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# 1 CsF 00 A FHEK 5 SR IE T L
Table 1. The bond length of C5F;yO compared with the reference.

Contrast R(4, 16)/nm R(5, 15)/nm R(3, 4)/nm R(3,12)/nm R(4, 5)/nm
Reference 0.117000 0.130600 0.154000 0.132800 0.153900
Theoretical calculation 0.119086 0.132933 0.155896 0.135497 0.155892
Relative error/% 1.783 0.1786 1.231 2.030 1.294
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Fig. 3. Bond angle of C;F;,O at different electric field.
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Fig. 6. Variation of energy of C;F,,O at different electric
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kinetic energy, and potential energy at different electric
field.
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F# 2 REHZRET C5F00 MHTLHERENK
Table 2. Frontier orbital energy levels of CzF;,0

at different electric field.

F/au. E;/eV Ey/eV Eq/eV
0.000 -3.197 -8.968 5.771
0.003 —3.260 -9.021 5.760
0.006 -3.324 -9.073 5.748
0.009 —3.388 -9.123 5.735
0.012 -3.453 -9.172 5.719
0.015 -3.517 -9.219 5.702
0.018 -3.583 -9.265 5.683
0.021 -3.649 -9.310 5.661
0.024 -3.715 -9.353 5.638
0.027 -3.783 -9.395 5.612
0.030 -3.852 -9.435 5.582
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Table 3.  Excitation characteristics of first 8 singlet-excited states of C5F;,0.

Excited State D/A t/A  Eg/eV

Orbital-Contribution (hole)

Orbital-Contribution (electron)

S(0) — S(1) 0.267 ~0.700 9.775374
S(0) — S(2) 1.723 0.648 6.741638
(3) 0.570 ~0.355 8.394609
(4) 1.135 -0.139 6.968679
(5) 1.144 -0.300 7.015306
(6) 1.862 0.879 6.505353
(7) 1.601 0.566 6.600581
(8) 0.948 -0.079 6.641575

MO 64-95.39%
MO 63-78.436%
MO 55-13.986% MO 57-44.649%,
MO 52-19.354% MO 55-17.810% MO 62-28.358%,
MO 64-86.457%
MO 60-34.078% MO 61-55.521%
MO 56-19.786% MO 58-16.594% MO 59-30.422%
MO 55-33.730% MO 57-21.883% MO 62-22.257%

MO 65-99.352%
MO 65-98.828%
MO 65-99.139%
MO 65-99.049%
MO 66-84.652%
MO 65-91.502%
MO 65-96.849%
MO 65-99.078%
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Fig. 10. Electron transition of first 8 single-excited states of C5F;,O (value = 0.02).
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4 0.01)
Fig. 11. Electron transition of the 5 single-excited states of
C5F 0O (value = 0.01).
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S(0)—S(8) & ¢ FREME A, I AREATRER/],
I H A 10RATTAT LLE H, Bih 9F . 12F ., 13F,
15F JETHY n Bl — C=0 i n il i s s 5
WA

Fpitt— TSN IR CyF 00 43 TR S )
e, TR T AN TR 8 AR A Ik RE
E.o WK NAHRTE £ PR RINE 4,5, 6
B,

M4, 5, 6 i LLFE M, EABEIZERT,
CsF100 73 F 1 8 AN H iUk S G 4 LR B BRI
P TFom AR 0, #RAE & A FBRE. Hoh s
5 IR A PR TR e = R 0.0591, TR 36 A
SEA SO 8 MNMMAS IR IAT LIE 1, Hfarf
IR (n =6, 7, 8) Py B W HE it ik K T Jmy
Wk (n =1, 3,4) rilstigst, RAW 2 MASHT
R B A, MR, H 1MAeS
(n— o) W T BRI 75 BB & dwe /D, W& RE M
4.041 eV, AR I BTGP Y 306.80 nm, 7RI
FHMNX . HAy 7T MRS BT HIE R, ]

F 4 AREEESRE T CF 0 A 8 MME M A SEK e
Table 4. Excitation energy of first 8 singlet-excited states of C5F,O at different electric field.
E./eV

F/a.u
0.000 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.030
n=1 4.041 4.052 4.063 4.072 4.078 4.086 4.091 4.095 4.097 4.097 4.095
n= 7.324 7.283 7.240 7.195 7.148 7.099 7.048 6.996 6.940 6.883 6.823
n=3 8.427 8.400 8.368 8.329 8.283 8.210 8.089 7.963 7.833 7.700 7.565
n= 8.691 8.651 8.560 8.451 8.336 8.236 8.168 8.087 7.980 7.853 7.719
n=>5 8.715 8.673 8.618 8.567 8.499 8.397 8.277 8.154 8.041 7.935 7.823
n==6 8.776 8.759 8.787 8.693 8.588 8.509 8.444 8.381 8.307 8.208 8.098
n="7 9.019 8.919 8.811 8.814 8.770 8.663 8.553 8.446 8.351 8.283 8.225
n=3_8 9.159 9.076 8.983 8.883 8.826 8.772 8.682 8.583 8.481 8.378 8.277

#5  AREHEZRET CsF00 B 8 MAEHM A SR K
Table 5. Wavelength of first 8 singlet-excited states of C5F 7O at different electric field.
A/nm
F/a.u

0.000 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.030
n=1 306.80 305.93 305.16 304.48 303.89 303.41 303.04 302.78 302.64 302.63 302.75
n= 169.28 170.24 171.25 172.32 173.45 174.64 175.90 177.23 178.64 180.13 181.71
n=3 147.12 147.60 148.17 148.85 149.68 151.01 153.27 155.71 158.29 161.02 163.88
n=4 142.65 143.31 144.84 146.72 148.73 150.54 151.79 153.31 155.36 157.87 160.62
n=2= 142.27 142.96 143.86 144.72 145.89 147.65 149.80 152.05 154.18 156.26 158.48
n = 141.28 141.55 141.10 142.63 144.37 145.72 146.83 147.94 149.25 151.05 153.10
n="7 137.48 139.02 140.72 140.66 141.37 143.12 144.96 146.80 148.47 149.69 150.75
n=3_8 135.37 136.61 138.03 139.57 140.47 141.34 142.80 144.45 146.19 147.98 149.79
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F 6 ARFEHZIREET C5F 0 Hi 8 MHH M A S IRT IS

Table 6.  Oscillator strength of first 8 singlet-excited states of C5F(O at different electric field.

F/au /

0.000 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.030
n=1 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
n=2 0.0033 0.0032 0.0030 0.0029 0.0028 0.0026 0.0026 0.0025 0.0024 0.0024 0.0024
n=3 0.0015 0.0020 0.0025 0.0030 0.0035 0.0039 0.0044 0.0045 0.0045 0.0045 0.0044
n=4 0.0014 0.0012 0.0024 0.0035 0.0042 0.0048 0.0053 0.0055 0.0052 0.0052 0.0055
n=>5 0.0591 0.0027 0.0039 0.0049 0.0073 0.0083 0.0080 0.0086 0.0102 0.0117 0.0131
n=~6 0.0162 0.0738 0.0641 0.0066 0.0024 0.0005 0.0004 0.0004 0.0023 0.0047 0.0047
n="7 0.0180 0.0127 0.0148 0.0570 0.0098 0.0101 0.0107 0.0104 0.0078 0.0048 0.0054
n=_, 0.0013 0.0008 0.0039 0.0094 0.0276 0.0078 0.0126 0.0170 0.0203 0.0228 0.0236
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Structure and excitation characteristics of C;F;,0 under
external electric field based on density functional theory”
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Abstract

In this paper, we use the density functional theory (B3LYP) method with 6-311g(d) basis sets to optimize
the molecular structure of CzF;;O and obtain the stable structure of its ground state. On this basis, the
geometric characteristics, energy, frontier orbital energy levels, and infrared spectra of CzF;;0 under the
different external electric fields (from 0 to 0.03 a.u., 1 a.u. = 5.142 x 10" V/m) are studied by the same
method. Under the same basis sets, the orbital composition and excitation characteristics of CsF;,O are
calculated and analyzed by the TD-DFT method. The conclusions show that as the electric field increases, the
bond energy of 5C—15F and 4C=160 gradually decrease, their bond lengths increase. The charge of 13F atoms
changes fastest, and it is easier to lose electrons under the action of electric field force. The potential energy of
the molecule increases, and the stability gradually decreases. The energy gap Fq value continuously decreases,
and the molecules are more likely to be excited to participate in the chemical reaction. In the infrared spectrum,
four absorption peaks are blue-shifted, and four absorption peaks are red-shifted. The excitation characteristics
of the first 8 singlet excited states of the C;F;,O are identified by the hole-electron analysis method. The
excitation energy of the first excited state increases slightly, and the wavelength decreases, and blue shift
occurs. The excitation energy values of the other excited states decrease, their wavelengths increase, and red

shifts occur. Because the electrons in CzF;,O become easier to excite, the stability of the system is lower.

Keywords: C;F 40, density functional theory, external electric field, excited state
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