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The stable geometries, electronic structures, and magnetic behaviors of the ScLi, (n = 2—13) clusters are investigated
by using particle swarm optimization (PSO) and density functional theory (DFT). The results show that these clusters have
three-dimensional (3D) structures except ScLiy, and ScLij;, and ScLij3 that possess the cage-like structures. In analyses
of the average binding energy, second-order difference of energy, and fragmentation energy, ScLij, cluster is identified
as magnetic superatom. The magnetic moment for each of these clusters owns an oscillating curve of different cluster
sizes, and their magnetic moments are further investigated using molecular orbitals and jellium model. Of ScLi, (n = 2—
13) clusters, ScLij, has the largest spin magnetic moment (3 ug), and molecular orbitals of ScLij; can be described as
lszlPﬁlD(Sfo;. Additionally, Mulliken population and AANDP bonding analysis are discussed and the results reveal that
the Sc atom and Li, atoms make equal contribution to the total magnetic moment, and atomic charges transfer between Sc

atoms and Li atoms.

Keywords: density functional theory, most stable geometry, magnetic moment

PACS: 71.15.Mb, 13.40.Em, 36.40.Cg, 36.40.Qv

1. Introduction

Since the development of cluster science, the physical and
chemical properties of small-sized clusters including ScAl,
(n=1-8,12),11 §¢ (n =3-20, 0 =0, —1),1) AuSi; (n=4-
12),1 RuGe;, (n=3-12)," M,,C (M =Li, Na, K, Rb, and Cs;
n = 1-8),15 and so onl%~'!l have been receiving widespread
attention. Among small-sized clusters, the transition metal
clusters have been extensively studied due to their interesting
magnetic properties. For the pure transition metal clusters (3d,
4d),112-141 guch as Mn,, clusters (n = 2—8),"! the ground state
geometries with different spins are different. Furthermore,
doping is thought to be beneficial to increasing the stability
and regulating the total magnetic moment. Wang et al. pointed
out that coating magnetic clusters with gold can both enhance
the net magnetic moment of [Mn3@ Auyg]~ cluster and atten-
uate the magnetic moment of [Co;3@Ausg]~ cluster.['6! Ge et
al. reported that the reactive activities of Au,Sc,, clusters to-
wards small molecules are higher than that of pure gold cluster
and that the AuySc; cluster has higher stability.[!”)

Recently, attention has been paid to the study of transi-
tion metal-doped alkali metals. A strategy to obtain magnetic
superatoms was proposed that the magnetic superatoms can be
realized by making a transition metal atom locate on the cen-
tral site of a composite cluster while the surrounding atoms
are the alkali atoms.['821 A series of transition metal-doped

DOI: 10.1088/1674-1056/ab8d%

clusters were presented, such as VLi, (n = 1-13),[221 ScNa,
(n=1-12),1"1VNa, (n = 1-12),"81 VCs,, (n = 1-12),1"8 ¢rc.
And the electronic and magnetic properties of these clusters
have been investigated by using the first-principles calcula-
tions. Previous investigation showed that the electronic states
of small metal clusters can be grouped into electronic shell se-
quence 1S, 1P, 1D, ..., much like the way in atoms. [18-20:23.24]
Unlike atomic orbitals, the electronic states of superatoms de-
localized over the clusters, and the filling of orbitals do not
usually exhibit Hund’s rule.l'>?%] Reveles et al.'®! found out
that magnetic superatoms can be designed by appropriate com-
binations of localized and delocalized electrons in the valence
space of a cluster, and took VNag, VCsg, and MnAuy4(SH)g
as illustrative examples. Zhang et al. pointed out that VLig
clusters are identified as a magnetic superatom with a jellium
sphere electronic structure. *?! Pradhan et al. 2] studied Sc-,
Ti-, and V-doped Na, clusters in the gradient corrected DFT
framework. Pradhan er al. 2% pointed out that ScNaj,, ScKj,,
and ScCsj; clusters each can attain a large spin moment and
the addition of alkali atoms to a Sc atom can result in a large
spin moment.

It is interesting to note that the first 3d transition-metal
atom Sc owns a similar atomic radius to lithium, while to
the best of our knowledge there is still no report about the
electronic and magnetic structures of Sc—Li binary clusters.
Lithium is the first alkali metal in the periodic table whose
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subshell of valence electrons is 1s?2s!. It has been attracting
much attention due to its high power and capacity of recharge-
able lithium batteries, and the very interesting physical prop-
erties of lithium clusters. Zhang et al. pointed out that VLig
clusters are identified as a magnetic superatom with a jellium
sphere electronic structure./??! Additionally, Li ef al. reported
that an alternative behavior of odd and even is found in CuLi,,’s
magnetic moment (total or local), for which the clusters with
odd number valence electrons show relatively large magnetic
effects.[>7]

In this paper, the authors investigate in detail the sta-
ble geometries and magnetic properties of small-sized ScLi,
(n = 1-12) clusters. The low energy structures are evaluated

28291 along with the

by using the particle swarm optimization!
first-principles method. Based on the obtained lowest-energy
structures, different growth behaviors and magnetic proper-
ties are found. The results show that the core-shell ScLij»
cluster has a regular icosahedral configuration and owns rel-
atively large stability which could be a good candidate for su-
peratoms. The magnetic properties of these clusters can be ex-
plained by the jellium sphere model, whose molecular orbitals
are in 1S1P1D sequence. The net spin magnetic moment of
ScLij; cluster is 3 up and its molecular orbital arrangement is
1S*1P°1D}, 1Dg.

2. Computational details

During the calculation, geometric optimization was per-
formed by using the spin-polarized density functional the-
ory (DFT) implemented in the Vienna ab initio simulation
package (VASP).3%31l And the projector augmented wave
(PAW) pseudopotentials*? were used to describe the interac-
tion of valence electrons with the ionic nucleus. The exchange
and correlation energies were illustrated by the Perde-Burke—
Ernzerhof (PBE) formula of the spin-polarized generalized
gradient approximation (GGA).!33! The plane-wave cutoff was
established to be 300 eV. The ScLi,, clusters were placed in a
cubic super lattice of 12x12 x 12 angstrom (for n < 9) and
15x15 x 15 angstrom (for n > 9).

In order to find out the lowest energy structure of the
ScLi, cluster, we used the CALYPSOQ!29-3436] gtructure pre-
diction method, which is a global minimum search of the free
energy surface. It successfully predicted structures for vari-
ous systems.37*?1 We ran 20 generations for ScLi, (n = 2-
9) and 30 generations for ScLi, (n = 10-13). Each genera-
tion produces 20 and 30 structures for n = 2-9 and n = 10—
13 respectively. The first generation was randomly gener-
ated. For the next generation, 80% of the structure was in-
herited from the previous generation, and the rest was ran-
domly generated. Then, several structures with the lowest
energy were selected as the initial structures, which were re-
optimized with more accurate convergence precision. The

convergence of the cluster structure was based on the force
component less than 10~# eV/A and the total energy variation
less than 107> eV. Subsequent analysis of the cluster structure
was performed in the Gaussian09 software package.!*3] Har-
monic vibrational frequencies were calculated to confirm that
the optimized geometry structure is truly minimum and their
vibrational frequencies are no imaginary values. The Mulliken
population analysis and Adaptive natural density partitioning
(AANDP)*# bonding analysis were calculated in the Multi-
wifn program package.[*>*®! The AANDP orbitals were plotted
by using the VMD software. [47]

3. Results and discussion
3.1. Most stable geometry

Using the method described above, hundreds of isomers
of ScLi, (n = 2-13) clusters with different sizes are obtained.
After checking in detail the energy of each isomer, the low-
energy structures of ScLi, (n = 2-13) clusters are obtained.
The obtained low-energy ScLi, (n = 2-13) clusters are shown
in Fig. 1. As shown in Fig. 1, each isomer is denoted as nA, in
which 7 is the number of Li atoms and A is the alphabet which
states the energy sequence from the lowest-energy of each iso-
mer. For example, 2a means the lowest-energy structure of
ScLi, cluster.

As shown in Fig. 1, among the ScLi, (n = 2-13) clus-
ters, only the ScLiy (2a, 2b, 2¢) and 3c own planar geometry
and the geometry of 2¢ isomer own more near-linear structural
features. For n > 3, the lowest-energy structures have a three-
dimensional (3D) configuration which is tetrahedral structure,
while the isomer (3¢) has a rhombic structure. The lowest en-
ergy ScLiy cluster is a slightly distorted triangular bipyramid
with Cy, symmetry. The other two isomers 4b, and 4c are just
slightly higher than 4a, even the 4c isomer in which the Sc
atom at the apex of the pyramid is 0.16 eV higher than 4a.
The ground-state geometry of ScLis has Cy4,, symmetry, the Sc
atom locates at the top of the octahedron configuration. The
5b isomer with the boat-like geometry is only 0.01 eV less sta-
ble than the Sa. The most stable geometry of ScLig cluster is
pentagonal bipyramid structure with Cs, point group, and the
Sc atom locates at the vertex. 6b/6¢ is Li-atom-capped octa-
hedron, which can be seen as one Li-atom capped on distorted
Sa. For the ScLiy cluster of C; symmetry, an Li atom is added
to the ScLig cluster with distorted pentagonal bipyramid struc-
ture. For the following configurations, from the ScLig cluster
to the ScLiy; cluster, the lowest-lying energy structures have
similar structures and the Sc atom is gradually surrounded by
the Li atoms. Similar growth behaviors are also found in their
metastable states. As shown in Fig. 1, 8c and 7a have sim-
ilar configurations. From ScLig to ScLij; cluster, the struc-
ture of the isomers is present as a semi-enclosed structure with
centered Sc atom. When the sizes of ScLi, clusters go up to

077101-2



Chin. Phys. B Vol

.29, No. 7 (2020) 077101

10, their configurations present approximately boat-like struc-
tures, and the scandium atom locates on the deck. The ground-
state structure of ScLij; is a bowl-type shape with Cs, sym-
metry, and the Sc atom is in the bowl. Noting that for the iso-
mer of ScLij; cluster 11c, its geometry looks like a complete
closed core—shell polyhedron with Sc atom centered. The low-

VARG

2a, C,, 0.00,3  2b, Cy, 0.17, 1 2¢, Cy, 0.30, 1
A.

4a, Cy,, 0.00, 1 4b, C1, 0.01, 1 4c, Cy4, 0.16, 3

@» -@

6a, Csy, 0.00, 1 6b, Cy, 0.28,1  6¢, C1, 0.30, 1

8a, Cay, 0.00,1  8b, C1, 0.06,3 8¢, C1, 0.19, 3

10a, C4, 0.00, 1 10¢, C4, 0.22, 1

2 g

12a, Cy, 0.00, 3 12b, Cy, 0.03, 3

10b, Cy, 0.18, 5

12¢, C4, 0.36, 3

est energy structure of ScLij; and ScLi;3 clusters owns cage-
like structure with C; and C, symmetries respectively, and one
Sc atom locates inside the cage. In general, with the increase
of the number of lithium atoms, Sc atoms gradually fall into
the cage structure formed by Li atoms. At ScLijp, Sc atoms
completely locate in the cage, forming a perfect cage structure.

A/ L7

3a, Cs,, 0.00, 2 3b, Cy, 0.11, 2

4 <K

3¢, Cay, 0.30, 2

5a, Cyy, 0.00,0  5b, Cy, 0.01,0 5e, Cy, 0.02, 0
7a, Cs, 0.00,2  7b, Cy, 0.07, 2 7c, Cy, 0.13, 2
9a, Cs,, 0.00,0  9b, Cy, 0.001,0  9¢, Cy, 0.09, 0

1la, Cs,, 0.00,2 11b, Cy, 0.04,2  1le, Cy, 0.12, 4

13a, Cis, 0.00, 2 13b, Cy, 0.002, 2 13c, C4, 0.01, 2

Fig. 1. Isomers of ScLi, (n = 2-13) clusters, with purple balls representing Li atoms and the gray ball denoting Sc atom.

3.2. Relative stabilities

The magic number of stable structure is very important
for a cluster. Based on the obtained most stable geometry de-
scribed above, the stabilities of these clusters are further evalu-
ated by using their corresponding average binding energy (E},),
second-order energy difference (A2E), and fragmentation en-

ergy (Ef), which are defined as follows:
Ey, (ScLiy) = [nE (Li) + E (Sc) — E(ScLi,)]/(n+ 1), (1

07

A’E (ScLiy,)
E¢(ScLi,) = E (ScLin—1) +E (Li) — E(ScLi,),

E (ScLing1) +E (ScLi,_1 ) — 2E (ScLiy) , (2)
(3)

in which the E(Sc) and E(Li) are the energies of the isolated Sc
atom and Li atom respectively, and the £(ScLi,_), E(ScLi,),

and E(ScLi,1) represent the total energies of the ScLi,_1,
ScLi,, and ScLi, clusters, respectively. The obtained values
of average binding energy (Ey), the second-order energy dif-
ference (A?E), and the fragmentation energy (Ef) are shown in

)
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Fig. 2.

As shown in Fig. 2(a), one can find out that the average
binding energy values of these clusters gradually are enhanced
with the sizes of ScLi, clusters increasing until n = 12. After
n > 12, the dependence of average binding energy on cluster
size becomes smooth. From the data of average binding en-
ergy, one may deduce that the big size clusters with cage or
cage-like geometry are more stable than those smaller sized

clusters.

> 121 (a) —
[} L
= osk

ok . . . . .
)
S of
< 3 \ \ \ . .
> 1.6} (c) \//\
()]

1.4}
E ok /‘N/

2 4 6 8 10 12 14

Number of Li atoms (n)

Fig. 2. (a) Average binding energy, (b) second-order energy difference, and
(c) fragmentation energy of the lowest energy ScLi, (n = 2—13) clusters.

The second-order energy difference A’E values of ScLi,
clusters are plotted in Fig. 2(b). It is well shown that the A’E
is a sensitive factor reflecting the relative stability of adjacent
size clusters. Figure 2(b) shows the fluctuation curve of A’E
versus the number of Li atoms for ScLi,, clusters, and the local
peaks that appear at n = 6, 9, 12, respectively, indicating that
these clusters are more stable than their neighbor clusters.

To further probe the stabilities of the ScLi, clusters, we
calculate the fragmentation energy (Ef) and the results are
shown in Fig. 2(c). For the fragmentation energy (E¢) of ScLi,
clusters, the trend of the curve is similar to second-order en-
ergy difference (A’E). The high stability of ScLig and ScLij»
clusters are also found in the fragmentation energy (Ef).

In a word, comparison with the data shown in Fig. 2
shows that the ScLij; has relatively large stability in the ScLi,
(n = 2-13) clusters.

3.3. Magnetic properties

It is interesting to investigate the magnetic properties
of transition-metal atom doped alkali clusters such as VLi,
(n = 1-13),??) TiNa,, (n = 1-13),2!1 ScNa,, (n = 4, 5, 6),[]
VNa, (n =4, 5, 6)12%] clusters, efc. Based on the most stable
geometries, the magnetic properties of the ScLi, (n = 2-13)
clusters are investigated. The obtained magnetic moments of
ScLi, clusters are shown in Fig. 3. As shown in Fig. 3, for
ScLi, (n = 2-5), the magnetic moment of the cluster shows a
downward trend until the magnetic moment is O ug, and then it
increases to 2 Up (at n = 5-7) and decreases to O up (atn =7-
9). For ScLi, (n = 9-12), the magnetic moment increases and
reaches the maximum value of the magnetic moment at ScLi;

(3 up). The magnetic moment of the ScLi3 cluster is reduced
3F = -a— total
\ —e— Sc

S = A
RAAN
\//

Magnetic moments/ug

b

(=]
T

2 4 6 8 10 12 14

Number of Li atoms (n)

Fig. 3. Plots of magnetic moment versus Li atom number of ScLi, (n = 2—
13) clusters and magnetic moment contribution made by Sc atoms.

Generally speaking, the orbitals of superatoms (clusters)
own complex dependence on not only the valence electron but
also the geometry due to the Jahn—Teller effect. The orbitals
of superatoms may be explained by using the so-called jellium
sphere modelsin which the electron shells can be represented
by 1S, 1P, 1D, 28, ...
orbitals (1s, 1p, 1d, ...), and the capital letters are used to sep-

in a similar way to those by atomic

arate them from atomic orbitals. In this paper, we investigate
in detail the molecular orbitals of the most stable clusters by
using the Gaussian 09 code. The obtained orbitals are shown
in Fig. 4 and Figs. A1-A7 in Appendix A. Take ScLij, for
example, it has 15 valence electrons (12 s electrons from the
12 Li atoms, and 3 electrons from the Sc atoms). From the
molecular orbital shown in Fig. 4, one can find out that there
are 9 o electrons and 6 f3 electrons, hence its net spin magnetic
moments are 3 Up. After checking in detail the spatial charac-
teristics of these molecular orbitals, we can find out that they
own similar characteristics to the isolated atomic s, p, and d or-
bitals: the lowest two molecular orbitals should be s orbitals,
and the next 6 orbitals between —3.8 eV and —4.6 eV are p
orbitals, and the other 7 orbitals nearby —3 eV look like the d
orbitals. According to the jellium model the molecular orbital

of ScLij» can be described as 1 321P61Dfx ID%.

Energy/eV

O X SR XL B

Fig. 4. Diagram of MOs and orbital energy level correlation of ScLij,.
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Using the jellium model described above, twe also inves-
tigate the molecular orbitals of the other ScLi, clusters. For
ScLi,, (n = 2-5) clusters which own about 5-8 valence elec-
trons, the valence electrons are mainly 1S1P states: 1S*1P3
(n=2), 1s21P§le;3 (for n =3), 1s21P§lefg (for n =4), and
1S%1P° (for n = 5). So the net spin magnetic moments of these
clusters decrease until no spin splitting is found for n = 5.
From the ScLig cluster, after one lithium atom is added, one
more electron will be added into the molecule. The 1S state
and 1P state have been fulfilled, hence the incremental elec-
trons should locate in the 1D molecular states. Actually as
shown in Figs. A1-A7 in Appendix A, the 1D states are found
in ScLi, (n = 6-13) clusters. The increased magnetic mo-
ments each have a relation with the spin splitting of the 1D
states in these clusters. For the ScLig cluster, the molecular
orbital is arranged as 1S?1P®1D),. For the ScLiy, as shown
in Fig. A2 in Appendix A, the arrangement is 1S>1P%1D2,
and the magnetic moment is 2 ug. As for the ScLig cluster
(shown in Fig. A3 in Appendix A), the increasing tendency of
the magnetic moment is broken off. The molecular orbital of
ScLig is 1S?1P®1D2 D}, and its magnetic moment is 1 ug. We
check in detail the unoccupied molecular orbital of the ScLiy
cluster again, and find out that its o-LUMO (lowest unoccu-
pied molecular orbital) energy is —1.6377 eV and S-LUMO
energy is —1.7802 eV. The B-LUMO energy is lower, and the
difference is about 0.14 eV. Hence once one Li atom is added
to ScLi7 cluster, the added valence electron will be put in the
B-LUMO state, which makes the ScLig cluster own the or-
bitals as lSzlPGIDélDb. As for the ScLig cluster (shown in
Fig. A4 in Appendix A), it is like ScLis cluster whose mag-
netic moment is 0 ug, and the molecular orbital arrangement is
1S21PS1D?, 1D123. The molecular orbital arrangement of ScLijo
(Fig. AS)is 1S21P® ID?XD%. We can further study the magnetic
moment changes of ScLij; cluster. The energy of a-LUMO
of ScLijg is —1.8738 eV, the energy of B-LUMO of ScLijg is
—1.8128 eV, the a-LUMO energy is obviously lower: their
difference is about 0.06 eV. Therefore, after adding one Li
atom, the added valence electron locates in the a-LUMO state,
which makes the orbit of the ScLij; cluster ISZIP‘SID‘(;ID%.
Similarly, we can obtain the arrangement of ScLij, cluster,
the energy of o-LUMO (—1.8846 eV) is lower than that of
B-LUMO (—1.8381 eV) in ScLij; cluster, which makes the
ScLiy cluster own the orbitals as 1S*1P°1DgD3. In addi-
tion, the energy of B-LUMO (—1.9366 eV) is less than that of
a-LUMO (—1.8512 eV) in ScLij; cluster, hence the ScLii3
cluster owns the orbitals as 1SzlP61DfxD%.

To better understand the atomic contribution to the total

magnetic moment of each of ScLi, clusters, the Mulliken pop-

ulation analysis is further performed by using the Multiwfn
software. The obtained atomic magnetic moment is shown in
Fig. 3 and Table Al in Appendix A. As shown in Fig. 3, one
can find out that the atomic magnetic moment of Sc owns a
similar tendency to the total magnetic moment of ScLi, clus-
ters, but it is smaller than total magnetic moment, especially
for ScLiy, ScLi3z, and ScLi;7_1>. As shown in Table Al in Ap-
pendix A, the atomic magnetic moments for Sc atom and Li
atom are 1.64 and 1.36 (for ScLi2), 0.18 and 1.82 (for ScLi3),
1.04 and 0.96 (for ScLi7), 0.59 and 0.41 (for ScLig), 0.55 and
0.45 (for ScLijg), 0.96 and 1.04 (for ScLi;;), and 1.71 and
1.29 (for ScLij). That is to say, the Sc atom and Li, atoms
make equal contribution to the total magnetic moment.

one 4c—2e
ON=1.72 |e|

one 4c—2e

ON=1.75 |c|

three 3c—2e
ON =1.83 |e]|

one 3c—2e

ON=1.76 |e]

Fig. 5. AANDP analysis results of ScLij, cluster. Ideal value of occupation
number (ON) is 2.00 |e|.

The chemical bond and atomic charges are further inves-
tigated. Hereafter, we just take ScLi, for example. The chem-
ical bond, atomic charges of other ScLi,, clusters are similar to
those of the ScLij, cluster. The chemical bonding analysis of
the ScLij; cluster is performed by using the AANDP method,
which can explain the bonding of a cluster in accordance with
n-center two-electron (nc—2e) bonds (1 < n < total number
of atoms of the system). As shown in Fig. 5, the ScLij, clus-
ter contains 6 delocalized bonds, ordered by occupation num-
ber (ON) ranging from 1.72 |e| to 1.83 |e|. There are in-
cluded 6 delocalized bonds, i.e., four 3c—2e bonds and two
4c—2e bonds. Using the Mulliken population analysis, we also
check the atomic charges of Sc atom and Li atom in ScLij;
cluster. The obtained atomic charges of Sc, and Li atoms are
—5.40 e, and 0.43 e-0.47 e, respectively. That is to say, due to
the interaction between Sc and Li atoms, the atomic charges
transfer from Li atoms to Sc atoms. After check in detail the
atomic charge population, one can also find out that for the Sc
atom, the atomic charges of Sc-s, Sc-p, Sc-d states are 6.76 e,
18.22 e, and 1.42 e, respectively. As for Li atoms, the atomic
charges of Li-s state and Li-p state are ~ 2.10 e and ~ 0.42 e,
respectively. Hence the atomic charges are transferred from
Li-s state to Li-p state, and Sc atoms. The atomic spin popu-
lation shows that the spin population of Sc-s, Sc-p, and Sc-d
states are 0.00, 0.95, and 0.74 respectively, and the spin pop-
ulation of Li-s and Li-p states are ~ 0.04, and ~ 0.08 respec-
tively. The total magnetic moment of all 12 Li atoms are then
about 1.30. In a word, due to the delocalized chemical bond
between Sc and Li atoms, the atomic charges are transferred
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from Li atom to Sc atom, which leads the Li atom and Sc atom
to make nearly equal contributions to the total magnetic mo-

ment.

4. Conclusions

In this paper, the stable geometries, the electronic struc-
tures and magnetic properties of ScLi, (n = 2-13) clusters are
investigated by using the PSO method (implemented in the
CALYPSO code) and DFT method. The results show that
all of the ScLi, (n = 2-13) clusters prefer to take 3D struc-
tures except ScLi;. Among these ScLi, clusters, the ScLij;
and ScLij3 have cage configurations, and the ScLij; cluster
presents a perfect icosahedral structure. After checking in de-
tail the average binding energy, the second-order energy dif-
ference, and the fragmentation energy, the ScLijp cluster is
thought to be the magnetic superatom. The magnetic moments
of ScLi, (n = 2-13) clusters each own an oscillating curve
with different cluster sizes. The magnetic behaviors of these
clusters can be explained by using the so-called jellium sphere
model whose subshells of molecular orbital can be described
as 1SIP1D ... in the way in isolated atoms. And the ScLij>
has the largest spin magnetic moment (3 Lg), and the molecu-
lar orbital of ScLij» can be described as 1SzlP6lDfXDé. The
atomic charges are transferred from Li atom to Sc atom in the
ScLij, cluster, which leads the Li atom and Sc atom to make
nearly equal contribution to the total magnetic moment. It is
supported by the Mulliken population and AANDP bonding
analysis.

Appendix A: Supporting information
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Table 1. Contribution of atoms in ScLi, cluster to spin magnetic moment
by Mulliken population analysis.

ScLi, Total Sc Li,
1D ScLiy 3 1.64 136
ScLis 2 0.18 1.82
ScLiy 1 0.79 0.21
ScLis 0 0 0
ScLig 1 0.78 0.22
ScLiy 2 1.04 0.96
ScLig 1 0.59 0.41
1P ScLiy 0 0 0
ScLijo 1 0.55 0.45
ScLij; 2 0.96 1.04
ScLijs 3 1.71 1.29
ScLijs 2 1.47 0.53
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