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Organic materials exhibiting large two-photon absorption (2PA) 40000
cross-sectionsd) are of interest for applications including photo- 300000 L
dynamic therapy, optical pulse suppression, two-photon fluorescence 30000
microscopy, 3D microfabrication, and 3D optical data storage. ]
Structural motifs found to exhibit high include donot-acceptor- e 200000
. . . ~ o
donor (D-A-D) conjugated speciéfRecently, Scherer et &ktudied fg 120000 3
D-A-D squaraines (structurg, Chart 1), with indole donors bearing S =
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4R = (CHCH,O)3Me, n =0
5R = (CHCH,O)3Me, n =1

Transition Energy / eV
a variety of substituents)yay of 200-500 GM was observed for  figyre 1. 1PA (lines) and degenerate (Z-scan) 2PA (data points and lines)
excitation into a vibrational sublevel of the 1PA state, while a 2PA spectra forl in CH,Cl, and for2a and 3—5 in THF. Note that the two
state withdmax of 300-5000 GM was observed at higher energy graphs have differend scales and that 2PA spectra are plotted versus
(photon wavelength, @y = 820-890 nm). 2PA was also studied ~ ransition energy, i.e., twice the photon energy.

in conjugated oligomers based on these chromoptoisce Table 1. 1PA and Degenerate 2PA Data for Squaraines in THF2

extension of the conjugatedsystem in symmetric chromophores

has been found to increagg,., and red-shiftA(®,,,,22 we were v 2 3 4 >
interested in studying the 2PA properties of squaraines in which A®max(im) 765 832 856 724 816
the terminal D groups were separated from the central squarylium, €max (10° M~ o) 12'3 2%'3 129'% fg% 127'22
A, core by longer conjugated bridges. Here, we report the 2PA 3@, b (nm) 960 1100 1050 850 1040
properties of squaraines—5 (Chart 1) in which D and A are Omax (10° GM) 27 18 33 9.5 14

separated by bridges composed of vinylene groups and electron- Ege— (Ege/2)° (€V) 0.33 0.36 027 025 0.33
rich heterocycles.

1-5 were synthesized by the condensation of the appropriate
donor-substituted pyrrole species, which were obtained through
Horner-based routes, with squaric acid in refluxing arene/alcohol
mixtures and were obtained as pure compounds after column
chromatography on silica gel.

apata forl in CH,Cl,. ® Photon wavelength for 2PA peakSee text.

Degenerate 2PA spectra were acquired using the open-aperture
Z-scan method. Figure 1 and Table 1 indicate that all our
chromophores, which include squaraines with amine and hydrazone
donor groups, and with a variety of heterocycle-vinylene bridges,
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for D-7z-D stilbenes (ca. 20 GRA) and D-A-D bis(styryl)benzenes  large Ref®) and |y at telcommunications wavelengths, the
(ca. 60 GMY). sizable 2PA is expected to be detrimental to performance in

For centrosymmetric chromophore8, for degenerate 2PA  applications such as all-optical switching. However, these 2PA
between ground and 2PA excited states, denoted by the subscriptroperties could be useful for optical limiting, all-optical beam
g and ¢ respectively, is determined by terms of the form stabilization, or dynamic range compressién.

The strong 2PA shown bgb in the telecommunications band
is consistent with the observation of significanby nondegenerate
solution measurements f@a at equivalent transition energies (see
Supporting Information). At these transition energies, 2PA could

where the e denotes an intermediate 1PA-allowed stateand arise from the low-energy tail of the 3Absorption and/or from
lower energy 2PA transitioris.

Ueeare transition dipole moments, and the denominator is the square | h thesized stabl tended bis(d
of the detuning energy between the 1PA state and the virtual state n summary, we have synthesized stable extende is(donor)
midway in energy between ground and 2PA states. Valugg.of squaraines that show extremely layat photon wavelengths of

) ca. 1um, close to the 1PA absorption edge. For one example, we

and the detuning energy from the experimental 1PA and 2PA h q wrated a | third-ord tibilit d sianificant
spectra are included in Table 1. Valueggfare large, as is typical ave demonstrated a large third-order susceptibiiity and significan
GZPA in a film at telcommunications wavelengths.

for squaraines. The detuning energies are rather small compare
to those in other classes of chromophores we have studied; indeed, Acknowledgment. We thank the NSF (STC Program, DMR-
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200 GMfx electron)’ The differences immax between2a and 3, ments and quantum-chemical calculations; 1PA and degenerate and
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Quantum-chemical calculations were carried out foand 3
(details in Supporting Informatiorf)these suggest that an excited

E2 ;uSE/’tié
e
* (Ege— (Egel2))

6e’ ,3—state
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Specifically, 2PA into vibrational sublevels of the 1PA state, analogous
to that observed by Scherer and co-workers for squaraines with less
extensive conjugation (ref 3), the possibility of which is not addressed by
our calculations, or 2PA into the 2/tate, for which smalb (<100 GM)

are calculated foll and3 (see Supporting Information).
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