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Fig. 1. Optimized structure and molecular orbitals:
(a) Structure observed along the z direction; (b) HOMO;
(c) LUMO.
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Fig. 2. Localized orbital locator calculated based on m orbit-
als, the isovalue is set to 0.45: (a) LOL of out-plane 7 orbit-
als; (b) LOL of in-plane © orbitals.
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Fig. 3. The energies of C,g under different external electric
fields. Circle and asterisk represent the external electric

fields in y and z direction, respectively.
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Table 1. The orbital energies Ey, By, By, Eyo, Bu-g, Eii1, Biye, Fiyg and E, of Cig under different external electric
fields. The unit of orbital energy is hartree, the superscripts x, y and z denote thez, y and z direction, respectively.
F/a.u. Ey 3 By, By Ey By, By iy By o By 3 E,/eV
0 -8.5508 -8.5508 -8.4485 -8.4485 -1.7005 -1.7005 -1.6754 1.6754 6.7479
0.005* -8.5544 -8.5544 -8.4486 -8.4486 -1.7141 -1.7141 —-1.6666 1.6666 6.7345
0.0107 -8.5650 —-8.5650 -8.4495 -8.4495 —-1.7392 -1.7392 1.6547 1.6547 6.7102
0.015* -8.5819 -8.5819 -8.4518 -8.4518 -1.7700 -1.7700 -1.6461 -1.6461 6.6818
0.020~ -8.6044 —-8.6044 —8.4562 -8.4562 —-1.8056 -1.8056 —1.6415 —-1.6415 6.6505
0.005" -8.6369 -8.5205 -8.4629 -8.3831 -1.8002 -1.7217 -1.6612 -1.6317 6.5829
0.010" -8.7048 —-8.5881 -8.3700 -8.3153 —-1.9358 -1.8075 —~1.6986 -1.6119 6.3794
0.015" -8.7516 -8.6519 -8.2846 -8.2518 -2.0999 -1.9295 -1.8027 -1.6493 6.1518
0.050¢ -8.6367 —-8.5204 -8.4630 -8.3831 —-1.8005 —-1.7222 -1.6609 -1.6315 6.5825
0.010¥ -8.7046 -8.5879 -8.3700 -8.3153 -1.9359 -1.8075 —-1.6988 -1.6120 6.3793
0.015¥ —-8.7527 —-8.6529 -8.2847 -8.2516 —2.0992 -1.9293 -1.8012 —1.6482 6.1524
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Fig. 4. Localized orbital locator calculated based on out-plane n orbitals under different external electric fields in the z direction, the
isovalue is set to 0.38: (a) 0 a.u.; (b) 0.005 a.u.; (c) 0.01 a.u.; (d) 0.015 a.u..

(a)

Bl 5 zh w43 T %P /T (out-plane)n #LiE #9 ELF, 45 fH I 4({H K 0.38  (a) 0 a.u.; (b) 0.005 a.u; (c) 0.01 a.u.;

(d) 0.015 a.u.

Fig. 5. Electron localization function calculated based on out-plane m orbitals under different external electric fields in the z direc-
tion, the isovalue is set to 0.38: (a) 0 a.u.; (b) 0.005 a.u.; (c) 0.01 a.u.; (d) 0.015 a.u..

B 6 ylrmshElg PR L/ F o flE K LOL, S EmAE AN 052 (a) 0 a.u.; (b) 0.015 a.u.
Fig. 6. LOL calculated based on out-plane m orbitals under different external electric fields in the y direction, the isovalue is set to
0.52: (a) 0 a.u.; (b) 0.015 a.u..
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if, H LOL #1 ELF WSS v 7 e b 7t
AR AR

Kl 8 AN T (2 7N ) B804 /40 ol
1B LOL, 7EAHF M SHEIIBUE T, BEE 2 Jrmi
Wik, (e EAE C—C KA R IT, 6
HL P BRI, AN T (2 D7 e ) 3R/
A m #ERY ELF 5 LOL A —8p AL il A,
ULRAREE 2 J7 [ HLA R I, FeF BBl Rk, 14 9
JEANG T (yIr ) BN /A n LA B
ELF, AN 0.62. &l 9 v, 78 AH R % 45 H

oty

(¢l

c;(" 4 &

B 7 yiimbhddg FHEE /T o HUE R ELF, SEEAER 0.61  (a) 0 aaw; (b) 0.015 a.u.

Fig. 7. ELF calculated based on out-plane m orbitals under different external electric fields in the y direction, the isovalue is set to

0.61: (a) 0 a.u.; (b) 0.015 a.u..

Bl 8 A N A /4 (in-plane)n LB ) LOL, S5 {E M 4(E 7 0.37  (a) 0 a.uw; (b) 0.005 a.u.; (c) 0.01 a.u.; (d) 0.015 a.u.

Fig. 8. LOL calculated based on in-plane 7 orbitals under different external electric fields in the z direction, the isovalue is set to

0.37: (a) 0 a.u.; (b) 0.005 a.u.; (¢) 0.01 a.u.; (d) 0.015 a.u..

(b) e -

B9 ylymah Yy R /4 (in-plane)n HLiE 9 ELF, S {E M EE A 0.62  (a) 0 a.u.; (b) 0.015 a.u.

Fig. 9. ELF calculated based on in-plane m orbitals under different external electric fields in the y direction, the isovalue is set to

0.62: (a) 0 a.u.; (b) 0.015 a.u..
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N Tk — A PR OIS R R AY Y FH M, R
Multiwfn BT THAITAER AV1245 F55059.
AV1245 8500 LA R Z2 HhuO SR AL, e
i RIRA IS 1R, AV1245 F850H0R, 55 M
5 B3, 3% 2 SRR T M) AV1245 $5 %0,

ATLIR ), B 2 75 AR N, AV1245 15 508
N, UL B RAIG, %45 Rt — 1A T A
“hie, BB 2 7 1 LA N, o i B R R AR
& 2R 15 3, B 5 o8l yJy o 3 B
AV1245 $F8EUE K, B HDS Bt o, i — 200w
WE THNRSS IS, MR 2o y 7 7 B35, o
T I

#2 RFHZTE AV1245 155K
Table 2.  The AV1245 of Cig under different external

electric fields.

F/a.u. z x y

0 4.253 4.253 4.253
0.005 4.248 4.256 4.257
0.010 4.232 4.398 4.399
0.015 4.205 4.682 4.706
0.020 4.170

3.4 SMERIZMLASNSH S IEFHERI RN

Kl 10 #n O A TN G S
MARAE. TCHLIIT, S/ NETRIE 59 cm !, K
PEIIH 2304 cm 'y LLAME A 3 0y, H
A5 R ERIE A LT AME V. 3 2L hM g By oIk AE
494 em !, ZIRSBUE TN M IR3); 5
PRIGETE 2237 em !, B 559 IIEFE 615 cm !, X A

© L
N .
(e) J ) (i) A, JI
0 500 1000 1500 2000 0 500 1000 1500 2000
Frequency/cm~! Frequency/cm~!

K10 LML RSN I I AL AL, 230 B 2 07 T R R A, R B g DT M E AL (a) 0 a.u; (b) 0.005 au; (c) 0.01 au;
(d) 0.015 a.u.; (e) 0.02 a.u.; (f) 0 a.u.; (g) 0.005 a.u.; (h) 0.01 a.u.; (i) 0.015 a.u.

Fig. 10. Calculated infrared spectra based on different external electric fields in the z direction (left side) and y direction (right
side): (a) 0 a.u.; (b) 0.005 a.u.; () 0.01 a.u.; (d) 0.015 a.u.; (e) 0.02 a.u.; (f) 0 a.u.; (g) 0.005 a.u.;(h) 0.01 a.u.; (i) 0.015 a.u..

103101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020) 103101

(a)

()

(e) J
A A

S G G G
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o

0 500 1000 1500 2000

Frequency/cm~!

0 500 1000 1500 2000

Frequency/cm~!

11 P8 REMEAN R AL, Z20 R 2 mMe Y, A2 gy mindg  (a) 0au; (b) 0.005 au.; (c) 0.01 au;
(d) 0.015 a.u.; (e) 0.02 a.u.; (f) 0 a.u.; (g) 0.005 a.u.; (h) 0.010 a.u.; (i) 0.015 a.u.

Fig. 11. Calculated Raman spectra based on different external electric fields in the z direction (left side) and y direction (right side):
(a) 0 a.u.; (b) 0.005 a.u.; (c) 0.01 a.u.; (d) 0.015 a.u.; (e) 0.02 a.u.; (f) 0 a.u.; (g) 0.005 a.u.;(h) 0.01 a.u.; (i) 0.015 a.u..
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%3

RSN (y I7T) T Cig 73 TP S R BE

Table 3. Excitation energy of C;g at different electric field in y direction.
E/eV
F/a.u.
n=1 2 6 7 14 21 22 23 35 36
0 2.5076 2.6372 3.1285 3.1285 3.8301 5.6519 5.6519 5.7890 6.4794 6.4794
0.005 2.4993 2.6264 3.0978 3.1234 3.8130 5.6339 5.6558 5.7753 6.4573 6.4644
0.010 2.4560 2.5759 2.9933 3.0229 3.7358 5.5725 5.6564 5.7195 6.3833 6.4070
0.015 2.3747 2.4684 2.8621 2.9017 3.6094 5.4638 5.6232 5.6320 6.2782 6.3067
F a4 ARFESMG (y 1) T Cug 5 FHBMEUL S
Table 4.  Excitation wavelength of Cg at different electric field in y direction.
A /nm
F/a.u.
n=1 2 6 7 14 21 22 23 35 36
0 494.43 470.14 396.30 396.30 323.71 219.37 219.37 214.17 191.35 191.35
0.005 496.08 472.07 400.24 396.96 325.17 220.07 219.21 214.68 192.01 191.80
0.010 504.82 481.32 414.20 410.15 331.88 222.49 219.19 216.77 194.23 193.51
0.015 522.11 502.28 433.20 427.29 343.51 226.92 220.49 220.14 197.48 196.59
# 5  ARSMEYG (yFm) T Cg s FEBEA S IR TR
Table 5. Oscillator strength of C,g at different electric field in y direction.
f
F/a.u.
n=1 2 6 7 14 21 22 23 35 36
0 0.0000 0.0000 0.0030 0.0030 0.0000 3.0216 3.0216 0.0000 0.3695 0.3695
0.005 0.0000 0.0003 0.0025 0.0028 0.0132 2.9676 3.0222 0.0000 0.3831 0.3838
0.010 0.0000 0.0011 0.0014 0.0002 0.0463 2.8009 2.9973 0.0000 0.4379 0.4337
0.015 0.0000 0.0000 0.0003 0.0000 0.0842 2.4917 0.0000 2.4509 0.5197 0.5373
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Abstract

In this work, density functional theory method with the wB97XD/def2-TZVP level is carried out to
investigate the ground state structures, energy, electronic structures, aromaticity, infrared and Raman spectra
of cyclo[18]carbon under different external electric field in the z, y and z direction of cyclo[18]carbon molecule.
The excitation properties (the first 48 excited states containing excited energies, excited wavelengths and
oscillator strengths) of cyclo[18]carbon are calculated by the time-dependent density functional theory method
(TD-wB97XD) with the def2-TZVP basis set under the same external electric field. The results show that
cyclo[18]carbon can be elongated in the z or y direction under the electric field, and some C-C bond lengths can
be elongated or shortened under the electric field. Meanwhile, the calculated results show that electric dipole
moment is proved to be increasing with the increase of the external field intensity, but the total energy and
LUMO-HOMO gap are proved to decrease with the increase of external field intensity. Moreover, addition of
electric field can modify the electron delocalization and molecular aromaticity, such as external electric field in z
direction can lower the electron delocalization and molecular aromaticity and external electric field in z or y
direction can enhance the electron delocalization and molecular aromaticity. The addition of electric field can
modify the infrared spectra, such as shift of vibrational frequencies and strengthening of infrared peaks.
Furthermore, the calculated results indicate that the external electric field has significant effects on the
excitation properties of cyclo[18]carbon. The increase of the electric field intensity can lead to the redshift of
transition wavelengths (such as the first excited state). With the change of the electric field intensity, the
stronger excited state (with the bigger oscillator strength) can become weak (with the small oscillator strength)
or optically inactive (with the oscillator strength of zero). Meanwhile, the weak or optically inactive excited
state can become stronger excited state by the external field. The ground state properties and excitation
properties of cyclo[18]carbon can be modified by the external electric field. Our works can provide theoretical

guidance for the application of cyclo[18]carbon in the nanotechnology such as molecular device.
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