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Fig. 1. Structures, symmetry point group and relative energy (eV) of the lower-lying isomers for REB;, (RE = La, Sc; n = 6, 8)

clusters at the PBEO/RE/SDD//B/6-311+G* level of theory.
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Fig. 2. REB,, (RE = La, Sc; n = 6, 8) isosurface of localized orbital locator function of low energy isomers.
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Fig. 3. Simulated PES spectra for low-lying isomers of REB;, (RE = La, Sc; n = 6, 8) clusters, the experimental PES spectra of

the anionic ground state structure of LaBg was obtained from Ref. [32].
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Fig. 4. Adaptive natural density partitioning (AdNDP) bonding analyses of LaBg .
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AANDP J5 kit AT ie 2 oA, 487 17 HE5 M 50 F
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1.85—1.89 |e|=Z[d], FPHA & T Hly Se 5 XFFR
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6 ™ FLFF 6 4> o T, BENIBEMAS 4nt2 K50
IRFAN, R RT LA HE: o-n BUF R, Sk 2
PR DS B AERAAE, X R BRI N 2 RS g
T IR ) ) D A

& 29

4 X 2c-2e o-bonds 3c-2e o-bond
ON = 1.85—1.89|¢]| ON = 1.96|e¢|

o §y <

3 X 7c-2e m-bonds
ON = 2.00]e|

v & 2P

3 X 7c-2e o-bonds
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B 5 SeBy - 1 9357 P4 BT 4Lt P
Fig. 5. Adaptive natural density partitioning (AdNDP)
bonding analyses of ScBg -1 .

6 A FHXTBERE 0.05 eV [ ScBy -l , FHAMHF
A 64 2c-2¢ B—B o i, EATTHIHE & EEE
1.92—1.95 |e|Z 0], 7EA R#LE I, £ 24> Tc-2e
m i, DL 34 Te-2e o ft, ARG BILIE o5 5 4034
$92.00 |e|. X TR Te-2e BLE, 2 N4 )R i
M3N2)R o BB T A a BT 61 o
L, 6 1 o BFAFS dnt+2 AR /R B, T 4 4>
P IEARF SRR BN, &R o B 05 75 6 i
n BRI TR

6 X 2c-2e o-bonds
ON = 1.92—1.95]¢|
o

2 X Tc-2e m-bonds
ON = 2.00]e|

o i (&

3 X T7c-2e o-bonds
ON = 2.00]e|

Bl 6 ScBg - #YJ5 4B &l
Fig. 6. Adaptive natural density partitioning (AdNDP)
bonding analyses of ScBg -II.

34 BEE

AT AR RE 5T BB A0 A 0 T
BB Ry, % REB, (RE = La, Sc; n = 6, 8) 4=
JR i LA I S LR (total density of states,
TDOS) £l 7EE 7 h, FRHAZH T RE JEFM
Bg/Bg HE B2 11 Jy &8 45 %% FE 8] (partial density of
states, PDOS), M ¥l & i1 TDOS 1Y 51k,
T v 1 35 R 2 R s TR i 20 79l (HOMO
A LUMO #iE) Az agod. i 7 al %, x5 F
AMERRINE, B2 PDOS 145 Bg/Bg
1) PDOS Ml £k AH Heid 8K, X R T BB Ry
M EZ R Bg/Bg HEALTTHR. 82471 RE LA
Z 50 FHEMIER. X —IRX TH5E)2 KR
LaBg JUh W% . (HALA B4 0 2 T 52 R 45 10 1Y
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(\ /\ ﬁ-LU;Mo
—15 —!10 —‘5 (I) é 1I0—15 —I10 —'5 E) é 1I0

Energy/eV

Energy/eV

B 7 0.60 eV [{2F 1% B % T REB, (RE = La, Sc; n = 6, 8) fE i AR5 10 B % i B 5 R S % |
p

Fig. 7. Total density of states (TDOS) and partial density of states (PDOS)

lot of the lowest energy structures of REB,, (RE =

La, Sc; n = 6, 8) with a full width at half-maximum (FWHM) of 0.60 eV.
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Abstract

Rare earth doped boron clusters have attracted much attention due to their special optical, electrical and

magnetic properties. The geometric structures, stability, electronic properties and aromaticity of negative rare
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earth doped boron clusters REB, (RE = La, Sc; n = 6, 8) are investigated with the artificial bee colony
algorithm combined with density functional theory calculations at the PBEO/RE/SDD//B/6-3114G* level of
theory. Calculations show that the ground state structures of REB, (RE = La, Sc; n = 6, 8) are all of C,
symmetry, and the doped lanthanide atom is located in a “boat-shaped” structure at the top center. By
comparing with the experimental photoelectron spectra, it is confirmed that the ground state structure of LaBg
is a “zither-like” three-dimensional structure, and the ground state structure of ScBg is an “umbrella”

“umbrella handle”. The electron localization

structure with Cy symmetry formed by the scandium atom at the
between RE—B is not as good as that between B—B. The simulated photoelectron spectra have similar spectral
characteristics to the experimental results. The lowest energy structures of LaBg; and ScBg are o-m double
aromatic clusters, and the structures exhibit aromaticity. The density of states of low-energy isomers shows that
the open shell ScBg density of states spectrum exhibits spin polarization phenomenon, which is expected to
assemble magnetic material components. These studies contribute to understanding the evolution of structure
and properties of nanomaterials, and provide important theoretical support for designing nanomaterials with
practical value.

Keywords: density functional theory, rare earth doped clusters, structural optimization, aromaticity
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