This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 10:18

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

Defeating Tradeoffs for Nonlinear
Optical Materials

Christopher R. Moylan # , I-Heng McComb ? , Robert D. Miller 2
, Victor Y. Lee ® , Robert J. Twieg ? , Susan Ermer b , Steven M.
Lovejoy ® & Doris S. Leung b

% 1BM Almaden Research Center, San Jose, California, USA

b | ockheed-Martin Research Laboratories, Palo Alto, California,
USA
Version of record first published: 24 Sep 2006.

To cite this article: Christopher R. Moylan , I-Heng McComb , Robert D. Miller , Victor Y. Lee ,
Robert J. Twieg , Susan Ermer , Steven M. Lovejoy & Doris S. Leung (1996): Defeating Tradeoffs
for Nonlinear Optical Materials, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 283:1, 115-118

To link to this article: http://dx.doi.org/10.1080/10587259608037873

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/10.1080/10587259608037873
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:18 18 February 2013

Mol. Cryst. Lig. Cryst., 1996, Vol. 283, pp. 115-118 © 1996 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 SA

Printed in Malaysia

DEFEATING TRADEOFFS FOR NONLINEAR OPTICAL
MATERIALS

CHRISTOPHER R. MOYLAN, I-HENG MCCOMB, ROBERT D.
MILLER, VICTOR Y. LEE, and ROBERT J. TWIEG
IBM Almaden Research Center, San Jose, California, USA

SUSAN ERMER, STEVEN M. LOVEJOY, and DORIS S. LEUNG
Lockheed-Martin Research Laboratories, Palo Alto, California, USA

Abstract In order to be useful for electro-optic devices, nonlinear optical
chromophores must be thermally stable, highly transparent, and have large
hyperpolarizabilities. Although these qualities are to some extent mutually
exclusive, a small group of chromophores has been prepared that meets the
various criteria for applicability.

INTRODUCTION

Organic nonlinear optical materials generally consist of optically nonlinear
chromophores oriented within polymer matrices. Such “poled polymers” show
great promise for electro-optic, frequency doubling, and photorefractive appli-
cations. In order to be truly useful, nonlinear optical chromophores must have
large molecular nonlinearities, high thermal decomposition temperatures, and
low absorption coefficients at the application wavelengths. Yet it has been em-
pirically observed that tradeoffs exist between nonlinearity and each of the other
qualities (thermal stability and transparency). The ultimate success of organic
nonlinear optical materials depends upon whether these tradeoffs can be de-
feated.
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NONLINEARITY VS. THERMAL STABILITY

The origin of the tradeoff between nonlinearity and thermal stability is well
understood. Thermal stability is typically enhanced by incorporating aromatic
rings in the delocalized bridge moiety between a chromophore’s electron donor
and acceptor groups. But since the molecular hyperpolarizability § is a measure
of the ease of coupling the ground state and a charge-transfer excited state with
an electric field, any substitution that inhibits intramolecular charge transfer
will cause f to decrease. If an aromatic ring lies along the electron transfer
pathway, it must adopt a quinoidal bonding pattern for charge transfer to take
place, which is heavily disfavored.

We have found that substitution of aryl groups “upstream” of the electron
donor site rather than in the bridge,! combined with the use of cyanovinyl
acceptor groups,” yields chromophores with high molecular nonlinearities as well
as decomposition temperatures above 300 degrees C. For a limited number of
compounds, the thermal stability tradeoff has therefore been defeated. Some
of these are shown in Table I.

NONLINEARITY VS. TRANSPARENCY

The origin of the nonlinearity-transparency tradeoff is also well under-
stood. The degree of coupling between the ground and excited states is inversely
related to the energy difference between the two states. Thus, § is typically a
strong function of ).mx for a given class of chromophores. It is customary to
plot such data on a log-log scale and use the slope of the best fit straight line
as a measure of the nonlinearity-transparency tradeoff. Such slopes are gener-
ally in the 6-7 range. If one has a very transparent chromophore with limited
nonlinearity, this strong dependence is an advantage (small sacrifices in near-IR
transparency yield large increases in nonlinearity). Unfortunately, though, it is
becoming clear that transparency sacrifices previously viewed as small may in
fact disqualify materials from potentially useful status.

Again, the way around the tradeoff is a new class of chromophores. If one
can design compounds so that they have two low-lying excited states with simi-
lar energies and charge-transfer character, their molecular hyperpolarizabilities
should be substantially higher with no change at all in transparency. One
quality that often correlates with degenerate excited states is symmetry. Sym-
metric or quasi-symmetric chromophores have the potential to possess two ex-
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TABLE I Chromophores with High Nonlinearities and Thermal Stabilities
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cited states that can each contribute substantially to f, rather than the single
excited state that dominates the hyperpolarizability for most chromophores
(those that are well-described by the two-level model).

The symmetric, “lambda-shaped” dicyano-4H-pyran compounds based on
DCM laser dye and first synthesized by Ermer and coworkers® appear to be
such a class. We have characterized DCM and several of its derivatives, and
find all of the derivatives to be more nonlinear than their absorption maxima
would imply. For example, the compound DADB appears in Table | as the
only chromophore with a lmx below 500 nm. All of the symmetric DCM de-
rivatives exhibit apparent oscillator strengths greater than 1.0, and several of
them clearly show multiple peaks in the lowest-energy absorption bands. We
have therefore performed semiempirical calculations (DZDO) on a simple
amino derivative. We find that there are indeed two charge-transfer excited
states lying close together in energy. Interestingly, the pyran ring acts as the
primary electron acceptor in these excited states, as opposed to the
dicyanomethylene group.

As a result of the contributions of these two excited states, the log-log plot
for the symmetric DCM derivative series has a slope of 10. Clearly, the
nonlinearity-transparency tradeoff is much stronger for these compounds. For
any given sacrifice in transparency (red-shifting of the absorption edge) a much
greater increase in nonlinearity is obtained for the cyanopyrans than one gets
from most other classes of chromophores. In this case, therefore, the best way
to deal with the tradeoff is to enhance it rather than to eliminate it.
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