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Fig. 1. Photo-induced isomerization and photo-

induced anisotropy of azo molecules.
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Fig. 2. Molecular formulas of three types of azo samples: (a) MO molecule; (b) azo polymer; (c) azo liquid crystal polymer.
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Fig. 3. UV-Vis absorption spectrum: (a) MO/PVP film; (b) azo polymer.
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Fig. 5. The optical path of the photo-induced bire-
fringence measurement (P1, +45° polarizer; P2, —45°
analyzer; M, reflector; T, temperature changing de-

vice).
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Fig. 11. Relaxation processes of photo-induced bire-
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Temperature dependent characteristics of photo-induced
birefringence in different types of azo materials*
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Abstract

At different temperatures, a semiconductor laser with a wavelength of 650 nm is used as probe light, and an
Nd:YAG continuous laser with a wavelength of 532 nm is selected as pump light. The azo samples are placed between
a pair of orthogonal polarizers with the vertical direction clockwise and counterclockwise 45 degrees, respectively. The
polarization direction of the pump light is set to be the vertical direction. In order to reduce the effect of the stray
light, a chopper is placed in the optical path of the probe light. The signal of photo-induced birefringence is recorded
by a phase-locked amplifier (NF-LI5640). The photo-induced birefringences of the doped azo material, the azo polymer
and the azo liquid crystal polymer are measured respectively, and the dynamic processes of photo-induced birefringence
are fitted by a double e-index model. The experimental results show that with the influence of the pump light, photo-
induced birefringences of the three types of azo materials rise rapidly at first and then gradually tend to reach their
own saturation state because of the photo-induced cis and trans isomerism and the photo-induced molecular orientation
properties of azo molecules. The photo-induced birefringence shows a tendency to increase at first and then decrease
with the temperature increasing, which can be understood as a competitive mechanism. The photo-induced birefringence
depends on the photo-induced orientation and irregular thermal motions of azo groups. In the range below the glass
transition temperature of the samples, the increase of the temperature of samples contributes to the rearrangement of
the azo molecules due to the influence of the pump light. When the temperature of the samples is higher than the
glass transition temperature, molecular chains begin to move. The irregular thermal motions of azo components and
polymer molecules are aggravated. This destroys the orientations of the polymer molecules and results in the drop of
the photo-induced birefringence. Comparing the doped azo material with the azo polymer sample, the azo liquid crystal
polymer sample exhibits not only a larger photo-birefringence, but also the photo-induced birefringence that does not
change obviously after the pump light has been turned off, which means that the azo liquid crystal polymer sample has
long optical storage properties. This shows that the azo liquid crystal polymer material is an ideal polarization-sensitive
optical recording medium, which is expected to be used in the fields of optical storage, polarization holography and

optical information processing.

Keywords: photo-induced birefringence, velocity constant, azo materials, polarization holography
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