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Abstract. Azobenzene chromophores are promising as molecularly engineered materials for
reversible optical data storage based on molecular reorientation. In this paper, the optical
properties of several different azobenzene chromophores are studied using molecular
quantum calculations. Special emphasis is put on molecular anisotropy since a high degree of
anisotropy is essential for the storage performance. The trans isomers are all found to be
practically one-dimensional whereas the anisotropy of the cis isomers is highly dependent on
substituents. Molecular reorientation of chromophores in liquid-crystalline polymers is
simulated in order to study the influence of lacking cis anisotropy. It is demonstrated that
photoinduced birefringence is significantly reduced in materials characterized by a low
degree of cis anisotropy.
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1. Introduction

Optical data storage in organic as well as inorganic materials
relies on the possibility of altering the refractive index of
the material by means of light. In addition, the storage
process can be made reversible provided data can be erased
by light or heating and in this case the storage medium can
be reused several times. This highly desirable property is
found in many azobenzene compounds [1–7]. Information is
stored in these organic materials by linearly polarized laser
beams encoded with the data. Furthermore, data storage and
retrieval can be either serial or parallel by utilizing focused
single beams or holographic setups [7], respectively. In
order to obtain high storage rates the wavelength of the
writing beam must coincide with an absorption band of
the material. Conversely, data retrieval without erasure is
ensured by applying a read-out wavelength, which lies well
outside the absorption band. Whenever desired, however,
data can be erased in a controllable fashion by exposure to
UV radiation [8] or simply by changing the polarization of
the writing beam from linear to circular [9]. Once it has
been written, the modulation of the refractive index should be
prevented from decaying significantly before the time of data
retrieval or erasure. Hence, material stability is an important
issue and various ways of freezing the index modulation have
been realized. By attaching the azobenzene chromophores to
amorphous high Tg (glass transition temperature) polymers,

Natansohn et al [3,4] have produced materials with excellent
long-term stability. Alternatively, Hvilsted et al [5, 6] have
demonstrated stability of several years in liquid-crystalline
polymers containing azobenzene side-chain units.

The basic storage mechanism in azobenzene compounds
is now reasonably well understood. The azobenzene
molecule exists in two distinct structural forms: rod-
like (trans) and bent (cis) and as the trans isomer is the
thermally stable one, the material is initially in an all-trans
state. Photons are absorbed by illuminating the material
in the trans absorption band and with a certain probability
(quantum efficiency) the absorption event is followed by
trans → cis isomerization, i.e. a change of the molecular
structure. Provided the writing wavelength coincides with
the cis absorption band as well, repeated trans → cis →
trans cycles will be induced. The polarizabilities of trans
and cis chromophores are different and hence a spatially
varying cis population leads in itself to a modulation of
the refractive index. However, since the cis isomer is
thermally unstable this effect is not useful for long-term
storage applications. Instead, permanent storage is attained
through index changes induced by optical reorientation of
the chromophores [2–7]. Optical reorientation is believed
to occur as a result of the angular selectivity of absorption
events. In a sample containing perfectly anisotropic
chromophores, light is primarily absorbed by molecules with
the transition dipole moment parallel to the polarization
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of the optical beam. During isomerization, the enhanced
mobility of the excited chromophore allows the molecule to
reorient itself. In amorphous polymers, the reorientation
is adequately modelled as being essentially random [10].
Conversely, following the mean-field picture presented by
the present authors [11, 12] the excited molecules in liquid-
crystalline polymers tend to rotate towards the nematic
director. In the case of amorphous polymers, a particular
chromophore is repeatedly excited until it, by chance, ends
up oriented perpendicular to the optical field since in this
case light can no longer be absorbed by the molecule. Thus,
prolonged illumination produces a state in which the majority
of chromophores are located in the plane perpendicular
to the polarization of the incident beam. In the liquid-
crystalline case, the angular distribution of molecules in
a particular microdomain is initially symmetric around the
domain director. However, by angularly selective absorption
the angular distribution is depleted of those molecules that
are approximately parallel to the field. Subsequently, the
enhanced mobility allows these molecules to lower the energy
by rotating towards the domain director [11, 12]. This, in
effect, tilts the domain, and in the process of re-establishing
the equilibrium distribution the director rotates outward from
the polarization direction. Hence, prolonged illumination
produces a state in which the entire domains have been
reoriented into the plane perpendicular to the field. The
rotation away from the polarization direction has been clearly
confirmed experimentally [2–7] and serves to distinguish the
effect from, for example, optical reorientation in ordinary
dye-doped liquid crystals [13].

Obviously, the storage performance of both amorphous
and liquid-crystalline azobenzene polymers is determined
by macroscopic as well as microscopic parameters. By
macroscopic we understand parameters that are properties
of the entire sample, e.g. phase behaviour and alignment
potential in the liquid-crystalline case. These properties
are essential for the stability of the material. Conversely,
the microscopic parameters count the properties of the
individual chromophores, i.e. absorption cross section,
polarizability, dipole moment and quantum efficiency, that
can be manipulated chemically by attaching substituents
to the azobenzene molecule. These parameters govern
several crucial aspects of the storage performance. First,
the rate of trans → cis → trans cycles and thereby the
storage rate is determined by the trans and cis absorption
cross sections in conjunction with the trans → cis

and cis → trans quantum efficiencies. Second, as
explained above, optical reorientation relies on angular
selectivity of absorption events and therefore the absorption
anisotropy of the chromophores is an important parameter.
Third, the refractive index modulation accompanying optical
reorientation is determined by the molecular polarizability
tensor at the read-out wavelength. Clearly, a large index
modulation requires a highly anisotropic polarizability.

From the nature of the storage mechanism it follows
that improved storage performance can be achieved by
increasing absorption cross sections, quantum efficiencies
and the molecular anisotropy. However, to retain a reasonable
optical penetration depth the absorption cross sections cannot
be allowed to increase beyond a certain limit. Increased

Figure 1. Chemical structure of the azocompounds.

trans → cis and cis → trans quantum efficiencies
would generally improve the storage performance. These
quantities are known, however, to be rather insensitive to
the choice of substituents [14]. This leaves the molecular
anisotropy as the obvious parameter for optimization of the
microscopic properties. It is the purpose of this paper to
study theoretically the influence of substituents on the storage
performance of azobenzene chromophores. We present
results of quantum chemical calculations of the absorption
cross section, absorption anisotropy, polarizability and
polarizability anisotropy. The particular chromophores
shown in figure 1 are selected because the fundamental trans
π → π∗ absorption maximum of these molecules increases
gradually from ultraviolet (360 nm) in compound #1 to
green (500 nm) in compound #4. Hence, by comparison
it is possible to correlate the storage performance with the
absorption maximum. Furthermore, we present simulations
of the influence of varying molecular anisotropy on the
intensity-dependent photostationary birefringence.

2. Quantum chemical model and results

The quantum calculations are based on a previously
formulated extended Pariser–Parr–Pople (PPP) model which
includes nonbonding states in a perturbative manner [15].
The PPP model in itself usually gives an accurate description
of the location and intensity of the strong π → π∗ transitions
which dominate the spectra of both trans and cis isomers.
However, with azocompounds in which the fundamental
π → π∗ transition is in the UV, there normally exists
a separate n → π∗ absorption band (n: nonbonding)
which dominates the optical properties in the corresponding
wavelength range. In azocompounds with a low-lying
π → π∗ transition (so-called pseudo-stilbenes according
to Rau’s classification [14]), the two types of absorption
bands coincide. Since the intensity of n → π∗ band is
generally weak, transitions involving nonbonding states can
be neglected in this case. Experimental trans absorption
spectra for compounds #1 [6] and #2 [16] show that these
display pronounced n → π∗ bands. The calculations
presented here indicate that compounds #3 and #4 belong to
the pseudo-stilbene group. The geometries of trans and cis
isomers are shown in figure 2. An important point is that both
isomers are non-planar, i.e. have a non-vanishing twist angle
τ . It is the presence of twisted bonds which makes the n →
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Figure 2. Geometry of trans and cis isomers. Twisted bonds are
indicated by the twist angle τ .

π∗ transition allowed since the n- and π∗-orbital axes would
be perpendicular in a planar geometry. For all compounds
the twist angles are taken as those obtained in [15], i.e.
τ = 20◦ for the trans isomer and τ ≈ 50◦ for the cis isomer.
All parameters entering the quantum calculations (resonance
integrals, one-centre integrals, ionization potentials and bond
lengths) are standard values taken from [17] supplemented
by parameters for O in nitro groups [18] and for simplicity
the ionization potentials of the NMe2 and NEt2 groups are
taken as that of N. Non-zero twist angles are incorporated into
the PPP model, which was originally formulated for planar
systems, by modifying the resonance integrals according to
β(τ) = βππ cos(τ ) and β(τ) = βπn sin(τ ) for π–π bonds
andπ–n bonds, respectively [15,17]. The computer code has
been developed by the authors and configuration interaction
is incorporated at the singly excited state level. The relatively
simple PPP scheme is not sufficiently reliable to be used for
geometry optimization. Hence, we neglect any substituent
dependence of the twist angles. Since there is no steric
hindrance for a planar geometry of trans isomers these may,
in fact, be less twisted than assumed above. The degree of
molecular anisotropy is expected to decrease as the twist
angles are increased due to coupling between orbitals in
the (x, y) plane and orbitals directed along z; see figure 2.
Hence, the deviations from perfect anisotropy calculated
using τ = 20◦ can be viewed as upper values. It is found
below, however, that all trans isomers remain practically one-
dimensional even with τ = 20◦. It follows that conclusions
regarding the optical properties of the trans isomers remain
valid even if the assumed τ -value is too high.

In order to describe the anisotropy of the molecules we
need to compare the Cartesian components of absorption
cross section and polarizability. Hence, the absorption
cross section of a molecule illuminated by light polarized
along the molecular x-direction is denoted σx etc, and
similarly αxx denotes the xx-component of the polarizability
in the molecular coordinate system. All optical constants
are obtained using the procedure presented in [15] which
includes a Gaussian broadening of the transitions. The optical
properties of the chromophores are given with reference to the

coordinate systems shown in figure 2. The axes are chosen
so as to coincide as nearly as possible with the principal
axes of the molecules. In practice, this is done by using
coordinate systems in which the transition dipole moment of
the fundamental π → π∗ transition coincides with the x-
axis. In this manner, a perfectly anisotropic molecule is one
for which σx and αxx are the only non-vanishing components
of absorption cross section and polarizability. Note that
different coordinate systems are used for different molecules
and also for different isomers of the same molecule.

Some of the characteristics of the four azo chromophores
are listed in table 1. The position of the fundamentalπ → π∗

transition is given by the singlet energy ES . For the trans
isomers this quantity is seen to decrease from 3.41 to 2.48 eV
corresponding to a shift in the wavelength of maximum
absorption from 363 to 500 nm. The shift is mainly attributed
to increased polarity as seen from the corresponding dipole
moments. Also, the oscillator strength of the π → π∗ band
increases from compound #1 through #4. Finally, the energy
of the lowest triplet ET shows a decreasing tendency with
polarity in correspondence with the singlet energy. For the
cis isomers, ES and ET show a similar tendency. In this
case, however, the oscillator strength does not follow a simple
pattern. The generally large polarity of all trans isomers
agree with the ability to form liquid-crystalline phases, as has
been confirmed for compounds #1 [6], #2 [16] and #3 [19].
For the trans isomers of compound #1 and #2 the lowest
n → π∗ transition is located at approximately 2.7 eV. For the
cis isomers of compound #1 and #2 two low-lying n → π∗

transitions are found around 2.65–2.75 eV in each compound.
The oscillator strengths of all these transitions are in the range
0.02–0.04.

The calculated absorption and polarizability spectra of
the trans isomers are shown in figure 3. The increased
absorption accompanying the red-shift is clearly noticeable.
The long-axis (x-axis) component has been compared to the
sum of x-, y- and z-components (equal to three times the
orientational average) in the cases of absorption (figure 3(a))
and polarizability (figure 3(b)). The results clearly show that
all trans isomers are practically perfectly one-dimensional.
A small deviation from perfect anisotropy is seen on the high-
energy side of the fundamental absorption band. However,
for practical purposes, all trans isomers can be regarded as
one-dimensional in the major part of the absorption band. It is
noticed that in the case of proper azobenzenes (compounds #1
and #2), both the π → π∗ band as well as the n → π∗ bands
around 450 nm are completely polarized. The behaviour
of the four cis isomers is more complicated, as shown in
figures 4 and 5. For clarity we have shown the results for
each compound in a separate graph. Again, by our choice of
coordinate system the x-component of the absorption cross
section is completely dominating in the π → π∗ band.
However, in the cases of compounds #1 and #2 the n → π∗

bands are found to be significantly less polarized. From the
figure it is seen that �σi ≈ zσx and a closer analysis of the
Cartesian components reveals that σy ≈ σx while σz ≈ 0.
The explanation for this behaviour is that the n → π∗ band
contains two closely spaced transitions. These transitions,
which are denoted n± → π∗ [15], are polarized along the
x- and y-axis, respectively, but due to different selection
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Table 1. Calculated parameters for trans and cis isomers of the four azocompounds shown in figure 1. In the table, ES denotes the
excitation energy of the lowest π → π∗ singlet transition and fS is the corresponding oscillator strength. In addition, ET is the lowest triplet
energy and µi is the ith Cartesian component of the dipole moment (1D = 3.3 × 10−30 C m).

trans isomers

Comp. # ES (eV) fS ET (eV) µx (D) µy (D) µz (D)

1 3.41 1.09 2.15 −6.54 −0.84 0.02
2 3.31 1.10 2.10 −10.4 −1.20 0.01
3 2.80 1.53 1.13 −16.0 −0.25 0.53
4 2.48 1.71 0.81 −23.9 −1.27 0.02

cis isomers

Comp. # ES (eV) fS ET (eV) µx (D) µy (D) µz (D)

1 3.73 0.33 2.64 −3.15 1.24 −0.03
2 3.56 0.29 2.58 −4.67 3.99 −0.07
3 2.61 0.50 1.29 −12.0 −3.05 1.12
4 1.89 0.23 0.89 −12.2 −0.18 −0.05

rules only the n+ → π∗ transition is allowed in the trans
geometry whereas both transitions are allowed for the cis
geometry (this difference is caused by the fact that the z- and
y-directions are approximate rotational symmetry axes in the
trans and cis cases, respectively). In the cis geometry, the two
transitions carry approximately equal oscillator strength and
consequently the cis molecule is isotropic in the (x, y)-plane.
Hence, the presence of a separaten → π∗ band is seen to lead
to significant differences between the anisotropy of proper
azobenzenes and pseudo-stilbenes. The results for the cis
polarizabilities in figure 5 show a similar effect of then → π∗

transitions and it is found that αyy ≈ αxx in this band. The
pseudo-stilbenes are approximately one-dimensional on the
low-energy side of the π → π∗ band. However, at smaller
wavelengths the presence of multiple transitions makes the
picture more complicated.

3. Simulations

The above results lead to the conclusion that concerning
excitations in the n → π∗ band the proper azobenzenes
differ from pseudo-stilbenes in that the cis isomers of the
former group are quasi-two-dimensional whereas those of
the latter are essentially one-dimensional. In relation to
optical storage experiments this difference is important since
the wavelengths of the Ar-ion laser (488 nm and 514 nm),
which are usually used for recording [1–9], lie in the n → π∗

band. By using light sources of shorter wavelength, however,
the more polarized π → π∗ band may be utilized. As
argued in the introduction, highly anisotropic chromophores
are expected to lead to improved storage performance and
so the π → π∗ band should be preferable to the n → π∗

band. In order to substantiate this picture we consider the
rate equations for the angular distributions of trans and cis
molecules. In [11, 12] we derived these equations under the
simplifying assumptions that both isomers support liquid-
crystalline phases with similar mean-field potentials and,
furthermore, that both isomers are perfectly one-dimensional.
More realistically, only the trans isomers are mesogenic
and assuming that the reorientation of the cis isomers is

Figure 3. (a) Calculated trans absorption cross section for
different compounds. The solid curves are the x-axis (long-axis)
components and the dashed curves are the sum of all Cartesian
components. (b) As figure 3(a) but for the polarizability.

completely random the modified rate equations for one-
dimensional isomers read as

d

dt
fT (θ, ϕ) = ACT Ip(θ, ϕ)

∫
fC(θ, ϕ) cos2 θ d!

−ATCIfT (θ, ϕ) cos2 θ

+
1

τ
[NT p(θ, ϕ)− fT (θ, ϕ)], (1)
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and
d

dt
fc(θ, ϕ) = ATCI

1

4π

∫
fT (θ, ϕ) cos2 θ d!

−ACT IfC(θ, ϕ) cos2 θ +
1

τ

[
NC

1

4π
− fC(θ, ϕ)

]
. (2)

In these expressions, the polar angles (θ, ϕ) of a molecule
are defined with respect to the polarization direction of the
optical field given by (0, 0) and, hence, cos θ is the projection
of the field onto the molecular long-axis. The trans and
cis distribution functions are denoted fT (θ, ϕ) and fC(θ, ϕ),
respectively, and p(θ, ϕ) is the equilibrium distribution of
the mesogenic trans isomers. These functions describe the
properties of a particular microdomain characterized by a
nematic director and an order parameter S. The angular
coordinates of the director are (δ, 0) and using the Maier–
Saupe [20] form of the mean-field potential, the equilibrium
distributionp(θ, ϕ) is given byp(θ, ϕ) = A exp{c0S cos2 β},
where A is a normalization constant, c0 is the activation
energy normalized by kBT and β is the angular separation
between the direction (θ, ϕ) and the director, i.e. cosβ =
cos θ cos δ + sin θ sin δ cosϕ. In addition, ACT I cos2 θ

denotes the cis → trans photoisomerization rate, which
is the product of the projected light intensity I cos2 θ and
ACT = (h̄ω)−1σCφCT , where σC is the cis absorption cross
section and φCT is the cis → trans isomerization quantum
efficiency. Similarly, the trans → cis rate constant is
ATCI cos2 θ . Finally, the last terms in (1) and (2) represent
the relaxation towards equilibrium with time constant τ and
total trans and cis populations denoted by NT and NC ,
respectively.

The extension of the model to describe two-dimensional
cis isomers is straightforward and essentially similar to the
case of amorphous polymers described by Dumont et al [21].
The polar angles of the long-axis as well as the rotation of
the molecule around this direction describe the orientation
of a particular chromophore. We assume, however, that the
average rotation around the long-axis is random and, hence,
the absorption cross section averaged with respect to rotation
around the long-axis is ellipsoidal. The long- and short-
axis values are denoted σC,L and σC,S , respectively. With
this notation the isomerization rate is now proportional to
σC,L cos2 θ + σC,S sin2 θ = σC,S + (σC,L − σC,S) cos2 θ . It is
now a simple matter to show that the modified rate equations
are given by

d

dt
fT (θ, ϕ) = AI

CT Ip(θ, ϕ)NC

+AA
CT Ip(θ, ϕ)

∫
fC(θ, ϕ) cos2 θ d!

−ATCIfT (θ, ϕ) cos2 θ

+
1

τ
[NT p(θ, ϕ)− fT (θ, ϕ)], (3)

and
d

dt
fC(θ, ϕ) = ATCI

1

4π

∫
fT (θ, ϕ) cos2 θ d!

−AA
CT IfC(θ, ϕ) cos2 θ

−AI
CT IfC(θ, ϕ) +

1

τ

[
NC

1

4π
− fC(θ, ϕ)

]
, (4)

where AA
CT = (h̄ω)−1(σC,L − σC,S)φCT and AI

CT =
(h̄ω)−1σC,SφCT are the anisotropic and isotropic contribu-
tions to the transition rate, respectively.

For simplicity, we will only discuss the photostationary
case, i.e. the steady state solution to the angular distribution
functions in the presence of light. In this case it can be shown
that the solutions to the above equations are given by

fT (θ, ϕ) =
{

1 −*C

*T (1 −*C) + *C(1 −*T )

}

× p(θ, ϕ)

1 + τATCI cos2 θ
(5)

and

fC(θ, ϕ) =
{

1 −*T

*T (1 −*C) + *C(1 −*T )

}

× (4π)−1

1 + τAI
CT I + τAA

CT I cos2 θ
, (6)

where *T,C are defined by

*T =
∫

p(θ, ϕ)

1 + τATCI cos2 θ
d! (7)

and

*C =
∫

(4π)−1

1 + τAI
CT I + τAA

CT I cos2 θ
d!

= 1√
τAA

CT I (1 + τAI
CT I )

tan−1

√
τAA

CT I

1 + τAI
CT I

. (8)

The photostationary angular distributions can be used to
derive the photostationary birefringence +n. In analogy to
the cis absorption cross section we take the cis polarizability
to be ellipsoidal with long- and short-axis components
denoted by αC,L and αC,S , respectively. This polarizability
can be considered as the sum of an isotropic contribution
αC,S and a perfectly anisotropic contribution given by αAC =
αC,L − αC,S . Only the anisotropic part contributes to the
birefringence and, following [11, 12], +n can be calculated
from the expression

+n = N

2ε0n
〈αT aT + αACaC〉, (9)

where N is the density of chromophores, n is the average
index (taken as its unperturbed value) and the coefficients
αT and aC are given by aX = ∫

fX(θ, ϕ)P2(cos θ) d!
with X = T ,C. In addition, the angular brackets signify
averaging over all microdomains.

A convenient way of comparing one- and two-
dimensional chromophores is by introducing a ‘molecular
cis ellipticity’ f defined by

σC,L = σC(1 − 2f ), σC,S = σCf. (10)

Note that this definition leaves the average (σC,L+2σC,S)/3 =
σC/3 a constant while f is varied. In terms of the ellipticity
we findAA

CT = ACT (1−3f ) andAI
CT = ACT f withACT =

(h̄ω)−1σCφCT . Naturally, for a particular chromophore the
ellipticity is a wavelength-dependent function. By inspection
of figure 4 we find that the n → π∗ band of the proper
azobenzenes is characterized by f ≈ 0.25 while f ≈ 0 for

276



Characterization of azobenzene chromophores

Figure 4. Calculated cis absorption cross section for different
compounds. Solid and dashed curves are long-axis and summed
components, respectively. The bands around 450 nm in
compounds #1 and #2 are n → π∗ bands and all others are
π → π∗ bands.

the pseudo-stilbenes. The influence of the ellipticity is most
clearly illustrated by focusing on a single model compound
for which f can be varied while keeping all other parameters
fixed. Assuming a typical density ofN = 1021 cm−3 we will
take σT = σC = 3 × 10−18 cm2 for this model compound
since this corresponds to a reasonable penetration depth of
10 µm. From figure 3 it is seen that a trans absorption cross
section of this magnitude can always be realized by a proper
choice of wavelength. The assumed equality between σT and
σC is only approximately valid, however. Furthermore, we
will use φTC = 0.1 and φCT = 0.4 [14] and h̄ω = 2.54 eV
(absorption wavelength λabs = 488 nm). In the long-
wavelength range the components of the cis polarizability of
pseudo-stilbenes and proper azobenzenes yield ellipticities
of approximately 0.05 and 0.20, respectively (see figure 5).
For use in the present simple simulation, however, we will
assume identical ellipticities for polarizability and absorption
and so the components of the polarizability are taken as

αC,L = αC(1 − 2f ), αC,S = αCf, (11)

and so αAC = αC(1 − 3f ). The polarizability of the
perfectly anisotropic trans isomers is taken as αT = 2αC .
For the actual calculations we will use the average of the
λ = 700 nm values for the four chromophores which
is αT ≈ 1.6 × 10−34 Fcm2. With this value we find
NαT /(2ε0n) ≈ 0.6. Finally, we take as a typical value
S = 0.5 and for the remaining macroscopic parameters we
adopt the values of [12], i.e. c0 = 6.8 and relaxation time
and threshold intensity of domain rotation as τ = 10 s and
135 mW cm−2, respectively.

The results of the simulations are presented in
figures 6(a) and (b). The birefringence curves have been

Figure 5. As figure (4) but for the components of the cis
polarizability.

calculated for f = 0.0, 0.1, 0.2 and 0.3 in order to cover the
relevant range. A substantial decrease of the birefringence
with increasing molecular ellipticity is noticed, especially
for low and moderate intensity. The relative difference
between the curves labelled f = 0.0 and f = 0.3 varies
from ∼25% at low intensity to approximately 5% at an
intensity of 400 mW cm−2. At even higher intensities the
difference decreases further since the lack of cis anisotropy
is compensated by an increased trans population. The
reason for this effect is that cis isomers are continuously
excited irrespective of their orientation due to the isotropic
contribution to the absorption cross section. Conversely,
trans isomers may completely escape absorption by being
oriented in the plane perpendicular to the optical field.
Hence, at very high intensities the polymer approaches a
state characterized by a trans population of 100% and all
chromophores contained in a single plane. In fact, at these
high intensities the curves shown in figure 6(a) will cross
leading to increasing birefringence with molecular ellipticity.
In the more relevant range shown in figure 6(a); however, the
results demonstrate that the storage performance of perfectly
anisotropic molecules is superior to that of ellipsoidal ones.
It should be kept in mind that this conclusion is based on
an analysis of a fictitious model compound for which the
ellipticity is varied while all other parameters are fixed.
Hence, the results should only be regarded as an estimate
of the storage performance of actual chromophores with
different degrees of anisotropy. For the four different
compounds considered in this work, simulations based on
the actual parameters are shown in figure 6(b). Again,
to ensure a reasonable penetration depth we have chosen
σT = 3 × 10−18 cm2, i.e. the four simulations are done at
four different wavelengths (506, 499, 546 and 618 nm) in
order to satisfy this condition. The improved performance
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Figure 6. Simulated intensity dependence of the photostationary
birefringence. (a) The four curves are calculated for a fictitious
model compound using four different values of the cis ellipticity f
while keeping all other parameters fixed. (b) Simulations based on
the actual parameters characterizing the four different compounds.

of compounds #3 and #4 is clearly visible in these curves.
The improvement, however, is due to a combination of larger
polarizability as well as higher degree of anisotropy. Hence,
the differences between curves is not only due to differences
in molecular ellipticity.

4. Summary

In this paper we have applied molecular quantum calculations
to study the effects of substituents on the storage
performance of azobenzene polymers with potential use
for reversible optical data storage. Long-term optical
storage in these materials is based on reorientation of the
azobenzene chromophores in a linearly polarized optical
field. The process requires different absorption probabilities
for molecules oriented parallel and perpendicular to the
polarization direction and for this reason we have focused
on calculations of molecular anisotropy. The trans isomers
of the chromophores are found to be essentially one-
dimensional in all cases. The degree of anisotropy of the

cis isomers, however, is highly dependent on the relative
location of the n → π∗ and π → π∗ absorption bands.
In the case of overlapping bands (so-called pseudo-stilbenes)
the cis isomers are approximately one-dimensional but with
well-separated bands (proper azobenzenes) the n → π∗

band is much less polarized. In order to compare the
storage performance in the two cases we have presented
simulations of the photoinduced reorientation in a liquid-
crystalline polymer containing a model chromophore for
which the degree of anisotropy is varied. When the degree
of anisotropy is gradually decreased it is found that the
birefringence may be reduced by as much as 25% using
realistic parameters.
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