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Fig. 1. Chemical structures of T and T1-T5 molecules.

K2 R4ERS T A T1— T5 4> TR 45H
Fig. 2. Optimized geometries of the T and T1-T5 molecules.
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Table 1. The TPA wavelength Ay (nm) and the TPA cross section o (GM) of the lowest six excited states.
T T1 T2 T3 T4 T5
Ap/mm o /GM Xy /nm o /GM Ny /nmm o /GM Ny /nm o /GM  Ay/nm o/GM Ay /nm o /GM
S1 743 719 743 696 740 707 738 672 743 638 743 629
S2 650 4 649 2 651 10 651 6 652 8 653 4
S3 612 944 612 858 614 893 612 873 615 880 615 827
S4 572 305 572 334 578 212 575 259 578 136 580 175
S5 556 3 556 5 557 4 556 5 557 4 557 5
S6 540 15 540 9 542 2 540 5 542 3 541 2
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Fig. 3. Chemical structures and optimized geometries of the
R, S and U molecules.
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Table 2. The TPA wavelength Ay (nm) and the
TPA cross section o (GM) of the lowest six excited

states.

R S U
Ap/nm 0 /GM Ay /nm 0 /GM )y /nm o /GM
S1 719 500 729 646 754 769
S2 631 27 642 19 658 7
S3 595 597 603 785 621 931
S4 557 4 567 640 580 118
S5 556 853 557 4 557 4
S6 540 99 541 29 541 11
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g, VIR I 20 55 A1 3% (W) 4 1R AR B — e 1R
A TGy, FIAFRG R B #4r. LA T 43R, anfEl 4
Ji7R.

Bl 4 TAT AR BPERS
Fig. 4. The A and B parts of the T molecule.
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Table 3.

the molecules in the ground states and in the first

Net charges (unit: e) for divided parts of

excited states.

Quo/e Qui/e Qa/e  Qpo/e  Om/e  Op/e
T 0.0298 0.3978 0.3680 -0.0298 -0.3978 —0.3680
T2 0.0292 0.3901 0.3609 -0.0292 -0.3901 -0.3609
T4 0.0294 0.4066 0.3772 -0.0294 -0.4066 -0.3772
R 0.0271 0.3136 0.2865 —0.0271 -0.3136 —0.2865
S 0.0284 0.3526 0.3242 -0.0284 -0.3526 —0.3242
U 0.0305 0.4340 0.4305 -0.0305 —0.4340 -0.4305
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Fig. 5. Chemical structures and optimized geometries of the
X, Y and Z molecules.
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Table 4. The TPA wavelength Ay (nm) and the
TPA cross section o (GM) of the lowest six excited

states.

X Y Z
>\tp /nm O’/G]\/I >\lp /nm O'/Gl\/l >\tp /nm O'/GN[
S1 747 947 824 1543 802 2259

S2 663 40 634 737 602 1362
S3 615 1906 579 1763 582 1
S4 560 1 576 91 540 57
S5 542 65 570 606 527 738
S6 525 502 560 50 546 4

2500

2000

1500 i

o/GM

1000

500

0 . : I
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Fig. 6. TPA spectra of the X, Y, Z and T molecules.
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Abstract

Organic materials with strong two-photon absorption response and aggregation induced emission have
aroused a great deal of interest in recent years, for their many potential applications such as two-photon
fluorescence microscopy, up-conversion laser, photodynamic therapy, etc. The tetraphenylethylene units are
usually employed in two-photon absorption and aggregation induced emission materials because of their good
electron-donating capability and special propeller starburst structures. Theoretical study on the relationship
between molecular structure and two-photon absorption property is of great importance for guiding the
experimental design and synthesis of functional materials. In this paper, the two-photon absorption properties of
a series of organic molecules containing tetraphenylethylene and cyano groups are studied by employing the
density functional response theory in combination with the polarizable continuum model. The molecular
geometries are optimized at a hybrid B3LYP level with 6-31g(d, p) basis set in the Gaussian 16 program. The
two-photon absorption cross sections are calculated by response theory through using the CAM-B3LYP
functional with 6-31g(d) basis set in the Dalton program. The effect of donor position and number on two-
photon absorption properties are investigated. In addition, by increasing the planarity and conjugated length of
the molecule, as well as by enhancing the strength of the electron donor, we design three molecular structures
and calculate their two-photon absorption properties. The results show that the donor position and number
have important effects on two-photon absorption properties. The methoxy donor at the end of the molecule can
increase the two-photon absorption intensity effectively. As the number of substituents increases, the position of
the two-photon absorption peak is red-shifted. The effects of adding electron donor groups on different side
positions have a significant difference in the two-photon absorption property. Comparing with the experimental
molecules, the two-photon absorption cross sections of the designed molecules are greatly enhanced. When the
tetraphenylethylene group is replaced by the triphenylamine group, the two-photon absorption peak is greatly
red-shifted, and the two-photon absorption intensity is significantly increased. Since all of these molecules
contain tetraphenylethylene or triphenylamine group with propeller structure, they can have both two-photon
absorption and aggregation induced emission properties. This study provides theoretical guidelines for

synthesizing a new type of active two-photon absorption and aggregation induced emission material.

Keywords: tetraphenylethylene, two-photon absorption, donor position, donor number
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