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Two-photon absorption (2PA) in organic molecules has gained Scheme 1
growing attention due to potential applications including optical OHG "Hex /N]
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limiting,* upconverted lasing, fluorescence microscopy,and /N _s>§N BuOK ~ N"Hex oHeN_ J s
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microfabrication* Recently, considerable progress has been made =

in developing structureproperty relationships for dipofarand PhgP 1=
guadrupold chromophores; large two-photon cross sectians,

(several hundred to several thousand GM; 1 GMLO™C cnt* s

ii. I, CH,Cly MeCN "Bu,N
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photort?) have been achieved throughout the visible part of the R P(O)(OEY,
spectrum. A few studies have also included species with 2PA NG N
maxima extending into the NIR as far as 1u®, have focused on Ve sJ
determination ofd at 1064 nm, or have measured absorption N \ i. "BuLi, THF

BuaN ii. RaN(CH=CH),CHO

features tailing to ca. 1.Am or beyond. However, to the best of
our knowledge, there have been no measurements of molecular 2PA NC  ON

"Hex

peaks in the NIR telecommunication wavelength range—<{1.85 ~F en s _
um). While, in principle, species with strong 2PA in this range /'Hac CHO z T =0
could be achieved using quadrupolar chromophores, dipolar species ° for 1a: gﬂ;ﬁ}g:'ég'gi{fgj; DA
possess some attractive features. First, appropriate donor and ¢ "BuN for 1¢: 3H2., EtOH, reflux

acceptor substitution can lead to relatively low-lying charge-transfer- °:j°‘ ) 3 Hex

type one-photon absorption (1PA). Second, whereas in centrosym-  ~ ) oN 1a,n=0,A=2 N /N,

metric quadrupolar species the mutually exclusive selection rules NC onziazi STN= _a

for 1PA and 2PA mean that the 2PA peak is typically seen at a

photon energy greater than that corresponding to half the energyis seen with chain-length increase in many otherADsystems.

of the 1PA peak, in dipolar systems a 2PA maximum can be The origin of this effect is unclear, but the blue-shift (although not

anticipated at half the energy of the 1PA maximum. the change i) is reproduced qualitatively by calculations (Table
Dipolar species containing auxiliary donors'{2nd acceptors 1).

(A") along the conjugated backbone between the primary donors The 2PA spectrum ofla, acquired using a pumgprobe

and acceptors (D and A, respectively) have previously been studiedtechnique with a 100 fs white-light continuum source as a probe

as second-order nonlinear optical materfaldere we have syn-  and a pump wavelength of 1800 nm (see Supporting Information

thesized three new examples, incorporating for the first time the for details)!2is shown in Figure 2, plotted vs state energy (sum of

electron-rich pyrrole ring as'DFor A, we used the mildly electron-  pump and probe photon energies). The high-energy limit of the

poor thiazole ring, which has previously been reported to be data shown was dictated by linear absorption, which precluded the

effective in this rolé. As the primary acceptor, A, we have used use of probe wavelengths shorter than ca. 950 nm.

the efficient and stable group2!® and 3.1* As shown in Scheme

1, the final step is a Knoevenagel condensation between the acceptor 60000 ' ' ' ' '
group and thea = 0 or 1 aldehydes. In the cased, this reaction 50000 12 |
can be conveniently and rapidly (8 min) effected under microwave o, oI
conditions. However, the same conditions are unsuitable for use 40000 A\ )l
with the n = 1 aldehyde, withla, rather than the expectetb, T
being the dominant product. HencHy and 1c were synthesized -,g 30000 J
using conventional heating. = .

Figure 1 shows the linear spectra td—1c. Interestingly, the © 20000 | _
conjugation-length increase betwekaand 1b results in a slight
blue-shift of the main charge-transfer transition, together with a 10000 .
decrease in the transition dipole momeny, whereas a red-shift e
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| Georgia intute of Technology
§ Graz University of Technology. Figure 1. UV —vis—NIR absorption spectra in THF fdra—1c.
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Table 1. Parameters? Characterizing the So—S; Transitions of maxima of these species can be readily tuned through structural
la—c from INDO/MRDCI Calculations® modification of the D and A groups. Moreover, the solvatochromism
cmpda Eyelev UtgelD AttgelD Oueg/GM Onon-deg TGM of dipolar systems (e.d.ashows 1PA maxima at 751 and 718 nm
1a 2.43 15.2 15.1 752 1224 in in CH.Cl, and THF, respectively) means that it will be possible
1b 2.47 16.2 17.7 1070 1888 to tune the 2PA maxima of these species through choice of medium.

1c 2.36 14.0 18.5 904 1113
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