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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
homonuclearr-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 calculated with the band theory taking into account
the correlation energy.
Suitable systems for the photoswitching of many
physical (and may be chemical) properties are photg.— Objects of Investigation
chromic diarylethenes whose photocyclization gives

dihydrophenanthrenes with a changedlectron sys- 110 (model) polymers considered in this paper

tem and therefore changed properties [1]. If the reag;| ,de the photochromic [2,2]-metacyclophanene
tive positions of the aryl groups are substituted Wit& (dimethyl)-dihydrophenanthrene and [2,2]-meta-
methyl (alkyl) groups, the dihydrophenanthrene phcb'yclophanedienw (dimethyl)-dinydropyrene sys-

tocyclization product is no longer sensitive to OXygeNams, respectively, in the elementary unit (EU), shown

and the reaction is reversible [2]. In this case the syss Figs. 2 and 3. All the polymeric systerfigo 9 are
tem has photochromic properties [3, 4]. The reversible. .2 1t homonuclear compounds.
S

photochemically induced valence tautomerism wa
also realized with more rigid compounds, the [2,2]- )
metacyclophanenes [5] and [2,2]-metacyclophanedt- COmputational Methods
enes [6] (see Fig. 1). )

Recently, Mitchell [7] has shown that systems-1- Band Gap Equation of Alternant 7-Electron
with up to three metacyclophanediene repetition units Systems
are multi-state switches of photochromic properties. .
Although some molecular [8 - 11] and oligomeric . The energy spectra of altemantsystems with a
[12, 13] photochromic systems with photoswitchabl inglet ground state can be calculated by means of

- ; AMO (alternant molecular orbitals) version of
redox potentials have been realized, only one exa 1
ple of a photochromic conjugated polymer (oligomeréhe extended ".”: (EHF) method [15]. The energy gap
EG) of an arbitrary homonuclear alternant system is

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  AE(EHF) = (AZ,, + AE(HF)?)

iven by the formula [16, 17].
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Fig. 1. Reversible photocyclization of (a) stilbenes,
(b) [2,2}-metacyclophanenes, and (c) [2,2]-metacyclo-
phanedienes.

In the Hubbard approximation [18, 19], (1) becomes

AE = (A2 2

COIT

+ (Aiop + Ageom)’) 2
where A, is the correlation correction, A, is the
EG in the “topological” approximation, that is, in the
case that all bond lengths of the system are equal
and all dihedral angles @ are equal, and therefore
all resonance integrals 3 between adjacent 7 centers
are equal. The sum Ay, + Ageor, expresses the EG
calculated when taking into account the distortion of
the bond lengths and optimized dihedral angles ©.

The correlation correction of EG is givenby A, =
26, where « is the one-center Coulomb repulsion
integral (Hubbard parameter [18, 19]) of the carbon
7 centers. The dimensionless correlation parameter
satisfies the equation

SM = 627/ 5272+ﬂ2 2)1/2 3)

where M is the number of the 7 centers and e; are
the MO energies. Equation (3) has always a trivial
solution § = 0; that is, the AMO energies coincide
with the energies obtained in the one-electron HMO
approximation. If § # 0, (3) takes the form

M =37/ (6* + g2e) % @
k
From the inequality

=2 Zv/ (7" +8°e})" < Zv/lﬂekl

there follows the self-consistency condition
5l<l5
v Y

1
= — exl. 5
M;v/lﬂ ¢l ©)
That is, if the condition (5) is not fulfilled, (3) has no
solution § # 0.

The MO energies e, (and the topological and ge-
ometrical components to the EG, (2)) in (4) were
calculated using the HMO method by the numerical
diagonalization of the corresponding matrix. If we
adopt for the polymers a Bloch form of the wave vec-
tor wy, € [~m, 7], the MO energies e(wy) are obtained
by the numerical diagonalization of the matrix [20]

E(k) = Eg + Vexp(iwg) + V' exp(—iw), (6)

were E is the energy matrix of the EU, V is the inter-
action matrix between neighbouring EUs (p-th and
p+1-th), and V* is the transposed matrix. The nu-
merical results were obtained with the following set
of standard parameters: § = -2.4 eV, v = 54 eV,
B/~ = 0.44444. These parameter values have been
extensively employed for the description of the EG
of many homonuclear rr-electron systems for which
AE is experimentally known. Using these parame-
ters, quite resonable results could be achieved [15 -
19,21 -23].

3.2. Geometry of the Polymers

To estimate the geometry of the infinite poly-
mers, an extended Su-Schrieffer-Heeger (SSH) model
[24, 25] was used. In this approach, the SSH-PPP
model [26] incorporates the linear electron-lattice
coupling and a harmonic bond-strain potential as
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Fig. 2. Structures of
polymers 1 to 4 with
photochromic [2,2]-
metacyclophanene —
dihydrophenanthrene
fragments.

Polymer Ay Ageom Acor AE Polymer Ay, Ageom Acon AE Table 1. Energy gap components (in eV) of
the investigated photochromic polymers (see

la 232 077 a2 309 1 015 080 216 236 Figs. 2 - 3) calculated by means of (2); all
2a 142 078 043 224 2b 078 055 169 215 results are obiained with standard values of
3a 015 006 226 227 3b 152 075 019 228 the parameters (Section 3)
4a 070 082 094 179 4b 141 044 1.82 2.59 p :
52 038 114 130 200 5b 038 047 218 234 . . .
6a 214 067 081 293 6b 090 027 212 242 Equation (4) has no solution 6 0.
7a 092 045 167 216 7Tb 098 042 200 244
8a 019 074 121 152 8 019 002 188 1.89
9a 214 023 076 249 9 000 010 214 214

described in the SSH model, and the (7-) electron-
electron interaction corresponding to the Pariser-Parr-
Pople (PPP) approximation [27, 28]. The following
parametrization was used: the electron-lattice cou-
pling constant o = 3.21 eV/A, and the spring constant
K =24.6 eV/IA? [26].

For the two-center Coulomb repulsion integrals ;;
(to calculate the energy of the electron-electron inter-
action), the screened Mataga-Nishimoto approxima-
tion [29] was used (7, = 10.84 eV):

Yi; = €2 /(€*/vo+ DRy)), D

where D is the screening constant. The equilibrium
geometry of the polymers was optimized containing

oligomers with three repetition units by means of the
AMI1 method [30, 31].

For the calculation of the geometrical component
of EG, Ageom in (2), the dependence of the resonance
integrals between the neighbouring carbon atoms on
the bond lengths R and the dihedral angles & was
calculated with Mulliken’s formula [32]

B(R, ©) = BoS(R)/S(Ro) cos O, (®)
where S are the overlap integrals (calculated with
Ry=14Aand Z. =3.25).

4. Results and Discussion

In Table 1 are collected the topological, A,,,, geo-

metrical, Ay, and the correlation correction, Ay,
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Fig. 3. Structures of polymers 5 to 8 with photochromic [2,2]-metacyclophanediene ~ dihydropyrene fragments, and
structure of polymer 9.

contributions to the width of the energy gap, AE, of properties is possible only in some cases, as can be
the open-ring (1a - 9a) and closed-ring photoisomeric ~ seen from the values of AE. The largest effect can
forms (1b - 9b) of the model polymers investigated be observed in cases when the EUs are linked flexi-
in this paper. A real switching of the optoelectronic  ble through single bonds in the polymers (1a/1b and



N. Tyutyulkov and F. Dietz - Optical and Electrical Propertieseilectron Systems 93

6a/6b). The EG of the closed-ring isomers is smaller In summary, it can be generalized that a photo-

at0.7 and 0.5 eV, respectively, in relation to the operswitching of the electrical conductivity (insulates

ring isomers corresponding to an absorption in theonductor or at least semiconductor) is not possible

longer-wavelength region. The more rigid the moleaising homonuclear photoresponsive polymers of the

ular structure of the polymers, the smaller is the effetypes investigated in this paper. One reason is the

of the change of the width of the EG at the isomerarge correlation correction contributiod,,,, to the

ization reaction. A reverse effect, that means a loenergy gap. If the topological and the geometrical

ger-wavelength absorption of the open-ring isomer icomponents to the EG are small or nearly zero, e. g.

relation to the closed-ring isomer, has been calculatpdlymer3a, a larger energy gap results by the corre-

in the case of polymers with the most rigid structuréation energy contributiom\,,.

(4, 5, 7, 8). In a few cases a negligible change of Therefore, a photoswitching of electrical conduc-

the width of the EG is observed at photocyclizatiotivity in conjugated polymers could be realized only

(polymers2, 3). with heteronuclear polymers as has been shown by
Allthe polymersl to 9 are formed from EUs which Mitchell et al. [14]. The calculation of the correla-

are alternant hydrocarbon fragments. Based on ttien correction for these types of compounds requires

results obtained with the Hubbard model using thether formalisms.

AMO-EHF approximation, it has been shown [21]

that the EG,AE, of an arbitrary regular alternant acknowledgement

one-dimensionatr-system (polymer) having a sin-

glet ground state, is different from zero. This means This work was supported by the Deutsche For-

that these systems can have at best semiconductohungsgemeinschaft (N. T.).

properties but not metalic properties.
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