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Density functional study of styrene
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Abstract: The molecule of styrene was investigated with the density functional theory (DFT), and the
molecular geometries were optimized by utilizing B3SLYP method at different levels of basic sets. Based
on the optimized geometries, the molecular orbitals, the energy levels, the highest occupied orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO), the infrared absorption spectrum (IR) and
Raman scattering spectrum (Raman), the nuclear magnetic resonance (NMR), and the ultraviolet— visible ab-
sorption spectroscopy (UV-Vis) have been obtained with the density functional theory (DFT). According to the
calculation results of the molecular orbitals and energy levels, the attributes of the highest occupied orbital (HO-
MO) and lowest unoccupied molecular orbital (LUMO) were mainly discussed. The simulated results of the in-
frared absorption spectrum (IR) and Raman scattering spectrum (Raman). the nuclear magnetic resonance
(NMR), and the ultraviolet-visible absorption spectroscopy (UV-Vis) were compared with the experimental da-
ta, and the spectral data were concisely analyzed and discussed.
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Fig. 1 The molecular structure of styrene
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Tab.1 Theoretical geometric data of styrene (bond length: nm, bond angle: °)

Theoretical method B(C1-C2) B(C2-C3) B(C3-C4) B(C4-C7) B(C7-C8) A(C4-C7-C8) D(C3-C4-C7-C8)

B3LYP/6-31G(d) 0.1395 0.1394 0. 1405 0.1472 0.1339 127. 688 179.999
B3LYP/6-311+g(2d.p)* 0.1391 0.1391 0. 1401 0.1471 0.1334 127.563 179. 984
B3LYP/6-311G(d.p) 0.1392 0.1392 0.1403 0.1471 0.1335 127.655 179.999
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Fig. 2 Orbital energy levels of styrene
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Fig. 3 Molecular orbital density of styrene
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Tab.2 Compositions of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)

atom C1 C2 C3 C4 C5 C6 C7 Cc8
HOMO composition (%) 19. 8277 3.5256 8.5526 16.1283 9.4249 1.7099 11. 3166 29.0471
LUMO composition (%) 18. 4084 5. 8897 5. 1636 13.5913 13. 3868 0.5990 13. 6608 29.3003
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Fig. 4 Infrared absorption spectra of styrene
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Tab.3 The frequencies (in cm™ ') of infrared absorption spectrum

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
This work 42 206 235 410 445 445 556 629 650 707 783 793 846 913
Ref. [22] — 213 239 422 436 447 555 620 633 699 775 783 841 909

No. 15 16 17 18 19 20 21 22 23 24 25 26 27 28

This work 918 955 983 1007 1028 1038 1056 1111 1182 1206 1226 1322 1353 1364

Ref. [22] - 985 995 1021 1033 1083 1156 1182 1202 1296 1317 1334 1412 1450
No. 29 30 31 32 33 34 35 36 37 38 39 40 41 42

This work 1459 1488 1533 1621 1648 1699 3120 3143 3147 3154 3164 3173 3181 3219

Ref. [22] 1494 1576 - 1601 1630 1660 2980 3008 3027 3035 3041 30 3060 3085
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Fig. 5 Raman scattering spectra of styrene
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Tab. 4 Theoretically predicted § ' H-NMR as comparison with the experimental data
Atoms 12 13, 10, 9 11 14 16 15
This work (ppm) 8. 1884 7.6923 7.5818 7.1264 6.2147 5.3673
Ref. [22]*(ppm) 7.50~7.10 7.50~7.10 7.50~7.10 6.692 5.737 5.225
Err. (%) 5.37b 3.86 6.49 8.33 2.72 5.37
a.89.56 MHz,0.04 mL: 0.5 mL CDCl;; b. 82518 % FH 214 7. 30 ppm.
x5 OVCNMRIHEESIHEMNILR
Tab.5 Theoretically predicted § "*C-NMR as comparison with the experimental data
Atoms 7 4 3 2 6 1 5 8
This work (ppm) 144.9271 142.3621 134. 8667 133. 2167 132. 6308 132. 5435 126. 3063 114.5696
Ref. [22]*(ppm) 136. 98 137.65 126. 24 128.52 128.52 127.78 126. 24 113.70
Err. (%) 5.80 3.42 6.83 3.65 3.20 3.73 0.05 0.76

a. 1509 MHz,20 % CDCly (R4 50.

HE SR LY ] BSLYP it &4k 2= 0
B o 2 BRI A B i 1 45 31 590 0 O K i B 4 5 A A
WFoE I &5 1Y — 3 A E R B A L 100 A s
N e 335 K0 4 09 AH OC R B 0. 964 (lnl I AL A,
S B Cyy= 0.7613 8 " Cyy +27.198), I K % %
H6.83 %.
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Fig. 6 Ultraviolet-visible spectra of styrene
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Tab. 6 Electronic spectra of styrene
Excited state ( (nm) f Transition nature Coefficient Transition energy (eV)
2 245.98 0. 3240 27 — 29 (LUMO) —0. 26587 5.0404
27 — 30 0.10712
28 (HOMO) — 29 (LUMO) 0.56222
28 (HOMO) — 30 0. 13505
5 187. 54 0.3211 26 — 29 (LUMO) 0.11577 6.6110
27 — 30 0.50982
28 (HOMO) — 32 0.38829
19 154. 59 0.3351 26 — 30 —0. 33653 8.0202
27 — 32 0.53446
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Tab.7 The composition of natural transition orbital of SO — S2

atom C1 C2 C4 C5 C6 C7 C8
No. 28 NTO composition (%) 11,0345 26,4702  5.9506 10.0863  30.5752  8.4159 1.6091 3.8198
No. 29 NTO composition (%) 20,3860 5.2702  19.2482 18.8131 4.6983  15.6137 4. 2452 7.9325

FCH SO — S2 Ry H AR BRI LI i 4 08 mT
MR AS I AL C2.C5 i) C1,C3,C4,C6,C7.C8
KA T RS IF MR R BN th R IT RS B L4
B b

TR R

I FH % Bz pR B X R 20 34T T R TR
BT RO FHUIE BB w5 s B
(HOMO) Fl A% 25 #1386 (LUMO) | 2140 6 1% (IR)
FIHL S 1% (Raman) (4% f L 4R 3% (NMRD) | 48 51
Al LR Wi (UV-Vis), 43 Hras R0 .

(D2 2% HOMO | C8 1 ik % % K, [ Bt
C7 TR WU C7=C8 & 2R A% I 1 1
s s 53 Ak 2R 1) HOMO-LUMO fig B {8 482
KA FRFIRERGWHE.

(2) 2K 24 9 20 40 3% (TR T 53 (8 A0 52 I i

5 45 2 A0 56 285K 0. 999, Z 2R M 8l 14 5, il il
LT AT A S B AT 9 1 4 A s [ B B Ol
i (Raman) 4 58 (1) U 45 52 5 S HE AR H W) &

(3K B3LYP J5 it Bz wh LR 3% (NMR)
A2 L% 25 DR Ay S5 WG 1T s - 330 00 K L 3133 45
AR IR 2.

(4) 2R Ah-0] LI S 3% (UV-Vis) 1y 3 A~k
g 35 57 F- 28 AN X, SO — S2 Wi g 1) T 4% 51 55 5
DB — 35, W H it b2 5 v T A {68 b 0 T e

S % Lk

(1] BB, skmed, 584, 5. ABS WY& 2 /L 0F 5%
0], TREMRR A, 2016, 44(5): 87

(2] gkmi. Tuh, B8, %. RO 55 Fi i
OB R T RBIL A N K rEfe [T, & g
Tl 2015, 38(4): 268.



1328 Wl K FROERAFF IR % 53 %
[3] &%, #hdr, MBI, 5. KRHHELRANK L [16] #RFF. BRAK. BES. M E BRI Y ST

(4]

(5]

[6]

7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

I TSR R B A B g A R R R (). B F
5 W, 2010, 26(5): 457

REM Y, RN, WSS, M. ZORBLERIR 2
e mEFE Bt [T, frimfe T, 2015, 44(04):517

Jiang N Z, Burri A, Park S E. Ethylbenzene to sty-
rene over Zr(,-based mixed metal oxide catalysts
with CO, as soft oxidant [ J]. Chinese ] Catal,
2016, 37(1) . 3.

BMER, ERle, EWg, 5. ok X o7 i ik
R CO, AP AR B 2 [T, Al A
T, 2016, 32(02): 263.

WAL, EWid, BR, . BODBEAERZHES
N-UA SR Bt e 2 L3R g i L), R+ 5 4
TR, 2014, 31(6): 855.

WRE, BRAR. SRSIENMEE =B 5 F M=k
LML I Wy 50 7o, 2014,
31(5):712.

FAEW, INCH, . . dEAE SRR
i B B3 R R s [T, 4y 3 Ak 2% 2 4k
2011, 27(02) . 322.
2N P, HMX 43 TR QB AL S F Y
U PNRAE2AA . ASRBHERR, 2014, 51(3): 545
B, ENE, HA L%, 235 AR AL
Mo [J1 WK% ARBIAR, 2015, 52
(2): 363.

Mk A 9K IRAOME, fIJRZE. B2 a BRSO
WA (] WK% %M. 8RB,
2016, 53(3): 587.

Sun H, Tian X, Wang J. et al. Theoretical studies
on molecular and structures of mono-and binuclear
chromium carbazole derivatives for optoelectronics
[J]. J Phys Chem A, 2011, 115(50): 14495,
THEE, &9, b, Gaussian 7 THz i A 4
R LT BRI GE KR B ARRE M
2007, 28(3) . 27.

W B s, IV BT AR R
HAHRE A NMR s2gepF 58 [J]. Biksé e, 2010,
27(4); 597.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[26]

[27]

B FOERE S =B AR e ot e BT [T, ik
AR FARBEIL, 2014, 51(3): 558

W LI R . AN X FROBURE % Bl 1ok 18 4 Js TC 5 40 1)
TR MAELR MOt FE R MR [J]. BFY
ST AR, 2015, 32(1); 7.

R, AWRE, 300, FOB—HEEEHR S
HBARBIR (TIOH: BIEmBFHm [J]. By
ST PR, 2015, 32(6): 962

Lu T, Chen F W. Calculation of molecular orbital com-
position [J]. Acta Chim. Sinica, 2011, 69(20):2393.
Alecu I M, Zheng J, Zhao Y. et al. Computational
thermochemistry: scale factor databases and scale
factors for vibrational frequencies obtained from e-
lectronic model chemistries [ J]. J Chem Theory
Comput, 2010, 6(9) . 2872.

Yamaji T, Saito T, Hayamizu K, et al. Spectral
database for organic compounds, SDBS []J]. Elec-
tronic resource: http://sdbs. db. aist. go. jp/sd-
bs/cgi-bin/cre_index. cgi, 2014.

Russell D, Johnson [[[. NIST Computational Chem-
NIST
17b.

istry Comparison and Benchmark Database.
Standard Reference Database Number 101,
[DB], September 2015 Release.

Ditchfield R. Self-consistent perturbation theory of
diamagnetism: I. A gauge-invariant LCAO method
for NMR chemical shifts [J]. Mol Phys, 1974, 27
(4) . 789.

FRE, Efmum, skaE, 5. DNTF 8 #% R AE K&
Migdrse 1. &aesRk, 2013, 21(4) . 473,
Rodebush W H, Feldman 1. Ultraviolet absorption
spectra of organic molecules. III. Mechanical inter-
ference of substituent groups with resonance config-
urations [J]. J Am Chem Soc, 1946, 68(5): 896.
Martin R L. Natural transition orbitals [J]. ] chem
phys. 2003, 118(11). 4775,

Lu T, Chen F W. Multiwin: a multifunctional wave-
function analyzer [J]. J Comput Chem. 2012, 33
(5): 580.



