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Abstract

In this paper, absorption spectra of both solution and films of cyano azobenzene polymer are investigated. The
analysis of overlapped absorption spectra of polymer, related to trans and cis isomers, shows that the population of
cis isomers is higher than trans isomers. It means that, cyano azobenzene molecules have a folded structure in
polymer, in thermal equilibrium. Presence of cyano molecules causes this folded structure. Illumination of
polymer films, prepared by THF solvent, with light of diode pumped solid state laser, results in increasing the
population of isomers and their absorption peaks, due to trans-cis and cis-trans photoisomerization process. Then,
Isopropanol is added to solution to enhance the freedom degree of molecules. So, the population of trans isomers
in films and solutions, prepared by THF+Isopropanol are higher than trans isomers in films prepared only by THF.
The illumination of polymer films prepared by THF+Isopropanol changes the concentrations of isomers due to

photoisomerization process.
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1. Introduction

Azo dyes are industrial dyes with many
applications, from wax and plastic (Long et al.,
2011) to optical storage of data and dye sensitized
solar cells (Dingalp et al., 2010; Rais et al., 2005).
These dyes’ applications are due to their special
photoisomerization process. Azobenzene
chromopheres contain two isomers: cis and trans.
The trans isomer is about 50 kJ/mol more stable
than cis isomer, thus in the absence of light, most
azobenzene molecules are found in trans form
(Igbal et al., 2013). These molecules are highly
light sensitive materials, meaning that by
illumination of molecules with a light, with a
wavelength in the absorption band of the trans
isomers, they transform to cis isomers. Under
illumination of linearly polarized light, the trans
isomer absorbs the light, polarized along the
transition dipole moment (long axis of azo
molecule). The probability of absorption is
proportional to cos“g, where ¢ is the angle between
the direction of the electric field of incident light
and long molecular axis. For a primary angular
distribution of chromophores, many chromophores
absorb the light and become cis isomers, afterwards
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they reorient and go back to trans isomer and
redistribute in a random form, which can be
affected by the polarization of light. This
phenomenon is called the reorientation of azo
molecules (Kaczmarek et al., 2012; Yager and
Barrett, 2006; Sekkat, 2002).

According to Rau classification (Serwadczak et
al., 2007), cyano azobenzene chromophores are
push-pull derivatives of the pseudostilbene type,
which have a strong overlap in the absorption
spectra of trans and cis isomers. In fact, the addition
of cyano group leads to the increment of orbital
energy of N=N bonds, and decrement of the orbital
energy of z* antibonds. So, it results in reduction
of the total energy of zz* transition, which
increases the photoisomerization rate in trans—cis
and cis-trans directions. Furthermore, the addition
of cyano group will result in a larger cis fraction
(Yan et al., 2004; Serwadczak et al., 2006; Fukuda
et al., 2006; Sekkat et al., 1995).

2. Experimental

2.1. Material

The investigated polymer is methacrylate {[{4-[(E)-
(4-cyanophenyl) diazenylo] phenyl} (methyl)
amino] ethoxy} ethyl, abbreviated as pCNOhomo.
It belongs to pCNO family, in which the azo block
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content is 100%. The cyano azobenzene
chromophore is attached as a mesogenic side group
to methacrylate main chain, which contains
ethoxyethylene spacer and amino group that makes
it a noncentrosymmetric structure and enhances its
nonlinear optical properties. Ethoxyethylene spacer
makes the molecule flexible and this flexibility will
affect the response rate of material. pCNOhomo
polymer shows features of side chain liquid
crystalline polymers, so it has a smectic mesophase
above Ty It was synthesized by Stanistaw
Kucharski and co-workers (2006). The chemical
structure and the properties of the polymer are
shown in Fig. 1 and Table 1.

2.2. Method

Thin films (1um) are prepared on a clean glass
substrate, by spin coating method. The prepared
polymer films differ from each other depending on
the type of solvent used. In the first type of films,
the solution contains 50mg of pCNOhomo polymer
dissolved in 1mL THF, and in the second type,
solvent contains 1mL THF and two drops of
Isopropanol.

To investigate and compare the UV-Vis
absorption spectra of polymer films, Shimadzu UV-
2450 spectrophotometer is used. The absorption
spectra of polymer films are recorded, before and

after illumination, via a linearly polarized beam of
Diode Pumped Solid State (DPSS) laser, with
wavelength of 532 nm and 100mW power.

Peak Fitting Origin.5 software is used to analyze
absorption peaks.

Fig. 1. Chemical structure of pCNOhomo polymer

Table 1. Properties of pPCNOhomo polymer (Serwadczak et al., 2007)

Sample Azo block Content (wg. %)

Mn(g/mol) Mw(g/mol) Mn/Mw Phase transition

pCNO homo 100

G: Glass, S: Smectic, T: Tsotrop

3. Results and discussion

For simplicity, the polymer films prepared by THF
and those prepared by THF+Isopropanol are labeled
samplel and sample2, respectively.

Absorption spectra of sample 1, before and after
illumination with DPSS laser, are shown in Fig. 2.
As it can be seen from the absorption spectrum,
upon illuminating the sample, the absorption peak
rises. Considering that the cyano azobenzene
polymer is in the pseudostilbene group, peaks of cis
and trans isomers overlap. Therefore, the absorption
peaks are in fact composed of two sub-peaks of cis
and trans. To calculate the wavelength and sub-
peak areas of spectra, the absorption spectra are fit
through Gaussian function of Peak Fitting Origin.
5. Figure 3 depicts the sub-peaks of absorption
spectra of Fig. 2.
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Fig. 2. Absorption spectra of samplel before and after
illuminating by DPSS laser with wavelength of 532 nm
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Fig. 3. Sub-peaks of absorption spectra of Fig. 2. a)
before and b) after illumination

Since cis isomers have higher energy than trans
isomers, sub-peaks of cis isomers are located at
shorter wavelength, and longer wavelength sub-peaks
are related to trans isomers. As shown in the values of
sub-peak areas in Table 2, before illuminating the
polymer film, statistical populations of cis isomers are
more than trans isomers. In fact, addition of cyano
group will result in a larger cis fraction. Thus, the
polymer has a folded structure.

When we illuminate the sample 1, energy is
introduced to the system. This energy increases the
freedom degree of isomers, which leads to unfolding
the polymer and transformation of cis isomers to trans
forms. On the other hand, presence of cyano group
enhances the photoisomerization process rate in trans-
cis and cis-trans directions and increase the population
of both forms. So, the absorption peak of sample 1 is
increased after illumination.

Table 2. Calculations of sub-peak fitting of Fig. 3

. Peak wave Peak
Sample 1 Function name length(nm) area
Before Subpeakl(cis) 434 195.9
illumination ~ Sub-peak 2 503 17.8
(trans) '
After Sub-peakl(cis) 435 217.4
illumination ~ Sub-peak 2 505 26.7

(trans)

Now, we study the absorption spectra of sample
2. Absorption spectra of sample 2, before and after
illumination, are shown in Fig. 4. Figure 5
demonstrates the sub-peaks of absorption spectra
(Fig. 4) of sample 2. The values of absorption
wavelength and sub-peak areas are given in Table
3.

Comparing the sub-peak areas of Table 2 and 3, it
can be seen that, before illumination of samples, the
population of trans isomers in sample 2 (112.3) is
more than trans isomers in sample 1 (17.8). Since
Isopropanol has a higher dielectric constant,
compared to THF, it results in increasing the
freedom degree of molecules and unfolds cis
isomers and transforms them to trans. Therefore,
the population of trans isomers, in thermal
equilibrium in sample 2 is more than sample 1. By
illuminating sample 2, the population of isomers
will change, as a result of photoisomerization
process.
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Fig. 4. Absorption spectra of sample2 before and after
illuminating by DPSS laser with wavelength of 532 nm
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Fig. 5. Sub-peaks of absorption spectra of Fig.4, a) before
and b) after illumination

Table 3. Calculations of sub-peak fitting of Fig. 5

Samole2 Function Peak wave Peak
P name length(nm) area
Sub-peakl
Before (cis) 393 495
illumination Sub-peak2
(trans) 464 112.3
After (Sclfg)'peakl 413 1000
illumination Sub-peak?
Sample2 P 499 785
(trans)

Table 4. Calculations of sub-

Figure 6 presents the absorption spectra of the
pCNOhomo polymer solution, in THF and 80%
THF+20%  Isopropanol. The spectra are
normalized. Evaluating the sub-peak areas of Fig. 6
indicates that, the interactions of solvent-solute
molecules in polymer and 80% THF+20%
Isopropanol solution, increase the freedom degree
of solute molecules and considering the sub-peak
areas of solutions represented in Table 4, leads to
increasing the population of trans isomers.
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Fig. 6. Absorption spectra of cyano azobenzene polymer
in THF and 80% THF+20% Isopropanol solvents

peak fitting of Fig. 6

Function name Peak wave length(nm)  99.0

sub-peak1(cis) 444.0 4.3
. sub-peak 2(trans)  488.0 93.8
Solution of polymer and THF sub-peakd.(cis) 4329 215
Solution of polymer and 80%THF+20%lsopropanol  sub-peak 2(trans)  490.6 99.0
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fraction of isomers.
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