This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 20 February 2013, At: 11:54

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Conformation and Electronic
Properties of Helical Cis-

Polyacetylene
Mark L. Elert ® , C. T. White ° ® & J. W. Mintmire ® ?

# Chemistry Department, U.S. Naval Academy,
Annapolis, MD, 21402

® Code 6129, Naval Research Laboratory,
Washington, D.C., 20375
Version of record first published: 17 Oct 2011.

To cite this article: Mark L. Elert , C. T. White & J. W. Mintmire (1985): Conformation
and Electronic Properties of Helical Cis-Polyacetylene, Molecular Crystals and Liquid
Crystals, 125:1, 329-335

To link to this article: http://dx.doi.org/10.1080/00268948508080112

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508080112
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 11:54 20 February 2013

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.




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:54 20 February 2013

Mol. Cryst. Lig. Cryst. 1985, Vol. 125, pp. 329-335
0026-8941/85/1254-0329/$15.00/0

© Gordon and Breach, Science Publishers, Inc. and OPA Ltd.
Printed in the United States of America

CONFORMATION AND ELECTRONIC PROPERTIES
OF HELICAL CIS-POLYACETYLENE

MARK L. ELERT
Chemisiry Department, U.S. Naval Academy,
Annapolis, MD 21402

C. T. WHITE and J. W. MINTMIRE
Code 6129, Naval Research Laboratory,
Washington, D.C. 20375

Abstract Recent experimental evidence indicates that
cis—polyacetylene may exist in a helical conformation in
addition to the well—-known planar form. We report
electronic structure calculations which demonstrate that
planar cis—polyacetylene is indeed marginally unstable
towards helix formation, but that the potential energy
curve is essentially flat over a wide range of single—bond
twist angles. This result is consistent with the fact that
both the planar and the helical isomers are found
experimentally. @We employ a tight—binding model to
investigate the band structure changes associated with
helix formation.

INTRODUCTION

Polyacetylene is an electroactive polymer whose unique
conduction properties depend on its conjugated mw—electron
system. The planarity of polyacetylene as usually prepared!
appears established,? and therefore it is surprising that recent
experimental evidence® indicates that cis—polyacetylene, when
crystallized from solution rather than being synthesized as a
thin film én sity, apparently exists in a helical conformation.
We have investigated the stability of the helical polymer chain
and its electronic structure, and report some of our results
here.
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CHAIN GEOMETRY

We have performed a series of quantum mechanical MNDO
calculations on chain segments up to 24 carbon atoms in
length to determine the stability of the proposed helical
structure for cis—polyacetylene. Preliminary results of these
calculations have been reported elsewhere.* We find that, as
the single carbon—carbon bonds are twisted in a concerted
fashion while the other geometric parameters are allowed to
relax, the energy lowering due to decreased (1,4) hydrogen—
hydrogen repulsion roughly balances the energy increase due to
decreased delocalization of the n electrons. The resulting
potential energy surface is essentially flat over an extremely
wide range of single—bond twist angles. There is a small local
energy mazimum at the conventional planar cis conformation,
and the minimum lies at a twist angle of 153°. Further

FIGURE 1. A segment of 2*3/1 helical polyacetylene,
viewed along the helix axis.
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twisting of the single bonds has no significant effect on the
energy until an angle of approximately :120° is reached, as
measured from the planar conformation. At that point,
repulsion between successive turns of the helix causes the
energy to rise sharply.

In the crystalline phase, a tightly coiled helix is preferred
in order to minimize interstitial volume. Our results therefore
imply that crystalline helical polyacetylene should adopt a twist
angle near the edge of the flat region of the potential energy
curve, in the vicinity of 120°. In fact, we have found that at
a twist angle of 102°, the chain forms a perfect 2*3/1 helix
with high translational symmetry (two carbon atoms per motif,
three motifs and one helix turn per translational period) whose
repeat distance closely matches the experimental unit cell
length® of 4.84 A. (See figure 1.) Our results are therefore
consistent with the observed helical structure. At the same
time, our calculations show that the planar and helical isomers
are so nearly isoenergetic that the planar conformation could
easily be preferred due to interchain steric effects when the
polymer is prepared as a thin film, hence also accounting for
the results of Baughman et al.2

ELECTRONIC STRUCTURE

The electronic structure of helical polyacetylene was
investigated by employing a linear—combination—of—atomic—
orbitals (LCAO) tight—binding model for the isolated infinite
chain. The orbital interaction parameters were obtained by
fitting to an accurate ab instio band structure of planar
trans—polyacetylene.® A comparison of the ab instio and
parameterized band structures is shown in figure 2. The same
model also reproduces the band structure of planar
cis—polyacetylene accurately.
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FIGURE 2. Band structures of trans—polyacetylene. On
the left is the accurate ab initio Xa band structure of
Mintmire and White.5 The tight—binding fit is shown on
the right.

Figure 3 shows the band structure and density of states
for planar and helical cis—polyacetylene. The helix geometry
used for this calculation is the 2*3/1 structure described above.
The most noticeable change in the band structure upon helix
formation is the large increase in band gap, from 1.5 eV for
planar cis—polyacetylene to 4.3 eV for the helical isomer. This
is a consequence of the decrease of w overlap across single
carbon—carbon bonds as these bonds are twisted, which breaks
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FIGURE 3. Band structure and density of states for
planar cis (left) and helical (right) polyacetylene, as
calculated from our tight—binding model.

the delocalization of the » system and causes the bands to
flatten. Interaction with the o orbitals still affects the position
of the 7m bands and hence the size of the gap, as can be
demonstrated by comparing the tight—binding results to a
simple w—band—only model. As shown in figure 4, the latter
model predicts a band gap in excess of 6 eV at a twist angle
of 90°. Since tight—binding calculations for semiconductors
typically underestimate band gaps while the w—band—only
model represents an overestimate, we conclude that the band
gap for single chains of helical polyacetylene should be in the
vicinity of 5 eV. The band gap could be narrowed by
interchain interactions neglected in the present tight—binding
calculation, and studies including these effects are currently
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FIGURE 4. Band gap versus twist angle for helical
polyacetylene. The upper curve is the result of a single—
band model which includes only the r orbitals, while the
lower curve is obtained from our full tight—binding model.

underway. Other qualitative changes in the density of states
are apparent in figure 3. It should therefore be possible to
readily distinguish between planar and helical polyacetylene on
the basis of e.g. UPS spectroscopy.
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