This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:14

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

- Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

The Frequency Dependent Nonlinear
Optical Properties of Thiophene-,

Furan-, Pyrrole-Nitro Polyene Systems

U-Sung Choi # , Choon-Bae Park * & Tae-Won Kim #

% Department of Electronic Materials Engineering, Wonkwang
University, Iksan, 570-749, Korea

Version of record first published: 24 Sep 2006

To cite this article: U-Sung Choi, Choon-Bae Park & Tae-Won Kim (1997): The Frequency
Dependent Nonlinear Optical Properties of Thiophene-, Furan-, Pyrrole-Nitro Polyene Systems,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 294:1, 275-278

To link to this article: http://dx.doi.org/10.1080/10587259708032300

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708032300
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:14 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 294, pp. 275-278 : © 1997 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers
Printed in India

THE FREQUENCY DEPENDENT NONLINEAR OPTICAL PROPERTIES
OF THIOPHENE-, FURAN-, PYRROLE-NITRO POLYENE SYSTEMS

U-SUNG CHOI, CHOON-BAE PARK AND TAE-WON KIM )
Department of Electronic Materials Engineering, Wonkwang University,
Iksan 570-749, Korea

Abstract By using the semiempirical time-dependent Hartree-Fock PM3
calculations we have studied the frequency-dependent second- and third-
order polarizabilities of thiophene-, furan-, pyrmrole-nitro  polyene
systems. The PM3 predicted limiting average second-order polarizabilities
increase in the order: pyrrole-> furan-> thiophene-nitro polyene systems.
The average and longitudinal third-order polarizabilties have the following
order: pyrrole->thiophene->furan-nitro polyene systems. In these trends. we
sugest that pyrrole group is the best donor group among the three
polyene systems.

INTRODUCTION

The large second-order polarizabilities originate from strong charge-transfer
interaction in the donor and acceptor molecules which enhance the electronic
polarization induced by incident laser light. Bella et al.' reported that the
second-order nonlinear optical response of model molecular 1:1 and asymmetric
2:1 organic 1t electron donor-acceptor(EDA) complexes is investigated using the
INDO/S sum-over-excited particle-hole-states formalism. Meyers et al.’ have
reported ab initio-CPHF calculations on the series of benzodithia and dithiolene
polyenals. The authors concluded that the sulfur ring groups behave as electron
doners in all molecules in that study.

There are a number of semiempirical calculations of hyperpolarizabilities.
For example, the NLO properties for benzene and stilbene derivatives’ and
push-pull polyenes have been performed using the Pariser-Parr-Pople(PPP)
method. CNDO calculations of NLO properties have been performed on urea’,
benzene derivatives™®, and polyphenyls and polyenes’.

METHODS
In this paper, the time-dependent Hartree-Fock semiempirical PM3 calculations
275
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were empolyed to obtain the second- and third-order frequency dependent
polarizabilities for the thiophene<(a), furan-(b), and pyrrole-(c) nitro polyenes of
the varying chain length N shown in FIGURE 1, The quantum chemistry
program MOPAC'93 was used.

The limiting values for the thiophene-, furan-, pyrrole-nitro polyenes have
been estimated by extrapolation. In this study, the extrapolation procedure is
applied by the following formular

logA(N)=a+b/N+¢/N*+d/N*
where N is the number of the unit C=C bonds and where A(N) is the B and
<¥>, Yuxx. TO calculate the saturation, the second- and third-order polarizabilities
are usually expressed as a function of chain length(n):

A(N)=N*

where A(N) is the second- and third-order polarizabilities, N is from 1 to 9.
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FIGURE 1 Structures of Thiophene-(a), Pyrrole-(b),
Furan-(c)Nitro Polyene Systems.
RESULTS AND DISCUSSION
The PM3 predicted second-order polarizabilities of thiophene-, furan-,
pyrrole-nitro polyene systems for the frequencies of the 0.5¢V are represented in
TABLE 1.
The limiting second-order polarizabilities(exponents values) of the
thiophene-, pyrrole-, and furan-nitro polyene systems for the frequencies of the
0.5eV are 2.18E4(1.15), 3.03E4(1.02), and 2.44E4(1.04), respectively. The
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exponent values are about two times smaller than previous experimental studies
on T-electron polyenic systems in which the estimated exponet values are 2.1%,
2.4° and 3.4"° We predicted that the second-order polarizabilities, B, reached an
optimum value in the thiophene-nitro polyene systems near N=20, These results
were in agreement with the CNDOVSB-derived results on the conjugation length
for dimethylamino-nitro polyene systems. On the other hand, these saturated
conjugation lengths are slightly longer than dimethylamino-nitro polyphenyl
systems."’

TABLE 1 PM3 predicted frequency-dependent second- and third-order
polarizabilities(< 8>, <Y> and Y« in au.).

1 5 10 15 20 <B>(k) <r>(k ) Yoo (K)
<B>

thiophene-nitro

6.12E2 6.67E3 1.30E4 1.56E4 1.67E4 2.18E4(1.15)
pyrrole-nitro

1.21E3 1.92E4 1.92E4 2.26E4 2.37E4 3.03E4(1.02)
furan-nitro

9.41E2 8.01E3 1.37E4 1.77E4 1.88E4 2.44E4(1.04)

<y>
thiophene-nitro

4.07E4 1.46E6 6.65E6 1.26E7(2.27)
pyrrole-nitro

4.95E4 1.72E6 6.85E6 1.28E7(2.17)
furan-nitro

4.76E4 145E6 6.40E6 1.23E7(2.19)

Yoo

thiophene-nitro

2.07E5 7.37E6 3.34E7 6.34E7(2.27)
pyrrole-nitro

2.54E5 8.66E6 3.43E7 6.40E7(2.57)
furan-nitro

2.41E5 7.34E6 3.25E7 6.14E7(2.18)

The limiting value of pyrole-nitro polyene system is slightly larger
compared with the limiting values of thiophene-nitro polyene systems. On the
other hand, the exponent value is slightly smaller than that of thiophene-nitro
polyene system. On the other hand, the limiting value of the furan-nitro
polyene systems is sightly smaller than that of thiophene-nitro polyene systems.
The PM3 predicted limiting average second-order polarizabilities showed the
following order: thiophene-<furan-<pyrrole-nitro polyene systems. We pridicted
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that the pyrrole group is superior to a furan and thiophene group for achieving
a large second-order polarizability.

‘The PM3 predicted average and longitudinal third-order polarizabilities of
thiophene-, furan-, pyrrole-nitro polyene systems for the frequencies of the 0.5eV

are represented in TABLE 1 The PM3 asymptotic average(longitudinal)
third-order polarizabilities of the thiophene-, pyrrole-, furan-nitro polyene systems
for the frequency of 0.5eV are 128E7(6.40E7), 1.26E7(6.34E7), and
1.23E7(6.14E7), respectively. The third-order asymptotic average and longitudinal
polarizabiliies of the furan-nitro polyenes are the smallest values among the
three polyenes. The averge third-order polarizabilities of thiophene-, furan-, and
pyrrole-nitro polyenes are two order of magnitude larger than amino-nitro
polyenes, methyl-fluoro polyenes, and nonsubstituted polyens.'

In conclusion, the PM3 predicted limiting average second-order
polarizabilities increase in the order: pyrrole->furan->thiophene-nitro polyenes.
The average and longitudinal third-order polarizabilities have the order:
pyrrole->thiophene->furan-nitro polyenes. In these trends, we sugest that pyrrole
group is the best donor group among the three polyene systems.
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