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Organic nonlinear optical materitfshas attracted a keen Donor Moiety  Heteroaromatics  Acceptor Moiety

interest in recent years owing to their potential application: — f—/’? -
in various photonic technologies. Significant efforts have 7/ N\ ™\
focused on studying the electronic and structural propertie MezN—@C“ ! [OCS ’ C/\\Z/>—NO2

ying prop . A4
of donor-acceptor substitutegconjugated organic molecules Cs
with large molecular nonlinear optical (NLO) responge ( (X=0.NILS:Y=N)
first-order hyperpolarizability).Two factors are attributed to
NLO properties of such molecules in an electric field : thefirst hyperpolarizabilities §)*? were analytically calculated
altered ground state charge distribution by the donor andly using the coupled perturbed HartreeFock (CPHF) method
acceptor moieties and the enhanceélectronic charge (Table 1).
redistribution through therconjugation’ Introduction of The general findings revealed in Table 1 are: i) the
aromatic units into polyenes and polyynes systems enhaneeagnitude of hyperpolarizability in “donor-{Cs)-acceptor”
thermal stability but severely reduce the hyperpolarizability. and “donor-(G/Cz)-acceptor’system is substantially larger
For example, the stilbene analogs are much more thermalljpan in the “donor-(&Cs)-acceptor’and “donor-(G/C,)-
stable than donor-acceptor substituted polyenes of equalcceptor’system 1/2> 3/4and5/6 > 7/8); i) a system with
length, however, their molecular hyperpolarizability decreasea donor substituted at the electron-deficient position of
dramatically. Synthetic studies have shown that replacemeihieteroaromatic unit and an acceptor at the electron-rich
of the aromatigebridge with more easily delocalizable 5- position {.e., “donor-(G/Cs)-acceptor”) affords larger hyper-
membered heteroaromatics such as thiophene, furan ampalarizability than that with opposite substitution patterns
pyrrole results in an enhanced molecular hyperpolarizabilityi.e., “donor-(G/C;)-acceptor”) L > 2,5> 6 and9 > 10). The
in generaf:” Recent theoretical calculations made interestingsame trend works forfC, systems3>4, 7> 8 and11> 12).
suggestions as to the role of heteroaromatics in enhancinglncorporation of a heteroaromatic ring between donor and
valuesvia modifying: i) the electron density of the ring acceptor moieties makes an efficient charge transfer from
system$, ii) the electron-poor and -rich nature of the ring donors to acceptors possible by providing/tf-paired”
system$:° McMahon et al demonstrated in a theoretical
study of several thiazole analogs of donor-acceptor stilbenes
that hyperpolarizabilities strongly depend on the relativeTable 1 Calculated hyperpolarizabilityB) using CPHF/6-31G
orientation of a thiazole suburfit.Despite the growing method
interest in NLO heteroaromatic chromophores, relevangompound  heterocycle systtm bonding systefh 3 (10%)
information regarding the structure-property relationships

for NLO heteroaromatic systems is still scarce. Particularly, ! x:Oj Y:N D-(CA/Co)-A °0.1
. 2 X=0; Y=N D-(Cs/C2)-A 46.8
the structure-property study of NLO systems having a 5- 3 X=0: Y=N D-(Cy/Ca)-A 9.9
membered heteroaromatiebridging core has never been 4 X=0: Y=N D-(lec4)-A 270
reported. We have considered theoretically the structure- ! 2 :
property relationship for the donor-acceptor systems (D-A) X=NH; Y=N D-(C2/Cs)-A 51.0
containing a heteroaromatic (oxazole, imidazole, and thiazole) 6 X=NH; Y=N D-(Cs/Co)-A 46.8
rebridging unit. Herein we present a distinct relationship 7 X=NH; Y=N D-(C2/Ca)-A 33.8
between the molecular hyperpolarizability) (and the 8 X=NH; Y=N D-(Cd/Co)-A 26.4
relative orientation of heteroaromatic rings (HA) in terms of 9 X=S; Y=N D-(Co/Cs)-A 58.4
the dipole moment orientation of heteroaromatics and the 10 X=S; Y=N D-(Cs/Cp)-A 49.4
substitution pattern in D-HA-A. 11 X=S; Y=N D-(Co/Ca)-A 35.0
All molecules fully optimized at HartreeFock level using 12 X=S; Y=N D-(C4/Cp)-A 23.6

the 6-31G basis set in th@aussian98 programt show *Numbering system follows on teXD-(atom in hetero-ring bonded to
almost planar structures. The tensor components of the stationor/atom in hetero-ring bonded to accep#ar)-
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Figure 1. NBO population analysis (HF/6-31G) atelectron
density.

resonance structures ab @nd G. However, the [9/0-
paired” resonance may not be allowed foa@d G systems.
Therefore a @Cs (or GJ/Cy) substitution is favored over a
CJ/C4 (or CJ/Cy) substitution. We also calculategkelectron
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substituted cases should diminish because the direction of
D-A charge transfer is away from the inherent dipole
moment of the hetero unit. We refer to the former situation
as ‘favored and the latter asunfavored (prefixed with

“u”). This expected tendency of molecular hyperpolariz-
ability: “M” > “mM” > “uM” > “umM” is obviously mani-
fested in all three heteroaromatic chromophore systems.
Four types of thiazole chromophore system are shown in
Figure 2.

Our results provides a systematic account of electronic
and conformational factors on molecular hyperpolarizability
of NLO chromophores containing heteroaromatic core units
and suggests a practical guide for a rational design in
developing heteroaromatic NLO materials.
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