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The photoswitching of the energy gap width of the isomeric forms of photoresponsive polymers
with homonuclear photochromic diarylethene elementary units is investigated theoretically, taking
into account the correlation correction. It is shown that a real switching of electrical conductiv-
ity (insulator, semiconductor or conductor) can not be realized with polymers with alternant
homonuclear�-electron systems within the elementary unit. A change and tuning-in of the light
absorption is possible in most cases.
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1. Introduction

Suitable systems for the photoswitching of many
physical (and may be chemical) properties are photo-
chromic diarylethenes whose photocyclization gives
dihydrophenanthrenes with a changed�-electron sys-
tem and therefore changed properties [1]. If the reac-
tive positions of the aryl groups are substituted with
methyl (alkyl) groups, the dihydrophenanthrene pho-
tocyclization product is no longer sensitive to oxygen,
and the reaction is reversible [2]. In this case the sys-
tem has photochromic properties [3, 4]. The reversible
photochemically induced valence tautomerism was
also realized with more rigid compounds, the [2,2]-
metacyclophanenes [5] and [2,2]-metacyclophanedi-
enes [6] (see Fig. 1).

Recently, Mitchell [7] has shown that systems
with up to three metacyclophanediene repetition units
are multi-state switches of photochromic properties.
Although some molecular [8 - 11] and oligomeric
[12, 13] photochromic systems with photoswitchable
redox potentials have been realized, only one exam-
ple of a photochromic conjugated polymer (oligomer)
with switchable electrical conductivity is known [14].

The aim of this paper is the design and tuning-in of
photochromic conjugated polymers with switchable
optoelectronic properties based on the energy spectra
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calculated with the band theory taking into account
the correlation energy.

2. Objects of Investigation

The (model) polymers considered in this paper
include the photochromic [2,2]-metacyclophanene
, (dimethyl)-dihydrophenanthrene and [2,2]-meta-
cyclophanediene, (dimethyl)-dihydropyrene sys-
tems, respectively, in the elementary unit (EU), shown
in Figs. 2 and 3. All the polymeric systems1 to 9 are
alternant homonuclear compounds.

3. Computational Methods

3.1. Band Gap Equation of Alternant �-Electron
Systems

The energy spectra of alternant�-systems with a
singlet ground state can be calculated by means of
the AMO (alternant molecular orbitals) version of
the extended HF (EHF) method [15]. The energy gap
(EG) of an arbitrary homonuclear alternant system is
given by the formula [16, 17].

∆E(EHF) =
�
�

2
corr + ∆E(HF)2

�1=2
: (1)









N. Tyutyulkov and F. Dietz · Optical and Electrical Properties of�-Electron Systems 93

6a/6b). The EG of the closed-ring isomers is smaller
at 0.7 and 0.5 eV, respectively, in relation to the open-
ring isomers corresponding to an absorption in the
longer-wavelength region. The more rigid the molec-
ular structure of the polymers, the smaller is the effect
of the change of the width of the EG at the isomer-
ization reaction. A reverse effect, that means a lon-
ger-wavelength absorption of the open-ring isomer in
relation to the closed-ring isomer, has been calculated
in the case of polymers with the most rigid structure
(4, 5, 7, 8). In a few cases a negligible change of
the width of the EG is observed at photocyclization
(polymers2, 3).

All the polymers1 to9 are formed from EUs which
are alternant hydrocarbon fragments. Based on the
results obtained with the Hubbard model using the
AMO-EHF approximation, it has been shown [21]
that the EG,∆E, of an arbitrary regular alternant
one-dimensional�-system (polymer) having a sin-
glet ground state, is different from zero. This means
that these systems can have at best semiconductor
properties but not metalic properties.
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In summary, it can be generalized that a photo-
switching of the electrical conductivity (insulator,
conductor or at least semiconductor) is not possible
using homonuclear photoresponsive polymers of the
types investigated in this paper. One reason is the
large correlation correction contribution,�corr, to the
energy gap. If the topological and the geometrical
components to the EG are small or nearly zero, e. g.
polymer3a, a larger energy gap results by the corre-
lation energy contribution�corr.

Therefore, a photoswitching of electrical conduc-
tivity in conjugated polymers could be realized only
with heteronuclear polymers as has been shown by
Mitchell et al. [14]. The calculation of the correla-
tion correction for these types of compounds requires
other formalisms.
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