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1. Two-photon materials：Structure–property relationship

2. Small-Molecule Two-Photon Probes for Bioimaging Applications



What are two-photon dyes

Nonlinear optics: induce TP absorption.

OPA TPA

Vital state

S1

S0

hv

3D optical memory; fluorescence microscopy; nanofabrication ; optical power limiting ; photodynamic 
therapy...

Application of TPA:

Ann. Phys. 9, 273 (1931) Phys. Rev. Lett. 7, 229 (1961).Science, 1990, 248



Different between OPA and TPA

1. TPA cross sections

advantages and disadvantages

εOPA

TPA δ

L mol-1 cm-1

Optics Express, 2008,16, 4029

measured by the NLT method varied by
orders of magnitude depending on the
pulse width

TPA(N2) ∝ δ I2

δ TPA in Göppert-Mayer units

(1 GM = 10-50cm4 s photon-1molecule-1)

1/r2OPA efficiency

1/r4TPA  efficiency

2. Spatial resolution
r

Focal point



Different between OPA and TPA

3. Laser (Excitation) 

advantages and disadvantages

W/cm2

M-GW/cm2

n(1)/n(2) = 2[ε(ν)/δ(ν)](hν/I),

ε σ=(ν) = 104 M−1cm−1, 
δ(ν) = 100 GM, and I = 10 GW/cm2, indicating that 
a maximum laser excitation greater than 

10 GW/cm2

Transmit deepness ∝ λ4

500 nm vs 800 nm   1:6.6

•Suitable for tissue imaging



Ideal TP Dyes donor–bridge–acceptor (D–π–A) dipoles

Chem. Mater., 1998, 10, 1863–1874

donor–bridge–acceptor (D–π–A) dipoles

donor–bridge–donor (D–π–D) and donor–acceptor–donor 

(D–A–D) quadrupoles, Octupoles

triphenylamine, paracyclophanes, multi-annulenes, and

porphyrins

Chem. Commun., 2009, 153–164 review



Ideal TP Dyes Quadrupolar molecules D–π–D, D–A–D, A–π–A

Science,1998, 281, 1653–1656.

Stilbene derivatives

J. Am. Chem. Soc. 2000, 122, 9500-9510



Ideal TP Dyes Quadrupolar molecules D–π–D, D–A–D, A–π–A

Fluorene and dihydrophenanthrene derivatives

Angew. Chem., Int. Ed., 2001, 40, 2098–2101

Chem.Eur. J., 2007, 13, 1481–1498



Ideal TP Dyes Quadrupolar molecules D–π–D, D–A–D, A–π–A

Anthracene Pyrrole, thiophene, and squarainederivatives Heterocyclic ring as the conjugation bridge



Ideal TP Dyes Octupolar molecules

J. Am. Chem. Soc., 2001, 123,10039–10045.

Phys. Chem. Chem. Phys., 2012, 14, 3725–3736



2. Small-Molecule Two-Photon 
Probes for Bioimaging Applications

confocal imaging TP imaging



TP imaging system

Chem. Soc. Rev., 2015, 44, 1302--1317

Not based on confocal



Ideal TP Dyes for imaging TP absorption cross sections

Chem. Rev. 2015, 115, 5014−5055

QE, Stable



Design of TP probes Similar with OP probes

Chem. Rev. 2015, 115, 5014−5055



TP probes for organelles

Chem. Rev. 2015, 115, 5014−5055



TP probes for organelles

J.Am. Chem. Soc. 2008, 130, 4246.

ChemBioChem 2011, 12, 392.



TP probes for metal ions

Angew. Chem., Int. Ed. 2010, 49, 6786.



Bong Rae Cho

TP probes for new research

Daejin University
Large stokes shift; near infrared emission;



Super-resolution imaging through TP microscopy.

Nature Methods, 2019, 16, 615-618. 

Nature Methods, 2017, 7, 713-719. 



Two-photon absorption standards in the 550-1600 nm

excitation wavelength range
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