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Theoretical Studies on Electronic Absorption Spectra and
Thermodynamic Properties of Crocetin Dimethyl Ester

Nie, Han Li, Quan™
(Key Laboratory of Advanced Functional Materials, Sichuan Province Higher Education System,
College of Chemistry and Material Science, Sichuan Normal University, Chengdu 610068)

Zhao, Keqing

Abstract The structures, electronic absorption spectra and thermodynamic properties of crocetin dimethyl ester were calcu-
lated by using the density functional theory B3LYP method. Then polarized continuum models of tomasi (PCM) have been
used to discuss solvent effects. The computational results showed that solvents have no influence on frontier molecular orbital
features of crocetin dimethyl ester and solvents action made the maximum absorption wavelength red-shifted about 42 nm.
The relationship formulas between temperature and the gaseous thermodynamic properties of crocetin dimethyl ester are as
follows: Cp, =189.782+0.925T, S,, =457.503+1.366T, H, =1164.89940.195T+4.671X 10 *T*, G, =1164.899—
0.2637—8.989X 10 *7°. The standard molar formed enthalpy and free energy of crocetin dimethyl ester molecular are respec-
tively —1180.67 and —733.23 kJemol ' at 298.15 K.

Keywords crocetin dimethyl ester; thermodynamic property; absorption spectrum; frontier molecular orbital; density func-
tional theory
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Figure 1 Isomers structural formula of the crocetin dimethyl
ester
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Table 1 Structure parameters of the trans structure

Bond Length/nm Bond Angle/(°)

C(1)—C(2)  0.1488 Cc(1)—C(Q)—C@3) 115.8
C2)—C@3)  0.1356 C(2)—C(3)—C(4) 127.7
C3)—C(4)  0.1436 C(3)—C(4)—C(5) 122.2
C@4)—C(5)  0.1359 C(4)—C(5—C(6) 126.7
C(5—C(6)  0.1444 C(5)—C(6)—C(7) 118.0
C6)—C(7)  0.1369 C(6)—C(7)—C(8) 128.1
C(7—C(8)  0.1429 C(7)—C(8)—C(9) 123.5
C®)—C(9)  0.1364

22 Hi%kHFHESBRFRICEE

ST ¥ RN (SCRF)# S PCM £i4Y, K] TD-
B3LYP J77kH1 6-311G*, 6-311G**, 6-3114+G*, 6-311+
+ G AL ) VU L0 TR R AE F VA )R I
HOMO, LUMO #UEAAE g5 A1 5 WSO i) fe K
WA, S LK 2.
£ 2 WEERP I VGLIAE IR — P EREAN R FEA R Y HOMO,
LUMO fig Bt (kJemol ) S A2l 74, w/(kJomol )R KR IKCE
K (Amax/nm)
Table 2 Energies (kJ -molfl) of HOMO and LUMO orbitals,
energy-level differences [AL_H/(kJ'molfl)] and maximum absorp-

tion wavelengths (4,,.x/nm) on the different standard basis of the
crocetin dimethyl ester in methanol solvent

6-311G* 6-311G** 6-311+G* 6-311++G**
Eyomo  —507.27  —506.98 —514.02 —514.41
Eiomo  —270.09 —270.01 —279.83 —280.43
Ay 237.18 236.97 234.19 233.98
Amax 519.00 519.60 528.80 529.50

© 2012 Chinese Chemical Society & SIOC, CAS
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Table 3 The electronic absorption spectrum data of the crocetin dimethyl ester in gas and different solvents

Solvent 13 Electronic transition A/mm Ey/(kJ «mol ') Main contribution
Gas So—S; 491  3.0438 243.14 HOMO—LUMO (71%)
So—S; 292 0.1480 410.06 HOMO—1-LUMO+1 (59%)
HOMO—LUMO+2 (32%)
HOMO —2—LUMO (7%)
So—S12 257 0.2225 465.06 HOMO—1-LUMO+1 (27%)
HOMO—LUMO+2 (24%)
HOMO —2—LUMO (17%)
CCl, 2.23 So—S; 534 3.1418 223.85 HOMO—LUMO (77%)
So—S; 294 0.1370 407.17 HOMO—1-LUMO1 (57%)
HOMO—-LUMO+-2 (33%)
HOMO—2—LUMO (8%)
So—S1o 268  0.2816 446.73 HOMO—1-LUMO++1 (30%)
HOMO—LUMO+2 (23%)
HOMO—2—LUMO (18%)
CH,Cl, 8.93 So—S; 535  3.1374 223.85 HOMO—LUMO (76%)
So—Ss 296  0.1408 404.27 HOMO — 1-LUMO+1(58%)
HOMO—LUMO+2 (31%)
HOMO —2—LUMO (9%)
So—Se 269  0.2769 445.76 HOMO—1-LUMO+1 (30%)
HOMO—LUMO+2 (23%)
HOMO —2—LUMO (20%)
CH;COCH; 20.7 So—S; 531  3.1287 224.81 HOMO—LUMO (76%)
So—S;s 296  0.1430 404.27 HOMO—1-LUMO+ 1(58%)
HOMO—LUMO+2 (30%)
HOMO —2—LUMO (9%)
So—Se 268  0.2704 446.73 HOMO—1-LUMO+1 (29%)
HOMO—LUMO+2 (22%)
HOMO —2—LUMO (20%)
CH;0H 32.63 So—S; 530  3.1240 225.78 HOMO—LUMO (76%)
So—Ss 296  0.1441 404.27 HOMO—1-LUMO+ 1(59%)
HOMO—LUMO+-2 (30%)
HOMO —2—LUMO (9%)
So—So 267 0.2673 447.69 HOMO—1-LUMO+1 (29%)

HOMO—LUMO+2 (22%)
HOMO—2—LUMO (20%)
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Figure 2 Frontier molecular orbitals of the crocetin dimethyl ester
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Figure 3 UV-Vis absorption spectrums of the crocetin dimethyl
ester in gas and different solvents
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Table 4 Standard thermodynamic properties of the crocetin
dimethyl ester

AHS ASS AGS AHE AGESS
—10861.98 941.45 —11142.67 —1180.67 —733.24 866.63

FHER 4 19450, 76 298 K AR KA T, PHL iR —
FH B P 242 Rl s I A2 TR T 1 R

H TR AR — FER R A RS R
Ezﬂﬁa‘%%, THEAZ S AN AR BEFRRUE s 7 T AR
RIS Hy ~ ARifEEE /R 48 e A% C.;p - ARUEEE KR Sy
FEHATIIS, RN ER, WK 4 B,

SE AR A R

Cop = 189.782+0.9257 (Jemol 'eK ")
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Figure 4 Relationship between temperature and thermody-

namic functions of the crocetin dimethyl ester
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