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DFT Study on Molecular Spectra and Excited State of
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Abstract: The full geometry optimization of 7-(4-(3,6-dinitro-carbazole-9-yl) styryl) cou-
marin was performed using Density Functional Theory (DFT) method at BSLYP/6-311G
(d, p) level of theory. Based on the optimized configuration the IR and Raman spectra of
this molecule were obtained by the frequency analysis, and the peak position of the IR and
Raman spectra were analysed by Gaussian View program. The HOMO-LUMO energy gap

was gained as 2. 150 eV simultaneously. The ten lowest allowable singlet excited states
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were studied by Time-dependent Density Functional Theory (TDDFT) method. The for-

mation of mdelocalized bond was observed through the frontier molecular orbital of 7-(4-

(3,6~-dinitro-carbazole-9-yl) styryl) coumarin. The results showed that 7-(4-(3,6-dinitro-

carbazole-9-yl) styryl) coumarin is a well organic semiconductior material and has perfect

luminescence properties.

Key words: carbazole;coumarin; Density Functional Theory (DFT) ;infrared spectra; Ra-

man spectra; excited state
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Fig.1 The optimized structure in ground state (left) and excited state (right) of 7-(4-(3,6-dinitro-carba-
zol-9-yD styryl) coumarin

Table 1 The optimized geometrical parameters in ground state and excited state of 7-(4-(3.6-dinitro-carbazol-9-yl)

styryl) coumarin

( / /A ( / /A ( / )/°
r(1,2) 1.424/1. 420 r(20,21) 1.401/ 1. 409 D(4,5,51,55) 179.55/179. 33
r(2,3) 1.399/1. 400 r(20,22) 1.398/ 1. 412 D(4,3,2,19) 179.49/179. 07
r(3,4) 1.389/1. 388 r(25,27) 1.410/ 1. 435 D(3,2,19,11) —179.08/—178. 06
r(4.5) 1.406/1. 403 r(23,27) 1.411/ 1. 435 D(6,1,10,11) 179.53/179. 26
7(5,6) 1.394/ 1. 391 r(27,30) 1.466/ 1. 404 D(12,14,50,53) 179.79/179. 82
r(5,51) 1.459/ 1. 467 7(30,32) 1.349/ 1. 445 D(6,1,10,12) —0.99/—1.57
r(1,6) 1.392/1. 393 r(32,34) 1.465/ 1.388 D(13,11,19,20) 0.71/1. 80
r(2,19) 1.401/1. 396 r(34,35) 1.418/ 1. 449 D(2,19,20,21) 67.48/53.97
r(1,10) 1.452/1. 448 r(34,36) 1.405/ 1. 442 D(11,19,20,22) 67.60/54.12
r(10,11) 1.424/1. 420 r(37,41) 1.408/ 1. 430 D(19,20,21,23) —179.80/—179.72
r(11,19) 1.401/1.396 r(39,41) 1.410/ 1. 428 D(21,23,27,30) —179.64/—179. 80
r(10,12) 1.392/ 1.393 r(41,43) 1.441/ 1. 416 D(23,27,30,32) —0.45/—1.08
r(11,13) 1.399/1. 400 r(39,49) 1.391/ 1. 368 D(30,32,34,35) —179.63/179. 43
r(12,14) 1.394/ 1. 391 r(49,47) 1.433/1. 400 D (36,39,49,47) —179.90/179. 97
r(14,16) 1. 406/ 1. 404 r(47,48) 1.225/ 1. 209 D (39,49,47,48) 179.92/—179.99
r(14,50) 1.459/ 1. 467 r(47,45) 1.452/ 1. 454 D (49,47,45,43) 0.03/0.01
r(19,20) 1.435/1. 420 r(45,43) 1.355/ 1. 369 D (35,37,41,43) —179.96/—179.99
1 7-(3.6 N-p- .
) C1l N ’ : 7(1,2) -
. 1.424 A,r(4,5)=1. 406 A,
. 1 c—C 1402 A . r(2.3)=1.399
. D(2,19,20,21).D(11,19,20.22) A.r(3,4)=1.389 A,r(5,6)=1.394 A,r(1,6)
67.48°  67.60° . —1.392 A, c—C ;
0°  180°, r(5.51)=1.459 A,r(14.,50)=1.459 A,

. C—N 1.470 A .
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Table 2 The lowest ten transition allowed single-excitation state of the title compound

/eV

/nm

1 HOMO-1—LUMO(-0. 10332)
HOMO—LUMOC(0. 69549)
2 HOMO-1-LUMO-+1(-0. 13479)
HOMO—LUMO+1(0. 67825)
HOMO—>LUMO+2(—0.10986)
3 HOMO-7—LUMO(—0. 15309)
HOMO-7—LUMO+1(0. 20512)
HOMO-7—-LUMO-+2(—0. 36500)
HOMO-6—LUMO(0. 51043)
HOMO-6—LUMO+2(—0. 14345)
4 HOMO-7—LUMO(0. 51375)
HOMO-7—LUMO-+2(0. 13888)
HOMO-6—LUMOC(0. 13956)
HOMO-6—~LUMO-+1(0. 21253)
HOMO-6—~LUMO+2(—0. 36753)

HOMO-2—LUMO (—0. 14304)

o

HOMO-1-LUMO-+1(—0. 12946)
HOMO—LUMO+2(0. 66681)
6 HOMO-2—~LUMO++2(0. 10507)
HOMO-1—-LUMOC(0. 67439)
HOMO—LUMO (0. 11236)

7 HOMO-2—LUMOC(0. 61784)
HOMO-1-LUMO+1(-0. 24280)
HOMO-1-LUMO-+2(0. 10483)

HOMO-1-LUMO++3(—0. 13791)
HOMO—LUMO+2(0.10044)

8 HOMO-2—LUMOC(0. 18248)
HOMO-1—-LUMO-+1(0. 61344)
HOMO-1-LUMO-+2(0. 12991)

HOMO—LUMO-+1(0. 12185)
HOMO—~LUMO+2(0. 14762)
9 HOMO-2—-LUMO-+1(0. 49452)
HOMO-2—>~LUMO-+2(—0. 47364)
HOMO-1—LUMO(0. 13268)

10 HOMO-2—LUMO(—0. 11458)

HOMO-1-LUMO+2(0. 66393)

HOMO-1-LUMO-+3(0. 10018)
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