transition in BCN systems is attributed to B-N atomic distribution, where
the electronic properties are dominated by thee B-N correlation func-
tion. The AFM configurations of VCl, with lower energies prefer a zigzag
pattern, indicating that spins at the next-nearest neighboring should be
FM coupling, though the ones at the nearest neighboring is AFM
coupling. For hydrogenated-C6, the stable structures with high sym-
metry are more stable than those with the P1 symmetry, where H atoms
tend to be dispersed when the number of H atoms are small. Thus, the
biased screening with SAGAR will provide an effective avenue for the
material exploration, in which the usage of website will facilitate the
generation of possible configurations.
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