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Fig. 1. (color online) Optimized structure without

electric field: (a) Structure observed along the y di-

rection; (b) structure observed along the z direction.
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2 (MTIRE) SM7 RS S g A0, (BRI RIS T N 2 071 (a) BT 0.01 a.u; (b) RIS
F0.02 a.u; (c) BHET 0.03 a.u.; (d) HIHET 0.04 a.u.; (e) HIHTET 0.05 a.u.; (f) HIHET 0.06 a.u.; (g) HIHHET
0 a.u. BV 2 J7 ALEE A5, (h) A% T 0.06 a.u. BT 2 J7 ISR 451

Fig. 2. (color online) Optimized structures and charge distributions under different external electric fields: (a) Elec-
tric field is 0.01 a.u.; (b) electric field is 0.02 a.u.; (c) electric field is 0.03 a.u.; (d) electric field is 0.04 a.u.; (e)
electric field is 0.05 a.u.; (f) electric field is 0.06 a.u.; (g) electric field is 0 a.u.; (h) electric field is 0.06 a.u..
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i, 73T SR RN, KR T R 2 B
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Table 1. The symmetries, energies (E), dipole mo-
ments () and states of Byg under different external

electric fields.

Fj/au. HT¥#&  E/Hartree  p/Debye  XRRfE
0 LA —992.5320 0 Doy
0.005 LA, —992.5377 5.8772 Cay
0.010 LAy —992.5551  11.7982 Cay
0.015 LAy —992.5842  17.8091 Cay
0.020 1A —992.6253  23.9671 Cay
0.025 LAy —992.6786  30.3250 Cay
0.030 LAy —992.7447  36.9404 Cay
0.040 1A; —992.9176  51.2250 Cay
0.050 LAy —993.1506  67.6825 Cay
0.060 LAy —993.4569  89.8758 Cay

3.3 SMEIAXS T RERAIFIAN

TE AR AT B AN [F] 4 H 35 F By 2 & F2
SRR N BB R T A A H 3 T By B
TR, K24 H T H &K T HiE (LUMO)
Bt & By, fxom & 4 BUE (HOMO) fig & Eg, L
K HOMO-1, HOMO-2, HOMO-3, LOMO+1,
LOMO+2, LOMO+3#liE g &, & Jaibit 5 1 e
B B, otf By = By — By LUMO REZESUE L
5P T R A Y, LUMO BEZAR, %5
TR SR, HOMO RE It T 43 1 %
ZHTREIM5RES HOMO REGUE =1, 1% 5 Tt il
BHREHRTF. MRER By (KN T BT A
P E [7) S PO R AEGE R ), TE— B RRE AR
RID TS E5NFERBLIIGET, REBUER/N, 10505
PEERK, 7 FEAFRE. WR 2T UG H G
i, BERR A 3.17 eV, BE KT 3CHR [15] K H PBE0/6-
3114+-G* HHE I BERRME (3.13 eV), X —Z R EE 2
AR BB 6-31G* I S 8. FiE B
WM, By — BN, By — B BT RER
E, = Er,— Ey, H% M 0 a.u. ZHF]0.60 a.u. i,
Byl By B ER FEER By — RN, X
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EWRERE BRI, SEYCENE TSR
THIE, TR, 15 By B 2 W0, [RIET 15
WIRE & S LGN, By BEAERE. H4b, B IEIR
HLIZIE N, B, —E VD, Bl i KO I
X N ) R GE 3 2SR YR F HOMO g 2% 3 LUMO fE
WIMBRIT, Ex MK/ S B KO B SR HE R R,
JT LA Eg Yk /NF 22 S 30 O 2088, X AE )
R LS R RI0IE. WRP A LIS, BEE
HL37 386 0, AR I S EUE RE S B, Friq, ELio,
Ep s WAERRAR, SR PIERR GBI R %, WE

I, B 7 RIASERIR) By — B3 RSAN, By,
Ey_o HUBRE RGN, J5 Xh, By s PUERERE
—EFEK EOY TR T AR AUE REL
FIERIE, AhH T HUIEREH AR & S B T8
TEIALAL. AL T BERIG 17> T BES Ceo 20T
FESMEI T IR PO A — 2, BB S
B, Ceo 20 ¥ 1 B, Ex #AEREAR, By HBLSGR
/N JE SN AR, BERH AN R T T AR AR L
PE AR AR Z 57

#2 ARG (zJ7H) TR SEPRIER By RI0CEHPIERE By, HOMO—-1$UERE Fy_, HOMO—2 ¥li& g &
Fy_o, HOMO—-3 ¥l fit & Ey_3, LOMO+1 8B AEE B 1, LOMO+2 Bt Fry o, LOMO43 BUBREE B 3.
fiEbi By (BLIERCE M 472 Hartree)

Table 2. The highest occupied molecular orbital energies (Ey), the lowest unoccupied molecular orbital energies
(EL), energies of HOMO—1, HOMO—-2, HOMO—-3, LOMO+1, LOMO+2 and LOMO+3, energy gaps (Eg) of Bag

under different external electric fields (the unit of orbital energy is Hartree).

F/a.u. Fy_3 Fr_o FEy_q Ey Ex, EL+1 EL+2 EL+3 Eg/eV

0 —0.23306 —0.23306 —0.22913 —0.22722 —0.11048 —0.09833 —0.09833 —0.09209 3.1765

0.005 —0.23372 —0.23265 —0.22904 —0.22650 —0.11086 —0.09865 —0.09849 —0.09228 3.1466

0.010 —0.23458 —0.23246 —0.22887 —0.22475 —0.11199 —0.09960 —0.09920 —0.09296 3.1430

0.015 —0.23561 —0.23248 —0.22867 —0.22249 —0.11384 —0.10122 —0.10056 —0.09418 2.9564

0.020 —0.23684 —0.23279 —0.22849 —0.22013 —0.11642 —0.10342 —0.10245 —0.09596 2.8219

0.025 —0.23826 —0.23345 —0.22828 —0.21782 —0.11970 —0.11970 —0.10630 —0.10504 2.6698

0.030 —0.23985 —0.23448 —0.22814 —0.21575 —0.12364 —0.10973 —0.10842 —0.10157 2.5063

0.040 —0.24362 —0.23788 —0.22810 —0.21266 —0.13338 —0.11831 —0.11805 —0.11089 2.1572

0.050  —0.24839 —0.24420 —0.22837 —0.21181 —0.14597 —0.13418 —0.12720 —0.12508 1.7915

0.060 —0.25755 —0.25609 —0.22901 —0.21780 —0.16376 —0.16147 —0.14585 —0.13269 1.4704

3.4 SMEIAXLAINSH S IEFFERIFE

Bl 3 2R By IS T IMLLAMERERE S 37 1)
A R R R, H B, #RA E
A, VAN T TR B A RGE M AL ol
i, £L4M 61 5 SCHER [29] KA PBE0/6-311+G* it
SR2E AR — B, BemUEAE 1281 e~ M3
A LUE H, /0T 0.03 au. I, ZDANGIEKAE K
KA, R R e INE IR 2 Bl 2 R 37 38 0 AT s A
T3 1A BN RS By, T B SR AT AR 7 1) A 5/ 1)
35, UL Bao BARXIIRPERE IR, (H 2258781k
AR, e T HE RS R e . g
BN 0.03 a.u. b, LLANEREFF IR K AL, HEL
— LU R IR SN, BEE i — BN, 046

R AR, AR /NS SRR B A L3 B A
A7 1| F R KR 3h, [F IR 2 IR SN LI i
PR B R 5E, FEAMEEIZ N 0.06 a.u. I, d5 58 40 Ah g
HILE R AIX . XN, EANEIERT, 1
GER T HL TS R AR A A, G ET TR, 4 H
£10.03 aw. LM, 4 2 TT b,
BOB IR K B B LR o PRI 0. T
SRR, AN, A AMEE A 424, B
I, AANETE A RO, S
0.06 a.u. i, Jik/b>h 27 4~

Bl 4 53 ) R 7R Bag 2225 43 1 B 20 15 B 4
WL A4, o, 2ok 5 S0k [29) R H
PBE(0/6-311+G* T 5 1) 45 REA — 3, fimIgfE
1333 cm ™!, B 4 ETBUE H, I35/ T 0.03 a.u.
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B3 ZANCWBE RSN () B0 aus (b)
F,3% 0.005 a.u.; (c) 3% 0.01 a.u.; (d) H3%0.015 a.u.;
(e) 3% 0.02 a.u.; (f) H3%0.025 a.u.; (g) H3%0.03 a.u;
(h) H3%0.04 a.u.; (i) H3%0.05 a.u.; (j) H3% 0.06 a.u.
Fig. 3. Calculated infrared spectra under different ex-
ternal electric fields: (a) Electric field is 0 a.u.; (b) elec-
tric field is 0.005 a.u.; (c) electric field is 0.01 a.u.;
(d) electric field is 0.015 a.u.; (e) electric field is
0.02 a.u.; (f) electric field is 0.025 a.u.; (g) electric
field is 0.03 a.u.; (h) electric field is 0.04 a.u.; (i) elec-
tric field is 0.05 a.u.; (j) electric field is 0.06 a.u.
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5, AMHLIZ I NE] 0.05 a.w. I, 5 R0 H LA 4
X. SRR ER, TEAA I, h 2 A TERA
134, B FLIZ 3G N, S 2 AR PR A Bk b, 1
INE0.01 aw I, Py IRatnfe 2 Gk K 3
B4 Rt SEaf KR, B PRBNIE AL LA A 2 3%
PEAR, (BT SR BN R S 8 i PR, AR 7 19k
BB TIPSR R SR, X R IR SR L ANE
YRR, W R T IR30 T B0 TR YE R, Xk
AIPRENAE R L2 I PR, 7T L AN s 37 Rk g
T LA H 8 IR AL

3.5 SMERIANTE FIIEHIFY

76 |/ vk & A R B, >R H TD-PBE0/6-
SIG* T EME L T Jo Ak H 35 A1 A1 H1 3% (0.005—

(d) A ) )
(e) \ \ A
® A A /

i M

0 200 400 600 800 1000 1200 1400
Frequency/cm~!

4 FEEAEARFERISER TRZLHL (a) B0 au,;
(b) H.3%0.005 a.u.; (c) H3%0.01 a.u.; (d) B35 0.015 a.u,;
(e) 3% 0.02 a.u.; (f) H3%0.025 a.u.; (g) H3%0.03 a.u;
(h) H3% 0.04 a.u.; (i) 3% 0.05 a.u.; (j) H13% 0.06 a.u.
Fig. 4. Calculated Raman spectra under different external
electric fields: (a) Electric field is 0 a.u.; (b) electric field
is 0.005 a.u.; (c) electric field is 0.01 a.u.; (d) electric field
is 0.015 a.u.; (e) electric field is 0.02 a.u.; (f) electric field
is 0.025 a.u.; (g) electric field is 0.03 a.u.; (h) electric field
is 0.04 a.u.; (i) electric field is 0.05 a.u.; (j) electric field is
0.06 a.u.
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Fig. 5. Calculated electronic spectra under different

external electric fields: (a) Electric field is 0 a.u.;
(b) electric field is 0.005 a.u.; (c) electric field is
0.01 a.u.; (d) electric field is 0.015 a.u.; (e) electric
field is 0.02 a.u.; (f) electric field is 0.025 a.u.; (g)
electric field is 0.03 a.u.; (h) electric field is 0.04 a.u.;
(i) electric field is 0.05 a.u.; (j) electric field is 0.06 a.u.
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Abstract

The recent discovery of borospherene B4y marks the onset of a new class of all-boron fullerenes. External electric
field can influence the structure and property of molecule. It is necessary to understand the electrostatic field effect
in the borospherene Byo. In this work, density functional theory method at the PBEO level with the 6-31G* basis
set is used to investigate the ground state structures, mulliken atomic charges, the highest occupied molecular orbital
(HOMO) energy levels, the lowest unoccupied molecular orbital (LUMO) energy levels, energy gaps, electric dipole
moments, infrared spectra and Raman spectra of borospherene Bsg under the external electric field within the range of
values F' = 0-0.06 a.u.. The electronic spectra (the first 18 excited states contain excited energies, excited wavelengths
and oscillator strengths) of borospherene By are calculated by the time-dependent density functional theory method
(TD-PBEO0) with the 6-31G* basis set under the same external electric field. The results show that borospherene B4g can
be elongated in the direction of electric field and B4o molecule is polarized under the external electric field. Meanwhile,
the addition of external electric field results in lower symmetry (Ca, ), however, electronic state of borospherene Byg is
not changed under the external electric field. Moreover, the calculated results show that the electric dipole moment
is proved to be increasing with the increase of the external field intensity, but the total energy and energy gap are
proved to decrease with the increase of external field intensity. The addition of external electric field can modify the
infrared and Raman spectra, such as the shift of vibrational frequency and the strengthening of infrared and Raman
peaks. Furthermore, the calculated results indicate that the external electric field has a significant effect on the electronic
spectrum of borospherene Bag. The increase of the electric field intensity can lead to the redshift of electronic spectrum.
With the change of the electric field intensity, the strongest excited state (with the biggest oscillator strength) can become
very weak (with the small oscillator strength) or optically inactive (with the oscillator strength of zero). Meanwhile,
the weak excited state can become the strongest excited state by the external field. The ground state properties and
spectral properties of borospherene B4 can be modified by the external electric field. Our findings can provide theoretical

guidance for the application of borospherene Byg in the future.

Keywords: By, external electric field, ground state, spectral properties
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