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Fig. 1. The structures of divinyl sulfides/sulfones con-
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taining end-capped electron donor groups.
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Fig. 2. Optimized structures of the S, SO and Ben series of molecules.

3.2 MHFIRUK

I FH we B bR K5, SR 6-31g(d) FERTHE T
B 53 1 B AR LA BORAS ) TPA #if, Wk 1.
FenTHn, TEACREEVERIN, SAISO R4 T K
TPA 3 A2 58 ZWORAS, FH LIRS+ X 7
T 670830 nm yE[H . 7ES RF4rFH, S1, S2

HIS3 731 i e K TPA U1 o 43 71 4 1088.7, 879.7
AI541.1 GM, S14F 1 TPA 58, £172 S35 T
2% S3 3 T IR S U AT F 734 nm, HXT T S2 1)
678 nm RIS K AR T UKL R, HRAELAL I 45 1)
A1, STAIS3 4 F B &5 44 JLF- AR [, 1M ST Lk
S34rF TPA Wl 3855, [H ik, TPA 58 5 W i B
RERITE 7 Tk R R 145 T RE 1955 K.

233301-3


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 23 (2015) 233301

iR M SN s T NI SUE SR S 78 - YV
RINE IS4 T Re /7, (2 T S2 1 H R
e 5 5 3 (1) R A (B R A 5N, RV, Ao T A
RIR 2 8] (LS A AE S, A R T L R R,
FTLL, S2 1 TPA Et S3 5. %f T SO &% 7, f K
TPA # H K 8 SO1 > SO2 > S03, 58 £&741
— 5. SO1 4+ W Wi i 72 SO3 43+ I3k 2 £,
SO3 43 F KIS A7 AR X SO1 A1 SO2 A KA
¥. SHIRMS &5 1 HE, aTLUEI, SO &4
Iy 7 TPA 0 A B8t m, —JH, 24
IR LE — 2 A B SR IR s T RE D, S —
T, 2 BN SO F 51 43 HC 19 A 25 B4 8] f 41 5%
FLCARRL S R85 F/MF %, flin, S1R1S3 5+
(A £ 09 72.6°, T SO1 AT SO3 4> T I M N

39.9°, I HI Tl e, H5R TPA.
FRAT 15 = R B, A W] R R AT K i
W, SHISO RHIH Y 731 5 B A B 1) TPA 9%,
Hrh, S1, SO1 /1 S02 7 F i K TPA # 1 i |
1000 GM LA E. 4 78 T o, AR H A T 1
JIEHE T Ben 24155 11 TPA BRI, WK 1. &5
RIEIR, Ben R%)47 1 H TPA 8 /1% 5%, Benl B #x
K TPABIHIAE] 6773. GM, X E 2K Ni1Z K5
oy F LR B R G 1S . BARS ATSO
R4y 1 1) TPA e JJAHXT 855, B 5 ML HE K
JER 3R TPA 73 F WS B AT BAAL T [R] — H i 21.
BAVEER D], 3K LI 51 A A B
FFEXT IR RS 5 S F1 SO RT3

F1 KA 6-31g(d) tHE NS TN RAKBES MR E EAHN TPA #K X fl TPA #if o
Table 1. The excitation energy E, the corresponding TPA wavelength A and the TPA cross section o of the

lowest four excited states calculated by 6-31g(d).

4¥ E/eV  A/nm o/GM  4F  E/eV  A/nm o/GM  45F  E/eV  A/nm o/GM
S1 3.04 814 72.5 S2 3.22 768 42.4 S3 3.18 778 41.0
3.42 723 1088.7 3.65 678 879.7 3.37 734 541.1
3.60 687 18.3 3.70 668 30.0 3.65 678 113.3
3.78 654 11.5 3.95 626 22.6 3.73 663 0.1

SO1 2.98 830 67.7 S02 3.29

752 25.4 SO3 2.91 849 89.4

3.23 766 1613.3 3.62 683 1421.4 3.01 821 849.9
3.67 674 369.2 3.97 622 281.8 3.33 742 0
3.75 659 0.4 4.10 603 18.4 3.33 742 0
Benl 2.63 940 Ben2 2.81 880 0.8 Ben3 2.80 883 1.2
3.01 822 6772.8 3.32 745 6228.3 2.98 830 2740.0
3.58 691 2789.7 3.71 667 1160.1 3.36 736 0
3.64 679 3.83 645 1.8 3.36 736 0
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Table 2. The excitation energy F, the corresponding TPA wavelength A and the TPA cross section o of the

lowest four excited states calculated by 6-31+g(d).

S¥ E/eV  Anm o/GM  4F  E/eV  A/nm o/GM 4 F  E/eV  A/nm  o/GM
S1 2.95 838 54.0 S2 3.13 790 20.2 S3 3.11 795 42.0
3.34 740 668.8 3.55 697 557.9 3.32 744 279.5
3.44 719 15.4 3.57 693 62.9 3.57 693 140.1
3.55 697 13.5 3.75 659 3.4 3.68 672 122.1
SO1 291 850 101.2 SO2 3.21 770 37.4 SO3 2.87 862 136.4
3.16 783 966.0 3.54 699 885.4 2.96 835 470.7
3.55 697 292.8 3.82 647 200.0 3.30 749 0.0
3.64 679 1.0 3.94 628 7.2 3.30 749 0.0
Benl 2.56 966 0.0 Ben2 2.74 903 1.3 Ben3 2.75 899 1.6
2.94 841 4643.4 3.25 761 4389.2 2.95 838 1881.5
3.42 723 1483.0 3.54 699 528.1 3.31 747 3.0
3.51 705 0.0 3.63 681 36.8 3.34 740 0.0
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Fig. 3. Molecular orbitals involved in the strongest TPA excitations.
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Fig. 4. Optimized structure of the ISO3 molecule.
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Abstract

Organic materials with strong two-photon absorption response have attracted a great deal of interest in recent years
for their many potential applications such as two-photon fluorescence microscopy, optical limiting, photodynamic therapy,
and so on. Theoretical study on the relationships between molecular structure and two-photon absorption property has
great importance in guiding the experimental design and synthesis of functional materials. Nowadays, quantum chemical
calculations become very useful and popular tools in investigating the structure-property relations. At the same compu-
tational level, the two-photon absorption properties of different compounds can be compared accurately, and thus provide
reasonable structure-property relations. Recently, a series of novel divinyl sulfides/sulfonesbased molecules have been
synthesized and it is found that their photophysical properties behave like quadrupolar charge-transfer chromophores. In
order to explore their potential two-photon absorption applications, in this paper, the two-photon absorption properties
of these new molecules are calculated by using quantum chemical methods. Their molecular geometries are optimized at
the hybrid B3LYP level with 6-31+g(d, p) basis set in the Gaussian 09 program. The two-photon absorption cross sec-
tions are calculated by response theory using the BBLYP functional with 6-31g(d) and 6-314g(d) basis sets respectively
in the Dalton program. In response theory, the single residue of the quadratic response function is used to identify the
two-photon transition matrix element. Using the same methods, the two-photon absorption properties of distyrylbenzene
compounds are computed for comparison. The basis set effects on excitation energies and two-photon absorption cross
sections have been checked. It is found that the use of large basis sets could probably provide better numerical results,
but the overall property trends would not change. Calculations show that the molecule with a triphenylamine group
has the largest cross-section due to its strong donor groups. The divinyl sulfones-based dyes have larger cross-sections
than the corresponding sulfides-based ones, because divinyl sulfones have stronger capability to accept electrons and at
the same time the torsional angles between benzene rings in sulfones-based molecules are smaller than in the sulfides-
based molecules. In the applicable wavelength range, these new dyes exhibit large two-photon absorption cross-sections
which have the same order of magnitude as the strong two-photon absorption molecules with similar conjugation length.
The largest cross section comes to 1613.3 GM calculated by using 6-31g(d) basis set. Molecular orbitals involved in the
strongest two-photon absorption excitations are plotted and the charge transfer process is analyzed at length. The divinyl
sulfide and sulfone centers behave as electron withdrawing groups and can form effective charge transfer molecules. On
the basis of these new molecules, the structure inducing two-photon absorption enhancement is designed by employing
isomerism effect. When the benzene rings of carbazole groups are connected with the molecular center, the planarity and
charge transfer intensity are increased, and then the two-photon absorption cross-section can be improved dramatically.

This study provides theoretical guidelines for the synthesis of new type of active two-photon absorption materials.

Keywords: divinyl sulfide/sulfone, two-photon absorption, response function method
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