
Several p-(dimethylamino)benzylidene dyes were synthe-
sized and their evaluation of β using Hyper-Rayleigh Scattering
(HRS) technique was reported.  The results show that these
dyes have enhanced second-order hyperpolarizabilities.

Recent years have witnessed a dramatic growth of multi-
disciplinary research activity involving materials that exhibit
nonlinear optical (NLO) behavior.1,2 Donor–acceptor substitut-
ed conjugated compounds are well known for their linear elec-
tro optic (EO) applications.  Most of the EO materials which
possess an electro optic coefficient greater than that of LiNbO3
(30 pm/V at 1.3 µm) have an absorption maximum greater than
600 nm.  Such absorption can result in high optical losses at
diode wavelengths.  Consequently, finding improved trans-
parency/nonlinearity tradeoff compounds is of great interest.

Recently, thiobarbituric acid has been often used as a
strong acceptor in the donor–acceptor substituted conjugated
compounds for nonlinear optics.3,4 However, little experimen-
tal work has been reported for the compounds which use rhoda-
nine or thiohydantoin as an acceptor.  Because most of the data
report βµ values (the scalar product of the vectorial component
of the second-order hyperpolarizability tensor and the dipole
moment) rather than β, it is difficult to compare their hyperpo-
larizabilities.  Our objective in this study is to design and syn-
thesize several push-pull compounds containing different
acceptors, and to study their properties using HRS method and
compare their nonlinear optical properties.

Donor–acceptor compounds studied in this work are shown
in Scheme 1. Compounds (2a, 2b, 2f) have been reported in the
literature.5–7 p-(Dimethylamino)benzaldehyde used in this
study is commercially available.  Rhodanine, thiohydantoin and
thio-barbituric acid were synthesized according to the refer-
ence.8–11  Knoevenagel condensation of compounds (1a–1c, 1f)
with p-(dimethylamino)benzaldehyde in the presence of
Et3N/EtOH yielded compounds (2a–2c, 2f).  However, this con-
dition proved ineffective in the case of compound (2d, 2e).  It led
to both poor yields and purification problems.  Compounds (2d,
2e) were synthesized by Knoevenagel condensation of com-
pounds (1d, 1e) with p-(dimethylamino)benzaldehyde in the pres-
ence of Ac2O, NaOAc/HAc.  Yields and melting points of all the
compounds are shown in the notes.12 They are identified by 1H
NMR, IR and elemental analysis.12

Second-order hyperpolarizabilities of all the compounds
were determined using Hyper-Rayleigh Scattering (HRS) tech-
nique described elsewhere.13,14 External reference method
(ERM) was used to extract the β values of the compounds and
p-nirtoaniline (p-NA) was used as a reference solution whose β
value is known.  The HRS data obtained in methanol solvent
for the compounds are presented in Table 1. 

All of the acceptors used in this work have strong electron-
accepting ability which due to the gain of partial aromaticity of
these acceptors in the resonance charge-separated state.  Results
in Table 1 show that the compounds with rhodanine methine
acceptor have 3 times larger second-order hyperpolarizabilities
than that with thiobarbituric acid, and the compounds with thio-
hydantoin methine acceptor have comparable hyperpolarizabili-
ties than that with thiobarbituric acid.  Compounds (2a–2c) dif-
fer in substitute groups and comparison of their β0 values shows
that substitute groups of the acceptor moiety have minor influ-
ence on the second-order nonlinearity.  Their electronic absorp-
tion spectrum in methanol shows that the λmax of the com-
pounds 2a–2e are shorter than 2f.  Comparison of the β values
of compounds 2a–2f reveals that rhodanine methine acceptor
and thiohydantoin methine acceptor are strong electron-accep-
tors and produce significantly enhanced molecular optical non-
linearity. 
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In conclusion, we have synthesized a series of compounds
containing different acceptors with enhanced molecular optical
nonlinearity.  These molecules are likely the candidates to be
used as the pendent side chains in polymer flims and further
work is in the progress.
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