Chemeeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN: 0974-4290
Vol.7, No.4, pp 1743-1750, 2014-2015

www.sphinxsai.com

Investigation of PhotoinducedDichroism in Polymeric
Poly(Methyl Methacrylate) Doped Sudan II Thin Films

Adnan Deeb!and Yousef T. Salman*?

'Department of Chemistry, Faculty of Science, Damascus University, Syria
’Department of Physics, Faculty of Science, Damascus University, Syria

Abstract: Photoinduced dichroism in polymeric poly(methyl methacrylate) doped Sudan Il
thin films was investigated. Transmitted intensities in both parallel and perpendicular
polarization state of the probe beam was recorded using pump- probe technique. Dichroism at
different pump beam powers was calculated. Results showed that the transmitted probe beam
intensity in the case of parallel polarization state is greater than that of the perpendicular
polarization state. The dynamic behavior of the dichroism showed that it increases rapidly
when the pump beam is switched on, saturates and then decreases when the pump beam
switched off. The behavior of the dichroism as a function of the pump beam power showed that
it increases, reaching a maximum and then decreases with increasing of the pump beam power.
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Introduction and Experimental

Photoinducedtrans-cis isomerization, molecular reorientation and non-linear optical properties of
azobenzene containing systems make them suitable for many opticalapplications'. Azobenzene and their
derivatives have been extensively studied in the area of nonlinear optical properties, including second-order
phenomena such as photoinduced poling andfrequency doublingand in third-order phenomena such as
degenerate four-wave mixing and photorefractivity?. A number of groups have reported on the possibility of
azobenzene materials in the areas of photonics and nanotechnology®®. The importance of organic and polymeric
nonlinear optical (NLO) materials for applications in nonlinear optics is widely recognized®. In this regard, and
because of their potential utility for optical data storage, azo-chromophore containing polymeric films have
attracted much attention. There is considerable interest in initiating and controlling changes in chromophore/
polymer compound properties by the use of photoinduced molecular rearrangements of the chromophore
molecules which are incorporated in a guest—host system?. The phenomenon of anisotropic absorption of light
or dichroism was discovered and named by Abbe Hauy, and was described subsequently in greater detail by
Brewster’.Dichroism is a measure of the orientation of the nonlinear optical chromophore molecules in the host
polymer®.The phenomenon was soon realized to be related to a combination of the intrinsic dichroism of
chromophore molecules and the state of orientation existing in the polymer which leads to oriented absorption
of chromophore molecules’.An equally important application of linear dichroism (LD) is the determination of
sample or molecular structures. To a large extent, the sample structure determines the result of a LD
experiment; and this is what makes it possible to extract structural information from a LD experiment®.The
optical nonlinearities (NLO) of polymer films, that contain azo-compound, have been studied extensively'®
' To the best of our knowledge, linear dichroism of poly(methyl methacrylate), PMMA, thin films using Sudan
I1 chromophore has never been studied before. In this work, the dichroic behavior of Sudan 1l/ PMMAthin films
chromophore was investigated. The relationship between the chromophore chemical structure and dichroism
was examined.

Guest-host polymeric samples were prepared from PMMA (MW: 36000) from Acros Organics, and
Sudan Il (95% chromophore content), from Aldrich. 4gr of PMMA was dissolved in 40ml of tetrahydrofurane
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(THF, C4HgO) and Ethanol(CH;CH,OH) with a molar ratio of (1:1). Sudan Il (equivalent to 3 % of PMMA by
weight) was then added to the clear dissolved solution of PMMA. The mixture was stirred for 6 hours until the
chromophore molecules were fully dissolved. Thin films were dip-coated on transparent glass substrates.
Samples were baked in an oven and held at 70 °C for one hour in order to eliminate the residual solvent. Film
thicknesses were measured by the Prism Coupling technique and were of the order of 1um. Finally, samples
were kept in a desiccator at 22 °C in a dark environment for later investigation.

Absorption spectrum of the Sudan I/ PMMA thin films were measured by a UV-visible
spectrophotometer (Photodiode Array Photospectrometer (PDA) Specord S100, Analytik Jena).Fig. 1 shows
that the absorption maximum of Sudan Il in PMMA prepared samples was at 483 nm.This wavelength is
particularly attractive because it lies out of the absorption band for PMMA matrix. Moreover, this absorption
wavelength lies within the maximum absorption band of the chromophore in the visible range. Therefore, a
laser line at 488 nm provided by an argon-ion laser is quite suitable for our investigation, which provides the
most suitable pumping wavelength.
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Fig. 1: UV-visible absorption spectrum of Sudan 11 / PMMA thin film

The photoinduced lineardichroism of theSudan Il / PMMA sample can be measured with the setup in
Fig. 2. This set up contains a multi-line Ar-ion laser (543-MAP-A02, MellesGriot) adjusted at A=488 nm.
Linear dichroism studies require to pump and probe the samples with laser wavelengths identical or close to the
maximum absorption of the chromophore and out of the absorption range of the PMMA matrix to eliminate the
influence of the laser on the polymeric network. The probe beam linearly polarized passes through the Sudan 11
/ PMMA sample while it is being subject to the pump beam. The power of the probe beam was kept at about
0.3% of the pump beam and (Lmm-diameter spot).
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Fig. 2Experimental set up of thedichroism measurements of the Sudan 11 / PMMA samples.M: Mirror, P:
polarizer, ND: neutral density filter, B/S: beam splitter, A/2: half-wave plate, and PD: photodiode.

It is important to use a very weak probe beam where changes in the absorption will be greatest, without
influencing the pumping effect of the sample.The polarization of the probe beam was controlled with a half-
wave plate and a polarizer. The probe signal of the beam falling on the Sudan 1I/ PMMAsample and
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subsequently on a photodiode is fed to a personal computer through a low noise current preamplifier (SR570,
Stanford Research Systems), and a DSP lock-in amplifier (SR850, Stanford Research Systems). An IEEE 488.2
GPIB (National Instruments) card was used to control and record the experimental data along with a special
program written in Borland C++.

The chromophore molecules are characterized by anisotropic polarizability and absorption. When they
are oriented parallel and perpendicularly to the polarization of the pump light through photoisomerization and
molecular reorientation, Sudan 11 / PMMA thin film becomes dichroic* . The linear dichroism (LD) of Sudan Il
/ PMMA thin film is defined as the change in absorbance that occurs when the electric vector of the light beam
is rotated 90° °,and is computed from'®:

D=A,-A, @)

Where A, and A, are the probe beam absorbance parallel and perpendicular to the electric vector of the pump
beam, respectively and calculated from [8]:

A, =-log (IIJJ )

and

A, = —Iog['ﬁ] )

0
Where |, is the intensity of the probe beam when there is no sample, and 1, &1 | are the intensities of the probe

beam transmitted through the sample when it is polarized parallel and perpendicular to the pump beam
polarization, respectively.

Results and Discussion
Linear dichroism

Dichroismmeasurements wereperformed by irradiating Sudan 11 / PMMA with linearly polarized light,
while performing in situ transmittance measurements with a probe light polarized either parallel (A;) or
perpendicular (A)) to the initial irradiating light polarization. The transmitted parallel and perpendicular
components were detected with a detector and a lock-in amplifier electronic apparatus as illustrated in Fig. 2.
Finally they were recorded and monitored on a PC.

Photoinduced changes in the transmitted probe beam intensity spectra of Sudan 11 / PMMA thin films at
different parallel polarized laser intensities of the probe beam are plotted in Fig. 3. This figure shows the
increasing of transmitted light intensity as a function of the pump intensity.

The transmitted probe beam intensity spectra of Sudan Il / PMMA at different perpendicular polarized
laser intensities have a similar trend and shown in Fig. 4. Figs. 3 and 4 show that the intensities of the
transmitted light are increasing rapidly when the pump beam is switched on.

A saturation state reached after a little increasing. The intensity decreases dramatically when the pump
beam is switched off. The isotropic state, which takes a long time, is reached by smooth decreasing. On the
other hand, Figs. 3 and 4 show that the intensities of the transmitted parallel polarized laser light are greater
than those of the transmitted perpendicular polarized laser light. This may be attributed to the contribution of
the dipole moments of the chromophore molecules upon orientation. This contribution is largely affected by the
laser light polarization state, in which parallel laser light induces a stronger polar order in the samples in the
direction perpendicular to it.



Yousef T. Salman et a//Int.). ChemTech Res.2014-2015,7(4),pp 1743-1750. 1746

a =——I=0.04 mW
0.02 b =——I1=0.075mw
C ——I=0.14mW
d —z0582mw

€ |11 mW

f —i=205mw
f
e

0 2000 4000 6000 8000 10000
Time (sec)

o
o
2
©

0.016 -

e
o
=2
a

Transmitted Intensity (a.u.)

0.012 A

0.01

Fig. 3: Transmitted spectra of Sudan 11 / PMMA thin films at different parallel polarized laser pump
intensities ((a): 0.04, (b): 0.075, (c): 0.14, (d): 0.582, (e): 1.1 and (f): 2.05 mW).
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Fig. 4: Transmitted spectra of Sudan 11 / PMMA thin films at different perpendicular polarized pump
laser intensities ((a): 0.04, (b): 0.075, (c): 0.14, (d): 0.582, (e): 1.1 and (f): 2.05 mW).

This leads progressively to a greater increase in the transmitted probe light with parallel polarization.
Similarly, a smaller increase in the transmitted probe light with perpendicular polarization is also recorded.

Linear dichroismof Sudan 1I/ PMMA was calculated using Eg.1 over the whole irradiation period (0
~10000 s) at different laser light intensities: 0.04, 0.075, 0.14, 0.582, 1.1 and 2.05 mW; at 22 °C. The
relationship between the dichroismofSudan 11/ PMMA thin film and the pump beam intensityis shown in Fig.5.
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Fig. 5. Linear dichroism of Sudan Il / PMMA thin films at different laser intensities ((a): 0.04, (b): 0.075,
(c): 0.14, (d): 0.582, (e): 1.1 and (f): 2.05 mW).
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Mechanism of photoinducedeffect

When irradiated with polarized light, with wavelength inside the absorption band, the chromophore
molecules undergo the well-known photoisomerization. The molecular geometrical change from a trans state to
a metastable cis state;that occurs during this photoisomerization processat ambient temperature, quickly return
to the more stable trans state’, (Fig. 6 shows trans and cis isomers of Sudan Il chromophore.)This reversible
(trans-cis-trans) changes can lead to a random change of orientation of the photochromic molecules®.
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Fig. 6: Isomers of Sudan Il molecules; trans (a) and cis (b)

The probability for a transmolecule to be pumped into the cis state upon irradiation is proportional to
the angle between the long axis of the cis molecule and the beam polarization direction’’. The orientation of the
transform is defined using polar coordination by the angles & and ¢ (Fig.7). The probability, P, for a transform

molecules to be pumped into the cis state is then given by

P o cos’@.sin’p (4)

The absorption probability, proportional to cos® @, leads to a selective depletion of the trans molecules
parallel to the pump light polarization direction and resulting in having more cis molecules. This generates a
“hole" in the angular distribution of the transmolecules along the pump beam polarization direction'®. The
photoisomerization process is more probable when the molecular axis is along the polarization direction of the
incident light; this changes the local order of the system and generates anisotropy. This anisotropy is
responsible for photoinduced effect such as dichroism®. Angular hole burning (AHB) leads to a decrease in the
absorption in all directions for wavelengths close to the absorption maximum of cis forms. Pump light intensity,
and the lifetime of the transform plays an important role in the extension and the effectiveness of the angular
hole burning.
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Fig. 7: Chromophore molecule orientation with respect to the polarization direction of the incident light

The relaxation time is very short so that there is no depletion in the population of transmolecules
according to angular redistribution (AR) model. In other words, the transmolecules are selectively pumped into
the cis state according to the cos’dangular dependence of Equation (4) and after a very short time they relax
back to the trans state either thermally or through photoexcitation with a new orientation®. If the final
transmolecule, after the photoisomerization cycle, still lies along the polarization direction of the pump light, it
will go through a trans-cis-trans process again. As a result of this continuous angular selective interaction, more
transmolecules are gradually aligned in a plane perpendicular to the polarization direction of the pump light.
This causes the absorption parallel (A,) to the polarization direction of the pump light to decrease due to



Yousef T. Salman et a//Int.). ChemTech Res.2014-2015,7(4),pp 1743-1750. 1748

molecules being pumped away from this direction. On the other hand, the absorption perpendicular (A,) to the
polarization direction of the pump light increases as a consequence of more molecules being aligned in this
direction. This is manifested in weaker intensity of the transmitted probe light in the case of orthogonal pump-
probe beams scheme. Nevertheless, the depletion of the transmolecules away from the polarization direction of
the pump beam does not go to completion because of the thermal energy of the trans molecules that causes
random motion leading to oppose the alignment process'’. Switching the pump beam off leads to have the
anisotropy relaxing due to angular diffusion of the molecules®.Figs. (3) and (4) can be explained according to
the angular hole burning (AHB) model as the trans molecules are being depleted selectively and this process is
dominant in the first part of the curves where the fast increase in the transmitted probe intensity is fast. In the
second part, as the angular redistribution takes the advantage, the transmission of the transmitted probe intensity
increases progressively. Reaching to a balance between trans— cis and cis—trans explains the saturation state
which could persist until the pump is switched off. Switching the pump light off causes both transmissions
(parallel and perpendicular probes) to decrease suddenly due to fast relaxation of the cis form; but the dichroism
originating in the molecular orientation has much larger relaxation time.

Fig. 8 illustrates the variation of the calculated average extent of dichroism in the sample as a function
of the irradiating intensity of the pump light. This figure shows that as the pump intensity increases up to 0.14
mW the average dichroism increase too, and reaches a maximum at 0.582 mW. However, further increase of the
pump intensity leads to a decrease in the average dichroism. This phenomenon can be explained as follows: the
first rapid increase in the average dichroism was mainly caused by a reorientation process. That is, when the
pump beam became stronger, a higher population of chromophores were excited to undergo the repeated
processes of the trans-cis-trans isomerization so that the reorientation effect of the azo-benzene groups became
stronger, thus causing the higher dichroism.
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Fig. 8: Average linear dichroism as a function of the pump beam intensity at (0.04, 0.075, 0.14, 0.582, 1.1
and 2.05 mW) of Sudan 11/ PMMA thin film.

Moreover, Fig. 8 shows that as the pump beam further increased to 1.1 mwW and 2.05 mW, the
dichroism dropped to a relatively low level. The possiblemechanism is thought to be as follows: As a result of
thefurther increase in the pump beam power, the reorientationwould reach a saturated level. At this level,
almost all theazo-benzene groups were excited to the cis states, and it wasvery difficult for them to return to the
stable trans statesdue to the continuous strong irradiation, and the samplewas abundant in cis isomers and lack
of oriented trans ones.Consequently, the repeated processes of trans-cis-trans isomerizationswere restrained,
causing the reduction of thedichroism?.

Conclusion

In this research, we investigated photoinduceddichroism in Sudan Il / PMMA thin films. The results
showed that transmitted probe beam intensity in the case of parallel polarization state is greater than that of the
perpendicular polarization one. When the pump beam is switched on the dynamic behavior of the dichroism
showed that it increases rapidly, saturates and decreases when the pump beam is switched off.

The reorientation effect as a result of the trans-cis-trans isomerizations processes of the azo-benzene
groups has controlled the dichroism behavior of the samples. This behavior showed that the dichroism
increases, reaching a maximum and then decreases with increasing of the pump beam power.
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