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Abstract The geometries, electronic structures and properties including simulated

photoelectron spectra (PES), adiabatic electron affinities (AEAs), and relative sta-

bility of LuSin (n = 3–10) and their anions were investigated adopting the

ABCluster global search technique combined with density functional methods. The

results revealed that the most stable structures of neutral belong to ‘‘substitutional

structure’’, but not for their anions. The additional electron effects on the most

stable structure are intense. The TPSSh AEAs of LuSin (n = 6–9) agree excellently

with the experimental data. The mean absolute error and the largest error are only

0.03 eV and 0.05 eV, respectively. The agreement between the experimental and

theoretical PES indicates that the most stable structures of LuSin
- (n = 6–10) are

trustworthy. The DEs and charge transfer are calculated to explain the relative

stabilities. HOMO–LUMO gaps reveal that introducing Lu atom to Sin (n = 3–10)

raises the photochemical sensitivity.
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Introduction

Silicon-based clusters, especially rare earth metal (REM) atom doped silicon

clusters, have attracted wide interest in the past decade in respect that they can be

used as building blocks of cluster-assembled nanotubes with novel photonic,

magnetic, and electronic properties controlled by altering composition, size, and

structure [1–10]. For example, silicon is a poor photonic material because of its very

short non-radiative lifetime and indirect band gap, but erbium doped silicon

microcrystal has been used as silicon-based optical source [11].

The photoelectron spectroscopy (PES) of REMSin
- (REM = Lu, Yb, Sm, Eu, Ho,

Pr, Gd, and Tb 3 B n B17) was recorded to probe their electronic structures and

electron affinities [7–10]. In light of their appearance, the PES was divided into two

types [7]. Urged by the experimental observations, some theoretical simulations for

introducing REM atoms into silicon clusters have been achieved. For example, the

growth behavior of the most stable structures of LuSin (n = 1–12), HoSin
(n = 1–12), and GdSin (n = 1–17) had been studied at the level of density

functional theory (DFT) and found that their ground state structures can be regarded

as a substitution of REM (REM = Lu, Ho, and Gd) atom for a Si atom in the ground

state structures of Sin?1 species [12–14]. The equilibrium geometries and properties

including magnetic moments, relative stabilities, HOMO–LUMO gaps, charge

transfers, and adiabatic electron affinities (AEAs) of neutral SmSin and YbSin
(n B 13) and their anions was evaluated at the levels of DFT [1, 15–18]. The most

stable structure of Sm@Si20, Tm@Si20, Gd@Si20
-, and Eu@Si20 was evaluated to

be fullerene-like silicon geometry and retain significant magnetic moments [19, 20].

Recently, we have predicted the ground state structures and AEAs of neutral YbSin,

SmSin, and EuSin (3\ n\11) and their anions at the levels of DFT with B3LYP,

wB97X, PBE0, PBE, and B2PLYP functional and found that the calculated AEAs

by these methods agree with the experimental values [21–23]. We prudently chose

four DFT scheme in this work to predict the most stable structure and properties

including simulated PES, AEAs, and relative stability of LuSin (n = 3–10) and their

anions with the target of comprehending how their properties are diverse from that

of not only bare Si clusters but also the others REMSin species, and with the aim of

verifying the reliability of theoretical evaluated results via comparing the simulated

PES and theoretical AEAs with experimental ones and to help the reapportionment

of experimental PES with a featureless very rounded and long tail.

Theoretical Methods

The computations are performed at the level of the DFT with the PBE [24], TPSSh

[25, 26], B3LYP [27, 28], and wB97XD [29] functional. The basis sets used for

geometry optimizations are the cc-pVTZ [30] for Si atoms and relativistic small-

core potentials (ECP28MWB) [31] combined with segmented (SEG) Gaussian

valence basis sets for Lu atoms (named as SEG/ECP). The harmonic frequency

calculations are done at the four different levels of theory to guarantee that the

2310 S. He, J. Yang

123



optimized geometries are local minimal points. The optimized geometries in each

method are used for all single-point calculations. Then, the SEG basis sets of Lu

atoms are augmented by diffuse functions 2pdfg with exponents 0.028 and 0.015

(p), 0.032 (d), and 0.05 (f, g) [32] (named as aug-SEG/ECP) because the diffuse

functions are important for the anions. Finally, the aug-SEG/ECP of Lu and aug-cc-

pVTZ basis sets of Si [30] are used in the single-point energies calculations. The

optimizations with cc-pVTZ and SEG/ECP basis sets are reasonable because the

structural parameters optimized with them are equal to those optimized with aug-cc-

pVTZ and aug-SEG/ECP basis sets [22]. The GAUSSIAN 09 codes [33] are used to

carry out all of the calculations.

To choose the four methods is for the following reasons: the popular PBE method

is the representative of pure density functionals; both TPSSh and B3LYP are the

typical representative of the many hybrid density functionals because the exchange–

correlation functionals of them are completely different; the wB97XD method as a

hybrid density functional used here is to consider the effect of long-range

corrections and dispersion corrections. The results show that the TPSSh method is

reliable.

The ABCluster global search method [34] combined with the GAUSSIAN 09

codes is adopted to obtain the initial geometries. The first step is done using the PBE

with relativistic large-core effective core potentials (ECP60MWB) basis set [35] for

Lu atoms and 6-31G basis set for Si atoms. For n B 7, more than 100 initial isomers

of each LuSin are generated, and for n C 8 more than 300 isomers are generated.

Then, the top-eight lowest energy geometries from the first step, and those with their

energy differences within 0.8 eV from the lowest energy geometry are selected and

optimized again by using the PBE with the SEG/ECP basis set for Lu and the cc-

pVTZ basis sets for Si atoms. Finally, the geometries from the second step with their

energy differences within 0.8 eV from the lowest energy geometry are optimized by

using the remaining three schemes. Apart from considering the isomers of

ABCluster scheme, the ‘‘substitutional structure’’ (which can be regarded as

substitution of Lu atom for a Si atom in the most stable structure of Sin?1 cluster) is

also considered. The reason is that the most stable structure of SmSin, EuSin, and

YbSin is substitutional structure [21–23], and the global search method is impossible

to make an ‘‘ergodic’’ sampling on the potential energy surface of large clusters by

computer simulation (especially for heteroatom clusters). Our experience is that the

100 configurations generated from the ABCluster method include all of the

‘‘substitutional’’ isomers when n B 7, from n = 8, even though the 500 configu-

rations generated from ABCluster method do not include all of the ‘‘substitutional’’

structures (For example, the ground state structures of LuSi8 and LuSi9
- belong to

‘‘substitutional’’, but cannot be found by ABCluster method). Furthermore, the spin

multiplicities of doublet and quartet are considered for neutral LuSin (n = 1–3) in

respect that the ground states of Si, Si2, and Si3 are triplet. While singlet and triplet

are considered for anions LuSin
- with n = 1–3. The result reveals that the doublet

state is evaluated to be the ground state for the neutral excluded LuSi which is

quartet state, and that the singlet state is predicted to be the ground state for the

anions excluded LuSi- and LuSi2
- which are triplet state. Although many isomers
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of LuSin (n = 3–10) and their anions are obtained, only the most stable structures

are presented (some of low-lying isomers are shown in Supporting Information).

Results and Discussion

Neutral and Anionic Geometries

The geometries optimized at the PBE, TPSSh, B3LYP and wB97XD levels are

shown in Fig. 1 for LuSin (n = 3–10) clusters and their anions. For LuSi, the ground

state structure is predicted to be 4
P

electronic state, which is more stable in energy

than that of doublet by 0.30, 0.31, 0.40, and 0.57 eV at the PBE, TPSSh, B3LYP,

and wB97XD levels of theory, respectively. For LuSi-, the 3
Q

state is more

stable in energy than that of 1
P

by 0.24, 0.29, 0.34, and 0.46 eV, at the PBE,

TPSSh, B3LYP, and wB97XD levels of theory, respectively. The most stable struc-

ture of LuSi2 is calculated to be C2v symmetry with 2B2 electronic ground state. At

the B3LYP and wB97XD levels, the 1A1 electronic state is more stable in energy

than the 3B2 by 0.09 and 0.21 eV for anion LuSi2
-, respectively. While at the PBE

and TPSSh levels, the 1A1 electronic state is less stable in energy that the 3B2 by

0.06 and 0.09 eV, respectively. In this case, we adopted the singlet-point energy

calculations at the CCSD(T) level in combination with cc-pVTZ-DK basis sets for

Si atoms [30] and DKH2 basis sets [36] for Lu atoms, and employed the spin-free,

one-electron Douglas-Kroll-Hess Hamiltonian [37–40]. The results show that the

C2v-symmetry LuSi2
- of triplet is more stable in energy than that of singlet by 0.20,

0.21, 0.27, and 0.29 eV with the PBE, TPSSh, B3LYP, and wB97XD geometry,

respectively.

The most stable structure of LuSi3 and its anion is predicted to be C2v symmetry

with 2A1 and 1A1 ground state, respectively. For LuSi4 and its anion, The most

stable structures which can be viewed as a substitution of Lu for a Si atom in the

ground state trigonal bipyramind of Si5 [41] are calculated to be Cs-symmetry with
2A0 and C3v-symetry with 1A1 ground state, respectively. For LuSi5, two geometries

which compete with each other for the most stable structure are presented. Both are

Cs symmetry with 2A0 electronic state. At the wB97XD level, the LuSi5
-I is more

stable in energy than that of LuSi5-II by 0.10 eV, but less stable by 0.01, 0.11, and

0.15 eV at the B3LYP, PBE, and TPSSh levels, respectively. Similarly to the case

of LuSi2
-, the CCSD(T) is adopted. Using the CCSD(T) method with the PBE,

TPSSh, B3LYP, and wB97XD geometry, the LuSi5-I isomer is only more

stable than the LuSi5-II by 0.05, 0.05, 0.05, and 0.01 eV, respectively. For anion

LuSi5
-, two isomers of 1A0 electronic state are also presented. At the B3LYP and

wB97XD levels, the LuSi5
--I isomer is more stable than the LuSi5

--II by 0.05 and

0.35 eV, but less stable by 0.14 and 0.16 eV at the PBE and TPSSh levels,

respectively. At the CCSD(T) level, the LuSi5
--I isomer is more stable in energy

than the LuSi5
--II by 0.17, 0.19, 0.16, and 0.13 eV with the PBE, TPSSh, B3LYP,

wB97XD geometry, respectively. The most stable structures of LuSi6 and its anion

can be reviewed as a substitution of Lu atom for a Si atom in the ground state

2312 S. He, J. Yang

123



Fig. 1 The geometries of neutral LuSin (n = 3–10) and their anions in which the Lu atom is in black
color. The Lu–Si bond lengths are shown in Å
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Fig. 1 continued

2314 S. He, J. Yang

123



pentagonal bipyramind of Si7 [41], but the substitutional position is different. They

are C2v symmetry with 2A1 ground state and C5v symmetry with 1A1 ground state,

respectively.

Cao et al. [12] reported that two isomers compete with each other for the most

stable structure of LuSi7. Our results are same as their conclusions. The structure

LuSi7-I is more stable in energy than that of LuSi7-II by 0.02, 0.00, and 0.02 eV at

the PBE, TPSSh, and CCSD(T) (with the PBE geometry) levels of theory,

respectively. At the B3LYP and wB97XD levels, the isomer LuSi7-II is more

stable in energy than that of LuSi7-I by 0.05 eV. For anion LuSi7
-, at the B3LYP,

wB97XD, and CCSD(T) (with the PBE geometry) levels of theory, The structure

LuSi7
--I is more stable in energy than that of LuSi7

--II by 0.14, 0.19, and 0.02 eV,

respectively. At the PBE and TPSSh levels of theory, both are nearly degenerate

(the energy difference between isomer LuSi7
--I and LuSi7

--II is only 0.04 and

0.00 eV, respectively). Based on the agreement between the experimental and

simulated PES, the LuSi7
--I is assigned to the most stable structure (see ‘‘Relative

stability’’ section). The most stable structure of LuSi8, analogous to YbSi8, SmSi8,

and EuSi8 [21–23], is C2v-symmetry bicapped pentagonal bipyramid with 2A1

ground state. For anion LuSi8
-, the C2-symmetry co-apex bi-trigonalbipyramind of

1A ground state is predicted to be the most stable structure, which differs from those

of YbSi8
-, SmSi8

-, and EuSi8
- [21–23]. The most stable structure of LuSi9 and its

anions, similar to YbSi9, SmSi9, and EuSi9 and their anions [21–23], is Cs-symmetry

substitutional geometry with 2A0 ground state and C3v-symmetry tetra-capped

trigonal prism, respectively. For LuSi10, two geometries compete with each other

Fig. 2 Simulated photoelectron spectra for the LuSin
- (n = 3–10) clusters with the TPSSh method.

Experimental spectra of LuSin
- (n = 6–10) are taken from Ref. [9]
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for the most stable. Cao et al. [12] reported that the isomer LuSi10-II is the ground

state structrue. At the PBE and TPSSh levels, it is slightly more stable in energy

than that of LuSi10-I structure by 0.02 and 0.06 eV, but less stable by 0.07 and

0.11 eV at the wB97XD and B3LYP levels, respectively. For anion LuSi10
-, the

Fig. 3 Simulated photoelectron
spectra for the LuSi9

- at the
TPSSh level of theory with a
unit-area Gaussian function of
0.50 eV full widths at half
maximum

Table 1 The adiabatic electron affinities (AEAs) with zero-point corrected for LuSin (n B 10) species

Species Methods AEAs Species Methods EAs

LuSi PBE 1.09 LuSi2 PBE 1.48

TPSSh 1.07 TPSSh 1.46

B3LYP 1.04 B3LYP 1.54

wB97XDD 1.05 wB97XD 1.66

Expt. – Expt. –

LuSi3 PBE 1.82 LuSi4 PBE 2.26

TPSSh 1.79 TPSSh 2.20

B3LYP 1.94 B3LYP 2.18

wB97XD 2.20 wB97XD 2.15

Expt. – Expt. –

LuSi5 PBE 2.06 LuSi6 PBE 2.29

TPSSh 2.00 TPSSh 2.14

B3LYP 2.18 B3LYP 2.26

wB97XD 2.45 wB97XD 2.03

Expt. – Expt. 2.10 ± 0.0043a

LuSi7 PBE 2.32 LuSi8 PBE 2.60

TPSSh 2.35 TPSSh 2.70

B3LYP 2.44 B3LYP 2.62

wB97XD 2.52 wB97XD 2.77

Expt. 2.30 ± 0.0043a Expt. 2.70 ± 0.0043a

LuSi9 PBE 2.92 LuSi10 PBE 2.82

TPSSh 2.83 TPSSh 2.99

B3LYP 2.91 B3LYP 3.19

wB97XD 2.97 wB97XD 3.18

Expt. 2.80 ± 0.0043a Expt. 3.70 ± 0.0043a

Presented in eV
a The experimental data are taken from Ref. [9]
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most stable structure is predicted to be the co-apex di-face-capped-trigonalbipyra-

mind with 1A0 ground state, which differs from those of YbSi8
-, SmSi8

-, and

EuSi8
- [21–23]. The change of geometry is obvious compared with its neutral.

From the discussion above, we can see that, (1) the substitutional structures are

calculated to be the ground state structure for neutral LuSin (n B 10), which

reappear the previous conclusion presented by Cao et al. [12] The potential energy

surfaces of LuSi5, LuSi7 and LuSi10 are very flat. As a result, isomeric arrangement

is possible and functional dependence of the predicted lowest-energy isomer occurs.

(2) The charge effects on the most stable structures are intense. Starting from n = 6,

the most stable structures of LuSin
- (n = 3–10) differ from those of their neutrals.

And the most stable structures of LuSi8
- and LuSi10

- do not belong to

substitutional structure. The reason is that the Lu atom includes an unpaired d-

electron which is easily polarized. Polarization results in the d-orbital deformation.

The change of charge affects the degree of polarization and deformation, especially

for 5d-orbitals. So the charge effect on the geometries is very strong.

Simulated PES and AEAs

The PES is generally sensitive to change of geometry. The PES is simulated at the

TPSSh level of theory based on the Koopman theorem [42]. In the PES simulation,
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Fig. 4 Dissociation energy (in eV) of LuSin (n = 3–10) with ZPVE corrections calculated at the TPSSh
level of theory. The data of YbSin, EuSin and SmSin (n = 3–10) are take from Refs. [21–23]
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the orbital relative energies (DEn = EHOMO-n - EHOMO) are calculated. The first

peaks regarding the HOMO are located at the VDE plot, and the others are moved to

higher binding energy. The peaks are suited with a unit-area Gaussian function of

0.40 eV FWHM (full widths at half maximum). These simulated and experimental

ones [9] are shown in Fig. 2. From Fig. 2 we can see that the locations and the

amounts of different peaks of simulated PES for LuSi6
-, LuSi8

- and LuSi10
- in the

range of B6.0 eV accord with those of experimental PES. The positions of the first

two peaks of LuSi7
--I accord with experimental ones. The experimental PES of

LuSi9
- shows a featureless long and very rounded tail. As a result, the positions of

the first two peaks of its experimental PES are unsharp and seem to be inconsistent

with those of simulated PES. In fact, if the peaks are suited with 0.50 eV FWHM,

the simulated PES of LuSi9
- accord with experimental one (see Fig. 3). The

agreement of positions and the amounts of different peaks between simulated and

experimental PES reveals that the most stable structures of LuSin
- (n = 6–10) are

trustworthy.

The theoretical and experimental AEAs of LuSin (n B 10) are listed in Table 1.

The AEAs MAE (mean absolute error) for LuSin (n = 6–10) is 0.26, 0.17, 0.20, and

0.21 eV at the PBE, TPSSh, B3LYP, and wB97XD levels of theory, respectively.

The largest error is that of LuSi10, which is off by 0.51–0.88 eV. If LuSi10 is

removed, the mean absolute error is 0.11, 0.03, 0.12, and 0.13 eV, and the largest
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Fig. 5 Dissociation energy (in eV) of LuSin
- (n = 3–10) with ZPVE corrections calculated at the TPSSh

level of theory. The data of YbSin
-, EuSin

- and SmSin
- are taken from Refs. [21–23]

2318 S. He, J. Yang

123



error is 0.19, 0.05, 0.16 and 0.22 eV at the PBE, TPSSh, B3LYP, and wB97XD

levels of theory, respectively. That is, the TPSSh AEA is in excellent concord with

the experimental values. In this case, we dare to evaluate the AEA of LuSi10 is

2.99 ± 0.03 eV, and no experimental data are reliable. Our theoretical calculations

will provide valuable reference for further experimental researches of LuSi10.

Relative Stability

Comparisons of DEs of various clusters examine relative stability of clusters.

The larger the DEs, the more stable the cluster. The DEs of LuSin and their anions

(DEs = E(Lu) ? E(Sin) - E(LuSin) for the neutral and DEs = E(Lu) ? E(Sin
-)

- E(LuSin
-) for the anion) are calculated at the TPSSh level of theory, and along

with DEs of YbSin, EuSin and SmSin (n = 3–10) and their anions [21–23] drawn in

Figs. 4 and 5, respectively, to facilitate comparison. From Figs. 4 and 5, we can see

that the DEs of LuSin (n = 3–10) are larger than those of YbSin, EuSin and SmSin.

The reason is that Lu atom has 5d electrons, profiles of which are facilely deformed

and polarized, resulting in increasing of components of covalent bond and causing a

larger DEs of LuSin. The same variation trends of DE curves exist on LuSin, YbSin,

EuSin, and SmSin. When n = 4 and 7, the DEs are local minima, but local maxima

when n = 5 and 8. The DEs of LuSin
- (n = 3–10) are also larger than those of YbSin

-,

EuSin
- and SmSin

-. While the variation trends of LuSin
- are different from those of

YbSin
-, EuSin

- and SmSin
-. When n = 4, 6 and 9, the DEs of LuSin

- are local maxima.

For YbSin
-, EuSin

- and SmSin
-, they are not local maxima when n = 4 and

6. The reason is that the most stable structures of LuSi4
- and LuSi6

- are

g3-(Si4)Lu
- and g5-(Si6)Lu

- geometry, but g2-(Si4)REM
- and g4-(Si6)REM

- for

Table 2 Natural population

analysis (NPA) valence

configurations, charge of Lu

atom (in a.u.) calculated at the

TPSSh level of theory for the

most stable structure LuSin
(n = 3–10) species and their

anions

Species Electron configuration Charge

LuSi3 [core]6S(0.67)5d(1.67)6p(0.12) 0.55

LuSi4 [core]6S(0.76)5d(1.34)6p(0.20) 0.71

LuSi5 [core]6S(1.09)5d(0.86)6p(0.31) 0.75

LuSi6 [core]6S(0.97)5d(1.03)6p(0.39) 0.61

LuSi7 [core]6S(0.56)5d(1.57)6p(0.31) 0.53

LuSi8 [core]6S(0.82)5d(1.24)6p(0.39) 0.56

LuSi9 [core]6S(0.60)5d(1.47)6p(0.39) 0.51

LuSi10 [core]6S(0.51)5d(1.68)6p(0.39) 0.38

LuSi3
- [core]6S(1.75)5d(0.61)6p(0.43) 0.22

LuSi4
- [core]6S(0.89)5d(1.48)6p(0.33) 0.31

LuSi5
- [core]6S(1.72)5d(0.59)6p(0.43) 0.26

LuSi6
- [core]6S(0.83)5d(1.30)6p(0.41) 0.42

LuSi7
- [core]6S(0.53)5d(1.78)6p(0.48) 0.19

LuSi8
- [core]6S(0.48)5d(1.82)6p(0.49) 0.19

LuSi9
- [core]6S(1.27)5d(0.86)6p(0.30) 0.57

LuSi10
- [core]6S(0.43)5d(1.91)6p(0.37) 0.03
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REMSi4
- and REMSi6

-(REM = Yb, Eu, and Sm) [21–23], respectively. When

n = 5 and 7, the DEs of LuSin
- are local minima. The DEs of LuSin

- are larger than

those of corresponding neutral for n = 7–10, smaller for n = 3 and 5, and almost

equal for n = 4 and 6. To explain this phenomenon the NPA (natural population

analysis) charges and valence configurations of Lu are calculated at the TPSSh level

of theory and listed in Table 2. The Lu atom in LuSin and their anions acts as an

electron donor and the feature of bonding between Lu and silicon clusters possesses

not only ionic bonds, but also covalent bonds in nature. When the LuSin obtained an

extra electron, the majority of the extra electron’s charge of LuSin
- is located in the Si

clusters. And 0.32 a.u. mean charges of LuSin
- (n = 3–10) excluded LuSi9

- go back

to Lu atom from Si cluster, which results in the ionic bond component decrease and

the covalent bond component increase. If the increased covalent bond is larger than

the decreased ionic bond, then the DEs of Lu from the LuSin
- are larger than those of

their neutral (for instance, LuSi7
-, LuSi8

-, and LuSi10
-). The conditions are the

opposite for LuSi3
- and LuSi5

-. And for LuSi4
- and LuSi6

-, the reduced and

increased value differ litter from each other. The charge of Lu in LuSi9
- is larger than

that in LuSi9. As a result, the DEs of Lu from LuSi9
- is larger than that of Lu from

LuSi9.

HOMO–LUMO gaps are not only an important physical property, but also an

important index in a sense to reflect the chemical reactivity of compounds,

especially for photochemical sensitivity. The HOMO–LUMO gaps for the most
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Fig. 6 HOMO-LUMO gaps (in eV) of LuSin (n = 3–10) calculated at the TPSSh level of theory. The
data of YbSin, SmSin and Sin are taken from Refs. [21, 22]
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stable structures of LuSin (n = 3–10) calculated by the TPSSh method is shown in

Fig. 6, and along with the HOMO–LUMO gaps of YbSin [21], EuSin, SmSin and Sin
[22] for comparison. From Fig. 6, we can conclude that, similar to YbSin, EuSin and

SmSin, introducing Lu atom to Sin species raises the photochemical sensitivity due

to the fact that the HOMO–LUMO gap of LuSin (n = 3–10) is smaller than that of

Sin with the same n. And the effect of raising photochemical sensitivity for LuSi7 is

the most obvious. For REMSin (REM = Yb, Eu, and Sm), the REMSi6 is the most

obvious.

Conclusions

The equilibrium geometries, electronic structures and properties including simulated

PES, AEAs, and relative stabilities of LuSin (n = 3–10) and their anions have been

inspected adopting the ABCluster global search technique combined with density

functional methods. Prudently chosen DFT schemes adopted with aug-SEG/ECP

basis set for Lu atoms are competent of reliably prediction the structures and

properties for the LuSin species. The results revealed that the most stable structures

of neutral LuSin (n = 3–10) belong to ‘‘substitutional structure’’, but not for their

anions. When adding an electron to the most stable structure of the neutral, the

charge effects on the most stable structure is intense. Starting from n = 6, the most

stable structures of LuSin
- (n = 3–10) differ from those of their neutrals. The TPSSh

AEAs of LuSin (n = 6–9) are in excellent agreement with the available experimental

values. The mean absolute error and the largest error is only 0.03 and 0.05 eV,

respectively. For LuSi10, the theoretical AEA of 2.99 ± 0.03 eV may be able to

challenge the experimental value of 3.70 ± 0.0043 eV reported previously. The

agreement between the experimental and theoretical PES indicates that the most

stable structures of LuSin
- (n = 6–10) presented in this paper are trustworthy. The

DEs of Lu atom from LuSin (n = 3–10) and their anions are larger than those of Yb,

Eu and Sm. The variation trends of LuSin are the same as those of YbSin, EuSin and

SmSin, but the variation trends of LuSin
- are different from those of YbSin

-, EuSin
-

and SmSin
-. The analyses of HOMO–LUMO gaps reveal that introducing Lu atom to

Sin (n = 3–10) species raises the photochemical sensitivity, especially for LuSi7.

The TPSSh charge transfer is calculated to explain the relative stabilities.
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