This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 12:49

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
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Anisotropy of the Third Order Nonlinear
Optical Susceptibility in a Degenerate
Ground State Conjugated Polymer; Trans-
(CH)x

M. Sinclair  , D. Moses ? , K. Akagi ® & A. J. Heeger ?

# Department of Physics, Institute for Polymers and Organic Solids
University of California, Santa Barbara, CA, 93106
Version of record first published: 28 Mar 2007.

To cite this article: M. Sinclair , D. Moses , K. Akagi & A. J. Heeger (1988): Anisotropy of the Third
Order Nonlinear Optical Susceptibility in a Degenerate Ground State Conjugated Polymer; Trans-(CH),

, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 160:1, 33-36
To link to this article: http://dx.doi.org/10.1080/15421408808082998

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/gmcl17
http://dx.doi.org/10.1080/15421408808082998
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:49 19 February 2013

Mol. Cryst. Liq. Cryst., 1988, Vol. 160, pp. 33-36
Reprints available directly from the publisher
Photocopying permitted by license only

© 1988 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Anisotropy of the Third Order
Nonlinear Optical Susceptibility in a
Degenerate Ground State
Conjugated Polymer; Trans-(CH),

M. SINCLAIR, D. MOSES, K. AKAGIt and A. J. HEEGER

Department of Physics and Institute for Polymers and Organic Solids, University of
California, Santa Barbara, CA 93106

The promise of conducting polymers as fast response nonlinear optical
materials has been recently emphasized.'-> Polymers such as poly-
acetylene, polythiophene and the soluble (and processible) poly(3-
alkylthienylenes) contain a high density of mr-electrons, and they are
known to exhibit photoinduced absorption and photoinduced bleach-
ing, indicating major shifts of oscillator strength upon photoexcita-
tion.2* For polyacetylene, these nonlinear effects have been studied
in detail in the picosecond®® and subpicosecond™ time regime and
correlated with the photoproduction of charge carriers through fast
photoconductivity measurements.® The data have demonstrated ul-
tra-fast response with nonlinear shifts in oscillator strength occurring
at times of the order of 10~!3 seconds. These resonant nonlinear
optical properties are intrinsic; they originate from the nonlinearity
of the self-localized photoexcitations’ which characterize this class of
polymers: solitons, polarons and bipolarons.*

In any material where photoexcitation results in shifts of oscillator
strength (as is the case in conducting polymers), the optical properties
will be highly nonlinear. The magnitude of the resonant x® can be
estimated from the magnitude and frequency dependence of the pho-
toinduced absorption and bleaching. For example, as a result of the
shift in oscillator strength subsequent to photoexcitation, the complex
index of refraction is intensity dependent

n(w) = no(®) + nye, ) Kwp) )
33
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where the second term describes the nonlinear response at frequency
o due to an intense pump at pump frequency w,. Under pumping
conditions which are resonant with the w—=* transition of poly-
acetylene (hw, = 2.0 eV), the existing data yield an estimate?” for
ny(1.4eV, 2.0eV) = 10* (MW/cm?) 1. This large value for n, implies
a correspondingly large value for Imx® through the relation

n, = 4n%/ce x®» )

where € is the dielectric constant at the probe frequency (w). Using
the above value for n,, we obtain Imy®(~w, = 0, — 0, — ®,) =
5 x 1078 esu, an impressive value even under resonant conditions.
From a Kramers-Kronig analysis of the photoinduced absorption data,
one concludes that the real parts of n, and x® are correspondingly
large. Based upon these observations, an experimental studies of third
harmonic generation in polyacetylene and related conducting poly-
mers were initiated in order to explore directly the third order sus-
ceptibility under nominally nonresonant conditions where the pump
is well below the principal interband (w—=*) transition.

We have determined the magnitude of the third order susceptibility
associated with tripling the fandamental of the Nd:YAG laser (1.06
pm, 1.17 eV) to be xXP(Bw;w,0,0) = (4 £ 2) X 10-1° esu, where
x® refers to that component of the third order susceptibility tensor
with all indices parallel to the chain direction. By measuring aniso-
tropic third harmonic generation in oriented films, we have shown
that this component dominates. The magnitude and anisotropy were
directly compared with results obtained from single crystals of poly-
diacetylene-(toluene-sulfonate) measured in the same apparatus. The
third harmonic power generated by PDA-TS was found to be about
a factor of two greater than that of trans-(CH), (for pumping at 1.06
pm). The anisotropy of the THG for both trans-(CH), and PDA-TS
demonstrates that the nonlinear optical properties are entirely as-
sociated with the nonlinear polarizability of the m-electrons in the
conjugated polymer backbone.

The close agreement between the THG in trans-(CH), and PDA-
TS was inferred to be simply accidental; the nonlinear mechanisms
in the two cases are different, and in neither case is the conceptually
simple nonlinearity arising from the rigid band structure in third-
order perturbation theory the appropriate mechanism.

Third harmonic generation was measured in both cis-rich and trans
isomers of the same sample (before and after thermal isomerization).
The measured response of the cis-rich samples was found to scale
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with the residual trans content, indicating that x® of the trans isomer
is at least an order of magnitude larger than that of the cis isomer.

Since x®(w =, +w,+ w,) is a function of three independent var-
iables, the measured x®(3w = + @ + w) represents a single point on
a complex three-dimensional surface. The larger x® values implied
by the resonant photoinduced absorption measurements are located
in another region of this parameter space. These two regions are not
unrelated, however, since one knows that the nonresonant values of
the third order susceptibility will be determined by the nature of the
excited states which dominate the resonant properties.

The symmetry specific aspect of x® is an important result and
implies a mechanism which is sensitive to the existence of a degenerate
ground state, as in trans-(CH),. This experimental fact is consistent
with a mechanism for the third order nonlinear optical susceptibility
of polyacetylene which involves the generation of virtual nonlinear
solitons. This mechanism has been explored in considerable detail,®
and the connection was made to the nonlinear quantum zero point
fluctuations of the polyene chain. In the absence of quantum fluc-
tuations of the lattice, nonlinear excitations such as solitons do not
affect nonresonant processes. These configurations involve lattice
distortions around the photogenerated carriers; since there are no
direct matrix elements between the ground state and the soliton ex-
cited states, they could only be produced by photoexcitation and
subsequent decay. Inclusion of quantum fluctuations allows matrix
elements directly connecting the ground state and the nonlinear ex-
cited states and thereby enables virtual solitons to affect nonresonant
processes. Expressions have been derived® for x*(w,w,,— w,) (which
leads to an intensity dependent complex index of refraction), and for
X®(o,0,0) (which leads to third harmonic generation). In both cases,
the magnitude of the virtual soliton terms are large enough to make
important contributions to x®. We conclude, therefore, that the
nonlinear zero point fluctuations of the ground state lead to an im-
portant mechanism for nonlinear optical properties, particularly in
polymers with a degenerate ground state. Lifting the ground state
degeneracy suppresses the nonlinear response, in agreement with our
experimental results. In addition, the usual interband transitions (i.e.
electron-hole pairs) can be expected to influence x*. An important
goal of future work will be to sort out the relative importance of the
two processes in order to understand the large nonlinear susceptibility
of trans-polyacetylene and in order to guide the development of new
and better materials.



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:49 19 February 2013

M. SINCLAIR et al.

References

1. Nonlinear Optical Properties of Organic and Polymeric Materials, Ed. by D. J.
Williams, American Chemical Society Symposium, Series 233 (Amer. Chem. Soc.,
Wash, D.C., 1983).

2. A. J. Heeger, D. Moses and M. Sinclair, Synth. Met., 15, 95 (1986).

3. F. Kajzar, S. Etemad, G. L. Baker and J. Messier, Synth. Met., 17, 563 (1987).

4. a. J. Orenstein in Handbook of Conducting Polymers, Ed. by T. A. Skotheim,
(Marcel Dekker, New York and Basel, 1986), Vol. 2.
b. A. J. Heeger, Polymer Journal, 17, 201 (1985).

5. Z. Vardeny, J. Strait, D. Moses, T.-C. Chung, and A. J. Heeger, Phys. Rev. Lett.,
49, 1657 (1982).

6. a. M. Sinclair, D. Moses, A. J. Heeger, K. Vilhelmsson, B. Valk and M. Salour,
Sol. State. Commun., 61, 221 (1987).
b. M. Sinclair, D. Moses, and A. J. Heeger, Phys. Rev., B36, 4296 (1987).

7. A.J. Heeger, D. Moses and M. Sinclair, Synth. Met., 17, 343 (1987).

8. M. Sinclair, D. Moses, A. J. Heeger, J. Yu, H. Matsuoka and W. P. Su, to be

published.



