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Fig. 1. Schematic diagram of the molecular structure of DOP.
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Table 1. Relationship between electric field intensity
(unit: a.u.) and bond lengths (unit: A) of ground

state of DOP molecular.

F R(1,7) R(30,31) R(31,33) R(11,12) R(35,40)
0.0000 1.0836  1.5297 1.54 1.2085 1.0933
0.0025 1.0838  1.5295 1.5402 1.2096 1.0939
0.0050 1.0839  1.5301 1.5404 1.2114 1.0945
0.0075 1.0834  1.5299 1.5431 1.2132 1.0928
0.0100 1.0834 1.53 1.5431 1.2154 1.0925
0.0125 1.0834 1.53 1.5432 1.2177 1.0922

—e— R(35,40)
1.0944 A
<
= 1.0932 A
1.0920 - T T
0 0.005 0.010 0.015
F/a.u.
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< 1.536
~
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1‘530-.\./'\-——4—-
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F/a.u.

K2 DOP T EZEK RSN RIAHAL

F

—

b HL 3 B 51 ONALE AR 2% L TG A B AR 3B
W 1w T B U7 ), 3 Ak, A T
o i o G TS I s e ol O R
P BE & A WL 3 1 1S 9 5 R JE S OK, k2 A
KI3FiR, f£F = 0.0025 au i, 2> 7 1 8 5
po= 0.9290 x 1073° Cm, HX F = 0.0125 a.u.

g. 2. Relationship between electric field intensity and the main bond lengths of DOP molecular.

I, 43 1 A8 AR A 38 K R 14.1507 x 10730 Com,
WK T 15.2322 1%, ¢ 1R SR B A Jb
H 37 1 38 5 2 39 0 S R0/, W 3R 2 R0 B 4 BT R,
F=0au b, £2ELEREE = —1238.705036 a.u.,
HYF = 0.0125 a.u. B, A& DGR ER/NE T
—1238.760815 a.u., HIg/NPEFA MR, X2 H T

063102-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 67, No. 6 (2018) 063102

RS R L= IKE & C P AR ET (Y da s
Ak, W 2 s, RSHELEE, 20 7 A B T ks
2y, RS BEENIIN, (HEEH SN 58, 714

PS4 B AR ], BRAS B R B SRR, T4
R5 (1) A2 —M. DOP 4 FHEEMN T4
SRR AN B HLI7 3 O, 10 O (XA,

F2 HEBEEEE (a.u) B (10730 Com) fisM g F (a.u.) 2L

Table 2. Variation of total energy (unit: a.u.) and dipole moment (unit: 1073% C-m) of ground state of

DOP molecular with electric field intensity (unit: a.u.).

F

0.0000 0.0025 0.0050

0.0075 0.0100 0.0125

o 3.6381 0.9290 1.5607

E  —1238.705036  —1238.702585

—1238.702851

9.7083 11.8985 14.1507

—1238.737584  —1238.748077  —1238.760815

15

12 4

1/10-30 Com
[=}

I\

0 0.005 0.010
F/a.u.

0.015

K3 - TEIRIE p BN UL R
Fig. 3. Relationship between electric field intensity

and dipole moment of DOP molecular.
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Fig. 4. Relationship between electric field intensity
and total energy of DOP molecular.
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43 5 N 27093 F125113 L-mol~t-cm ! B 5 MR 38
(00 Wl VAT Ui, 3K TR A TR AT U 4 i) f B - C11—013,
C15—O016 =AM n — o BT, (EARTE K
KEEE /D4 nm. ZR&F G C11—O013 18
KA T B A 2 18], anEl 1 B, b C15—016
BRI, 5 CLLAOI3 Z Al B T = % iR
K, BT IRE 7 R RECR, BRI AR 1 TR Y g
FIE KRN, BEAh, TR KN 216, 225 nm 4 A
BRI RS, AT ) B R R WA FR B4y ) R 10165,
9142 L-mol™t-em ™, B TZIARILIEN =A &0
BB R P — o BT ERIE AR, A
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Fig. 5. UV-vis absorption spectrum of DOP obtained

by theoretical calculation.
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IR B AR T AE Y. T, BF = mBdi1E C11-—013, C15—016 FI%
. HHIR B GS, n — o* Mlm — o BRI 2 g
' B, T ERIE A BB IE R, P AR AU
g 0207 PALH. AR E]0.01 a.u I, 7375
=]
-(‘; 0.151 MBI R AR B, KIETE 0.01 a.u. B AR IR S04
Z LRI R AR B T
0.051 £4 DOP 4 FMAAIMK X (AEn: nm) 558
F (Fh7: au) FIRR
200 250 300 350 Table 4. Relationship between electric field intensity
Wavelength/nm (unit: a.u.) and excited state wavelength (unit: nm)

L of DOP molecular.
K6 LS DOP 4r T UV-vis Ui

Fig. 6. UV-vis absorption spectrum of DOP obtained

by experiment. n
0 0.0025 0.005 0.0075  0.01  0.0125

*3 LA AT EASTI N & ¥ DOP 4 ¥ UV-
vis IHER (647 nm) 1  265.81 268.56 269.31 266.93 271.26 364.52
Table 3. The calculational and experimental data 2 256.92 260.11 261.26 257.70 262.41 357.26

it: f DOP without external electric field.
(unit: nm) of DOP without external electric fie 3 238.90 240.04 244.90 24520 259.81 346.64

Fig = 4 22549 227.79 243.03 236.04 257.07 316.64

W A e
frE e g o oA A 5 222.59 224.86 240.84 230.41 255.85 307.54
Wb 186.4 15.67 217.0 35.98 6 220.84 222.57 232.85 227.53 252.77 303.73
TISIIE  204.6 6.15 292.6 36.46 7 216.10 221.61 227.62 224.60 251.57 301.68

8 209.71 218.72 223.28 218.42 250.66 292.64

4.2 MBI HESFEKAMIR FEE 9 201.68 218.09 21959 214.67 247.84 285.63

A 10 20159 21271 21520 21440 24531 283.38

£ DOP 40 3245 LT 45 ML A T 3670 1, 3% 11 19800 205.58 212.26 211.89 245.09 281.30

I TDDFT/B3LYP/6-311G(d, p) 7 iE#E 58 T 4 12 196.17 202.74 211.13 209.47 238.26 276.25
0—0.0125 a.u. (0—6.4278 x 10V /m) % DOP 45 13 193.27 198.36 209.61 208.51 229.70 272.65
T 26 MBS IEA NIRRT 3R E f A UV-vis 14 19245 195.03 20851 206.93 228.09 268.11
WO v ORI, Ik 43R 5 AT T FTR, FTBLE H, 15 19110 19470 206.24 206.54 227.59 264.36
SO, TR AN 2, (B 16 190.06 194.36 203.50 206.22 226.85 264.15

0 AR, R BULL RS, TSR (SN L
SURE0.01 a5, LBARR IR, R IT 2
ST, T 2 RS R KA,
L IR KB P T 2 B L, 24

17 187.51 190.51 200.89 203.89 224.70 261.25

18 186.21 189.07 198.56 201.52 224.02 260.87

19 184.00 186.38 195.07 200.89 222.86 259.40

BT A5 T4 g 4 T o e T IR 20 18375 185.82 19248 199.60 22222 258.32
BT, {6575 2555 1 1 v 2 ) e 9 1 0 7 160 AR 21 18310 185.61 190.30 199.08 219.88 257.10
B, IR E T RN, IS R 22 18295 184.76 189.01 198.00 216.30 251.53
B EI TS B R, S 23 182.20 184.12 187.87 197.08 214.03 250.94
R T HU0E (HOMO) fis; 52 %, RN 24 179.67 181.86 185.82 194.05 212.39 250.45
HIFE IR, 23 B R S48 5 7918 (LUMO) ¥ 25 17676 181.12 184.93 193.78 211.86 248.25
WIS, S5 IR EN0.01 au Y, R 26 175.14 180.60 183.15 190.58 211.68 247.11

JEH R, WK 8 F I LUMO Fros. TESMHIA1E
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®5 DOPHFHMARSIHIRTRE fSHBEF (F
fi: au.) FIRAR
Table 5. Relationship between electric field intensity

(unit: a.u.) and oscillator strength of excited state of
DOP molecular.
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K7 DOP 73 THEARSM I EM T 1 UV-vis IO
Fig. 7. UV-vis absorption spectra of DOP under dif-

ferent external electric fields.
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3 2R IR R ] BB f) H - 1 L3 () S T TRl e, 530
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D IR 7568 B PRI

HOMO LUMO

0 a.u.
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o&* . » 'o‘?s
ad o °
@ vd«q’

8 TEAFSMEY T DOP MUK AR/ T AT 261 E
Fig. 8. Excited state frontier orbital diagram of
DOP molecular under different external electric fields
(HOMO, highest occupied molecular orbital; LUMO,

lowest unoccupied molecular orbital).
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FHANL I I 5E, HARARAE G N, 4> T A BRI
AN e it AR AT E

2) X H TDDFT J5 ¥ 8 78 T A [F) 4b Ha 37 %t
DOP 4 FHIB A S K AR 7o E R m. 45
RRE, ME I, C11—-013, C15—016
K L= e R b e SRR R i A, BE2 5
FHI UV-vis W0 0G B35 2058, - T 50 5 B0 R F%.

g5 L rar WL, FEANIZER R, DOP 4> 1
1) UV-vis Yo itk (R e i 21 7% 8 3%, RT3 % 1 %
B, IXRBR T 7T 25 M I RIZL AR A, X e T AR
DOP IR I N % fif 77 VF AR i 7 — 8 BB A
i, 0T 185 B3 A BE A R A 5 P ks ) T v R I fi
GIREN LT SN =R (SEE

SE3CH

[1] Shi Z B, Yao N, Zhu Y, Zhang X M 2009 Plastic Addi-
tive 5 43 (in Chinese) [f&EH, BkT, & &, KB 2009
TR 5 43

[2] Jin D 2010 China Chlor-Alkali 10 6 (in Chinese) [&#5
2010 HEH &K 10 6]

[3] Tickner J A, Schettler T, Guidotti T, McCally M, Rossi
M 2001 Am. J. Ind. Med. 39 100

[4] LiJ, Si J L 2002 Chin. J. Public Health 18 241 (in Chi-
nese) [ZE7%, F45E 2002 FE AL TAE 18 241)

[5] Cirillo T, Fasano E, Castaldi E, Montuori P, Cocchieri
R A 2011 J. Agric. Food Chem. 59 10532

[6] Mu X Y, Li C L, Huang Y, Shen G M, Li X X, Lei Y
L, Huang L, Pang S, Li Y R, Li X F, Wang C J 2017 J.
Environ. Sci.-China 37 3566 (in Chinese) [BBA7H, 2k
T, TEE, LA, BEX, Waw, WK, EK BN, &
e, ERE 2017 HEMIEFRE 37 3566)

[7] Liu L, Shen L, Yang F, Han F, Hu P, Song M 2016 J.
Appl. Spectrosc. 83 603

[8] Li X Z, Yuan B L, Graham N 2008 ACS Symposium
Series 985 364

[9] Wu H J, Wu M, Xie M S, Liu H, Yang M, Sun F X, Du
H Z 2000 Chin. J. Catal. 21 399 (in Chinese) [% &,

[17]

(18]

21]

22]

(23]

24]

[25]

063102-7

MG, X, MR, PMESR, ARG ED 2000 HEAL AR
21 399]

Ellert C, Corkum P B 1999 Phys. Rev. A 59 R3170
Walsh T D G, Starch L, Chin S L 1998 J. Phys. B: At.
Mol. Opt. Phys. 31 4853

Wang F H, Huang D H, Yang J S 2013 Acta Phys. Sin.
62 073102 (in Chinese) [T, HZH#, BR T 2013 ¥
2R 62 073102

Rai D, Joshi H, Kulkarni A D, Gejji S P, Pathak R K
2007 J. Phys. Chem. A 111 9111

Iwamae A, Hishikawa A, Yamanouchi K 2000 J. Phys.
B: At. Mol. Opt. Phys. 33 223

Ellert C, Stapelfeldt H, Constant E 1998 Phil. Trans. R.
Sol. Lond. A 356 329

Ledingham K W D, Singhal R P, Smith D J, McCanny
T, Graham P, Kilic H S, Peng W X, Wang S L, Langley
A J, Taday P F, Kosmidis C 1998 J. Phys. Chem. A
102 3002

Liu X G, Cole M J, Xu Z C 2017 J. Phys. Chem. C' 121
13274

Gasiorskia P, Matusiewicza M, Gondekb E, Uchaczc T,
Wojtasikd K, Daneld A, Shchure Y, Kityka A V 2017
Spectrochim. Acta A 186 89

WuY G, Li S X, Hao J X, Xu M, Sun G Y, Linghu R
F 2015 Acta Phys. Sin. 64 153102 (in Chinese) [5% 7k,
Aottt AHERR, 1M, PO, SINSREE 2015 MR AR 64
153102]

Xu G L, Xie H X, Yuan W, Zhang X Z, Liu Y F 2012
Chin. Phys. B 21 053101

Grozema F C, Telesca R, Joukman H T, Snijders J G
2001 J. Chem. Phys. 115 10014

Wu D L, Tan B, Wan H J, Zang X Q, Xie A D 2013
Chin. Phys. B 22 123101

Kjellberg P, He Z, Pullerits T 2003 J Phys. Chem. B
107 13737

Chen X J, Luo S Z, Jiang S B, Huang W, Gao X L, Ma
M Z, Zhu Z H 2004 Chin. J. Atom. Mol. Phys. 21 203
(in Chinese) [BRIRZE, BMG, FER®, HEES, mhE, %
i, RIEFT 2004 JE T 550 T8 %4k 21 203]

Xie A D, Xie J, Zhou L L, Wu D L, Ruan W, Luo W L
2016 Chin. J. Atom. Mol. Phys. 33 989 (in Chinese) [#f
TR, W, HRE, A, B, ¥R 2016 BT 59
TR 33 989]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://d.wanfangdata.com.cn/Periodical_zglj201010003.aspx
http://dx.doi.org/10.1002/(ISSN)1097-0274
http://dx.doi.org/10.11847/zgggws2002-18-02-78
http://dx.doi.org/10.1021/jf2020446
http://dx.doi.org/10.1007/s10812-016-0335-9
http://dx.doi.org/10.1007/s10812-016-0335-9
https://pubs.acs.org/doi/abs/10.1021/bk-2008-0985.ch022
https://pubs.acs.org/doi/abs/10.1021/bk-2008-0985.ch022
http://www.chxb.cn//CN/abstract/abstract19553.shtml
http://dx.doi.org/10.1103/PhysRevA.59.R3170
http://dx.doi.org/10.1088/0953-4075/31/21/016
http://dx.doi.org/10.1088/0953-4075/31/21/016
http://dx.doi.org/10.7498/aps.62.073102
http://dx.doi.org/10.7498/aps.62.073102
http://dx.doi.org/10.1021/jp074051v
http://dx.doi.org/10.1088/0953-4075/33/2/308
http://dx.doi.org/10.1088/0953-4075/33/2/308
http://dx.doi.org/10.1098/rsta.1998.0168
http://dx.doi.org/10.1098/rsta.1998.0168
http://dx.doi.org/10.1021/jp9816162
http://dx.doi.org/10.1021/jp9816162
http://dx.doi.org/10.1021/acs.jpcc.7b04176
http://dx.doi.org/10.1021/acs.jpcc.7b04176
http://dx.doi.org/10.1016/j.saa.2017.05.060
http://dx.doi.org/10.1016/j.saa.2017.05.060
http://dx.doi.org/10.7498/aps.64.153102
http://dx.doi.org/10.1088/1674-1056/21/5/053101
http://dx.doi.org/10.1088/1674-1056/21/5/053101
http://dx.doi.org/10.1063/1.1415085
http://dx.doi.org/10.1088/1674-1056/22/12/123101
http://dx.doi.org/10.1088/1674-1056/22/12/123101
http://dx.doi.org/10.1021/jp035642y
http://dx.doi.org/10.1021/jp035642y

32 % R Acta Phys. Sin. Vol. 67, No. 6 (2018) 063102

Investigation of external electric field effect on Cy4H3504
molecule by density functional theory”

Du Jian-BinV?"  Zhang Qian" Li Qi-Feng? Tang Yan-Lin®

1) (College of Physics and Electrical Information, Langfang Normal University, Langfang 065000, China)
2) (College of Precision Instrument and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China)
3) (Department of Physics, Guizhou University, Guiyang 550025, China)

( Received 12 September 2017; revised manuscript received 1 February 2018 )

Abstract

The C24H3504 (dioctyl phthalate, DOP) is a main component of the plasticizer. In order to study the influence
of external electrical field on molecular structure and spectrum of DOP, the method B3LYP of the density functional
theory at B3LYP/6-311G(d, p) level is employed to calculate geometrical parameters of the ground state of DOP molecule
under different external electric fields (from 0 to 0.0125 a.u.) in this article. On this basis, the ultraviolet-visible
absorption spectrum of DOP is calculated by using the time-dependent density functional theory in the same fundamental
group and compared with the ultraviolet absorption peak of the molecules, measured by UNICO ultraviolet and visible
spectrophotometer. Finally, by using the time-dependent density functional theory in the same fundamental group, we
study wavelengths and oscillator strengths of the first twenty-six excited states of DOP molecule in external electric
field. The obtained results are as follows. The strongest absorption of ultraviolet-visible absorption spectrum appears
in the end absorption band from n to ¢* transition. The stronger absorption occurs in the E band of benzene electronic
transition from 1 to m*. The molecular geometry parameters are strongly dependent on the external field intensity. The
dipole moment of DOP molecule is proved to first decrease and then increase with the sharp increase of external field,
but the total energy first increases and then decreases with the increase of the external field intensity. The ultraviolet
absorption peaks of excited states of DOP are proved to have observably red shift, and the oscillator strength sharply

decreases with the increasing of the field intensity.

Keywords: Co4H330y4, external electric field, density functional theory, ultraviolet-visible spectrum
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