386

Chemistry Letters Vol.32, No.4 (2003)

Synthesis, Crystal Structure, and Nonlinear Optical Property of Two New Chromophores
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Two new organic chromophores containing furan ring as a
conjugation bridge located near the donor have been synthesized
and characterized by X-ray single crystal structure determination.
Their first molecular hyperpolarizability (B) are measured by
Hyper-Rayleigh Scattering (HRS) technique.

Organic second-order nonlinear optical (NLO) chromo-
phores have attracted considerable research interests during the
past decade due to their potential applications in optical
communications, molecular switching, optical memory and
frequency doubling.! The appropriate second-order NLO chro-
mophores should exhibit the following properties: large first
molecular hyperpolarizability (B), good chemical and thermal
stability and wide optical transparency.

According to the bond length alternation (BLA) theory,’
incorporating thermally stable five-membered heteroaromatics
into chromophores can increase the first-order molecular hyper-
polarizability due to the highly efficient conjugation as a result of
the lower resonance stabilization energy of heterocyclic com-
pounds than that of benzene analogues.* However, although there
is much research on the thiophene ring, of which resonance
stabilization energy is higher than that of furan ring, little
attention has been put on the furan ring.* In order to investigate
the influence of the furan ring as a conjugation bridge on the
values of B, two (E)-5-diethylaminofuran chromophores with
different acceptors (1a and 1b) have been synthesized for the first
time. Their synthetic routes are shown in Scheme 1. In these two
chromophores the electron-rich furan ring is located near the
donor, and may play a role of an auxiliary donor.®
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Scheme 1.

Characterization of the chromophores was carried out by 'H-
NMR, IR, MS, and elemental analyses,7 and supported by the X-
ray structure determination of chromophore 1a.® The ORTEP
drawing of 1ais shown in Figure 1. From the bond length data, the
value of BLA of chromophore 1a (BLA is defined as the average
difference in length between adjacent single and double bonds?)
could also be computed out as 0.0046 nm. This value is close to
0.004 nm, the optimal value according to the BLA theory when
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Figure 1. The ORTEP drawing of 1a with thermal ellip-
soids drawn at the 50% probability level. All hydrogen atoms
are omitted for clarity. Representative bond lengths (A) are
as follows: C17-C16 = 1.362(3), C16-C15 = 1.387(3), C15-
Cl14 =1.359(3),C14-C13 = 1.395(3), C13-C12 = 1.353(3),
C12-C6 = 1.425(3), C6-C5 = 1.363(2), C5-C4 = 1.507(2),
C4-C3 = 1.375(2).

chromophores reach to their maximal B values.

The first molecular hyperpolarizability of the chromophores
1a and 1b was measured by Hyper-Rayleigh Scattering (HRS)
technique'® in chloroform using the fundamental excitation
wavelength of 1064 nm. The known 3 value for p-nitroaniline (p-
NA) in chloroform (23 x 1073% esu)!" was used as an external
reference. The measured B values of chromophores 1a and 1b
were found to be 593 x 1073 and 1196 x 1073 esu, respec-
tively, and the static B, values obtained from the two-level
approximation model were extrapolated to be 136 x 1073 esu
and 131 x 107 esu, respectively. Their absorption maxima
(Amax) in chloroform are at 617 and 571 nm respectively.

In summary, we have synthesized two new chromophores
containing furan ring as a conjugation bridge located near the
donor. They all show relatively large B values.
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