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Theoretical study on the second — order nonlinear optical
properties of bisazo — dibenzo [ b,i] thianthracene —[2,3 - b]
benzene -5,7,12, 14 — tetrone derivative molecules.

ZHANG Yu-Hong, LI Bo, CHEN Zi-Ran, LI Yuan, XU You-Hui, ZHANG Li-Ping, HE Xu-Dong
( Department of Architecture and Environment Engineering, Sichuan Vocational and Technical College, Suining 629000, China)

Abstract: The geometric configuration optimizing and frequency operation of 26 bisazo — dibenzo[ b, i ] thianthra-
cene — [2,3 —b]benzene -5,7,12,14 —tetrone ( DNTBTRA ) derivative molecules were studied by density func-
tional theory ( DFT) M06 —2X method at 6 =311 +g (d, p) basis set level. Specifically, frontier orbitals,elec-
tronic absorption spectra and second — order nonlinear optical (NLO) properties were calculated by the time —
dependent density functional theory (TD — DFT) TD — M06 —2X method. The results show that band gaps of 26
thiaanthracene tetraketone derivative molecules range from 1.33 -2.02 eV, belonging to organic semiconduc-
tors; and the wavelength of the weakest absorption peak ranges from 601. 8 to 609.5 nm. Moreover, the 2,10
sites substitution of same azobenzene groups or different azobenzene groups were superior to 2,9 sites in the DNT-
BTRA molecule,and substituting azobenzene groups with donor — acceptor electronic redicel at the 2,10 sites of
the DNTBTRA molecule were superior to azobenzene groups with the same electron donating group, both of which
contribute to increasing the second — order nonlinear optical coefficient B, (or B,) of the DNTBTRA molecule.

The para - sites of azobenzene rings substituted by strong electron withdrawing groups ( — NO,) and strong elec-
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tron donating groups (such as - N(CH;),, — N(Ph);, — N phenylcarbazole, in which order the values of B,

increases) were found to be beneficial to improve the second — order NLO property of the system, resulting in

second — order NLO materials with excellent performance.

Key words: Bisazo; Dibenzo[ b,i]thianthracene — [2,3 —b]benzene —5,7,12,14 - tetrone ; Density functional

theory ; Electronic absorption spectra; Second — order nonlinear optical property
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Chemical structures of a — d series organic molecules

Fig. 1
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Table 1  Energy levels of frontier molecular orbitals for twenty — six molecules (in eV » mol ")
Compd HOMO/ eV LUMO/ eV E,, Compd HOMO/ eV LUMO/eV E,,/eV

al -6.056 -4.033 2.023 bl -6.057 -4.033 2.024

-5.757 -3.744 2.013 b2 -5.757 -3.744 2.013
a3 -5.646 -3.663 1.983 b3 -5.650 -3.662 1.989
a4 -5.605 -3.639 1. 966 b4 -5.607 -3.638 1. 969
a5 -6.398 -4.428 1.970 b5 -6.400 -4.429 1.971
a6 -5.476 -3.895 1. 580 b6 -5.477 -3.89%4 1.583
a7 -5.809 -4.049 1.759 b7 -5.816 -4.047 1.770
cl -6.227 -4.260 1. 967 dl -6.228 -4.260 1. 968
2 -6.043 -4.152 1. 891 d2 —-6.046 -4.151 1.895
c3 -5.928 -4.123 1. 805 d3 -5.930 -4.122 1. 808
c4 -5.856 -4.113 1.743 4 -5.856 -4.112 1. 744
c5 -5.536 -4.201 1.335 d5 -5.535 —-4.200 1.334
c6 -5.842 -4.262 1. 580 d6 —-5.848 -4.263 1. 585
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Fig. 3 The frontier molecular orbital of twenty — six molecules
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Table 2 The data of electronic absorption spectrum Comn, }t‘:rl:;:zr(;lnc A om E/eV S Major contribution
Comp. };:lemff.mc A/ nm E/eV f Major contribution HOMO—LUMO(74% )
ransition Se—S;  601.8 2.04 0.0023
HOMO—UMO (24% ) HOMO—LUMO +1(13% )
Se—S;  596.4 2.07 0.006 dl
HOMO -2—LUMO(68% ) HOMO - 1—LUMO +1(36% )
bl HOMO—UMO (40% ) Sp—Sy  337.2 3.68 1.0129
— —>
Sy—S, 401.5 3.09 1.1911 ° HOMO—LUMO +2(19% )
HOMO - 1—LUMO +1(31% ) ‘s HOMO - 1LUMO (53% )
HOMO—UMO (54% o>, 603.4 2.05 0.0039
Sp—S;  599.3 2.07 0.0046 - (54%) HOMO—LUMO(16% )
HOMO -2—UMO (26% ) d2
b2 HOMO—LUMO +1(31% )
HOMO + 1—LUMO +1(33% ) Sp—S;  386.6 3.21 0.7482
Sp—S; 384.6 3.78 1.2333 HOMO - 1—LUMO +1(26% )
HOMO —2—UMO (29% )
HOMO —2 >LUMO(68% ) I HOMO - 1—-LUMO (63% )
> 0 —! 601.9 2.06 0.005
Se—S; 601.4 2.06 0.0062 o _
) 0 1 HOMO LUMO(26% ) B HOMO - 1—LUMO +1(20% )
3
HOMO—LUMO(32% ) & ¢ 105.2 306 0.5875 HOMO—LUMO +1(31% )
So—Ss 401.6 3.09 1.1 0 B HOMO—>LUMO(22% )
HOMO - 1—-LUMO +1(30% ) ¢
HOMO - 1—LUMO (63% )
Sy, 598.2 2.08 00079 O HUMO (13%) oS 603.4 2.06 0.0057
" HOMO -2—LUMO (77% ) w HOMO - 1—LUMO +1(22% )
HOMO—LUMO (41% ) HOMO—LUMO +1(31% )
Sp—Ss  412.5 3.01 1.282 Sp—Ss  414.8 2.99 0.6151
HOMO - 1—LUMO +1(33% ) HOMO—LUMO(27% )
HOMO -2—LUMO (88% ) HOMO - 1 —-LUMO(72% )
Sp—S;  599.9 2.08 0.0054 Sp—S;  609.6 2.03 0.004
" HOMO -2—LUMO +2(7% ) HOMO - 1—-LUMO +1(15% )
d5
HOMO—LUMO (56% ) HOMO—LUMO (54% )
S0—Ss 421 2.95 1.0467 Sp—Ss  430.2 2.88 0.3702
HOMO - 1—LUMO +1(23% ) HOMO—LUMO +1(25% )
HOMO -4—LUMO (88%) HOMO - 2—LUMO(75% )
Sp—S,  599.5 2.1 0.0039 Sp—S;  609.5 2.03 0.0031
HOMO -4—LUMO +2(7% ) HOMO -2—LUMO +1(11%)
b7 d6
HOMO—LUMO(49% ) HOMO—LUMO(51% )
So—S; 378.6 3.28 1.106 So—S;  383.1 3.23 0.5164

HOMO - 1LUMO +1(19% )

HOMO—LUMO +1(28% )
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(Ph) 511 a6 5 b6 73F) , T2, 9 fiimlA;
TAJF [b, i) mER - [2,3-b] K -5,7,
12, 14 - PUEREY 2, 10 AP 53 505 |25 AH [F] 48

RAFHEH, R4 w011 A LMot = Efg.
c. d&¥H, el -2 -c5-c3-cd-c6 5 dl
—-d2-d3 -d4 -d5 -d6 i FF, —FrdEgktE &R
BB, (BB K, S H . dd Hed, d5 5 5,
d6 5 c6 MILL, R 1Y B, (ELEL/G & 3K, Uil
E—2IF [b, i] WERE - [2, 3-b] & -5, 7,
12, 14 - PUBRf 2, 10 A25] A S Sl ny 8
BALE, BT 2, 9figlA . e, d RIIPRY 12 4>
N, BECKR, BIRZ, B.aw/h, BB, (EB))
A TTRR S 2, RWITE xy P11 P A R e e A% 2 ™
A B AR AR B E R . d R
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3 al—d6 A TR w (FAAL a. v ) R B AR FERR B (B2 10 esu)
Table 3 Dipole moments w (in a. u. ) and the second — order NLO properties 8 of al—d6 molecules (in 10 esu)

Comp. My My M M B. B, B- Bo B

al 0. 000 0. 000 1. 118 1. 118 -0.003 0. 002 -9.978 9.978 -9.978

a2 0. 000 0. 000 -2.373 2.373 16. 447 -7.004 47.108 47.108 -47.108
a3 0. 001 0. 000 -2.291 2.291 -0. 069 -0.021 64.785 64.785 -64.785
a4 0. 000 0. 000 2.150 2.149 -0.056 0.012 79. 146 79. 146 -79. 146
as 0. 000 0. 000 -0.135 0.135 0. 006 -0.003 6.704 6.704 -6.704

ab 0. 000 0. 883 0. 000 0. 883 0. 161 -60. 127 0. 005 60. 127 -60. 127
a7 0. 000 -1.539 0.001 1.539 0.314 121. 342 0. 049 121. 343 —-121.343
bl 0. 000 -0.793 -0.853 1. 165 0.016 21.381 0.243 21.382 -14.738
b2 0. 195 -2.025 -0.917 2.232 0. 486 87. 467 5. 882 87. 666 -81.754
b3 -0.090 2.396 -0.946 2.577 -0.417 -116. 144 6.582 116. 346 -110. 460
b4 0. 000 2. 681 -0.867 2.818 -0.221 137. 501 5.995 137. 632 -132.676
b5 0. 000 -1.608 -0. 827 1. 808 0.001 5.941 -4.234 7.295 -3.447

b6 0. 000 0.497 -0.855 0. 988 0. 694 -124.213 0.538 124. 205 -62.873
b7 0. 003 1.588 -0.845 1.799 2. 145 -218.391 6.771 218. 509 -195. 560
cl -2.327 0.501 0.674 2.474 38.414 -4.416 -3.744 38. 848 -38.049
2 -3.458 0.652 1.317 3.757 119. 567 -14.510 -25.691 123. 154 -121.170
c3 3.975 -0.972 1. 052 4.225 -161. 805 27.727 -33.053 167. 458 - 166. 832
c4 -3.885 0.541 -0.853 4.015 167. 801 -68.343 0.934 181. 187 -171.817
c5 1.993 0.304 0.202 2.026 -139.710 -19.888 -8.389 141. 369 -141.250
c6 -3.107 0. 648 0. 098 3.175 250. 640 -43.185 -13.411 254. 687 -254.470
d1 2. 169 -0.278 -0.792 2.325 -35.477 -10. 168 -2.247 36.974 -31. 107
d2 3.173 0.503 -1.108 3.399 -109. 680 -46. 685 0. 143 119.201 -109. 370
d3 -3.733 0. 437 -0.79%4 3. 841 141. 523 -60. 784 1. 301 154. 031 -144.712
d4 4.201 -0.885 1. 069 4.425 -180.278 25.023 -38.891 186. 115 -185.581
ds -2.731 -0.641 -0.680 2. 887 242.177 -62. 607 0. 199 250. 138 -215.280
d6 -2.743 -0.653 -0. 668 2. 898 264. 896 -69. 660 0. 564 273.903 -235.560

B2y b ZB 11 14 £5 (4 d6 5 b7 ALL), 4 7= B
=R

VLTSI A EHE . PO R ZR I TS A F 45 R
TR EAR; % - NHCH,— - N(CH;),— -
N(Ph),— = N - ZRIERRIE (- CAS) KT, BEEE
FERIZG L FRE IR (a0 d R, e dl, d2, d3,
dd . d5. d6 ), B fEIE K T RE S B R
) =N(CH;),. —N(Ph),5 - N - JRBEHme A
(4nd4. ds. d6 J3¥) 1 B, (& kL 58 1 55 55
1) = NH, A (b2, d2 437 ) B9 1.5 ~2. 4 %5 BofH
1E 186. 12 x 10 ~273.903 x 10 Pesu Ju[H, K
FATIRRA F A 5 I A AL S P — B ikt %
(21.62 x10 7 ~40.61 x 10 Pesu) # K T —14K
B, KRBT R, RERCERR I B
RS ev neay dd i

f£ M06 -2X/6 =311 +g(d, p) #HIBIKF-, 7
HXF 26 MRURA - —RFF [b, i) HEE - [2, 3
-b] K -5,7, 12, 14 - UEATTAE Y oy T 4T
SEM SRRl S R I R G TD -
MO6 —2X J5iEA 6 —311 +g(d, p)ILE T al
~d6 RT3 THUE 5 i FIOO6E, MREEA L
Y FF i B AR et s e i . 1SS
FW], 26 HER PUEZAT A Y14y B T A ALK
A .26 A0 T 1 S5 I RE B OO K FE 601, 8
~609. 5nm JE [l ; Xt F AR etk RE, 7E
ORI [b, 0] MEE - [2,3-b] XK -5,7,
12, 14 - PUfR 535 wmiey 2, 10 45245 505 A & AH
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TR ZBARE e R 2B, (8 By) [ L E RS
ORI, RN HE . hE AR R
TSRS TR MES . % b4—>bo—b7
5 dd—d5—d6 T, B fEHE AR, I RARAE
PR AL 531 42 560 W Pl 1 (- NO, ) S 7
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